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The African swine fever virus (ASFV)-encoded CD2v transmembrane protein is required for the hemad-
sorption of red blood cells around infected cells and is also required for the inhibition of bystander lymphocyte
proliferation in response to mitogens. We studied the expression of CD2v by expressing the gene with a V5 tag
downstream from the signal peptide near the N terminus and a hemagglutinin (HA) tag at the C terminus. In
ASFV-infected cells, a full-length glycosylated form of the CD2v protein, which migrated mainly as a 89-kDa
product, was detected, as well as an N-terminal glycosylated fragment of 63 kDa and a C-terminal nonglyco-
sylated fragment of 26 kDa. All of these forms of the protein were localized in the membrane fraction of cells.
The 26-kDa C-terminal fragment was also produced in infected cells treated with brefeldin A. These data
indicate that the CD2v protein is cleaved within the luminal domain and that this occurs in the endoplasmic
reticulum or Golgi compartments. Confocal microscopy showed that most of the expressed CD2v protein was
localized within cells rather than at the cell surface. Comparison of the localization of full-length CD2v with
that of a deletion mutant lacking all of the cytoplasmic tail apart from the 12 membrane-proximal amino acids
indicated that signals within the cytoplasmic tail are responsible for the predominant localization of the
full-length and C-terminal 26-kDa fragment within membranes around the virus factories, which contain
markers for the Golgi compartment. Processing of the CD2v protein was not observed in uninfected cells,

indicating that it is induced by ASFV infection.

African swine fever (ASF) is a severe hemorrhagic fever of
domestic pigs that results in major economic losses in affected
countries. The disease is endemic in many sub-Saharan African
countries and Sardinia. Following its introduction to Georgia,
in the Caucasus region, in 2007, ASF spread to neighboring
countries, including the Russian Federation, where outbreaks
have been reported from 9 states (International Office of
Epizootics World Animal Health Database [OIE WAHID])
(8). Wild suids, including warthogs and bushpigs, are infected
but show few if any disease signs. Soft ticks of the Ornithodoros
spp. act as vectors and reservoirs and can remain infected for
long periods (1, 10).

African swine fever virus (ASFV) is a large cytoplasmic
DNA virus and is the only member of the family Asfarviridae.
The virus carries between 151 and 167 open reading frames
(ORFs) depending on the isolate. Many of these are not es-
sential for replication in host cells but play important roles in
virus-host interactions, and they include genes encoding pro-
teins involved in evading the host’s defense system. The target
cells for ASFV replication are those of monocyte-macrophage
lineage, and by manipulation of their functions, ASFV can
effectively modulate the host response to infection (9, 28, 31).

The protein encoded by the ASFV EP402R ORF (desig-
nated CD2v, CD2-like, SHL, or PEP402R in the literature) is
a transmembrane protein with an N-terminal signal peptide
and a single membrane-spanning domain that has similarities
in its extracellular or luminal domain to the host CD2 protein
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(5, 26). The virus CD2v protein shares with host CD2 the two
predicted Ig superfamily (IgSF) domains, including an NH,-
terminal V-like domain lacking the usual disulfide bridge and
a membrane-proximal C-like domain. CD2v and host CD2 also
share the function of mediating the formation of red blood cell
rosettes around cells expressing the protein. The sequence of
the luminal domain of the virus CD2v protein varies consider-
ably between isolates from about 50% to 100% amino acid
identity. This ASFV protein is required for the hemadsorption
(HAD) of red blood cells around ASFV-infected cells and also
for the association of extracellular virions with red blood cells
(5, 23, 26). One report showed that deleting the ORF EP153R,
which encodes a C-type lectin, reduced the numbers of red
blood cells binding to infected cells, suggesting that EP153R
was also involved in HAD (13). Although most isolates of
ASFYV cause HAD, some field isolates that are non-HAD have
been characterized, and these include both virulent and non-
virulent isolates (4, 20, 30). Deletion of the EP402R gene from
the genome of a virulent isolate was shown to have no impact
on mortality caused by infection in pigs, but there was a delay
in the onset of viremia and of virus dissemination to tissues (5).
Infection in vitro of peripheral blood leukocytes with ASFV
was shown to inhibit the ability of lymphocytes to proliferate in
response to mitogens (5). This inhibition was abrogated when
the EP402R gene was deleted, suggesting that the CD2v pro-
tein is required for this function. Expression of the CD2v
protein was also shown to enhance virus infection in the Orni-
thodoros erraticus tick vector by increasing uptake of virus
across the tick gut (27).

The cytoplasmic tail of the CD2v protein does not share
significant similarity with this domain of the host CD2 protein.
The domain is well conserved in sequence between the
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EP402R ORFs of different ASFV isolates, apart from a region
encoding variable numbers of proline-rich tandem repeats of
the sequence PPPKPC. These proline-rich repeats are re-
quired for binding of the CD2v protein to the host actin-
binding adaptor protein SH3P7/mabpl (17).

In the current study, we determined the expression and
localization of the CD2v protein in infected and uninfected
cells using antibodies to different epitope tags fused near the N
terminus and C terminus. In infected cells, we identified, in
addition to full-length protein, fragments of 63 kDa and 26
kDa containing the N and C termini of the CD2v protein,
respectively. These fragments are predicted to be produced by
cleavage within the extracellular or luminal domain, and both
localized to membrane compartments. These N- and C-termi-
nus-containing CD2v fragments were not detected in unin-
fected cells, showing that a virus-induced processing event is
involved. The data suggest that these smaller fragments of the
CD2v protein may have a function in infected cells, possibly
related to the immunomodulatory role of the protein.

MATERIALS AND METHODS

Infection and transfection. Vero cells were seeded into 35-mm wells of a 6-well
plate at a density of 1 X 10° in Dulbecco’s modified Eagle’s medium (DMEM)-
10% fetal calf serum (FCS)-50 U ml penicillin~-50 wg ml streptomycin~! and
incubated at 37°C and 5% CO, for 24 h. The cells were transfected with 2.5 pg
of plasmid DNA using TransIT-LTI (Mitus Bio LLC) according to the manu-
facturer’s recommendations. After 5 h at 37°C and 5% CO,, the transfection
reagent was replaced with an ASFV BA71V isolate at a multiplicity of infection
of 3 to 5, and incubation was continued for 1 h. The virus was removed and
replaced with 2 ml DMEM-2% FCS and incubated at 37°C for various times.
Tunicamycin and brefeldin were added in some experiments at concentrations of
1 pg ml~! and 15 pg ml™!, respectively.

Plasmids. A fragment containing the EP402R (CD2v) gene from the Malawi
LIL20/1 isolate, without the translation stop codon and with a 120-bp upstream
sequence containing the promoter region, was amplified by PCR from clone
LMwS (11). The primers used were 5'-ATAAAGCTTGATATTATAAAAAAC
AAAAAC-3' (forward) and 5'-ATAGGATCCAATAATTCTATCTACGTGA
ATAAGCG-3' (reverse). This fragment was cloned into the HindIII and BamHI
sites in the pcDNA3 vector (Clontech) to generate plasmid pcDNA3CD2v. A
double-stranded oligonucleotide encoding the influenza virus hemagglutinin
(HA) epitope tag and including a 3" stop codon, with upstream BamHI and
downstream Xbal sites, was cloned downstream and in frame with the CD2v
gene. The oligonucleotides were 5'-ATAGGATCCATGGCTTACCCATACGA
CGTACCAGACTACGCATCACTATGATCTAGAATA-3' and 5'-TATTCTA
GATCATAGTGATGCGTAGTCTGGTACGTCGTATGGGTAAGCCATGG
ATCCTAT-3'. The plasmid derived (CD2vHA) was used as the template to
construct mutant versions of the gene, one with the sequences encoding proline-
rich repeats deleted (CD2v-proHA) and the other with all of the cytoplasmic tail
deleted, apart from a sequence encoding 12 amino acids proximal to the trans-
membrane domain (CD2v-cytoHA). The primers used to amplify a fragment
from upstream of the CD2v promoter to upstream of the sequence encoding the
proline-rich repeats were as follows: forward primer, 5'-ATAAAGCTTGATAT
TATAAAAAACAAAAAC-3', and reverse primer, 5'-TATGAATTCTTTGGG
TAGGGGAGATGG-3'. This fragment was cloned into the HindIII and EcoRI
sites in the pcDNA3 vector. A fragment from downstream of the sequence
encoding proline-rich repeats to the 3’ end of the gene, including the HA tag, was
amplified using the primers 5-TATGAATTCTCATCTGAATCATGTTCT-3'
and 5'-TATGCGGCCGCTCATAGTGATGCGTAGTCTGGT-3', which con-
tained an EcoRI site at the 5’ end and a NotI site at the 3’ end. This fragment
was cloned in the pcDNA3 vector containing the fragment encoding sequences
upstream of the proline-rich repeats to give plasmid CD2v-proHA. To construct
the mutant gene CD2v-cytoHA, which lacks most of the cytoplasmic tail, the
same forward primer was used as for the CDv2-pro plasmid, and the reverse
primer, 5'-TAGATATCAACATGTTTTTTTCTTTTTCG-3', was from the se-
quence encoding 12 amino acids downstream of the transmembrane region. The
fragment amplified was cloned into the pcDNA3 vector at the HindIII and
EcoRYV sites. A double-stranded oligonucleotide encoding the HA tag and in-
cluding a 3’ stop codon, with EcoRV and NotI sites, was cloned downstream of
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the CD2v gene sequences to generate plasmid CD2v-cytoHA. Two plasmids
were constructed with a sequence encoding a V5 epitope tag downstream of the
predicted signal peptide, full-length EP402R (SV5CD2vHA) and the mutant
gene with most of the cytoplasmic tail deleted (SV5CD2v-cytoHA). The pro-
moter and the signal peptide were amplified using the following primers: for-
ward, 5'-ATAAAGCTTGATATTATAAAAAACAAAAAC-3’, containing a
HindIII site, and reverse, 5'-ATAGGATCCCTAAAATTATTGTTTTATTAA
A-3', containing a BamHI site. For both these plasmids, the same primers were
used to amplify the remaining part of the gene: forward, 5'-ATAGAATTCGA
TAGTAATATTACTAATGAT-3’, containing an EcoRI site, and reverse, 5'-T
ATGCGGCCGCTCATAGTGATGCGTAGTCTGGT-3', containing a Notl
site. The templates used to amplify these fragments were CD2vHA and CD2v-
cytoHA. A double-stranded oligonucleotide encoding the V5 epitope tag was
inserted between the upstream and downstream parts of the gene using BamHI
and EcoRI sites. These oligonucleotides were 5'-ATAGGATCCATGGGAAA
GCCGATCCCAAACCCTTTGCTGGGATTGGACTCCACCCTCGAGGAA
TTCATA-3" and 5'-TATGAATTCCTCGAGGGTGGAGTCCAATCCCAGC
AAAGGGTTTGGGATCGGCTTTCCCATGGATCCTAT-3". To clone the
EP402R (CD2v) gene downstream from a cellular promoter, the SVSCD2vHA
plasmid was used as the template to amplify the gene from the ATG start site.
The primers used were as follows: forward, 5'-TACCCCGGGTGTGCATAAA
ATGATAATAATAC-3', and reverse, 5'-TATGCGGCCGCTCATAGTGATG
CGTAGTCTGGT-3'. The amplified fragment was cloned into the vector pTriex
1.1 neo (Novagen) at the Smal and NotI sites to give plasmid TriexSV5CD2vHA.
All PCRs were carried out using AccuPrime pfx Supermix (Invitrogen). Inserts
were verified by PCR and sequencing.

Immunoprecipitation and Western blotting. Cells were washed with cold
phosphate-buffered saline and lysed in 500 wl of RIPA buffer (50 mM Tris-HCl
[pH 7.4], 150 mM NaCl, 1 mM phenylmethylsulfonyl fluoride, 1 mM EDTA, 5 pg
ml aprotinin™", 5 ug ml leupeptin !, 1% Triton X-100, 1% sodium deoxycholate,
0.1% sodium dodecyl sulfate [SDS]). The cell lysate was centrifuged for 10 min
at 13,000 rpm to remove nuclei and debris. The supernatants were incubated
overnight with rotation at 4°C with either anti-HA matrix (11815016001; Roche)
or anti-V5 agarose affinity gel (A7345; Sigma). The beads were washed with
ice-cold RIPA buffer and resuspended in SDS loading buffer containing dithio-
threitol (DTT). Endo-B-N-acetylglucosaminidase H (endo H) and N-glycosidase
F (PNGase F) (P0702S and P0704S, respectively; NEB) digestion was performed
on the cell lysates, according to the manufacturer’s instructions, before immu-
noprecipitation. The immunoprecipitates were resolved on SDS-PAGE before
being transferred to Hybond ECL membranes (RPN303D; GE Healthcare). The
membranes were blocked for 20 min in PBS with 5% milk powder and 0.2%
Tween 20 and then incubated in the diluted antibodies overnight at 4°C. The
membranes were washed with PBS containing 0.2% Tween 20, and then the
bound antibodies were detected using LumiGlo reagent (7003; Cell Signaling
Technology) following exposure to X-ray films.

Confocal microscopy. Cell monolayers were grown on 19-mm glass coverslips
in 12-well plates and fixed for 20 min in phosphate-buffered saline containing
EDTA (PBSe) containing 4% paraformaldehyde. The cells were permeabilized
in 0.2% Triton X-100 in PBSe for 5 min and then incubated in 0.2% gelatin in
PBSe for 10 min to inhibit nonspecific antibody binding. They were incubated
with primary antibody diluted in 0.2% gelatin for 20 min at room temperature
(RT) and washed 4 times. Secondary antibody diluted in 0.2% gelatin was
incubated for 20 min. After being washed, the cells were mounted onto glass
slides using VectaShield mounting medium with DAPI (4’,6-diamidino-2-phe-
nylindole) (Vector Laboratories). The cells were visualized using a Leica TCS
SP2 confocal microscope with a 63X lens.

Cell fractionation. At 18 h postinfection, the cells were washed with cold
phosphate-buffered saline. Five hundred microliters of cold cytosolic fraction-
ation buffer (250 mM sucrose, 4 mM HEPES, pH 7.4, 2 mM EDTA, 0.1%
[vol/vol] Triton X-100, protease inhibitors) was added to the cells, and incubation
was continued at room temperature for 5 min. The supernatant was transferred
to a fresh tube, and 500 pl of cold membrane fractionation buffer was added to
the cells (150 mM Tris-HCI, pH 8.8, 10 mM KCl, 1 mM EDTA, 0.2% [vol/vol]
NP-40, 10% [vol/vol] glycerol, protease inhibitors). After a 5-min incubation at
room temperature, the supernatants were transferred to a fresh tube and clari-
fied by centrifugation in a microcentrifuge for 10 min. SDS-PAGE gel-loading
buffer was added to the supernatants.

Antibodies. The antibodies used included mouse monoclonal antibody against
the Golgi 58,000-molecular-weight (58K) protein; formiminotransferase cyclo-
deaminase (FTCD) (G2404; Sigma), used at a dilution of 1:400 for Western
blotting; and the mouse monoclonal antibody against annexin 1 (sc-12740; Santa
Cruz), used at 1:500. The horseradish peroxidise (HRP)-conjugated V5 tag
antibody (MCA1360P; AbD Serotec) and the HRP-conjugated HA tag antibody
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FIG. 1. Western blot showing CD2v protein expression in ASFV-infected Vero cells. Vero cells were transfected with plasmid SVSCD2vHA
expressing the full-length EP402R (CD2v) protein tagged at the C terminus with the HA epitope tag and near the N terminus downstream from
the signal peptide with the SV5 tag. The cells were then infected with the ASFV BA71V isolate and lysed at 18 h postinfection. (A) Lanes 1 to
6, proteins precipitated from lysates with anti-HA matrix, separated by SDS-PAGE, and blotted onto membranes. Immunoprecipitated proteins
were detected by probing with anti-HA coupled to HRP, followed by enhanced chemiluminescence (ECL). In lanes 7 to 12, the lysates were
immunoprecipitated using anti-V5 agarose, and the V5-tagged proteins were detected by probing Western blots of the immunoprecipitated
proteins using anti-V5 coupled to HRP. Lanes 1 and 7, untreated lysates; lanes 2 and 8, lysates from cells treated with tunicamycin overnight at
1 wg ml~! before being harvested; lanes 3 and 9, lysates from cells treated with brefeldin overnight at 15 wg ml~! before being harvested. In lanes
4 and 10, cell lysates were digested with endo H prior to immunoprecipitation, and in lanes 5 and 11, the lysates were treated with PNGase F prior
to immunoprecipitation. Lanes 6 and 12 show lysates from mock-transfected cells. (B) Cells transfected with a plasmid expressing SVSCD2vHA
were infected with the ASFV BA71V isolate, and SV5-tagged proteins were detected as described above. Lane 1 shows untreated lysate, and lane
2 shows lysates from cells treated overnight with tunicamycin at 1 wg ml~!. The positions of molecular weight markers run in parallel are shown.

The lanes shown in panel A were run on the same gel, and those in panel B were run on a different gel.

(11022100; Roche) were both used at 1:2,000. Anti-mouse-HRP and anti-rabbit-
HRP antibodies (P0260 and P0448, respectively; Dako) were used at 1:1,000.
Mouse anti-V5 (MCA1360; AbD Serotec) and rabbit anti-HA (Sc-805; Santa
Cruz) were both used at 1:300 for confocal microscopy. Rabbit anti-endoplasmic
reticulum (ER) (ERp60) (26a) antibody was used at 1:300, mouse anti-Golgi
GM130 (BD Biosciences) at 1:50, and mouse anti-VP72 (4H3 [6]) at 1:20. The
secondary antibodies used for confocal microscopy were from Molecular Probes
and were used at 1:500: anti-mouse 488 (A11001), anti-rabbit 488 (A11006),
anti-mouse 568 (A11061), and anti-rabbit 568 (A11077).

RESULTS

The CD2v protein is expressed in different molecular weight
forms in ASFV-infected cells. In order to detect the full-length
CD2v protein, as well as fragments that lack either the C
terminus or N terminus of the protein, a dual-epitope-tagged
CD2v gene was constructed. A sequence encoding the V5 tag
was inserted near the 5’ end of the CD2v gene downstream
from the signal sequence. A sequence encoding the HA tag
was fused at the 3’ end of the gene. This dual-tagged CD2v
gene was cloned, under the control of its own ASFV promoter,
in the plasmid SVS5CD2vHA, so that it could be expressed in
ASFV-infected cells. Typical red blood cell rosettes were
formed around porcine macrophages that were transfected
with the SVSCD2vHA plasmid and infected with a non-HAD

ASFV isolate, OURTS88/3 (data not shown). This demon-
strates that addition of the SV5 and HA tags did not alter the
ability of the CD2v protein to cause HAD. Extracts from
ASFV-infected Vero cells that had been transfected with
SV5CD2vHA and harvested at 18 h postinfection were immu-
noprecipitated with anti-HA or anti-SV5 antibodies, and then
the immunoprecipitated proteins were separated by SDS-
PAGE and Western blots were probed with anti-V5 antibody
or with anti-HA antibody. Probing with the anti-HA antibody
detected bands of 89 and 26 kDa (Fig. 1A, lane 1). The 89-kDa
band is predicted to be a full-length glycosylated CD2v. The
26-kDa band is likely to be a C-terminal cleavage fragment.
Probing with the anti-V5 antibody to detect N-terminally
tagged forms of the CD2v protein identified 89- and 63-kDa
bands (Fig. 1A, lane 7, and 1B, lane 1). A more diffuse band of
about 105 to 110 kDa was detected with both anti-V5 and
anti-HA antibodies. The 63-kDa band detected with anti-V5 is
of the predicted size to represent a form of the protein from
which the C-terminal 26-kDa fragment, detected with anti-HA
antibody, has been cleaved.

Cells were incubated with tunicamycin to inhibit glycosyla-
tion and to determine the effect on production of the N- and
C-terminal fragments detected using antibodies against V5 and



Vor. 85, 2011

HA tags (Fig. 1A, lanes 2 and 8, and 1B, lane 2). Extracts were
separated by SDS-PAGE, blotted onto membranes, and then
probed with anti-V5 or anti-HA antibody. Probing blots with
the anti-HA antibody did not detect the 89-kDa band, but two
additional bands of about 42 kDa were detected. The 26-kDa
C-terminal fragment was detected and migrated with the same
mobility as that in cells that had not been treated with tunica-
mycin (Fig. 1A). In extracts from tunicamycin-treated cells, the
89- and 63-kDa bands were not detected using the anti-V5
antibody, but two additional bands around 42 kDa were de-
tected (Fig. 1A, lane 8). A smaller band migrating at 19 kDa
was detected in blots from gels that had been run for a shorter
time, and this is expected to be the nonglycosylated N-terminal
09-kDa fragment of CD2v (Fig. 1B, lane 2). Samples were
digested with endoglycosidases H and F before separation by
SDS-PAGE and blotting (Fig. 1A, lanes 4, 5, 10, and 11).
Probing blots with anti-HA antibodies detected bands of 47
kDa and 26 kDa and a faint smear at 105 to 110 kDa in samples
digested with endoglycosidase H (Fig. 1A, lane 4) and 50 and
26 kDa in samples digested with endoglycosidase F (Fig. 1A,
lane 5). Probing with anti-V5 detected bands of 47 and 29 kDa
in samples digested with endoglycosidase H and a small
amount of a diffuse band of about 105 to 110 kDa (Fig. 1A,
lane 10) and bands of 50 and 32 kDa in samples digested with
endoglycosidase F (Fig. 1A, lane 11). These data show that
glycosylated products of 89 kDa and a more diffuse band of 105
to 110 kDa are expressed from the full-length CD2v ORF, as
well as two additional products, a 26-kDa nonglycosylated
product containing the C terminus and a 63-kDa glycosylated
product containing the N terminus. These products are most
likely derived from the CD2v protein by proteolytic cleavage.

The cellular compartment in which this processing takes
place was investigated by treatment of cells with brefeldin A to
inhibit transport of proteins beyond the Golgi compartment
(Fig. 1A, lanes 3 and 9). In these experiments, the 26-kDa
fragment was detected in blots probed with the anti-HA anti-
body (Fig. 1A, lane 3) but, as expected, not in those treated
with anti-VS5 antibody (Fig. 1A, lane 9). These results suggest
that the processing of CD2v to produce the 26-kDa fragment
takes place within the ER or Golgi compartment.

Deletion of most of the cytoplasmic tail of the CD2v protein
does not interfere with production of N- and C-terminal frag-
ments of the protein. In order to determine if mutations in-
troduced into the cytoplasmic tail of the CD2v protein inter-
fere with production of the C-terminal products, mutant forms
of the CD2v gene tagged at the 3’ end with the HA tag were
constructed (Fig. 2B). The mutations introduced into the 3’
end of the CD2v gene included deletion of the sequence en-
coding the proline-rich repeats (CD2v-proHA) and deletion of
most of the cytoplasmic tail apart from the sequences encoding
12 amino acids proximal to the transmembrane domain
(CD2v-cytoHA). Plasmids expressing full-length CD2v-HA,
CD2v-proHA, and CD2v-cytoHA were transfected into Vero
cells, which were infected with the ASFV BA71V isolate. Cell
extracts were prepared 18 h postinfection and immunoprecipi-
tated with anti-HA antibodies, and then the immunoprecipi-
tated proteins were separated by SDS-PAGE, and Western
blots were probed with anti-HA antibodies. This detected the
full-length CD2v and fragments containing the C terminus
(Fig. 2C). As expected, fragments of 89 and 26 kDa were
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detected in extracts from cells transfected with the plasmid
expressing wild-type CD2vHA (Fig. 2C, lane 1). In extracts
from cells expressing mutant forms of the protein (Fig. 2C,
lanes 2 and 3), shorter fragments were detected, as expected.
In extracts from cells transfected with the mutant CD2v-
proHA gene, which does not contain sequences encoding the
proline repeats, fragments of 20 kDa and a fragment that
migrates slightly faster than the 89-kDa band were detected
(Fig. 2C, lane 2). In extracts from cells transfected with the
CD2v-cytoHA plasmid, bands of 13 kDa and a band migrating
slightly faster than 89 kDa were detected (Fig. 2C, lane 3). In
parallel, cells were treated with tunicamycin before being har-
vested. In extracts from these cells (Fig. 2C, lanes 5, 6, and 7),
the smaller fragments detected were the same size as those
detected in untreated cells (26, 20, or 13 kDa). In contrast, the
larger fragments were reduced in size to about 42 kDa in cells
transfected with the plasmid CD2vHA expressing the wild-type
CD2v (Fig. 2C, lane 5), 40 kDa in cells transfected with the
CD2v-proHA plasmid (Fig. 2C, lane 6), and 26 kDa in cells
transfected with CD2v-cytoHA (Fig. 2C, lane 7). These larger
fragments were the sizes predicted for the full-length nongly-
cosylated products of the wild-type or mutant genes. These
results show that shorter C-terminal fragments were produced
from each of the mutant proteins, and therefore, the amino
acids deleted do not contain sequences required for any pro-
cessing event. The sizes of these smaller fragments, estimated
from SDS-PAGE, suggest that they include sequences up-
stream of the transmembrane domain. These estimates, based
on the molecular weight of the C-terminal fragments, suggest
that up to 90 amino acids upstream of the transmembrane
domain may be present in the C-terminal fragments.

The data presented above suggest that processing occurs
within the extracellular or luminal domain of the CD2v pro-
tein. To assess the localization of the cleaved products, cells
were transfected with the plasmid expressing SVSCD2vHA
and infected with ASFV. After 18 h, cell extracts were pre-
pared and fractionated into membrane and cytosolic compart-
ments and then separated by SDS-PAGE and probed by West-
ern blotting with anti-HA antibody. This showed (Fig. 3) that
both the 89-kDa and 26-kDa products of SVSCD2vHA were
localized almost entirely in the membrane fraction rather than
the cytosolic fraction (Fig. 3, lanes 2 and 3). The anti-V5
antibody detected the 63-kDa and 89-kDa fragments in total
cell extracts and the membrane fraction (Fig. 3, lanes 1 and 3).
In parallel, blots were probed with antibodies against annexin,
as a control for the cytosolic compartment, and the Golgi
58-kDa protein FTCD as a control for the membrane com-
partment. As expected, annexin was not detected in the mem-
brane compartment, and the Golgi protein was detected
largely in the membrane fraction (Fig. 3, lanes 2 and 3).

Since the N-terminal 63-kDa fragment of the CD2v protein
does not contain the transmembrane domain, it may be se-
creted from cells. However, analysis of supernatants from in-
fected cells expressing the SVSCD2vHA protein by immuno-
precipitation with anti-SV5 antibody, followed by Western
blotting, did not detect a secreted form of the protein (data not
shown). Therefore, we assume that this fragment of the protein
is retained in the membrane fraction of cells through an un-
cleaved signal peptide that remains inserted into the mem-
brane or is associated with the luminal faces of membranes by
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FIG. 2. Western blot showing expression of mutant forms of CD2v. (A) Diagram indicating the locations of domains in the CD2v protein. The
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like domains (IG), transmembrane domain (TM), acidic domain, and proline-rich domain. (B) Sequences (numbered on the right) of mutant forms
of the CD2v protein. Sequence 1 is the sequence of the N-terminal 245 residues encoding the extracellular/luminal and transmembrane domains
of the CD2v protein of the Malawi LIL 20/1 isolate. The sequence of the inserted SV5 tag is underlined. Sequence 1 is included in all of the mutant
proteins. The signal peptide and transmembrane domains are in boldface. Sequences 2 to 4 are the sequences of the cytoplasmic domains of the
full-length CD2v cytoplasmic tail, SVSCD2vHA (sequence 2); the deletion mutant lacking proline-rich repeats, SV5CD2v-proHA (sequence 3);
and the deletion mutant lacking most of the cytoplasmic tail, SV5CD2v-cytoHA (sequence 4). The sequence of the C-terminal HA tag is
underlined. Proline-rich-repeat sequences are in green, and acid-rich sequences are in blue. (C) Vero cells were transfected with plasmids
expressing the full-length or deleted forms of the CD2v protein and infected with the ASFV BA71V isolate for 18 h. Cell lysates were
immunoprecipitated using anti-HA matrix, and the immunoprecipitated proteins were separated by SDS-PAGE and blotted onto membranes. The
blots were probed with anti-HA-HRP, and bound antibodies were detected by ECL. Lanes 1 and 5, extracts from cells expressing CD2vHA; lanes
2 and 6, extracts from cells expressing CD2v-proHA; lanes 3 and 7, extracts from cells expressing CD2v-cytoHA. Lanes 5, 6, and 7 show extracts
from cells treated with tunicamycin (1 wg ml~') overnight. Lane 4 shows extracts from mock-transfected Vero cells. The positions of molecular
weight markers run in parallel are shown.

association with membrane proteins, or possibly both of these
options.

Localization of CD2v in infected cells. To determine if sig-
nals in the cytoplasmic tail are involved in the localization of

the CD2v protein, plasmids expressing the mutant protein
CD2v-cytoHA and the full-length protein CD2vHA were
transfected into Vero cells, which were then infected with the
ASFV BA71V isolate. Cells were fixed and permeabilized and
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FIG. 3. Western blot showing the localization of CD2v protein frag-
ments in membrane or cytosolic cell fractions in ASFV-infected cells.
Vero cells were transfected with plasmids expressing SVSCD2vHA and
infected with the ASFV BA71V isolate. At 18 h postinfection, the cells
were lysed and separated into cytosolic or membrane fractions. Lanes 1,
2, and 3, extracts from cells expressing the SVSCD2vHA protein; lanes 4,
5, and 6, extracts from mock-transfected cells. Lanes 1 and 4 show total
cell extracts prepared by lysis in RIPA buffer, and lanes 2 to 6 show
extracts fractionated into the cytosolic (lanes 2 and 5) and membrane
(lanes 3 and 6) fractions. Extracts were separated by SDS-PAGE and
blotted onto membranes. The blots were probed as indicated on the left
with anti-V5-HRP, anti-HA-HRP, anti-annexin followed by anti-mouse-
HRP, and anti-Golgi 58K protein followed by anti-mouse-HRP. Bound
antibodies were detected by ECL.

then stained with anti-HA antibody, which detects the C-ter-
minal HA tag, and with an antibody against the major capsid
protein of ASFV, anti-VP72. Most of the full-length CD2vHA
protein (Fig. 4A, row 1, shown in red) was localized around the
cytoplasmic virus factories identified by staining with anti-
VP72 (shown in green), as described previously (17). CD2v-
cytoHA had a more dispersed cytoplasmic pattern (Fig. 4A,
row 2). These results suggest that sequences in the cytoplasmic
tail of the CD2v protein are required for the predominant
localization of the CD2v forms detected using anti-HA anti-
bodies around virus factories.

The localization of full-length CD2v protein and fragments
containing the N-terminal SV5 tag was compared with that of
the fragments containing the C-terminal HA tag by transfect-
ing the wild-type SVSCD2vHA plasmid or a plasmid express-
ing mutant SV5CD2v-cytoHA into cells that were then in-
fected with ASFV. The cells were fixed 18 h postinfection,
permeabilized, and then stained to detect either the SV5 tag
(Fig. 4B and C, shown in green) or the HA tag (shown in red).
As expected, anti-HA antibody stained cells transfected with
the full SVSCD2vHA (Fig. 4B, shown in red) mainly around
the cytoplasmic virus factories. Staining with the anti-VS5 anti-
body showed some differences in localization in different cells
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(Fig. 4B). In some cells, staining was largely colocalized with
the anti-HA staining around factories (Fig. 4B, row 3), whereas
in other cells, more staining was detected around the nucleus
and in a more dispersed pattern throughout the cytoplasm
(Fig. 4B, rows 1 and 2). In these cells, various amounts of
colocalization were detected with the staining observed using
the anti-HA antibody.

The full-length SVS5CD2vHA protein must be localized in
areas where staining is detected with both the SV5 and HA
antibodies, whereas areas detected only by staining with either
anti-V5 or anti-HA antibody must contain either the N- or
C-terminal fragment of SVSCD2vHA protein. The data are
consistent with predominant localization of the full-length
SV5CD2vHA protein and the C-terminal 26-kDa fragment in
areas around the virus factories and localization of at least
some of the N-terminal fragment in a more dispersed pattern
in the cytoplasm and around the nucleus.

In Vero cells transfected with the plasmid expressing
SV5CD2v-cytoHA mutant protein and then infected with
ASFV strain BA71V, staining detected with both the anti-HA
and anti-V5 antibodies was predominantly in a more dispersed
pattern than in cells expressing the full-length SVSCD2vHA
protein (Fig. 4C, rows 1 and 2). However, in some cells (Fig.
4C, row 3), a distribution of the anti-HA staining around virus
factories similar to that in cells expressing the full-length
SV5CD2vHA protein was observed. Varying proportions of
the anti-SV5 and anti-HA staining were colocalized in cells.

To determine in which membrane compartments
SV5CD2vHA or SV5CD2v-cytoHA might be present, cells
were transfected and then infected and fixed at 18 h postin-
fection. Staining of permeabilized cells expressing the
SV5CD2vHA and the SV5CD2v-cytoHA proteins with anti-V5
antibody showed partial colocalization with the staining
observed using an antibody against a marker for the ER
compartment (Fig. SA and B). In contrast, most of the
SV5CD2vHA protein detected with the anti-HA antibody was
colocalized in areas around the virus factories with a marker
for the Golgi compartment (Fig. 5C). However, most staining
of the SV5CD2v-cytoHA protein with anti-HA antibody did
not colocalize with the antibody against the Golgi compart-
ment (Fig. 5D). These data suggest that the sequences deleted
from the cytoplasmic tail of the SVSCD2v-cytoHA protein are
required for the predominant localization, detected using the
anti-HA antibody, of the SVSCD2vHA protein in areas around
the virus factories, which costain with an antibody against a
Golgi-localized protein.

Expression of CD2v at the cell surface. Since the CD2v
protein is required for the HAD of red blood cells around
ASFV-infected cells, at least some of the SVSCD2vHA and
SV5CD2v-cytoHA proteins must be expressed at the cell
surface. To detect the cell surface expression of CD2v pro-
tein, Vero cells were transfected with plasmids expressing
SV5CD2vHA or SV5CD2v-cytoHA and infected with the
ASFV BA71V isolate. At 18 h postinfection, cells were fixed
with paraformaldehyde and SV5CD2vHA or SV5CD2v-
cytoHA proteins were detected by staining them with anti-
SV5 antibodies, either on nonpermeabilized cells to detect
cell surface protein or on permeabilized cells to also detect
internal SVSCD2vHA protein. In a typical experiment on
individual coverslips, more than 1,400 cells that expressed
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SV5CD2vHA and SV5CD2v-cytoHA were detected by
staining of fixed and permeabilized cells. In contrast, stain-
ing of the same number of nonpermeabilized cells with
anti-SV5 antibody detected only about 60 cells expressing
either SVS5CD25HA or SV5CD2v-cytoHA. These results in-
dicate that most of the SVSCD2vHA and SV5CD2v-cytoHA
proteins are present in the cytoplasm of cells rather than on
the cell surface. The predominantly cytoplasmic localization
of these proteins may result from their retention in the
secretory system during transport to the cell surface so that
they do not reach the cell surface, from recycling from the
cell surface, or a combination of these two possibilities.

To determine if the CD2v protein is internalized from the
cell surface, we transfected cells with the plasmids expressing
SV5CD2vHA or SV5CD2v-cytoHA and infected them with
the ASFV BA71V isolate. After 17 h, the cells were incubated
with anti-V5 antibody for 60 min, and then they were either
fixed immediately or washed to remove antibody, and incuba-
tion continued at 37°C for a further 10 min before they were
fixed. Anti-V5 antibodies were detected in permeabilized or
nonpermeabilized cells by staining them with Alexa Fluor 488-
conjugated secondary antibody. On individual coverslips incu-
bated with anti-V5 antibody for 60 min and then fixed, surface
staining was detected on a number of cells transfected with the
plasmid expressing full-length SVSCD2vHA similar to that on
cells transfected with SV5CD2v-cytoHA (data not shown). In
contrast, when cells were washed to remove antibody and in-
cubation was continued for a further 10 min before they
were fixed, no surface staining was detected in those cells
transfected with SVSCD2vHA (data not shown), whereas
some cells expressing SV5CD2v-cytoHA showed surface
staining (Fig. 6C). In parallel, internalized anti-SV5 anti-
bodies were detected by using Alexa Fluor-conjugated sec-
ondary antibodies on permeabilized cells, and similar
numbers of positive cells were detected in cells transfected
with the full-length SVSCD2vHA and SV5CD2v-cytoHA
(Fig. 6A and B). These results suggest that cell surface-
expressed SVSCD2vHA and SV5CD2v-cytoHA are inter-
nalized but that this process is more rapid for the full-length
SV5CD2vHA protein.

Permeabilized cells containing the internalized anti-V5 anti-
body were also costained with the anti-HA antibody. A propor-
tion of the internalized SV5CD2vHA colocalized with the

FIG. 4. Localization of CD2V in ASFV-infected cells. Vero cells
were grown on coverslips and transfected with plasmids expressing
full-length CD2v or deletion mutants and then infected with the ASFV
BA71V isolate. The cells were fixed with paraformaldehyde at 18 h
postinfection, permeabilized, and then stained with primary and sec-
ondary antibodies as indicated at the bottom and visualized by confo-
cal microscopy. (A) Images of cells probed with anti-VP72 (green) and
anti-HA (red), followed by appropriate Alexa Fluor-stained secondary
antibodies. Row 1 shows cells expressing CD2vHA, and row 2 shows
cells expressing CD2v-cytoHA. (B) Rows 1, 2, and 3 show different
cells expressing SVSCD2vHA. (C) Rows 1, 2, and 3 show different cells
expressing SV5CD2v-cytoHA. The SV5CD2vHA and SV5CD2v-cy-
toHA proteins were detected using anti-V5 tag (green) and anti-HA
tag (red) antibodies, followed by the appropriate Alexa Fluor-conju-
gated secondary antibodies, and visualized by confocal microscopy.
Merged images with DNA stained with DAPI are on the right.
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FIG. 5. Colocalization of SVSCD2vHA and SV5CD2v-cytoHA proteins within cellular compartments. Vero cells were grown on coverslips,
transfected with plasmids expressing SVSCD2vHA or SV5CD2v-cytoHA, and infected with the BA71V ASFV isolate. The cells were fixed with
paraformaldehyde at 18 h postinfection, permeabilized, stained with primary and secondary antibodies as indicated, and visualized by confocal
microscopy. (A and C) Cells expressing SVSCD2vHA. (B and D) Cells expressing SV5CD2v-cytoHA. Panels A and B show staining with anti-V5
(green) and an anti-ERp60 marker (red). Panels C and D show staining with the anti-Golgi marker GM130 (green) and anti-HA (red), followed
by appropriate Alexa Fluor-stained secondary antibodies. Merged images with DNA stained with DAPI are on the right.

anti-HA staining around the virus factories, indicating that at least
a portion of the protein in this location is SVSCD2vHA that has
been recycled from the cell surface (Fig. 6A and B). Control
experiments detected no staining with secondary antibody alone
and no staining of nontransfected cells with anti-SV5 antibodies.

CD2v expressed in uninfected cells is not processed. To
determine which forms of CD2v were expressed in uninfected
cells, the SVSCD2vHA full-length gene was cloned under the
control of a eukaryotic promoter in the Triex vector and trans-
fected into uninfected Vero cells. After 24 h, cell extracts were
prepared, separated by SDS-PAGE, and blotted. Probing with
the anti-V5 antibodies detected a single band of 89 kDa in
uninfected cells (Fig. 7A, lane 2), whereas in infected cells, the

lower band of 63 kDa was also detected (Fig. 7A, lane 1). The
anti-HA antibodies detected bands of 89 kDa in both unin-
fected cells and infected cells, and as expected, a band of 26
kDa was also detected in extracts from infected cells but not in
uninfected cells (Fig. 7A, lanes 4 and 5). The data suggest that
infection with ASFV is necessary for production of the N- and
C-terminal fragments of CD2v. Uninfected cells transfected
with a plasmid expressing SVSCD2VHA were also fixed, per-
meabilized, and stained with anti-V5 or anti-HA antibody. This
showed that almost all of the staining with anti-HA and
anti-V5 antibodies colocalized (Fig. 7B). This was expected,
since fragments containing the N- and C termini were not
produced. The staining was mainly cytoplasmic and in a peri-



3302 GOATLEY AND DIXON

SV5CD2vHA

SV5CD2v-cytoHA

SV5CD2v-cytoHA

J. VIROL.

FIG. 6. Localization of cell surface and internalized SVSCD2vHA and SV5CD2v-cytoHA in ASFV-infected cells. Vero cells were grown on
coverslips, transfected with plasmids expressing SVSCD2vHA or SV5CD2v-cytoHA, and then infected with the ASFV isolate BA71V. At 17 h
postinfection, anti-V5 antibody was added to the medium (10-p.g ml~" final concentration), and incubation was continued for 1 h at 37°C. The cells
were washed, fresh medium was added, and incubation continued at 37°C for 10 min before the cells were fixed with paraformaldehyde. (A and
B) Cells transfected with SVSCD2vHA and SV5CD2v-cytoHA, respectively, that were permeabilized before being stained with Alexa Fluor-
conjugated secondary antibody. These cells were also stained with anti-HA (red). (C) Cells transfected with SVSCD2v-cytoHA that were not
permeabilized before being stained to detect the anti-V5 antibody. Merged images with DNA stained with DAPI are on the right.

nuclear localization, although some more dispersed staining
through the cytoplasm was also detected.

DISCUSSION

The results presented show that the ASFV CD2v protein is
expressed in different forms in ASFV-infected cells. In addi-
tion to the full-length glycosylated form, which was detected
predominantly as a band of 89 kDa, two processed forms of the
protein were detected. These were a 26-kDa nonglycosylated
product detected with an antibody directed against an HA tag
fused to the C terminus of the protein and a 63-kDa glyco-
sylated product detected with an antibody directed against an
SV5 tag fused at the N terminus. These products are most
likely to be derived by proteolytic cleavage. Alternative expla-
nations, such as initiation from internal ATG codons, are less
likely, since only two internal ATGs are present in the open
reading frame and both are present within the transmembrane
domain. Translation from these ATG codons is not predicted
to produce a peptide of the observed 26-kDa size. These N-
terminal and C-terminal fragments were present in approxi-

mately equimolar quantities in comparison to the unprocessed
SV5CD2v HA protein, suggesting they are stable and likely to
have a function.

The processing site(s) has not been defined precisely. How-
ever, the sizes of the C-terminal products expressed from the
full-length SV5CD2vHA gene, a mutant gene lacking the pro-
line-rich repeats, and the mutant expressing all of the cyto-
plamsic tail apart from 12 amino acids adjacent to the trans-
membrane domain suggest that the processing site is within the
extracellular or luminal domain and possibly within the hinge
region between the IgSF domains or within the membrane-
proximal IgSF domain. The N-terminal Ig-V domain would be
contained in the N-terminal 63-kDa glycosylated fragment.
The ligand for the virus CD2v protein is not known, but the
extracellular domain shares some of the conserved residues
with host CD2, which has been shown to be important for
ligand interaction. The ligands for host CD2 are CD58 and
CD59 in humans and CD48 in rodents (2, 16). Most of the
critical residues in host CD2 involved in ligand interaction are
within the N-terminal Ig-V domain (3, 22, 24, 29). Expression
of the extracellular domain of human CD2 revealed that a
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FIG. 7. Expression and localization of full-length CD2v in uninfected cells. (A) Vero cells were transfected with plasmid TriexSV5SCD2vHA,
and at 24 h posttransfection, lysates were prepared, or cells were transfected with plasmid SVSCD2vHA and infected with the ASFV BA71V
isolate, and then lysates were prepared at 18 h postinfection. The lysates were immunoprecipitated using anti-HA matrix or anti-V5 agarose. The
immunoprecipitates were separated by SDS-PAGE, transferred to membranes, and blotted using anti-HA antibody conjugated to HRP (lanes 1,
2, and 3) or anti-V5 antibody conjugated to HRP (lanes 4, 5, and 6). Lanes 1 and 4, lysates from infected cells expressing SVSCD2vHA; lanes 2
and 5, lysates from uninfected cells transfected with plasmid TriexSV5CD2vHA; lanes 3 and 6, lysates from mock-transfected cells. The positions
of molecular weight markers run in parallel are indicated. (B) Cells were grown on coverslips, transfected with plasmid TriexSV5CD2vHA, and
then fixed with paraformaldehyde at 24 h posttransfection. The cells were permeabilized and stained with anti-V5 antibody (green) and anti-HA
antibody (red), followed by appropriate Alexa Fluor-conjugated secondary antibodies, and then visualized by confocal microscopy. A merged

image with DNA stained with DAPI is on the right.

relatively stable 15-kDa N-terminal fragment was generated by
protease digestion with papain. This single Ig-V domain-con-
taining fragment bound to LFA-3 on B cells with a dissociation
constant similar to those of the two Ig domain-containing ex-
tracellular domains. The 15-kDa fragment retained the ability
to inhibit sheep erythrocyte rosette formation with human T
cells (24). Thus, the 63-kDa N-terminal fragment of CD2v may
retain the ability to bind to its ligand and to red blood cells.
Evidence in support of this was provided by our preliminary
experiments, which showed that expression of the first 114
amino acids of the CD2v protein in cells infected with an
ASFV isolate lacking CD2v induced hemadsorbtion of red
blood cells around the infected cells. The first 114 amino acids
include the signal peptide and the N-terminal IgSF domain
(L. C. Goatley and L. K. Dixon unpublished data). The C-ter-
minal 26-kDa fragment is predicted to contain all or part of the
membrane-proximal Ig-C domain, and it may also bind to a
cellular or virus ligand. Incubation of cells with brefeldin A to
inhibit anterograde protein transport from the endoplasmic

reticulum to the Golgi apparatus did not inhibit production of
the C-terminal product, suggesting that the processing occurs
at an early stage in the secretory pathway. Since the N-terminal
63-kDa fragment does not contain the transmembrane region,
it may be secreted from infected cells; however, since we did
not detect it in cell supernatants, this suggests that is not
secreted. The 63-kDa fragment was associated with the mem-
brane fraction, showing that it is retained on the luminal side
of internal membranes by another mechanism. Possibly, this
may involve retention by an uncleaved N-terminal signal pep-
tide, or it may occur by association with other membrane
components. An attractive hypothesis is that association of
CD2v fragments with cellular membrane proteins may modify
their functions and contribute to the immunomodulatory func-
tions of CD2v. Previous reports identified an immunomodula-
tory protein, p36, with a molecular mass of 36 kDa secreted
from ASFV-infected macrophages (25, 32). This is very differ-
ent in size from any of the CD2v fragments we have detected
and indicates that p36 is not derived from CD2v.
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Using an antibody directed against a C-terminal HA tag on
the CD2v protein, the SVSCD2vHA protein was detected
mainly in areas surrounding the virus factories, and these were
also stained with an antibody against a Golgi marker protein.
The anti-HA antibody detects both the full-length CD2v pro-
tein and the C-terminal 26-kDa protein. In contrast, using the
antibody directed at the SV5 tag downstream of the signal
peptide at the N terminus of the CD2v protein, a more dis-
persed staining was detected throughout the cytoplasm in some
of the cells. Some of the CD2v protein detected with the
anti-V5 antibody colocalized with that detected using the anti-HA
antibody, some colocalized with an antibody against an endo-
plasmic reticulum marker, and some did not colocalize with
either of these. Areas where staining of SVSCD2vHA with
both anti-V5 and anti-HA colocalized contain the full-length
protein and possibly some of the N- or C-terminal fragments,
whereas areas stained only with anti-SV5 or anti-HA contain the
N-terminal or C-terminal fragment, respectively. The data sug-
gest that the 26-kDa C-terminal fragment and the full-length
protein are mainly concentrated in membrane areas around
the virus factories. These areas were also stained with an anti-
Golgi marker. In contrast, the N-terminal 69-kDa fragment
was detected in a more dispersed cytoplasmic pattern.

Deletion of the sequences encoding all except the mem-
brane-proximal 12 amino acids from the cytoplasmic tail of
CD2v resulted in a different distribution of the SV5CD2v-
cytoHA protein. When detected using the antibody directed
against the C-terminal HA tag, the distribution was more dis-
persed throughout the cytoplasm and colocalization of staining
with that detected by the anti-Golgi marker protein was very
much reduced. This suggests that signals within the cytoplas-
mic tail are involved in targeting of the SVSCD2vHA protein
and the C-terminal 26-kDa fragment to a predominant local-
ization around the perinuclear virus factories in membranes
containing a Golgi marker protein. The signals in the CD2v
cytoplasmic domain involved in targeting of the protein have
not been defined. Potential sorting motifs present in the cyto-
plasmic domain include dileucine motifs and an acid-rich do-
main that resemble PACS-1 binding domains. PACS-1 is in-
volved in recycling between the cell surface and the Golgi
compartment.

We have previously shown that the proline-rich repeats in
the cytoplasmic domain are required for binding of the CD2v
protein to the SH3P7/mabp1 protein. In infected cells, SH3P7/
mabpl is localized in areas surrounding virus factories and in
areas peripheral to the plasma membrane. SH3P7/mabpl is an
actin binding adaptor protein that contains an actin depoly-
merization domain and has been implicated in transport of
proteins through the Golgi apparatus, in clathrin-mediated
endocytosis, in formation of membrane ruffles, and in modu-
lating signaling pathways (7, 12, 14, 15, 18, 19, 21). The binding
of SH3P7 to the CD2v cytoplasmic tail has no apparent effect
on localization of CD2v, but possibly, the interaction may mod-
ulate or target the function of SH3P7. The 26-kDa C-terminal
fragment of the CD2v protein also contains this region of
proline-rich repeats and would therefore also be predicted to
bind to SH3P7.

The amounts of full-length CD2v and N-terminal 69-kDa
and C-terminal 26-kDa fragments we detected were approxi-
mately equimolar, suggesting these fragments, as well as the
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full-length protein, are likely to have a function in infected
cells. Our hypothesis is that they contribute to the immuno-
modulatory functions of CD2v by binding to cellular mem-
brane proteins on the luminal surfaces of internal membranes,
thus modifying their trafficking within cells and/or binding to
ligands.
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