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We previously constructed a recombinant monoclonal antibody (rec-MAb 63P4) that detects immediate-early protein IE63 en-
coded by varicella-zoster virus (VZV) in the cytoplasm of productively infected cells. Here, we used ORF63 truncation mutants
to map the rec-MAb 63P4 binding epitope to amino acids 141 to 150 of VZV IE63, a region not shared with other widely used
anti-IE63 antibodies, and found that the recombinant antibody does not bind to the simian IE63 counterpart.

Varicella-zoster virus (VZV) causes childhood varicella (chick-
enpox), after which the virus becomes latent in multiple gan-

glia along the entire neuraxis. Decades later, as cell-mediated im-
munity to VZV declines, VZV can reactivate to cause zoster
(shingles) (13). During latency, a number of VZV open reading
frames (ORFs) are transcribed (6, 8, 16, 26). Of the VZV ORF
transcripts analyzed quantitatively in latently infected human
ganglia, ORF63 transcripts are the most prevalent and abundant
(7). VZV ORF63 encodes immediate-early 63 (IE63), a 278-ami-
no-acid protein expressed early after VZV infection in cell culture
(10). Phosphorylated IE63 is found predominantly in the nuclei of
productively infected cells (4, 9, 23, 24, 27) but exclusively in the
cytoplasms of latently infected human ganglia, where its function
in maintaining latency and its posttranslational modification are
unknown (21).

Characterization of VZV IE63 cellular localization and protein
interactions is critically dependent on the availability of well-de-
fined antibodies. Previously, four anti-IE63 antibodies have been
described: mouse monoclonal antibody (MAb) 9A12 (17), rabbit
polyclonal anti-IE63 (R�IE63) (10), recombinant MAb 63E4
(rec-MAb 63E4) (24), and rec-Ab 63P4 (22). Cellular localization
of IE63 has been determined using both R�IE63 and mouse MAb
9A12; however, concerns have recently arisen about detection of
IE63 by immunohistochemistry, since intraneuronal deposition
of lipofuscin and neuromelanin confounds analysis of IE63 in
human trigeminal ganglia using rabbit anti-IE63 polyclonal anti-
bodies (28). Moreover, random lots of commercially obtained
ascites fluid-derived mouse anti-VZV antibodies contain mouse
ascites Golgi-reactive antibodies that cross-react with blood type
A1 determinants localized in the cytoplasm of human trigeminal
ganglionic neurons (12, 18, 29). The large discrepancy in the fre-
quency of immunohistochemical detection of cytoplasmic IE63 in
latently infected neurons, ranging from often (19) to rarely (21,
28), further underscores the need for well-characterized anti-IE63
antibodies.

Here, we identified the binding epitope of rec-MAb 63P4,
which detects the cytoplasmic form of IE63 (22), and compared it
to the IE63 epitopes recognized by the widely used anti-VZV IE63
antibodies R�IE63 and mouse MAb 9A12, all of which were raised
against bacterially expressed IE63. To locate the epitopes on IE63
recognized by rec-MAb 63P4 and R�IE63 antibodies, six IE63
truncation mutants were constructed by PCR-based cloning using
oligonucleotide primers 1 to 7 (Table 1). Plasmid constructions
were verified by DNA sequence analysis. Each recombinant pro-

tein was expressed, purified, and analyzed by Western blotting
(22). Recombinant proteins included the full-length 278-amino-
acid IE63, IE63 with C-terminal deletions at valine 193 (V193) and
glutamic acid 162 (E162), internal segments of IE63 from glycine
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TABLE 1 Oligonucleotide primers

Primer Sequencea

1 GGGACATGTTTTGCACCTCACCGG
2 TTTAAGCTTCACGCCATGGGGGGG
3 TTTTCTAGACTAATGATGATGATGATGATGAAGCTTCACTATAAAGT

CTTC
4 TTTTCTAGACTAATGATGATGATGATGATGAAGCTTTTCACCACCAT

CATC
5 TTTGGATCCTCCAGCTTCAACCCACC
6 CCGGAATTCTTAGTCTTCACCACCATC
7 GGCGAATTCTTAGCTCCTATGCAAAGG
8 TCTGGATCCTAATGGAAGTGTCCC
9 TTTGGATCCAGGAAGACGGGTTCATTG
10 TTTGGATCCTTGAGGCGCCGAATGTTC
11 AAAGAATTCCTACACGCCATGGGG
12 TTTTCTAGACTAATGATGATGATGATGATGAAGCTTCCAATCTACAC
13 TTTCTAGACTAATGATGATGATGATGATGAAGCTTGGTGAGCGCTT

TCGC
14 GAAGACGGGTTCATTGCGGCGCCGAATGTTCC
15 GGAACATTCGGCGCCGCAATGAACCCGTCTTC
16 GACGGGTTCATTGAGCCGCCGAATGTTCCTTTG
17 CAAAGGAACATTCGGCGGCTCAATGAACCCGTC
18 GAAGACGGGTTCATTGCGCCGCCGAATGTTCC
19 GGAACATTCGGCGGCGCAATGAACCCGTCTTC
20 GCCGAATGTTCCTTTGGCTGCGAGCGCACTGGAATG
21 CATTCCAGTGCGCTCGCAGCCAAAGGAACATTCGGC
22 GGAAGACGGGTTCATTGCTGCCGCAGCGGCTCCTTTGCATAGG
23 CCTATGCAAAGGAGCCGCTGCGGCAGCAATGAACCCGTCTTCC
24 GAGGCGCCGAATGTTGCCGCAGCGGCTGCCGCACTGGAATGTGACG
25 CGTCACATTCCAGTGCGGCAGCCGCTGCGGCAACATTCGGCGCCTC
26 CTTACTGACATCCACTTTGCC
27 CAAATAAAGCAATAGCATCACAAATTTCAC

a Restriction endonuclease sites used for cloning are underlined.
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18 to glutamic acid 209 (IE63-SE), glutamine 112 to glutamic acid
209 (IE63-AE), and glutamine 112 to glutamic acid 162 (IE63-
QE), or IE63 with N-terminal deletions, stabilized with N-termi-
nal glutathione S-transferase (GST) coding sequences, from leu-
cine 125 (GST-L125), glutamic acid 136 (GST-E136), or glutamic

acid 141 (GST-E141) (Fig. 1A). Western blot analysis of these
proteins (Fig. 1B) showed that rec-MAb 63P4 detected full-length
IE63 (Fig. 1B, lane 1), C-terminal truncations at V193 (lane 2),
E162 (lane 3), and S150 (lane 7), and GST fusion proteins with
IE63 N-terminal deletions at G18 (lane 4) and Q112 (lanes 5 to 7),

FIG 1 Epitope mapping of rec-MAb 63P4, R�IE63, and mouse MAb 9A12 on VZV IE63. (A) Schematic representation of IE63 proteins used to map the epitopes of
rec-MAb 63P4 and rabbit polyclonal anti-IE63 includes full-length IE63 protein and IE63 truncation mutants V193, E162, IE63-GV, IE63-QV, IE63-QE, IE63-QS,
GST-L125, GST-E136, and GST-E141. (B) Western blot analysis using rec-MAb 63P4 (left), which detected metal affinity-purified full-length IE63 (lane 1), V193 (lane
2), E162 (lane 3), IE63-GV (lane 4), IE63-QV (lane 5), IE63-QE (lane 6), and IE63-QS (lane 7) but not the GST control (lane 8). Rabbit anti-IE63 antibodies (right)
detected full-length IE63 (lane 1), V193 (lane 2), IE63-GV (lane 4), and IE63-QV (lane 5) but not E162 (lane 3), IE63-QE (lane 6), IE63-QS (lane 7), or the GST control
(lane 8). (C) SDS-PAGE of Coomassie brilliant blue-stained, affinity-purified recombinant N-terminal truncation IE63 mutants (left) L125 (lane 1), E136 (lane 2), and
E141 (lane 3) and detection with rec-MAb 63P4 on Western blots (right). (D) Schematic representation of IE63 proteins used to map the epitope of mouse anti-IE63
MAb 9A12 includes full-length 278-amino-acid IE63 and deletion mutants W259 and T250. (E) Western blot analysis of affinity-purified full-length IE63 (lane 1), W259
(lane 2), and T250 (lane 3) probed with rabbit polyclonal anti-IE63 (left) or mouse MAb 9A12 (right).
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but not the GST tag alone (lane 8), whereas R�IE63 detected full-
length IE63 (lane 1) and only IE63 containing a C-terminal dele-
tion at V193 (lane 2) and internal IE63 segments IE63-GV (lane 4)
and IE63-QV (lane 5). Thus, the rec-MAb 63P4 epitope consists of
39 amino acids within IE63 between amino acids 112 and 150,
whereas the epitope for R�IE63 is located between E162 and V193.
The slanted protein bands in Fig. 1B result from imperfections in
the 12% polyacrylamide gel, while the smaller bands (Fig. 1B,
right, lanes 1 and 2) reflect IE63 degradation products, similar to
those seen previously in Western blots using R�IE63 antibody to
detect the protein (9). An additional three IE63 truncation mu-
tants containing N-terminal GST tags were constructed (Table 1,
primers 8 to 11), sequence verified, expressed, and purified, and
they showed single bands with the appropriate mass in sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
(Fig. 1C, left). Western blot analysis showed that rec-MAb 63P4
detected N-terminal IE63 truncations at amino acids L125 (Fig.
1C, right, lane 1), E136 (lane 2), and E141 (lane 3). Together, these
data reveal that rec-MAb 63P4 recognizes an IE63 epitope with the
sequence 141EAPNVPLHRS150.

To map the IE63 mouse MAb 9A12 epitope, two additional
C-terminal-deletion mutants of IE63 were constructed (Table 1,
primers 1, 12, and 13), W259 (19 amino acids deleted) and T250
(28 amino acids deleted) (Fig. 1D). R�IE63 detected full-length

IE63 and both deletion mutants (Fig. 1E, left), while mouse MAb
9A12 detected full-length IE63 (Fig. 1E, right, lane 1) and W259
(lane 2) but not T250 (lane 3). These findings localized the mouse
MAb 9A12 IE63 epitope to a 10-amino-acid segment in IE63 at the
C terminus between residues 250 and 259.

Like VZV, simian varicella virus (SVV) is a neurotropic al-
phaherpesvirus in the genus Varicellovirus. VZV and SVV share
significant biological and molecular characteristics and express
homologous IE63 proteins (14). Sequence alignment of VZV
and SVV IE63 (Fig. 2A) indicates 52% amino acid identity.
When the 10-amino-acid rec-MAb 63P4 VZV IE63 epitope is
mapped on SVV IE63, five amino acids are identical and three
are semiconserved (E141, N144, and V145); the remaining two
VZV amino acids, A142 and S150, correspond to SVV P141 and
I149, respectively. Substitution of alanine for S150 did not af-
fect rec-MAb 63P4 binding (data not shown), indicating that
the only notable difference between VZV and SVV IE63 within
the VZV IE63 rec-MAb 63P4 epitope is A142 (VZV) versus
P141 (SVV). Western blot analysis of VZV-infected human
lung fibroblasts and SVV-infected Vero cells showed that both
rec-MAbs 63P4 and 63E4 detected VZV IE63, while only rec-
MAb 63E4 detected SVV IE63 (Fig. 2B). The epitope for rec-
MAb 63E4 maps to a site 36 amino acids C-terminal to the
rec-MAb 63P4 epitope, and antibody binding to IE63 requires

FIG 2 Fine-structure mapping rec-MAb 63P4 binding site on IE63. (A) Amino acid alignment of VZV IE63 and SVV IE63, with conserved residues between VZV and
SVV IE63 shaded and the rec-MAb 63P4 epitope boxed. (B) Western blot analysis of VZV-infected HFL cells and SVV-infected Vero cells, indicating that rec-MAb 63P4
detected VZV IE63 but not SVV IE63, whereas control antibody rec-MAb 63E4 detected both VZV and SVV IE63. (C) Western blot analysis of full-length VZV IE63 with
substitutions in the rec-MAb 63P4 epitope. The substitution of E141 with alanine (lane 1) or A142 with proline (lane 2) or the double substitution EA to AP (lane 3) did
not affect rec-MAb 63P4 binding. Also, substitution of H148 and R149 with two alanines (lane 4) did not eliminate rec-MAb 63P4 binding. Alanine substitution of either
the first 5 amino acids (E141 to V145) (lane 5) or the last 5 amino acids (P146 to S150) (lane 6) eliminated rec-MAb 63P4 binding.

Characterization of VZV IE63 rec-MAb Antibody Epitope

June 2012 Volume 86 Number 11 jvi.asm.org 6347

http://jvi.asm.org


phosphorylation at S186 (24). These findings indicate that the
VZV IE63 epitope recognized by rec-MAb 63P4 is blocked by a
proline at 142 in SVV. Mapping of the rec-MAb 63P4 binding
site on IE63 in Fig. 1 was based on deletion mutations of IE63.
It is conceivable that deletion mutations produce local protein
folding changes that alter antibody binding, even under the
denaturing conditions used in Western blot analysis. To elim-
inate this concern, specific mutations within the rec-MAb 63P4
binding site of IE63 (141EAPNVPLHRS150) were introduced into
the full-length protein (Table 1, primers 14 to 27). The plasmid
constructions were verified by DNA sequence analysis, and the
recombinant protein was expressed and analyzed on Western
blots (Fig. 2C). In the context of full-length IE63, mutations of
141E to 141A (Fig. 2C, lane 1), 142A to 142P (lane 2), 142EA to
142AP (lane 3), and 148HR to 148AA (lane 4) did not eliminate
binding of rec-MAb 63P4. However, changing 141EAPNV145 to

141AAAAA145 (Fig. 2C, lane 5) or 146DLHRS150 to 146AAAAA150

(lane 6) inhibited rec-MAb 63P4 binding. All substitutions were
detected with the polyclonal rabbit antibody (R�IE63) whose
epitope mapped between E162 and V193. In summary, rec-Ab
63P4 recognizes 10 amino acids in IE63 (141EAPNVPLHRS150), in
which minor substitutions are permitted but major substitutions
abrogate antibody binding.

Figure 3A shows the phosphorylation sites and regions re-
quired for antibody binding to VZV IE63. Note that unlike rec-
MAb 63E4 and R�IE63, the epitope for rec-MAb 63P4 binding is
located toward the N terminus of the protein. While the central

region contains multiple phosphorylation sites, and rec-MAb
63E4 binding is dependent on phosphorylation of S186, rec-MAb
63P4 binding is independent of posttranslational modifications
(24). Also, rec-MAb 63P4 detects a cytoplasmic form of IE63 (Fig.
3B), indicating that the epitope is blocked by either structural
rearrangement (epitope sequestering), posttranslational modifi-
cation, or competing protein interactions within the nucleus. Al-
ternatively, nuclear IE63 may be in the form of a dimer, while
cytoplasmic IE63 may exist in a monomeric form. Since the rec-
MAb 63P4 epitope (EAPNVPLHRS) does not contain any pre-
dicted posttranslational modification sites, the lack of nuclear
IE63 staining most likely reflects an IE63 structural rearrangement
or binding to RNA polymerase II, ASF-1, TFIIE, VZV IE62, or an
as-yet-unidentified nuclear protein (1–3, 11, 20).

The cytoplasmic localization of IE63 has been identified both
in productively infected cells in culture and in latently infected
neurons, suggesting functions in addition to those in the nucleus
(5, 15, 19, 21). Since rec-MAb 63P4 recognizes IE63 in the cyto-
plasm, this antibody may facilitate identification of cellular pro-
teins involved in IE63 function(s) by coimmunoprecipitation, as
well as providing a well-defined antibody for further in situ histo-
chemistry studies.
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