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Varicella-zoster virus (VZV) encodes five gene products that do not have homologs in herpes simplex virus.
One of these genes, VZV open reading frame 32 (ORF32), is predicted to encode a protein of 16 kDa. VZV
ORF32 protein was shown to be phosphorylated and located in the cytosol of virus-infected cells. Antibody to
ORF32 protein immunoprecipitated 16- and 18-kDa phosphoproteins from VZV-infected cells. Since VZV
encodes two protein kinases that might phosphorylate ORF32 protein, immunoprecipitations were performed
with cells infected with VZV mutants unable to express either of the viral protein kinases. Cells infected with
VZV unable to express the ORF66 protein kinase contained both the 16- and 18-kDa ORF32 phosphoproteins;
however, cells infected with the VZV ORF47 protein kinase mutant showed only the 16-kDa ORF32 phospho-
protein. Treatment of [>*S]methionine-labeled proteins with calf intestine alkaline phosphatase resulted in a
decrease in size of the ORF32 proteins from 16 and 18 kDa to 15 and 17 kDa, respectively. VZV unable to
express ORF32 protein replicated in human melanoma cells to titers similar to those seen with parental virus;
however, VZV unable to express ORF32 was impaired for replication in U20S osteosarcoma cells. Thus, VZV
ORF32 protein is posttranslationally modified by the ORF47 protein kinase. Since the VZV ORF47 protein
kinase has recently been shown to be critical for replication in human fetal skin and lymphocytes, its ability
to modify the ORF32 protein suggests that the latter protein may have a role for VZV replication in human

tissues.

Varicella-zoster virus, a member of the alphaherpesvirus
subfamily, is the etiologic agent of chickenpox and herpes
zoster. The other human member of this subfamily, herpes
simplex virus (HSV), causes orofacial lesions and genital her-
pes. While these two viruses cause very different diseases, their
genomes show a remarkable degree of similarity. The two
genomes have similar structural organizations, and over 90%
of the genes in VZV have homologs in HSV.

Five of the 69 unique genes in VZV, open reading frames 1
(ORF1), -2, -13, -32, and -57, do not have HSV homologs (3).
VZV ORF1 encodes a membrane protein that is dispensable
for replication in vitro (2). VZV ORF13 encodes the viral
thymidylate synthetase, which also is not required for replica-
tion in cell culture (1). The other three VZV genes, ORF2, -32,
and -57, have not been studied.

VZV ORF32 is predicted to encode a 143-amino-acid pro-
tein located in the unique long (U, ) region of the genome (4).
The ORF32 protein is predicted to be very hydrophilic (7) and
contains a large number of acidic amino acids. Mapping of
transcripts in this region shows a 3.0-kb RNA transcribed in a
rightward direction that overlaps ORF32 (18).

While VZV ORF32 does not have a homolog in HSV,
ORF32 does have sequence homology with two other herpes-
virus proteins. Equine herpesvirus type 1 (EHV-1) gene 34
(23) and EHV-4 gene 34 (22) are positional homologs of VZV
ORF32. In a 39-amino-acid region, ORF32 has 70% amino
acid similarity to the two EHV proteins; within this region,
VZV ORF32 shares 9 identical amino acids, IPRVFPDTP,
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with EHV-4 gene 34. The function of these EHV proteins is
unknown at present.

Here we show that ORF32 encodes 16- and 18-kDa phos-
phoproteins that are expressed in the cytosol of virus-infected
cells. By constructing an ORF32 deletion mutant, we show that
these proteins are dispensable for virus replication. In virus-
infected cells lacking the VZV ORF47 protein kinase, the
18-kDa protein is not detected. Thus, the ORF32 protein is
posttranslationally modified by the ORF47 protein kinase.

MATERIALS AND METHODS

Cells and viruses. MeWo (human melanoma) cells were used for transfections
and preparation of virus stocks. U20S and SAOS2 human osteosarcoma cells
were obtained from the American Type Culture Collection. Recombinant viruses
were derived from cosmids corresponding to the attenuated Oka strain of VZV.
VZV with stop codons in ORF47 (ROka47S), ORF66 (ROka66S), or ORF 47
and ORF66 (ROka47S/66SA) have been previously described (5, 6).

Plasmids and cosmids. VZV cosmids NotI A, Notl BD, MstIT A, and MstI1 B
contain the entire VZV genome (Fig. 1). To produce VZV with a deletion in
ORF32, the MstII B cosmid was cut with NotI, which cuts at VZV nucleotides
45295 and 62859, and the 17.6-kb fragment containing ORF32 was inserted into
the Notl site of pBluescript-SK™ (Stratagene, La Jolla, Calif.). The resulting
plasmid was cut with Agel and AatIl (which cut at VZV nucleotides 59238 and
60699, respectively), and the nearly 1.5-kb fragment released from it was cloned
into the Agel and Aatll sites of plasmid Litmus 29 (New England Biolabs,
Beverly, Mass.). The resulting plasmid was cut with EcoRV and Narl (which cut
at VZV nucleotides 59748 and 60131, respectively), treated with T4 DNA poly-
merase to produce blunt ends, and ligated to itself. Two independent clones were
selected, and the sequence of the plasmids was determined to verify that the
junction of the ORF32 deletion had the expected sequence. The two clones were
then cut with Agel and Aatll, and the mutated DNAs were inserted into the NotI
plasmid. The latter were then cut with NorI, and the ORF32 mutant DNA was
inserted into cosmid MstII B to produce cosmids MstII B-32DA and MstII
B-32DB (Fig. 1). These cosmids have a deletion that begins 18 nucleotides before
the start codon of ORF32 and ends 60 nucleotides before the stop codon of
ORF32.

To translate ORF32 in vitro, the entire coding region of ORF32 was amplified
by PCR with primers that contained an Xbal site and the first seven codons of
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FIG. 1. Construction of recombinant VZV with a deletion in ORF32. The VZV genome is 124,884 bp in length (line 1) and contains Uy, unique short (Ug), terminal
repeat (Ty), and internal repeat (IR) DNA sequences (line 2). NotI and MstI1 restriction fragments used to generate parental VZV are shown (lines 3 and 4). Cosmid
MstII B-32D (line 5) has a deletion beginning before the start codon and ending at codon 123 of ORF32. Two identical, independent clones of cosmids MstII B-32D,
termed MstII B-32DA and MstII B-32DB, were used to construct VZV with ORF32 deleted.

ORF32 (GATCGTCTAGATATGGAATCGTCTAACATTAACG), as well as
an EcoRI site and the last seven codons of ORF32 followed by the stop codon
(GATCGAGAATTCTTAATCGGTGTCAGAATCTTCATC). After digestion
with Xbal and EcoRI, the PCR product was cloned into plasmid pGEM-2
(Promega Corp., Madison, Wis.).

Transfections. To produce VZV with a deletion in ORF32, MeWo cells were
transfected with 1 pg of cosmid Nofl A, Notl BD, MstIl B-32DA, or MstII
B-32DB; 0.5 pg of cosmid MstIIA; 50 ng of plasmid pCMV62; and 2 ug of
sheared salmon sperm DNA. Transfection of MeWo cells was performed as
previously described (1).

Southern blots and growth characteristics of recombinant VZV. VZV DNA
was purified from nucleocapsids, cut with EcoRI or BamHI, fractionated on
agarose gels, transferred to nylon membranes, and hybridized with a [**P]dCTP-
labeled probe derived from the four DNA cosmids spanning the entire VZV
genome. VZV DNA was also cut with AatII and Agel and hybridized to a probe
containing VZV ORF32. Growth curves for recombinant VZV were determined
as described previously (1).

Generation of ORF32 fusion protein. The coding region of VZV ORF32, from
codons 11 to 143, was amplified from VZV cosmid DNA by PCR with two
primers. The first primer contained a BamHI site followed by VZV nucleotides
59796 to 59816 (CGCGGATCCCAACCGTCGTCTATCGCACAT), and the
second primer contained an EcoRI site followed by VZV nucleotides 60174 to
60194 (CGCGAATTCATCGGTGTCAGAATCTTCATC). The amplified DNA
was digested with BamHI and EcoRI and inserted into plasmid pGEX-2T (Phar-
macia, Piscataway, N.J.), which contains a portion of the glutathione S-trans-
ferase (GST) gene. The junction of the ORF32 DNA and pGEX-2T DNA was
confirmed by sequencing. Escherichia coli cells containing the plasmid expressing
the GST-ORF32 fusion protein were lysed by sonication, and GST-ORF32
fusion protein was purified with glutathione-Sepharose.

Antibodies, immunoprecipitation, phosphatase treatment, and cell fraction-
ation studies. Rabbits were immunized three times with 150 ug of GST-ORF32
fusion protein, and antiserum was obtained and absorbed four times with lysates
from uninfected MeWo cells.

VZV-infected and uninfected cells were radiolabeled with [>°S]methionine or
32P; and lysed. The supernatant was incubated with rabbit antibody to ORF32
protein or monoclonal antibody to VZV gE (Chemicon, Temecula, Calif.) fol-
lowed by protein A-Sepharose. Immune complexes were fractionated on sodium
dodecyl sulfate-polyacrylamide gels. In some cases, immune complexes were
treated with 10 U of calf intestine alkaline phosphatase (New England Biolabs,
Beverly, Mass.) for 30 min at 37°C, an additional 10 U of enzyme was added for
30 min, and the proteins were fractionated on gels.

Membrane and cytosolic fractions from VZV-infected MeWo cells were pre-
pared as previously described (2). For immunofluorescence studies, cells were
fixed in 50% methanol-50% acetone, incubated with rabbit antibody to ORF32
protein, and fluorescein isothiocyanate-labeled goat anti-rabbit antibody was
added.

RESULTS

VZV ORF32 encodes 16- and 18-kDa cytoplasmic proteins.
To verity that ORF32 is expressed in VZV-infected cells, rab-
bit antibody was made to a GST-ORF32 fusion protein. Im-
munoprecipitations of lysates from [>*S]methionine-labeled
cells obtained with antisera to VZV ORF32 protein showed
16- and 18-kDa proteins from recombinant Oka (ROka) VZV-
infected cells (Fig. 2A). Similar proteins were not present in
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FIG. 2. Immunoprecipitation of ORF32 protein from VZV-infected cells.
Antibody to ORF32 immunoprecipitates 16- and 18-kDa proteins in lysates from
VZV ROKka-infected cells (arrow), but not ROka32DA- or ROka32DB-infected
cells (A). Cells infected with VZV ROka, ROka32DA, or ROka32DB express
proteins that react with monoclonal antibody to VZV gE (B). Numbers refer to
molecular masses of proteins in kilodaltons.
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FIG. 3. VZV ORF32 is expressed in the cytosol of VZV-infected cells. Un-
infected or VZV ROka-infected cells were radiolabeled with [**S]methionine,
and membrane (lanes 1 to 5) and cytosolic (lanes 7 to 10) fractions were pre-
pared. An aliquot of each fraction was immunoprecipitated with antibody to
ORF32 (lanes 1 to 3 and 7 to 8) or VZV gE (lanes 4 to 5 and 9 to 10). VZV
ORF32 protein is detected only in the cytosolic fraction of cells infected with
VZV (lane 8, arrow), while gE is present in the membrane fraction (lane 5,
arrowhead). Lane 6 shows a 16-kDa protein obtained by in vitro translation
(IVT) of the ORF32 gene with T7 polymerase. Numbers refer to molecular
masses of proteins in kilodaltons.

uninfected cells. Immunoprecipitation with monoclonal anti-
body to VZV gE served as a control for infection (Fig. 2B).

To further verify that ORF32 encodes a protein, the ORF32
gene was transcribed in vitro with T7 RNA polymerase and
translated with rabbit reticulocyte lysate. A polypeptide with a
size of 16 kDa was detected (Fig. 3, lane IVT) which is similar
in size to the smaller protein detected in VZV-infected cells.

To determine where the ORF32 protein is located in virus-
infected cells, cytosolic and membrane fractions were prepared
from radiolabeled VZV-infected cells. Immunoprecipitation
with antibody to ORF32 protein showed that the protein is
located in the cytosolic fraction of infected cells (Fig. 3), but
not in the membrane fraction. As a control for separation of
the cellular fractions, VZV gE localized to the membrane (Fig.
3), but not the cytosolic fraction. Immunofluorescence studies
with antibody to ORF32 protein showed that the protein was
present in the cytoplasm of virus-infected cells (17).

VZV ORF32 protein is phosphorylated To determine
whether ORF32 encodes a phosphoprotein, VZV-infected
cells were radiolabeled with **P; and immunoprecipitations
were performed. Antibody to ORF32 protein immunoprecipi-
tated 16- and 18-kDa phosphoproteins from VZV-infected
cells (Fig. 4A). gE is also phosphorylated (25); antibody to gE
detected 90- to 95-kDa phosphoproteins in VZV-infected cells
(Fig. 4B).

The ORF47 protein kinase is responsible for posttransla-
tional modification of ORF32. VZV encodes two protein ki-
nases, the ORF47 and ORF66 proteins (5, 6). To determine if
either of the VZV protein kinases might be associated with the
phosphorylation of ORF32 protein, melanoma cells were in-
fected with a VZV mutant that does not express either of the
protein kinases and radiolabeled with **P;, and ORF32 protein
was immunoprecipitated. Immunoprecipitation of VZV
ORF32 from cells infected with a VZV mutant that is unable
to express both the ORF47 and ORF66 protein kinases (6)
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FIG. 4. VZV ORF32 protein is phosphorylated. Cells infected with VZV
ROka or VZV ROka47S/66S were radiolabeled with 3P, and lysates were
immunoprecipitated with antibody to ORF32 protein (A) or VZV gE (B).
Numbers refer to molecular masses of proteins in kilodaltons.

resulted in detection of the 16-kDa ORF32 phosphoprotein,
but not the larger 18-kDa ORF32 protein (Fig. 4A). Immuno-
precipitation of another aliquot of radiolabeled cells with
monoclonal antibody to VZV gE verified that the extent of
infection in cells with the double protein kinase mutant was
comparable to that with the parental virus (Fig. 4B).

To determine which of the VZV-encoded protein kinases is
responsible for posttranslational modification associated with
the larger 18-kDa ORF32 protein, melanoma cells were in-
fected with VZV mutants that do not express the individual
VZV ORF47 or ORF66 protein kinases and immunoprecipi-
tations were performed. Both the 16- and 18-kDa ORF32
phosphoproteins were present in lysates from cells infected
with the ORF66 mutant; however, only the smaller 16-kDa
protein was present in cells infected with the ORF47 mutant
(Fig. 5A). Immunoprecipitation of lysates with antibody to
VZV gE indicated that each of the lysates contained similar
levels of gE (Fig. 5B), confirming that the lack of detection of
the larger 18-kDa ORF32 protein was not due to a lower level
of virus infection in VZV ORF47-infected cells.

To further evaluate the posttranslational processing of
ORF32, cells were infected with VZV ROka, ROka47S, or
ROKka66S and radiolabeled with [**S]methionine, and ORF32
protein was immunoprecipitated. Some of the immunoprecipi-
tates were treated with calf intestine alkaline phosphatase and
then fractionated on polyacrylamide gels. Treatment of immu-
noprecipitates from VZV ROka- or VZV ROka66S-infected
cells with alkaline phosphatase reduced the size of the 16- and
18-kDa bands to 15 and 17 kDa, respectively (Fig. 6A). Incu-
bation of the 16-kDa protein immunoprecipitated from VZV
ROka47S-infected cells with alkaline phosphatase yielded a
15-kDa band. Monoclonal antibody to VZV gE was used to
immunoprecipitate gE from another aliquot of the lysates (Fig.
6B), showing that each of the lysates was derived from VZV-
infected cells.

VZV ORF32 is not required for growth of VZV in cell cul-
ture. To determine whether ORF32 is necessary for growth of
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FIG. 5. VZV ORF47 is required for posttranslational processing associated
with phosphorylation of ORF32 protein. Cells were infected with VZV ROKa,
ROka47S, or ROka66S, and radiolabeled with 3*P;, and lysates were immuno-
precipitated with antibody to ORF32 protein (A) or VZV gE (B). Numbers refer
to molecular masses of proteins in kilodaltons.

the virus in vitro, a VZV ORF32 deletion mutant was con-
structed. Melanoma cells were transfected with cosmids that
have a deletion in ORF32 (MstII B-32DA or MstI1 B-32DB)
along with cosmids NotI A, Notl BD, and MstII A. Cytopathic
effects, indistinguishable from those seen with parental VZV,
were present in cells transfected with the ORF32 deletion
cosmids, and two clones of each of the resulting viruses,
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ROka32DA and ROka32DB, were propagated in melanoma
cells.

Virion DNA was prepared from cells infected with VZV
ROka and the ORF32 deletion mutants, and Southern blots
were performed to verify that the genomes had the expected
configurations. Digestion of DNA from VZV ROKa,
ROka32DA, and ROka32DB with EcoRI or BamHI showed
restriction fragments that were identical to those seen with the
parental virus (17). Digestion of virion DNA with AatIl and
Agel showed that the AarIl-Agel fragment in VZV ROka was
diminished in size by 0.4 kb in the ORF32 mutants due to the
deletion in ORF32 (17).

To verify that cells infected with the ORF32 deletion mu-
tants were unable to express ORF32 protein, infected cells
were radiolabeled and lysates were immunoprecipitated with
antibody to the protein. While cells infected with ROka ex-
pressed 16- and 18-kDa proteins that reacted with antibody to
ORF32 protein, ROka32DA- and ROka32DB-infected cells
did not produce similar proteins (Fig. 2A, lanes 3 and 4). To
ensure that the absence of expression of ORF32 protein was
not due to the lack of VZV gene expression, immunoprecipi-
tations were performed with cells infected with the ORF32
deletion mutants with antibody to gE. Cells infected with the
mutants each expressed VZV gE (Fig. 2B).

Inability to express VZV ORF32 impairs the growth of virus
in U20S osteosarcoma cells. To determine whether the ab-
sence of ORF32 affects the growth of VZV in vitro, MeWo
cells were infected with parental (ROka) and ORF32 deletion
mutants, and plaque sizes were measured. The mean diameter
of plaques (= the standard deviation) after infection of MeWo
cells with cells containing VZV ROka (0.81 = 0.18 mm) was
similar to the size of plaques from cells infected with VZV
ROka32DA (0.85 = 0.18 mm). The growth of the ORF32

ROka 47S/66S
ROka 47S
ROka 47S/66S

| ROka 47S/66S
' ROka 66S

[

+

FIG. 6. Dephosphorylation reduces the size of ORF32 protein. Cells infected with VZV ROka and ORF47 or ORF66 mutants were radiolabeled with [*>S]me-
thionine, and lysates were immunoprecipitated with antibody to ORF32 protein (A) or gE (B). Lysates in some lanes were treated with calf intestine alkaline
phosphatase (indicated by + below the autoradiograph), while lysates in other lanes were not treated (indicated by —) before being loaded onto the gel.



VoL. 72, 1998

>

@ ROka
O ROka32DA
M ROka32DB

TITER {log;o PFU/dish)
w
T

! 1 1 1

0 1 2 3 4 5
DAY AFTER INFECTION

VZV ORF32 IS MODIFIED BY THE ORF47 PROTEIN KINASE 8087

B .

TITER (logqo PFU/dish)
N‘

L ®ROka
AROka47S
OROka32DA
8 ROka32DB
1 1 1 L ]
% 1 2 3 Z 5

DAY AFTER INFECTION

FIG. 7. Growth of VZV ORF32 deletion mutants in cell culture. MeWo (A) or osteosarcoma (B) cells were inoculated with VZV-infected cells, and at various times
after infection, the cells were harvested and the titer of virus in MeWo cells was determined.

mutant virus was also examined in two osteosarcoma cell lines:
U20S cells that express a wild-type p53 and retinoblastoma
susceptibility gene product (pRB) and SAOS2 cells that have
inactive p53 and pRb (24). The mean plaque size in SAOS2
osteosarcoma cells infected with ROka (0.37 = 0.07 mm) was
also similar to that of ROka32DA (0.35 = 0.07 mm). In con-
trast, U20S osteosarcoma cells infected with the ORF32 mu-
tants produced smaller plaques than VZV ROka. The mean
plaque size in U20S osteosarcoma cells of VZV ROka was
0.36 = 0.09 mm, while the plaque size for VZV ROka32DA
was 0.20 = 0.09 mm (P < 0.01). The plaque size of the ORF32
mutants in human fibroblasts and schwannoma and neuroblas-
toma cells was similar to that of the parental virus (data not
shown).

To further evaluate whether ORF32 impairs the growth of
VZV, melanoma and U20S osteosarcoma cells were infected
with parental virus or ORF32 deletion mutants, and the titer of
virus was determined at different time points. VZV ORF32
deletion mutants grew to titers similar to those seen in cells
infected with the parental virus in melanoma cells (Fig. 7A),
but to lower titers than parental virus in U20S osteosarcoma
cells (Fig. 7B).

Since ORF47 is responsible for the posttranslational modi-
fication associated with the 18-kDa ORF32 phosphoprotein, a
VZV mutant unable to express ORF47 protein (ROka47SA)
might have growth properties resembling those of a VZV
ORF32 deletion mutant. However, infection of U20S osteo-
sarcoma cells with ROka47SA resulted in much larger plaques
than those of ROka32DA (0.43 = 0.10 and 0.20 = 0.09 mm,
respectively; P < 0.01), but only slightly larger than those of
ROka (0.36 = 0.09 mm). Infection of U20S osteosarcoma
cells with ROka47SA resulted in titers of virus similar to those
obtained with the parental virus, unlike the lower titers seen
with the ORF32 deletion mutants (Fig. 7B). Thus, the absence
of the 18-kDa ORF32 phosphoprotein is not responsible for
the impaired growth of VZV ORF32 deletion mutants in U20S
osteosarcoma cells.

DISCUSSION

These experiments show that VZV ORF32 encodes phos-
phoproteins with sizes of 16 and 18 kDa localized in the cytosol
of virus-infected cells and that the ORF32 protein is posttrans-
lationally modified by the VZV ORF47 protein kinase. While
the ORF47 protein kinase is conserved among each of the

human herpesviruses (14, 16, 19), none of the other human
herpesviruses has a homolog of the VZV ORF32 protein.

VZV ORF32 has positional and sequence homology with
two animal herpesvirus proteins, EHV-1 gene 34 and EHV-4
gene 34. These three proteins are similar in length and have
low isoelectric points (3.9 to 4.8), and at least 15% of each of
the proteins is comprised of acidic amino acids. The VZV
protein has 34% overall amino acid identity with EHV-1 gene
34 protein and 29% amino acid identity with the EHV-4 gene
34 protein. All three proteins are very hydrophilic, and none of
them is predicted to have a sufficiently long hydrophobic re-
gion that would allow the protein to be stably inserted into
membranes.

VZV ORF32 is predicted to encode a 16-kDa protein based
on its amino acid sequence (4). Both in vitro-translated ORF32
protein and one of the two proteins immunoprecipitated from
VZV-infected cells were 16 kDa. Using a VZV mutant unable
to express ORF47, we found that the 16-kDa ORF32 phos-
phoprotein was expressed, but the 18-kDa phosphoprotein was
absent. The smaller 16-kDa ORF32 phosphoprotein is proba-
bly phosphorylated by a cellular kinase, since deletion of the
only two kinases predicted to be encoded by the VZV genome,
ORF47 and ORF66, did not affect phosphorylation of the
16-kDa protein. Thus, both ORF47 and cellular kinases are
probably required for the full maturation of ORF32 protein.

VZV ORF47 has previously been shown to encode a protein
kinase that phosphorylates serine and, to a lesser extent, thre-
onine residues (12, 13, 21). Immunoprecipitation of ORF47
protein (12), or coimmunoprecipitation of ORF47 protein with
ORF62 protein (13), followed by incubation in a protein kinase
assay resulted in phosphorylation of the ORF47 and ORF62
proteins, respectively. In contrast, immunoprecipitation of ra-
diolabeled viral phosphoproteins from cells infected with an
ORF47 mutant virus failed to show any difference in the phos-
phorylation of ORF62 protein (5). These results suggested that
while ORF47 protein is capable of phosphorylating ORF62
protein, ORF47 protein is not necessary for phosphorylation of
ORFG62 in virus-infected cells. Analysis of other VZV phos-
phoproteins, including ORF4, ORF63, and ORF68 proteins,
indicated that the ORF47 protein was not required for their
posttranslational processing (5). Therefore, ORF32 protein is
the first VZV protein that has been shown to require ORF47
protein for posttranslational processing in VZV-infected cells.

Calf intestine alkaline phosphatase dephosphorylates pro-
teins containing phosphoserines and phosphothreonines (20).
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VZV ORF32 is predicted to contain 14 serine and 9 threonine
residues. Several of these residues cluster near acidic amino
acids, particularly at the carboxy terminus of the protein. A
similar clustering of serines and threonines near acidic residues
has been noted for HSV ICP22 (15), the substrate of the HSV
U, 13 protein kinase, which is the homolog of ORF47 protein
kinase.

The protein kinases located in the U; region of the herpes-
virus genomes are highly conserved (8) and are thought to have
regulatory functions that are important for replication of her-
pesviruses. Moffat and colleagues have shown that VZV rep-
licates in human fetal lymphocytes and causes necrosis of the
epidermal and dermal layers of human fetal skin in the
SCID-hu mouse (11). Unlike VZV, HSV does not replicate in
human fetal lymphocytes and results in necrosis of only the
superficial epidermal layer of human skin in the SCID-hu
mouse (10). While prior studies with a VZV ORF47 mutant
showed that the U, kinase was not required for growth of the
virus in cell culture (5), recent experiments using the SCID-hu
mouse model indicate that ORF47 protein is required for VZV
replication in human fetal lymphocytes and skin in the mouse
(9). Since ORF32 does not have a homolog in HSV, the ability
of ORF47 to posttranslationally modify ORF32 suggests that
ORF32 may play a role in the ability of VZV to replicate to
high titers in human fetal lymphocytes and skin. Future exper-
iments testing the ability of the VZV ORF32 deletion mutant
to replicate in human tissues implanted into SCID mice may
yield new insights into the role of this protein in vivo and the
differences in the diseases associated with VZV and HSV.
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