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Abstract

RNA binding proteins (RBPs) are vital to the regulation of mRNA transcripts, and can alter mRNA localization, degradation,
translation, and storage. Whi3 was originally identified in a screen for small cell size mutants, and has since been
characterized as an RBP. The identification of Whi3-interacting mRNAs involved in mediating cellular responses to stress
suggested that Whi3 might be involved in stress-responsive RNA processing. We show that Whi3 localizes to stress granules
in response to glucose deprivation or heat shock. The kinetics and pattern of Whi3 localization in response to a range of
temperatures were subtly but distinctly different from those of known components of RNA processing granules. Deletion of
Whi3 resulted in an increase in the relative abundance of Whi3 target RNAs, either in the presence or absence of heat shock.
Increased levels of the CLN3 mRNA in whi3A cells may explain their decreased cell size. Another mRNA target of Whi3
encodes the zinc-responsive transcription factor Zap1, suggesting a role for Whi3 in response to zinc stress. Indeed, we
found that whi3A cells have enhanced sensitivity to zinc toxicity. Together our results suggest an expanded model for Whi3
function: in addition to its role as a regulator of the cell cycle, Whi3 may have a role in stress-dependent RNA processing and
responses to a variety of stress conditions.
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Introduction

The budding yeast Saccharomyces cerevisiae adapts to cellular stress
by arresting the cell cycle and altering a variety of RINA metabolic
processes. Stalled translational initiation causes increased tran-
script deadenylation, decapping and decay, and promotes the
formation of highly conserved RNA degradation structures called
processing bodies (P-bodies) [1,2]. In yeast, P-bodies are hubs of
RNA degradation during both steady-state and stress conditions.
P-body-associated proteins are primarily enhancers of RNA
decapping and decay [2—4]. During stress, P-body formation is
enhanced and P-bodies can nucleate the formation of related
structures called stress granules. Though P-bodies and stress
granules share overlapping functions and protein components,
stress granules only appear during periods of cellular stress and
contain a wider array of RNA processing proteins than P-bodies,
such as translation initiation factors, 40 S ribosomal subunits, and
stability-promoting RNA binding proteins [5-7]. This broad
repertoire of RNA processing proteins allows stress granules to
tailor stress responses by promoting storage or translation of
particular mRNAs, while other mRNAs undergo decay [3,6].

Whi3 is an RNA binding protein that contains a conserved
RNA recognition motif (RRM) at its C-terminal end and was
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originally identified in a screen for small cell size mutants [8,9].
Other functional regions of Whi3 include a Cdc28 recognition
motif required for interaction with the cyclin-dependent kinase
Cdc28, and a glutamine-rich (Q-rich) region that has been
minimally characterized [8-10]. Microarray experiments have
identified approximately 300 Whi3 target mRNAs, including
transcripts involved in cell cycle regulation, cell wall biogenesis,
and transcription factors [11,12]. Whi3 target mRNAs are
enriched for tetranucleotide (U)GCAU motifs, which are required
for interaction with Whi3 [11,13].

The best-characterized Whi3-interacting mRINA is the yeast cell
cycle regulator CLN3 [11,14]. CIn3 binds to its Cdk partner Cdc28
to promote cell cycle entry, and several wu3A phenotypes depend
upon the presence of Cln3, including small size, meiotic entry,
pseudohyphal growth, and invasive growth [8,10,14,15]. Mutation
of the (U)GCAU motifs in CLN3 mRNA, preventing Whi3
binding, results in a small-cell phenotype equivalent to that of
whi3A cells, indicating that Whi3-mediated cell size regulation is
dependent upon the interaction between Whi3 and CLN3 [11]. A
current model of Whi3 function in S. cerevisiae suggests that Whi3
sequesters CLN3 mRNA and Cdc28 protein in the cytoplasm to
prevent premature cell cycle entry [8,10-12,14,16].
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Though the well-characterized interaction with CLA3 tran-
scripts suggests that the biological function of Whi3 involves RNA
regulation, most Whi3 target mRNAs are not cell cycle-regulated,
suggesting that Whi3 may have functions unrelated to the cell
cycle. For example, Whi3 binds to a variety of mRNAs required
for cell wall maintenance, and w/i3A cells are sensitive to cell wall
stressors such as Congo red and calcofluor white; these sensitivity
phenotypes are largely dependent upon Whi3-mRNA interactions
[11]. Whi3 interacts with mRINA targets implicated in many other
biological processes, and the physiological significance of most of
these Whi3-mRNA interactions has not yet been investigated.

The identification of Whi3 mRNA targets involved in cell cycle
regulation and RNA processing, both of which change in response
to stress, suggested the possibility that Whi3 might be involved in
stress-responsive. RNA  processing. Whi3 shares a number of
characteristics with known stress granule-associated proteins. The
Whi3 RRM shares homology with RNA binding domains of
known stress granule components Publ and Ngrl [17]. Whi3 has
been reported to form cytosolic granules [10]. Proteomic data
suggest that Whi3 protein molecules physically interact with one
another, with the stress granule component Publ, and with several
RNA processing factors, including Cdc39, Dedl, and Defl [18].
The Whi3 Q-rich region shares homology with the Q-rich region
of P-body protein Lsm4, and weakly aligns with that of Edc3
[6,17]. These facts suggest that Whi3 might be a novel component
of stress granules, a hypothesis that was tested in this study.

Results

Whi3 Localizes to Stress Granules during Glucose
Deprivation

To investigate the molecular function of Whi3, we examined its
localization using a fully functional WHI3-GFP fusion gene,
mtegrated at the WHI3 locus to maintain endogenous regulation
of its expression. In cells grown under standard conditions at 30°C
Whi3-GFP exhibited diffuse cytosolic localization (Figure 1A),
similar to previous observations in fixed cells [14,19]. Because
Whi3 shares characteristics with proteins that localize to stress
granules, and is reported to interact with Publ, a known
component of stress granules [18], we also examined Whi3-GFP
localization in cells deprived of glucose, a condition that induces
stress-granule formation in yeast [5,20-24]. Under these condi-
tions, Whi3 localized to distinct cytoplasmic foci, colocalizing with
Publ-mCherry (Figure 1A). Upon the re-addition of glucose, both
Whi3-GFP and Publ-mCherry returned to a diffuse localization
pattern (Figure 1A). This reversible, stress-dependent, punctate
localization suggests that, like Publ-mCherry, Whi3 is a compo-
nent of stress granules.

To further test this hypothesis, we determined Whi3 localization
under conditions that inhibit stress granule formation. First, cells
were incubated with cycloheximide, which inhibits stress granule
formation by preventing polysome disassembly [5,25,26]. In
cycloheximide-treated cells that were deprived of glucose, Pabl-
GFP and Whi3-mCherry both exhibited diffuse cytosolic locali-
zation and failed to form distinct foci (Figure 1B). Similarly,
neither Pabl-GFP nor Whi3-mCherry localized to foci after
glucose deprivation in eif4gitA cells, which are unable to form stress
granules under these conditions (Figure 1C) [5]. Taken together,
these data indicate that Whi3 is a previously unrecognized
component of stress granules in glucose-deprived cells.

Whi3 is not Required for Stress Granule Formation

To test whether Whi3, like eIF4GII [5], is required for stress
granule formation, we examined Publ-mCherry localization wild-
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type and whi3A cells after glucose starvation. Publ-mCherry
localized to foci in both strains, indicating that Whi3 is not a
required structural component of stress granules that form during
nutrient deprivation (Figure 1D).

Whi3 Localizes to Stress Granules during Heat Shock

In yeast, stress granules form in response to heat shock as well as
glucose deprivation, although the protein composition of stress
granules varies under these two conditions [3,21,26,27]. In cells
exposed to 15 minutes of heat shock at 46°C (Figure 2A), Whi3-
GFP displayed punctate distribution and colocalization with Pub1-
mCherry-containing foci, which was reversed after cells were
returned to 30°C. Whi3-mCherry also colocalized in foci with
Pab1-GFP, a previously characterized component of stress
granules, under these conditions (data not shown). These
observations suggest that Whi3 localizes to stress granules in
response to multiple stress conditions.

The RRM and Glutamine-rich Domains of Whi3 are not
Required for its Localization to Stress Granules During
Heat Shock

Many protein components of stress granules contain an RNA-
binding domain and/or a glutamine-rich domain, which mediates
stress granule aggregation [6,28]. To determine if the glutamine-
rich region of Whi3, which has no known function [6,9,28], is
required for Whi3 localization to stress granules, we compared the
localization of full-length, GFP-tagged Whi3 (Whi3-3xGFP) with
that of a Whi3 mutant lacking the glutamine-rich region
(Whi3AQrich-3xGFP).  'Whi3AQrich colocalized with Publ-
mCherry in stress granules in response to heat shock (Figure 2C)
and glucose deprivation (data not shown), indicating that the
glutamine-rich region is not required for Whi3 localization to
stress granules.

Whi3 also contains an RNA-binding domain termed an RNA
recognition motif (RRM), and binds to a specific set of cellular
mRNAs, including CLN3 [11,14]. To determine whether RNA
binding is required for Whi3 localization to stress granules, we
constructed a strain with WHISARRM-5xGFP, lacking the RRM
motif, integrated into the genome. Whi3ARRM-3xGFP localized
to foci in heat-shocked cells, indicating that RNA binding is not
required for Whi3 localization to stress granules under these
conditions (Figure 2E).

Differential Centrifugation Confirms Stress-dependent
Change in Whi3 Localization

Because P-bodies and stress granules are composed of large
RNP aggregates, they pellet at 10,000 xg force in cytosolic extracts
[4,26]. To extend our microscopic observations, we examined the
sedimentation characteristics of Whi3-3xGFP, Whi3AQrich-
3xGFP, and Whi3ARRM-3xGFP in cell extracts. In extracts of
cells grown at 30°C and centrifuged at 10,000 xg, the majority of
Whi3-3xGFP remained in the cytoplasmic supernatant fraction,
and a small amount appeared in the insoluble pellet fraction. In
contrast, in extracts of cells exposed to 46°C for 15 minutes, nearly
all of the Whi3-3xGFP distributed in the pellet fraction (Figure 2B).
The behavior of Whi3AQrich-3xGFP and Whi3ARRM-3xGFP in
this assay was indistinguishable from that of Whi3-3xGIP
(Figure 2D, 2F) and similar to that of a known component of
stress granules, Publ-mCherry (Figure 2B, 2E, 2F). In contrast, the
sedimentation of phosphoglycerate kinase, Pgkl, a cytosolic
metabolic enzyme that does not localize to stress granules, did
not change in extracts of stressed cells (Figure 2B, 2E, 2F). These
results support the conclusion that Whi3-3xGFP, Whi3AQrich-
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Figure 1. Whi3 localizes to stress granules during glucose deprivation. (A) Cells coexpressing Whi3-GFP and stress granule marker Pub1-
mCherry were deprived of glucose for 10 minutes. Glucose deprivation caused Whi3 and Pub1 to colocalize in distinct cytoplasmic foci. Readdition of
glucose caused foci to dissolve. Scale bar represents 5 um. (B) Treatment with cycloheximide (CHX) inhibits stress granule formation by preventing
polysome disassembly. Unlike cells treated with drug vehicle alone, cells treated with CHX form neither Pub1-mCh nor Whi3-GFP foci. (C) Cells lacking
the scaffolding protein elF4GIl do not form stress granules. Neither Whi3-mCh nor Pab1-GFP forms foci in eif4giiA cells. (D) Stress granule marker

Pub1-mCh is still able to localize to foci in the absence of Whi3.

doi:10.1371/journal.pone.0084060.g001

3xGFP, and Whi3ARRM-3xGFP specifically localize to stress

granules in cells exposed heat shock at 46°C.
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Whi3 Colocalizes with P-bodies during Mild Heat Shock

To determine whether Whi3 is a component of P-bodies, we
compared the localization of Whi3-3xGFP and Edc3-mCherry, a
component of P-bodies, in cells exposed to a range of tempera-
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Figure 2. Whi3 localizes to stress granules during heat shock. (A) Cells co-expressing Pub1-mCh and Whi3-GFP were heat shocked at 46°C for
15 minutes. Heat shock caused Whi3 and Pub1 to colocalize in distinct cytoplasmic foci. When cells were returned to 30°C, these foci dissolved. Scale
bar represents 5 um. (B) Pelleting assay results support the observation that Whi3 is enriched in insoluble stress granules during heat shock. Both
Whi3FL-3xGFP and Pub1-mCh are enriched in soluble (S) fractions at 30°C, but become enriched in the insoluble pellet (P) fraction during heat shock
at 46°C. Housekeeping gene Pgkl does not change solubility in response to stress. (C) Whi3AQrich-3xGFP colocalizes with stress granule marker
Pub1-mCherry during heat shock. (D) Whi3AQrich exhibits a similar solubility profile to Whi3FL-3xGFP. (E) Whi3ARRM-3xGFP colocalizes with stress

granule marker Pub1-mCherry during heat shock. (F) Whi3ARRM exhibits a similar solubility profile to Whi3FL-3xGFP.

doi:10.1371/journal.pone.0084060.g002

tures. At 30°C, when P-bodies, but not stress granules, are present,
most cells contained several (between one and four) Edc3-
mCherry-containing puncta (Figures 3A and 4A). In contrast,
Whi3-3xGFP displayed diffuse cytosolic staining at 30°C and did
not localize to Edc3-mCherry-containing foci (Figure 4B), indi-
cating that Whi3 is not a component of P-bodies in unstressed
cells.

In cells exposed to mild heat shock (37°C) the number of Edc3-
mCherry-containing P-bodies increased (Figures 3A and 4A), and
Whi3-3xGI'P-containing foci were observed, with most cells
exhibiting a maximum of four such puncta (Figures 3A, 3B, 4A).
Some foci contained both Edc3-mCherry and Whi3-3xGFP at
37°C, and colocalization of these proteins increased compared to
30°C (Figure 4B), suggesting that Whi3 is recruited to stress-
enhanced P-bodies during mild stress. This trend continued at
39°C; Whi3-3xGFP and Edc3-mCherry foci became more
abundant (Figures 3A, 4A), and colocalization of these proteins
increased (Figure 4B). Also, at 39°C, it was apparent that some
Whi3-3xGFP containing puncta were distinct from Edc3-mCherry
foci (Figure 3A, arrowhead). The number of Whi3-3xGFP and
Edc3-mCherry-containing foci continued to increase at 42°C and
46°C, and their colocalization was similarly enhanced at these
temperatures (Figures 3A, 4A, 4B). Thus, in response to
increasingly severe heat shock, stress-enhanced P-bodies became
more abundant. In parallel, the distribution of Whi3 became more
punctate, and its association with stress-enhanced P-bodies
increased.
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We similarly examined the distribution of Publ-mCherry, a
component of stress granules, and Whi3-3xGFP over a range of
temperatures. Publ-mCherry remained diffusely cytosolic at 30,
37 and 39°C (Figure 3B). At 39°C, colocalization of Publ-
mCherry and Whi3-3xGFP was low, as 95% of cells contained one
or more Whi3-3xGIP-containing puncta, while Publ-mCherry
remained diffusely distributed (Figure 3B, Figure 4A, 4B).
However, at 42°C, Publ-mCherry-containing stress granules were
observed, and became more numerous in cells at 46°C (Figure 3B,
4A); colocalization of Whi3-3xGFP and Publ-mCherry increased
at these temperatures (Figure 4B). During the most severe heat
shock (46°C), both Edc3-mCherry and Publ-mCherry colocalized
with Whi3-3xGFP, consistent with previous findings that compo-
nents of P-bodies and stress granules colocalize during stress
(Figure 3, Figure 4, and data not shown) [5,26]. Taken together,
these data show that Whi3 localizes to RNP aggregates during
both mild and severe heat shock, and is thus a component of stress-
enhanced P-bodies and/or stress granules. Furthermore, Whi3
may define a new class of RNP aggregates that does not contain

Edc3 or Publ.

Comparison of Data from Two Independent Isolations of
Whi3-bound mRNAs Reveals a High-confidence Whi3
Target Set

Whi3 regulates cell size by binding to the mRNA that encodes
Cln3, a G cyclin, and specifically recognizes mRNAs that contain
(U)GCAU repeats [11,13]. To identify additional Whi3 mRNA
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Figure 3. Whi3 nucleates stress granules during mild heat shock. (A) Cells coexpressing Whi3FL-3xGFP and P-body marker Edc3-mCh were
incubated at various temperatures for 15 minutes. Whi3 does not colocalize with P-bodies during non-stress conditions (30°C). As temperatures
increase, both Whi3 and Edc3 form foci. Though some Whi3 foci are distinct from Edc3 foci (arrowheads), colocalization between Whi3 and Edc3
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increases as temperature increases. Scale bar represents 5 um. (B) The experiment described in (A) was repeated in cells coexpressing Whi3FL-3xGFP
and stress granule marker Pub1-mCh. Though Whi3 begins localizing to foci at 37°C, Pub1 foci do not form until 42°C. Pub1 and Whi3 foci colocalize

at temperatures at or above 42°C.
doi:10.1371/journal.pone.0084060.g003

targets, we purified Whi3 from cell extracts as previously described
[29], but used a one-class Significance Analysis of Microarrays
(SAM) algorithm to identify targets, which is similar to a t-test
[29,30]. This analysis revealed 418 Whi3 mRNA targets with a
false discovery rate of <1% (Figure 5 and Table S1). These targets
were then compared to those from a previously published set of
Whi3-binding mRNAs which, when reanalyzed using SAM
analysis identified 1,018 Whi3 target mRNAs with a false
discovery rate of <1% (Figure 5 and Table S1) [11]. 269 mRNAs
were common to both data sets, of which 100 also contained one
or more copies of the Whi3-binding motif, (U)\GCAU [11,13].
These 100 mRNAs constitute a high-confidence set of Whi3 target
mRNAs (Figure 5 and Table S1).

Enrichment of Gene Ontology Terms among Whi3 mRNA
Target Sets

To gain insight into the function of Whi3 in the post-
transcriptional regulatory network, we analyzed the enrichment
of Gene Ontology (GO) terms among the Whi3 mRNA targets
(Figure SI1). GO term enrichment was calculated using the
GOstats package in R, the statistical analysis software (http://
www.r-project.org), and the resulting p-values were corrected for
multiple hypothesis testing with the Bonferroni correction [31].
The GO term analysis revealed that Whi3 binds to mRNAs
encoding proteins involved in regulating transcription, the cell
cycle, and the response to environmental stimuli. Specifically,
Whi3 bound to mRNAs encoding numerous transcription factors
(e.g., NRG1I, a regulator of glucose repression), several cyclins (e.g.,
CLN2, CLN3), proteins involved in the response to pheromone
arrest (e.g., POGI), in regulation of cell size and ribosomal RNA
transcription, and in zinc ion transport, including the zinc-
responsive transcription factor Zapl.

Loss of Whi3 does not Significantly Affect the Translation
of Target mRNAs

To determine whether Whi3 regulates translation of its target
RNAs, we performed genome-wide translation analysis as
described previously [32]. Briefly, we compared the average
number of ribosomes bound to a given mRINA species (L.e.
ribosome number) between a wild-type strain and a wh3A strain
grown to mid-log phase in YPD. We found no significant
difference in the Whi3-dependent change in ribosome number
for the top 100 high-confidence Whi3 targets compared to all
other genes (Figure 6A), suggesting that Whi3 does not regulate
translation of the mRNAs to which it is bound.

Whi3 Regulates the Abundance of its Target mRNAs

To examine possible effects of Whi3 on the abundance of its
mRNA targets, quantitative RT-PCR analysis was performed on
steady-state mRNA samples from wild-type and whi3A cells at
both 30°C and 46°C. mRNAs examined included CLN3, the best-
characterized Whi3-binding mRINA, six additional mRNAs from
the high-confidence set of Whi3 targets discussed above (ECLI,
ISUI, MSC2, RFUI, VHR2, {API), and, as a negative control,
APE3 mRNA, which contains no (U\GCAU motifs and is not
bound by Whi3. Within each sample, individual mRNAs were
normalized to the level of actin mRNA to determine abundance;
there was no significant difference between actin levels at 30°C or
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46°C (data not shown). Then, the amount of each mRNA in
whi3A cells relative to its level in wild-type cells grown at 30°C was
determined (Figure 6B).

At both 30°C and 46°C, all Whi3 target mRNAs, but not APE3,
displayed greater abundance in w/i3A than in wild-type cells
(Figure 6B), and this effect was highly significant (Figure 6C,
p<<0.001, 2-way ANOVA). At 30°C, the extent to which each
mRNA increased in whi3A cells relative to wild-type varied from
1.5-fold (ECL1, RFUI1, ZAPI) to as much as 3.5-fold (CLN3). The
effect of temperature stress on mRNA targets of Whi3 was less
consistent. Though the abundance of each of the tested RNA
targets of Whi3 was elevated in whiSA relative to wild-type cells,
some targets decreased in overall abundance at 46°C relative to
30°C (ISUI), while others remained stable or increased (CLNI,
ECLI1, MSC2, VHR?) (Figure 6B). Taken together, these results
suggest that Whi3 decreases steady state levels of its target mRINAs
under both normal and stress conditions. However, the degree to
which Whi3 affects each target mRNA varies, as does the response
of each target mRNA to stress.

CLN3 mRNA abundance increased approximately 3.5-fold in
whi3A cells compared to wild-type cells at 30°C (p<<0.0001, 2-way
ANOVA with multiple comparisons, Figure 6B), and was the
largest change observed in our sample. Increased levels of CLN3
mRNA could explain why whiSA cells proceed more rapidly
through the cell cycle than wild-type cells, leading to a small cell
size phenotype [8-11,14]. Interestingly, at 46°C, when Whi3 is
associated with stress granules, CLN3 mRNA levels were much less
affected by its absence.

Cells Lacking Whi3 are Sensitive to Zinc

Wild-type and whiSA cells grew equally well on control media,
but growth of whi3A cells was inhibited by 10 mM or 15 mM
ZnCly (Figure 7A). Zapl is a transcriptional activator that activates
genes involved in zinc metabolism in response to zinc limitation
[33-35], and {AP! mRNA is part of the high-confidence Whi3
targets described above (Figure 5). zapIA cells, which grow slowly
on control media because they are zinc-starved, grow better on
plates supplemented with zinc (Figure 7A).

Because Whi3 binds to several mRNAs associated with zinc-
dependent phenotypes, including AMSC2 and API, we wondered
whether the zinc sensitivity phenotype of whi3A cells could be
altered by overexpression of Zapl. whiSA cells transformed with
vector were sensitive to 10 mM and 15 mM zinc; this phenotype
was neither enhanced nor suppressed by overexpression of Zapl
(Figure 7B). Our data cannot rule out the possibility that the zinc-
sensitivity phenotype of whi3A cells is due to misregulation of
multiple Whi3 mRNA targets, rather than misregulation of Zapl
alone.

Discussion

Whi3 is a Novel Component of Stress-enhanced P-bodies
and Stress Granules

Cellular stress triggers a translational arrest, followed by
polysome disassembly. The release of non-translating mRNAs
into the cytoplasm triggers the formation of RNP aggregates called
stress granules. Our observation that the RNA binding protein
Whi3 shares several features with key stress granule components
(e.g., Q-rich domain, interaction with Publ [9,18]) and the
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cell, avoiding the vacuole, and a plot of signal intensity was generated. The analysis was repeated in the corresponding image and a Pearson’s
correlation coefficient between the two lines was calculated. Data presented are the average of 20 cells; error bars represent SEM. Pub1-mCh and
Whi3FL-3xGFP exhibit high correlation at 30°C when both are diffusely cytosolic, but correlation decreases at 37°C and 39°C when Whi3 begins
localizing to foci. Pub1 and Whi3 correlate more robustly once Pub1 foci begin to form at 42°C. Edc3-mCh and Whi3FL-3xGFP correlate poorly at 30°C
when Edc3 is in foci, but become more highly correlated as temperatures increase.

doi:10.1371/journal.pone.0084060.9004

observation that Whi3 localization changes from diffusely cyto-
plasmic to punctate in response to stress led to the hypothesis that
Whi3 could be a novel component of stress granules.

We found that Whi3 localized reversibly to cytoplasmic granules
in response to glucose deprivation and heat shock, and that Whi3
colocalized with known stress granule components Publ and Pabl
under the same conditions (Figures 1 and 2, and data not shown).
Blocking stress granule assembly using cycloheximide or deletion
of elF4GII prevented Whi3 from localizing to stress granules
during glucose deprivation, suggesting that Whi3 localization to
stress-responsive foci is affected by the same factors that affect
stress granule formation. Although this change in Whi3 localiza-
tion depended upon stress granule formation, the reverse was not
true; stress granules still formed in whi3A cells, indicating that
Whi3 is not required for stress granule formation.

Neither the RRM nor glutamine-rich region of Whi3 was
required for its localization to stress granules during heat shock
(Figure 2). In contrast, under normal growth conditions the Q-rich
region of the Whi3 homolog from the related yeast, Ashbya gossypu,
1s required for that protein to form aggregates, which allows for
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Figure 5. Comparison of multiple data sets reveals a high-
confidence Whi3 RNA target set. Heat map showing the overlap
among Whi3 targets identified in the Whi3 IP presented in this study or
from the Colomina data set [11]. Each row is a Whi3 target mRNA
identified in at least one of the two data sets with a false discovery rate
(FDR) of <10%. The first two columns show the SAM reported false
discovery rates for each mRNA in either our Whi3 IP data set or the
Colomina data set, with FDRs ranging from >10% in black through red,
orange, yellow and 0% in light yellow. The third column indicates in
blue which mRNAs contain the (U)GCAU Whi3 interaction motif. The
fourth column indicates in red which mRNAs we defined as the top
100 high-confidence Whi3-interacting RNAs.
doi:10.1371/journal.pone.0084060.g005
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localization of the CLN3 mRNA and asynchronous cell cycle
regulation of nuclei within a common hyphal cytoplasm [36].
During heat shock, Whi3 may utilize both RNA dependent and
Q-rich prion-type aggregation interactions to yield a robust
association with stress granules that is not compromised by
disruption of just one of these mechanisms.

Whi3 Localizes to Structures Distinct from P-bodies and
Stress Granules in Response to Heat Stress

Whi3 differed from a known stress granule component, Publ, in
the dynamics of its localization to stress granules following heat
stress. Though stress granule assembly was required for Whi3 to
form foci in response to glucose deprivation, Whi3 actually
assembled into foci during mild heat stress, when Publ remained
cytosolic. Whi3 colocalized with heat shock-responsive P-bodies
during mild heat shock at 37°C and 39°C, suggesting that Whi3
may participate in P-body enhancement during mild heat shock.
Furthermore, some Whi3 foci were disti