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pUS6 in pseudorabies virus participates in the
process of inhibiting antigen presentation

by inhibiting the assembly of peptide loading
complex

Ningning Ma'?, Yawei Sun'?, Chenmeng Ding'?, Yongtao Li'? Linyang Yu'?" and Lu Chen'*

Abstract

Pseudorabies virus (PRV) can establish lifelong latent infection in peripheral nervous ganglion, and persistent
infections in peripheral blood lymphocytes. Establishing an infection in the lymphocytes does not only enable

the PRV to escape host immune surveillance but pass through the placental barrier, leading to fetal death and
abortion. Due to the pathogenicity of the PRV, it poses a huge challenge in its prevention and control. The PRV
escapes host immunity through downregulation of swine leukocyte antigen class | (SLA 1) molecules on infected
cells. However, data on the molecular mechanisms of the SLA | suppression remains scant. Here, in order to verify
the effect of candidate proteins PRV pUL44 and pUS6 on PRV immune escape related molecules SLA | and peptide
loading complex (PLC), we detected the expression of SLA | and PLC components after expressing PRV pUL44 and
pUS6. The effects of pUS6 and pUL44 on SLA | and PLC were analyzed by gRT-PCR and Western blot at mRNA and
protein level, respectively. Cells expressing pUS6 or pUL44 genes showed a significantly suppressed expression

of surface and total SLA | molecules. In addition, unlike UL44, the US6 gene was shown to downregulate the
transporter associated with antigen processing 1 (TAP1), TAP2 and Tapasin molecules. The results show that PRV
pUS6 may participate in virus immune escape by directly regulating the SLA |, TAP dimer and Tapasin molecules,
thus blocking the transportation of TAP-bound peptides to the ER to bind SLA | molecules. We provide a theoretical
basis on the mechanism of TAP mediated immune escape by the PRV.
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Introduction

Pseudorabies virus (PRV) is a contagious virus that
causes pseudorabies (PR). Thevirus causes abortion in
sows, sterility in breeding boars, as well as diarrhoea and
neurological symptoms in newborn piglets, which has
brought substantial global economic losses to the pig
industry [1, 2]. As a member of the Herpesviridae fam-
ily, PRV has devised strategies to escape host immune
responses to establish a latent state, which leads to a per-
sistent infection. Under stressful conditions, the latent
PRV is reactivated, posing a huge challenge in the pre-
vention and treatment of PRV [3]. Under normal cir-
cumstances, a proportion of viral proteins are rapidly
degraded into peptides by the proteasome. Then, under
the action of the peptide assembly complex, the pep-
tides are assembled with MHC I. The complexes are
assembled under the synergistic action of multiple pro-
teins located in the endoplasmic reticulum (ER) [4, 5].
Transporter associated with antigen processing (TAP)
is a heterodimer composed of TAP1 and TAP2 subunits
that form part of the PLC. Besides, PLC contains several
helper proteins, such as Tapasin, calcitonin (CNX), cal-
reticulin (CRT), Endoplasmic reticulum protein (ERp)
or f2m. Tapasin is an important bridge connecting TAP
and the remaining components of the PLC, and plays a
vital role in stabilizing the TAP structure and the entire
PLC assembling process [6, 7]. During MHC I antigen
presentation, Nascent MHC I is bound by the chaperone
calreticulin. At this stage the oxidoreductase ERp57 and
Tapasin are recruited to the loading complex. A relatively
stable disulfide bond forms between Tapasin and ERp57,
forming the core functional unit of the PLC. Tapasin co-
localizes this peptide receptive loading complex to the
TAP heterodimer, where peptides generated in the cyto-
plasm by the proteasome are translocated into the lumen
of the ER. Following peptide loading, TAP translocates
peptides across the ER membrane via a conformational
transition that is energized by the hydrolysis of ATP, the
class I molecules dissociate from the TAP and associ-
ated chaperones and are transported to the cell surface
where they are scrutinized by CD8+T cells [8]. Abnor-
mal expression of any gene involved in this pathway can
directly affect the expression of MHC I molecular com-
plex on the cell surface.

Many herpes viruses have evolved strategies to inter-
fere with this process thereby evading the host immunity
[5, 9, 10]. The strategies involve inhibiting proteasome
degradation to produce antigenic peptides, inhibiting
the function of TAP in presenting antigenic peptides,
retaining the TAP in the ER cavity combined with MHC
I, exporting the MHC I out of the ER, transferring newly
assembled chains into lysosome for degradation, as well
as promoting cell surface MHC I endocytosis by the lyso-
somes [5]. In addition, deletion of Tapasin may lead to
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inadequate intracellular assembly which might affect the
expression of MHC I molecules [11]. Previous studies
have demonstrated that the membrane protein pUL49.5,
encoded by varicella virus, bovine herpesvirus type 1
(BHV-1), equine herpesvirus type 1 and 4 (EHV-1 and
EHV-4), not only inhibits the conformational rearrange-
ment of peptide binding to ATP but also significantly
downregulates the expression of TAP1 or TAP2 proteins
by inducing proteasome-specific degradation of TAP1
and TAP2 subunits, thereby interfering with the assembly
and transport of MHC I (Swine leukocyte antigen class
I, SLA-I). This sequence of events facilitates the evasion
of viral particles from the host’s innate immune response.
ICP47 proteins of herpes simplex virus type 1 (HSV-1) or
herpes simplex virus type 2 (HSV-2) are soluble cytosolic
proteins acting as high-affinity competitors for peptide
binding to the TAP [12, 13]. The US6 protein encoded
by human cytomegalovirus (HCMYV) inhibits TAP func-
tion by reducing the interaction between ATP and TAP
[14-16]. Besides, the BNLF2a protein in the Epstein-Barr
virus (EBV) and primate gamma-1 herpesviruses is con-
sidered to be an effective TAP inhibitor, which can pre-
vent the binding of peptides and ATP to TAP [17, 18].
These proteins appear to be remarkably heterogeneous in
function. In addition, PRV variants down-regulates SLA I
molecules on the surface of PK-15 cells and targets them
for lysosomal degradation [5, 19].

Previous studies have confirmed that PRV pUL49.5
inhibits the function of TAP to transport antigenic pep-
tides by blocking the basic conformational changes of
TAP. Besides, there is limited data on the molecular
mechanisms of inhibiting the function of TAP. In the
previous research, we preliminarily screened pseudora-
bies virus proteins affecting TAP peptide transport by
bioinformatics. The hydrophobic proteins PRV pUS6
and pUL44, which possess a signal peptide and a trans-
membrane domain, predominantly localize to the plasma
membrane and ER. These proteins exhibit an identi-
cal structural composition as HCMV US6, as confirmed
through screening. Therefore, we chose US6 and UL44
as the research object [20]. In this study, transfection
of pUS6-HA and pUL44-HA into PK-15 cells was per-
formed to investigate the impact of candidate proteins
on the transcription or translation of SLA I and PLC
components. The verification was conducted using qRT-
PCR and Western blot techniques, aiming to establish a
theoretical foundation and gain insights into the immune
evasion mechanisms employed by PRV. Additionally,
this research aims to identify novel antiviral targets and
provide a scientific basis for the development of new
vaccines.
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Materials and methods

Primer design

We used Primer 5.0 software to design specific prim-
ers (PRV UL44-F/R and US6-F/R) for the PRV HN1201
sequence (accession number: KP722022.1). The PRV
UL44-F/R or US6-F/R primers were used to amplify full
length PRV US6 or UL44 genes, respectively (Table 1).
The restriction sites, Kpn I and Xho I, as well as the
homologous sequence of 15 bp pCAGGS-HA vector
were added to the UL44-F/R 5’ terminal for recombina-
tion. Additionally, EcoRI and Xhol restriction enzyme
recognition sites were strategically incorporated at the
5" terminus of US6-F/R for recombination, along with a
15 bp homologous sequence derived from the pcDNA3.1
(+)-HA vector. The specific primers UL44-qF/R or US6-
qF/R were used to amplify the mRNA of the PRV UL44
or US6 respectively. In addition, to amplify the TAP2
mRNA, we designed the TAP2 primers (TAP2-qF/R)
based on the sequence published by NCBI GenBank
(NM_001206441.1). In contrast, for the amplification of
SLA I, TAP1, Tapasin, ERp, CRT, or CNX mRNA, we
employed previously described primers [21]. The above

Table 1 Primer sequence information
Primer name Sequence (5'—3’)

Gene bp

PRV UL44-F  TCGAGCTCATCGATGGTACCATGGCCTC PRV 1464
GCTCGCGCGTGCG uL44

PRVUL44-R  ATTAAGATCTGCTAGCTCGAGCAGCGCG
GACCGGCGGTAGTA

PRV US6-F TAGTCCAGTGTGGTGGAATTCATGCTGC PRV 1209
TCGCAGCGCTATTG use

PRV US6-R AACGGGCCCTCTAGACTCGAGCAGCGC
GGACCGGCGGTAGTA

PRV UL44-gF  GGCGCAAGCGCATCGTGT PRV 139

uL44
PRV UL44-gR  GCGGGGGCTCGTCAAAGT
PRV US6-gF  GCAAGAGTGCCCGTTCGCC PRV 42
use

PRVUS6-gR  GCCCCGCTTGAAGCTGTCGT

SLA I-gF AAGTCAAGGAAACCGCACAG SLA| 113

SLAI-gR CAAGTAGCAGCCAAACATGC

TAP1-gF TGGGCTCCTCAAAGGAAATA TAP1 119

TAP1-gR GGCAAAGGAGACATTCTGGA

TAP2-gF GCTGTTCTCGGGGTCTGTGA TAP2 124

CRT -gF AGCGAGCCAAAATTGATGAC 124

CRT-gR TCCCACTCTCCATCCATCTC CRT

CNX-gF GCAGAGAAGCCAGAGGATTG CNX 116

CNX-gR ATCATAGGTCGCTGCCAGAC

Tapasin-gF TACACCTGCCATACCTGCAA Tapasin 137

Tapasin-gR AGACACCAGGCAGAGCAACT

ERp-gF TGTTTGCCAGAGTTGA TTGC ERp 125

ERp-aR TCGCTGACCCCTGTATTCTC

B-actin gF TCCTGCGGCATCCACGAAAC B-actin 82

B-actin gR CCGTGTTGGCGTAGAGGTCCTTG B-actin
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primers were synthesized by Sangon Biotech (Shanghai)
Co., Ltd(Table 1).

Construction and identification of plasmids expressing
pUL44 or pUS6

PRV UL44 and US6 were amplified using the UL44-
F/R and US6-F/R primers, respectively. The resultant
1464 bp UL44 product was ligated into the Kpn I/Xhol
sites of a eukaryotic vector pcDNA3.1(+)-HA to obtain
the pUL44-HA plasmid. Besides, the resulting 1206 bp
US6 product was ligated into the EcoR I/Xhol sites of the
eukaryotic vector pcDNA3.1(+)-HA to obtain the pUS6-
HA plasmid. These plasmid constructs were then vali-
dated using restriction digestion and sequencing (Huada
Gene, China).

Expression of PRV US6 and UL44 in PK-15 cells

We evaluated the pUS6-HA and pUL44-HA mRNA
expression by quantitative qRT-PCR as described pre-
viously [20]. Briefly, PK-15 cells were seeded on 6-well
plates (Greiner Bio-One) and incubated overnight before
being transfected with 3 pg of pUS6-HA or pUL44-HA.
Cell lysates were harvested using the RNA prep Pure
Cell/Bacteria Kit (TTANGEN BIOTECH BEIJING CO,,
LTD) at 6, 12, 18 and 24 h post-transfection following
the manufacturer’s protocol. After reverse transcrip-
tion, we performed qRT-PCR with UL44-qF/R or US6-
qF/R primers (Table 1), while -actin gene served as an
internal control. Western blot assay was performed as
described previously to profile the PRV pUS6 and pUL44
protein expression in the PK-15 cells [5]. The eukary-
otic expression plasmid was transfected into the PK-15
cells in a 6-well plate. After 30 h, the cells in PBS were
chilled on ice and detached with a cell scraper. The cells
were span at 300 g for 5 min, and then the pellets lysed in
150uL RIPA buffer with a protease inhibitor cocktail. The
extracted total proteins were quantified using a bicin-
choninic acid (BCA) protein assay kit (Thermo Scientific
Pierce, USA). The total proteins were lysed in 2x Laemmli
sample buffer containing 5% -mercaptoethanol and then
resolved in an 1%SDS-PAGE. The proteins were trans-
ferred into polyvinylidene fluoride (PVDF) membranes
and blocked with 5% skimmed milk in 1XPBS. Thereafter,
the membranes were incubated with respective primary
antibodies for 1.5 h (Anti-hemagglutinin (HA) monoclo-
nal antibodies (Mab), anti-$ actin Mab were purchased
from Sigma-Aldrich (St. Louis, MO, USA)., followed by
horseradish peroxidase (HRP)-conjugated secondary
antibodies for 1 h, and then subjected to enhanced che-
miluminescence (ECL, Pierce).
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Effect of PRV pUL44 or pUS6 on SLA | molecules or the
components of peptide loading complex

The total RNA was extracted for reverse transcription at
6, 12, 18, and 24 h post-transfection with 3 pg of pUS6-
HA or UL44-HA. Subsequently, the impact of the can-
didate proteins on SLA I and PLC mRNA components
was assessed using quantitative real-time PCR (qRT-
PCR). ChamQ SYBR qPCR Master Mix (Without ROX)
and HiScript IT Q RT SuperMix for qPCR were procured
from Vazyme Biotech Co., Ltd. In addition, to verify the
expression of SLA I molecules on the cell membrane
surface, the cells membrane proteins from the different
experimental groups were extracted according to the
Sangon Biotech membrane protein extraction kit (San-
gon Biotech (Shanghai) Co., Ltd.). Conversely, for con-
firming the expression of total SLA I or TAP1 protein,
total proteins were extracted as previously described and
verified by Western blot analysis [5].

Statistical analysis

The data was analyzed using GraphPad Prism soft-
ware (version 8.0). All measurements between different
groups were analyzed by t-test. The data are expressed
as meantstandard deviation. The error bar represents
the standard deviation from the mean value of 3 repeti-
tions, and the value of P<0.05 is considered to be statisti-
cally significant. The Western blot data was analyzed by
Image] software, and the expression was normalized by
dividing the gray value of the target protein with the gray
value of the internal reference protein.

Results

Expression of PRV pUS6 and pUL44 in the transfected cells
Using in silico tools, we screened the PRV pUS6 and
pUL44 with similar structure to TAP inhibitor HCMV
US6 from PRV encoded proteins [20] The pUS6-HA and
pUL44-HA eukaryotic expression plasmids were con-
structed by homologous recombination for functional
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characterization of candidate proteins. To determine
the expression of pUS6 and pUL44 in PK-15 cells, the
mRNA and protein expression levels of the genes were
analyzed by qRT-PCR and Western blot, respectively.
Our data demonstrated a significant upregulation of US6
mRNA expression at 18 h post-transfection, with further
enhancement observed at 24 h (Fig. 1A). Besides, there
was a notable increase in UL44 mRNA expression specif-
ically at 24 h post-transfection (Fig. 1B). However, com-
pared to US6, the expression level of UL44 mRNA was
relatively lower, potentially indicating gene-specific or
vector-related disparities. Western blot analysis also con-
firmed the presence of PRV US6 and UL44 proteins in
PK-15 cells (Fig. 1C). Thus, both pUL44-HA and pUSé6-
HA recombinant plasmids exhibited successful expres-
sion in PK-15 cells.

PRV pUS6 or pUL44 downregulates the SLA | expression

To determine whether the pUS6 or pUL44 protein medi-
ates virus immune escape, the eukaryotic expression
plasmids were transfected into the PK-15 cells, and PRV
WT infected cells were used as a positive control. The
SLA I mRNA and protein expression was analysed by
qRT-PCR and western blot, respectively. Compared with
the control group, transfection with PRV pUS6 or pUL44
resulted in significant suppression of the SLA I mRNA
expression in PK-15 cells at 6 h, which decreased further
at 24 h (Fig. 2A, B). Moreover, transfection with PRV
pUS6 and pUL44 led to significantly reduced expression
of cell surface content and total SLA I protein. Further-
more, data from the effects of the SLA I in the PRV-
infected PK-15 cells showed that the inhibition efficiency
on SLA I expressions was higher in infected PK-15 cells
than in transfected PK-15 cells (Fig. 2C). These results
indicated that pUS6 inhibited SLA1 expression.
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Fig. 1 Expression of PRV pUS6 or pUL44 in PK-15 cells. (A, B) PK-15 cells were transfected with 3 pg of pHA-US6 or pHA-UL44 and harvested at 6, 12, 18
and 24 h post-transfection, while the cells used for protein detection were collected 30 h post-transfection. The mRNA profile of PRV US6(A) or UL44(B)
was assayed by gRT-PCR. (C) The pUS6 or pUL44 protein expression was measured by Western blot. The data are presented as mean =+ standard deviation,
from three independent experiments. Statistically significant values are indicated by *p <0.05; **p <0.01
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Fig. 2 PRV pUS6 and pUL44 down-regulate total and cell surface SLA | molecules. PK-15 cells were transfected with 3 pg of pUS6-HA or pUL44-HA or
infected with PRV at an MOI of 1. The cells were harvested at 6, 12, 18 and 24 h post-transfection or infection, while the cells used for protein detection
were collected 30 h post-transfection. (A, B) The mRNA profile of SLA | was measured by gRT-PCR method. (C) The protein levels of total and cell surface
expression of SLA I molecules were measured by Western blot. (D, E) The optical density ratios of SLA I/3-actin were analysed using ImageJ. For the detec-
tion of cell membrane surface protein samples, a specific cell membrane surface protein extraction kit is used. The data are presented as mean + standard
deviation from three independent experiments. Statistically significant values are indicated by *p < 0.05; **p <0.01

The down-regulation of SLA | molecules by PRV pUSé6 is
associated with suppression of TAP expression

TAP, a channel for peptides to enter the ER from the
cytoplasm, plays a pivotal role in the entire antigen pre-
sentation process [21]. Some viruses inhibit the function
of TAP by blocking the conformational changes nec-
essary for peptide transport, and by inducing the deg-
radation of TAP complex. To investigate whether the
observed down-regulation of surface SLA I is contingent
upon TAP inhibition, PK-15 cells were transfected with
pUS6-HA or UL44-HA, or infected with PRV. Total RNA
was extracted, and the transcript levels of the TAP1 and
TAP2 genes were assessed by qRT-PCR. The data showed
that PRV US6 significantly inhibits the TAP1 or TAP2
mRNA at 18 h and 24 h post-transfection, respectively

(Fig. 3A, B). Interestingly, PRV UL44 failed to down-
regulate the TAP1 or TAP2 mRNA levels (Fig. 3C, D).
Additionally, the cells were harvested post-transfection
with pUS6 and subsequently subjected to western blot
analysis. Notably, this analysis revealed a significant
downregulation of TAP1 protein expression. Importantly,
regardless of mRNA or protein levels, the inhibition of
TAP in the PRV infection group was more pronounced
compared to that observed in the PRV pUS6 transfection
group. (Fig. 3E, F). In the absence of a functional TAP
transporter, most SLA I molecules are not loaded with
peptides. They are retained within the ER and ultimately
directed for proteasomal degradation.
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Fig. 3 PRV US6 down-regulates TAP1 or TAP2 molecules in cells. PK-15 cells were transfected with 3 ug of pUS6-HA or pU L44-HA, or infected with PRV
atan MOI of 1. The cells were then harvested at 6, 12, 18 and 24 h post-transfection or infection and the mRNA levels of TAP1 or TAP2 were evaluated by
gRT-PCR. (A, B) The effect of PRV US6 on intracellular TAP1 or TAP2. (C, D) The effect of PRV UL44 on intracellular TAP1 or TAP2. (E) The cells were harvested
at 30 h post-transfection or infection by US6 followed by western blot analysis of TAP1 protein, with 3-actin as an internal control. (F) The optical density

ratios of TAP1/B-actin were analysed using ImageJ. The data are presented as mean +standard deviation from three independent experiments. Statisti-
cally significant values are indicated by *p <0.05; **p < 0.01
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The down-regulation of SLA | molecule by PRV pUS6 is
associated with the suppression of Tapasin

In addition to TAP, the PLC also includes Tapasin, CNX,
CRT and ERp. These molecules synergize SLA I in their
vital roles in cellular immuninty [21]. To interrogate
whether the downregulation of SLA I on the cell sur-
face is related to other components of the PLC, PK-15
cells were transfected with pUS6-HA or pUL44-HA. The
total RNA was extracted, and the transcript levels of the
CRT, CNX, ERp, or Tapasin genes were assessed using
qRT-PCR. Whereas the data showed that the expression
of PRV pUS6 significantly inhibited the mRNA levels of
Tapasin genes at 6 h post-transfection, there were no sig-
nificant changes in the mRNA levels of the CRT, CNX
or ERp genes (Fig. 4A, B, C and D). Interestingly, PRV
pUL44 did not down-regulate the mRNA levels of each
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component of thePLC. Further results suggest that Tapa-
sin may be involved in the process of PRV pUS6 evading
immune response.

Discussion

MHC I molecular antigen presentation pathway plays a
central role in innate immunity. In the ER membrane, a
dynamic multisubunit PLC is formed, providing an opti-
mal platform for efficient MHC I assembly and peptide
loading. Amongst these, the peptide transporter TAP is
a very prominent target and antigen translocation into
the ER is affected at any step in the transport cycle. Pre-
vious studies have shown that the loss of TAP1 or TAP2
protein function confer serious hinderance to the anti-
gen presentation process of the MHC I molecules [22].
Tapasin bridges the TAP with the MHC I, providing a
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Fig.4 The down-regulation of Tapasin molecule by PRV pUS6. PK-15 cells were transfected with 3 pg of pUS6-HA or pUL44-HA or infected with PRV at an
MOI of 1. (A, B, C and D) The cells were harvested at 6, 12, 18 and 24 h post- transfection or infection and the mRNA levels of Tapasin, ERp, CRT and CNX
were evaluated using gRT-PCR. The data are presented as mean + standard deviation from three independent experiments. Statistically significant values

are indicated by *p < 0.05; **p <0.01
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close proximity for optimal peptide loading. Notably,
the tapasin-TAP interaction enhances the stability of
the TAP complex, and Tapasin can effectively improve
the expression of TAP and the transport efficiency by
transmitting complex information changes [11]. In addi-
tion, two accessory chaperones, ERp and CRT, complete
the PLC [23]. Herpesviruses independently developed
distinct methods to block TAP. Using in silico tools, we
screened the PRV pUS6 and pUL44 with similar struc-
ture to TAP inhibitor HCMV US6 from PRV encoded
proteins [20]. To determine the expression of pUS6 and
pUL44 in PK-15 cells, the mRNA and protein expres-
sion levels of the genes were analyzed by qRT-PCR and
Western blot, respectively. Our data showed that the
mRNA level of PRV US6 or PRV UL44 increased gradu-
ally from 12 h, but the overall expression level of UL44
was lower than that of US6. Western blot results also
showed the expression of PRV US6 and UL44 in PK-15
cells, which might be gene-specific of vector-related dif-
ferences. Evaluation of the expression levels of SLA I and
TAP in PRV pUS6 or pUL44 transfected or PRV-infected
cells showed significant decline in the expression of SLA
I protein on the surface of PK-15 cells, mRNA and pro-
tein expression level of the total SLA I molecules, while
only PRV pUS6 products significantly inhibited the
expression of TAP1 and TAP2 genes. This suggests that
PRV pUS6 downregulated the SLA I and TAP expression
through either mRNA degradation or translation repres-
sion and inhibited the transport of antigens from the
cytoplasm to the ER. In the absence of a functional TAP
transporter, most SLA I molecules are not loaded with
peptides. They are retained within the ER and ultimately
directed for proteasomal degradation, thus aiding in the
evasion of the host immune response. So, our data dem-
onstrated that the expression of pUS6 and pUL44 can
induce immune evasion by suppressing self-expression of
SLA I molecules, impeding proteasome degradation for
antigenic peptide production, inhibiting TAP-mediated
presentation of antigenic peptides, facilitating lysosomal
degradation of newly assembled chains, and promoting
endocytosis of cell surface SLA I molecules into lyso-
somes for degradation. However, the mechanism by
which PRV UL44 down-regulates cell surface SLA I mol-
ecules remains unclear. UL44 may exert inhibitory effects
on PLC-promoting peptides and interfere with SLA I
molecular assembly. Additionally, it could facilitate the
export of SLA I from the endoplasmic reticulum (ER),
promote transfer of newly assembled SLA I to lysosomes
for degradation, and enhance endocytosis-mediated lyso-
somal degradation of cell surface SLA I molecules. These
hypotheses require further experimental validation.
Finally, in addition to the TAP, we also studied whether
the downregulation of SLA I by PRV pUS6 or pUL44 was
also related with other components of the PLC, including
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Tapasin, CNX, CRT and ERp. The results showed that
whereas the expression of PRV pUS6 significantly inhib-
ited the Tapasin mRNA, the PRV pUL44 had no effect
on the mRNA of each component of PLC. Tapasin is an
important bridge between the TAP and other compo-
nents of the PLC, it stabilizes the TAP complex and opti-
mizes the binding peptide. Thus, the PRV pUS6 may also
inhibit the assembly of peptide-SLA I complex by reduc-
ing the expression of Tapasin, thus down-regulating the
SLA I molecule on the cell surface. Similar to previous
reports where MRC-5 and HEK293 cells were used to
study the surface of human cytomegalovirus antigen pre-
senting component (APM), it was shown that there was
suppression of TAP1, TAP2 or Tapasin gene transcrip-
tion levels [24]. However, the mechanism with which
the PRV pUL44 down-regulates the cell SLA I molecules
remains unknown. We speculate that it might affect the
immune response by inhibiting proteasome degradation
to produce antigenic peptide, export of the SLA I out of
the ER, transfer of newly assembled SLA I into the lyso-
some for degradation, or promotion of cell surface SLA I
molecule endocytosis into lysosome.

Conclusions

Taken together, our data demonstrates that PRV pUS6
down-regulates the expression of SLA I, TAP dimer
and Tapasin molecules. Conversely, PRV pUL44 exclu-
sively attenuates SLA I expression. PRV pUS6 plays an
important role in the process of virus immune escape
by directly regulating the SLA I gene, TAP dimer and
Tapasin molecules, thus blocking the transportation of
TAP-bound peptides to the ER to bind SLA I molecules.
Our findings do not only highlight the functions of PRV-
encoded protein in viral immune escape, but provide new
insights into the interactions between viral infections and
their hosts.
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