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Abstract Compared to the UL51 gene of other alpha-
herpesviruses, the duck enteritis virus (DEV) ULS51 gene
contains ten conserved motifs and has a close evolutionary
relationship with members of the genus Mardivirus. The
DEV ULS5I1 gene product was identified using a rabbit
polyclonal antiserum raised against a 6-His-ULS51 fusion
protein expressed in Escherichia coli as a 34-kDa protein.
Western blotting and RT-(real time) PCR analysis of DEV-
infected cells showed that the protein was produced at the
late stage of infection and that its production was highly
dependent on viral DNA synthesis, suggesting that the gene
should be classified as 72 class. Analysis of extracellular
virions revealed that the protein was a component of
extracellular mature DEV virions. Indirect immunofluo-
rescence studies localized most of the protein to the jux-
tanuclear region. These results will provide a basis for
further functional analysis of the gene.
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Introduction

Duck enteritis virus (DEV) is an alphaherpesvirus that
causes an acute, contagious and fatal disease in waterfowl
(ducks, geese, and swans). DEV results in heavy economic
losses to the commercial duck industry due to its high
mortality rate and decreased duck egg production [43].
Recently, an increasing number of DEV genes, such as
ULS5 [40], UL6 [41], UL22 [18], UL23 [29], UL24 [22, 24],
UL25-UL30 [31], UL31-UL35 [2, 48], UL44 [30], UL50
[51], US3-USS5 [53], US8 [5], US2 and US10 [52], have
been identified. In 2006, a DEV genomic library was
successfully constructed in our laboratory [7]. Sequence
analysis showed that DEV encoded several structural pro-
teins, one of which was identified as a viral phosphoprotein
encoded by the UL51 gene with a size of 759 bp (GenBank
NO. DQ072725), which is located at the right end of the
unique long segment (U ). The UL51 genes [1, 3, 6, 10, 13,
14, 44] are conserved in the herpesvirus family. Recent
research has shown that the product of the herpes simplex
virus (HSV-1) ULS51 gene is a membrane-associated pro-
tein that is incorporated into virions, localizing primarily to
the inside of the viral envelope [38]. Moreover, the UL51
protein (pULS51) has been found to be palmitoylated at the
N-terminal cysteine at position 9 of the protein, which is
important for targeting to the Golgi apparatus [37]. Muta-
tional analyses of HSV-1 and pseudorabies virus (PRV)
have revealed that the UL51 gene plays a role in virion
maturation [25, 26, 38, 39].

In the present study, based on sequence analysis, we
have identified the DEV ULS1 gene. The gene was sub-
sequently cloned into the prokaryotic expression vector
pET-28a (4) and expressed in E. coli. RT-(real time) PCR,
western blot, and immunofluorescence analyses were per-
formed to determine the gene transcription/translation time
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course and intracellular localization of pULS1 in DEV-
infected cells, providing a basis for further functional
analysis of this gene.

Materials and methods
Viruses and cells

Throughout this study, we used the DEV CHyv strain [15,
42, 50] (a high-virulence field strain isolated in our
laboratory) grown in duck embryo fibroblasts (DEFs) as
described previously [47]. In brief, DEFs were cultured in
minimal essential medium (MEM) (Invitrogen, Carlsbad,
CA) supplemented with 10% fetal bovine serum (FBS)
(Invitrogen) at 37°C. MEM medium supplemented with
2-3% FBS was used for virus infection.

Sequence analysis of the DEV ULS51 gene

Comparison and analysis of the deduced amino acid
sequence of the DEV ULS51 gene with those of ten other al-
phaherpesviruses were performed using the MEGALIGN
program in LASERGENE (DNAStar 6.0) with CLUSTALV
(PAM250) multiple alignment [20]. Next, phylogenetic
analysis was carried out using deduced amino acids seq-
uences of 18 UL51 genes (Table 1) using the MEGALIGN
program [4].

PCR amplification and plasmid construction

A pair of primers, UL51f (5'-CCGGAATTCATGTTAGC
TTTTATCTCCAG-3/, as the forward primer) and UL51r
(5'-TCCCTCGAGTTAGACGGCTACCAACG-3/, as the
reverse primer), was designed based on the DEV ULS1
gene sequence. EcoRI and Xhol sites were incorporated
into the forward and reverse primers, respectively, to
facilitate cloning. The amplified products were subcloned
into the PMD18-T vector (TaKaRa, Japan) and sequenced
(TaKaRa). Then, the correct fragment was cloned into
the E. coli expression vector pET28a (4) (Novagen,
Madison, WI) to yield the plasmid pET28a-UL51. The
recombinant plasmid was subsequently confirmed by
PCR, restriction enzyme digestion, and DNA sequencing
(TaKaRa).

Prokaryotic expression and purification of the DEV
ULS51 gene

Escherichia coli strain BL21 (DE3) was transformed with
plasmid pET28a-ULS51. After induction with isopropyl-
f-pD-thiogalactopyranoside (IPTG), these cells expressed
large quantities of the 6-His-tagged ULS51 fusion protein
with an apparent molecular mass of 34 kDa. The ULS51
fusion protein was analyzed by SDS-PAGE followed by
staining with Coomassie brilliant blue. According to the
manufacturer’s instructions (Bio-Rad), the proteins were

Table 1 Protein sequences of alphaherpesviruses used for phylogenetic analysis

Genus Virus name Abbreviation Accession no. ULS51
Unclassified Duck enteritis virus DEV DQO072725
Simplexvirus Cercopithecine herpesvirus 16 CeHV-16 NC_007653
Cercopithecine herpesvirus 2 CeHV-2 NC_006560
Cercopithecine herpesvirus 1 CeHV-1 NC_004812
Human herpesvirus 1 HSV-1 NC_001806
Human herpesvirus 2 HSV-2 NC_001798
Mardivirus Gallid herpesvirus 2 MDV-1 NC_002229
Meleagrid herpesvirus 1 MeHV-1 NC_002641
Gallid herpesvirus 3 MDV-2 NC_002577
Varicellovirus Cercopithecine herpesvirus 9 CeHV-9 NC_002686
Human herpesvirus 3 VZV NC_001348
Equid herpesvirus 1 EHV-1 NC_001491
Equid herpesvirus 4 EHV-4 NC_001844
Suid herpesvirus 1 SuHV-1 NC_006151
Bovine herpesvirus 5 BoHV-5 NC_005261
Bovine herpesvirus 1 BoHV-1 NC_001847
Iltovirus Gallid herpesvirus 1 ILTV NC_006623
Psittacid herpesvirus 1 PsHV-1 NC_005264
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purified using Ni*™ affinity resins under denaturing condi-
tions. The purified protein was analyzed using SDS-PAGE
and the Bradford assay.

Preparation and purification of UL51 polyclonal
antiserum from immunized rabbits

Four adult male rabbits were immunized at subcutaneous
sites with 1.0 mg of the purified ULS51 fusion protein
conjugates in Freund’s complete adjuvant (FCA) to initiate
antibody production. Three weeks later, 0.5 mg of the
purified UL51 fusion protein with Freund’s incomplete
adjuvant (FIA) was used for subsequent boosts. Three
booster injections were given at 2-week intervals after the
primary injection. Two weeks after the last immunization,
the rabbits were exsanguinated, and the sera were col-
lected. Control pre-immune serum was obtained before the
first injection. The purified ULS1 antiserum was subse-
quently obtained by purification using caprylic acid and
ammonium sulfate precipitation and High-Q anion-
exchange chromatography [34]. Western blotting analysis
was conducted to examine the reactivity and specificity of
the ULS51 antiserum.

Preparation of total RNA and RT-(real time) PCR

Duck embryo fibroblasts, grown in 6-well plates, were
either mock-infected or infected with the DEV CHy strain
at a multiplicity of 5 PFU per cell. To examine the time
course of ULS51 transcription in infected cells, total RNA
was isolated from mock- or DEV-infected cells at 1, 2, 4, 6,
12, 24, 36, 48, and 60 h p.i. using the Total RNA Isolation
System (TaKaRa) and detected by 1.0% agarose gel elec-
trophoresis. Next, a cell-volume-equivalent amount of total
RNA (15 pl) was digested using RNase-free DNase I
(TaKaRa). Based on the nucleotide sequence of the DEV
ULS51 gene, the forward and reverse primer sequences
designed using the software IQ5 (Bio-Rad) were UL51{
(5-TCTCCAGCATGTGTGGTCTAAGGC-3') and UL51r/
(5-GGCGATGGTAGCATAGCGTTGAC-3'), respectively.
Based on the nucleotide sequence of duck f-actin from
GenBank, the forward and reverse primer sequences
designed were f-actin-f (5'-CCGGGCATCGCTGACA-3")
and S-actin-r (5'-GGATTCATCATACTCCTGCTTGCT-3"),
respectively. According to the manufacturer’s instructions
(TaKaRa), the RT reaction was performed in a 10-ul
reaction volume. Real-time PCR was performed in a vol-
ume of 25 pl containing 1.0 pl of the forward primer
(10 pmol/L), 1.0 pl of the reverse primer (10 pmol/L),
1.0 pl cDNA template, 12.5 pl real-time PCR Master Mix
SYBR Green I, and 9.5 pl water (all reagents were pur-
chased from TaKaRa). All reactions were performed in
triplicate and in at least two independent reactions. Using

duck f-actin as the reference gene, the average relative
content of DEV ULS51 gene transcripts was calculated
using the 2724 method [28, 32].

Western blotting

Duck embryo fibroblasts were either mock-infected or
infected with DEV as described above and harvested
at 2, 4, 6, 8, 24, 36, 48 and 60 h p.i. Cells were lysed in
SDS sample buffer, electrophoretically separated by
SDS-PAGE, and electrically transfered to polyvinylidene
difluoride (PVDF) membranes (Amersham, Japan). Non-
specific protein binding was blocked by treating mem-
branes with TBST (25 mmol Tris—=HCI, 150 mmol NaCl,
pH 7.4, and 0.05% Tween-20) containing 5% bovine serum
albumin (BSA). The membranes were incubated with the
purified UL51 antiserum. After washing three times with
TBST, the membranes were incubated with goat anti-rabbit
peroxidase-labeled antibody (Sino-American Biotechnology
Co., Shanghai, China) and then developed in diamino-
benzidine (DAB) substrate buffer (Beijing Zhong Shan-
Golden Bridge Biological Technology Co., Ltd., China).
Finally, photos of the membranes were taken with a digital
camera.

Immunofluorescence and confocal laser microscopy

Duck embryo fibroblasts were either mock-infected or
infected with DEV as described above. At 2, 4, 6, 8, 9, 10,
12, 24, 36, 48 and 60 h p.i., the cells were fixed with 4%
paraformaldehyde, permeabilized with 0.2% Triton X-100,
and then washed once with phosphate-buffered saline
(PBS) and blocked in PBS containing 10% BSA. They
were then incubated with the purified UL51 antiserum,
washed three times in PBS, and treated with FITC-conju-
gated goat anti-rabbit IgG (Sino-American Biotechnology
Co.). As described by Miller et al. [36], the cell nuclei were
visualized by 4,6-diamidino-2-phenylindole (DAPI) counter-
staining (5 pg/ml, Beyotime Institute of Biotechnology,
Shanghai, China). Fluorescent images were examined using
confocal laser microscopy (Bio-Rad).

Virion purification

Duck embryo fibroblasts, cultured in bottles, were infected
with the DEV CHyv strain at a multiplicity of 5 PFU per
cell. After 1 h adsorption at 37°C, maintenance medium
containing 2-3% serum was added. DEV virions were
harvested from the extracellular medium at 48 h p.i. After
removal of cell debris by low-speed centrifugation, virions
were pelleted from the supernatant by centrifugation at
87,000g for 1 h. The virus suspension was layered onto a
continuous 10-50% sucrose gradient and centrifuged at
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20,000 rpm for 1 h at 4°C. The peak virion-containing
fractions were collected as described previously [15, 46],
diluted in PBS and pelleted again by centrifugation at
87,000g for 1 h. Purified virions were lysed in SDS sample
buffer and then analyzed by western blotting with the
purified UL51 antiserum.

Dependence of DEV ULS51 protein production on viral
DNA synthesis

DEFs, cultured in six-well plates, were infected with the
DEV CHy strain at a multiplicity of 5 PFU per cell. After a
1-h adsorption period in the presence of 300 mg/ml acy-
clovir (ACV) (Glaxo SmithKline) at 37°C, maintenance
medium containing 2-3% serum was added. Infected cells
were harvested at various times and then analyzed by
western blotting with the purified UL51 antiserum.

Results
Sequence analysis of DEV ULS51 gene

As shown in Fig. 1, ten conserved sequence motifs of the
DEV ULSI1 protein were predicted by multiple alignments
of the other ten reference virus strains. In order to analyze
the phylogenetic relationship of UL51 with other alpha-
herpesviruses (Table 1), we constructed a phylogenetic tree
using the putative ULS1 protein sequences. A representa-
tive minimal tree for ULS51 is shown in Fig. 2. In the tree,
the 18 alphaherpesviruses were separated into four genera
(Simplexvirus, Varicellovirus, Mardivirus, and Iltovirus)
with moderate bootstrap scores. The analysis revealed that
DEV might have a close evolutionary relationship with the
mardiviruses, such as MeHV-1, MDV-1 and MDV-2,
which infect meleagrid and gallid birds.

Preparation and specificity of UL51 rabbit antiserum

To characterize the UL51 gene product, we first generated
the purified ULS1 antiserum. Western blotting analysis
showed that the UL51 antiserum reacted to a protein with
an apparent molecular mass of 34 kDa in the lysates of
DEV-infected cells at 24 h p.i (Fig. 3). However, the
ULS51 antiserum did not react with any proteins in the
lysates of mock-infected cells (Fig. 3). In addition,
the pre-immune serum did not react with any proteins in
the lysates of mock-infected or DEV-infected cells (data
not shown). The results indicate that the ULS51 antiserum
detected the pULS51 specifically in DEV-infected cells;
therefore, we used the ULS5S1 antiserum for further
experiments to characterize the UL51 gene product of
DEV.

@ Springer

Transcription analysis of the DEV ULS51 gene
in DEV-infected cells

To study the transcription kinetics of the DEV ULS51 gene
during viral infection, real-time quantitative RT-PCR with
SYBR Green I was conducted. The integrity of total RNA
isolated from mock- and DEV-infected cells was verified
by 1.0% agarose gel electrophoresis (Fig. 4a). The average
relative content of DEV ULS51 gene transcripts was cal-
culated using the 2744 method. As shown in Fig. 4b, the
DEV ULS51 gene transcripts appeared as early as 2 h p.i.,
and then the content of transcripts increased steadily and
reached a peak at 48 h p.i., declining slowly thereafter. In
addition, the average relative content of DEV UL51 gene
transcripts at 48 h p.i. was approximately 50,000 times that
of the transcript at 2 h p.i.

Kinetics of pULS1 expression in DEV-infected cells

The kinetics of UL51 protein expression in DEV-infected
DEFs was analyzed by western blotting. At various times
p-i., cell lysates were subjected to electrophoresis, trans-
fered to PVDF membranes, and reacted with the purified
ULS51 antiserum. As shown in Fig. 3, pUL51 was first
detected at 8 h p.i. as a protein band with a molecular mass
of 34 kDa, which increased in amount until 48 h p.i., after
which the protein started to decrease at 60 h p.i.

Intracellular localization of the ULS51 protein
in DEV-infected cells

The intracellular distribution of the DEV ULS51 protein was
examined by indirect immunofluorescence staining. Spe-
cific fluorescence first became detectable in the cytoplasm
of infected cells at 8 h p.i. At 12 h p.i., specific fluores-
cence was found to be distributed in the cytoplasm and
especially in the juxtanuclear region. A typical pattern of
staining is shown in Fig. 5a2—c2. It is important to note the
strong immunofluorescence of the juxtanuclear region
(large arrow) and the punctate cytoplasmic staining (small
arrow). This pattern of cytoplasmic staining continued
throughout the course of infection (Fig. 5a3—c3, ad4—d4),
although later during infection, some infected cells also con-
tained some punctate staining in the nucleus. No specific
fluorescence could be detected with the UL51 antiserum in
mock-infected cells (Fig. Sal—cl).

The ULS51 protein is a component of DEV virions

To determine whether the UL51 protein was a component of
DEYV virions, extracellular virions were collected from culture
media harvested at 48 h p.i. Virus particles were purified by
sucrose density-gradient centrifugation. When purified virions
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Fig. 2 Phylogenetic tree of the amino acid sequences of the UL51
genes of DEV and 17 other members of the Alphaherpesvirinae (see
Table 1) obtained using the MEGALIGN program in LASERGENE
(DNAStar 6.0)

were subjected to western blot analysis, only a 34-kDa pro-
tein was detected in the fractions corresponding to the peak
of DEV virions (Fig. 6a, lanes 1, 2). This result suggests that
the UL51 protein is a component of DEV virions.

Fig. 3 Western blotting to analyze protein expression of the UL51
gene product in DEV-infected DEFs. DEFs were mock-infected or
infected with DEV. The cells were harvested at 2, 4, 6, 8, 24, 36, 48,
or 60 h p.i. Proteins were separated by SDS-PAGE and analyzed by
western blotting using the UL51 antiserum. Molecular mass markers
are shown on the left

The dependence of DEV pULS51 production on viral
DNA synthesis

To determine whether the production of the DEV ULS1

protein is dependent on viral DNA synthesis, infected cells
were maintained for various times after a 1-h adsorption
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Fig. 4 a Total RNA isolated
from mock- and DEV-infected
cells at 12 h p.i. was analysed
using 1.0% agarose gel
electrophoresis. b Kinetics of
DEV ULS5I gene transcription.
The average relative content of
the DEV ULS51 gene transcripts
was calculated at 1, 2, 4, 6, 12,
24, 36, 48, and 60 h p.i. using
the 274 method. The data are
presented as the fold change in
the DEV UL51 gene
transcriptional expression
normalized to a reference gene
(f-actin) and relative to the
mock-infected control

=]

28s
18s

5s

The values of average relative content

period in the presence of ACV. pULS51 production was not
detectable in the presence of ACV, even at 24 and 48 h p.i.
(Fig. 6b, lanes 1-4), indicating that pULS51 synthesis was
highly dependent on viral DNA synthesis and thus indi-
cated that pULS51 is a late gene product.

Discussion

Many herpesvirus UL51 genes have been cloned and
sequenced [1, 3, 6, 10, 13, 14, 44], but the DEV ULS51 gene
sequence and analysis of its expression have not been
reported until now.

The results of amino acid sequence comparison showed
that the DEV pULS51 has a high degree of similarity to the
pULS51 homologues of other alphaherpesviruses (Fig. 1),
which are conserved among members of the subfamily
Alphaherpesvirinae [9, 17, 23, 27]. Therefore, we infer that
the DEV ULS51 protein is a member of the tegument family
and that it may play role in viral replication.

The subfamily Alphaherpesvirinae includes the genera
Simplexvirus, Varicellovirus, Mardivirus, and Iltovirus
[12]. Although DEV is an alphaherpesvirus, the genus has
not yet been determined [12]. The data from the phyloge-
netic tree of the DEV ULS51 gene indicated that DEV had a
closer genetic relationship to MeHV-1, MDV-1 and MDV-2
than to other alphaherpesviruses. That is, DEV had a close
evolutionary relationship with members of the genus
Mardivirus. This happens to coincide with the fact that
their natural host is poultry. Analysis of the evolutionary
relationships of other known genes of DEV, such as UL27,
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UL28, UL30 [31], UL22 and UL23 [29], resulted in a
similar conclusion. This suggests that MeHV-1, MDV-1,
MDV-2 and DEV may have originated from a common
ancestor.

In the present study, we generated a polyclonal antise-
rum specific for the UL51 gene product by using the 6-His-
tagged ULS51 protein as antigen. The antibodies were found
to react strongly with a 34-kDa protein produced in DEV-
infected cells at 24 h p.i., suggesting that this protein is the
ULS51 gene product. However, nucleotide sequence analy-
sis of the coding sequence of ULS51 predicts an acidic
protein with a molecular mass of 27.1 kDa. Thus, the
apparent molecular mass of the protein is considerably
larger than the predicted molecular mass. Such a discrep-
ancy between the predicted molecular mass and the
apparent molecular mass on SDS-PAGE could be due
either to post-translational modification (such as phos-
phorylation and/or palmitoylation) or to an unusual amino
acid composition [46]. On one hand, the DEV UL51 pro-
tein has a relatively high content of hydrophobic amino
acids such as alanine (13.9%), leucine (7.9%), and proline
(6.7%). On the other hand, many tegument proteins, such
as HSV-1 ULS51 [38], HSV-1 UL11 [33] and PRV US2 [8],
have been found to be modified with acyl or prenyl groups,
modifications that are thought to be important for their
localization to membranes. These could account for the
discrepancy between the apparent and predicted molecular
masses of the UL51 protein. Furthermore, previous studies
have demonstrated that the apparent molecular masses of
the proteins generated from the ULS51 gene of other
alphaherpesviruses (HSV-1 [9], BoHV-1 [17], and PRV [27])
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Fig. 5 Localization of pULS51
in DEV-infected cells. Mock-
infected (al-c1) and DEV-
infected (a2-4, b2—4 and c2-4)
DEF cells were fixed with 4%
paraformaldehyde at 12
(a2—c2), 36 (a3—3) and 60 h
(ad4—c4) p.i. and incubated with
the UL51 antiserum. Cells were
then stained with FITC-
conjugated goat anti-rabbit
immunoglobulin and DAPI as
described in “Materials and
methods”. Fluorescent images
were examined using a confocal
laser imaging system and
obtained with 488- and 364-nm
band-pass filters for excitation
of FITC (al-4) and DAPI
(b1-4), respectively. The
merged images are shown on
the right (c1-4). Note the strong
immunofluorescence of the
juxtanuclear region (large
arrows) and the punctate
cytoplasmic staining (small
arrows)

Al

are also much larger than their predicted molecular masses,
correlating with the results for the DEV ULS51 gene.
Recent studies have demonstrated that the tegument of
herpesvirions is an amorphous protein layer that contains
about 20 virus-encoded proteins, including VP1/2 (UL36),
VP11/12 (UL46), VP13/14 (UL47), VP16 (UL48), VP22
(UL49), ICPO, ICP4, and the virion host shutoff protein
(UL41). It also contains the products of genes US2, US3,
US10, US11, UL11, UL13, UL14, UL16, UL17, UL21,
UL37, UL51, and UL56 [21, 35, 45, 49]. The tegument
proteins serve a variety of essential functions. Early in
infection, they regulate viral and cellular gene expression;
later, they assemble with the capsid and envelope to form

mature progeny virions [37]. Analysis using RT-(real time)
PCR and western blotting demonstrated that the accumu-
lation of the ULS1 protein occurred at the late stage of
infection, suggesting that the protein may be a late viral
gene that takes part in assembly with the capsid and
envelope to form mature DEV virions. Furthermore, in
contrast to BoHV-1 ULS51, which is classified as a y1 gene,
DEV ULS5I belongs to the y2 class of viral genes, since
expression of its transcript is highly dependent on viral
DNA synthesis. This result correlates well with results
obtained with the HSV-1 UL51 gene.

Different intracellular localizations may reflect different
functions of tegument proteins, e.g., the transactivating
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Fig. 6 a The association of DEV pULS51 with purified virions. Virus
particles were collected from culture medium harvested at 48 h p.i.
and purified as described in “Virion purification”. Purified virions
were lysed in SDS sample buffer, separated by SDS-PAGE, stained
with Coomassie brilliant blue (lane I), and then analyzed by western
blotting with the UL51 antiserum (lane 2). Molecular mass marker
sizes are shown on the left. b The dependence of DEV pULS1
production on viral DNA synthesis. The cells were cultured in the
presence of 300 mg/ml ACV and harvested at 24 (lanes 1, 3) and 48
(lanes 2, 4) h p.i. Proteins were separated by SDS-PAGE, stained with
Coomassie brilliant blue (lanes 1, 2), and analyzed by western
blotting with the ULS51 antiserum (lanes 3, 4). Molecular mass
markers are shown on the left

function of UL48 in the nucleus and its structural function
as a tegument protein in the cytoplasm [11, 16, 35]. The
intracellular localization of tegument proteins may also
vary at different times after infection; e.g., in HSV-1-
infected cells, the juxtanuclear localization pattern of
pULS51 predominated from 6 to 12 h p.i., but it localized to
the vicinity of the plasma membrane at 24 h p.i. Moreover,
homologous proteins may differ in intracellular localiza-
tion in different herpesviruses [19]. In order to pinpoint the
subcellular compartment in which tegumentation takes
place, the assessment of the localization of tegument pro-
teins, including the intracellular distribution of the DEV
Ul51 protein, has been analyzed primarily by immunoflu-
orescence and confocal laser scanning microscopy. We
found that DEV ULS51 proteins predominantly localized
to the cytoplasm, especially to the juxtanuclear region.
These results are in line with those obtained with the
homologous proteins of HSV-1, BoHV-1, and PRV, which
were detected exclusively or predominantly in the cyto-
plasm [9, 17, 25]. That is to say, the HSV-1, BoHV-1,
PRV, and DEV ULS51 proteins share a cytoplasmic location
in infected cells. Whether or not the similar cytoplasmic
location has any functional implications remains to be
established.

In conclusion, we have presented the identification of
the DEV ULS51 gene and described the basic characteristics
of the DEV pULS5I1, a 34 kDa protein. The protein, a
component of extracellular mature virions, was produced at
the late stage of infection, and its synthesis was highly
dependent on viral DNA synthesis. Thus, we suggest that
the gene belongs to the 2 class. In addition, immunoflu-
orescence studies localized pULS51 mainly to the juxtanu-
clear region of the cytoplasm in infected cells. Further

@ Springer

studies involving construction of DEV ULS51 gene mutants
are required to study the function of the ULS51 protein.
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