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Xenotransplantation using porcine organs could potentially associate with the risk of pathogenic infections, because 
human tropic porcine endogenous retrovirus (PERV) particles could be released from pig cells or organs. While there is 
no evidence of PERV transmission to human, safety issues become a paramount concern. For the prevention of this 
transmission, specific immunological tools must be provided for PERV transmission detection. In this study we described 
the expression of PERV envelope proteins and the production of a specific antibody against PERV envelope (Env) 
glycoprotein. The nucleotide sequence harboring the partial region of glycoprotein 70 was cloned into the pET vector 
and envelope protein was expressed in E. coli. Approximately 42 kDa recombinant Env protein (PERV Env-aa357) was 
purified by the Ni-affinity column. For antibody production, mice were immunized with the recombinant PERV 
Env-aa357. The generated anti-serum was tested using Western blot and immunocytochemical assay. We found that 
anti-PERV Env serum displayed the specificity against the PERV Envs (PERV-A and PERV-B) expressed not only in 
E. coli but also in mammalian cells, and PERV particles within the porcine cell lines (PK 15 and PK-1). Taken together, 
PERV antibody could be useful for detecting PERV infection or xenotransplantation transmission. 
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INTRODUCTION 

 
Usage of porcine organs could be a solution for an 

insufficient organ supply in transplantation. However, there 
are some obstacles for xenotransplantation (1). Not only 
the immunological rejection between pig and human, but 

also infection associated with porcine endogenous viruses 
(PERVs) naturally existing in the porcine genome is a major 
concern in xenotransplantation. PERVs have the ability to 
infect several human cell lines and the possibility of human 
transmission (2~4). 

PERVs have been classified to the retroviral β and γ 
genera (4, 5). Infectious human tropic PERVs have been 
assigned to the PERV γ1 group consisting of the subgroups 
A, B and C according to env sequences (5, 6). PERV 
infectivity is determined by the functional antigenic epitopes 
on the surface of viral envelope proteins (7, 8). These are 
also responsible for mediating retroviral entry that involves 
a series of complex event including receptor bindings, 
conformational changes, and membrane fusion between 
virus and host cells. PERV-A and PERV-B showed infec- 
tivity in the cells of humans, pigs, and some other species 
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in vitro, whereas PERV-C infected only pig cells (2, 9, 
10~12). A recently isolated PERV-A/C recombinant (PERV-
NIH) has highly infectious human tropic characteristics; it 
comprises an env gene with PERV-A in the surface 
glycoprotein region and PERV-C in the C-terminal residues 
of the transmembrane region (4, 13~15). 

PERV envelope glycoproteins consist of gp70 and trans- 
membrane domain (p15E) derived from intracellular pro- 
teolytic processing of the Env precursor protein (16). The 
N-terminal domain of gp70 is responsible for binding the 
virus to host cell receptor (7, 17) and conserved C-terminal 
region contains a transmembrane domain that is required for 
viral entry (18). The gp70 component undergoes major con- 
formational rearrangement after receptor binding, allowing 
the p15E protein to trigger viral and cytoplasmic membrane 
fusion. 

To study PERVs in xenotransplantation, antibody for 
PERV detection is critical for prevention and monitoring of 
PERV transmission. However, there is no commercial 
supplier who released the antibodies product. Thus, we 
tried to construct and characterize the anti-sera specific for 
PERV envelope gp70, which has many potentials as a tool 
for monitoring of PERV infection. 

 
MATERIALS AND METHODS 

Cells 

HeLa, porcine kidney cell lines, PK-15 (ATCC CCL33), 
LLC-PK1 (ATCC CL-101), and human 293T cells were 
maintained in Dulbecco's modified Eagle's medium 
(DMEM) supplemented with 10% fetal bovine serum 
(GIBCO BRL, Grand Island, NY, USA), 2 mM L-glutamine, 
50 μg/ml penicillin and streptomycin (GIBCO BRL) at 
37℃ in a humidified 5% CO2 incubator. 

Cloning and expression of the PERV envelope gene 

PERV-A env (aa357) was amplified from the previously 
constructed pGEM-T-Y9 clone (PERV envelope type A, 
DQ011706) by polymerase chain reaction using a specific 
primer set; forward primer: 5'-TTTGAATTCATATGCATC- 
CCACGTTAAGCCGG-3' and reverse primer: 5'-GGAAC- 

ATAGAGACCAATGTACACATCATCATCATCATCATT-
AGGTCGACTT-3'. The PCR product was digested with 
Nde I and Sal I within PCR primers, and the 1071 bp 
fragment of PERV env was cloned into pET-23a (+) 
expression vector (Novagen, Madison, WI, USA), and 
named pET-PERV env-aa357. The recombinant PERV Env 
protein was expressed in the E. coli BL21 (DE3) pLysS 
(Novagen). The protein expression was induced by addition 
of 1.0 mM IPTG when the cell growth reached to the OD 
0.5. Thereafter, the cells were harvested after 16 hr incubation 
at 30℃. 

Purification of expressed PERV Env protein 

To purify the recombinant protein, bacterial cells trans- 
formed with pET-PERV env-aa357 were cultured in 200 ml 
LB media at 30℃, and harvested cells were resuspended 
with pH 8.0 lysis buffer (100 mM NaH2PO4, 10 mM Tris-Cl, 
8 M Urea) and disrupted by sonication (SONOPLUS 
BANDELIN, Berlin, Germany). The cleared lysates were 
mixed with 1ml of 50% Ni-NTA resin (QIAGEN, Valencia, 
CA, USA) and incubated at 4℃ for overnight with gentle 
agitation. Then, Ni-NTA agarose beads were packed in 
column and washed with pH 6.3 washing buffer (100 mM 
NaH2PO4, 10 mM Tris-Cl, 8 M Urea, 20 mM imidazole) 2 
times. Finally, proteins were eluted with pH 4.8 elution 
buffer (100 mM NaH2PO4, 10 mM Tris-Cl, 8 M Urea, 200 
mM imidazole). The purified protein solution was concen- 
trated with Centricon-30 (AMICON INC., Beverly, MA, 
USA). Final protein concentration was determined using 
serially diluted bovine serum albumin (Sigma, St. Louis, 
MO, USA). 

Immunization of mouse 

Balb/c mice were immunized intraperitoneally three times 
for two weeks intervals using 50 μg of purified Env protein 
emulsified in complete Freund's adjuvant (Sigma). Blood 
was taken from the mice and the antibody was analyzed 
using Western blot. 

SDS-PAGE and immunoblot assay 

The PERV expressing E. coli lysates were analyzed on 
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10% SDS-PAGE gel and stained with Coomassie brilliant 
blue R250 dye. The PERV envelope proteins were transferred 
to a nitrocellulose membrane and incubated with each 
1:5000 anti-His probe (Santa Cruz Biotechnology, Santa 
Cruz, CA, USA). After washing three times with TBS-
Tween 0.1%, the membrane was incubated with 1:5000 
goat anti-rabbit IgG HRP conjugate for 1 hr. Subsequently, 
the membrane was developed with the chemiluminescence 
substrate solutions (PIERCE, Rockford, IL, USA). The 
polyclonal antibody from PERV Env-aa357 immunized 

mice was tested with the same way as previously described 
except the goat anti-mouse IgG HRP conjugate. PERV-A 
and PERV-B envelope proteins expressed from 293T were 
also analyzed with the mouse antiserum to the PERV Env. 

Immunocytochemistry 

Porcine cell lines and HeLa cells were seeded at 1 × 
103 cells per each well with cover slips in the 4 well plates. 
After fixing with 3.5% formaldehyde at room temperature 
for 5 hr, cells were washed with PBS two times. To block 

A 

B 

 

Figure 1. Expression of PERV envelope gp70 and Env-aa357. 
(A) Hydrophilicity of full length of PERV gp70 isolated from pig 
(DQ011706). The graph was drawn by Hoop-Woods method. The 
gray circle represents the hydrophilic C-terminal region of PERV 
Env-aa357. (B) SDS-PAGE (upper panel) and Western blot analysis
(lower panel) of expressed PERV Envs. The expressed PERV Envs
from E. coli were analyzed and stained with Coomassie blue (upper
panel). Expressed recombinant proteins were confirmed with an 
anti-His antibody (lower panel). M, protein marker; lane 1, BL21 
(DE3) pLysS; lane 2, pET-gp70 transformed cell lysate before 
induction; lane 3, pET-gp70 transformed cell lysate after induction; 
lane 4, pET-aa357 transformed cell lysate before induction; lane 5,
pET-aa357 transformed cell lysate after induction. The arrow
indicates molecular mass of aa357 protein, approximately 42 kDa.
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nonspecific binding, washed cells were incubated with 5% 
normal goat serum in PBS for 30 min. The cells were 
incubated with the anti-mouse IgG FITC-labeled secondary 
antibody (Santa Cruz Biotechnology) at room temperature 
for 1 hr. After three times of wash, the cells were covered 
in mounting medium (Vector Laboratories, Inc., Burlingame, 
CA, USA) and analyzed using the confocal laser scanning 
microscope (FV1000, Olympus, Tokyo, Japan) with appro- 
priate filters. 

 
RESULTS 

Expression of PERV recombinant envelope protein: 
PERV Env-aa357 

The full length of gp70 envelope gene originated from 
PERV Y9, DQ011706, isolated from Yorkshire, was cloned 
into pET-23a vector. Approximately 50 kDa of gp70 Env 
protein had been expressed well in E. coli with body 
inclusion. However, it did not bind to the Ni-agarose resin 
efficiently. To improve protein purification efficiency by 
increasing solubility, amino acids sequences 1 to 357 were 
selected based on the hydrophilicity score using by Hopp-
Woods method (Fig. 1A) (19). According to the sequence 

analysis, truncated gp70 recombinant Env protein encoded 
by nucleotide 1071 bp (357 amino acids) of Y9 with 
hydrophilic C-terminal domain was cloned into pET-23a 
vector and designated pET-PERV env-aa357. Recombinant 
expression vectors for pET-gp70 and pET-PERV env-aa357 
were transformed into E. coli BL21 (DE3) pLysS and 
induced with IPTG stock at a final concentration 1.0 mM. 
Fig. 1B shows the PERV envelope glycoproteins expressed 
in E. coli BL21 (DE3) pLysS. Compared to full length of 
gp70, truncated gp70 recombinant Env (PERV Env-aa357) 
showed a molecular mass of 42 kDa approximately. Expres- 
sion of PERV Envs was confirmed by an anti-His antibody 
(Fig. 1B). 

The expressed PERV Env-aa357 protein was purified by 
affinity chromatography using His-tag resin. The expression 
efficiencies of these two proteins ranged from 10~20% of 
the total cellular proteins. The purified PERV Env-aa357 
was verified through the SDS-PAGE Coomassie blue 
staining and Western blot with an anti-PERV antibody, 
respectively (Fig. 2). 

Reactivity of antibody against PERV Env protein 

Anti-PERV Env antibody was prepared by immunizing 
female Balb/c mice with the purified PERV protein. Immu- 
nization was carried out with 50 μg of the purified PERV 
Env-aa357 protein intraperitoneally. For boosting of antibody, 
second and third immunizations were carried out with three 
week interval. Three days after the final immunization, mice 

B 

A 

Figure 2. Purification of the recombinant PERV Env-aa357. 
Affinity purified Env protein (≈ 50 μg) was analyzed on a 10%
SDS-PAGE gel (A) and stained with Coomassie blue and con-
firmed with the mouse anti-PERV antibody (B). Lane 1, E. coli
BL21 (DE3) pLysS; lane 2, pET-aa357 transformed cell lysate 
before induction; lane 3, pET-aa357 transformed cell lysate after
induction; lane 4, purified PERV Env-aa357. 

Figure 3. Western blot analysis of the constructed anti-PERV 
antibody with PERV gp70 envelope proteins expressed in mam-
malian cells. The two types of PERV-A and -B envelope glyco-
protein constructs were expressed in the 293T cells and those cell 
proteins were analyzed with the constructed anti-PERV antibody. 
PERV proteins originated from 293T cells were expressed by a 
previous method using vaccinia expression system. 
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bloods were collected. The specificity of the anti-PERV 
antibody was determined by Western blot analysis using 
bacterial cell and human 293T cell lysates expressing the 
recombinant PERV Env-aa357 protein in prokaryotic and 
PERV-gp70 in eukaryotic system, respectively. Antibody 
reactivity against the eukaryotic antigen is very important 
for detecting authentic viruses because PERV envelope 
protein undergoes post-translational modification such as 
glycosylation. To determine antibody activity against PERV 
Env expressed in mammalian cells, the recombinant gp70 
of PERV-A and -B protein produced in 293T cells via 
recombinant vaccinia system (20) were examined (Fig. 3). 
By an immune blot analysis, anti-PERV Env-aa357 antibody 
produced from mice showed specific reactivity against 
PERV Envs expressed not only in prokaryotic but also in 
eukaryotic system. 

Indirect immunofluorescence staining of PERV 
producing porcine cells 

To determine antibody reactivity against PERV particles 
produced in pig cells, immunocytochemical staining was 
carried out with the constructed mouse PERV Env antibody. 
The localization of PERV Env protein on each cell line was 
visualized under the confocal microscope. PERV specific 
immunofluorescence (IF) signals were detected with the 
mouse anti-PERV Env antibody, revealing Env-associated 
fluorescence signals (Fig. 4). Strong IF signals were observed 

in two porcine cell lines with similar patterns, while HeLa 
showed very weak signals that were thought to be non- 
specific binding. 

 
DISCUSSION 

 
Recently, PERV detection system based on an antibody 

generated against synthetic peptides has been reported (6) 
and was demonstrated to be highly sensitive and specific to 
PERV Gag protein comprising large part of the PERV viral 
particle (6, 21~23). The anti-Env antibody was employed 
to detect PERV infection. However the antibody to Env 
protein, attained smaller part in virus than Gag, is apparently 
not sensitive enough to explain the presence of the virus in 
the cells. Moreover, the elucidation of the cleavage status 
of the envelope proteins using the previous Env antibody is 
unclear. Even if the signals were appeared, they are very 
weak or with nonspecific bands in immunoblotting assays 
(6, 21, 23). Under these environments, we chose the gp70 
domain for the generation of specific antibody. However, 
the expressed gp70 was not bound to the Ni-NTA resin 
efficiently. To purify the PERV Env protein using affinity 
chromatographic method, we removed the C-terminal 
hydrophobic region of PERV gp70. Truncated gp70 was 
generated by removing C-terminal 98 amino acids. Thus, 
truncated gp70 showed improved purification efficiency 
than intact form. 

A B C 

Figure 4. Immunocytochemical staining of the PERV producing porcine cells with constructed anti-PERV antibody. Porcine cells were 
stained with the constructed anti-PERV antibody and FITC conjugated anti-mouse secondary antibody, and visualized by confocal laser 
microscopy. FITC staining was measured at 488 nm and non-specific fluorescence measured at 543 nm was subtracted. Indirect immuno-
fluorescence was visualized with an Olympus confocal microscope FV1000 at a magnification of 60 X. PK15 cell (A), PK-1 cell (B), and 
HeLa cell (C). The scale bar represents 30 μm. 
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Env-aa357 protein was purified efficiently by deleting 
the hydrophobic region of gp70 for improving solubility 
and then expressed to 42 kDa in prokaryotic cells. Puri- 
fication was carried out in denaturing condition. Mice were 
immunized with this purified protein, to generate the specific 
antibody. The constructed PERV Env antibody was tested 
using Western blot with PERV Envs expressed in E. coli 
as well as human 293T cells. Fig. 3 supports that the mouse 
anti-PERV antibody has the specificity against PERV-A 
and -B Envs expressed in human 293T cells. The gp70 and 
truncated gp70 regions of PERV-A and -B amino acid 
sequences showed differences with 37.8% and 39.5%, 
respectively. Surprisingly, our constructed PERV antibody 
could detect the both types of PERV Env proteins. Thus, 
this implies another human tropic A/C recombinant PERV 
can be detected by the constructed anti PERV antibody. 

Our constructed anti PERV antibody could react to PERV 
Env protein and had the sensitivity to detect viral particles 
in pig cells. The antibody specificity is enough to perform 
the immunocytochemical assay. Although monoclonal anti- 
body construction is required for more increased specificity, 
considering that human tropic PERVs are PERV subgroup 
A and B, constructed antibody in this study is directly 
applicable to the detection of viral protein expression in 
PERV infection as well as PERV transmission on xeno- 
transplantation. 
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