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The GW182 protein colocalizes with mRNA degradation
associated proteins hDcp1 and hLSm4 in cytoplasmic

GW bodies
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ABSTRACT

A novel cytoplasmic compartment referred to as GW bodies (GWBs) was initially identified using antibodies specific to a
182-kD protein termed GW182. GW182 was characterized by multiple glycine(G)-tryptophan(W) repeats and an RNA recog-
nition motif (RRM) that bound a subset of HeLa cell messenger RNAs (mRNAs). The function of GWBs was not known; however,
more recent evidence suggested similarities between GWBs and cytoplasmic structures that contain hLSm proteins and hDcp1,
the human homolog to a yeast decapping enzyme subunit. In this study, we used antibodies to hLSm4 and hDcp1 to show that
both of these markers of an mRNA degradation pathway colocalize to the same structures as GW182. Our studies demonstrate
that GW182, hLSm4, and hDcp1 are found in the same cytoplasmic structures and suggest that GW182 is involved in the same

mRNA processing pathway as hLSm4 and hDcp1.
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INTRODUCTION

A novel protein GW182, named for the presence of multiple
glycine(G)-tryptophan(W) repeats and for its molecular
mass of 182 kD, was localized by indirect immunofluores-
cence and immunoelectron microscopy to distinct foci
within the cytoplasm (Eystathioy et al. 2002a). This protein,
which harbors an RNA recognition motif (RRM), was dem-
onstrated to bind a discrete subset of mRNAs from HeLa
cells. Because colocalization studies showed that the cyto-
plasmic structures containing GW182 were distinct from
the Golgi complex, lysosomes, endosomes, and others, they
were named GW bodies or GWBs. Recently, discrete cyto-
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plasmic foci that contained hLSm complex proteins 1-7, as
well as the hDcpl protein were described and interestingly,
cytoplasmic foci containing these proteins resembled GWBs
(Ingelfinger et al. 2002; van Dijk et al. 2002). Both the
hLSm1-7 complex (Bouveret et al. 2000; Tharun et al. 2000;
Tharun and Parker 2001) and hDcp (Dunckley and Parker
1999, 2001; van Dijk et al. 2002) are believed to be involved
in mRNA decapping and other processes of mRNA degra-
dation. In mammalian cells, decapping has been suggested
to be an important step in the process of mRNA decay
(Couttet et al. 1997; Gao et al. 2001). Taken together, these
observations suggest that the GW182 protein and GWBs are
involved in mRNA metabolism and, more specifically,
GWBs may be functional sites within the cytoplasm in-
volved in mRNA degradation. In this study, we demonstrate
that the hLSm4 protein, a component of the hLSm1-7 com-
plex, and the hDcpl protein colocalize with GW182 in
GWBs. The data suggests that GWBs are involved in mRNA
degradation.

RESULTS AND DISCUSSION

Recent reports have indicated that certain mRNAs and
mRNA-processing molecules are localized in distinct cyto-
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plasmic foci (Tharun and Parker 2001; Eystathioy et al.
2002b; van Dijk et al. 2002). Two proteins of the heptameric
hLSm complex, hLSm1 and hLSm4 were among the pro-
teins localized to such foci (Ingelfinger et al. 2002). The
heptameric LSm complex exists as two entities, the LSm2—-8
complex that is involved in mRNA splicing (Séraphin 1995;
Achsel et al. 1999; Mayes et al. 1999; Salgado-Garrido et al.
1999) and the LSm1-7 complex that is involved in mRNA
degradation (Bouveret et al. 2000; Tharun et al. 2000;
Denegri et al. 2001; Tharun and Parker 2001). To examine
whether GWBs are involved in the mRNA decay pathways,
IIF colocalization reactions were performed using a rabbit
antibody specific to the carboxyl terminus of the hLSm4
protein. The majority of cytoplasmic structures marked by
the index human serum specific for GWBs were colocalized
to the staining produced by the rabbit anti-hLSm4 antibod-
ies (Fig. 1A). Furthermore, the mouse monoclonal antibody
4B6 that is specific for the GW182 protein (Eystathioy et al.
2003) also colocalized with the hLSm4 protein (Fig. 1B). In
yeast, LSAm1-7 proteins were shown previously to associate
with a subunit of the decapping enzyme Dcpl as well as the
exonuclease Xrnlp (Bouveret et al. 2000; Tharun et al.
2000). On the basis of these observations, we reasoned that
GWBs may also be involved in mRNA decay and initiated
studies to determine whether hDcpl, the human homolog
of the yeast decapping enzyme subunit Dcp1, was also pres-
ent in HEp-2 cell GWBs. An overlap between the cytoplas-
mic structures stained by rabbit anti-hDcp1 antibodies (van
Dijk et al. 2002) and the index human serum specific for
GWBs (Fig. 1C) was observed. These observations were
supported by studies showing that the mAb 4B6 anti-
GW182 also colocalized with the hDcpl protein (Fig. 1D).
The colocalization observed between the hLSm4 protein
and the GWBs was a not a result of cross-reacting antibod-
ies, as determined by immunoprecipitation assays using ra-
diolabeled hLSm4 and GW182 proteins and by Western
blot analysis using cell extracts probed with rabbit anti-
hLSm4 antibody, rabbit anti-hDcp1 antibody, and the index
human serum (data not shown).

In this study, we provide evidence that the recently iden-
tified mRNA-binding protein GW182-enriched cytoplasmic
bodies (Eystathioy et al. 2002a) also contain hDcpl and
hLSm4. Taken together, the data provides a basis for the
postulate that the RRM-bearing GW182 may be involved in
shuttling of mRNA to the GWBs, and that the GWBs, along
with the mRNA decapping enzymes, may represent sites of
mRNA decay. Recent evidence in yeast has described a ma-
jor pathway of eukaryotic messenger RNA (mRNA) turn-
over that begins with deadenylation, followed by decapping
and 5’ to 3" exonucleolytic decay that occurred in discrete
cytoplasmic foci called processing bodies (P bodies) (Sheth
and Parker 2003). It may be that the P bodies in yeast are
analogous to GWBs in mammalian cells. In mammalian
cells, mRNAs might localize to the GWBs as part of sur-
veillance and proof-reading processes that include the de-
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FIGURE 1. Indirect immunofluorescence (IIF) studies demonstrating
that GW bodies colocalize with LSm4 and hDcp1 in HEp-2 cells (Im-
muno Concepts Inc.) were performed as described previously (Eysta-
thioy et al. 2002a). (A) Cytoplasmic bodies detected with the index
human serum #18033 (diluted 1/600) and rabbit anti-hLSm4 antibod-
ies (diluted 1/200). (B) Staining with the mAb anti-GW182 4B6 and
rabbit anti-hLSm4 antibodies (diluted 1/200). (C) Staining with the
index patient serum #18033 (1/600 dilution) and rabbit anti-hDcpl
antibodies (diluted 1/600). (D) IIF using the mAb 4B6 and the rabbit
anti-hDcpl antibodies (diluted 1/600). The secondary antibodies in-
cluded Cy3-conjugated anti-human (IgG) and anti-mouse (IgG) an-
tibodies (shown in the first column) and FITC-conjugated anti-rabbit
IgG antibodies (shown in the second column). The merged images are
shown in the third column, which includes the DAPI-stained nuclei.
The scale bars in the left column are equal to 10 um. The nuclei of cells
were stained with DAPI dissolved in glycerol mounting medium
(VectaShield: Vector Laboratories).

capping activity of hDcpl and the hLSm1-7 complex.
(Wilusz et al. 2001; Vasudevan et al. 2002).

On the basis of our observations that GW182 protein is
phosphorylated (Eystathioy et al. 2002a), GW182 may also
be regulated through some cell-signaling pathway that may
affect mRNA stability. One putative signaling pathway may
be the p38 MAPK pathway, which is required for the sta-
bilization of some mRNAs containing AU-rich elements
(AREs) (Winzen et al. 1999; Bollig et al. 2003).

In summary, the observation that GW182 protein is lo-
calized to the same cytoplasmic compartment as hLSm4
and hDcp1 proteins suggests that it also plays a key role in
mRNA decay and degradation. These observations elucidate
the emerging theme of coordinated mRNA regulation,
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whereby mRNA-binding proteins have been found to asso-
ciate with different and discrete subsets of mRNAs from a
total mRNA population (Takizawa et al. 2000; Keene and
Tenenbaum 2002). It is becoming clear that some of these
mRNA-binding proteins are involved in controlling and
targeting mRNA expression, whereas others are involved in
pathways of mRNA scanning, proof-reading, and degrada-
tion.
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