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June 18, 20201st Editorial Decision

June 18, 2020 

Re: JCB manuscript  #202005102 

Dr. Mart i Aldea 
Molecular Biology Inst itute of Barcelona 
Baldiri Reixac 15, 3 floor 
Barcelona, Catalonia 08028 
Spain 

Dear Dr. Aldea, 

Thank you for submit t ing your manuscript  ent it led "Stress granules display bistable dynamics
modulated by Cdk". Thank you for your pat ience with the peer review process; we apologize for the
delay in communicat ing our decision to you. The manuscript  was assessed by expert  reviewers,
whose comments are appended to this let ter. We invite you to submit  a revision if you can address
the reviewers' key concerns, as out lined here. 

We recruited a stress granule expert  (Reviewer #1) and a cell cycle expert  (Reviewer #2) to
evaluate the study rigorously. You will see that both reviewers found the results interest ing but
raised several points that undermine the strength of the conclusions. We have discussed their
points editorially and find them valid and important. We encourage you to focus the revisions on
addressing the following points. 

Both reviewers highlighted that the paper does not demonstrate that Cdk/Cdc28 and Whi8 direct
the Cln3 mRNA to actual stress granules (Rev#1 point  #1, Rev#2 minor point  #8) -- you may be
observing translat ion repression of the Cln3 mRNA independent of stress granules. This is
especially important as Rev#1 flagged potent ial artefactual effects of the MS2 tagging approach
that could confound the interpretat ion of the localizat ion studies suggest ing that the Cln3 mRNA
colocalizes with Whi8 in stress granules (Rev#1 #3). Similarly, Rev#1 was not convinced that the
data direct ly show that Whi8 recruits Cln3 to stress granules (#4), not  only because of the issues
with the approaches but because the evidence presented is indirect . In mammalian cells, Rev#1
pointed out that  there isn't  enough evidence that caprin recruits the CCND1 mRNA into stress
granules either (#5). Rev#2 found the experimental condit ions used to induce stress extreme and
wondered whether the results are dependent on them (#1). As Referee #2 pointed out (point  #3), it
is important to show the primary imaging data underlying quant ificat ions throughout the
manuscript . These are all essent ial points that we feel must be addressed to strengthen the data
and conclusions. Please also address the reviewers' minor points. 

On the other hand, Reviewer #2's suggest ion to connect Cdc28 act ivity to Whi8/Whi3 funct ion
direct ly (#2) is interest ing and would add valuable new informat ion, but it  does not contribute to the
validity of the current conclusions drawn and in our view would therefore be 'opt ional' for
resubmission. Please address this point  as you feel is best. 

Please let  us know if you have any quest ions. We would be happy to discuss the revisions further. 

While you are revising your manuscript , please also at tend to the following editorial points to help



expedite the publicat ion of your manuscript . Please direct  any editorial quest ions to the journal
office. 

GENERAL GUIDELINES: 

Text limits: Character count for an Art icle is < 40,000, not including spaces. Count includes t it le
page, abstract , introduct ion, results, discussion, acknowledgments, and figure legends. Count does
not include materials and methods, references, tables, or supplemental legends. 

Figures: Art icles may have up to 10 main text  figures. Figures must be prepared according to the
policies out lined in our Instruct ions to Authors, under Data Presentat ion,
ht tp://jcb.rupress.org/site/misc/ifora.xhtml. All figures in accepted manuscripts will be screened prior
to publicat ion. 

***IMPORTANT: It  is JCB policy that if requested, original data images must be made available.
Failure to provide original images upon request will result  in unavoidable delays in publicat ion.
Please ensure that you have access to all original microscopy and blot  data images before
submit t ing your revision.*** 

Supplemental informat ion: There are strict  limits on the allowable amount of supplemental data.
Art icles may have up to 5 supplemental figures. Up to 10 supplemental videos or flash animat ions
are allowed. A summary of all supplemental material should appear at  the end of the Materials and
methods sect ion. 

As you may know, the typical t imeframe for revisions is three to four months. However, we at  JCB
realize that the implementat ion of social distancing and shelter in place measures that limit  spread
of COVID-19 also pose challenges to scient ific researchers. Lab closures especially are prevent ing
scient ists from conduct ing experiments to further their research. Therefore, JCB has waived the
revision t ime limit . We recommend that you reach out to the editors once your lab has reopened to
decide on an appropriate t ime frame for resubmission. Please note that papers are generally
considered through only one revision cycle, so any revised manuscript  will likely be either accepted
or rejected. 

When submit t ing the revision, please include a cover let ter addressing the reviewers' comments
point  by point . Please also highlight  all changes in the text  of the manuscript . 

We hope that the comments below will prove construct ive as your work progresses. We would be
happy to discuss them further once you've had a chance to consider the points raised in this let ter. 

Thank you for this interest ing contribut ion to the Journal of Cell Biology. You can contact  us at  the
journal office with any quest ions, cellbio@rockefeller.edu or call (212) 327-8588. 

Sincerely, 

Joan Steitz, PhD 
Monitoring Editor, Journal of Cell Biology 

Melina Casadio, PhD 
Senior Scient ific Editor, Journal of Cell Biology 



--------------------------------------------------------------------------- 

Reviewer #1 (Comments to the Authors (Required)): 

This manuscript  argues that there is a bistable switch controlling the cell cycle and stress granules
wherein the Whi8 protein recruits Cln3 mRNA to stress granules to inhibit  its t ranslat ion repressing
the cell cycle, and when Cdk act ivity is increased, stress granule disassembly is promoted, thus
creat ing a bistable switch. Overall, the manuscript  presents some interest ing observat ions and
provides new insight into the control of the cell cycle and stress granules. However, as detailed
below several issues should be addressed before the work could be published in JCB. 

This review is from Roy Parker and I would be willing to clarify these comments for the authors
direct ly if needed. 

Specific Comments: 

1) The fundamental issue with this manuscript  is whether the "bistable switch" observed is through
stress granule format ion per se, or simply through translat ion repression of the CLN3 mRNA
independent of stress granules. I raise this issue since stress granules form when translat ion
repression occurs, and where examined the format ion of stress granules has not been required for
translat ion repression per se. I suggest the authors either a) consider the relevant issue is direct
t ranslat ion control of Cln3 mRNA independent of stress granule assembly, or b) show that stress
granule format ion is required in some manner by using condit ions where stress granule assembly is
limited (this is harder to do genet ically in yeast, but  can be done more easily in mammalian cells (e.g.
g3bp1/2∆∆ cells). Addressing whether the relevant issue here is stress granule format ion or
translat ion repression would great ly improve the manuscript . 

2) An interest ing observat ion is that  the co-ip of Pub1 with the Cln3 mRNA is decreased when
whi3/whi8 are deleted. I think the authors are interpret ing this to suggest that  Whi3 and Whi8
interact  with Pub1 to form a complex on the Cln3 mRNA. An alternat ive possibility is that  in the
absence of Whi3 and/or Whi8, the Cln3 mRNA has increased translat ion, leading to increased
ribosome occupancy, and therefore less available RNA for Pub1 to bind. This issue could be
addressed by examining the co-ip of Pub1 with Cln3 mRNA in stress and no stress condit ions in the
whi3∆/whi8∆ strains as compared to WT. The predict ion of this lat ter model is that  during stress
condit ions, when ribosomes all run off the mRNA, Pub1 will now effect ively co-ip with the Cln3
mRNA even in the whi3∆/whi8∆ cells. 

3) A key observat ion is that  the Cln3 mRNA colocalizes with Whi8 in stress granules. However,
since some MS2 tagging constructs can block Xrn1 mediated decay, they can give rise to art ificial
accumulat ion of mRNA fragments in P-body like foci (Garcia and Parker, 2015; 2016, RNA). At a
minimum, the authors need to describe whether they are using the new improved MS2 system
(Tutucci et  al., Nature Methods, 2018), and show images of these cells in a no-stress condit ion to
direct ly demonstrate the foci are dependent on stress induct ion. An alternat ive approach with less
potent ial art ifacts is to examine the localizat ion of these mRNAs by smFISH. 

4) The authors want to argue that the accumulat ion of Cln3 mRNA in stress granules is dependent
on Whi8. The current argument is somewhat indirect  (ie. there are less Pub1 foci when a MS2
tagged CLN3 mRNA is over-expressed in a whi8∆ strain as compared to wild-type (Figure 2f), which
is subject  to similar issues about MS2 art ifacts). If the authors really want to make this conclusion,
they should simply do smFISH for CLN3 in WT and whi3/8∆ strains. Frankly, given what we know



about how mRNAs are recruited to stress granules in a very combinatorial manner (see Matheny et
al., on Bioarchives), I suspect it  will be very difficult  to show Whi8 targets Cln3 mRNA to stress
granules, but I would be happy to be proven wrong. 

5) In the analysis of stress granules in mammalian cells, the authors conclude that caprin recruits
the CCND1 mRNA into stress granules since with caprin kd there are fewer CCND1 foci/cell.
However, it  is equally likely that  caprin kd is reducing the number of stress granules and therefore
there are less observed CCND1 foci. If the authors want to conclude that caprin recruits CCND1
mRNA to stress granules, they should use a marker of stress granules (e.g. G3BP1) and show the
mRNA is reduced much more than the generic stress granule protein marker. 

Minor Comments: 

6) It  would improve the manuscript  to direct ly determine how whi8 affects t ranslat ion of cln3 with
and without stress. 

7) It  would clarify the manuscript  to be clear how tagged proteins are expressed, explicit ly not ing
which ones are tagged in the genomic locus and which ones are over-expressed off plasmids. 

8) For page 5, line 10, does overexpression of Whi8 result  in SG format ion? Otherwise Whi8 is
act ing as a t ranslat ional repressor independent of SGs. 

Reviewer #2 (Comments to the Authors (Required)): 

This manuscript  from Yahya et  al. describes how budding yeast CDK (Cdc28) is recruited to and
regulates stress granules through the novel RNA-binding protein Whi8. A mass spectrometry-
based approach ident ified physical interactors of Cdc28 including a previously uncharacterized
RNA-binding protein that acts as a dosage-dependent regulator of cell size. The authors name this
protein Whi8, and they present biochemical and microscopy evidence that Whi8 recruits CLN3
mRNA to stress granules under extreme stress to limit  its t ranslat ion. They use microscopy to show
that Cdc28 localizes to stress granules under extreme stress, and interest ingly Cdc28 act ivity
inhibits stress granules, presumably by promot ing their dissolut ion. The authors provide evidence
that mammalian CDK might have a similar connect ion with RNA stress granules, leading to a model
where CDK and stress granules (SG) const itute a bistable system that exhibits hysteresis. Such a
system could switch cellular state between growth (CDK on, SG off) and arrest  (CDK off, SG on).
Together, the results in this paper provide a new and unant icipated (at  least  to me) connect ion
between the core cell cycle machinery and RNA stress granules. Both of these cellular systems
draw significant interest  from the cell biology community, so it  seems this new connect ion will lead
to a number of new studies. Clearly, more work will be needed to provide the full cellular context , but
this paper provides the first  hint  and direct ion for future work. I have several concerns that the
authors should address to strengthen the manuscript  and its impact. 

Major Concerns 

1. The level of stress used to t rigger stress granule assembly is extreme, leading to quest ions about
the broad relevance of phenomena described in the paper. The authors combine 0% glucose with
42˚C. Each of these condit ions is extreme on its own, so the combinat ion seems excessive. To my
understanding, either glucose deplet ion or extreme heat should induce stress granule assembly



alone. Are both stresses required for the CDK-SG connect ion, and for the role of Whi8 in this
process? As a related point , I was confused how Whi8 induces a dosage-dependent effect  on cell
size at  budding (Figure 1B) in the absence of cell stress, since all of the mechanist ic experiments
were performed in combined glucose deplet ion and heat stress. 

2. Does Cdc28 direct ly phosphorylate Whi8 or Whi3? The authors do not connect CDK act ivity to
any stress granule components (although they do ment ion the Cdc48 segregase as a substrate).
Given the wealth of CDK screening studies in the literature (start ing with Holt  et  al., 2009), is there
evidence for Cdc28 phosphorylat ing Whi8 or other related proteins in SGs? If not , can the authors
test  their hypothesis that Cdc28 phosphorylates these regulatory targets? This informat ion could
provide simple clarity for the mechanism of how CDK dissolves stress granules. 

3. In several cases, major conclusions are drawn from quant ificat ion of microscopy-based assays
without showing the actual cells and images. Some examples are Figures 2F and 4C. I like the
approach of quant ifying these effects, but it  seems equally important to convince the reader with
representat ive images that support  the quant ificat ion. 

Minor concerns 

4. What is the nature of the Cdc28wee mutant? Is it  degraded faster? Is the kinase act ivity reduced
compared to wildtype? Some addit ional text-based informat ion would be helpful. 

5. Where does Whi8 localize in a Cdc28wee mutant? Does it  differ under stress vs. normal growing
condit ions? 

6. Figure S1 is missing a negat ive control for something that does not change levels in the
treatment. 

7. The results in Figure 3C-D are confusing because the two microscopy images in panel C look very
similar, but  the graph in panel D indicates a big difference between the two strains. The authors
have used an ImageJ plug-in to measure the number of foci per cell. Can they add some images
with these segmented foci overlaid on the cells, perhaps in the supplemental material? As
presented, the images do not clearly support  the quant ificat ion. 

8. Somewhere in the manuscript  there should be a colocalized image of Whi8 and a stress granule
marker (i.e. Dcp1) to confirm the foci are in fact  stress granules. 

9. A stat ist ical analysis should be included with Figure 4C. 

10. In the text  it  was not clear what the nature of Caprin protein is. Why was it  chosen to represent
a Whi8 type mechanism? Does it  have sequence similarity?



1st Revision - Authors' Response to Reviewers: November 27, 2020

Reviewer #1 

This manuscript argues that there is a bistable switch controlling the cell cycle and stress granules 

wherein the Whi8 protein recruits Cln3 mRNA to stress granules to inhibit its translation repressing 

the cell cycle, and when Cdk activity is increased, stress granule disassembly is promoted, thus 

creating a bistable switch. Overall, the manuscript presents some interesting observations and 

provides new insight into the control of the cell cycle and stress granules. However, as detailed 

below several issues should be addressed before the work could be published in JCB. 

This review is from Roy Parker and I would be willing to clarify these comments for the authors 

directly if needed. 

Specific Comments: 

1) The fundamental issue with this manuscript is whether the "bistable switch" observed is through 

stress granule formation per se, or simply through translation repression of the CLN3 mRNA 

independent of stress granules. I raise this issue since stress granules form when translation 

repression occurs, and where examined the formation of stress granules has not been required for 

translation repression per se. I suggest the authors either a) consider the relevant issue is direct 

translation control of Cln3 mRNA independent of stress granule assembly, or b) show that stress 

granule formation is required in some manner by using conditions where stress granule assembly is 

limited (this is harder to do genetically in yeast, but can be done more easily in mammalian cells 

(e.g. g3bp1/2∆∆ cells). Addressing whether the relevant issue here is stress granule formation or 

translation repression would greatly improve the manuscript. 

We agree that while SG formation does not seem to be a prerequisite for translation 

repression under stress, it is not clear whether, once stress signals disappear, SGs per se still 

hinder translation until full dissolution occurs. Thus, we tested whether translation of SG-

recruited mRNAs also depended on Cdk activity during release from stress. First, we 

selected four highly-expressed mRNAs known to accumulate in SGs (Khong et al., 2017) that 

contain ORFs in the range of 1 to 6 kb and code for proteins readily detectable in the 

cytoplasm or the nucleus when fused to GFP (Huh et al., 2003): SNF2, RGC1, MDS3 and 

ULS1. As a paradigmatic example of a highly-translated transcript (Siwiak and Zielenkiewicz, 

2010) we first analyzed the SNF2 mRNA. Expression of a C-terminal fusion of Snf2 to GFP 

under the GAL1 promoter was induced with estradiol immediately after cells were subject 

to stress. After 30 min cells were placed under normal growth conditions in the absence of 

estradiol to limit further mRNA accumulation, and fluorescence levels were measured at 

different times during and after release from stress. In agreement with the fact that overall 

translation is rapidly inhibited (Crawford and Pavitt, 2019), Snf2-GFP fluorescence did not 

change significantly (p=0.17) during stress, and gradually increased up to 8-fold when wild-

type cells were returned to normal conditions (new Fig. 4H). Notably, whereas SNF2-GFP 

mRNA levels in wild-type and cdc28-13 cells were comparable during recovery from stress 

(new Fig. S3D), Snf2-GFP fluorescence levels were much lower in cdc28-13 cells and reached 

only a 2.5-fold increase at the final time point. We used free GFP as control, and observed 

no significant differences in fluorescence increase when comparing wild-type and cdc28-13 

cells (Fig. 4I and S3D). Finally, we also analyzed other SG-recruited mRNAs such as RGC1, 

MDS3, ULS1 and CLN3Δ1, a hyperstable truncated allele that allows detection of the GFP 



fusion, and observed a Cdc28-dependent resumption of translation similar to that of SNF2 

(Fig. 4J and S3D). In all, these data demonstrate the important role of the Cdk in relieving 

translation inhibition of SG-recruited mRNAs, and suggest a cause-effect relationship 

between SG dissolution and translation resumption These new data are shown in Fig. 4H-J 

and S3D and described in the text (P6 L29 to P7 L18).  

2) An interesting observation is that the co-ip of Pub1 with the Cln3 mRNA is decreased when 

whi3/whi8 are deleted. I think the authors are interpreting this to suggest that Whi3 and Whi8 

interact with Pub1 to form a complex on the Cln3 mRNA. An alternative possibility is that in the 

absence of Whi3 and/or Whi8, the Cln3 mRNA has increased translation, leading to increased 

ribosome occupancy, and therefore less available RNA for Pub1 to bind. This issue could be 

addressed by examining the co-ip of Pub1 with Cln3 mRNA in stress and no stress conditions in the 

whi3∆/whi8∆ strains as compared to WT. The prediction of this latter model is that during stress 

conditions, when ribosomes all run off the mRNA, Pub1 will now effectively co-ip with the Cln3 

mRNA even in the whi3∆/whi8∆ cells. 

The CoIP of Pub1 with the CLN3 mRNA was done under stress conditions, suggesting that 

Whi8 (and also Whi3) directly contribute to recruiting the CLN3 mRNA to SGs. We have 

modified the text (P4 L20) and the figure legend to clarify this point.  

3) A key observation is that the Cln3 mRNA colocalizes with Whi8 in stress granules. However, since 

some MS2 tagging constructs can block Xrn1 mediated decay, they can give rise to artificial 

accumulation of mRNA fragments in P-body like foci (Garcia and Parker, 2015; 2016, RNA). At a 

minimum, the authors need to describe whether they are using the new improved MS2 system 

(Tutucci et al., Nature Methods, 2018), and show images of these cells in a no-stress condition to 

directly demonstrate the foci are dependent on stress induction. An alternative approach with less 

potential artifacts is to examine the localization of these mRNAs by smFISH. 

We did these experiments about 5 years ago with the available MS2 system by Bertrand et 

al. (1998), and also observed CLN3 mRNA foci in the absence of stress. This is the reason 

why we had used a reverse approach and measured Pub1-mCh levels in CLN3 mRNA foci (in 

original Fig 2E,F). Although the data were clear, we agree with the reviewer that the 

improved MS2v6 system should allow a more reliable and direct analysis. In addition, the 

former MS2-based approach involved strong overexpression of the MS2-tagged mRNA 

construct, and to avoid extremely small cells we had to use a cln3nd mutant that expressed a 

N-terminal truncated inactive Cln3 protein. Since the improved MS2v6 system uses low-

copy number vectors, we have now been able to use the full CLN3 mRNA in these 

experiments. The CLN3 mRNA did not form foci in the absence of stress, which allowed a 

more direct analysis based on CLN3 mRNA foci per cell. Finally, we observed some 

autofluorescent foci in control cells under stress, but in much lower numbers per cell 

compared to those produced by MCP-NLS-2GFP in the presence of the CLN3-MS2v6 mRNA 

(P4 L21-24, and Fig S1A). As shown in new Fig 2E,F and Fig S1B, the new data confirm the 

colocalization of the CLN3 mRNA with Whi8 and Pub1, and the role of Whi8 in recruiting the 

CLN3 transcript to SGs.  

4) The authors want to argue that the accumulation of Cln3 mRNA in stress granules is dependent 

on Whi8. The current argument is somewhat indirect (ie. there are less Pub1 foci when a MS2 



tagged CLN3 mRNA is over-expressed in a whi8∆ strain as compared to wild-type (Figure 2f), which 

is subject to similar issues about MS2 artifacts). If the authors really want to make this conclusion, 

they should simply do smFISH for CLN3 in WT and whi3/8∆ strains. Frankly, given what we know 

about how mRNAs are recruited to stress granules in a very combinatorial manner (see Matheny et 

al., on Bioarchives), I suspect it will be very difficult to show Whi8 targets Cln3 mRNA to stress 

granules, but I would be happy to be proven wrong. 

Quantitative RNA detection in dendritic RNA granules by smFISH has been found difficult 

and, although protease treatments have been used to expose more RNA sequences to the 

primary probe (Buxbaum et al., 2014; Ortiz et al., 2017), tag-based approaches are assumed 

to be quantitatively more robust (Akbalik and Schuman, 2014). In addition, only a fraction of 

the CLN3 mRNA is in SGs (Khong et al., 2017). As suggested by the reviewer, we have used 

the more reliable MS2v6 tag system and confirmed that Whi8 has an important contributing 

role in targeting the CLN3 mRNA to SGs. 

5) In the analysis of stress granules in mammalian cells, the authors conclude that caprin recruits 

the CCND1 mRNA into stress granules since with caprin kd there are fewer CCND1 foci/cell. 

However, it is equally likely that caprin kd is reducing the number of stress granules and therefore 

there are less observed CCND1 foci. If the authors want to conclude that caprin recruits CCND1 

mRNA to stress granules, they should use a marker of stress granules (e.g. G3BP1) and show the 

mRNA is reduced much more than the generic stress granule protein marker. 

Indeed, Caprin downregulation has been shown to decrease the number of SGs in AS-

treated U2OS cells (Kedersha et al., 2016). However, in these experiments the authors 

decreased the normal concentration of sodium arsenite to 0.1 mM, while stress is 

conventional analyzed at 0.5 mM. In our experiments at 0.5 mM in HeLa cells we had also 

analyzed TIA1, but we did not observe a significant effect on SG number under Caprin1-

knockdown conditions (data added to Fig S4B). This discrepancy may be likely due to the 

different arsenite concentrations. In any event, even considering that SG number is not 

strongly affected in our experiments, the decrease levels of Caprin1 could somehow affect 

the ability of SG to recruit other proteins directly binding the CCND1 mRNA. We have 

modified the text (P7 L30 to P8 L4) to include these lines, tone down our initial statement, 

and suggest a direct or indirect role of Caprin1 in CCND1 mRNA recruitment in SGs. 

Minor Comments: 

6) It would improve the manuscript to directly determine how whi8 affects translation of cln3 with 

and without stress. 

Whi8 overexpression reduced Cln3 protein (but not mRNA) levels without inducing SG 

formation, suggesting that Whi8 would have a direct effect on CLN3 mRNA translation in the 

absence of stress (P5 L17-21). Under stress conditions, since recruitment of the CLN3 mRNA 

to SGs depends on Whi8, our data do not rule out direct effects in addition to those likely 

imposed by the SG itself.  

7) It would clarify the manuscript to be clear how tagged proteins are expressed, explicitly noting 

which ones are tagged in the genomic locus and which ones are over-expressed off plasmids. 



Most tagged proteins in yeast cells were expressed from the endogenous locus, but MS2v6 

and MCP fusions were in plasmids. Figure legends have been modified accordingly. 

8) For page 5, line 10, does overexpression of Whi8 result in SG formation? Otherwise Whi8 is 

acting as a translational repressor independent of SGs. 

(commented under point 6) 
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Reviewer #2 (Comments to the Authors (Required)): 

This manuscript from Yahya et al. describes how budding yeast CDK (Cdc28) is recruited to and 

regulates stress granules through the novel RNA-binding protein Whi8. A mass spectrometry-based 

approach identified physical interactors of Cdc28 including a previously uncharacterized RNA-

binding protein that acts as a dosage-dependent regulator of cell size. The authors name this 

protein Whi8, and they present biochemical and microscopy evidence that Whi8 recruits CLN3 

mRNA to stress granules under extreme stress to limit its translation. They use microscopy to show 

that Cdc28 localizes to stress granules under extreme stress, and interestingly Cdc28 activity 

inhibits stress granules, presumably by promoting their dissolution. The authors provide evidence 

that mammalian CDK might have a similar connection with RNA stress granules, leading to a model 

where CDK and stress granules (SG) constitute a bistable system that exhibits hysteresis. Such a 

system could switch cellular state between growth (CDK on, SG off) and arrest (CDK off, SG on). 

Together, the results in this paper provide a new and unanticipated (at least to me) connection 

between the core cell cycle machinery and RNA stress granules. Both of these cellular systems draw 

significant interest from the cell biology community, so it seems this new connection will lead to a 

number of new studies. Clearly, more work will be needed to provide the full cellular context, but 

this paper provides the first hint and direction for future work. I have several concerns that the 

authors should address to strengthen the manuscript and its impact. 

Major Concerns 

1. The level of stress used to trigger stress granule assembly is extreme, leading to questions about 

the broad relevance of phenomena described in the paper. The authors combine 0% glucose with 

42˚C. Each of these conditions is extreme on its own, so the combination seems excessive. To my 

understanding, either glucose depletion or extreme heat should induce stress granule assembly 

alone. Are both stresses required for the CDK-SG connection, and for the role of Whi8 in this 

process? As a related point, I was confused how Whi8 induces a dosage-dependent effect on cell 

size at budding (Figure 1B) in the absence of cell stress, since all of the mechanistic experiments 

were performed in combined glucose depletion and heat stress. 

After the identification of Whi8 as a Cdc28 interacting partner, our first efforts tried to find a 

functional relevance to the observed interaction and, to test the role of Cdc28 in SG 

dynamics, we first studied a thermosensitive cdc28-13 strain. Since maintenance of 37ºC 

was a must to test the role of Cdc28 in SG dissolution dynamics, we had to combine both 

mild heat-shock and glucose deprivation. We were in a similar, but inverse, situation when 

using the GAL1p-CLN3 cln1,2 strain to arrest cells in G1, which must be grown in galactose 

(low PkA activity) prior to stress. On the other hand, SGs produced by heat shock in yeast 

are more similar to mammalian SGs (Grousl et al., 2009; Buchan et al., 2008). Thus, we 

opted to maintain the mild heat-shock in the absence of glucose as stress condition in most 

experiments, which has been used and characterized previously (Grousl et al., 2009). As an 

important exception, experiments in Fig 6 were all done stressing cells with NaN3, a 

condition that produces slightly different SGs (Buchan et al., 2011). 

Connected to minor point 4, the Whi8 protein was initially pinpointed as an interactor of 

Cdc28 that displayed a lower affinity for Cdc28wee, a small cell-size Cdk mutant. This is the 

reason why we first tested the role of Whi8 in cycling cells under normal conditions. We 



have moved data in initial Fig S1 to Fig S2 and modified the text (P3 L17-23) to clarify this 

point when we describe the effects of Whi8 levels on Cln3 expression in non-stressed cells 

and their effects in cell size. 

2. Does Cdc28 directly phosphorylate Whi8 or Whi3? The authors do not connect CDK activity to 

any stress granule components (although they do mention the Cdc48 segregase as a substrate). 

Given the wealth of CDK screening studies in the literature (starting with Holt et al., 2009), is there 

evidence for Cdc28 phosphorylating Whi8 or other related proteins in SGs? If not, can the authors 

test their hypothesis that Cdc28 phosphorylates these regulatory targets? This information could 

provide simple clarity for the mechanism of how CDK dissolves stress granules. 

Although we did not test directly whether Cdc28 phosphorylates Whi8 or other SG 

regulatory components, we used the available Cdc28 phosphoproteomic studies to pinpoint 

a list of proteins in SGs with experimentally validated Cdc28-dependent phosphosites 

complying with the Cdk consensus (Table S1). Interestingly, in addition to Whi8, the list 

contains several translation initiation and elongation factors, which may lead to future work 

on the molecular framework by which Cdk controls SG dynamics and, quite likely, 

translation under stress. 

3. In several cases, major conclusions are drawn from quantification of microscopy-based assays 

without showing the actual cells and images. Some examples are Figures 2F and 4C. I like the 

approach of quantifying these effects, but it seems equally important to convince the reader with 

representative images that support the quantification. 

We have added representative images related to Fig 2F and Fig 4C in Fig S1B and Fig S3A, 

respectively. We appreciate that the reviewer noted our efforts to quantify SG properties 

from microscopy images. In order to detect foci in cytoplasmic regions of different average 

fluorescence level, we developed a simple algorithm in BudJ that sets the threshold in a 

local manner. In other words, the pixel is not compared to the whole cell, but to a small 

circular ROI around the pixel with a radius defined by the user. Then pixels are assigned to a 

focus only if their relative fluorescence is above a fixed constant value defined by the user 

and maintained through all samples in an experiment. In addition to the representative 

images, we have added the corresponding overlays showing the foci detected by the same 

local threshold parameters in each experiment. Connected to minor point 7, we have also 

added the corresponding overlays produced by BudJ to images in Fig 3C. 

Minor concerns 

4. What is the nature of the Cdc28wee mutant? Is it degraded faster? Is the kinase activity reduced 

compared to wild type? Some additional text-based information would be helpful. 

The Cdc28wee mutant is expressed at similar levels to wt Cdc28 but shows impaired 

retention at the ER and causes premature accumulation of the Cln3 cyclin in the nucleus 

(Yahya et al., 2014). The five amino-acid substitutions in the Cdc28wee mutant are found 

clustered in the C-terminal lobe of Cdc28, far from the cyclin-binding region and the kinase 

cleft, and mostly affect basic amino acids with likely exposed side chains, suggesting that the 

Cdc28wee mutant has altered interaction properties with negative regulators of the yeast 

Cdk. We have modified the text (P3 L17-23) to add these comments. 



5. Where does Whi8 localize in a Cdc28wee mutant? Does it differ under stress vs. normal growing 

conditions? 

Whi8-GFP produces a diffuse pattern in both Cdc28 and Cdc28wee growing cells, which does 

not change in alpha-factor G1 arrested cells. We assume that Cdk activity does not 

modulate Whi8 localization. Perhaps could alter its RNA-binding capacity. 

6. Figure S1 is missing a negative control for something that does not change levels in the 

treatment. 

This supplementary figure (now S2D) shows localization data that are relative to wild-type 

cells as control. 

7. The results in Figure 3C-D are confusing because the two microscopy images in panel C look very 

similar, but the graph in panel D indicates a big difference between the two strains. The authors 

have used an ImageJ plug-in to measure the number of foci per cell. Can they add some images 

with these segmented foci overlaid on the cells, perhaps in the supplemental material? As 

presented, the images do not clearly support the quantification. 

As abovementioned, we have added the corresponding overlays produced by BudJ to 

images in Fig 3C.  

8. Somewhere in the manuscript there should be a colocalized image of Whi8 and a stress granule 

marker (i.e. Dcp1) to confirm the foci are in fact stress granules. 

Whi8 (still named YGR250c at that time) had already been shown to colocalize with Pub1 in 

SGs by Buchan et al. (2008) (Fig S2), and we observed the same behavior under the stress 

conditions used. We have modified the text (P3 L24-25) to highlight the published data.  

9. A statistical analysis should be included with Figure 4C. 

The corresponding p-value obtained using a Mann-Whitney U test has been added to Fig 4C. 

10. In the text it was not clear what the nature of Caprin protein is. Why was it chosen to represent 

a Whi8 type mechanism? Does it have sequence similarity? 

Caprin1 had been shown to bind the cyclin D2 mRNA in non-stressed 293T cells (Solomon et 

al., 2007) and, more recently, it has been shown to play an important role in SG assembly 

(Kedersha et al., 2016). We have modified the text (P7 L26-28) to stress these data on 

Caprin1. Although they display a similar disorder organization in the protein sequence, Whi8 

and Caprin1 do not offer sequence similarity. We propose that, like other yeast and 

mammalian SG components, they are functional (not structural) homologues (P8 L5).  
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Dear Dr. Aldea, 

Thank you for submit t ing your revised manuscript  ent it led "Stress granules display bistable
dynamics modulated by Cdk". You will see that both reviewers are support ive of publicat ion and
also suggest experiments that they feel would complement the data and would be interest ing but
are not strict ly essent ial in their view for your conclusions to stand. We will leave it  to you to decide
whether to carry out addit ional experiments. We would be happy to publish your paper in JCB
pending final revisions necessary to meet our formatt ing guidelines (see details below). 

To avoid unnecessary delays in the acceptance and publicat ion of your paper, please read the
following informat ion carefully. 

1) eTOC summary: A 40-word summary that describes the context  and significance of the findings
for a general readership should be included on the t it le page. It  should start  with "First  author
name(s) et  al..." to match our preferred style and be in the present tense. 

** edits are needed to meet our style.** I also suggest edits for clarity, including making the
relat ionship between Cdks and SGs clearer. 

Suggested edits: 
Stress granules are biomolecular condensates of nontranslat ing mRNAs and diverse proteins.
Yahya et  al. uncover a reciprocal, funct ional interact ion between stress granules and the cyclin Cdk,
the key cell cycle regulator. The authors propose a mutual-inhibit ion relat ionship whereby Cdks
regulate SG dynamics and SGs contribute to inhibit ing Cdk transcript  t ranslat ion under stress
condit ions. 

2) Figure formatt ing: Scale bars must be present on all microscopy images, including inset
magnificat ions. Please add scale bars to S2D 
Molecular weight or nucleic acid size markers must be included on all gel electrophoresis. Please
add molecular weight with unit  labels on the following panels: 1C, 2ABCD, 3BF, 4D, 5BC, S2AB, S4C 

3) Stat ist ical analysis: Error bars on graphic representat ions of numerical data must be clearly
described in the figure legend. The number of independent data points (n) represented in a graph
must be indicated in the legend. Stat ist ical methods should be explained in full in the materials and
methods. For figures present ing pooled data the stat ist ical measure should be defined in the figure
legends. 
Please indicate n/sample size/how many experiments the data are representat ive of: 3D, S1A, S2D,



S4B 

4) Materials and methods: Should be comprehensive and not simply reference a previous
publicat ion for details on how an experiment was performed. Please provide full descript ions in the
text  for readers who may not have access to referenced manuscripts. 
- More informat ion is needed *even if described in other published work*.
Please review the full M&M to add detail accordingly. For instance, more info is needed for:
subcellular fract ionat ion
IPs/blots, RT-qPCR 
- For all cell lines, vectors, constructs/cDNAs, etc. - all genet ic material: please include database /
vendor ID (e.g., Addgene, ATCC, etc.) or if unavailable, please briefly describe their basic genet ic
features *even if described in other published work or gifted to you by other invest igators* 
- Please include species and source for all ant ibodies, including secondary, as well as catalog
numbers/vendor ident ifiers if available. 
- Sequences should be provided for all oligos: primers, si/shRNA, gRNAs, etc. 
- Microscope image acquisit ion: The following informat ion must be provided about the acquisit ion
and processing of images: 
a. Make and model of microscope 
b. Type, magnificat ion, and numerical aperture of the object ive lenses 
c. Temperature 
d. imaging medium 
e. Fluorochromes 
f. Camera make and model 
g. Acquisit ion software 
h. Any software used for image processing subsequent to data acquisit ion. Please include details
and types of operat ions involved (e.g., type of deconvolut ion, 3D reconst itut ions, surface or volume
rendering, gamma adjustments, etc.). 

5) Conflict  of interest  statement: JCB requires inclusion of a statement in the acknowledgements
regarding compet ing financial interests. If no compet ing financial interests exist , please include the
following statement: "The authors declare no compet ing financial interests." If compet ing interests
are declared, please follow your statement of these compet ing interests with the following
statement: "The authors declare no further compet ing financial interests." 

A. MANUSCRIPT ORGANIZATION AND FORMATTING: 

Full guidelines are available on our Instruct ions for Authors page, ht tps://jcb.rupress.org/submission-
guidelines#revised. **Submission of a paper that does not conform to JCB guidelines will delay the
acceptance of your manuscript .** 

B. FINAL FILES: 

Please upload the following materials to our online submission system. These items are required
prior to acceptance. If you have any quest ions, contact  JCB's Managing Editor, Lindsey Hollander
(lhollander@rockefeller.edu). 

-- An editable version of the final text  (.DOC or .DOCX) is needed for copyedit ing (no PDFs). 

-- High-resolut ion figure and video files: See our detailed guidelines for preparing your product ion-



ready images, ht tps://jcb.rupress.org/fig-vid-guidelines. 

-- Cover images: If you have any striking images related to this story, we would be happy to
consider them for inclusion on the journal cover. Submit ted images may also be chosen for
highlight ing on the journal table of contents or JCB homepage carousel. Images should be uploaded
as TIFF or EPS files and must be at  least  300 dpi resolut ion. 

**It  is JCB policy that if requested, original data images must be made available to the editors.
Failure to provide original images upon request will result  in unavoidable delays in publicat ion.
Please ensure that you have access to all original data images prior to final submission.** 

**The license to publish form must be signed before your manuscript  can be sent to product ion. A
link to the electronic license to publish form will be sent to the corresponding author only. Please
take a moment to check your funder requirements before choosing the appropriate license.** 

Thank you for your at tent ion to these final processing requirements. Please revise and format the
manuscript  and upload materials within 7 days. If complicat ions arising from measures taken to
prevent the spread of COVID-19 will prevent you from meet ing this deadline (e.g. if you cannot
retrieve necessary files from your laboratory, etc.), please let  us know and we can work with you to
determine a suitable revision period. 

Please contact  the journal office with any quest ions, cellbio@rockefeller.edu or call (212) 327-8588. 

Thank you for this interest ing contribut ion, we look forward to publishing your paper in the Journal
of Cell Biology. 

Sincerely, 

Joan Steitz, PhD 
Monitoring Editor, Journal of Cell Biology 

Melina Casadio, PhD 
Senior Scient ific Editor, Journal of Cell Biology 

------------------------------------------------------------------------------ 
Reviewer #1 (Comments to the Authors (Required)): 

The authors have done a nice job of addressing my earlier comments and improving the manuscript .
I am support ive of publicat ion. 

If the authors are inclined, they could improve the manuscript  by addressing the levels of bulk
translat ion in their experiments monitoring the restorat ion of t ranslat ion of SG enriched RNAs. If
t ranslat ion generally resumes, but the SG enriched RNAs are deficient  in this restorat ion (as they
have already shown), it  would allow them to highlight  that  Cdc28 act ivity is required for the
restorat ion of t ranslat ion from SG enriched mRNAs, specifically. 

Reviewer #2 (Comments to the Authors (Required)): 



The authors have largely addressed my concerns. One lingering quest ion is whether either heat
stress or glucose deprivat ion alone would t rigger CDK recruitment to stress granules. I raised this
quest ion in the init ial review, and the authors explained their rat ionale for looking at  combined heat
and glucose stress. However, the simple quest ion of whether either stress alone is sufficient  for
CDK recruitment remains unanswered. Otherwise, my comments have been addressed and this
excellent  paper is likely to generate strong interest  in the cell biology field. Clearly, more work will be
needed to understand the full mechanism, but at  this stage the manuscript  represents a good step
forward. 



2nd Revision - Authors' Response to Reviewers: December 22, 2020

Reviewer #1 (Comments to the Authors (Required)): 

The authors have done a nice job of addressing my earlier comments and improving the 

manuscript. I am supportive of publication. 

If the authors are inclined, they could improve the manuscript by addressing the levels of bulk 

translation in their experiments monitoring the restoration of translation of SG enriched RNAs. If 

translation generally resumes, but the SG enriched RNAs are deficient in this restoration (as they 

have already shown), it would allow them to highlight that Cdc28 activity is required for the 

restoration of translation from SG enriched mRNAs, specifically. 

Although we show that the GFP mRNA resumes translation independently of Cdc28, a 

proteomics survey of translation recovery from stress (with and w/o Cdk) would be an 

interesting experiment, perhaps with a parallel transcriptomic analysis of the SG. We are not 

sure, though, that we can continue with this line of research. In any event, thanks so much 

for the stimulating discussion and feedback.  

 

Reviewer #2 (Comments to the Authors (Required)): 

The authors have largely addressed my concerns. One lingering question is whether either heat 

stress or glucose deprivation alone would trigger CDK recruitment to stress granules. I raised this 

question in the initial review, and the authors explained their rationale for looking at combined 

heat and glucose stress. However, the simple question of whether either stress alone is sufficient 

for CDK recruitment remains unanswered. Otherwise, my comments have been addressed and this 

excellent paper is likely to generate strong interest in the cell biology field. Clearly, more work will 

be needed to understand the full mechanism, but at this stage the manuscript represents a good 

step forward. 

We just realized that we missed the key point of your question. Sorry for the 

misinterpretation. We had observed in our early experiments that Cdc28 formed clear 

puncta under heat stress while, on the other hand, Cdc28 has been colocalized with Pub1 in 

SGs of carbon-source limited cells (Shah et al., 2014). We really appreciate your positive 

comments and contributions to this paper. 

 


	Stress granules display bistable dynamics modulated by Cdk
	Review Timeline:
	Transaction Report:

	Merged Decision Summary PDF Section 1
	Merged Decision Summary PDF Section 2
	Merged Decision Summary PDF Section 3
	Merged Decision Summary PDF Section 4
	Merged Decision Summary PDF Section 5

