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April 29, 20201st Editorial Decision

RE: Manuscript  #E20-02-0117 
TITLE: Modeling and Analysis of the Macronutrient  Signaling Network in Budding Yeast 

Dear Dr. Tyson: 

First , apologies for the delayed reviews. The reviewers, like all of us, got caught by the Covid-19 situat ion and could not return
reviews on t ime. 
It  seems that the reviewers disagree here on the paper, with one reviewer having reservat ions. Please note the two
misinterpretat ions ident ified by that reviewer. If you can fix this, and explain how you did so, perhaps we can reconsider the
paper for publicat ion. 

Sincerely, 

Leah Edelstein-Keshet 
Monitoring Editor 
Molecular Biology of the Cell 

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

Dear Dr. Tyson, 

The review of your manuscript , referenced above, is now complete. The Monitoring Editor has decided that your manuscript  is
not acceptable for publicat ion at  this t ime, but may be deemed acceptable after specific revisions are made, as described in the
Monitoring Editor's decision let ter above and the reviewer comments below. 

A reminder: Please do not contact  the Monitoring Editor direct ly regarding your manuscript . If you have any quest ions regarding
the review process or the decision, please contact  the MBoC Editorial Office (mboc@ascb.org). 

When submit t ing your revision include a rebuttal let ter that  details, point-by-point , how the Monitoring Editor's and reviewers'
comments have been addressed. (The file type for this let ter must be "rebuttal let ter"; do not include your response to the
Monitoring Editor and reviewers in a "cover let ter.") Please bear in mind that your rebuttal let ter will be published with your paper
if it  is accepted, unless you haveopted out of publishing the review history. 

Authors are allowed 180 days to submit  a revision. If this t ime period is inadequate, please contact  us at  mboc@ascb.org. 

Revised manuscripts are assigned to the original Monitoring Editor whenever possible. However, special circumstances may
preclude this. Also, revised manuscripts are often sent out for re-review, usually to the original reviewers when possible. The
Monitoring Editor may solicit  addit ional reviews if it  is deemed necessary to render a completely informed decision. 

In preparing your revised manuscript , please follow the instruct ion in the Informat ion for Authors (www.molbiolcell.org/info-for-
authors). In part icular, to prepare for the possible acceptance of your revised manuscript , submit  final, publicat ion-quality figures
with your revision as described. 

To submit  the rebuttal let ter, revised manuscript , and figures, use this link: Link Not Available 

Please contact  us with any quest ions at  mboc@ascb.org. 

Thank you for submit t ing your manuscript  to Molecular Biology of the Cell. We look forward to receiving your revised paper. 

Sincerely, 

Eric Baker 
Journal Product ion Manager 
MBoC Editorial Office 
mbc@ascb.org 

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

Reviewer #1 (Remarks to the Author): 



In their manuscript  on „Modeling and Analysis of Macronutrient  Signaling of Budding Yeast" the authors describe a
comprehensive effort  to combine literature informat ion on nutrient  sensing cellular signaling networks and the act ivat ion of
downstream transcript ion factors into a large model of nutrient  signaling that is now able to represent complex responses to the
presence of diverse macronutrients. They systemat ically use published experimental data to fit  the model and also provide
comprehensive tests and crit ical analysis of the goodness of fit  (and also the weaknesses of fits). Overall this is a very helpful
at tempt to describe the response of yeast cells to nutrient  changes and obtain an overview over the contribut ion of different
parts of the cellular signaling network to the concerted answer. 

The manuscript  also contains a number of very useful approaches to deal with the remaining uncertainty about mechanisms
and choice of parameters. Among them is the concept to select  react ion mechanisms only from a small set  of equat ions as
provided in the standard component modeling framework. I also appreciate their approach to robustness analysis. It  is also good
to see the very carefully comparison of model predict ion with a large set of individual reported experiments. 

Some aspects should potent ially be considered before publicat ion: 

Major 
1) All parameter values are explored as relat ive values. It  remains unclear how these parameters relate to real values with proper
units (e.g. t ime units such as seconds or minutes, Mol, per gram dry weight). This would be very relevant, if one aims to combine
these signaling models with metabolic models as the authors suggest. However, it  would also be relevant to weight the relat ive
importance of different regulat ion mechanisms. Given the vast amount of experimental data the authors collected, it  should be
possible to relate at  least  most of the parameter values to "real-world"-values with a unit . 
2) Figure 2 nicely illustrates temporal behavior of same components after specific st imuli, here in comparison to experimental
data. It  would be very helpful to have a systemat ic overview of the t ime courses of the responses of the major variables to the 8
condit ions as represented in Figure 4 (HC/HG, HC/HN,...) as addit ional supplement. As in supplement 4, just  a flag whether the
simulated behavior is in agreement with experiments or not or even not recorded would suffice. This would help to understand
the physiological consequences of different nutrient  changes and certainly also be a useful guide for further experiments. 

Minor 

P1, abstract  - the authors speak about "... cellular responses to unpredictable changes ..." It  should be discussed, why those
nutrient  changes are unpredictable given that yeast has gone through a long evolut ionary t ime with always changing
environment. And second, why it  matters if the changes are predictable or not. 

P23, Eq 2 - sigma remains unexplained 
P33, Fig S5 - arrows unexplained 

Reviewer #2 (Remarks to the Author): 

Jalil et  al. have set out to tackle a laudable goal -- to construct  a global model for how various nutrient  signals are integrated
across signalling pathways in the budding yeast, Saccharomyces cerevisiae. This is no easy task, but if successful such a model
should be generally useful for developing a deeper understanding of the often complex physiological responses that have been
observed experimentally in yeast in studies that combine genet ics and biochemistry. 

The authors used a necessarily simplified version of the yeast signaling networks under quest ion, and modeled them with a
system of ODEs, and fit  parameters for the model constrained by prior experimental data collected by a large number of
previous studies. 

While the approach used is reasonable, I note some concerning misinterpretat ions of some of the published experimental data.
Below are two example taken from the text  and Fig 2: 

- p. 8: "The pde1∆pde2∆ strain shows an increase in cAMP levels compared to wt [49]." The reference here is Ma et  al. 1999, Mol
Cell Bio, 10(1): 91-104. The referenced figure is Fig 1A. However, Ma et  al. show that the pde double mutant actually has
**lower** cAMP levels than WT (the pde1 single mutant shows increased cAMP levels, the pde2 single mutant looks essent ially
like WT) 

- p. 8: "Row C3 depicts t rehalase (Nth1) levels after a glucose up-shift ; t rehalase levels remain low in a tpk3∆ mutant [8]." The
reference they cite is Mbonyi et  al. 1990, Mol Cell Bio p. 4518-4523. However, the Mbonyi et  al. figure (Fig 5) shows trehalase
levels when only one of the 3 PKA catalyt ic subunits (Tpk1, Tpk2, Tpk3) is present (i.e. the mutants in quest ion are tpk1∆tpk2∆,
tpk1∆tpk3∆, and tpk2∆tpk3∆). The key point  of the Mbonyi paper is that  the Tpk3 catalyt ic subunit  behaves quite different ly
than Tpk1 and Tpk2 w/respect to Trehalase levels. Jalihal et  al misinterpret  the data in the figure as illustrat ing a tpk3∆ mutant.



Also, the model of Jalihal et  al. only considers a single parameter for PKA, so by definit ion it  can't  incorporate or simulate the
findings of Mbonyi et  al. which is concerned w/the behavior of the different subunits. 

I haven't  checked all the other example the authors give, but the misinterpetat ion of prior experiments suggests that the model
may have been constrained inappropriately. 

Minor comments 
============== 

* Fig 4 is a very hard to parse with the myriad abbreviat ions, arrows, and t iny bars. The authors should think about alternat ives
ways to convey this informat ion about global cellular responses. 

* The text  several t imes refers to Pde3. There is no Pde3 in yeast, only the phosphodiesterases Pde1 and Pde2 



August 19, 20201st Revision - authors' response
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October 2, 20202nd Editorial Decision

RE: Manuscript  #E20-02-0117R 
TITLE: Modeling and Analysis of the Macronutrient  Signaling Network in Budding Yeast 

Dear Authors, 

First , we are sorry for the delay in this response, due in part  to non-responsive referee I, and our desire to avoid simple reject ion
based on reviewer 2. 

A consultat ion with another editor resulted in the opinion that your paper has many posit ive features, including 1) it  summarizes
a lot  of past experimental work in a coherent manner, with careful reading; 2) it  creates a complex model that  was useful in
st imulat ing experiments. This required insightful ways to simplify biology without creat ing "apparent biology" emerging
unintent ionally from some of the simplifying assumptions. 

It  seems that reviewer 2 is st ill not  convinced, and we ask that you consider their comments and make another at tempt to
address them. Once this is done, we will ask a different reviewer to weigh in on the outcome. 

Sorry that we cannot simply accept the paper as is, and that in these chaot ic days, it  has proven so tricky to get reviewers. 

Sincerely, 

Leah Edelstein-Keshet 
Monitoring Editor 
Molecular Biology of the Cell 

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

Dear Dr. Tyson, 

The review of your manuscript , referenced above, is now complete. The Monitoring Editor has decided that your manuscript  is
not acceptable for publicat ion at  this t ime, but may be deemed acceptable after specific revisions are made, as described in the
Monitoring Editor's decision let ter above and the reviewer comments below. 

A reminder: Please do not contact  the Monitoring Editor direct ly regarding your manuscript . If you have any quest ions regarding
the review process or the decision, please contact  the MBoC Editorial Office (mboc@ascb.org). 

When submit t ing your revision include a rebuttal let ter that  details, point-by-point , how the Monitoring Editor's and reviewers'
comments have been addressed. (The file type for this let ter must be "rebuttal let ter"; do not include your response to the
Monitoring Editor and reviewers in a "cover let ter.") Please bear in mind that your rebuttal let ter will be published with your paper
if it  is accepted, unless you haveopted out of publishing the review history. 

Authors are allowed 180 days to submit  a revision. If this t ime period is inadequate, please contact  us at  mboc@ascb.org. 

Revised manuscripts are assigned to the original Monitoring Editor whenever possible. However, special circumstances may
preclude this. Also, revised manuscripts are often sent out for re-review, usually to the original reviewers when possible. The
Monitoring Editor may solicit  addit ional reviews if it  is deemed necessary to render a completely informed decision. 

In preparing your revised manuscript , please follow the instruct ion in the Informat ion for Authors (www.molbiolcell.org/info-for-
authors). In part icular, to prepare for the possible acceptance of your revised manuscript , submit  final, publicat ion-quality figures
with your revision as described. 

To submit  the rebuttal let ter, revised manuscript , and figures, use this link: Link Not Available 

Please contact  us with any quest ions at  mboc@ascb.org. 

Thank you for submit t ing your manuscript  to Molecular Biology of the Cell. We look forward to receiving your revised paper. 

Sincerely, 

Eric Baker 



Journal Product ion Manager 
MBoC Editorial Office 
mbc@ascb.org 

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

Reviewer #2 (Remarks to the Author): 

* The authors response seems to indicate that mis-specificat ion of several terms in the init ial model (see previous review) did
not substant ively change the findings. This seems somewhat surprising, but the authors offer no explanat ion for this in their
response. At a minimum, I think this needs to be addressed. 

* In their response, the authors write "...the data from Mbonyi et  al. 1990 (Figure 5) indicates that t rehalase specific act ivity is
lower than the wt levels in all three strains...". That is not the case, the strain that st ill possesses TPK2 (i.e. tpk1delta tpk3delta)
is essent ially wild type in t rehalase act ivity. 

* Since the authors are collapsing/lumping together the PKA catalyt ic subunits into a single species in their model they need to
explain how they have resolved conflict ing data on the phenotypes associated with the different Tpks. This is also t rue of the
phosphodiesterases, Pde1 and Pde2. At the minimum they should note in the manuscript  that  mutant phenotypes differ
depending on which Tpk or which Pde is considered. Better yet , they might consider exploring how the model behaves when fit
to alternate parameters based on the different phenotypes of the TPKs or PDEs. 

* I am unable to understand how the authors derived the results shown in Fig. 4c, which shows the predicted cellular states
under different nutrient  condit ions for a variety of mutant background. Many of the molecular species (e.g. ira1/2 and lst4/7)
considered in this figure are not terms in the mathematical model (S1.1) so it 's not clear where such predict ions come from
(insufficient  details in methods and/or supplemental materials) 

* There is st ill reference to the non-existent PDE3. p. 7 "In our model, 'PDE' is a single variable represent ing phosphodiesterases
Pde1/2/3." 



February 23, 20212nd Revision - authors' response
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April 13, 20213rd Editorial Decision

RE: Manuscript  #E20-02-0117RR 
TITLE: Modeling and Analysis of the Macronutrient  Signaling Network in Budding Yeast 

Dear Dr. Tyson: 

Apologies for the long delay, where we tried and failed to get the 2nd review, and also for the long trajectory of this paper. As
you can see, the single reviewer is overall posit ive, though on the fence about suitability of this paper. We can proceed if you are
willing to add a bit  of discussion that this reviewer requests on "role that cross-talk plays in the nutrient  response system. " In
part icular (She/he) suggests "a sect ion specifically addressing crosstalk between the pathways". If you can do so, and highlight
that new sect ion in red font so I can easily find it , then I'd accept the paper forthwith. 

Sincerely, 

Leah Edelstein-Keshet 
Monitoring Editor 
Molecular Biology of the Cell 

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

Dear Dr. Tyson, 

The review of your manuscript , referenced above, is now complete. The Monitoring Editor has decided that your manuscript  is
not acceptable for publicat ion at  this t ime, but may be deemed acceptable after specific revisions are made, as described in the
Monitoring Editor's decision let ter above and the reviewer comments below. 

A reminder: Please do not contact  the Monitoring Editor direct ly regarding your manuscript . If you have any quest ions regarding
the review process or the decision, please contact  the MBoC Editorial Office (mboc@ascb.org). 

When submit t ing your revision include a rebuttal let ter that  details, point-by-point , how the Monitoring Editor's and reviewers'
comments have been addressed. (The file type for this let ter must be "rebuttal let ter"; do not include your response to the
Monitoring Editor and reviewers in a "cover let ter.") Please bear in mind that your rebuttal let ter will be published with your paper
if it  is accepted, unless you haveopted out of publishing the review history. 

Authors are allowed 180 days to submit  a revision. If this t ime period is inadequate, please contact  us at  mboc@ascb.org. 

Revised manuscripts are assigned to the original Monitoring Editor whenever possible. However, special circumstances may
preclude this. Also, revised manuscripts are often sent out for re-review, usually to the original reviewers when possible. The
Monitoring Editor may solicit  addit ional reviews if it  is deemed necessary to render a completely informed decision. 

In preparing your revised manuscript , please follow the instruct ion in the Informat ion for Authors (www.molbiolcell.org/info-for-
authors). In part icular, to prepare for the possible acceptance of your revised manuscript , submit  final, publicat ion-quality figures
with your revision as described. 

To submit  the rebuttal let ter, revised manuscript , and figures, use this link: Link Not Available 

Please contact  us with any quest ions at  mboc@ascb.org. 

Thank you for submit t ing your manuscript  to Molecular Biology of the Cell. We look forward to receiving your revised paper. 

Sincerely, 

Eric Baker 
Journal Product ion Manager 
MBoC Editorial Office 
mbc@ascb.org 

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

Reviewer #3 (Remarks to the Author): 



This is an unusual paper in that it  is focused on (1) convert ing the literature about nutrient  signaling in yeast (part icularly,
nit rogen, glucose and carbon signaling) into a comprehensive mathematical model and (2) test ing if the result ing model can
recapitulate previous observat ions in wild-type and a variety of mutant strains. It  does not provide any new biological insights or
test  any specific hypotheses (although the authors discuss areas, such as Rtg1/3 act ivity, where the model is not well
constrained by available data). So ult imately the value of Jalihal et . al. is as an aggregat ion of the literature and a "state of the
field" or benchmark model. From this perspect ive I think Jalihal et  al is sound, the modelling seems to have been done carefully,
and the tests of the robustness are very comprehensive. In line with this Jalihal et  al has been carefully reviewed previously and
the authors have made the appropriate revisions. 

So, the quest ion then, is does a paper of this style/type (with no new insights into biology) belong in MBoC, or a more specialized
journal? I lean towards saying it  does belong in MBOC because the literature in this important area has gotten so complex that a
model of the type presented by Jalihal can help move the field forward by delineat ing the crit ical elements in the signaling
network. However, as writ ten, the paper does not do this: Specifically, what researchers in the field need is an assessment of the
role that cross-talk plays in the nutrient  response system. 

The molecular mechanisms underlying signaling through the PKA, Snf1 and TOR signaling pathways are well established, but
the literature explaining how and when crosstalk between these pathways comes into play is much weaker and often
contradictory. Jalihal et  al has already addressed the role of crosstalk in their study of robustness (or could easily do so), by
asking how well their network performs in the absence of each type of pathway-pathway interact ion. Therefore, I suggest that
the authors add a sect ion specifically addressing crosstalk between the pathways (ie what happens when the various
mechanisms of PKA and TOR crosstalk are removed, then Snf1 and TOR etc) so that the paper is useful for a broader audience.
In doing so the authors should be careful to address whether the specific mechanisms of cross-talk in their model are supported
by the data (for example via experiments in mutants), or if it  just  important to have crosstalk between one type of nutrient
signaling pathway and another. For example, does Snf1 regulate TORC1, or is there just  support  for glucose/energy dependent
regulat ion of TOR. 



August 26, 20213rd Revision - authors' response



Response to Reviewers - 3 

1. The molecular mechanisms underlying signaling through the PKA, Snf1 and 
TOR signaling pathways are well established, but the literature explaining 
how and when crosstalk between these pathways comes into play is much 
weaker and often contradictory. Jalihal et al has already addressed the role of 
crosstalk in their study of robustness (or could easily do so), by asking how 
well their network performs in the absence of each type of pathway-pathway 
interaction. Therefore, I suggest that the authors add a section specifically 
addressing crosstalk between the pathways (ie what happens when the 
various mechanisms of PKA and TOR crosstalk are removed, then Snf1 and 
TOR etc) so that the paper is useful for a broader audience. In doing so the 
authors should be careful to address whether the specific mechanisms of 
cross-talk in their model are supported by the data (for example via 
experiments in mutants), or if it just important to have crosstalk between 
one type of nutrient signaling pathway and another. For example, does Snf1 
regulate TORC1, or is there just support for glucose/energy dependent 
regulation of TOR. 

We thank the reviewer for these suggestions. We have added a new section focusing 
on Snf1-TORC1 interactions. Specifically, we address the experimental evidence that 
Snf1 does not mediate the formation of Tor1 foci or the inhibition of TORC1 -
phosphorylation of Sch9. To explain these observations would require 
supplementing the model with a novel interaction from carbon-sensing to TORC1 
inhibition. Because we don’t have any guidance from molecular biologists as to what 
this interaction might be, we hesitate to add a new, speculative interaction to a 
model that is already very complex. 

The new section is presented below. 

Crosstalk interactions between the carbon and nitrogen signaling pathways 

In Figure 1 we include two well-documented interactions by which the carbon and 
nitrogen signaling pathways cross-talk: Snf1 inhibition of the TORC1 complex, and 
Sch9 inhibition of PKA. In the previous section we investigated how deletions of 
Snf1 and Sch9 affect global metabolic responses in terms of regulatory signals 
impinging on transcription factor readouts. In this section, by looking more closely 
at the role of Snf1 in communicating carbon-status to the nitrogen signaling 
pathway through TORC1, we conclude that our model oversimplifies the interaction 
and will need to be revised when further experimental studies resolve the 
discrepancy between the formation of TORC1 protein aggregates and the inhibition 
of TORC1 kinase activity on Sch9.  

The effects of glucose starvation and refeeding on the activity of the TORC1 complex 
have been studied by Hughes-Hallett et al.(Hallett et al., 2015) and by Prouteau 



et al.(Prouteau et al., 2017). Both groups observe that, in response to glucose 
starvation, (1) components of TORC1 complexes rapidly form dense protein 
aggregates and (2) Sch9 protein is rapidly dephosphorylated (indicating a loss of 
TORC1 activity). Hughes-Hallett et al. reported that YFP-Kog1 dissociates from 
TORC1 complexes (monitored by GFP-Tor1), forming ‘Kog1-foci’. The formation of 
Kog1 foci was slowed considerably in snf1𝛥 mutants and, even more so, in cells 
expressing Kog1 proteins with serine-to-alanine mutations at Snf1-phosphorylation 
sites, clearly indicating Snf1 involvement in the formation of Kog1-foci. Nonetheless, 
the dephosphorylation and re-phosphorylation of Sch9 in response to glucose 
withdrawal and re-addition was no different in these mutant cells compared to 
wild-type (their Figure 5), suggesting a complicated relationship between Kog1 
aggregation and TORC1 activity. Prouteau et al. confirmed the formation of TORC1 
foci microscopically, using GFP-Kog1 and GFP-Tor1 labelled cells. In electron 
micrographs they observed large, toroidal aggregates of TORC1 forming under 
glucose-starvation conditions. Nonetheless, they observed (in their Extended Data 
Figure 3) no appreciable differences between wild-type and snf1𝛥 mutants in terms 
of either GFP-TOR1 foci formation or Sch9 dephosphorylation in response to 
glucose starvation (and reversed by glucose refeeding). These results suggest that 
the formation of ‘Kog1-foci’ but not ‘Tor1-foci’ is strongly dependent on Snf1 
signaling, but TORC1 activity (in terms of Sch9 phosphorylation) is not dependent 
on Snf1.  

Our model, at present, cannot account for these complex relationships because it 
does not distinguish between TORC1 aggregation and TORC1 kinase activity. In our 
network diagram (Figure 1), the signal from Snf1 to TORC1 seems to represent the 
formation of Kog1 foci but not the inhibition of TORC1 kinase activity. There seems 
to be some other signal(s) from carbon-sensing to TORC1 signaling that is not 
included in our model; perhaps, a direct link from glucose-receptors in the cell 
membrane to the guanine exchange factor that converts EGOC-GDP (an activator of 
TORC1 kinase) into EGOC-GTP. Until we have more convincing experimental 
evidence of the molecular identity of this ‘other signal,’ it seems premature to model 
these interactions based on speculative assumptions. 

Hallett, JEH, Luo, X, and Capaldi, AP (2015). Snf1/AMPK promotes the formation of 
Kog1/Raptor-bodies to increase the activation threshold of TORC1 in budding yeast. 
eLife 4, nil. 

Prouteau, M, Desfosses, A, Sieben, C, Bourgoint, C, Mozaffari, NL, Demurtas, D, Mitra, 
AK, Guichard, P, Manley, S, and Loewith, R (2017). TORC1 organized in inhibited 
domains (TOROIDs) regulate TORC1 activity. Nature 550, 265–269. 



August 27, 20214th Editorial Decision

RE: Manuscript  #E20-02-0117RRR 
TITLE: "Modeling and Analysis of the Macronutrient  Signaling Network in Budding Yeast" 

Dear Dr. Tyson: 

I am pleased to accept your manuscript  for publicat ion in Molecular Biology of the Cell. 

Congratulat ions for the final acceptance, and apologies for the very long process of review and revision. 

Sincerely, 
Leah Edelstein-Keshet 
Monitoring Editor 
Molecular Biology of the Cell 

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

Dear Dr. Tyson: 

Congratulat ions on the acceptance of your manuscript . 

A PDF of your manuscript  will be published on MBoC in Press, an early release version of the journal, within 10 days. The date
your manuscript  appears at  www.molbiolcell.org/toc/mboc/0/0 is the official publicat ion date. Your manuscript  will also be
scheduled for publicat ion in the next available issue of MBoC. 

Within approximately four weeks you will receive a PDF page proof of your art icle. 

Would you like to see an image related to your accepted manuscript  on the cover of MBoC? Please contact  the MBoC Editorial
Office at  mboc@ascb.org to learn how to submit  an image. 

Authors of Art icles and Brief Communicat ions are encouraged to create a short  video abstract  to accompany their art icle when
it  is published. These video abstracts, known as Science Sketches, are up to 2 minutes long and will be published on YouTube
and then embedded in the art icle abstract . Science Sketch Editors on the MBoC Editorial Board will provide guidance as you
prepare your video. Informat ion about how to prepare and submit  a video abstract  is available at  www.molbiolcell.org/science-
sketches. Please contact  mboc@ascb.org if you are interested in creat ing a Science Sketch. 

We are pleased that you chose to publish your work in MBoC. 

Sincerely, 

Eric Baker 
Journal Product ion Manager 
MBoC Editorial Office 
mbc@ascb.org 

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