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The recently reported nucleotide sequence of coxsackievirus A9 (CAV-9) showed that unlike other
enteroviruses, CAV-9 has an insertion of about 17 amino acids at the C-terminal end of VP1 (K. H. Chang, P.
Auvinen, T. Hyypia, and G. Stanway, J. Gen. Virol. 70:3269-3280, 1989). This sequence includes the RGD
(arginine-glycine-aspartic acid) motif which is known to be important in certain protein-protein interactions.
We studied the inhibitory effect of RGD-containing peptides in the attachment of CAV-9 to African green

monkey kidney cells. A peptide corresponding to the RRGDM sequence derived from the inserted segment of
CAV-9 was found to block virus attachment effectively, and the inhibition was dose dependent. Substitution of
glutamic acid for the homologous aspartic acid completely abolished the inhibitory effect, indicating great
specificity of the action. During replication in the gut, all enteroviruses are exposed to host proteolytic enzymes.
Exposure of CAV-9 to purified trypsin or human intestinal fluid resulted in selective cleavage of the VP1 capsid
protein. Intact and trypsin-cleaved VP1 proteins gave identical N-terminal sequences, indicating that cleavage
of VP1 takes place near the C terminus. Attachment of proteolytically cleaved infectious CAV-9 to green

monkey kidney cells was not prevented by RGD-containing peptides, indicating that cleaved CAV-9 is able to
bypass RGD-dependent entry. The altered receptor specificity of proteolytically cleaved viruses may have
important consequences in the pathogenesis of enteric infections.

Attachment of a virus to its cellular receptor is a prereq-

uisite for viral replication, and different viruses can use

different cell surface structures as their receptors. Receptor
molecules of some viruses, including members of the Picor-
naviridae family (coxsackie B viruses (CBV); rhinoviruses,
and polioviruses) have already been identified (6, 15, 17, 27).
The receptors of rhino- and polioviruses are known to belong
to the immunoglobulin superfamily of glycoproteins (6, 17,
27). However, some viruses (Semliki Forest virus and ade-
novirus type 2) are known to be able to utilize several cell
surface proteins as receptors (7, 19, 28). A mutant of
coxsackievirus B3 (CBV-3), an enterovirus, has been de-
scribed (20) that, unlike the parental strain, is able to bind to
and replicate in human rhabdomyosarcoma cells, reflecting
the flexibility of virus-host cell interactions.
The complete genomic RNA sequence of coxsackievirus

A9 (CAV-9), another enterovirus, was recently determined
and found to have a high degree of homology with CBV (2)
but much less with CAV-21, which is, in turn, more closely
related to polioviruses (8). The most striking feature of
CAV-9 in comparison with other enteroviruses was, how-
ever, an insertion of about 17 amino acids at the C-terminal
end of VP1 (2). This segment includes the RGD (argine-
glycine-aspartic acid) tripeptide, which is also present in
wild-type CAV-9 strains isolated over a 25-year period (3).
The RGD motif is important in many proteins of the extra-
cellular matrix and blood that promote cell adhesion (25).
Recently it was shown that another picornavirus, foot-and-
mouth disease virus, has an RGD sequence in its VP1
protein and the sequence is involved in binding of the virus
to target cells (4).

* Corresponding author.

We and others have shown that host proteolytic enzymes
specifically cleave the VP1 proteins of certain strains of
polioviruses (5, 11, 18, 21a-23). After cleavage, the poliovi-
ruses remain fully infectious but molecular and antigenic
modifications can be seen at the virion surface (5, 11, 18,
21a-23). Proteolytic modification of viruses by host enzymes
is most likely not restricted to polioviruses, because other
enteroviruses are also similarly exposed to these enzymes
during their replication in the alimentary tract.
Here we describe experiments designed to test the hypoth-

esis that the RGD sequence has a role in virus-host cell
interaction. RGD-containing synthetic peptides were found
to interfere with attachment of the virus to host cells.
However, infection of cells by CAV-9 modified by proteo-
lytic cleavage could not be prevented by the peptides.

MATERIALS AND METHODS

Cell cultures. GMK cells, a continuous cell line of African
green monkey kidney origin, were used for virus propaga-
tion. Eagle's minimal essential medium supplemented with
10% (cell growth) or 1% (virus propagation) fetal calf serum
was used. Virus propagation medium also contained 20 mM
HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic
acid; pH 7.4) and 20 mM MgCl2.

Viruses. CAV-9, strain Griggs, obtained from the Ameri-
can Type Culture Collection (Rockville, Md.), was plaque
purified and propagated in GMK cells in disposable plastic
bottles. For preparation of radioactively labeled CAV-9, the
virus was metabolically labeled with [35S]methionine. When
the virus-induced cytopathic effect was complete, both the
culture medium and the cells were harvested and the cells
were disrupted with 0.5% Nonidet P-40 in phosphate-buff-
ered saline. The cell extract was cleared by centrifugation
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for 10 min at 1,000 x g and mixed with the culture medium.
Sodium dodecyl sulfate was added to a 0.5% concentration,
and the virus was pelleted through a 20% (wt/wt) sucrose
cushion (Beckman SW 28 rotor, 27,000 rpm, 4 h, 15°C). The
virus pellet was thoroughly suspended in TNE buffer (20mM
Tris-HCl buffer (pH 7.4), 0.15 mM NaCl, 1 mM EDTA) and
further purified by velocity sedimentation on a 15 to 30%
(wt/wt) sucrose gradient (SW 40 rotor, 38,000 rpm, 1.75 h,
5°C). Fractions (0.7 ml) were collected from the gradient,
and the radioactivity in 5-,ul aliquots was determined. Virus
was collected by pelleting from the peak fractions and stored
at -70°C. Infectivity was measured by the plaque assay.
Enzyme treatment. Samples of virus preparations were

treated with purified trypsin (1 ,ug/,ug of virion protein) or
human intestinal fluid (4 ,l/,ug of virion protein) for 1 h at
37°C (21a-23). Enzyme reactions were stopped by adding
fetal calf serum to a 5% concentration.

Analysis of protein composition. Proteins of purified virus
preparations were separated by electrophoresis on 10 to 20%
polyacrylamide gradient gels or on 17% minigels under
reducing conditions (14), electrically transferred to nitrocel-
lulose sheets (Schleicher & Schuell), and analyzed by auto-
radiography or for immunoreactivity with rabbit antiserum
to CAV-9.

Plaque assay. Confluent GMK cell monolayers were grown
in six-well plates (diameter, 3 cm) to a density of approxi-
mately 0.8 x 106 cells per well. The cells were washed once
with Hanks balanced salt solution supplemented with 20 mM
HEPES, pH 7.4 (h-Hanks). The peptides were administered
to the dry cell monolayers in 50 ,ul of h-Hanks and incubated
at room temperature (RT) for 45 min. The peptide solution
was then removed and replaced by 100 PFU of purified virus
diluted in 70 j,l of h-Hanks supplemented with 0.6% fetal calf
serum and the corresponding peptide. After 15 min of
incubation at RT, the unadsorbed inoculum virus was thor-
oughly removed and 2 ml of plaquing overlay (0.5% car-
boxymethyl cellulose in the culture medium) was added. The
amount of adsorbed infectious virus was scored by counting
the plaques after 46 h of incubation at 36°C.

Attachment assay for radioactively labeled virus. Microwell
cultures of GMK cells were washed once with h-Hanks
before addition of 5 RI of the peptides. After 45 min of
incubation at RT, the supernatant was removed and new
aliquots of peptides were added, together with purified
radioactively labeled virus (107 PFU, about 9,000 cpm)
diluted in h-Hanks containing with 0.6% fetal calf serum.
The virus was allowed to attach for 45 min at RT. The
unadsorbed inoculate virus was removed, the cells were
washed twice with h-Hanks before solubilization in 0.3 N
NaOH, and the cell-associated radioactivity was assessed by
liquid scintillation.

N-terminal sequence analysis. The structural proteins from
trypsin-treated and untreated virus were separated by so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis
(12.5% gel) as described by Laemmli (14). The gel was aged
for 3 days at +4°C prior to electrophoresis (27). Separated
proteins were electrophoretically transferred onto a polyvi-
nylidene difluoride membrane and visualized by staining
with Coomassie brilliant blue (27). The bands corresponding
to the VP1 protein were cut out and applied to the reaction
cartridge of a gas-pulsed-liquid sequencer equipped with an
on-line phenylthiohydantoin amino acid analyzer (12). Ed-
man degradation was performed with the 01CPVD program
(27).

Chemicals. [35S]methionine (SJ 1015) was from Amersham
(Little Chalfont, United Kingdom). Trypsin was a tosylsul-
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FIG. 1. Kinetics of CAV-9 adsorption to GMK cells under

plaquing conditions. GMK cell monolayers were infected with
CAV-9 (100 PFU). After different adsorption periods at RT, the
unadsorbed inoculum virus was removed and the plaquing overlay
was added. The amount of adsorbed infectious virus was scored by
counting the plaques after 46 h of incubation at 36°C. The results
shown are means of six parallel wells. The 100o value stands for a

result obtained after 1 h of adsorption at 36°C.

fonyl phenylalanyl chloromethyl ketone-treated preparation
(catalog no. T 8642) from Sigma Chemical Co. Human
intestinal fluid was kindly provided by E. Savilahti, Chil-
dren's Hospital, University of Helsinki. The oligopeptide
VESSK (catalog no. V 6128) was from Sigma. Oligopeptides
RRGDM, LRGDM, and RGD were synthesized by J. Her-
monen at the Department of Medical Biochemistry, Univer-
sity of Turku. Before use, the authenticity of the latter
peptides was checked by amino acid sequencing (see above).

RESULTS

Kinetics of adsorption. First we defined the optimal condi-
tions for adsorption of CAV-9 to GMK cells. RT was used
rather than 0 or 4°C to improve the rate of attachment (1)
while still not allowing virus entry (16). We also used
plaquing conditions, i.e., relatively low concentration of
virus competing for the binding sites with the peptides.
A standard amount of purified CAV-9 virus (100 PFU) was

allowed to attach to the GMK cell monolayers for various
periods at RT, and the amount of infectious virus adsorbed
was determined by counting plaques after 2 days. Adsorp-
tion of CAV-9 to the cells was relatively rapid under the
conditions used, and 10 min of incubation at RT was
sufficient for maximum infectivity, i.e., that found after 60
min of adsorption at 36°C (Fig. 1). Therefore, in subsequent
experiments the adsorption time for CAV-9 was 15 min.

Effect of RGD-containing oligopeptides on CAV-9 attach-
ment to GMK cells. Three different oligopeptides containing
the RGD sequence were tested for efficacy in preventing
CAV-9 attachment and subsequent infection. In these exper-
iments, GMK cell monolayers preincubated with the pep-
tides for 45 min at RT were infected with purified CAV-9 in
the presence of the peptides.
An oligopeptide with the sequence RRGDM, based on
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FIG. 2. Dose-dependent inhibitory effect of RRGDM on attach-
ment ofCAV-9 to GMK cells. GMK cell monolayers were incubated
with h-Hanks or the RRGDM peptide for 45 min at RT. After
removal of the peptide solution, the cells were infected with purified
CAV-9 in the absence (*) or presence of the RRGDM peptide (0).
The virus was allowed to attach to the cells for 15 min at RT, and the
unadsorbed inoculum virus was removed. The amount of adsorbed
infectious virus was scored by counting plaques after 46 h of
incubation at 36°C. Each incubation was done in four to six parallel
cell cultures, and the results from them are shown by individual
symbols.

part of the 17-amino-acid VP1 insertion of CAV-9, was most
effective in blocking CAV-9 attachment. The inhibitory
effect was evident at a 0.1 mM concentration, and inhibition
was dose dependent. A 10 mM concentration of this peptide
inhibited attachment of CAV-9 to GMK cells by about 85%
(Fig. 2). Two other RGD-containing oligopeptides, LRGDM
and RGD, were also capable of preventing CAV-9 attach-
ment. In both cases, however, no inhibition was observed at
the 0.1 mM concentration, indicating less effective blocking
than that observed with RRGDM. The concentrations of
LRGDM (Fig. 3) and RGD (data not shown) needed to
prevent CAV-9 attachment maximally were 5 to 10 times
higher than those of RRGDM.
Two control peptides were used in these experiments. In

one of them, RRGEM, the aspartic acid of RRGDM was

replaced by glutamic acid while the other was the commer-

cially available unrelated pentapeptide VESSK. Both con-

trol peptides behaved similarly and showed no inhibitory
effect on CAV-9 attachment. The results obtained with
RRGEM are shown in Fig. 3.
Two other enteroviruses, poliovirus type 3 and CBV-3,

which do not have the corresponding RGD sequence, were

also tested for attachment to GMK cells in the presence of
oligopeptides RRGDM and RRGEM, but no inhibitory effect
was seen (Fig. 4).
The blocking effect of RGD-containing oligopeptides was

also demonstrated in experiments in which cell attachment
of radioactively labeled CAV-9 was studied. In these exper-
iments, a much greater amount of infectious virus (107 PFU)
was used than in the plaque assays (102 PFU). After adsorp-
tion for 45 min at RT, the cells were washed twice and the
cell-associated radioactivity was assessed. The RRGDM
oligopeptide, which was most effective under plaquing con-
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FIG. 3. Specificity of inhibition of CAV-9 attachment by RGD-
containing peptides. A standard amount of purified CAV-9 was

allowed to attach to GMK cells preincubated with h-Hanks (*) or

different oligopeptides (0, RRGDM; 0, LRGDM; A, RRGEM). For
details, see the legend to Fig. 2.

ditions, interfered with the virus binding in this test system
as well but reached a maximum of only 50% inhibition at a 10
mM concentration (Table 1).

Cleavage of VP1 of CAV-9 by host proteolytic enzymes.
Previously, it has been shown that host proteolytic enzymes
can significantly modify molecular and antigenic structures
of certain strains of poliovirus (5, 11, 18, 21a-23). To study
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FIG. 4. GMK cell monolayers preincubated with h-Hanks (*),

RRGDM (0), or RRGEM (0) were infected with 100 PFU of

poliovirus type 3 (A) or 40 PFU of CBV-3 (B) in the presence of
corresponding peptides. For details, see the legend to Fig. 2.
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TABLE 1. Blocking effect of RRGDM on attachment of purified
[35S]methionine-labeled CAV-9 to GMK cellsa

Cell-bound radioactivity
RRGDM

concn (mM) Mean cpm % Inhibition
(range)

0 483 (467-500) 0
0.1 347 (282-383) 28
1 306 (276-324) 37
5 284 (273-295) 41
10 250 (198-289) 48

a GMK cell monolayers in microwell cultures were incubated with the
indicated concentrations of the RRGDM oligopeptide for 45 min at RT, and
9,000 cpm in 10 ,ul of metabolically labeled CAV-9 per well was allowed to
attach to the cells for 45 min at RT. Cell-bound virus was determined as
described in Materials and Methods.

the cleavability of CAV-9, metabolically labeled, purified
CAV-9 was incubated with purified trypsin or human intes-
tinal fluid. After incubation, the protein composition was
analyzed in polyacrylamide gel electrophoresis. The results
obtained with trypsin- and human intestinal fluid-treated
viruses were identical. In both cases, the VP1 protein band
disappeared and a new band appeared (Fig. 5). This band
migrated only slightly faster than the original one, suggesting
that a small fragment (about 2 kDa) had been cleaved from
VP1. The cleavage was also seen in immunoblots. Subopti-
mal enzyme concentrations led to incomplete cleavage of
VP1, indicating that the cleavage was concentration depen-
dent (Fig. 6).

Proteins of intact and trypsin-cleaved CAV-9 were sepa-
rated in sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis and electroblotted onto a polyvinylidene difluoride
membrane, and the bands representing intact and cleaved
VP1, respectively, were cut out for amino acid sequencing.
The result, Gly-Asp-Val-Glu-Glu-Ala-Ile-Glu, was the same
for both of the VP1 proteins, suggesting that the observed

1 2 3 4 5 6 7 8
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FIG. 6. Dose dependence of the cleavage of CAV-9 by purified
trypsin. A 0.01-,ug sample of [35S]methionine-labeled CAV-9 was
incubated with various concentrations of trypsin in 10 ,ul of buffer
for 60 min at 36°C. The proteins were separated by 17% polyacryl-
amide gel electrophoresis under reducing conditions, electrically
transferred to a nitrocellulose filter, and analyzed for immunoreac-
tivity with rabbit antiserum to CAV-9. Lanes: 1, untreated control;
2 and 8, 10 ng of trypsin; 3 to 7, 1, 0.5, 0.25, 0.1, and 0.05 ng of
trypsin, respectively. Note the gradual appearance of intact VP1 in
lanes 2 through 7.

change in the mobility of VP1 after trypsin treatment of the
virus is due to C-terminal processing. Simultaneously, the
result confirms the suggested polyprotein cleavage site
which generates VP1 during virus maturation.
The exact trypsin cleavage site is not known, but there are

three potential cleavage sites (R) located in tandem in the
17-amino-acid C-terminal insertion. Cleavage at any of these
sites would result in a product corresponding closely in size
to the molecular weight seen in our gels. It would also result
in loss of the RGD sequence. After proteolytic cleavage,
CAV-9 was, however, found to be infectious, although with
slightly reduced infectivity.

In subsequent experiments, attachment of cleaved CAV-9
to GMK cells was studied under plaquing conditions in the
presence of the RRGDM oligopeptide. The results presented
in Fig. 7 show that RRGDM was unable to block attachment
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FIG. 5. Cleavage of CAV-9 by host proteolytic enzymes. A
0.45-,ug sample of [35S]methionine-labeled CAV-9 and a 0.01-,ug
sample of [35S]methionine-labeled poliovirus type 3 strain Saukett
were incubated with purified trypsin or human intestinal fluid in 15
,ul of buffer as described in Materials and Methods. The resulting
cleavages in polypeptide composition were analyzed by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and autoradiog-
raphy. Purified type 3 polioviruses (lanes 1 to 3) and CAV-9 (lanes 4
to 6) were analyzed as such (lanes 1 and 4) or after treatment with
trypsin (lanes 2 and 5) or intestinal fluid (lanes 3 and 6). Note that
type 3 poliovirus was only partially cleaved with trypsin in this
experiment (lane 2).
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FIG. 7. Attachment of proteolytically cleaved CAV-9 to GMK

cells in the presence of the RRGDM oligopeptide. GMK cell
monolayers preincubated with h-Hanks (*) or peptides (0,
RRGDM; A, RRGEM) were infected with trypsin-cleaved CAV-9
(100 PFU) in the absence or presence of the peptides. For details,
see the legend to Fig. 2.
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FIG. 8. Inhibition of progeny virus of trypsin-cleaved CAV-9 by

RRGDM. GMK cell monolayers were infected with 130 PFU of
intact CAV-9 (A), 90 PFU of trypsin-cleaved CAV-9 (B), or 400
PFU of progeny of trypsin-cleaved CAV-9 (C) in the absence (*) or

presence (0) of the RRGDM peptide. For details, see the legend to
Fig. 2.

of cleaved CAV-9 to cells, even at a concentration of 5 mM.
Since trypsin treatment also caused some reduction of
CAV-9 infectivity, we then tested the possibility that a

subpopulation of the virus was both trypsin resistant and
insensitive to RGD-containing oligopeptides. However,
progeny of trypsin-cleaved CAV-9, which has intact VP1,
was readily inhibited by RRGDM (Fig. 8).

DISCUSSION

The present series of experiments was planned to analyze
whether the RGD sequence found in the extended C termi-
nus of VP1 of CAV-9 (2) would be needed for attachment of
the virus to its cellular receptor, analogously to that reported
for foot-and-mouth disease virus, another picornavirus,
which also has this sequence in the VP1 protein (4). Five
different oligopeptides were tested for the capacity to pre-

vent attachment of CAV-9 to GMK cells. Three of the
peptides contained the RGD sequence, and two others were
used as controls. The results showed that the oligopeptides
containing the RGD sequence were effective in preventing
CAV-9 attachment under conditions in which the control
peptides showed no inhibitory effect.
The specificity of the interaction was reflected in the

observation that the most effective of the RGD-containing
peptides was RRGDM, which is directly derived from the
sequence of the insertion of CAV-9 VP1. The tripeptide
RGD was effective to a lesser extent, indicating that the
length of the peptide is critical for binding efficacy. A third
peptide, LRGDM, derived from the sequence of echovirus
22 (9), also inhibited CAV-9 attachment less efficiently than
RRGDM, indicating that the presence of the RGD motif as

such was not sufficient for optimal binding. In agreement
with these results, Fox et al. observed in studies on foot-
and-mouth disease virus that, in addition to the number of
amino acids, the nature of the adjacent amino acids can be
critical (4). In one of the control peptides (RRGEM), substi-

tution of glutamic acid (E) for the homologous aspartic acid
(D) completely abolished the inhibitory activity of the pep-
tide, indicating the great specificity of the action. The
specificity of inhibition of CAV-9 attachment by the RGD-
containing oligopeptides was further demonstrated by show-
ing that the peptides did not affect the cell surface binding of
two other enteroviruses, poliovirus type 3 and CBV-3, which
do not have the RGD-containing extended VP1.
The present results are based on a plaque assay to assess

the degree of virus attachment to cells, while this is very
often measured by using radioactively labeled virus prepa-
rations. Application of the latter method demonstrated a
similar inhibitory effect of RGD-containing peptides. How-
ever, by using a 10 mM concentration of RRGDM, only 50%
inhibition of CAV-9 attachment was observed, which was
much less than that obtained under plaquing conditions. It is
unlikely that the longer adsorption time used in the radioac-
tive test would have reduced the inhibition, since under
plaquing conditions the results remained similar in experi-
ments in which longer adsorption times were used (data not
shown). The most likely explanation for the different results
is a less optimal concentration ratio between peptide and
virus in the radioactive test system, in which 107 PFU of
labeled CAV-9 was allowed to attach to the cells, instead of
only 100 PFU, as in the plaque assay.

In addition to the greater sensitivity of the plaque assay, it
was also preferred because it directly assessed the attach-
ment of infectious virus that is capable of initiating a
productive replication cycle. A recent publication (13) de-
scribed a set of poliovirus mutants that appeared to attach
poorly, if at all, to cellular membranes in binding tests but
still grew well in cell cultures. The replication of the mutants
was blocked by a monoclonal antibody directed against the
HeLa cell receptor of polioviruses, indicating that these
mutants still use the same receptor. These results question
the relevance of conventional virus binding tests (13).

Previously it has been shown that several poliovirus
strains are sensitive to host proteolytic enzymes (human
intestinal fluid, trypsin, and plasmin) in such a way that the
immunodominant BC loop of VP1 is selectively cleaved (5,
11, 18, 21a-23). Although this cleavage resulted in molecular
and antigenic modifications of the virion surface, the virus
remained fully infectious. There is no reason to suppose that
proteolytic modification of viruses by host enzymes is re-
stricted to polioviruses, since during replication in the gut all
enteric viruses are exposed to host proteolytic enzymes.
Indeed, both purified trypsin and human intestinal fluid
cleaved a small fragment from CAV-9 VP1. The target sites
of trypsin are known to be the peptide bonds following
arginine or lysine. The exact cleavage site in the VP1 of
CAV-9 is not known, but it must be near the C terminus
because the N-terminal amino acid sequences of both intact
and trypsin-cleaved VP1 proteins were found to be identical.
Since the cleavage rendered the virus insensitive to RGD
peptides, the most plausible candidates for cleavage sites are
three arginines in the inserted segment of VP1. Cleavage at
any of the C-terminal arginines would result in a product
with the molecular weight observed but also loss of the RGD
sequence.

Trypsin-cleaved CAV-9 was still infectious. If the virus
has lost the RGD sequence but is infectious, it has to be
internalized by a mechanism for which the RGD sequence is
not needed. In experiments in which the ability of RGD-
containing peptides to block the attachment of cleaved
CAV-9 was studied, no inhibitory effect was seen, indicating
no role for the RGD sequence in attachment of cleaved
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CAV-9. These results imply that CAV-9 is capable of attach-
ing to host cells by using at least two mechanisms-one an
RGD-mediated interaction and the other(s) by using un-
known determinants. Usually CAV-9 must bind to the RGD-
independent binding site with a low affinity compared with
the RGD-mediated interaction, since RGD-containing pep-
tides have such a marked effect. Alternatively, a second
receptor-binding site may be blocked in some way by the
C-terminal extension and be available only when proteolytic
cleavage has removed this. One possibility is that the exten-
sion obstructs the "canyon," known to be involved in
receptor binding in some picornaviruses (25). Modification
of virus-host cell interactions by selective cleavage of a
capsid protein is not specific for CAV-9, since our recent
results obtained with poliovirus type 3 indicate that both the
binding affinity to host cells and the rate of uncoating are
altered after proteolytic cleavage by intestinal trypsin (21).
CAV-9 shows extensive amino acid sequence homology with
CBV-3, which is able to bind to two different receptors (20)
and also has a wider tissue tropism than CAV-9 in experi-
mentally infected mice (10). It is possible that CAV-9, after
trypsin cleavage, acquires a capacity to recognize one of the
CBV-3 receptors.

In conclusion, the results presented here implicate the
RGD sequence in the attachment of CAV-9 to GMK cells.
There is probably more than one receptor or potential
receptor site for CAV-9 in these cells, because attachment of
protease-cleaved CAV-9 was not inhibited by oligopeptides
containing the RGD sequence. This is the first documenta-
tion of an altered receptor specificity of a virus proteolyti-
cally cleaved by host enzymes. The phenomenon may be
relevant for other enteric viruses and may have important
consequences in the pathogenesis of infection.
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