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Peripheral nerve protein, P0, as a potential receptor
for Theiler’s murine encephalomyelitis virus
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Theiler’s murine encephalomyelitis virus (TMEV) belongs the family Picor-
naviridae. TMEV not only replicates in the gastrointestinal tract but also
spreads to the central nervous system (CNS) either by a hematogenous or a neu-
ral pathway during natural infection. The DA strain of TMEV infects neurons
during the acute phase, and glial cells and macrophages during the chronic
phase, leading to a demyelinating disease similar to multiple sclerosis. Differ-
ent virus-host receptor interactions in the peripheral and the neuronal cells
could explain the pathways of viral spread from the peripheral to the CNS and
neurons to glial cells. However, the receptor for TMEV remains unknown. P0
protein, a 28–31 kD glycoprotein, belongs to the immunoglobulin superfam-
ily and constitutes 50% of the total myelin protein in the peripheral nerve.
Other picornaviruses use members of the immunoglobulin superfamily as re-
ceptors. Thus we hypothesized P0 protein could act as a receptor for TMEV. In
a virus overlay assay, radiolabeled TMEV bound to a 28–30 kD protein from
the peripheral nerve of wild-type C57BL/6, but no binding was found in the
peripheral nerve from P0-knockout mice. TMEV replicated fourfold higher in
P0-transfectedBW5147.G.1.4 cells than in mock-transfectedcells.The increase
in virus replication in the P0-transfected cell line was blocked by preincuba-
tion of the cellswith anti-P0 antibody. A virus binding study showed that TMEV
bound to P0-transfected cells but not to mock-transfected cells. The use of the
P0 protein in Schwann cells as a receptor may be one mechanism by which
TMEV spreads from the gastrointestinal tract to the CNS. Journal of Neuro-
Virology (2001) 7, 97–104.
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Introduction

Theiler’s murine encephalomyelitis viruses (TMEV)
are naturally occurring enteric pathogens of mice
(Theiler, 1937; Theiler and Gard, 1940). They are
members of the family Picornaviridae and belong to
the genus Cardiovirus. TMEV can be divided into two
groups based on neurovirulence. The GDVII strain is
highly neurovirulent while viruses in the TO group
are less virulent and can cause a persistent central
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nervous system (CNS) infection with in�ammation
and demyelination. DA virus (within the TO group)
induces demyelinating disease and is one of the vi-
ral models that mimics many human demyelinating
diseases, such as multiple sclerosis (MS) (review-
ed in Tsunoda and Fujinami, 1999; Tsunoda et al,
1998).

Similar to poliovirus in humans, in nature, TMEV
is spread from mouse to mouse by the oral–fecal route
(Theiler, 1937; Theiler and Gard, 1940). In order to
cause CNS infection and disease by this route, the
virus must get from the alimentary tract and spread
into the CNS. Several hypotheses have been pro-
posed to explain dissemination into the CNS. They
involve either hematogenous spread or intra-axonal
transport (Martinat et al, 1999; Ren and Racaniello,
1992; Racaniello and Ren, 1994; Tyler et al, 1986) or
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a combination of both for the virus to get to the CNS.
P0 protein is a 28–31 kD glycoprotein, which
constitutes approximately 50% of the total myelin
proteins in the peripheral nervous system. Expres-
sion of P0 is limited to myelinating Schwann cells
(Brown and Lemke, 1997; Uyemura et al, 1992).
P0 is a single-pass integral membrane protein. The
extracellular domain is hydrophobic and contains an
immunoglobulin (Ig)-like motif, which de�nes P0 as
a member of the Ig gene superfamily (Yoshihara et al,
1991). The extracellular domain is thought to func-
tion in myelin compaction at the intraperiod line
through homophilic interactions. The intracellular
domain is basic and has been suggested to function
in the compaction of myelin at the major dense line
(D’Urso et al, 1990; Filbin and Tennekoon, 1992).
A second function attributed to P0 is in neurite
outgrowth in regeneration and repair (reviewed in
Spiryda, 1998).

It is known that various other picornaviruses use
members of the Ig gene superfamily as receptors.
These include poliovirus and rhinovirus. Poliovirus
recognizes the poliovirus receptor (PVR/CD155), an
integral membrane glycoprotein, which is a mem-
ber of the Ig gene superfamily (Bernhardt et al,
1994; Mendelsohn et al, 1989; Racaniello, 1996). The
receptor for the major human rhinovirus is inter-
cellular adhesion molecule (ICAM)-1 (Greve et al,
1989; Lineberger et al, 1992; Harrison, 1993). ICAM-1
(CD54) is also a member of the Ig gene superfamily
(Staunton et al, 1988). Huber (1994) identi�ed an-
other Ig superfamily molecule, vascular cell adhesion
molecule 1 (VCAM-1, CD106) on vascular endothe-
lial cells derived from the heart as a receptor for the D
variant of encephalomyocarditis (EMC-D) virus that
belongs to the genus Cardiovirus.

To date, only one possible receptor for TMEV has
been reported but not identi�ed or characterized
(Kilpatrick and Lipton, 1991). Lipton and colleagues
found that the BeAn (TO group) and GDVII viruses
bound to a 34 kD glycoprotein present in baby ham-
ster kidney (BHK)-21 cells using a virus overlay as-
say. We have extended these studies using DA virus
in an overlay assay to screen other cell lines and tis-
sues from mice. Based on these initial screens, we
proceeded to perform virus overlay assays on sci-
atic nerve isolated from P0 knockout (KO) and con-
trol mice. We also transfected BW5147.G.1.4 (BW)
cells with P0 to determine if the expressed P0 protein
could function as a receptor for the DA virus. Using
the above approach, we have identi�ed P0 protein as
a potential receptor for TMEV.

Results

Virus overlay assay
Virus overlay assays were performed using TMEV
permissive BHK-21 and nonpermissive BSC-1 cell
lines and tissues from SJL/J mice—a strain known to
be susceptible to TMEV infection. As can be seen in

Figure 1 Virus overlay assay of two cell lines and tissues from
SJL/J mice. Lanes are as follows: 1, BHK-21; 2, BSC-1; 3, hip-
pocampus; 4, spinal cord; 5, cerebellum; 6, brain stem; 7, periph-
eral nerve; 8, total brain; 9, kidney. BHK-21 and BSC-1 are known
to be permissive and nonpermissive to TMEV infection, respec-
tively. Radiolabeled DA virus was detected on the membrane to
which proteins from cell lines and tissues were transferred. Note
a prominent 28–30 kD band in peripheral nerve (lane 7).

Figure 1 (lane 1), DA virus binds to several proteins
separated from BHK-21 cells including prominent
bands at approximately 33–34 kD and 18 kD.
Kilpatrick and Lipton (1991) reported BeAn and
GDVII viruses binding to these proteins as well. We
also observed this with DA virus and found that DA
virus was also able to bind to a 20 kD and 26 kD
band. In BSC-1 cells (lane 2), there was some binding
to a faint band at about 16 kD. The hippocampus
(lane 3) shows little or no attachment of virus to
any band. However, this may re�ect our inability
to obtain enough pure hippocampal material or
the potential receptors are in low abundance or
denatured since DA virus can ef�ciently infect
hippocampal neurons in vivo (Wada and Fujinami,
1993). In spinal cord (lane 4), two prominent bands
were observed to bind virus. One band has a similar
migration pattern to the 33–34 kD protein of BHK-21
cells and the other at 16 kD. In cerebellum (lane 5)
and in the brain stem (lane 6) a 16 kD band was also
seen. The 16 kD band may not be a true receptor,
since BSC-1 cells also have a band in this area and
DA virus is not usually found in the cerebellum.
Alternatively, the BSC-1 band and that observed
in other tissue types are different proteins, which
happen to migrate in the same area of the gel. Total
brain extract (lane 8) had a similar binding pattern as

Figure 2 Coomassie stained SDS-PAGE gel of two cell lines and
tissues from SJL/J mice. Lanes are as follows: 1, kidney; 2, marker;
3, BHK-21; 4, BSC-1; 5, hippocampus;6, spinal cord; 7, cerebellum;
8, brain stem; 9, peripheral nerve; 10, total brain. Note a prominent
28–30 kD band in peripheral nerve (lane 9).
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Figure 3 Virus overlay assay of sciatic nerve. C57BL/6 control
nerve is on the left and the P0 knockout(KO) mouse sciatic nerve is
on the right. Radiolabeled DA virus binding to a 28–30 kD protein
was detected in wild type C57BL/6 mice (left), but not in P0 KO
mice on a C57BL/6 background (right).

BHK-21 cells and in kidney (lane 9) virus binds to a
26 kD band and a 16 kD band.

Interestingly, DA virus attached to a prominent 28–
30 kD band in peripheral nerve (lane 7). In pursu-
ing what protein the virus bound to in peripheral
nerve (sciatic nerve), we were struck by the amount of
this protein in Coomassie blue stained gels (Figure 2,
lane 9). A very prominent protein in peripheral nerve
is the P0 protein of myelin and it is the appropriate
molecular weight (28–30 kD). To determine whether
the virus could bind to P0 protein, P0 knockout (KO)
mice were obtained from Dr. Phil Soriano at the Fred
Hutchenson Cancer Research Center. Two homozy-
gous P0 KO mice on a C57BL/6 background were ob-
tained (Giese et al, 1992). Sciatic nerve was processed
from these KO mice and control C57BL/6 mice. A
virus overlay assay was performed using the homozy-
gous KO sciatic nerve versus the control C57BL/6 sci-
atic nerve. The very prominent band on the left was
approximately 28–30 kD (Figure 3) and demonstrated
radiolabeled DA virus binding to P0 protein in con-
trol mouse sciatic nerve. DA virus did not bind to a
similar migrating band from the P0 KO mice (right
lane). This suggests that the virus has the ability to
bind to P0.

Sequence comparison
A sequence comparison was performed between the
DA virus coding region and P0. There is a 20 amino

Table 1 Sequence similarity between loop I and loop II of VP-1 and P0 protein

82 101
DA virus loop I and loop II of VP-1 S G P V K T K A P V Q W R W V R S G G T

55 74
P0 protein S E W V S D D I S F T W R Y Q P E G G R

Figure 4 Ethidium bromide stained agarose gel of PCR products
from 1, P0/pRc-CMV#4, P0 cDNA expressing vector; 2, marker; 3,
mock transfected BW cells; 4, P0 transfected BW cells (P0/BW).
P0 plasmid was detected in P0/BW cells (lane 4) but not in mock
transfected BW cells (lane 3).

acid stretch in the extracellular domain of P0 and
the loop I and loop II of VP-1 in DA virus (Table 1).
Six amino acids are shared over this region of 20 and
by the sequence similarity program (SCANSIM), this
region shares over 60–70% overall similarity.

Expression of P0 protein in BW5147.G.1.4 cells
BW cells were selected for this study based on their
inability to be infected by DA virus at low multi-
plicity of infection (MOI) and their ability to sup-
port viral replication upon infection at much higher
MOI or upon transfection with viral RNA (Fotiadis
et al, 1991; Kilpatrick and Lipton, 1991; McCright
and Fujinami, 1997). The TMEV strain GDVII was
not used in this study due to its ability to infect BW
cells at low as well as high MOIs. This is in con-
trast to the �nding by Fotiadis et al (1991) that GDVII
does not productively infect BW. We assayed for the
presence of the constitutive, mammalian expression
vector constructed to express the P0 cDNA product,
P0/pRc-CMV#4, after transfection into BW cells and
selection via PCR on plasmid samples prepared from
the transfected cells. Figure 4 shows the presence of
the plasmid in the transfected cells but not in mock
transfected cells (lane 3 versus lane 4).

The P0 transfect BW (P0/BW) cells were then in-
fected with DA virus at various MOI’s, and virus
was quanti�ed. The results are presented in Table 2.
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Table 2 Infectivity of BW cells transfected with P0

PFU/ml

MOI BW P0/BW#6

0.1 0 14¤¤

1.0 35 156¤¤

10.0 173 675¤¤

¤¤P < 0:01, compared with BW. Student’s t-test.

It can clearly be seen that there is a fourfold in-
crease in the amount of virus in the P0 expressing
P0/BW cells over the BW control cells. This exper-
iment was performed in duplicate four times with
similar results. Using the Student’s t-test, this
difference was found to be statistically signi�cant
(P < 0:01).

Using polyclonal anti-P0 antibody, we tested
whether preincubation of P0/BW cells with anti-P0
antibody could block DA virus infection in P0/BW
cells. The incubation of the cells with antibody
against P0 decreased the ability of the virus to infect
P0/BW cells by more than 80%, but had no effect
on control BW cells, when compared to preincuba-
tion with PBS (Figure 5). Using the Student’s t-test,
this difference was found to be statistically signi�cant
(P < 0:01). The normal rabbit serum had no effect on

Figure 5 Blocking of infections with anti-P0 antibody. Control
BW (left) and P0 transfected BW (P0/BW, right) cells were incu-
bated for 1 hour either with anti-P0 antibody or PBS. The cells were
infected with DA virus at a MOI of 1 and 10. After overnight in-
cubation, the cells and supernatant were harvested. Plaque assays
were performed. PFU was comparedbetweenanti-P0 antibody and
PBS incubation groups as follows: % PFU with anti-P0 antibody
D (PFU with anti-P0 antibody)/(PFU with PBS) £ 100. Anti-P0
antibody blocked DA virus replication more than 80% in P0/BW
cells (¤¤;P < 0:01, Student’s t-test), while no inhibition was seen
in control BW cells. Values are mean § SEM.

Figure 6 Kinetics of binding of DA virus to control BW and P0
transfected BW (P0/BW) cells. Cells were incubated with DA virus
at an MOI of 5 on ice and unattached virus was titrated in the
supernatent every 10 min postincubation. No virus binding was
detected in BW cells, while most viruses attached to P0/BW.

the ability of the virus to infect either BW or P0/BW
cells (data not shown).

We compared DA virus binding between control
BW cells and P0/BW cells to see whether an increase
in virus replication in vitro in P0/BW cells was due
to altered virus binding on P0/BW cells. The result
of the attachment study is presented in Figure 6. The
ability of BW cells expressing P0 to bind to DA virus
can clearly be seen. Attachment was 90% complete
after 40 min, demonstrating virus binding to P0/BW
cells.

Discussion

TMEV most likely uses several receptors to enter var-
ious cell types, i.e., peripheral neurons or Schwann
cells (P0) (Uyemura et al, 1992; Brown and Lemke,
1997) versus glial versus other cell types such as
BHK-21 cells (34 kD glycoprotein). Limited recep-
tor expression is one way to explain species speci-
�city and restricted tissue tropism of viruses (Holmes
et al, 1997). Since both GDVII and TO subgroups
could be isolated from feces up to 53 days (Theiler
and Gard, 1940) and 154 days (Brownstein et al,
1989), respectively, postinfection, invasion into the
CNS via the neural route from a persistent infec-
tion in the intestine may be one pathway, as orig-
inally suggested by Theiler and Gard (1940). Thus,
although there have been no published reports of pe-
ripheral nerve involvement in TMEV infection by the
i.c. route (Dal Canto, 1982), the peripheral nerves
may be one way the virus travels from the alimen-
tary tract to the CNS during a natural infection. Rusti-
gian and Pappenheimer (1949) suggested that TMEV
could reach the CNS via peripheral nerve. In this ear-
lier study, after intramuscular injection, GDVII virus
caused �accid paralysis �rst in the injected limb and
later in the opposite limb. Moreover, Frankel et al
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(1986) have reported that Schwann cells are suscep-
tible to DA virus infection in vitro.

Many of the picornavirus receptors, such as
PVR and ICAM-1 for poliovirus and major human
rhinovirus respectively, belong to the Ig gene super-
family (Greve et al, 1989; Mendelsohn et al, 1989;
Harrison, 1993; Lineberger et al, 1992; Bernhardt
et al, 1994; Racaniello, 1996). Membership in this
family is de�ned by the presence of one or several
common structural units, the Ig domain (Yoshihara
et al, 1991). Members of this family are important
adhesion and ligand molecules (Albelda and Buck,
1990; Yong and Khwaja, 1990; Yoshihara et al, 1991).
These molecules are thought to be involved in cell–
cell adhesion in embryogenesis, wound healing, and
the in�ammatory response (Albelda and Buck, 1990).
Ig superfamily members can act as a receptor-ligand
pair where both are members of the Ig family or they
can act alone through homophilic binding with self
(Albelda and Buck, 1990). P0 is also a member of
this family as de�ned by the presence of one Ig do-
main (Lemke et al, 1988). It is thought that P0 is
involved in homotypic interactions for myelin com-
paction to occur (Filbin et al, 1990; D’Urso et al, 1990;
Lemke, 1993). Thus, this observation of P0 being a
potential receptor is consistent with data from other
picornaviruses.

TMEV have four capsid proteins, VP-1, VP-2, VP-3,
and VP-4 (Lipton and Friedmann, 1980; Stroop and
Baringer, 1981). VP-1 is an external capsid protein
with two highly exposed loop regions as determined
by X-ray crystallography of the DA virus (Grant et al,
1992). Loop II of VP-1 is important in the pathogen-
esis of the virus (Zurbriggen et al, 1991; Wada et al,
1994; Wada et al, 1998). Loop I of VP-1 has also been
shown via site-directed mutagenesis experiments
to be important in the pathogenesis of the virus
(McCright, 1997; McCright et al, 2001). Loop I forms
a protrusion from the surface of the virion and
would be compatible with the loop being a �nger
interacting with a cleft on a receptor molecule. The
20 amino acid region of sequence similarity between
loop I and loop II of VP-1 and P0 is a potential
site for inhibition studies with polyclonal anti-P0
antibody and/or further mutagenesis analyses on the
viral genome as well as the P0 domain. Because P0
forms homotypic interactions with itself, a testable
possibility is the extracellular domain of P0 and loop
I and II of VP-1 interact with each other at this region.
P0 interacts with self and thus obviously has at least
one region of sequence homology with self through
which this interaction occurs. One could envision
the interaction occurring by means of just one region
of homology or by means of several regions in which
region A of protein 1 interacts with region B of pro-
tein 2 and vice versa. For P0 to interact with non-self,
one would expect the non-self protein to also carry
the region(s) of homology necessary for interaction to
occur.

Zhou et al (2000) recently found that DA strain
of TMEV binding is dependent on the interaction of
the virus with both the protein surface and a sialic
acid moiety of the host glycoprotein receptor. P0 has
been shown to be a glycoprotein which has sialic acid
(Filbin and Tennekoon, 1992). The glycosylation has
been mapped to Asp122 of the P0 protein which is
extracellular and is thought to play a role in P0/P0
interactions (Filbin and Tennekoon, 1992; Uyemura
et al, 1992). The site on TMEV which binds the sialic
acid was found to be located at the interface between
VP-1 and VP-2, at the rim of the “pit” postulated to be
the receptor binding site (Zhou et al, 2000). Thus, if
DA virus is able to interact with the sialic acid of P0
and the protein surface of P0, possibly at the point of
sequence homology, then DA virus could use P0 as a
receptor to enter Schwann cells. The removal of sialic
acid from P0 via the use of sialidase or occupying the
sialic acid binding site of the virus with sialyllactose
would test this hypothesis (Zhou et al, 2000).

BW cells are not infected by DA virus at low MOI
but can be infected at much higher MOI (Fotiadis
et al, 1991; Kilpatrick and Lipton, 1991; McCright
and Fujinami, 1997). This infectivity may be due to
the presence of an inef�cient and/or low abundance
receptor on the BW cells. P0 could function as a core-
ceptor that is able to enhance the binding ability of
the inef�cient/low abundant BW receptor resulting
in higher infectivity at lower MOI.

In this paper, we demonstrated that DA virus bound
to myelin P0 protein in a virus overlay assay and that
DA virus replicated fourfold more ef�ciently in P0
transfected BW cells than in control BW cells. This
increase in virus replication was blocked by anti-P0
antibody. P0-transfected BW cells, but not control BW
cells, bound DA virus in a virus binding assay. This is
the �rst evidence that DA virus can use P0 protein as
a receptor in vitro. Although we do not know whether
P0 protein can serve as a virus receptor in vivo, the
use of the P0 protein in Schwann cells as a receptor
may be one mechanismby which TMEV spreads from
the gastrointestinal tract to the CNS.

Materials and Methods

Cells, virus, and medium
BW5147.G.1.4 (American Type Culture Collection
(ATCC), Rockville, MD) and BHK-21 (ATCC) cells
were maintained in Dulbecco’s modi�ed Eagle’s
medium (DMEM) (Mediatech, Herndon, VA) supple-
mented with 10% fetal bovine serum (FBS) (Life
Technologies, Grand Island, NY), 1% glutamine (Me-
diatech) and 1% antibiotics (Mediatech). BSC-1 cells
(African green monkey kidney cell line) (ATCC) were
maintained in complete minimal essential medium
(MEM) (Life Technologies). The DA strain of TMEV
and its propagation have been described previously
(Zurbriggen and Fujinami, 1989).
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Virus overlay assay
DA virus was radiolabeled as follows: BHK-21
cells at 80% con�uency in T150 �asks (Greiner,
Kremsmünster, Austria) were infected with DA
virus at 7 £ 107 plaque forming unit (PFU)/�ask. The
virus was allowed to absorb for 1 h at 37±C, and the
cells were then washed with serum-free DMEM. Cells
were incubated for 30 min at 37±C and then washed
two times with DMEM lacking serum and phosphate.
The cells were incubated for 1 h at 37±C and then
medium was added containing 83 ¹Ci of 32P per
ml (1 mCi/�ask) in the form of 32P-orthophosphate
(Amersham, Arlington Heights, IL). The cells were
incubated overnight at 37±C. Virus was puri�ed as de-
scribed previously (McCright, 1997; McCright et al,
2001). Puri�ed virus was resuspended in 1 ml PBS
such that 1 ¹l was about 3000 cpm.

Proteins were prepared in various ways depend-
ing on the source. Tissues were harvested from mice
(Jackson Laboratory, Bar Harbor, ME) at 12 weeks of
age and minced with scissors. Next, phenylmethyl-
sulfonyl �uoride (PMSF) (1 mM) (Sigma, St. Louis,
MO), aprotinin (10 ¹g/ml) (bovine lung) (Sigma) and
EDTA (5 mM) (JT Baker, Phillipsburg, NJ) were added
to the sample and the tissue homogenized resulting
in �nal concentrations as listed. The homogenate was
centrifuged at 100 £ g for 5 min and the supernatent
was collected and centrifuged at 27000 £ g for 15 s.
The supernatent was collected, and the amount of
protein was determined using the Bio-Rad Protein
Assay (Bio-Rad, Hercules, CA). The only difference
for the preparation of the P0 knockout mice was that
the centrifugations were at 600 £ g for 15 min and
27000 £ g for 1 min.

Proteins were prepared from cell lines as follows:
the cells were washed with Hanks balanced salt so-
lution (Mediatech), incubated with 50 mM EDTA in
Hanks solution for 10 min at room temperature, and
centrifuged at 70 £ g for 5 min at 4±C. The pellet
was washed once with PBS and incubated for 5 min
at 4±C. Then, 1 mM PMSF, 10 ¹g/ml aprotinin, and
5 mM EDTA were added, the cells were homogenized
and centrifuged at 300 £ g for 5 min. The supernatent
was again centrifuged at 27000 £ g for 20 s.

SDS-PAGE gels and protein transfers to membrane
were performed as previously described (Fujinami
and Oldstone, 1980; Fujinami et al, 1983). Prior to
the virus overlay, membranes were blocked with 3%
bovine serum albumin (BSA) (Sigma) for 1 h at room
temperature. The membranes were then incubated
with 32P-DA virus for 1 h at room temperature. The
membranes were then washed three times for 15 min,
dried, and put on �lm.

Cloning
The plasmid pSN63, which contains the cDNA for
rat P0, was obtained from Dr. Greg Lemke (Salk Insti-
tute for Biological Studies, La Jolla, CA). The transfor-
mation, preparation, and subsequent cloning of the

P0 gene was done using standard molecular biology
techniques (Sambrook et al, 1989). The P0 gene re-
gion was isolated from the pSN63 vector using the re-
striction enzymes Xba I (Life Technologies) and EcoR
I (Life Technologies) and subsequently blunt ligated
into the pRc-CMV vector (Invitrogen, San Diego, CA)
digested with BstX I (Life Technologies) and blunted.
The resultant clone, P0/pRc-CMV#4, was selected
based on restriction enzyme digestion mapping and
DNA sequencing.

Transfection/infection
The P0/pRc-CMV#4 plasmid DNA was transfected
into BW cells using DMRIE-C (Life Technologies)
according to the manufacturer’s instructions. The
transfectants were selected with 1 mg/ml G418 (Cal-
biochem, La Jolla, CA) for 1 week and then the
amount of drug was decreased to 0.5 mg/ml.

The presence of the plasmid in the BW cells
was con�rmed via PCR on plasmid DNA pre-
pared by means of the QIAprep spin miniprep kit
(Qiagen, Chatsworth, CA) as follows: 1.5 ml of cell
culture was centrifuged, the pellet was resuspended
in 850 ¹l of the P1 buffer supplied with the kit and
the tubes were freeze/thawed three times in a dry
ice ethanol bath/37±C water bath. The cell lysate was
centrifuged and the supernatent was applied to the
column, washed, and eluted according to the manu-
facturer’s instructions. PCR was performed using the
T7 and Sp6 primers, which prime within the vector
sequences outside of the P0 gene insert.

P0 transfected BW cells and BW control cells at
2 £ 106 cells/well in six-well plates were infected
with DA virus at MOIs of 0, 0.1, 1, and 10 for 1 h
at 37±C. The cultures were washed three times with
PBS and 3 ml medium was added. The cultures were
incubated overnight at 37±C in 5% CO2 and then the
cells and supernatent were harvested, freeze/thawed
two times and stored at ¡70±C. Plaque assays were
performed as described previously (Zurbriggen and
Fujinami, 1989). The antibody blockage experiment
was done as above with the addition, prior to the
infection, of a 1-h incubation of the cells at 37±C in
5% CO2 in the presence of either 1 ml PBS, normal
rabbit serum, or polyclonal rabbit antibody against
P0.

Attachment/binding
BW and P0/BW cells were incubated with DA virus
at an MOI of 5 on ice for 1 h. Samples of 1 ml vol-
ume were taken at time 0 and every 10 min from
time 20 min to time 60 min. A control tube with no
cells tested for attachment of the virus to the tube
and inactivation of the virus over time. The 1-ml
samples were centrifuged for 5 min at 1000 £ g at
4±C and the supernatent was removed to a new tube
and frozen at ¡70±C. Plaque assays were performed
as described previously (Zurbriggen and Fujinami,
1989).
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