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Abstract
Decapping of messenger RNA was thought to involve a complex of only Dcp1 and Dcp2, but new
data suggest that a larger multisubunit decapping complex exists in mammals. The larger complex
includes a protein that facilitates the association of the two Dcp proteins and can be recruited by
specific factors that promote mRNA decay.

Regulation of mRNA decay is an important step in the control of gene expression, and removal
of the 5′ cap is a crucial part of eukaryotic mRNA decay. These mRNAs are not degraded by
random processes, but rather undergo decay through two main exonucleolytic pathways that
require the removal of the poly(A) tail (deadenylation) as a prerequisite step. The first pathway
involves direct decapping and clearing of the mRNA body by the 5′→3′ exonuclease Xrn1.
The second pathway proceeds through a continuous degradation by the exosome complex
followed by hydrolysis of the resulting cap carried out by the scavenger decapping enzyme
DcpS1.

Two proteins, Dcp1p and Dcp2p, were initially isolated in yeast and shown to be essential for
decapping, with Dcp2 being the catalytically active decapping enzyme2–4. In yeast, Dcp1p
and Dcp2p are thought to form a decapping complex wherein the Dcp1p subunit facilitates
decapping by Dcp2p5. Although homologs of Dcp1p are present in mammals, a similar
stimulatory role has yet to be shown for either of the two human Dcp1p homologs, hDcp1a
and hDcp1b. Furthermore, the composition of the decapping complex has also remained
unclear.

A recent report by Fenger-Grøn et al.6 now suggests that hDcp1a and hDcp2 are components
of a larger decapping complex. Using an affinity purification approach with hDcp1a as bait,
three proteins were identified. Two are homologous to previously identified yeast proteins
known to enhance decapping, Dhh1p and Edc3p (termed rck/ p54 and hEdc3, respectively, in
humans). Consistent with previous results in yeast, both proteins were shown to specifically
interact with hDcp1a. The third interacting factor corresponds to a protein of unknown function
that was termed Hedls (pronounced “headless”). Hedls enhances mRNA decapping at least in
part by facilitating the interaction of hDcp1a with hDcp2. The authors propose that the presence
of Hedls promotes formation of a multisubunit decapping complex that can consist of the two
Dcp proteins, Hedls, rck/p54 and hEdc3 (Fig. 1). This is an important finding and suggests that
Hedls can nucleate a larger decapping complex.

In contrast to yeast Dcp1p and Dcp2p, which can interact with one another5,7,8, minimal to
no interaction was detected between overexpressed hDcp1a and hDcp2 unless Hedls was also
expressed. Fenger-Grøn et al.6 also used immunopurified proteins to demonstrate a functional
role for Hedls as a stimulator of hDcp2 decapping activity in vitro. Whether this is a direct
effect of Hedls on hDcp2 or an indirect one via an interaction with hDcp1a associated with
rck/p54 and hEdc3 remains to be determined. The lack of Hedls in yeast indicates that yeast
and mammals have diverged to use different mechanisms in decapping. Perhaps the more
efficient association of Dcp1p with Dcp2p in yeast precludes the need for a Hedls-like protein,
whereas the more modest association of mammalian hDcp1a and hDcp2 requires Hedls. This
could also account for the previously observed lack of stimulatory activity of hDcp1a for
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decapping by hDcp2 (refs. 2,3). Therefore, the addition of Hedls might be necessary to observe
a decapping-stimulatory phenotype of hDcp1a. Surprisingly, up to 20-fold greater hDcp2 levels
were detected upon expression of Hedls. This observation could signify an additional
mechanism by which Hedls promotes decapping, perhaps by the stabilization of the hDcp2
protein, as suggested by Fenger-Grøn et al.6.

The recent identification of cytoplasmic foci termed processing bodies (P-bodies, also referred
to as GW bodies and Dcp bodies) that contain the decapping enzymes has raised a great deal
of interest. In general, many of the proteins that are directly or indirectly involved in the 5′→3′
decay pathway can localize within the P-bodies9. In addition, the deadenylase Ccr4, the
translation initiation factor eIF4E and its transporter, and the RNA-induced silencing complex
(RISC) proteins Argonaute 1 and 2 are also in P-bodies2,3,10–12. As would be expected for
a decapping-complex protein, Fenger-Grøn et al.6 found that Hedls colocalizes with hDcp1a
in P-bodies6. Overexpression of Hedls leads to the formation of aberrant P-bodies and
accumulation of deadenylated mRNAs. This is a common theme for proteins involved in the
5′→3′ decay pathway, as similar enlargements of P-bodies also occur in yeast and mammalian
cells upon disruption of Dcp1p and Xrn1 (refs. 10,13).

mRNA turnover can be stimulated by adenine-uracil–rich elements (AREs) found in many
unstable mRNAs. One mechanism by which the AREs can promote rapid mRNA decay is by
recruitment of the exosome14,15. Moreover, the recent demonstration that the tristetraprolin
(TTP) ARE-binding protein interacts with hDcp2 (ref. 16) suggests that ARE-binding proteins
can also function to recruit decapping factors. Using an in vitro decapping assay, Fenger-Grøn
et al.6 now show that immunopurified TTP can significantly enhance the decapping of an ARE-
containing RNA but has a minimal effect on an RNA that does not contain any AREs.
Furthermore, the N-terminal domain of TTP, which contains the hDcp2-interaction region16,
was required for this stimulation. Therefore, TTP seems to be a multifunctional protein that
can promote the decay of mRNA by a variety of mechanisms (Fig. 2). Although TTP can
directly facilitate decapping in the above-mentioned in vitro decay assay6, it seems also to
require the miR16 microRNA to promote overall decay of a reporter RNA containing a different
ARE, the tumor necrosis factor-α mRNA17. In this case, TTP was shown to interact with
Argonaute 2, suggesting that miR16 functions with TTP to promote decapping. Whether a
microRNA is required for all ARE-mediated mRNA decay or just that of a subset of ARE-
containing mRNAs still remains to be determined, as does the mechanism by which it promotes
decay.

The demonstration that the Dcp proteins can be part of a larger complex opens new avenues
for investigation. Although such a complex can be immunopurified, further work is needed to
determine whether this complex is the functional decapping unit or simply one of multiple
different decapping complexes that are used in cells. The ability of yeast Edc3p to promote
general decapping18 as well as decapping of a specific transcript without prior
deadenylation19 supports the notion of multiple decapping complexes. Furthermore, the role
of rck/p54 in decapping is still unclear. The association of rck/p54 with hDcp1a might serve
as an active stimulator of decapping, or it might represent a means for recruiting translationally
repressed RNAs to the decapping machinery. This question is posed in light of the recent
demonstration by Coller and Parker20 that the rck/p54 homolog in yeast, Dhh1p, is a
translational repressor that promotes movement of mRNA into P-bodies and P-body
aggregation. Numerous additional factors have also been proposed to promote decapping9,
although their mechanisms still need to be clarified. Finally, even though a great deal of
emphasis has been placed on the decapping enzymes and the promoters of decapping, it seems
likely that regulation of decapping will also involve inhibitors of decapping that have yet to be
identified. It is clear that regulation of decapping is an intricate process, and the identification
of Hedls adds one more piece toward completion of the mRNA decapping puzzle.
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Figure 1.
Model of potential Dcp2 decapping complexes. Top arrows represent the equilibrium of Dcp1
and Dcp2 association/dissociation in the presence or absence of Hedls. The decapping activity
of Dcp2–Dcp1 complex (+) may be enhanced (+++) in the presence of the other decapping-
complex components. The Dcp2 catalytic component is shown with teeth. Not shown are
potential intermediates with only a subset of the proteins.
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Figure 2.
Activation of ARE-containing mRNA decay by TTP. To facilitate rapid decay of the ARE-
containing mRNA, TTP is known to promote both the 5′→3′ and the 3′→5′ decay pathways
as well as to function with miR16, at least in the case of the tumor necrosis factor-α ARE.

Bail and Kiledjian Page 5

Nat Struct Mol Biol. Author manuscript; available in PMC 2007 August 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


