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ABSTRACT: Processing bodies (P-bodies) are cytoplasmic ribonucleoprotein (RNP) granules primarily composed of
translationally repressed mRNAs and proteins related to mRNA decay, suggesting roles in post-transcriptional regulation. P-
bodies are conserved in eukaryotic cells and exhibit properties of liquid droplets. However, the function of P-bodies in
translational repression and/or mRNA decay remains contentious. Here we review recent advances in our understanding of the
molecular composition of P-bodies, the interactions and processes that regulate P-body liquid—liquid phase separation (LLPS),
and the cellular localization of mRNA decay machinery, in the context of how these discoveries refine models of P-body function.

Processing bodies (P-bodies) are cytoplasmic ribonucleo-
protein (RNP) granules comprised primarily of mRNAs in
complex with proteins associated with translation repression
and 5'-to-3’ mRNA decay. These RNP granules are conserved
in eukaryotes and bear similarities to other RNP granules, such
as Cajal bodies, nucleoli, and stress granules, in that they
depend on complex networks of protein—RNA interactions,
low-complexity protein sequences, and liquid—liquid phase
separation (LLPS) for their formation.'” Despite their
similarities, each of these RNP granules is distinct in its
molecular composition and function. For example, stress
granules and P-bodies share some protein components, they
can come into contact with each other, and both can be
induced by cellular stress;'> however, stress granules uniquely
contain translation initiation factors. Similarly, while P-bodies
and GW-bodies, which are associated with miRNA/siRNA
silencing, were originally conflated, AGO2 and GW182 were
found to localize to P-bodies only in metazoans,'™*° and GW-
bodies have more recently been shown to colocalize with
multivesicular bodies, not P-bodies, in higher eukaryotes as
well.”' Therefore, despite the nonmembrane-bounded nature of
these RNP granules, each has a unique molecular composition
that is likely related to its function.

P-bodies were discovered during the investigation of the
localization of proteins associated with the 5'-to-3’ mRNA
decay pathway, and the additional observation of mRNA decay
intermediates in these structures led to the initial hypothesis
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that P-bodies were cellular sites of mRNA decay. However, it
was subsequently demonstrated that macroscopically observ-
able P-bodies are not required for mRNA decay to occur’>>’
and that mRNAs can recycle from P-bodies to translating
polysomes.”* More recently, mRNA decay has been observed
despite a lack of P-bodies in yeast strains lacking functional edc3
and Ism4 genes.”” An alternative, though not necessarily
mutually exclusive model, has thus emerged positing that P-
bodies are storage sites for translationally repressed mRNAs
and inactive mRNA decay enzymes, which undergo LLPS (vide
infra) as a result of the dense network of protein—protein
interactions that form when mRNA decay factors accumulate
on polysome-free transcripts.””>” The function of P-bodies in
mRNA decay, therefore, is still an open question, largely due to
the challenge of directly visualizing mRNA degradation in
diffraction-limited structures within living cells,”® as well as the
difficulty of biochemically purifying labile liquid droplets from
cells.

Many membraneless RNP granules, including Cajal bodies,
nucleoli, and mammalian stress granules, have recently been
described as having properties of liquid droplets (reviewed in

Special Issue: Membrane-Less Organelles

Received: November 15, 2017
Revised:  January 16, 2018
Published: January 30, 2018

DOI: 10.1021/acs.biochem.7b01162
Biochemistry 2018, 57, 2424—2431


pubs.acs.org/biochemistry
http://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.biochem.7b01162
http://dx.doi.org/10.1021/acs.biochem.7b01162
http://pubs.acs.org/page/policy/authorchoice/index.html
http://pubs.acs.org/page/policy/authorchoice_termsofuse.html

Biochemistry

Table 1. Recently Identified P-Body Proteins

Protein Function
NoBody mRNA decay
YTHDF2 mRNA stability
CCHCRI1 Regulation of mRNA metabolism
K63 P-body assembly
TRAF6 Regulation of phosphorylation
Tobl Post-transcriptional regulation
TUT4 Uridyltransferase
APOBEC3F Cytidine deaminase
HNRNPU RNA binding protein
SYNCRIP/HNRNPQ RNA binding protein
IGF2BP1 RNA binding protein
DHX9 RNA binding protein
IGF2BP1 RNA binding protein
IGF2BP3 RNA binding protein
PUM1 Translation repression
PUM2 Translation repression
STAU2L Translation repression
ILF3 Translation repression
MYO1C Myosin
MYOI1D Myosin
MYO6 Myosin
MYH10 Myosin

Reference

D’Lima et al. 2017°°

Wang et al. 2014

Lin et al. 2014%*

Tenekeci et al. 2016>°
Tenekeci et al. 2016™
Shapouri et al. 2015°¢
Hubstenberger et al. 2017%
Hubstenberger et al. 2017
Hubstenberger et al. 2017*
Hubstenberger et al. 2017
Hubstenberger et al. 2017
Hubstenberger et al. 2017%
Hubstenberger et al. 2017
Hubstenberger et al. 2017*
Hubstenberger et al. 2017
Hubstenberger et al. 2017%
Hubstenberger et al. 2017%
Hubstenberger et al. 2017*
Hubstenberger et al. 2017*
Hubstenberger et al. 2017
Hubstenberger et al. 2017%
Hubstenberger et al. 2017*
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Figure 1. Recently identified P-body proteins. (A) Proposed interactions between inhibitory microprotein NBDY and the mRNA decapping
complex. (B) m°A-dependent mRNA localization to P-bodies and mRNA degradation mediated by YTHDF2.

refs 12, 29, and 30). At the same time, in vitro studies have
shown the propensity of RNA-binding proteins and low-
sequence-complexity proteins to undergo LLPS either alone or
in the presence of RNA.”'~** The physical basis of LLPS has
attracted a great deal of attention in recent years because of the
critical role that proper messenger ribonucleoprotein (mRNP)
assembly plays in pathogenesis®”*°~>” and in stress responses.*®
Liquid droplet formation has been reconstituted using
intrinsically disordered regions (IDRs) and protein fragments,
low-complexity sequences, or SLiMs from RNA-binding and
RNA granule associated proteins.'”*”*” Tt has been suggested,
by extension, that P-bodies must also be liquid droplets,
especially considering the frequent occurrence of low-complex-
ity domains (LCDs) in P-body components.* However, it is
only recently that direct evidence has accumulated that P-
bodies and their constituent proteins undergo LLPS.

In this review, we describe recent advances in our
understanding of the properties and composition of P-bodies,
with a focus on advances since the last major overview of the
field.*' First, we provide an update on both targeted and high-
throughput methods to identify protein and RNA components
of P-bodies. Second, we review evidence that P-bodies and their
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constituents have the ability to undergo LLPS, considered in
context of the regulation of P-body assembly. Finally, we re-
examine models of P-body function in light of recent
investigations into mRNA decay in cells and in liquid droplets.

B P-BODY COMPOSITION

A majority of proteins constitutively associated with P-bodies
are involved in translational repression and/or RNA decay
(reviewed in refs 27 and 41). One major class of proteins is
associated with mRNA deadenylation and 5'-to-3' decay
(reviewed in refs 27), including the deadenylation complex
Ccr4-Not, Lsml-7, the decapping coactivator and enzyme
Dcp1/Dcp2, various decapping activators such as Edc3, Patl,
DDX6 (Rck/pS4, Dhhlp in yeast), and EDC4, and the §'-to-3’
exoribonuclease Xrnl. Another class includes RNA—bindin§
proteins that facilitate translational repression such as 4E-T***
and CPEB1.** A detailed, though not necessarily comprehen-
sive, summary of P-body proteins and their functions has
already been discussed in various previous reviews, to which we
refer the reader.’®*”*! These constituents have been verified,
and a number of additional P-body-associated factors have been
recently identified, through mass spectrometry-based proteo-
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Figure 2. Factors that drive P-Body assembly and liquid—liquid phase separation (LLPS). (A) Interactions between P-body proteins. Components
critical to P-body assembly are colored in blue, which include P-body proteins required for the maintenance of pre-existing P-bodies and factors that
affect the induction of new P-bodies by arsenite or vinblastine treatment, cold shock," or glucose depletion.” Components colored in pink directly
interact with RNA.*~® Solid black lines indicated direct protein—protein interactions, and red lines indicate mutual exclusiveness. Dotted black lines
suggest indirect or putative interactions. Only interactions with at least two sources of evidence derived from BioGRID are included (except for
PatL1, whose interaction with many P-body components is not well covered in the database”'®). (B) Intermolecular interactions that promote LLPS.

Upper box: simultaneous protein—protein interactions between intrinsically disordered regions (IDRs) and dimerization of P-body components.

11

Lower box: association between positively charged IDRs of P-body components such as Edc3'® with RNA transcripts promotes phase separation,

possibly through electrostatic'* and cation—7 interactions.

mics and/or targeted studies with support from subcellular
imaging. The newly identified P-body proteins described in this
section are summarized in Table 1, and two examples are
presented Figure 1.

P-body proteomics and transcriptomics. Mass spec-
trometry-based proteomics has been applied to global
identification of proteins that copurify with P-body compo-
nents, many of which have been confirmed to localize to P-
bodies. Several studies have identified interaction partners of
the RNA helicase DDX6 (Dhhlp in yeast). Two studies of
human DDX6"* identified a largely overlapping DDX6
interaction network consisting of P-body proteins including
DCP1A/B, EDC3, EDC4, LSM14A, PATLI, and 4E-T/
EIF4ENIF1. Cary et al.* purified a GEP-Dhhlp construct
from yeast and compared copurified proteins under basal and
stress conditions. This study again confirmed previously
identified P-body components and putative interactors and
also showed that the previously identified stress granule
component47 Ydjl, a chaperone, was enriched under stress
conditions and was required for assembly of some proteins into
glucose depletion induced P-bodies. However, because DDX6/
Dhhlp is also distributed throughout the cytoplasm, each of
these studies also identified interaction partners of DDX6/
Dhhlp that are not associated with P-bodies.

A recent report by Hubstenberger et al.* described P-body
purification via fluorescence-activated particle sorting rather
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than affinity purification, followed by transcriptomic and
proteomic analysis with immunofluorescence-based confirma-
tion. This study design eliminated non-P-body-associated
protein—protein interactions in addition to identifying novel
P-body proteins including RNA modifying enzymes (e.g,
TUT4, APOBEC3F), RNA binding proteins (e.g, PUM1/2,
STAU2, HNRNPU), and, surprisingly, myosins (e.g., MYOQG6),
potentially suggesting a link between P-bodies and the
cytoskeleton (see Table 1).*” Remarkably, concurrent sequenc-
ing of the sorted P-body-associated RNAs identified approx-
imately 1/5 of cellular RNAs, many of which were intact,
translationally repressed mRNAs associated with regulatory
processes. These results support enrichment of mRNA decay
factors and RNA binding proteins in P-bodies, an association of
P-bodies with translational repression for a large number of
transcripts, and suggest that chaperones and myosins could play
roles in their formation or localization.

Other recently identified P-body proteins. NoBody
(NBDY),” a mammalian 69-amino acid microprotein trans-
lated from a previously annotated long noncoding RNA
(LINCO01420), was recently found to copurify with the
human mRNA decapping complex (Figure 1A). Importantly,
this protein would not have been identified through standard
affinity proteomics approaches, because it was not previously
represented in annotated protein databases. Epitope-tagged
NBDY was found to colocalize with P-bodies via immuno-
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fluorescence imaging, and modulation of NBDY expression
levels led to changes in P-body numbers, which is a general
property of P-body proteins.”*" Silencing of NBDY expression
was shown to destabilize a reporter of nonsense-mediated
decay, suggesting that NBDY is an inhibitor of mRNA turnover.
While its specific molecular interaction network remains to be
fully elucidated, NBDY forms a specific photo-cross-link to
EDC4” and contains a C-terminal polyproline sequence with
the potential to interact with EVHI domains®> such as that
found in DcplA.

YTHDF2™ is a recently discovered mRNA modification
“reader” protein that localizes to P-bodies (Figure 1B).
YTHDE2 specifically binds to N°methyladenosine and
promotes destabilization of mRNAs bearing this modification.
The C-terminal domain of this protein is the “reader” domain
that binds the mRNA modification, and the P/Q/N-rich N-
terminal domain is required for colocalization with its RNA
targets in P-bodies. Du et al. showed that YTHDF?2 recruits the
CCR4-NOT complex through a direct interaction between the
YTHDF2 N-terminal region and the SH domain of the
CNOT1 subunit, which is essential for destabilizing m6A
mRNAs.”” These results are of particular interest because they
expand the association of P-bodies to mRNA decay through a
newly discovered mRNA-modification-dependent mechanism.

Finally, CCHCRL,** a protein of unknown function, was
recently shown to interact with the core P-body component
EDC4 in an immunoprecipitation-based proteomics study.
Recombinant GFP-CCHCRI was shown to colocalize with P-
body markers in mammalian cells, and its overexpression
produced enlarged P-bodies—again, a common property of P-
body resident proteins.

Together, recent global and targeted studies of P-body
composition continue to underscore the relationship of mRNA
decay factors to P-bodies, as well as the relationship of P-body
protein expression levels to P-body morphology and numbers.
It remains possible, that, due to the rapid exchange of P-body
factors with the cytoplasm,”®*” additional P-body-associated
proteins may remain to be identified.

B LIQUID-LIQUID PHASE SEPARATION

LLPS has been reported to depend on several factors: (1) a
dense network of redundant interactions between proteins and
RNA, (2) low-complexity sequences, or short linear motifs
(SLiMs) within which scaffolds can bind to folded domains of
other client proteins, and (3) weak to intermediate interactions,
including polyelectrolyte—polyelectrolyte interactions (complex
coacervation), between proteins and RNA (reviewed in refs
12). A summary of the P-body protein—protein and protein—
RNA interaction network is provided in Figure 2, illustrating
these LLPS-promoting properties.

Fluorescence microscopy has provided direct evidence for
the liquid droplet nature of P-bodies in living cells. Now-classic
fluorescence recovery after photobleaching (FRAP) studies”*”
showed rapid exchange of P-body proteins and RNA with the
cytoplasm, as well as P-body/stress granule fusion events,”
supporting dynamic and liquid-like properties. A recent report
by Kroschwald and co-workers verified both yeast and
mammalian P-bodies as liquids in living cells based on close
observations of their dynarnics.é0 First, the spherical morphol-
ogy of P-bodies is consistent with a liquid-like state as caused
by surface tension. Second, two P-bodies can relax and fuse
together to a new larger body that maintained its round shape,
suggesting the dynamic nature of these structures. Third, P-
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bodies can be reversibly dissolved by hexanediol, which
interferes with weak intermolecular interactions and serves as
an indicator of LLPS. Therefore, cellular P-bodies exhibit key
features of a liquid droplet.

A number of studies have reconstituted LLPS, as well as the
related phenomenon of protein hydrogel formation in vitro
using purified proteins,” "> demonstrating that this
phenomenon is common among proteins containing low-
complexity or prion-like sequences and that it is common
among RNA-binding proteins such as FUS and hnRNPA1/2.
These results have recently been extended to P-body proteins.
For example, the purified intrinsically disordered region of
Lsm4 forms liquid droplets that rapidly mature into amyloid-
like fibrils,** a consequence of liquid droplet metastability.”*
The mRNA decapping complex, centering on the enzyme
Dcp2, which catalyzes the first step in 5'-to-3’ mRNA decay,
and its coactivators, can also undergo LLPS. Purified Edc3
(protein enhancer of decapping 3) and a fragment of Dcp2
from fission yeast can phase separate when mixed in vitro, as
can a mixture of Pdcl, the yeast ortholog of metazoan Edc4/
Hedls,** fused to glutathione S-transferase and Edc3'' and a
ternary system of Dcpl, Dcp2, and Edc3"? (Figure 2B, upper
box). This process depended on multivalent interactions
mediated by helical leucine-rich repeats (HLMs) in yeast
Dcp2 and Pdcl'" and was enhanced by the presence of IDRs in
Edc3, addition of RNA, or decreased salt concentrations.'
Importantly, these in vitro studies have permitted the systematic
investigation of parameters controlling phase separation, such
as salt and protein concentrations. The phase diagram obtained
by Sprangers and colleagues'® suggested that the cellular
concentrations of many P-body proteins are close to the LLPS
phase boundary, suggesting that small perturbations to cellular
expression levels or interactions could drive the system to either
state. Taken together, these results are consistent with a
propensity of P-body proteins, in isolation or in combination,
to form liquid droplets.

B REGULATION OF P-BODY ASSEMBLY AND
DISASSEMBLY

Interactions responsible for P-body assembly. P-body
assembly in vivo has been studied in the context of both
maintenance of existing P-bodies and de novo formation of new
P-bodies, e.g. in response to stress, and both are considered
here. P-Body maintenance depends on the concentrations of
many P-body resident proteins, which have been previously
extensively reviewed (reviewed in refs 26). Specifically, the Yjef-
N domain of yeast Edc3, the C-terminal Q/N-rich domain of
yeast Lsm4,°>°° and the RGG domain of human Lsm4°” and
DDX6"* have been shown to be important for P-body
maintenance (Figure 2A, colored in blue). These domains are
of particular interest because they contain low-complexity
sequences and/or RNA binding activities that are implicated in
LLPS, suggesting that phase separation is likely important in
formation and maintenance of P-bodies in cells. Beyond these
domains, additional protein factors affect P-body maintenance
in metazoans, including EDC4,”* CPEB1,*® and 4E-T,*®
depletion of which leads to a loss of P-bodies, while depletion
of Patlb causes a decrease in P-body numbers.”” P-body
maintenance is also dependent on the presence of translation-
ally repressed mRNA, as treatment with cycloheximide, which
traps mRNA in polysomes, causes loss of P-bodies,”’ and
depletion of Dcp2, Dcpl, and Xrnl leads to increased P-body
numbers in yeast, likely due to accumulation of mRNA decay
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intermediates.”*’® Consistent with cross-talk between poly-

somes and P-bodies, polysome-associated RNA binding
proteins including SCP160 have recently been shown to
regulate P-body maintenance in yeast.”> De novo P-body
formation also increases under specific stress conditions,”" such
as glucose starvation”> and osmotic stress,”> and P-bodies
disappear during mitosis,”* suggesting that their formation is
stimulus-responsive. For de novo P-body formation, DDX6, 4E-
T, and Lsm14a are required, while EDC4 and Patlb depletion
lead to minor defects in assembly."”

Importantly, some interactions are redundant in P-body
assembly. For example, Rao et al. showed that yeast edc3A
Ism4A strain deficient in P-body maintenance and de novo
assembly under glucose starvation could still form P-bodies in
the stationary phase.” Overexpression of Dhh1 could partially
rescue P-body assembly during glucose starvation, and Psp2
and Pbyl, components of yeast P-bodies, were also able to
restore P-bodies under normal growth conditions in this strain,
suggesting that alternative multivalent protein—protein inter-
actions could drive P-body assembly in the absence of Edc3 and
Lsm4. These results suggest that the network of multivalent
protein—protein and protein—RNA interactions (with the
exception of a few essential factors) is more important than
individual components or interactions for P-body assembly.
This is consistent with a major role for multivalent interactions
in LLPS.

Active remodeling and post-translational modifica-
tions. Recent reports also suggest important roles of ATPase
activity in maintaining P-body integrity,’®”” which implies the
likelihood that the regulation of P-body fluidity is an energy-
consuming process. However, a fine control of the ATPase
activity must be achieved since h)rperactivity of ATPases could
lead to dissipation of P-bodies.”” The observation that phase-
separated liquid droplets can mature in vitro to amyloid-like
aggregates”’ may be consistent with a role for energy-
dependent remodeling processes in the maintenance of P-
body liquidity and the prevention of toxic aggregate formation.

Post-translational protein modifications (PTMs) play a
significant role in modulating P-body formation. For example,
many P-body proteins are phosphorylated, including yeast
Dcp2, which requires Ste20-mediated phosphorylation for P-
body localization.”® DcplA is phosphorylated during 3T3-L1
differentiation, which stabilizes its interaction with Dcp2’® and
is hyperphosphorylated during mitosis,* coincident with loss of
P-bodies during cell division. More recently, DcplA has been
shown to be both mono- and polyubiquitylated on many of its
lysine residues.”’ Indeed, this study showed that polyubiquity-
lation of DcplA induces phosphorylation at S315, suggesting
that these modifications may be functionally linked. Mutation
of a series of ubiquitylated lysines in the C-terminal portion of
DcplA to arginine was associated with a defect in P-body size,
Dcp2 binding, and decapping activity. Global repression of
K63-linked polyubiquitin chains via expression of a dominant
negative mutant ubiquitin led to a complete loss of P-bodies.
These results implicate ubiquitin as a key regulator of P-body
assembly, either independently or through modulation of other
PTMs. A pair of studies demonstrated that arginine
dimethylation in the C-terminal R/G-rich domain of Lsm4**
is important for the formation of P-bodies in human cells.’”
Cells expressing Lsm4 lacking this domain were deficient in
observable P-bodies, though mRNA decay and translational
repression were unaffected, and depletion of the arginine
methyltransferase PRMTS resulted in a defect in P-body
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assembly, decoupling its structural and functional roles in the P-
body. It is tempting to speculate that the location of the
modification within a low-complexity sequence region suggests
that it may participate in liquid phase separation. While the
mechanisms by which these PTMs regulate P-body formation
remain to be fully elucidated, it is reasonable to speculate that
PTMs are likely to affect the protein—protein and protein—
RNA interaction network that is required for P-body assembly
and LLPS.

B NEW INSIGHTS INTO MRNA DECAY IN CELLS AND
IN LIQUID DROPLETS

Models of P-body function have been difficult to differentiate
due to the challenge of imaging RNA decay in cells in real time
as well as the challenge of purifying or reconstituting P-bodies
in vitro, but significant advances have now been made in the
detection of mRNA decay inside living cells, as well as analysis
of mRNA within P-bodies. Very recently, a single-molecule
reporter of 5'-to-3" mRNA decay has been described, in which
5" and 3’ end binding of two different fluorescent proteins is
directed by orthogonal stem loops, while an Xrnl endonu-
clease-resistant motif is included between these sites.*’
Therefore, intact mRNAs emit two colors, but stable 3’ ends
that report on 5’-to-3" decay emit only one color. Imaging of
these reporters in living human cells revealed mRNA decay
products throughout the cytoplasm with no accumulation
inside P-bodies. Even more recently, an mRNA single-molecule
imaging system based on the MS2 stem loop and MS2-binding
coat protein was re-engineered to allow labeled mRNA to decay
with kinetics similar to the endogenous, unlabeled transcript.**
This system revealed mRNA decay events in real time that also
occurred throughout the yeast cytoplasm rather than in
cytoplasmic granules. Along the same lines, in fluorescence-
sorted P-bodies, while a greater variance in polyA tail length
relative to total cellular mRNA was observed, no accumulation
of 5'-end degraded transcripts was detected, suggesting that
most P-body-resident mRNA is intact.”® Finally, in vitro
reconstitution of an LLPS system including the decapping
enzyme Dcp2, which catalyzes the first step in 5'-to-3" mRNA
decay, dramatically decreased the activity of the enzyme; a
similar effect was observed on the activity of RNase A, which is
not normally present in P-bodies, consistent with general
inhibition of enzymatic activity within liquid droplets, though
the mechanism of this inhibition was not delineated."* While it
remains impossible to completely exclude either model of P-
body function, accumulating evidence is most consistent with
P-body as a storage granule containing translationally repressed
mRNAs and inactive decapping enzymes, with catalysis of
mRNA decay occurring throughout the cytoplasm.

H OUTLOOK

P-bodies are unique among RNP granules in their composition,
which includes translationally repressed mRNA and protein
factors associated with mRNA decay. However, since these
factors partition between P-bodies and the cytoplasm, it has
remained unresolved whether mRNA decay occurs inside P-
bodies or in the cytoplasm, although they are clearly not
required for mRNA decay.”” Increasing evidence for regulation
of P-body assembly in cells by chaperones, protein PTMs, and
energy-dependent remodeling supports an important cellular
role for these structures but does not differentiate functional
hypotheses. Supporting an association of P-bodies with mRNA
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decay, a majority of previously known and recently discovered
P-body-associated proteins are involved in mRNA degradation.
In contrast, the lack of localization of mRNA decay events to P-
bodies in live cell imaging studies, the failure to observe 5'-end-
truncated mRNA in biochemically purified P-bodies, and the
apparent inhibition of Dcp2 and RNase A in liquid droplets in
vitro are inconsistent with mRNA decay occurring within these
RNP granules.

Several key questions remain to be addressed in order to fully
support either model of P-body function. If P-bodies are
mRNA storage granules, the activities of mRNA decapping and
decay enzymes, which are plentiful and associated with RNA in
these RNP granules, must be inhibited such that a majority of
transcripts are protected from decay. The mechanism by which
this inhibition occurs would need to be established. By
extension, this model would predict that mRNA decay would
be activated in the cytoplasm, so the mechanism by which
enzymatic activity is enhanced outside the P-body must also be
established. It is reasonable to expect that further biochemical
characterization of mRNA decay inside and outside liquid
droplets could shed light on these questions. It is also possible
that, due to the liability and rapid exchange of P-body factors,
additional P-body-resident proteins may not yet have been
successfully purified and could remain to be discovered.
Continuing efforts to elucidate the full P-body composition
could potentially improve our understanding of their
biochemical activity or inactivity. Finally, it is possible that P-
bodies fulfill some other cellular role unrelated to mRNA decay,
though the molecular mechanism by which mRNA is protected
from enzymatic degradation within the P-body would remain of
interest in this case.
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