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Abstract: Duck Plague Virus (DPV) 1s amember of the Alphaherpesviridae subfamily and an important pathogen

in domestic and wild ducks, geese, swans and other water fowl with migratory waterfow! contributing to spread
between continents. VP22 is a structural protein assembled into the tegument compartment of the virion, highly

conserved across the Alphaherpesviridae. The precise biological function performed by the VP22 tegument
protein encoded by UL49 gene in the virus life cycle remains to be elucidated. In this report, researchers aimed
at elucidating the subcellular localization of VP22 in DPV infected primary duck embiyo fibroblasts the
recombinant VP22 protein and VP22-GFP fusion protein in DEF cells. Transcription characteristics of UL49 gene

was analyzed by RTFQ-PCR.
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INTRODUCTION

The virion proteins of herpesviruses are arranged
within three morphologically distinct components of the
virus: the nucleocapsid the envelope and the tegument
the region located between the capsid and envelope of
the virus particle. VP22 15 the protein product of the UL49
gene which is expressed late in infection (Elliott and
Meredith, 1992). In addition, VP22 is the most abundant
tegument protein which contributing between 5 and 9% of
the total mass of the virion and nearly 2000 copies in
HSV-1 virions n terms of the number of molecules per
virion particle (Heine et al., 1974). Numerous studies have
suggested that the function of VP22 can be broadly
divided into nuclear localisation (Ren et al, 2001)
nucleolar localisation (Aints et al, 2001) chromatin
binding (Elhott and O’Hare, 2000) DNA binding
(Pinard et al., 1987) microtubule binding (Kotsakis et al.,
2001, Elliott and O"Hare, 1998; Yedowitz et al., 2003)
intercellular trafficking (Elliott and O’'Hare 1997
Zheng et al., 2006) RNA binding (Sciortino et af., 2002)
and protein delivery (Zhang et al, 2009; Saha et al,
2006; Lee et al, 2006, Zheng et al, 2005) and the
application of transduction technology 1s 1increasing
in gene therapy and immunization. The VP22 homologs
are highly conserved across the Alphaherpesviridae

(Ingvarsdottir and Blaho, 2010; Kelly et al., 2009) mostly
within the carboxyl terminus of the protemn suggesting
that the carboxyl terminus may be important for
structure or function (Ren et ai., 2001).

Duck Plague Virus (DPV) 1s a member of the
Alphaherpesviridae subfamily (1.i et al, 2009) and an
important pathogen in domestic and wild ducks, geese,
swans and other water fowl with migratory waterfowl
contributing to spread between continents (Kisary and
Zsak, 1983; Davison et al., 1993; Keymer and Gough,
1986, Gough and Alexander, 1987; Wobeser, 1987). DPV
VP22, a 253-amino-acid protein with a calculated minimal
molecular mass of 27.8635kDa (Jiang et al., 2010) encoded
by the UL49 Open Reading Frame (ORF). The precise
biological function of the VP22 tegument proteins in the
virus life cycle remains to be elucidated.

MATERIALS AND METHODS

Viral strain, cell culture, infections and viral DNA
isolation: The parental virus used in this study was DPV
CHv stran provided by Key Laboratory of Ammal
Disease and Human Health of Sichuan Province. Primary
Duck Embryo Fibroblasts (DEF) can be productively
infected by DPV (Guo et al., 2009) were maintained in
Dulbecco’s Modified Eagle’s Medim (DMEM, Gibco)
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containing 10% Newborn Calf Serum (NCS) and penicillin-
streptomycin at 37°C in a 5% CO, atmosphere. Infections
were routinely performed at a Multiplicity of Infection
(MOTI) of 0.1. After 1 h, the inoculurn was removed, fresh
medium supplemented with 2% NCS was added and the
cells were incubated at 37°C in 5% CO,. When >80% of
the cells showed cytopathic effects the culture of mfected
cells was subjected to three freeze-thaw cycles and stored
at -80°C till use. Viral DNA was isolated from infected DEF
cells as described previously (Cheng et al., 2006).

Expression and purification of VP22 protein: The
full-length L7149 gene used for this study was PCR
amplified with the upstream primer 5-GGATCCATGGCAA
ATAGAATAGATCGACG-3' and the downstream primer
S-AAGCTTTTATTGTGGTCTTCTTGAACTGTTA-3 . In-
frame start and stop codons are indicated by boldface
letters. BamH T and Hind T restriction sites which were
mtroduced for convenient clomng are underlined. PCR
products were cloned mto the Multiple Clomng Site
(MCS) of the pMDI18-T vector (TaKaRa) producing a
plasmid pMD18-T/ULA49. Thereafter, the coding region of
the VP22 open reading frame m pMDI18-T/UL49 was
confirmed by sequencing. The nucleotide sequence data
reported in this study has been deposited in GenBank
nucleotide sequence databases
number EU195111. For recombinant protemn production, a
prokaryotic expression vector pET28a (+) (Novagen) was
used. pMDI18-T/UL49 was digested with BamH and
Hind p and the UL49 sequense was inserted into the
BamH/Hind P site of pET-28a (+) which is capable of
producing recombinant protein with an N-terminal 6xHis
tag. The result was designated pET28a/UL49 and
transformed nto F. coli BL21 (DE3) for recombinant
protein production by Caleium Chloride Method. The
transformed bacteria were selected by screemng the
colonies on LB media containing Kanamycin (Kan). The
suspected colony was further analyzed by restriction
enzyme digestion and PCR.

Overmght cultures were grown m the presence of
50 pg of Kan per mL. at 37°C. The overnight culture was
diluted 10 times with the same medium and incubated until
Optical Density (ODyy,.) reached 0.6-0.8. Expression
was induced by the addition of Isopropyl B-D-1-
Thiogalactopyranoside (IPTG) 0.1 mM and incubation
continued for a further 4 h. The cultures were then cooled
on ice for 10 min and centrifuged at 6000 rpm for 10 min at
4°C. The bacteria pelleted and suspended 1n lysis buffer
(50 mM sodium phosphate (pH 8.0) containing 300 mM
NaCl, 0.1 mM Phenylmethylsulfonyl Fluoride (PMSF)).
Lysczyme (1 mg mL™") was added and the samples
mcubated on 1ce for 30 min followed by somication,

with the accession
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insoluble material were removed by centrifugation
(15,000 rpm for 10 min at 4°C). To reduce nonspecific
protein binding, addition of 1 M imidazole to the
supernatant to a final concentration of 50 mM 1midazole,
pH 8.0. The supernatant was 0.45 micron membrane
filtered and then loaded onto a 5 mL Ni-NTA column
(Qiagen) equilibrated m binding/wash buffer (50 mM
sodium phosphate (pH 8.0) containing 300 mM NaCl,
50 mM imidazole). The column was then washed with
binding/wash buffer and finally eluted with elution buffer
(50 mM sodium phosphate (pH 6.0) contaiuing 300 mM
NaCl, 250 mM imidazole). Purified protein was lyophilized
after dialysis in PBS then stored at -70°C until used.

Polyclonal rabbit anti-VP22 serum preparation and
purification: For the production of the polyclonal rabbit
anti-VP22 serum, a adult New Zealand white rabbit was
inoculated four times with VP22 protein. For the first
inoculation, purified VP22 protein (0.3 mg) was dialyzed
agaimst PBS, emulsified with an equal volume of Complete
Freund Adjuvant (CFA) (Sigma, USA) and injected
subcutanecusly into a adult New Zealand white rabbit at
six different sites of the back. Subsequently the rabbit was
boosted three times with 0.5, 0.8 or 1.0 mg of VP22 protein
emulsified with an equal volume of Tncomplete Freund’s
Adjuvant (TFA) (Sigma, UUSA) at weekly intervals starting
from 2 weeks after primary immumzation. The rabbit was
bled 7-10 days after the final booster then it was killed and
the TgG fraction of the serum was isolated by ammonium
sulfate precipitation as described previously with slight
modifications (Zheng et af., 2005). Immune rabbit serum
was heat mactivated at 56°C for 30 mm. Then, using a
DEAE-Sepharose column, the TgG fraction was purified by
1on-exchange column chromatography according to the
instructions of the suppliers and stored at -70°C until
used.

Subcellular localization of VP22 protein in DPV infected
primary DEF: In order to study the subcellular
localization of VP22, coverslip cultures of DEF mfected
with DPV were washed in PBS and fixed with 3%
paraformaldehyde at room temperature for 30 min at the
time of harvest (6, 12, 24, 36, 48 and 72 h post-infection
(hp1)). For VP22 detection, rabbit anti-VP22 polyclonal
antibody and FITC-conjugated goat anti-rabbit secondary
antibody were used. The cells were washed three times in
PBS, permeabilized with PBS contaimng 0.2% Triton
X-100, blocked for 1 h with 3% BSA and incubated with
the rabbit anti-VP22 polyclonal antibody in blocking
solution overnight at 4°C followed by three washes with
PBS. FITC-comugated goat anti-rabbit secondary
antibody was diluted in the blocking solution and
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incubated for 1 h at room temperature followed by
three washes with PBS. For orientation purposes, DAPT
(4',6-diamidino-2-phenylindel; Sigma, USA) te 1 pg mL ™"
was added in the final mcubation step to counterstain the
nuclei of the cells for 5 min at room temperature. This was
followed by three washes with PBS and visualization by
a Nikon fluorescence microscopy (Nikon ECLIPSE 801).
The specificity of the reaction was confirmed by the
failure of the anti-VP22 rabbit polyclonal antibody to react
with uninfected cells and by the failure of preimmune
serum to react with infected cells.

Transportactivity of the recombinant VP22 protein: The
DEF cells were grown on coverslips in six-well dishes in
DMEM contaiming 10% NCS. Prior to the iwmport assay
(1 h) the medium was changed and the cells were washed
three times in PBS. For each well, aliquots of purified VP22
(200 ng) proteins were added to prewarmed DMEM
containing 1% NCS with a final volume of 2mL. Then, the
coverslip cultures were washed in PBS and fixed with 3%
paraformaldehyde at room temperature for 30 min at the
time of harvest (2, 4, 6, 8, 12, 24 and 36 h). The staining
procedures were performed as Subcellular localization of
VP22 protein in DPV infected primary DEF described.

Subcellular localization of VP22-GFP fusion protein in
living and fixed DEF: The complete VP22 sequences were
amplified by PCR using VP22-specific primers 5-GTCG
ACATGGCAAATAGAATAGATCGACG-3 and 5'-GG
ATCCTGTGGTCTTCTTGAACTGTTA-3 with Premix
PrimeSTAR® HS polymerase (TaKaRa). To facilitatethe
expressionof GFP fusion proteins, stop codons of VP22
were removed. Hind ITT and BamH I restriction sites which
were mtroduced for convenient clomng. PCR products
were cloned into the MCS of the pMDI18-T vector the
resulting plasmids were designated pMD18-VP22. After
digestion with BamH T and Hind TTT, PCR fragments were
ligated into pEGFP-N1. The resulting plasmids were
designated VP22-GFP. Then, the circularized plasmids
were propegated in Escherichia coli DHS « cells and
purified using a small-batch plasmid DNA purification kit
according to the manufacturer’s instructions (Axygen).
Thereafter, the coding regions of the VP22 open reading
frame in VP22-GFP were confirmed by sequencing.
Subconfluent primary DEF cells in six-well plates were
transfected with 4 ug of VP22 mutants per well by
using Lipofectamine 2000 (Invitrogen) according to the
manufacturer’s instructions. After 4 h of mcubation the
Opti-MEM mixture was replaced with DMEM containing
2% NCS. The cells were observed using a Nikon Eclipse
TE2000-Ulnverted Microscope at 12, 24,36, 48 and 72 h
post-transfection In order to study the subcellular
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localization of the VP22-GFP in fixed cells, coverslip
cultures of DEF were washed in Phosphate-Buffered
Saline (PBS) and fixed with 3% paraformaldehyde at room
temperature for 30 min. The cells were washed three times
in PBS, permeabilized with 0.5% Triton X-100 in PBS,
followed by three washes with PBS. For orientation
purposes, 1 pg mL~' of DAPI was added in the final
incubation step to counterstain the nuclei of the cells for
10 min at room temperature. This was followed by three
washes with PBS and visualization by a Nikon ECLIPSE
801 flucrescence microscope at 12, 24, 36, 48 and 72 h
post-transfection. The experiments were carried out in
triplicate and repeated independently three times.

Real-Time Fluorescent Quantitative Polymerase Chain
Reaction (RTFQ-PCR): The total RNA from DPV infected
DEF cells was extractedat 1, 2,4, 6, 8,12, 24, 36, 48, 60, 72,
84 and 96 h post-infection (hpi) using RNAiso Plus
reagent (TeKaRa) according to the manufacturer's
wnstructions. The total RNA was quantified by optical
density and the quality was evaluated by gel
electrophoresis. Reverse transcription was performed with
a PrimeScript® RT Reagent kit with gDNA Eraser
(TaKaRa). Quantitative PCR was performed on a Bio-Rad
iCycler and iQ5 2.1 Standard Edition Optical System
Software. Data were analyzed by using the Delta-Delta Ct
Method (Livak and Schmittgen, 2001). All samples were
carried out 1n triplicate. For each sample the amount of
target mRNA was normalized using endogenous p-actin
mRNA. The following primer sets were used: UL49, 5'-
TCCGCGC AATAACGAGA-3' (forward) and 5'-
CCGAATGGGCCTT TATGT-3 (reverse) and P-actin, 3'-
TACGCCAACACGG TGCTG-3' (forward) and 5'-
GATTCATCATACTCCTGCTTGCTG-3 (reverse). Before
the PCR, a mixture of the synthesized cDNA and SYBR®
Premix Ex Tag™ II (TaKaRa) was incubated at 95°C for
30 sec. PCR was then carried out at 95°C for 5 sec and at
60°C for 30 sec for 40 cycles. Following RTFQ-PCR,
homogeneity of PCR products were confirmed by the
melting curve analysis then were electrophoresed on
a2.0g ™" agarose gel.

RESULTS AND DISCUSSION

Subcellular localization of VP22 protein in DPV infected
primary DEF: Indirect immunofluorescence tests (Fig. 1)
revealed that the VP22 antigens 15 detectable as early as
6 h postinfection, 1t exists predominantly in the cytoplasm
and perinuclear region of DPV infected DEF in a diffuse
fluorescent pattern early in infection then migrates to and
accumulates in the nucleus at late stages of mfection,
virtually every cell n the culture extubited bright nucleus
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Fig. 1. Subcellular localization of VP22 in DPV infected primary DEF. A1, A2 and A3: uninfected DEF as negative control;
B1, B2 and B3: DPV-infected cells at 6 h;, C1, C2 and C3: DPV-infected cells at 12h; D1, D2 and D3: DPV-infected
cells at 24 h; E1, E2 and E3: DPV-infected cells at 36 h; F1, F2 and F3: DPV-infected cells at 48 h; G1, G2 and G3:
DPV-infected cells at 72 h. After extensive washing, fixation and permeabilization, coverslip cultures were
subjected to indirect immunofluorescence staining with rabbit anti-VP22 polyclonal antibody. Fluorescence
microscopy was performed after incubation with FITC-conjugated secondary antibodies and staining of nuclear

DNA with DAPI. Magmification 400x

fluorescence. VP22 found m infected cells 1s distributed in
at least three distinct subcellular localizations which
researchers define as cytoplasmic, diffuse and nuclear.

Transport activity of the recombinant VP22 protein:
Results of immunofluorescence studies (Fig. 2) show that
the VP22 recombinant protein can be detected in DEF after
1 h mcubation in DMEM, exhibiting pronounced
accumulation in the cytoplasm but failed migrates to and
accumulates in the nucleus, virtually every cell in the
culture exhibited bright cytoplasm fluorescence at 36 h.
These results indicate that purified VP22 recombinant
protein retains the import property.

Subcellular localization of VYP22-GFP fusion protein in
living and fixed DEF: The DPV VP22 derivatives was
transfected into DEF cells as described in materials and
methods and the subcellular localization pattern of the
fusion protein were examined using a Nikon ECLIPSE 801
fluorescence microscope or a Nikon ECLIPSE 81

fluorescence microscope at 24, 36, 48 and 72 h post-
transfection. Transfection of the parent vector, pEGFP-N1,
resulted in a diffuse fluorescent pattern distributed
throughout the cell. When VP22-GFP was transfected
alone, VP22 firstly localized within the cytoplasm and a
punctate speckled fluorescent pattern was observed then
accummulated as helix-lhike pattern but the VP22a-GFP
migrated mto the nucleus and displayed a punctate
nuclear pattern of fluorescence eventually. These patterns
were observed at all subsequent time points (Fig. 3 and 4).

Transcription characteristics of DPV UL4% gene: RNA
was 1solated from DPV-infected DEF cells at 1, 2, 4, 6, 8,
12, 24, 36, 48, 60, 72, 84 and 96 hpi using RNAiso Plus
reagent then was reversed transcribed using PrimeScript”
RT Enzyme, oligo dT primers and random hexamers. With
gDNA FEraser, researchers can eliminate genomic DNA in
just 2 min. After real time PCR amplification the Bio-Rad
1Cycler machine was programmed to do a melting curve in
which the temperature is raised by a fraction of a degree
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Fig. 2: Immunofluorescence of import of the recombinant VP22 protein after 200 ng application to tissue culture. The
protein is taken up by the cell where it then localizes in the cytoplasm. Al, A2 and A3: normal DEF as negative
control; B, C, D, E, F, Gand H: 2, 4, 6, 8, 12, 24 and 36 h after VP22 protein was added in DMEM, respectively.
After extensive washing, fixation and permeabilization, coverslip cultures were subjected to indirect
mmunofluorescence staning with rabbit anti-VP22 polyclonal antibody. Fluorescence microscopy was performed
after incubation with FITC-conjugated secondary antibodies and staiming of nuclear DNA with DAPL
Magmification 400x

Fig. 3: Subcellular localization of VP22-GFP fusion protein in living DEF. Cells were seeded in 6 well plates at a density
of 2x10° cells per well 24 h prior to transfection. Transfections were performed using Lipofectamine 2000 reagent
(invitrogen) as recommended by the manufacturer. The cells were observed using a Nikon Eclipse TE2000-17
Inverted Microscope at 36 h post-transfection. A1, A2, A3: EGFP-N1, Bl, B2, B3: VP22-GFP. A3 and B3 are the
merged immages of Al and A2, Bl and B2, respectively. Magmification 600x
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Fig. 4: Subcellular localization of VP22-GFP fusion protein m fixed DEF. Cells were seeded m 6 well plates on glass
coverslips at a density of 2x10° cells per well 24 h prior to transfection. Monelayers of DEF grown on coverslips
were transfectd with EGFP-N1 (A1, A2, A3), VP22-GFP (B1, B2, B3) using Lipofectamine 2000 reagent (invitrogen)
as recommended by the manufacturer. At 36 h post-transfection, coverslips were washed, fixed, permeabilized,
counterstained and observed using a Nikon ECLIPSE 801 fluorescence microscope. A3 and B3 are the merged
images of Al and A2, Bl and B2, respectively. Magnification 600x

and the change in fluorescence 13 measured. A melting
curve was constructed for each primer pair to verify the
presence of one gene-specific peak and the absence of
primer dimmer. The Bio-Rad iCycler and iQ5 2.1 Standard
Edition Optical System Software plots the rate of change
of the Relative Fluorescence Units (RFU) with Time
(T) (-d (RFUY/AT) onthe Y-axis versus the temperature on
the X-axis and this will peak at the melting temperature
(Tm) (Fig. 5). Products of real time PCR amplification of
the DPV UL49 gene and B-actin gene were subjected to
electrophoresis in a 2.0 g L.™' agarose gel (Fig. 6). As
shown in Fig. 7, DPV UL49 mRNA can be detected as
early as 1 h post-infection (hpi) the relative expression
level was at a low level 1 the first 12 hpi then reached a
peak at 84 hpi and then declined.

VP22, encoded by the UL49 gene of Duck Plague
Virus (DPV), its role 1s not yet known (L1 ef af., 2009). To
study its subcellular localization the studies have focused
on analyzing the localization of VP22 in DPV infected DEF
the recombinant VP22 protein and VP22-GFP fusion
protein. The results showed that VP22 i DPV infected
DEF and VP22-GFP fusion protein exist in the cytoplasm
early and migrates to and accumulates in the nucleus of
DEF even at late stage, this finding may imply that VP22
can also localizes to the nucleus of DEF m the absence
of other viral proteins. These studies have suggested
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-d (RFU)/dt

Temperature (°C)

Fig. 5: Melting curve analysis of the UL49 and B-actin.
The Bio-Rad iCycler and 105 2.1 Standard Edition
Optical System Software plots the rate of change
of the Relative Fluorescence Units (RFU) with
Time (T) (-d(RFU)/AT) on the Y-axis versus the
temperature on the X-axis and this will peak at the
melting Temperature (Tm). The left peak represents
the melting curve of UL49 gene while the right
peak represents the melting curve of S-actin gene

dynamic trafficking properties of VP22 where the protein
is capable of both cytoplasmic and nuclear accumulation.
This parallels previous results on HSV-1 VP22
{(Pomeranz and Blaho, 1999). Lundberg and Johansson
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Fig. 6: Products of real time PCR amplification of the
UL49 and B-actin gene. Lane M: DL2000 DNA
Marker; Lane 1: Products of amplification of a
116 bp fragment from the DPV UL49 gene; Lane 2:
Products of amplification of a 215 bp fragment
from the duck S-actin gene
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Fig. 7: Transcription characteristic of UL49 gene from
DPV-infected DEF cells. Quantitative PCR was
performed on a Bio-Rad iCycler and 105 2.1
Standard Edition Optical System Software. Data
were analyzed by using the Delta-Delta Ct
Method. UL49 mRNA can be detected as early as
1 hp1

(2001) thought methanol fixation lead to the artificial
import and nuclear localization of VP22, they expressed a
fusion protein of HSV VP22 and GFP in E. coli but no
fluorescence was detected in the nucleus even cells were
incubated with purified VP22-GFP at 37°C forup to 24 h
the cells exhibited nuclear GFP fluorescence only after
methanol fixation and rehydration m PBS. However,
researchers analysed the subcellular localization of the
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VP22-GFP both in living and fixed cells the study strongly
supports import and nuclear localization of VP22 in living
cells.

CONCLUSION

The recombinant VP22 protein only exists m the
cytoplasm of DEF, virtually every cell in the culture
incubated with VP22 exhibited bright cytoplasm
fluorescence, this findingmay implythat VP22 may
possess unusual trafficking properties. Furthermore
the recombinant VP22 protein failed migrate to and
accumulates in the nucleus of DEF may correlate with
expression host. Kueltzo et al. (2000) studied the import
of an N-termimnal truncated VP22 protein, contaiming amino
acids 159-301 that can be expressed in Escherichia coli
and retain the ability of cellular import. Many studies
showed that the herpesvirus VP22 homologs can be used
as transport tool in proten transduction and the unusual
capacity for mtercellular trafficking can be observed not
only in fixed cells but also i living cells (Elhott and
(O’Hare 1999, Phelan et al., 1998; Kalthoff et al., 2008,
Zavaglia et al., 2003). Thus, its application is increasing in
gene therapy and immunization.

In the attempt to elucidate transcription
characteristics of DPV UL49 gene, a reliable RTFQ-PCR
protocol for transcriptional analysis was established.
RTFQ-PCRis currently the most reliable method of
quantifying transcripts. Researchers demonstrated that m
DPV-mfected DEF cells, UL 49 mRNA can be detected as
early as 1 hpi, peaked at 84 hpi and then declined.
Researchers first established and validated a RTFQ-PCR
Method which enables the early detection of DPV the
method may beusedto diagnose DPV i future.
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