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Cap-Binding Complex Protein p220 Is Not Cleaved during Echovirus
22 Replication in HeLa Cells
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Previously we demonstrated that echovirus 22 is an atypical enterovirus which does not shut off host cell
protein synthesis. We extend these findings by showing that echovirus 22 does not cleave p220, part of the
cellular cap-binding complex necessary for cap-dependent translation, suggesting a biology more consistent
with cardioviruses than enteroviruses.

Echovirus 22 (EV22), a member of the enterovirus genus
in the family Picornaviridae, has been associated with seri-
ous human illnesses, including encephalitis, paralysis, and
myocarditis (6, 10, 14). Several reports have suggested that
EV22 displays characteristics atypical of the enterovirus
paradigm best typified by the polioviruses and group B
coxsackieviruses (3, 8, 17-21). Our laboratory extended
these findings by conducting an extensive molecular and
biologic characterization of EV22 which demonstrated that
EV22 does not exhibit detectable nucleotide identity with
other members of the enterovirus genus (2). At the antigenic
level, EV22 appears enteroviruslike: EV22 proteins share an
enteroviral group-specific antigen recognized by enterovi-
rus-immune T cells which is not shared by the cardioviruses.
Determinations of the S value for denatured EV22 RNA and
the density in CsCl are consistent with enteroviral biophys-
ical characteristics (2, 16). However, EV22 also shares
several important biological characteristics with the cardio-
viruses (2). EV22 fails to shut off host cell protein synthesis
efficiently in infected cells and acts as an efficient message in
rabbit reticulocyte lysate in vitro translation systems (2).
Other studies have demonstrated evidence for the presence
of an extensive 5' hairpin structure in the viral RNA (16, 17).
Limited sequence data suggest the 3' end of the genome is
significantly diverged from other enteroviral sequences and
may as well form a hairpin structure (1).

Extensive studies on the polioviruses have shown that the
shutoff of host cell protein synthesis by these viruses is
accomplished through cleavage of a component of the
mRNA cap-binding complex, protein 220 (p220), resulting in
abrogation of translation of capped messages (7, 11, 12, 15).
The viral protease 2A has been shown to be responsible for
the cleavage, although 2A does not cleave p220 directly (11,
12). In contrast, the cardioviruses do not directly shut off
host cell protein synthesis by cleaving p220, but are believed
to outcompete host cell message for the translational ma-
chinery (9, 12). On the basis of our previous study which
showed that EV22 does not shut off host cell protein
synthesis and acts as an efficient message in in vitro trans-
lation systems, we hypothesized that EV22, like the cardio-
viruses, would not cleave p220.
EV22 (Omaha) and coxsackievirus B3 (CVB3) have been

describe elsewhere (2). HeLa cells were plated in 6- or
24-well plates and infected with EV22 or CVB3 at a multi-
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plicity of infection of 100 50% tissue culture infective doses
per cell. After 1 h at 37°C, the medium was replaced either
with fresh medium (6-well plates) or with minimal essential
medium lacking cysteine and methionine (GIBCO) supple-
mented with 5% fetal bovine serum (24-well plates). At 3, 5,
7, and 9 h postinfection (p.i.), 30 ,uCi of [35S]cysteine-
methionine (>1,000 Ci/mmol; Tran35S-label; ICN) was
added to each well of the 24-well plate. One hour after
addition of label, the medium was removed, and the cells
were harvested by addition of sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) reducing
sample buffer (13). Unlabeled infected cells were harvested
from the six-well plates at the same time points by the same
method. Uninfected cell controls were harvested as de-
scribed for the infected cells. The cell lysates were heated at
100°C for 5 min and stored frozen at -20°C.

35S-labeled samples were analyzed for shutoff of host cell
protein synthesis by SDS-PAGE and fluorography as previ-
ously described (2). Cleavage of p220 was assayed by
Western immunoblot analysis using a monoclonal antibody
specific for p220 as previously described (5). Briefly, 15% of
the unlabeled cell lysates was applied to an 8% SDS-PAGE
gel, and following electrophoresis, the proteins were elec-
trophoretically transferred to nitrocellulose. The nitrocellu-
lose was incubated with a 1/1,000 dilution of anti-p220
monoclonal antibodies (4) and then with alkaline phos-
phatase-conjugated goat anti-mouse antibodies (Pierce
Chemical Co.). The immunoblot was developed by using
nitroblue tetrazolium according to standard techniques.
The results of the shutoff experiment (Fig. 1) confirmed

our previous findings (2) that EV22 does not efficiently shut
off host cell protein synthesis even late in infection (9 hours
p.i.), although prominent viral proteins are evident by 5 h
p.i. This is in contrast to the marked shutoff demonstrated
during infection by the prototypic enterovirus CVB3, in
which shutoff is apparent by 3 hours p.i. The overall loss in
proteins detected at late time points in infection in both the
EV22- and CVB3-infected cells is likely due to massive cell
death late in infection and correlates with a loss in total
protein as determined by Coomassie blue staining (data not
shown). While EV22 infection progresses more slowly than
CVB3 infection, we have previously demonstrated that even
very late in infection (12 and 17 h p.i.), when EV22-infected
cells exhibit advanced cytopathic effects, EV22 does not
shut off host cell protein synthesis (data not shown). Thus,
the lack of shutoff exhibited by EV22 is not simply due to
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FIG. 1. SDS-PAGE analysis of host cell protein synthesis shutoff
by EV22 and CVB3. HeLa cells were infected with EV22 or CVB3,
pulsed with [35S]cysteine-methionine at 3, 5, 7, and 9 h p.i., and
harvested after 1 h of labeling. Equivalent aliquots of each sample
were analyzed on 12.5% SDS-PAGE gels by fluorography. Numbers
above the lanes represent the hours postinfection, with time 0

representing uninfected cells. Locations of molecular size markers
in kilodaltons (kd) are indicated. The fluorograph was exposed for
2.5 h at room temperature.

differences in the infection rate between CVB3 and EV22 but
is the result of a true biologic difference.
The immunoblot (Fig. 2) demonstrated that the cap-bind-

ing complex component p220 is not cleaved in EV22-infected
HeLa cells. This is in contrast to poliovirus type 1 (PV1)- or
CVB3-infected cells, in which only p220 cleavage products
can be detected by 3 to 4 hours p.i. The loss of signal for
either p220 (EV22) or p220 cleavage products (CVB3) is
likely due to a loss in total protein due to cell death late in
infection.
These data suggest that EV22 is the only human picorna-

virus known which, by not cleaving p220, apparently fails to
shut off host cell protein synthesis. These results are consis-
tent with other data which individually and cumulatively
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FIG. 2. Immunoblot of cell lysates from EV22-, CVB3-, and
PV1-infected cells probed with anti-p220 monoclonal antibodies.
Cell lysates obtained from infected cells at 3, 5, 7, and 9 h p.i. (EV22
and CVB3) or 4 h p.i. (PV1) were electrophoresed on 8% SDS-
PAGE gels, and the proteins were electrophoretically transferred to
nitrocellulose. The blots were probed with anti-p220 monoclonal
antibodies, and the results were visualized by using alkaline phos-
phatase-conjugated secondary antibody and nitroblue tetrazolium.
Numbers above the lanes represent the hours postinfection, with
time 0 representing uninfected cells. Locations of p220 and p220
cleavage products (p220cp) are indicated.

suggest that EV22 is not a true enterovirus, but may be a
recombinant virus having characteristics of both the cardio-
virus and enterovirus genera or perhaps the prototype of a
new picornavirus genus. EV22 shares a group-specific T-cell
epitope with the enteroviruses (2). However, while the
enterovirus-immune T cells recognize and respond to EV22
as an antigen in in vitro proliferation studies whereas car-
dioviruses are not similarly recognized, the recognition is
delayed relative to other enteroviruses. Such data suggest
that the antigenic site may be significantly diverged as well
(2). Thus, the classification of EV22 as an enterovirus must
now be viewed as tenuous. The complete nucleotide se-
quence analysis of the EV22 genome will soon be available
from other laboratories. To date only limited sequence from
the 3' terminus is available (1). Complete analysis of the
nucleotide sequence will permit a precise classification of
this interesting virus through comparison with other se-
quenced picornaviral genomes.
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ADDENDUM IN PROOF

The complete nucleotide sequence of EV22 (Harris) has
been determined (T. Hyypia and G. Stanway, personal
communication).
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