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Transferred Referee Reports from Review Commons 8th May 2020

Review #1

1. How much time do you estimate the authors will
need to complete the suggested revisions:

Estimated time to Complete Revisions (Required)

(Decision Recommendation)

Between 1 and 3 months

2. Evidence, reproducibility and clarity:

Evidence, reproducibility and clarity (Required)

In most animals, arginine is an essential amino acid. In contrast, most fungi are arginine
prototrophs. In the present study, the authors report about the relevance of respiration
for arginine synthesis in Schizosaccharomyces pombe. Moreover, they observed that
arginine supplementation can reduce the growth defects of some respiratory mutants.
In a genetic screen, they identify genes which are critical for arginine prototrophy.
These genes contain the enzymes of the arginine synthesis pathway as well as some
components of the TCA cycle and NAD(P) oxidoreductases. Finally, they report about a
link between arginine availability, respiration and TOR signaling. The study is clear and
good to read, the experiments are of high quality and the necessary controls are shown.
However, the relevance of respiration for arginine biosynthesis is not novel. A detailed
study on this connection was published some time ago in Current Biology (Druseikis M,
Ben-Ari ], Covo S.The Goldilocks effect of respiration on canavanine tolerance in
Saccharomyces cerevisiae. Curr Genet. 2019; 65: 1199-1215) in a study that is not even
mentioned in this manuscript. This certainly limits the relevance of this study, despite
the high technical quality. **Major points** 1. The results need to be discussed and
described in comparison to the Druseikis study. 2 . In their arginine screen, the authors
identified several components that are critical for the redox homeostasis in the
mitochondrial matrix, such as Pos5 or Trx2. This points at a relevance of arginine
synthesis on the redox homeostasis in the mitochondrial matrix. The study would be
considerably stronger if the authors would have employed redox probes, such as those
developed by Tobias Dick, to elucidate the relevance of arginine levels on the
glutathione redox potential or the levels of hydrogen peroxide in the mitochondrial
matrix. **Minor points** 3 . The nomenclature of the enzymes for arginine synthesis in
S. pombe obviously differs from that in S. cerevisiae. The authors should add a table to
Fig. S2 that allows to compare the names of genes identified here to gene names of S.
cerevisiae. 4 . In the screen for arginine auxotrophic mutants, the authors identified
proteins essential for respiration such as Atp1. How can these mutants survive in a
petite-negative organism such as S. pombe? Why where other ATPase mutants not
found? 5 . The tables shown in the supplemental excel files do only list systematic gene
names. They are basically unreadable for most readers unless they invest some work.
The authors should add protein names to these tables.



3. Significance:
Significance (Required)

The data are of very high quality. However, most of this study is confirmatory as a
similar study was published recently. The screen for arginine auxotrophy is of interest
for a small group of people studying amino acid biosynthesis in S. pombe.

Review #2

1. How much time do you estimate the authors will
need to complete the suggested revisions:

Estimated time to Complete Revisions (Required)
(Decision Recommendation)

Less than 1 month

2. Evidence, reproducibility and clarity:

Evidence, reproducibility and clarity (Required)

The studies in this manuscript address the question as to why fission yeast partially rely
on respiration for rapid proliferation even in the presence of a fermentable carbon
source. The study addresses this question with a series of experiments which
meticulously delineates the factors. In the first study, it is shown that supplementation
of the growth medium with arginine alone is sufficient to relieve the need for
respiration for rapid proliferation. They then determined, using the collection of yeast
null deletion mutants, that loss of function of a number of genes mimics effect by the
loss of respiration and the effect of arginine. Many of these genes were in the arginine
pathway, as expected, and many were in the respiratory chain or in those related to the
ATP synthase. In the last study, the authors investigate gene expression profiles in
response to a block in respiration in the presence and absence of arginine. These data
indicate that there is also an effect on the genes involved in regulation of TOR. The
principal conclusion of these studies is that the in fission yeast, the respiratory chain is
needed for rapid cell growth due to the role of the TCA in amino acid synthesis -
specifically, that of Arg and its metabolic products. Overall, this is a well controlled
study that makes sound conclusions. The main issues I have are related to Fig. S3 where
genes are identified that when deleted, make the cells respond to Arg supplementation.
In some cases, the discrimination factor is small where just a small effect is seen- as
with shy1 and rrfl. In other cases, the effects are not equivalent despite the fact that
they are related to the same pathway or enzyme. For instance, the effect by loss of atp1
is much smaller than that of atp12 or atp7 and atp2 is not even listed. While this is not
significant enough to prevent from publication, it does suggest that something more is



happening. Also, why are mutation in genes encoding the ATP synthase related to the
electron transport chain? A minor correction - I think - is on p.7, last para, "... although
arginine is essential in humans..." should be "... although arginine is not essential in
humans..."

3. Significance:
Significance (Required)

The findings in this study are significant if only related to yeast metabolism, but highly
significant if it can be related to mammalian metabolism. There are a number of human
conditions where mitochondrial function is important and the loss there-of is
detrimental. On the surface, this seems to be an obvious statement, but it is much less
clear. For instance, many cancer cells grow without usage of the respiration - referred to
as the Warburg effect. Thus, a prior, cells do not need the respiratory chain for ATP
synthesis. There is loss of mitochondrial function with aging and in many
neurodegenerative diseases. The studies here provide a possible link for the need of
respiratory chain with cell growth; it is unclear how this will be related to human cells.
Outside the references listed in the discussion of this manuscript, there is some
relationship of this work with the studies on the genetics and biochemistry of "petite
negative" yeasts. These studies looked to address why some yeast cannot lose their
mitochondrial DNA while "petite positive" yeast can lose their mitochondrial DNA. The
study here is the first study to provide a possible link to understanding this dichotomy.
The audience that would be interested in this work are likely to be those that study
yeast mitochondria metabolism and genetics. However, if this study furthered and
related to human cells or diseases, then this can be a high impact paper. My expertise is
more in yeast genetics, mitochondria, ATP synthesis, and protein structure. I can't say
that [ am expert on any specific aspect in this report, but I am confident that I
understand the rationale, methods, and results.

Review #3

1. How much time do you estimate the authors will
need to complete the suggested revisions:

Estimated time to Complete Revisions (Required)
(Decision Recommendation)

Between 1 and 3 months

2. Evidence, reproducibility and clarity:

Evidence, reproducibility and clarity (Required)



This is an interesting study that describes the metabolic contribution of the Krebs cycle
to fission yeast growth under fermentative conditions (i.e. with glucose as carbon
source). The authors build on their observation that chemical interference with the
electron transport chain with antimycin has strong effects on cell growth in glucose
minimal medium but much less effect in rich medium with glucose as carbon source.
The authors then convincingly show that this effect is a specific result of an arginine
deficit in the challenged cells, and a genome-wide screen reinforces the conclusion by
showing a strong correlation between arginine 'auxotrophy' and defects in
mitochondrial functions. The primary conclusion of the work is that fission yeast
respiration compensates for arginine deficits resulting from fermentative growth, that
this compensation translates to alleviation of deficits in arginine-derived amino acids as
well (primarily glutamine, lysine and glutamate), and that these deficits are correlated
with but independent of TOR regulation. In sum, this is a nicely comprehensive and
systematically constructed body of work, and it is logically consistent across the
multiple independent lines of investigation that were followed. The unexpected but
attractive finding that further elevates the impact of this MS is that the proteins induced
by arginine deficit (as compensatory mechanism) are underrepresented in arginine,
lysine, glutamine and glutamate. Overall, a well-done analysis that addresses an
important, but under-investigated, area of cellular physiology.

3. Significance:
Significance (Required)

The major significance of this work is that it addresses an important, but under-
investigated, area of cellular physiology. That is, the crosstalk between glycolysis and
the respiratory chain under conditions of aerobic glycolysis. The demonstration that
this crosstalk focuses down on the specific target of arginine availability, and
consequently to the availability of amino acids derived from arginine (lysine, glutamine,
glutamate) is interesting. Of particular interest is the fact that, while these amino acids
activate TOR, and the TOR pathway is inhibited by the respiration block in aerobically
fermenting cells, that relationship is correlative yet independent. That the gene
products induced to compensate for these amino acid deficits are themselves
underrepresented This general question is of significant contemporary interest and it
will be of interest to a broad audience that will include researchers in the biochemistry,
cell cycle and cancer cell biology fields. The manuscript is clearly written and the
conclusions well-supported. I pose three issues for consideration by the authors: (i) The
manuscript would be strengthened by a flux experiment where mass-tagged arginine is
fed to antimycin-treated cells and the rate of its conversion to lysine, glutamine and
glutamic acid is followed in a time course. Those data could then be correlated to the
existing transcriptomic data. This experiment would provide a direct measurement of
the kinetics of conversion which is otherwise inferred from the existing data. Since the
readout used is an LC-MS measurement, this should be a straightforward experiment.
(ii) What happens to the arginine auxotrophy in antimycin-treated cells if the natural
pyruvate oxidase mutation in fission yeast is corrected? Presumably, this correction
would rescue the arginine auxotrophy. (iii) Why did the mss1 mutant fail to recapitulate
the amino acid deficiencies seen in antimycin-treated cells and in the four other
respiratory chain mutants analyzed?



Transferred Point-by-Point Response 8th May 2020

Dear Editor,

We thank the three reviewers for the constructive feedback. We have addressed the issues raised by
text changes which have helped to improve the manuscript. Below we address the specific concerns
with detailed responses.

Reviewer #1 (Evidence, reproducibility and clarity (Required)):

In most animals, arginine is an essential amino acid. In contrast, most fungi are arginine prototrophs.
In the present study, the authors report about the relevance of respiration for arginine synthesis in
Schizosaccharomyces pombe. Moreover, they observed that arginine supplementation can reduce the
growth defects of some respiratory mutants. In a genetic screen, they identify genes which are critical
for arginine prototrophy. These genes contain the enzymes of the arginine synthesis pathway as well
as some components of the TCA cycle and NAD(P) oxidoreductases. Finally, they report about a link
between arginine availability, respiration and TOR signaling. The study is clear and good to read, the
experiments are of high quality and the necessary controls are shown.

Reply: We thank the Reviewer for this positive assessment.

However, the relevance of respiration for arginine biosynthesis is not novel. A detailed study on this
connection was published some time ago in Current Biology (Druseikis M, Ben-Ari J, Covo S.The
Goldilocks effect of respiration on canavanine tolerance in Saccharomyces cerevisiae. Curr Genet.
2019; 65: 1199-1215) in a study that is not even mentioned in this manuscript. This certainly limits
the relevance of this study, despite the high technical quality.

**Major points**

1. The results need to be discussed and described in comparison to the Druseikis study.

Reply: We apologize that this recent paper by the Covo lab has not been cited. This paper, published
in Current Genetics, focuses on canavanine resistance rather than amino acid metabolism. It makes a
good addition to our discussion, as it establishes a link of canavanine toxicity and respiratory
deficiency [1]. We have now cited and discussed this paper.

We strongly disagree, however, that the paper by the Covo lab compromises the impact or
novelty of our study. First, their study is conducted in budding yeast, which does not require
respiration during exponential growth on glucose, the very phenomenon we analyze in our paper. The
paper by Druseikis et al. makes not even a reference to this phenomenon. Second, the main point of
our study is not the relevance of respiration for arginine synthesis (as suggested by the Reviewer), but
that respiration is required for rapid proliferation in fermenting cells by boosting the supply of Krebs-
cycle derived amino acids. It has been proposed by Liu & Butow in 1999 [2] that petites feature
compromised production of amino-acid derivatives of 2-ketoglutarate, and a high-throughput study by
Mdilleder et al. [3] provides information about amino-acid levels in all non-essential budding yeast
deletion mutants, including respiratory mutants. Thus, we are well-aware that in budding yeasts amino
acids, including arginine, change with compromised respiration, and we have indeed cited this
previous evidence in our manuscript. However, unlike in fission yeast, arginine is not among the most
affected amino acids in budding yeast (see Figure 1 below). Third, Druseikis et al. provide no
metabolic-mechanistic explanation for the connection of arginine metabolism and respiration.
Druseikis et al. focus on the impact of canavanine on cells with different metabolic regimes, on
protein localisation, and on membrane potential and the retrograde response. This paper makes hence
no contribution to answering the problem we answer in our manuscript: why fission yeast — in
contrast to budding yeast — needs respiration during exponential fermentative proliferation on glucose.
Notably, most other organisms seem to behave like fission yeast in this respect.

Budding yeast seems to have evolved to prevent extensive amino-acid shortages in the absence
of respiration (budding yeast are facultative anaerobes and petite positive cells unlike the evolutionary
distant fission yeast). Petite cells, although compromised for amino-acid production, do not exhibit
obvious auxotrophies (which is also noticed by Druseikis et al.). In fission yeast, on the other hand, a
respiration block leads to obvious growth inhibition due to amino-acid shortage. We therefore provide
solid evidence that amino-acid synthesis is an additional constraint for cellular energy metabolism.
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We propose that also in multicellular organisms this possibility should be considered, which is
relevant for models describing constraints that impact energy production and help us to understand the
metabolic needs of mammalian cells using fermentative metabolism, like cancer cells.

A
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,,,,,,,,,,,,,,,,,,, Figure 1. Respiratory deficiency in budding results in altered
sHLarREMKPFIWVNGYTAD gmino-acid profiles, with arginine being less affected than in
fission yeast.
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2 . In their arginine screen, the authors identified several components that are critical for the redox
homeostasis in the mitochondrial matrix, such as Pos5 or Trx2. This points at a relevance of arginine
synthesis on the redox homeostasis in the mitochondrial matrix. The study would be considerably
stronger if the authors would have employed redox probes, such as those developed by Tobias Dick,
to elucidate the relevance of arginine levels on the glutathione redox potential or the levels of
hydrogen peroxide in the mitochondrial matrix.

Reply: We agree that this could be a worthwhile direction of future research, although it is somewhat
tangential to the focus of the current manuscript. At this time, we are not in a position to perform any
additional experiments due to restrictions caused by the pandemic. More importantly, we believe that
our current manuscript is well-focussed and supports coherent conclusions. Large-scale data are
typically best interpreted through functional enrichments of gene groups rather than focussing on
cherry-picked single genes. Notably, redox homeostasis did not show up as a functional category that
was significantly enriched among genes that grow better with arginine, which makes the proposed
hypothesis less attractive to pursue.

**Minor points**

3. The nomenclature of the enzymes for arginine synthesis in S. pombe obviously differs from that in
S. cerevisiae. The authors should add a table to Fig. S2 that allows to compare the names of genes
identified here to gene names of S. cerevisiae.

Reply: We have added an additional table to Figure S2 with a short description of the known
functions of genes shown in the figure as well as the names of their budding yeast and human
orthologues.

4 . In the screen for arginine auxotrophic mutants, the authors identified proteins essential for
respiration such as Atpl. How can these mutants survive in a petite-negative organism such as S.
pombe? Why where other ATPase mutants not found?

Reply: Fission yeast is a petite-negative organism, meaning that it does not tolerate loss of
mitochondrial DNA. But many respiratory mutants are viable including the atpl deletion, according
to our and other data: https://www.pombase.org/gene/SPAC14C4.14. It is known that fission yeast
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https://www.pombase.org/gene/SPAC14C4.14

can survive without respiration. It has been suggested that loss of mitochondrial DNA is lethal
because it compromises the functionality of both the electron transport chain and mitochondrial
ATPase, and in these conditions fission yeast cannot restore mitochondrial membrane potential [4][5].
Mutations in ATP1 and ATP3 genes were found to supress the petite-negative phenotype and allow
the petite-negative yeast K. lactis to survive without mtDNA [5]. Suppressive mutations allowing for
mtDNA loss were also described in fission yeast [5], but their nature is unknown as so far.

5 . The tables shown in the supplemental excel files do only list systematic gene names. They are
basically unreadable for most readers unless they invest some work. The authors should add protein
names to these tables.

Reply: Common gene names (where available) as well as short descriptions of gene functions and
budding yeast and human orthologues have been added to Tables S1 and S4.

Reviewer #1 (Significance (Required)):
The data are of very high quality. However, most of this study is confirmatory as a similar study was
published recently.

Reply: As discussed in detail above, the study from the Covo lab does not address the problem of
why S. pombe relies on respiration during exponential growth. It studies canavanine toxicity in S.
cerevisiae. The two studies superficially relate in the sense that both depend on a link between
arginine and mitochondrial function, but we do not see that why two studies about two different
problems in two different organisms would be redundant. Our study is not at all similar to the study
by Druseikis et al.

The screen for arginine auxotrophy is of interest for a small group of people studying amino acid
biosynthesis in S. pombe.

Reply. We respectfully disagree that studying the respiration-fermentation balance is of interest for
only a small group of people. The biotechnological and agricultural industry involving yeast
fermentation is a multi-billion dollar business, involving >1,000,0000 employees worldwide. Each
process, from making bread, alcoholic beverages to producing anti-malaria drugs, depends on the
tuning of fermentation processes, and the efficiency of the process strongly depends on the traits
between fermentation and respiration. We use S. pombe as a model system, as others, like the Covo
lab, use laboratory (non-industrial) strains of S. cerevisiae. Fission yeast is only remotely related to
budding yeast (which is a potent model for universal metabolic principles), and shows features that
provide valuable complementary insights, especially into mitochondrial metabolism. Mitochondria of
fission yeast form a dynamic network along microtubules which mediate their inheritance, as is the
case in multicellular eukaryotes [6]. The fission yeast mitochondrial genome is compact (~20 kb, 11
protein-coding genes) and mitochondrial RNA processing is similar to animal cells [7]. Fission yeast
can grow using either respiration or fermentation but, in contrast to budding yeast, does not thrive in
strictly anaerobic conditions [8]. The basic science learned with these non-industrial yeast strains has
so far proven pivotal far beyond the respective research communities.

Yeast research has frequently informed the medical community; for example, the Warburg effect
in cancer cells is a balancing problem between respiration and aerobic glycolysis. Cellular aspects of
mitochondrial metabolism are typically highly conserved. We agree with Reviewer #3 who states that
there is wider significance in highlighting the crosstalk between glycolysis and the respiratory chain
under conditions of aerobic glycolysis. Our work addresses an important, but under-investigated, area
of cellular physiology. Mitochondrial dysfunctions play roles in a range of age-related diseases.
Because of the central role of mitochondria in cellular metabolism, mitochondrial dysfunction
produces pleiotropic molecular and organism-level phenotypes that can be difficult to explain. That is
why it is important to trace molecular consequences of a respiratory block. We analyse effects of
mitochondrial dysfunction on arginine metabolism which is difficult to study in multi-cellular models
where arginine is an essential media addition. However, as pointed out in the Conclusion, these



processes may be conserved, and our results could spark scientists working with human subjects to
consider it.

Reviewer #2 (Evidence, reproducibility and clarity (Required)):

The studies in this manuscript address the question as to why fission yeast partially rely on
respiration for rapid proliferation even in the presence of a fermentable carbon source. The study
addresses this question with a series of experiments which meticulously delineates the factors. In the
first study, it is shown that supplementation of the growth medium with arginine alone is sufficient to
relieve the need for respiration for rapid proliferation. They then determined, using the collection of
yeast null deletion mutants, that loss of function of a number of genes mimics effect by the loss of
respiration and the effect of arginine. Many of these genes were in the arginine pathway, as expected,
and many were in the respiratory chain or in those related to the ATP synthase. In the last study, the
authors investigate gene expression profiles in response to a block in respiration in the presence and
absence of arginine. These data indicate that there is also an effect on the genes involved in
regulation of TOR. The principal conclusion of these studies is that the in fission yeast, the
respiratory chain is needed for rapid cell growth due to the role of the TCA in amino acid synthesis -
specifically, that of Arg and its metabolic products.

Overall, this is a well controlled study that makes sound conclusions. The main issues | have are
related to Fig. S3 where genes are identified that when deleted, make the cells respond to Arg
supplementation. In some cases, the discrimination factor is small where just a small effect is seen- as
with shyl and rrfl. In other cases, the effects are not equivalent despite the fact that they are related
to the same pathway or enzyme. For instance, the effect by loss of atpl is much smaller than that of
atpl2 or atp7 and atp2 is not even listed. While this is not significant enough to prevent from
publication, it does suggest that something more is happening.

Reply: We thank the Reviewer for the positive overall assessment. For Figure S3, we used 44
mutants identified in our previous study as affecting growth on a non-fermentable carbon source in
both prototroph and auxotroph strain backgrounds [9]. The purpose of this figure is to confirm the link
between respiration and arginine levels using independent deletion mutants, selected by criteria other
than arginine auxotrophy. The 44 mutants have been identified in a high-throughput screen and atp2
did not pass the threshold applied [9], which is why it is not used here. As mentioned in the
manuscript, some of the mutants do not exhibit a phenotype in liqguid EMM medium, but they have all
been identified as affecting growth on non-fermentable carbon sources. Please note also that most of
these mutants have not been identified in the arginine supplementation screen using our threshold.
Thus, we do agree that the relationship between respiratory ability and arginine synthesis is more
complex and will need further investigation. However, blocking the electron transport chain with
antimycin A as well as many mutations that affect respiratory growth, including those that affect the
mitochondrial ATPase, do result in arginine deficiency. We hypothesise that the effect of a given
mutant on the mitochondrial membrane potential or redox homeostasis translates to the arginine level.
We now propose this possibility in the Discussion.

We also point out that all strains used have been selected from the S. pombe deletion library or
from the library backcrossed with a wild-type strain to obtain a prototroph library [9]. These libraries
might accumulate secondary mutations that could change phenotypes, as has been shown in budding
yeast. Moreover, all high-throughput screens unavoidably produce some false positive and false
negative results, so we draw our conclusions based on significant overrepresentations of groups of
mutants rather than on the evaluation of individual mutants. We are certain, however, that our results
support the conclusion that respiration and amino-acid synthesis are connected and that amino-acid
synthesis limits fully fermentative metabolism.

Also, why are mutation in genes encoding the ATP synthase related to the electron transport chain?

Reply: We do not really understand this comment. We looked in the manuscript but did not find any
statement that claims this relationship between the ATP synthase and ETC.



A minor correction - | think - is on p.7, last para, "... although arginine is essential in humans..."
should be "... although arginine is not essential in humans..."

Reply: We corrected this sentence into: “Arginine is semi-essential in humans, and is an essential
supplement for mammalian cell cultures, rendering it difficult to study the impact of respiration on
arginine levels in this system.”

Reviewer #2 (Significance (Required)):

The findings in this study are significant if only related to yeast metabolism, but highly significant if it
can be related to mammalian metabolism. There are a number of human conditions where
mitochondrial function is important and the loss there-of is detrimental. On the surface, this seems to
be an obvious statement, but it is much less clear. For instance, many cancer cells grow without
usage of the respiration - referred to as the Warburg effect. Thus, a prior, cells do not need the
respiratory chain for ATP synthesis. There is loss of mitochondrial function with aging and in many
neurodegenerative diseases. The studies here provide a possible link for the need of respiratory chain
with cell growth; it is unclear how this will be related to human cells.

Outside the references listed in the discussion of this manuscript, there is some relationship of this
work with the studies on the genetics and biochemistry of "petite negative" yeasts. These studies
looked to address why some yeast cannot lose their mitochondrial DNA while "petite positive" yeast
can lose their mitochondrial DNA. The study here is the first study to provide a possible link to
understanding this dichotomy.

The audience that would be interested in this work are likely to be those that study yeast mitochondria
metabolism and genetics. However, if this study furthered and related to human cells or diseases, then
this can be a high impact paper.

Reply: We agree and propose that principles reported here may be more widely conserved and
broadly relevant. Only time will tell, of course. See also our reply to the Significance section of
Reviewer #1.

My expertise is more in yeast genetics, mitochondria, ATP synthesis, and protein structure. | can't say
that | am expert on any specific aspect in this report, but I am confident that | understand the
rationale, methods, and results.

Reviewer #3 (Evidence, reproducibility and clarity (Required)):

This is an interesting study that describes the metabolic contribution of the Krebs cycle to fission
yeast growth under fermentative conditions (i.e. with glucose as carbon source). The authors build on
their observation that chemical interference with the electron transport chain with antimycin has
strong effects on cell growth in glucose minimal medium but much less effect in rich medium with
glucose as carbon source. The authors then convincingly show that this effect is a specific result of an
arginine deficit in the challenged cells, and a genome-wide screen reinforces the conclusion by
showing a strong correlation between arginine ‘auxotrophy' and defects in mitochondrial functions.
The primary conclusion of the work is that fission yeast respiration compensates for arginine deficits
resulting from fermentative growth, that this compensation translates to alleviation of deficits in
arginine-derived amino acids as well (primarily glutamine, lysine and glutamate), and that these
deficits are correlated with but independent of TOR regulation.

In sum, this is a nicely comprehensive and systematically constructed body of work, and it is logically
consistent across the multiple independent lines of investigation that were followed. The unexpected
but attractive finding that further elevates the impact of this MS is that the proteins induced by
arginine deficit (as compensatory mechanism) are underrepresented in arginine, lysine, glutamine
and glutamate.

Overall, a well-done analysis that addresses an important, but under-investigated, area of cellular

physiology.



Reply: We thank the Reviewer for this very positive assessment.

Reviewer #3 (Significance (Required)):

The major significance of this work is that it addresses an important, but under-investigated, area of
cellular physiology. That is, the crosstalk between glycolysis and the respiratory chain under
conditions of aerobic glycolysis. The demonstration that this crosstalk focuses down on the specific
target of arginine availability, and consequently to the availability of amino acids derived from
arginine (lysine, glutamine, glutamate) is interesting. Of particular interest is the fact that, while
these amino acids activate TOR, and the TOR pathway is inhibited by the respiration block in
aerobically fermenting cells, that relationship is correlative yet independent. That the gene products
induced to compensate for these amino acid deficits are themselves underrepresented This general
guestion is of significant contemporary interest and it will be of interest to a broad audience that will
include researchers in the biochemistry, cell cycle and cancer cell biology fields. The manuscript is
clearly written and the conclusions well-supported. | pose three issues for consideration by the
authors:

Reply: Thank you, we agree with the wider significance of these findings beyond fission yeast.

(i) The manuscript would be strengthened by a flux experiment where mass-tagged arginine is fed to
antimycin-treated cells and the rate of its conversion to lysine, glutamine and glutamic acid is
followed in a time course. Those data could then be correlated to the existing transcriptomic data.
This experiment would provide a direct measurement of the kinetics of conversion which is otherwise
inferred from the existing data. Since the readout used is an LC-MS measurement, this should be a
straightforward experiment.

Reply: We agree in principle that this would be a meaningful complementary experiment, although
not that straightforward. Currently we are not able to perform wet-lab experiments. Please note that
the rates of conversion of supplementary arginine to other amino acids, albeit not with antimycin A
treatment, have been measured by Bicho et al. [10]. They show that conversion in this condition is
highly efficient in fission yeast. It is likely that the rate of arginine conversion in antimycin-treated
cells will be similar.

(if) What happens to the arginine auxotrophy in antimycin-treated cells if the natural pyruvate
oxidase mutation in fission yeast is corrected? Presumably, this correction would rescue the arginine
auxotrophy.

Reply: For several reasons, we think that in the pyk1 allele-replacement strain, we would observe
arginine auxotrophy as well. The natural variant found in the standard laboratory strain limits the
maximum possible flux from pep to pyruvate, while still being able to support healthy, albeit slightly
slower, growth. The effect of the mutation is the strongest when flux is highest, i.e. in rich glucose
media with yeast extract [11]. Specifically, in those conditions the standard lab strain becomes limited
by pyruvate-kinase flux, grows slower and relies more on respiration to meet energy demands.
Moreover, the effect of the pykl mutation is much weaker on minimal media (with ammonium as sole
nitrogen source) and absent on carbon sources that support lower growth rates (Fig. 5C in [11]). Thus,
there are no strong physiological differences between the laboratory strain and the pyk1 allele-
replacement strain in minimal media: the laboratory strain still exhibits mainly fermentative
metabolism and produces ethanol (see [12] for example). The laboratory strain, even though it has
lower pyruvate-kinase flux, still produces excess pyruvate which it needs to get rid of, so clearly
pyruvate is not the limiting factor for arginine production.

In the current manuscript, we show that the factor limiting growth under respiration deficiency in
minimal media is not energy production but arginine biosynthesis. So we do not expect that using a
strain with higher Pyk1 activity will impact arginine auxotrophy. Although we are not able to perform
additional experiments at this time, our unpublished data indicate that growth of the pyk1 allele-
replacement strain is indeed affected by antimycinA in minimal media similarly to the laboratory
strain (see Figure2).
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Figure 2. Growth of both the laboratory strain (Wt) and the pyk1 allele-replacement strain (pyk_A h-)
is inhibited by antimycin A in minimal medium.

(iii) Why did the mss1 mutant fail to recapitulate the amino acid deficiencies seen in antimycin-
treated cells and in the four other respiratory chain mutants analyzed?

Reply: The mssl deletion actually recapitulates the phenotype, just to a lesser extent, because the
growth effect after adding arginine is smaller compared to other strains used. We do indeed observe
small decreases in cellular levels of arginine and ornithine in the mss1 deletion.
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