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ABSTRACT Infection of HeLa cells with poliovirus results in
a rapid shut-off of host protein synthesis. It has been suggested
that inactivation of a protein that binds to the cap structure of cel-
lular mRNAs would explain the selective inhibition of host protein
synthesis because the naturally uncapped poliovirus RNA can be
translated by a cap-independent mechanism. To test directly for
the presence of cap-binding proteins in poliovirus-infected and
mock-infected cells, we analyzed initiation factor preparations for
their ability to specifically crosslink to the 5' cap structure of ox-
idized reovirus mRNA. The data presented here show that the
crosslinking ability of the different cap-binding proteins (24-, 28-,
32-, 50-, and 80-kilodalton polypeptides) is reduced in prepara-
tions from poliovirus-infected as compared to mock-infected cells.
This reduction correlates with the inability of initiation factor
preparations from infected cells to restore translation of capped
mRNAs in extracts of poliovirus-infected cells. In addition, initi-
ation factor preparations from poliovirus-infected cells have the
ability to rapidly inactivate cap-binding proteins and can also im-
pair the restoring activity of initiation factors from mock-infected
cells.

Viral infection of mammalian cells often results in the shut-off
of host protein synthesis (1), and this effect has been extensively
studied in poliovirus-infected HeLa cells (2, 3). Poliovirus in-
fection neither induces the degradation of host mRNA (4, 5) nor
causes detectable changes in the patterns of host mRNA cap-
ping, methylation, and polyadenylylation (6). Furthermore,
Ehrenfeld and Lund have demonstrated that host mRNA ex-
tracted from infected cells remains functional in a wheat-germ
cell-free translation system (7).

It was established that the inhibition of host protein synthesis
occurs at the initiation step (5), and subsequently it was shown
that ribosomal high-salt-wash fractions from infected cells stim-
ulated the translation of poliovirus mRNA, but not of endoge-
nous mRNA, in HeLa cell extracts (8). Rose et aL (9), using ve-
sicular stomatitis virus (VSV) mRNA as a model for host mRNAs
(8, 10), and Helentjaris et al. (11) have presented evidence that
suggested inactivation of eukaryotic initiation factors (IF) eIF-
4B and eIF-3. However, a more recent study indicated that a
24-kilodalton (kDal) protein isolated by a multistep procedure
(12) copurified with the ability to restore the capacity of polio-
virus-infected HeLa cell extracts to efficiently translate VSV
mRNA (this activity will be referred to as restoring activity) (12).
This polypeptide was found to be identical to the 24-kDal cap-
binding protein (24-CBP) isolated from rabbit reticulocytes by
affinity chromatography on a column of 7-methylguanosine di-
phosphate (m7GDP) coupled to Sepharose 4B (13). The dem-
onstrated copurification of 24-CBP with eIF-3 and eIF4B (12,
14, 15) suggests that the effects ascribed to these factors were

due to the presence of the 24-CBP and that the shut-off phe-
nomenon might actually be a result of inactivation of the 24-
CBP.

Recently, Tahara et al. (16) described an 8-1OS protein com-
plex purified by m7GDP affinity chromatography from rabbit
reticulocyte ribosomal high-salt wash. This complex consisted
of several higher molecular weight proteins in addition to the
24-CBP and possessed stable restoring activity. This finding is
consistent with recent results demonstrating the existence of
several higher molecular weight polypeptides that are struc-
turally related to the 24-CBP of rabbit reticulocytes (17, 18).
Moreover, some polypeptides with molecular weights that are
strikingly similar to those of the latter polypeptides can specif-
ically recognize the cap structure, as determined by crosslinking
to oxidized mRNA (19).

In contrast to the almost ubiquitous nature of the cap struc-
ture at the 5' terminus of eukaryotic cellular and viral mRNAs,
poliovirus RNA lacks a capped 5' end (20, 21) and its translation
must therefore bypass any 5'-cap-dependent ribosome recog-
nition mechanism. Inactivation of one or more of the CBPs
would most likely result in a reduction of hostmRNA translation
and favor poliovirus RNA translation.

In an attempt to determine the fate of CBPs after poliovirus
infection, we analyzed the ability of polypeptides in crude ini-
tiation factor preparations from poliovirus-infected and mock-
infected cells to specifically crosslink to the 5' terminus of ox-
idized reovirus mRNA. In this report, we show that IF from
poliovirus-infected cells contain significantly lower levels of
CBPs as determined by the crosslinking assay. In addition, we
demonstrate that IF preparations from infected cells have the
ability to effect this reduction and can also impair the restoring
activity of IF from mock-infected cells.

MATERIALS AND METHODS
Cells and Viruses. Mouse L-929 cells and HeLa S3 cells were

grown in suspension in 10% calfserum. Infection of L cells with
reovirus Dearing 3 strain (10 plaque-forming units/cell) and
virus purification were carried out as described (22). Infection
of HeLa cells with poliovirus Mahoney 1 strain (10-20 plaque-
forming units/cell) and virus isolation were according to Rose
et al. (9). Sindbis virus infection of chicken embryo fibroblasts
(23) and encephalomyocarditis virus (EMC) infection of L cells
(24) were as described.

Preparation of RNAs. Synthesis of [3H]methyl-labeled reo-
virus mRNA to a specific activity of -80,000 cpm/,g with viral
cores in the presence of S-adenosylmethionine (specific activity

Abbreviations: kDal, kilodalton(s); CBP, cap-binding protein; 24-CBP,
24-kDal CBP; IF, initiation factors; VSV, vesicular stomatitis virus;
EMC, encephalomyocarditis virus; STNV, satellite tobacco necrosis
virus; m7GDP, 7-methylguanosine diphosphate; PhMeSO2F, phenyl-
methylsulfonyl fluoride.
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70 Ci/mmol, New England Nuclear; 1 Ci = 3.7 X 1010
becquerels) and periodate oxidation were according to Muthu-
krishnan et aL (25). EMC virus RNA was isolated as described
(24). Total Sindbis RNA was obtained from infected chicken
embryo fibroblasts and consisted of approximately 85% 26S
RNA, the remainder being the 42S RNA species (23).

Preparation of Cell Extracts and'IF. Cell-free extracts from
poliovirus-infected or mock-infected HeLa cells were prepared
at 3 hr after infection, essentially as described before (9), except
that the extracts were not preincubated under translation con-
ditions, but were dialyzed for 2 hr against buffer containing 90
mM KOAc, 10 mM Hepes buffer at pH 7.6, 1.5 mM Mg(OAc)2,
and 1 mM dithiothreitol before freezing. Initiation factors were
prepared essentially as described (26). Briefly, S10 extracts
were centrifuged at 48,000 rpm for 2 hr in a Beckman SW 50.1
rotor. The ribosomal pellet was resuspended in buffer contain-
ing 0.1 M KCl, 20 mM Hepes at pH 7.5, 1 mM dithiothreitol,
0.2 mM EDTA, and 0.2 mM phenylmethylsulfonyl fluoride
(PhMeSO2F), and 3 M KCI was added to a final concentration
of 0.6 M. The mixture was stirred for 30 min and centrifuged
as above, and the supernatant was dialyzed for 4 hr against 100
mM KOAc/20 mM Hepes, pH 7.5/1 mM dithiothreitoV0.2
mM EDTA/0.2 mM PhMeSO2F.

Binding and Crosslinldng of mRNA to IF. [3H]Methyl-la-
beled oxidized reovirus mRNA was incubated with IF prepa-
rations under the conditions described in the figure legends for
10 min at 30°C in a final volume of 30 ,1.. After incubation, 3
,ul of 0.2 M NaBH3CN was added and the mixture was left on
ice for 3 hr, followed by the addition of 3 ul of RNase A (5 mg/
ml) and incubation for 30 min at 37°C to degrade the mRNA.
The latter step was carried out according to the modification
of Hansen and Ehrenfeld (27). Crosslinked proteins were re-
solved in NaDodSO4/12.5 % polyacrylamide gels, followed by
treatment with 2,5-diphenyloxazole/dimethyl sulfoxide or
EN3HANCE (New England Nuclear) and exposure of Kodak
X-Omat XR-1 film at -70°C as described (14).

In Vitro Protein Synthesis. Translation in HeLa cell extracts
was carried out essentially according to Rose et aL (9). Incu-
bation mixtures at a final volume of 25 ,1 contained 13 ,1u of
micrococcal nuclease-treated S10 extract in 20mM Hepes buf-
fer, pH 7.6/130 mM KOAc/0.8 mM Mg(OAc)2/l mM ATP/
54 ,uM GTP/9 mM creatine phosphate/0.6 ,ug of creatine ki-
nase/2 mM dithiothreitol/0.2 mM spermidine/il ,uM of each
of 19 amino acids (minus methionine)/20 ,uCi of [35S]methionine
(>1,000 Ci/mmol, New England Nuclear). After incubation for
1 hr at 37°C, 20-,ul samples were analyzed by electrophoresis
on NaDodSO4/12.5% polyacrylamide gels, which were pro-
cessed as described above.

RESULTS
Cell-free extracts prepared from poliovirus-infected HeLa cells
have a reduced ability to translate capped mRNAs, whereas
translation of naturally uncapped mRNAs is not impaired (9,
11-13). Fig. 1 shows that our extracts had these characteristics.
EMC RNA, which does not contain a cap structure at its 5' ter-
minus (28), was translated with similar efficiencies in extracts
from mock-infected and infected cells (Fig. 1, lanes 2 and 7,
respectively), a finding that is consistent with earlier studies
with in vivo and in vitro translation systems (29-31). In contrast,
Sindbis mRNA (consisting of 26S and 42S RNA species-both
capped mRNAs) was translated efficiently in extracts from
mock-infected cells to yield mainly the coat protein (33 kDal,
lane 3), whereas translation was restricted in extracts from polio-
virus-infected cells (compare lane 8 to lane 3). Crude IF prep-
arations from mock-infected cells had very little effect on the
translation of Sindbis mRNA in extracts from mock-infected
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FIG. 1. Cell-free translation in poliovirus-infected and mock-in-
fected HeLa cell extracts and the effect of IF. Translation was per-
formed as described in the text and translation products were resolved
on NaDodSO4/polyacrylamide gels and visualized by fluorography
(14). Lanes 1-5, translation products in extracts from mock-infected
HeLa cells. Lanes 6-10, translation products in extracts from polio-
virus-infected HeLa cells. The following amounts of mRNA and IF
were added: Lanes 1 and 6, no RNA; lanes 2 and 7,0.5 pg ofEMC RNA;
lanes 3 and 8, -1 /g of Sindbis mRNA; lanes 4 and 9, -1 g of Sindbis
mRNA plus 90 jg of IF from mock-infected cells; lanes 5 and 10, 1
ug of Sindbis mRNA plus 90 pg of IF from poliovirus-infected cells.

cells (Fig. 1, compare lane 4 to lane 3), indicating that the IF
do not contain any active component missing in the cell extracts.
However, IF preparations from mock-infected cells stimulated
the translation of Sindbis RNA in extracts from poliovirus-in-
fected cells by approximately 4-fold (compare lane 9 to lane 8).
In contrast, preparations from infected cells showed no such
restoring activity: they had no effect on Sindbis mRNA trans-
lation in extracts of poliovirus-infected (Fig. 1, compare lane 10
to lane 8) or mock-infected cells (compare lane 5 to lane 3).
These results confirm previous reports that a factor, crucial for
translation of capped mRNAs and residing in high-salt wash of
ribosomes, is inactivated in IF preparations from poliovirus-in-
fected cells (8, 9, 11).

To test the hypothesis that the activity of a CBP is impaired
in poliovirus-infected cells (9, 12, 13) we analyzed IF prepa-
rations by crosslinking to [3H]methyl-labeled oxidized reovirus
mRNA. Crosslinking was performed in the presence of Mg2+
ATP, which had previously been shown to be an absolute re-

quirement for the cap-specific crosslinking of several polypep-
tides, other than the 24-CBP (19). The polypeptides from rabbit
reticulocyte IF that required Mg2' ATP to crosslink had mo-

lecular masses of 28, 50, and 80 kDal and are referred to as CBPs
throughout the text (17-19). Fig. 2 shows that oxidized reovirus
mRNA could be crosslinked to several polypeptides in crude
IF preparations from mock-infected HeLa cells (lane 1). Ad-
dition ofm7GDP prevented the crosslinking of the 24-CBP* in
addition to the 28-, 50-, and 80-kDal polypeptides (Fig. 2, lane
2). Crosslinking of an 32-kDal polypeptide was also inhibited
by the addition of m7GDP, although crosslinking of this poly-
peptide has not been observed in rabbit reticulocyte IF. In-

* Note that the CBP with the fastest mobility has been assigned a mo-

lecular mass of 26 kDal. This was also observed by Hansen and Eh-
renfeld (27) and with IF from 'other species (unpublished results).
However,,because this protein was originally termed the 24-CBP (13,
14) we. refer to it throughout the text as the 24-CBP or 24-kDal poly-
peptide in order to avoid confusion.



Proc. Natd Acad. Sci. USA 79 (1982) 3449

1 2 3 4
kDal FIG. 2. Crosslinkingpatternof
kfal bi dCBPs from poliovirus-infected and

_ mock-infected HeLa cells in the
presence of Mg"+ATP. IF prepa-

80 _ " ~irations from mock-infected (92 /g)
or poliovirus-infected cells (98 pAg)

~ E 19 0 were incubated with 0.7 ,ug (57,000
cpm) of [3H]methyl-labeled oxi-

W - dized reovirus mRNA in 25 mM
Hepes buffer (pH 7.6) containing 45

50 - mM KOAc, 0.5 mM Mg(OAc)2, 10
w W pM of each of 19 amino acids (mi-

nus methionine), 2.5 mM dithio-
threitol, 50 uM GTP, 9 mM crea-

3
tine phosphate, 0.7 ,Ag of creatine

32_- kinase, 0.1 mM PhMeSO2F, 0.1
28 _ mM EDTA, 0.2 mM spermidine,
26 0 and 1 mM ATP. After incubation

samples were processed for electro-
phoresis and fluorography. Lanes
1 and 2, IF from mock-infected
cells; lanes 3 and 4, IF from polio-
virus-infected cells; lanes 2 and 4

-._-_ contained 0.67 mM m7GDP.

cubation ofcrude IF from poliovirus-infected cells with oxidized
reovirus mRNA resulted in a markedly reduced level of cross-
linking of the 24-, 28-, 32-, 50-, and 80-kDal polypeptides (Fig.
2, lane 3). Crosslinking of the 28-, 32-, 50-, and 80-kDal poly-
peptides was reduced to the level observed with IF from mock-
infected cells in the presence ofm7GDP (compare lane 3 to lane
2). The low residual level of crosslinking of these proteins ob-
served in IF from infected cells is also resistant to the addition
ofm7GDP (compare lane 4 to lane 3), indicating that this is not
cap specific. In contrast, it is noteworthy that the residual cross-
linking of the 24-CBP observed in IF from poliovirus-infected
cells is totally prevented by the addition of m7GDP (lane 4).

Crude IF preparations from poliovirus-infected cells contain
additional proteins, absent from mock-infected preparations,
which can crosslink nonspecifically to oxidized reovirus mRNA.
The most notable of these migrates slightly faster than the 24-
CBP (lanes 3 and 4) and is probably the poliovirus capsid protein
VP3, which is known to be a "sticky" protein and has been found
in association with ribosomes from infected cells (32). We have
observed this protein very consistently and believe that it serves
as a useful and reliable marker of infection.

Crosslinking was also performed with (NH4)2S04-fraction-
ated IF in the presence of Mg2+ ATP. The level, of detectable
CBPs was again markedly reduced in preparations from infected
cells (data not shown). Most of the 24-CBP fractionated in the
0-40% saturated (NH4)2SO4 cut, consistent with previous find-
ings that the 24-CBP copurifies with initiation-factors eIF-3 and
eIF-4B (12, 14, 15), both of which fractionate in the 0-40%
(NH4)2SO4 cut of IF preparations (33). More recently, Hansen
and Ehrenfeld have demonstrated that the 24-CBP is present
in the 0-40% (NH4)2SO4 cut of IF from HeLa cells (27).

Rose et aL (9) have reported that cell-free extracts from polio-
virus-infected cells contain an activity that slowly reduces the
ability of uninfected extracts to translate capped mRNAs in vi-
tro. It was ofinterest, therefore, to determine whether IF prep-
arations from infected cells had such an activity and also whether
these IFs could impair the crosslinking ability of the different
CBPs. To this end, we preincubated IF from mock-infected
cells with IF from poliovirus-infected cells prior to the cross-
linking assay. Incubation of IF from mock-infected HeLa cells
with [3H]methyl-labeled oxidized reovirus mRNA resulted in
crosslinking of several proteins (Fig. 3, lane 1). Addition of
m7GDP to the incubation mixture decreased the crosslinking

1 2 3 4 5 6 7 8 9 10 11 12
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FIG. 3. Effect of mixing IF from mock-infected and poliovirus-in-
fected cells on crosslinking of CBPs to mRNA. IF from mock-infected
cells (92 ug) were preincubated with IF from poliovirus-infected cells
(36 Ag) at 370C for the times indicated in the figure, prior to the ad-
dition of [3Hlmethyl-labeled oxidized reovirusmRNA (0.5 ,ug, -42,000
cpm) under crosslinking conditions in the presence of 1 mM ATP as
described in the legend to Fig. 2. As control experiments, IF from mock-
infected and poliovirus-infected cells were preincubated separately.
Each incubation was performed in the absence or presence of 0.67 mM
m7GDP. After incubation samples were processed for electrophoresis.
Lanes 1-6, preincubation of IF from mock-infected cells; lanes 7-12,
preincubation of IF from mock-infected cells with IF from poliovirus-
infected cells; lanes 13-16, preincubationof IFfrom poliovirus-infected
cells.

of the previously described 24-, 32-, 50-, and 80-kDal CBPs
(lane 2; note that the 24- and 28-kDal polypeptides were not
resolved in this experiment). Preincubation of IF from mock-
infected cells for 15 min (lane 3) or 30 min (lane 5) did not impair
their specific crosslinking ability. Simple mixing of IF from
poliovirus-infected cells with IF from mock-infected cells did
not diminish the crosslinking ability of the various CBPs in the
latter fraction (lane 7). However, preincubation of this mixture
for 15 min (lane 9) drastically diminished the ability ofthe CBPs
to crosslink to mRNA. Nonspecific crosslinking ofpolypeptides,
for example the 92-kDal protein, was not affected even after 30-
min preincubation (lane 11). Again, it is apparent that there is
residual crosslinking of the 50- and 80-kDal polypeptides that
is no longer inhibited by m7GDP (compare lanes 9 and 10), in-
dicating that the residual level is probably due to nonspecific
crosslinking of polypeptides with molecular weights similar to
those ofCBPs (see also Fig. 2). In contrast, after preincubation
a fraction of the 24-CBP could still crosslink to mRNA, and this
crosslinking was sensitive to m7GDP (compare lane 10 to lane
9). This residual amount of24-CBP was not abolished even after
30-min preincubation with IF from poliovirus-infected cells
(lane 11). Lane 13 represents the crosslinking pattern of IF from
poliovirus-infected cells that do not contain cap-specific cross-
linkable proteins. Preincubation of this preparation had no ef-
fect on the crosslinking pattern (lane 15). These results indicate
that IF from poliovirus-infected cells contain an activity that
rapidly impairs the ability of the various CBPs to recognize the
cap structure of the mRNA and would presumably effect a re-
duction in cellular protein synthesis. These results also exclude
the possibility that IF from poliovirus-infected cells contain a
preformed inhibitor of CBP function, because no effect could
be observed without preincubation.
An important question to address was whether IF prepara-

tions from poliovirus-infected cells could also mediate the re-
duction in the ability of extracts from mock-infected cells to
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FIG. 4. Effect on protein synthesis of preincubation of HeLa cell extracts with IF from mock-infected or poliovirus-infected cells. Micrococcal
nuclease-treated HeLa cell extracts prepared from poliovirus-infected or mock-infected cells were preincubated at 370C with the indicated amounts
of IF from poliovirus-infected or mock-infected cells in 25-pi incubation mixtures containing the components required for protein synthesis except
for [55S]methionine and mRNA. At the times indicated, mRNA and [35Slmethionine were added and incubation was continued for 60 min at 370C.
(A) Translation in mock-infected HeLa cell extracts with no added RNA (lanes 1 and 7), 2 ,&g of reovirus mRNA (lanes 2-6), or 1 pg of STNV RNA
(lanes 8 and 9). ifs (20 ug) were added where indicated in the figure and preincubation time was: lane 3, 25 min; lane 4, 25 min; lane 6, 12 min;
and lane 9, 20 min. The autoradiograph for STNV translation products was exposed for a longer period than the one for reovirus translation products.
(B) Translation in extracts of mock-infected cells (lanes 1-7) or poliovirus-infected cells (lanes 8-15) was programmed by 0.5,ug ofEMC RNA (lanes
2 and 9) or -1 tug of Sindbis RNA (lanes 3-7 and 10-15). No RNA was added in lanes 1 and 8. IFs (90 ,ug) from mock-infected or poliovirus-infected
cells were included as indicated and preincubation time was 20 min.

translate capped mRNAs that is observed after preincubation
with extracts from poliovirus-infected cells (9). Fig. 4A is an
autoradiograph of the translation products encoded by reovirus
and satellite tobacco necrosis virus (STNV) mRNAs in extracts
from mock-infected HeLa cells. Lanes 1 and 7 represent the
endogenous translation products in the nuclease-treated ex-
tracts. Translation of reovirus mRNA yielded the various reo-
virus structural polypeptides (lane 2). Preincubation of the ex-
tract in the absence or presence of IF from mock-infected cells
(lanes 3 and 4, respectively) slightly reduced the extent oftrans-
lation, and addition of IF from infected cells without preincu-
bation had no effect on translation of reovirus mRNA (lane 5).
However, preincubation of the same mixture for 12 min dra-
matically curtailed translation (lane 6). STNV RNA was trans-
lated in mock-infected extracts to yield the 22-kDal coat protein
and an 18-kDal prematurely terminated translation product (34)
(Fig. 4A, lane 8), and could also be translated in poliovirus-in-
fected extracts (data not shown). In contrast to the distinct in-
activation ofreovirus mRNA translation there was no detectable
inhibition of STNV translation in extracts from mock-infected
cells that were preincubated with IF from poliovirus-infected
cells (compare lane 9 to lane 8). An unexplained synthesis of a
94-kDal polypeptide was observed in the preincubated cell ex-
tract (lane 9).

In a second set of experiments we attempted to determine
whether IF from poliovirus-infected cells could also reduce the
restoring activity of IF from mock-infected cells. In the data
shown, EMC RNA was translated with higher efficiency in in-
fected than in mock-infected cell extracts (Fig. 4B, lanes 9 and
2, respectively). Sindbis mRNA was translated efficiently in
extracts from mock-infected cells to yield the coat protein and
the 93-kDal B1 precursor polypeptide (31) (lane 3), while
1/10th as much translation (as determined by densitometry
tracing of the coat protein band) was observed in poliovirus-in-
fected cell extracts (lane 10). Addition of IF from mock-infected
cells with 30-min preincubation had no effect on translation of
Sindbis mRNA (lane 5), whereas addition of IF from infected
cells or a mixture of IF from mock-infected and infected cells

without preincubation slightly reduced translation (lanes 4 and
6). However, addition of the mixture to extracts from mock-in-
fected cells followed by a 20-min preincubation resulted in ap-
proximately 60% inhibition of translation of Sindbis mRNA
(compare lane 7 to lane 3). Thus, the slight inhibition observed
in lanes 4 and 6 could be explained by the inhibitory effects of
the infected IF during the translation incubation. In the trans-
lation system from poliovirus-infected cells, IF from mock-in-
fected cells restored the ability to translate Sindbis mRNA (lane
11) but preincubation of these extracts with IF from mock-in-
fected cells partially reduced the restoring activity by =30%
(lane 13). In contrast, IF from poliovirus-infected cells did not
exhibit significant restoring activity (lane 12), and addition of
IF from poliovirus-infected cells to the infected cell extract sup-
plemented with IF from mock-infected cells without preincu-
bation only partially inhibited the translation (40% inhibition,
lane 14). This partial inhibition could reasonably be explained
by inactivation of the restoring activity during the translation
incubation. However, preincubation of extracts supplemented
with IF from mock-infected cells with IF from infected cells
resulted in a complete loss of the restoring activity ofthe mock-
infected IF (lane 15). This result indicates that the IF from polio-
virus-infected cells contain an activity that neutralizes the re-
storing activity. This activity is probably related to the activity
that impairs the crosslinking ability of CBPs, thus lending sup-
port to the belief that the restoring activity resides in the CBPs.

DISCUSSION
It has been suggested that the 24-CBP is inactivated during in-
fection by poliovirus and that this inactivation mediates the
shut-off of host protein synthesis. More recently it has been
shown that other polypeptides (28, 50, and 80 kDal) can spe-
cifically recognize the cap structure (17, 19), and that higher
molecular weight polypeptides purified by m7GDP affinity
chromatography are essentially required for restoring transla-
tion of capped mRNAs in poliovirus-infected cell extracts (16).
The 50- and 80-kDal polypeptides may correspond to eIF-4A
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and eIF-4B, respectively, on the basis of the crosslinking char-
acteristics of these factors (35).

In this study, we attempted to determine whether a change
in the 24-CBP, the other CBPs, or both accompanies the shut-
off of host protein synthesis exerted by poliovirus, by using the
crosslinking assay (14). Our finding that all of the polypeptides
capable of recognizing the cap structure lose their binding ac-
tivity during poliovirus infection is consistent with what would
be expected if the various CBPs in HeLa cells are structurally
related, as is the case with CBPs of rabbit reticulocytes (18). In
addition, the apparently coordinate inactivation of all the CBPs
suggests that they are functionally related.
The reduction in the amount of detectable CBPs during

poliovirus infection correlates both with the inability of extracts
from infected cells to translate capped mRNAs and with the
absence of restoring activity from IF of infected cells. This
strongly suggests that functional CBPs are a vital component
of the restoring activity. This suggestion is supported by data
demonstrating the existence of activity that can, upon prein-
cubation, impair both the restoring activity of IF from mock-
infected cells and the ability ofCBPs to recognize and crosslink
to the cap structure. This activity resides in IF preparations
from infected cells and rapidly impairs the ability of CBPs to
crosslink to the cap structure. These findings are also consistent
with the findings of Brown and Ehrenfeld (36), who demon-
strated an activity in IF preparations from poliovirus-infected
cells that specifically restricted the translation of capped
mRNAs in reticulocyte lysate.

Our results appear to be at variance with those of Hansen
and Ehrenfeld (27), who concluded that the cap-binding ability
of 24-CBP as assayed by the crosslinking technique is not re-

duced during poliovirus infection. However, careful examina-
tion of their data reveals that the extent of crosslinking of the
24-CBP is distinctly lower in preparations from infected cells
(figures 2 and 3 in ref. 27). In addition, we performed cross-

linking analysis with (NH4)2SO4-fractionated IF under similar
conditions to these authors in the absence ofATP, and again we
found substantially reduced amounts of24-CBP in preparations
from poliovirus-infected cells (data not shown).

The mechanism by which CBPs are inactivated during polio-
virus infection is not clear, nor is it known whether the inac-
tivating factor(s) is virally coded or induced. It is possible that
CBPs become modified or degraded in poliovirus-infected cells.
It may be possible to differentiate between these different pos-

sibilities by using monoclonal antibodies directed against CBPs.
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