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ABSTRACT 

The porcine aminopeptidase-N (pAPN) is the cellular receptor for the transmissible 
gastroenteritis virus (TGEV) due to the specific binding of the spike protein S to APN. In the 
present study, we performed both biological and biochemical experiments to analyze how the 
level of expression of a virus receptor can influence the viral protein biosynthesis and the virus 
production. We generated two swine testis cell clones overexpressing pAPN (ST-APN clones). 
These clones produced 104 less infectious virus than control ST cells. Plaque assays revealed a 
four-fold reduction of the diameter of the plaques in ST-APN cells compared to ST cells. 
Pulse-chase experiments revealed that S transport from the endoplasmic reticulum to the Golgi 
apparatus was not affected in ST-APN cells. Additionally, an anti-APN antibody was able to 
increase the virus released in the supernatant of ST-APN cells. Likewise, BHK clones 
expressing variable amounts of pAPN were shown to acquire TGEV susceptibility and to 
produce infectious particles as an inverse function of their level of pAPN expression. In 
contrast, MDCK clones expressing low or large amounts of pAPN failed to produce infectious 
particles. Taken together, these studies strongly suggest that overexpression of receptor, but also 
other(s) undetermined factor(s), can impair the production of viral particles. 

INTRODUCTION 

Aminopeptidase N (APN) has been shown to be the receptor of the porcine transmis
sible gastroenteritis virus on target cells by the following main criteria: i) antibodies specific 
ofpAPN blocked efficiently the entry ofTGEV in permissive cells; ii) a physical interaction 
between TGE virions or the spike protein Sand pAPN has been evidenced, iii) pAPN 
expression conferred susceptibility to TGEV to non permissive cells and iv) pAPN is 
cointernalized with virions during the early steps of infection 1.2,3. These observations support 
the view that S-pAPN complex formation at the cell surface represents the first critical step 
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in the infection. However, little is known about the importance of the level of APN expression 
for the entry of virus or subsequent steps of the virus cycle. The swine testis ST cell line, 
which is highly susceptible to TGEV infection, provide a useful model to analyze how the 
level of expression of a virus receptor can influence the viral protein biosynthesis and the 
virus production. ST clones overexpressing pAPN were selected and were analyzed indi
vidually for S biosynthesis and capacity to produce virions. To extent the results, pAPN-ex
pressing clones were derived from BHK and MDCK cells, two cell lines refractory to TGEV, 
and viral progeny was quantified as a fonction of the level of pAPN expression. 

MATERIALS AND METHODS. 

Virus and cell transfections. The high cell-passage Purdue-115 strain was used as a 
TGEV source. The eDNA encoding the pAPN was subcloned in the pTEJ4 expression 
vector l . ST, BHK-21 and MDCK cells were cotransfected with this construct and pSV2neo 
by lipofection or by CaP04 (three MDCK clones l). Cell clones resistant to the neomycin 
analogue G41 ~ were selected and assayed for APN expression and TGEV susceptibility 
acquisition (all clones except ST clones which are naturally TGEV susceptible). APN activity 
was quantified as described I. 

Radiolabeling and zonal centrifugation of viruses. Confluent cell monolayers in 6 wells 
Costar plates were labeled 4h post-infection for 5-7hrs with 50 mCi ofTran35S-label (lCN) in 
Eagle's MEM supplemented with 5%CS. The medium was clarified and layered onto 20 to 45% 
(w/w) sucrose/water gradient in SW40 rotor (Beckman). After centrifugation for 4h at 25,000 
r.p.m., 0.5 ml aliquots were collected and viral antigens revealed by immunoprecipitation using 
a mixture of anti-S, -M and -N monoclonal antibodies as described4. 

Pulse-chase labeling. ST and ST-APN cells in 12 wells Costar plates were labeled at 6.5 h 
p.i. for 15 min with 120 mCi Tran35S-label. After a period (0 to 60 min) of incubation in an excess 
of non-radioactive methionine and cystine, cells were solubilized by adding 0.3 m1 oflysis buffer. 

RESULTS 

Negative Correlation Between the Level of APN Expression and the 
Virus Production in ST Cell Clones 

ST cells were transfected with pAPN-cDNA to obtain two ST-APN clones expressing 
10 to 50 fold higher amount of APN than control ST clones. Table 1 shows that ST-APN 
clones produced approximately 104 less virus than ST clones transfected only with the 
plasmid encoding the antibiotic resistance. To confirm this observation, plaque assays were 
realized in parallel with ST and ST-APN cells. We observed a five fold increase of the 
plaquing efficiency in APN-overexpressing cells, probably due to a higher adsorption of 
virions, but concomitantly a four fold reduction of the diameter of the plaques (not shown). 
These results suggest that overexpression of APN partially impairs the virus production. To 
extend this observation, we analyzed virus production by cell radioactive labeling and rate 
zonal centrifugation of virus particles released in the supernatant (Fig. 1 ). Virus particles were 
consistently found in lower amount in ST-APN cells supernatant compared to that in ST 
cells. As quantified by autoradiography scanning (and in these experimental conditions), 
ST-APN clones produced 10 to 50 less virus than in ST cells. The relative proportion of the 
three main structural proteins S, M and N did not appear to be modified in virions produced 
in ST-APN cells. 



OverexpreSSlOn of TGEV Cell Receptor ImpairS the Production of ViruS Particles 

Table 1. TGEV mfectIous ViruS production m 
ST and ST-APN cell clones 

Cellime 

ST cells clone 2 

ST cells clone 3 

ST cells clone 7 

ST APN cells clone 2 

SR APN cells clone II 

ViruS productlOna 

(PFU Iml) 

I 3 x 108 

39 x 108 

49 x 108 

<50 x 104 

<50 x 104 

aTotal mfectlVlty titer was determmed 20 h post 
mfectlOn by plaque assay on ST cells 

S Maturation in ST -APN Cells 
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A possible explanatIOn for the down-productIOn of ViruS III ST-APN cells IS 
that mtracellular APN affects the bIOsyntheSIS of the S protem The syntheSIS of Viral 
antigens was analyzed by cell radIOactive labehng and Immunopreclpitatton Simtiar 
amounts of neosyntheslzed structural protems were observed m ST and ST-APN cells 
(not shown) Moreover, the rate of S converSIOn from the 175K band (Endo H sensitive 
form of S) mto the 220K band (Endo H reslstant)5 was not modified m the ST-APN 
cells (Fig 2) 

--
-

ST-APN ST-APN I W26 ST-APN I Ab23 

ST ST-APN I 51.13 ST-APN I 5.2 

Figure 1. ViruS productIOn m ST and ST APN cells Five hours p I cells were mcubated or mock mcubated 
With the mdlcated antibodies W26 Ab23 (anti APN) or 51 13 52 (anti S) Nme hours p I cell supernatants 
were fractIOnated by rate zonal centnfugatlOn Even fractIOns were ImmunopreclpItated With anti S Nand 
M antibodies Viral polypeptides were Visualized by 8 to 15% polyacrylamide gradient SDS-PAGE and 

autoradIOgraphy 



382 

Pulse 1 5 ' 

Chase 

ST ST- APN 
------~.~ ~4._------

0 ' 20 ' 40 ' 60 '120' 1 2 0 ' 60 ' 40 ' 20 ' 0 ' 

B. Delmas et al. 

.. S Figure 2. TGEV S protein maturation in 

..... S · ST and ST-APN cells. Cells were radiola
beled for 15 min, then chased 0 to 120 min. 
Immunoprecipitates with antibody 51.13 
were resolved on an autoradiographed 8% 
SDS-PAGE. 

An Anti-APN Antibody Restores Virus Production in ST -APN Cells 

To determine if virus down-production in ST-APN cells could involve a late event in 
the virus maturation, we incubated infected cells with an anti-receptor antibody four hours 
p.i. The anti-APN antibody bound to APN is expected to be endocytosed and to reach 
intracellular vacuoles6, Interestingly, this resulted in an increased virus amount up to a level 
comparable to that in normal ST cells (Fig. I). This effect was observed at concentrations 
of antibody as low as 1.25 Ilg/ml (not shown). Two anti-spike antibodies were used as 
controls, with one of them (51.13) having a strong neutralizing activity4. None of these 
antibodies was found to increase the amount of virus present in the cell supernatant. 

Level of APN Expression and Virus Production in pAPN-BHK Cell 
Clones 

Seven clones derived from the BHK-21 cells and expressing variable amount of 
recombinant pAPN were selected. All of them were susceptible to TGEV as shown by 
measurement of the cytopathic effect induced by the infection. Fig. 3 shows that four 
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Figure 3. TGEV infectious virus production in seven BHK 
pAPN-expressing clones. Total infectivity titer was deter
mined 20h p.i. by plaque assay on ST cells. APN activity was 
quantified by cleavage ofthe chromogenic substrate leucine 
p-nitroanilide. 



Overexpression ofTGEV Cell Receptor Impairs the Production of Virus Particles 

Table 2. TGEV mfectIOus VIruS productlon m MDCK cell clones 

APN actlVlty ViruS productIOn" 
Cellime (uU/ml) (PFU Iml) 

MDCK-APN cl 1 1583 5 
MDCK-APN cl 2 1625 160 
MDCK-APN cl 3 1282 35 
MDCK-APN cl 12 35 1 6 x 103 

MDCK-APN cl 21 37 59 x 102 

MDCK 32 46x103 

ST 20 5 x 107 

"Total mfectlVlty titer was determmed 20 h post mfectlOn by plaque 
assay on ST cells 
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BHK-denved clones expressIng low amount of pAPN produced Infectlous Vlflons In the 
same range as the hIghly pemusslve SWIne testls cell hne ST (lxl06 to 6xl06 P fu Iml) In 
contrast, the three BHK clones expressIng hIgh amount of pAPN produced few amount of 
partlcles Thus, hke In ST cells, we observed an Inverse correlatIOn between the capacIty of 
the clones to produce InfectIOus VIruS and theIr level of pAPN expreSSIOn 

MDCK Cells Are Refractory to TGEV Virion Production 

In a earher study, we showed that three MDCK denved clones expressIng large 
quantItIes of pAPN faIled to produce VlfUS I To see whether It was due to the level of APN 
expreSSIOn, two MDCK clones transfected wIth pAPN-cDNA were selected on both theIr 
acqUlred susceptIblhty to TGEV by measurement of the c p e Induced by the InfectIOn and 
on an APN aCtlvlty of the same range than the parental MDCK cell hne TItratIOn of Infectlous 
VIral progeny produced In the five MDCK clones shown that all of them falied to produce 
InfectIOus partlcles compared to ST cells (Table 2) The low tIter observed wIth the MDCK 
clones overexpreSSIng pAPN was probably due to a better endocytosIS and uncoatIng ofthe 
mfectIOus VIruS, thus lowermg the tlter of the reSIdual mput VIruS ThIS observatIOn mdlcates 
that, m contrast to that found In ST and BHK cells, the ImpaIred VIruS productIOn IS not 
related to an overexpreSSIOn of APN 

DISCUSSION 

In the present study, we InvestIgated the correlatIOn between the level of receptor 
expressIOn and the productIOn ofTGE Vlflons m dIfferent cell systems As a maIn result, we 
observed a strong negatlve correlatlon between the level ofpAPN receptor expreSSIOn and 
the ablhty of the cell to produce VIruS partlcles m two dIfferent cell hnes the swme testls 
cell lme ST, naturally susceptlble to TGEV and the baby hamster kIdney cell hne BHK, 
susceptible after pAPN-cDNA transfectIOn A lO,OOO-fold reductlon of the VIruS productIOn 
was observed In ST clones overexpressIng APN compared to that In non-transfected clones 
Simliar observatIOns were made WIth BHK clones It was also observed that the VIruS plaque 
formed In ST-APN cells were reduced In SIze, a findIng WhICh corroborates the decreased 
InfectIOus VIruS productlon ConcomItantly, the efficIency of plaquIng was found to be 
slgmficantly enhanced m these cells, thus IndIcatIng that the amount of receptor on the cell 
surface IS a hmItmg parameter In the VIral adsorptIon A senes of expenments were carrIed 
out In an attempt to Identify the step of the VIrus cycle potentlally affected m APN-overex-
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pressing cells. First, we tried to detect an intracellular interaction between the S spike and 
pAPN in pAPN-overexpressing clones without obtaming clear evidence for this (not shown). 
Moreover, pulse chase experiments showed that S transport (conversIOn from a endoH 
sensItive to a endoH resistant form) was Identical in ST-APN and in ST cells (half time, 
40mn). ThIS suggests that, if there is a bindmg between APN and S inside the endoplasmic 
reticulum or the Golgi apparatus, it does not interfere wIth the spike maturatIOn. Another 
possibility was that APN bound to S later in the virus cycle, during the budding or the release 
of the VIruS from the cellular membranes. The fact that the addition of an anti-pAPN antibody 
is able to restore a vinon production nearly identical to that obtained with ST cells showed 
that the defectiveness of ST-APN cells to produce Vlflon mvolved a late event in the virus 
replication cycle, such as a APN-S binding in virus secretion vesicles. To explore this 
hypothesIs, we plan to compare the VIruS maturation m ST and ST-APN cells by electron 
mIcroscopy. 

The above observations raise the question of how TGEV can replicate and propagate 
effiCIently m the natural target cells, the enterocytes7, which are known to express APN at a 
level equivalent, if not hIgher, than the overexpressing cell lines here studied. An attractive 
explanation is that a productive infection in VIVO mvolves a virus-driven down-regulation 
of the pool of receptor molecules, as recently evidenced for other viruses8,9. 

A third cell line, MDCK, was mvestigated m the present study. At difference with 
the ST and the BHK cells, MDCK cell clones expressmg APN at a low level were still 
deficient for infectious virus production. As a confirmation, no plaque formation could be 
obtained in APN-MDCK cells. Nevertheless, as previously reported, infectIOn of the cells 
at a hIgh m.oj. led to a strong cytopathIc effect as well as to viral antigen synthesis J. Thus, 
the virus production IS unlikely to involve an early step of the virus cycle. Such an abortive 
replication clearly differs of the situation reported for human APN-expressmg MDCK clones 
infected with HCV-229EJO or for MDCK cells transfected with fehne caliclVlrus genomic 
RNA J J, where no VIral synthesis could be detected. Elucldatmg whIch step of TGEV 
replication is severely ImpaIred m pAPN-expressmg MDCK cells might contnbute to a better 
understandmg of the coronavlrus assembly or buddmg processes. 
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