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FIG. 5. eIFAG partially colocalizes with spliceosomal snRNPs in vivo. HeLa cells were grown on coverslips and double labeled with an
affinity-purified anti-eIF4G(Ct) antibody (A and D) and a monoclonal antibody specific for the SC-35 splicing factor (B). In the merge of the two
channels (C and inset) note the close spatial relationship between eIF4G-rich sites (red signal) and the nuclear speckles (green signal). Double
labelings with anti-eIF4GI (D) and the Y12 monoclonal antibody (E) show that nuclear staining of eIF4G partially colocalizes with the snRNP
distribution; this is evidenced in the merged image (F; eIF4G staining, red signal; snRNP staining, green signal), where the nuclear staining of
elF4GI is mostly orange due to a partial overlap with the snRNP staining pattern. This is further shown in panel G (inset); the graph depicts the
intensities of the signals from eIF4GI (red line) and snRNP (green line) staining across the dotted line (inset). Note that there is a substantial
codistribution of the eIF4G and snRNP labeling, with specific foci observed at the edges of nuclear speckles.
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FIG. 6. Nuclear localization of endogenous elF4G and elF4E is
insensitive to LMB. NIH 3T3 cells grown on coverslips were either
nontransfected or transfected with vectors encoding Myc-Mnk1 or
FLAG-eIF4GI, as indicated. After 48 h cells were treated with either
LMB (right) or control buffer (left) for 3 h before being fixed and
stained, as indicated. In nontransfected cells, endogenous eIF4GI and
elF4E were detected using affinity-purified antibodies and the trans-
fected proteins were visualized using commercial antibodies.

nuclear eIF4GI staining is orange compared to the cytoplasmic
red staining, indicating colocalization with the diffuse Y12
staining. This was further demonstrated using a quantitative
line scan through an optical section of the nucleus and repre-
senting the data graphically (Fig. 5G). The line that was quan-
tified is shown above the graph. Several peaks of eIF4G and
Y12 fluorescence colocalize; however, in contrast, many of the
foci are spatially very close, and overlap at the periphery of
peaks is observed. This colocalization of eIF4G staining with a
subset of snRNP foci is consistent with the possibility that
elF4G may be required only for the processing of a subset of
pre-mRNAs.

Cellular distribution of eIF4GI is insensitive to LMB.
Within the sequence of eIF4GI there are a number of putative
nuclear localization signals and also putative leucine-rich nu-
clear export signals, indicative of a protein that shuttles via the
CRMl/exportin 1 pathway. To examine whether elF4G,
elF4E, and the elF4E kinase, Mnkl, actively shuttle between
the nucleus and the cytoplasm using this pathway, we treated
cells with LMB, an inhibitor of CRM1-/exportin 1-mediated
nuclear export (28, 55). NIH 3T3 cells were transfected with
vectors containing either FLAG-tagged eIF4GI (46) or a myc-
tagged version of Mnk1 (56). After 48 h, cells were treated with
LMB for 3 h and the endogenous eIF4E and eIF4GI or trans-
fected FLAG-elF4GI or myc-Mnkl was localized using the
appropriate antibody (Fig. 6). While both endogenous eIF4GI
protein and transfected FLAG-eIF4GI were predominantly
cytoplasmic, they also exhibited detectable levels of nuclear
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staining. However, the distribution of eIF4GI was not signifi-
cantly altered by treatment of cells with LMB (Fig. 6). A
similar result was obtained with endogenous eIF4E. In con-
trast, LMB treatment of cells caused a clear accumulation of
myc-Mnkl1 in the nucleus, consistent with its reported genetic
interaction with importin-« (55). These data suggest that, while
Mnk1 is exported from the nucleus using the CRM1-/exportin
1-dependent export pathway, eIF4GI and eIF4E must shuttle
using a different export mechanism.

DISCUSSION

Using UV cross-linking assays and coprecipitation studies,
we have shown that there are several CIPs in HelLa nuclear
extracts (Fig. 1). Although the identity and function of many of
these proteins remain to be determined (e.g., CIP160, CIP130,
and CIP100), we have identified CIP200 as eIF4GI (Fig. 2).
Cellular fractionation and indirect immunofluorescence have
shown that significant amounts of eIF4GI are present in the
nucleus in addition to the expected cytoplasmic localization
(Fig. 3 and 5). In the cytoplasm, eIF4G plays an essential role
in translation by acting as an adapter molecule during the
initiation phase of protein synthesis. Within its sequence, it
contains domains that interact with eIF4E, cIF4A, cIF3,
PABP, and Mnkl1 (reviewed in references 19, 21, 39, and 48).
More recently, S. cerevisiae eIFAG has also been shown to
interact with the large subunit of CBC, CBP80, via a domain
between those interacting with eIFAE and eIF3 (14). Our data
suggest that, in contrast to the cytoplasmic eIF4F complex
(39), nuclear eIF4G in mammalian cells may not interact with
elF4E, but rather is closely associated with CBC and CIP130
(Fig. 2). At this time it is not known which region(s) of mam-
malian eIF4GI plays a role in its interaction with CBC, as
sequence analysis failed to reveal any strong homology be-
tween the identified domain of S. cerevisiae eIF4G (14) and
human eIF4G. However, these data suggest that the interac-
tion between CBP80 and eIF4G may be evolutionarily con-
served. Unfortunately, we have been unable to perform colo-
calization studies with CBP80 and eIF4G as the primary
antibodies were raised in the same species. Although the as-
sociation of CBC with eIF4G was insensitive to RNase treat-
ment, suggesting that this interaction did not require RNA,
these data do not discount the possibility that the eIF4G in-
teraction with CBC is indirect and mediated by other nuclear
proteins.

We show that, in addition to its interaction with the nuclear
CBC, elF4GI is stably associated with capped RNA through-
out pre-mRNA splicing in vitro (Fig. 4). Consistent with this,
we find a significant, but incomplete overlap between eIlF4G
and Y12 nuclear staining in vivo (Fig. 5). While the putative
role of eIF4G in splicing is unclear, our data support a model
whereby elF4GI from the nuclear pool may be recruited to
nascent pre-mRNA transcripts via its interaction with CBC
and possibly also RNA (27), and this may be important for
downstream events in gene expression. During the course of
our work, it was reported that S. cerevisiae eIF4G can interact
with CBP80 via a domain between those recruiting eIF4AE and
elF3 (14). Furthermore, evidence from yeast two-hybrid stud-
ies have demonstrated that Prpllp, a component of yeast U2
snRNP, interacts with eIF4G (17), and we have shown that this
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interaction is direct (Y. Kafasla and J. D. Lewis, unpublished
observations). Together, these data suggest that eI[F4G may
play a role in nuclear pre-mRNA processing prior to export
and translation. Although immunodepletion of elF4GI from
nuclear extracts had little effect on the Adl pre-mRNA splic-
ing efficiency in vitro (Fig. 4), we cannot rule out the possibility
that the residual levels of eIF4GI supported efficient splicing
or that not all pre-mRNAs require eIF4GI for this process.
The latter would also be consistent with our data (Fig. 5),
indicating that e[F4G partially colocalized with a proportion of
snRNPs at discrete foci. An alternative explanation is that
elF4GII may substitute for e[F4GI in these assays. In support
of this, preliminary studies have shown that eIF4GII has a
cellular distribution similar to that of eIF4GI (data not shown).
However, due to limiting amounts of suitable reagents, we
have been unable to address biochemically whether elF4GII
interacts with CBP80 or functions in splicing.

At this time, it is not known how elF4G is localized to the
nuclear pool. Our results with LMB (Fig. 6) indicate that, in
contrast to Mnk1, the CRM1/exportin 1-dependent pathway is
not involved in the export of eIF4GI or elF4E from the nu-
cleus. As generic mRNA export is not sensitive to inhibition by
LMB in mammalian cells (12, 44, 55), these data are consistent
with a model whereby the eIF4G-CBC-mRNA complex is part
of the export substrate. Dostie et al. (8) have recently charac-
terized a nuclear import adapter for eIF4E and shown that
LMB causes transfected eIF4E and the 4E transporter to ac-
cumulate in the nucleus. As the localization of endogenous
elF4E and eIF4G was insensitive to LMB treatment of cells
(Fig. 6), it is not known how these proteins are recycled to the
cytoplasm or whether they represent a novel, separate pool of
initiation factors. Future efforts will be directed at determining
the site of interaction of CBC with mammalian eIF4G, which
cis-acting signals are responsible for the import of eIF4GI into
the nucleus, and also which transporters are involved in its
export.

Recently MIF4G, a domain that is conserved between
elF4G, NMD2/Upf2, and CBP80, has been described, impli-
cating CBP80 and eIF4G in nonsense-mediated decay (47).
One attractive model is that CBC bound to the cap of an
mRNA interacts with eIF4G at the 5’ end, which interacts with
PABP (a shuttling protein [1]) bound to the poly(A) tail at the
3’ end. This would circularize mRNA in the nucleus in a
manner analogous to that described for mRNA in the cyto-
plasm (57). Studies on Balbiani ring mRNA in Chironomous
tentans have shown that the nuclear CBC binds early to the
nascent transcript and then accompanies the mRNP during
nuclear export (54). This large mRNP has a highly structured
crescent morphology that would juxtapose the 5" and 3’ ends,
indicating that the cap and poly(A) tail may well be in close
physical contact in the nucleus. As such, the interaction of
elF4G with CBC would play a central role in allowing the cell
to ensure that mRNAs are properly capped and polyadenyl-
ated prior to nuclear export, with defective RNAs being de-
graded in the nucleus; indeed recent work has implicated
CBP80 in nuclear-RNA degradation (6). Work from a number
of laboratories has shown that exon-exon junctions of spliced
mRNAs are marked by nuclear proteins and that these may be
implicated in coupling nuclear RNA splicing with export and
recognition of premature stop codons (26, 29, 30, 58). Further
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work is needed to determine the exact role of CBP80 and
elF4G in nonsense-mediated mRNA decay and nuclear
mRNA degradation
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