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Prokaryotic expression of the truncated duck enteritis virus UL27 gene and 
characteristics of UL27 gene and its truncated product 
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Summary. – Duck enteritis virus (DEV) is an acute and contagious herpesvirus infection in waterfowls, which 
leads to heavy economic losses in the commercial duck industry due to its high mortality rate and decreasing 
duck egg production. In order to understand this virus better, truncated UL27 gene (tUL27) was used to con-
struct pET-28a-tUL27 recombinant plasmid. The tUL27 gene product, truncated gB protein (tgB), was used 
to prepare rabbit anti-tgB protein polyclonal antibody. The polyclonal antibody was used for characteristics of 
DEV glycoprotein B (gB) intracellular localization. Protein gB was firstly detected in nuclear membrane of the 
infected DEF, and later during the infection it appeared as the punctiform fluorescence in cytoplasm. We also 
proved that DEV gB is a late protein. Localization of DEV gB in nuclear membrane, suggested a possible role 
in virus assembly, while appearance in cytoplasm suggests its role in viral egress. All these data provide a basal 
and useful knowledge about the functions of DEV UL27 gene and its product gB.
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Introduction

Duck enteritis virus (DEV), also known as duck plague, 
belongs to the family Herpesviridae. It is an acute and con-
tagious herpesvirus infection in waterfowls such as ducks, 
geese, and swans, which leads to high morbidity and mortal-
ity (Sandhu and Metwally, 2008; Montali et al., 1979; Davison 
et al., 1993). DEV infection causes heavy economic losses 
to the commercial duck industry due to its high mortality 
rate and decreasing egg production (Sandhu and Metwally, 
2008). 

Only little is known about this disease, despite its seri-
ousness and its early discovery in 1923. Recently, with the 

development of molecular biology, more information about 
the DEV genes and proteins, such as gC (Lian et al., 2010; 
Zou et al., 2010), gE (Chang et al., 2009), UL38 (Xiang et 
al., 2010), gK (Zhang et al., 2011), and TK gene (Wen et 
al., 2010) are being reported. From our knowledge, little 
information about the DEV UL27 and its product gB has 
been reported. In this article, we focused on the gB glyco-
protein localized in the virion envelope. Glycoproteins are 
key determinants in membrane fusion during the virus life 
cycle. The DEV possesses at least twelve glycoproteins, for 
instance gB, gC, gD, gE, gG, gH, gI, gK (Wang et al., 2011), 
which are expressed in infected cells. These glycoproteins 
have several important roles in virus entry via fusion of the 
viral envelope with cellular membranes, virus-induced cell 
fusion, cell-to-cell spread, and egress of infectious virion 
particles (Mettenleiter, 2000).

Glycoproteins are the major antigens to the immune re-
sponse. They are important for the antibody response as they 
are the major targets for both major histocompatibility com-
plex class I and class II restricted T lymphocytes (Glorioso 
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et al., 1985; Carter et al., 1981; Schrier et al., 1983; Lawman 
et al., 1980). Therefore, glycoproteins have an important 
biological activity in virus replication. Since the prokaryotic 
expression of whole UL27 gene was not successful, we have 
constructed recombinant plasmid with truncated UL27 gene. 
Protein tgB was used in the characteristics of DEV gB func-
tions and provided more data to elucidate the pathogenic 
mechanism of DEV. 

Materials and Methods

pMD18-tUL27 plasmid construction. Primers for DEV truncated 
UL27 gene (GenBank Acc. No. EF608147 of whole UL27 gene) were 
designed by Primer5.0 software. The forward primer (P1): 5ʹ-GAAT 
TCGAGGACAAATTCTATGTCTGCC-3ʹ and the reverse primer 
(P2): 5ʹ-AAGCTTCCTTATTAGACCGTCAGGCCCT-3ʹ contained 
the restriction sites for EcoRI and HindIII (underlined) and gained 
1200 bp product. DEV DNA was extracted from the duck embryo 
fibroblasts (DEF) infected with DEV (Cheng et al., 2006). For the 
50 μl PCR reaction we used 25 μl of PrimeSTARTMHS (Premix) DNA 
polymerase (TaKaRa, Japan), 0.5 μl of DEV DNA, and 1.0 μl of each 20 
pmol primer (TaKaRa). Whole PCR reaction was subjected to agarose 
gel electrophoresis and analyzed by gel imaging system. The amplified 
product of tUL27 was excised and purified by TIANgel Midi Purifica-
tion Kit (TianGen, Germany) according to the manufacturer’s instruc-
tions. The purified product was cloned into pMD18-T vector (TaKaRa), 
followed by transformation into Escherichia coli DH5α competent cells. 
The recombinant clone plasmid pMD18-tUL27 was verified by EcoRI 
and HindIII digestion and sequencing (TaKaRa).

pET-28a-tUL27 plasmid construction. Construction of the re-
combinant expression plasmid pET-28a-tUL27 was done according 

to the previous article (Zhang et al., 2010a). Recombinant plasmid 
pMD18-tUL27 and pET-28a (+) (Novagen, Germany) vector were 
digested by EcoRI and HindIII. After gel extraction and purification, 
tUL27 was inserted into pET-28a (+) vector. The recombinat pET-
28a-tUL27 plasmids were verified by the colony PCR, digestion by 
EcoRI and HindIII and sequencing.

Protein tgB expression. Single E. coli BL21 bacterial colony 
transformed with pET-28a-tUL27 plasmid was cultured in 5 ml of 
LB medium with kanamycine (100 µg/ml) for 2 hrs at 37°C. When 
the A600 reached approximately 0.5, it was diluted in 1:100 in new 
LB medium with kanamycine and induced by IPTG with final 
concentration 0.4 mmol/l. As negative controls, we used induced 
and uninduced E. coli BL21 transformed by pET-28a (+) vector and 
uninduced E. coli BL21 transformed by pET-28a-tUL27 plasmid. 
Two ml of samples were collected, centrifuged and the pellets were 
dissolved in 80 μl of PBS and 20 μl of 5×SDS buffer, boiled for 10 min 
and centrifuged at 10000 rpm for 10 min. Samples were separated 
by SDS-PAGE (Xie et al., 2010). Gel was stained with Coomassie 
brilliant blue for 40 min and then destained for 40 min. Another 
gel was subjected to Western blot analysis with anti-DEV polyclonal 
antibodies (Shen et al., 2009a). 

Rabbit anti-tgB polyclonal antibody. Because the tgB in E. coli 
BL21 bacteria formed inclusion bodies, we used ultrasonic waves 
for disruption. The pellets were resuspended and washed in 20 
ml of lysis buffer (3 mol/l urea, 1 mmol/l EDTA, 50 mmol/l 
pH8.0 Tris buffer, 0.1% Triton X-100, and 150 mmol/l NaCl). 
This procedure was repeated five times. The sample was cen-
trifuged at 10000 rpm, the pellets were dissolved in 8 mol/l 
urea, and dialyzed in water pH 10. Purified tgB was analyzed by 
SDS-PAGE and used to prepare the rabbit polyclonal antibody 
according to the previous article (Zhang et al., 2010b). Briefly, 
rabbits were immunized with 1 mg of purified tgB with complete 

Fig. 1

Amplification of the tUL27 gene and verification of pMD18-tUL27 and pET-28a-tUL27 plasmids
PCR of tUL27 gene with P1 and P2 primers with 1200 bp product (a). pMD18-tUL27 plasmid verification with EcoRI and HindIII (b). pET-28a-tUL27 
plasmid verification with EcoRI and HindIII (c). M: DNA marker.
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Freud´s adjuvans (Promega, USA) and two boosters of 2 mg of 
tgB in one-week intervals were added. After the fourth immu-
nization, the antiserum was collected from the carotid artery 
and stored at -20°C. The rabbit anti-tgB polyclonal antibody 
was initially purified by saturated ammonium sulfate, and then 
by DEAE-Sepharose column (Bio-Rad, USA) according to the 
manufacturer΄s instructions. The purified IgGs were determined 
by 12% SDS-PAGE and stored at -20°C.

Indirect immunofluorescence assay. DEFs were seeded in six-
well plates with cover slips and infected with DEV. The cover slips 
were collected at different time points (4, 8, 12, 24, and 36 hrs post 
infection (p.i.)) and fixed with 4% paraformaldehyde for 12 hrs at 
4°C. Cells were washed and saturated with 3% BSA at 37°C for 1 
hr. Incubation with rabbit anti-tgB polyclonal serum (1:100) for 2 
hrs at 37°C followed. Secondary antibody, FITC conjugated goat 
anti-rabbit antibody (Sino-American Biotechnology, China), was 
incubated at 37°C for 1 hr. The 4, 6-diamidino-2-phenylindole 
(DAPI; Sigma, Japan) staining was used to visualize the cell nuclei 
(Shen et al., 2009b; Zhang et al., 2011). Immunofluorescence was 
viewed by the Bio-Rad MRC 1024 imaging system.

Results 

Construction of the recombinant plasmid pMD18-tU-
L27and expression plasmid pET-28a-tUL27

The tUL27 was amplified by the primers P1 and P2. 
A band with approximately 1200 bp was amplified, cor-
relating with the theoretical nucleic acid length of tUL27 
(Fig. 1a). The amplified product was cloned into pMD18-T 
vector and transformed into E. coli DH5α competent cells. 
Recombinant plasmid pMD18-tUL27 was verified by the 
EcoRI and HindIII digestion, yielding two bands of approxi-
mately 2600 bp and 1200 bp (Fig. 1b). They were consistent 
with the theoretical nucleic acid length of pMD18-T vector 
and tUL27. 

The expression plasmid pET-28a-tUL27 was verified by 
EcoRI and HindIII restriction analysis, and two bands of 
approximately 5300bp and 1200bp were consistent with the 
theoretical nucleic acid length of pET-28a (+) vector and 
tUL27 (Fig. 1c). 

Both recombinant plasmids pMD18-tUL27 and pET-28a-
tUL27 were verified by sequencing.

Expression and identification of recombinant protein tgB

Recombinant expression plasmid pET-28a-tUL27 was 
transformed into expression bacteria E. coli BL21. Culture 
with appropriate optical density was induced with IPTG. 
The production of recombinant protein tgB was analyzed 
by SDS-PAGE and revealed a specific band, compared to 
pET-28a (+) vector transformed bacteria (Fig. 2a, lane 2), of 

approximately 45 kDa (Fig. 2a, lane 1). In order to identify 
whether the recombinant tgB really was a DEV protein, the 
Western blot analyzes was used. Polyclonal anti-DEV anti-
body reacted with the recombinant protein tgB revealing 
a faint band with molecular weigh of 45 kDa (Fig. 2b). 

Preparation and purification of the rabbit anti-tgB poly-
clonal antibody

The quality of protein tgB purification was analyzed by 
SDS-PAGE (Fig. 2c). Rabbit anti-tgB polyclonal antibody 
purified through saturated ammonium sulfate, which re-
vealed two bands of heavy and light chain (Fig. 2d, lane 1), 
was followed by DEAE-Sepharose column purification (Fig. 
2d, lane 2). The purified polyclonal antibody was used for 
further characterization of gB. 

Characteristics of intracellular localization of DEV gB

In comparison to mock (Fig. 3, mock), specific fluores-
cence was observed in DEV infected DEF cells at 8 hrs p.i. 
(Fig. 3, 8 h). More pronounced fluorescence could be seen 
in nuclear membrane of infected DEF cells after 12 hrs p.i. 
(Fig. 3, 12 h) and still increased during the infection. At 24 
hrs p.i., the specific fluorescence could be seen in vicinity of 
nuclear membrane and later on it appeared as punctiform 
signal in the cytoplasm (Fig. 3, 24 h). At the end of 36 hrs 
p.i., gB protein could be seen at the membrane of the infected 
DEF cells (Fig. 3, 36 h). 

Discussion

DEV, a threat to the commercial duck industry, was first 
isolated in 1923. Although there are many reports consid-
ering DEV, there is only little information about the UL27 
gene. In this article, DEV tUL27 gene was firstly amplified 
and cloned to gain recombinant plasmid pMD18-tUL27 
and then subcloned to obtain expression plasmid pET-28a-
tUL27. By induction of pET-28a-tUL27 transformed bacteria 
we obtained tgB protein, which was purified and used for 
the rabbit anti-tgB polyclonal antibody preparation. The 
recombinant tUL27 gene product, tgB, was recognized by 
the rabbit anti-DEV polyclonal antibody and identified as 
one of the DEV proteins. 

From the results of DEV gB intracellular localization, two 
important findings were provided. According to the reported 
literatures DEV late proteins UL31 protein and UL51 protein 
were detected at 6 hrs p.i. and 8 hrs p.i. (Xie et al., 2009; Shen 
et al., 2009a). The gB is firstly detected at 8 hrs p.i. in infected 
DEFs, therefore DEV gB was identified as a late protein. This 
is also in agreement with the theory, that most of the structural 
proteins like viral nucleocapsid proteins and envelope glyco-
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Fig. 2

Expression and purification of the tgB and rabbit anti-tgB polyclonal antibody
Expression of tgB protein from pET-28a-tUL27 plasmid (lane 1) and pET-28a (+) vector as negative control (lane 2) (a). Western blot analysis of tgB 
protein with anti-DEV polyclonal antibodies (b). SDS-PAGE of purified tgB protein (c). Purification of the rabbit anti-tgB polyclonal antibodies (d). 
Rabbit anti-tgB polyclonal antibody purified with saturated ammonium sulfate (lane 1). Second purification of anti-tgB polyclonal antibody on DEAE-
Sepharose column (lane 2). M: protein marker.
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Fig. 3

Immunofluorescence of DEV gB at different infection time points
Uninfected DEF cells (mock). DEV infected DEF cells collected at different time points (4, 8, 12, 24, and 36 hrs p.i.) stained with the rabbit anti-tgB 
polyclonal antibody. 

proteins belong to late proteins family. The second important 
fact is that DEV gB firstly appeared in nuclear membrane of 
the infected DEFs, then diffused into the vicinity of nuclear 
membrane, followed by punctiform appearance in cytoplasm 
and finally migrated to the cellular membrane. This was in 
agreement with earlier reports, that the gB glycoprotein has 
been localized at the nuclear envelope, in the endoplasmatic 
reticulum, in the Golgi complex and finally at the cell surface 
(Torrisi et al., 1992; Gilbert and Ghosh, 1993; Gilbert et al., 

1994). The intracellular localization of DEV gB demonstrated 
that DEV gB localization at nuclear membrane shows a possi-
ble role in virus assembly; meanwhile the DEV gB localization 
in the cytoplasm describes its role in viral egress.

These characteristics of the gB provided basal data for 
understanding the functions of DEV UL27 gene and protein 
gB. Since the glycoproteins are the major targets of the im-
mune response, our studies will focus on the immunologic 
mechanism of DEV gB in future.
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