REVIEWER COMMENTS
Reviewer #1 (Remarks to the Author):

In this manuscript, Zhang et al. propose that SLC7A11-mediated cyst(e)ine uptake promotes the
protein synthesis of the central ferroptosis inhibitor, GPx4, and that this process is mediated by
mTORCL1. Their data indicate that cysteine deprivation inhibits mTORC1 and that mTORC1 mediates
GPx4 translation. Overall, the authors present a strong argument and the study has clear cancer
therapeutic relevance. There are several issues underlying the major mechanistic conclusion and
therapeutic potential of the study that the authors should address with additional experiments and
more thorough discussion:

Major points

1. The authors show that CQ and MG132 do not block the decrease in GPx4 following cystine
deprivation. However, it is possible that autophagy and proteasomal degradation can compensate for
one another to degrade GPx4, which will be highly oxidized due to the lack of GSH. It would be
worthwhile to see if blocking both degradation pathways can maintain GPx4 protein levels.

2. It is also important to test the involvement of LAMP2a and chaperone-mediated autophagy in the
degradation of GPx4 upon erastin treatment, a mechanism reported previously (PNAS 2019,
116:2996) and obviously contradictory with the current study. This is an issue the authors should
resolve by conducting LAMP2a knock-out study.

3. In Figure 2H-J, the authors go into the surprising relationship between SLC7A11 and sensitivity to
GPx4 inhibitors. However, the possibility remains that increased thiol abundance could be just enough
to block cell death under certain circumstances. One way to demonstrate that this is not the case
would be to overexpress or knockdown SLC7A11 in a GPx4 knock-out background, cultured with an
antioxidant. If there is no change in the rate of cell death (upon antioxidant withdrawal) then the
authors’ hypothesis stands.

4. The authors find that BSO, unlike erastin or cystine deprivation, cannot decrease GPx4 expression.
However, based on their later experiments, BSO should be more potent as a ferroptosis inducer with
mTOR inhibition. Is this the case? Also, control experiments such as how BSO affects mTORC1 activity
should be included.

5. While the lack of class II FINs for animal studies is a problem, using IKE is even more problematic
in the context of this manuscript. Combining AZD8055, a potent antitumor drug in animals, with IKE,
a potent SLC7A11 inhibitor, makes the PDX experiment unconvincing in terms of advancing the
authors’ argument (as IKE alone, even in the absence of AZD8055, should both deplete GSH and
inhibit mTORC1, according to the mechanism proposed by the authors), although the combination
therapy does show better effect than either single treatment. To directly support the hypothesis that
mTOR inhibition can sensitize tumors to GPX4 inactivation, the authors have one good option: conduct
the PDX experiment using BSO instead of IKE, -/+ AZD. That is why the previous point is so critical.
6. Does the withdrawal of other amino acids required for sustaining mTORC1 activity (such as leucine)
also decrease GPx4 expression and enhance ferroptosis induced by class II FINs, as predicted by
author’s mechanism? Positive data will be a strong evidence supporting the proposed mechanism.

7. The tissue microarray in Figure 3j-k is unconvincing without another control protein, since 4EBP1 is
a general regulator of translation.

Minor points:

e In Figure 3A, the authors show the effect of cystine deprivation on mTOR targets. They are missing
a panel for p-4EBP1; although the phosphorylation levels can reasonably be assumed from the size
shift in 4EBP1, it may not be immediately clear to those unfamiliar with the protein, especially since p-
4EBP1 is in the adjacent panels.

e In Figure 4A (left) there appear to be gates on the flow cytometry charts that do not correspond to
the percentages shown.



Reviewer #2 (Remarks to the Author):

In this manuscript, Zhang et al. describes an unexpected role of cyst(e)ine mediated mTORC1
activation in regulating GPX4 protein synthesis. The authors showed that cyst(e)ine depletion inhibits
the engagement of GPX4 mRNA with polysomes, and nicely ruled out the possibility that Cys or
mTORC1 is regulating GPX4 protein degradation. The alterations in GPX4 protein levels have direct
consequences in the cellular sensitivity to ferroptosis, and authors revealed that co-inhibition of
mTORC1 and GPX4 has synergistic effects in ferroptosis induction.

I am reading this paper with great interest, and I found the findings described here are novel and
significant in the following ways:

1. Although the central role of GPX4 in safe-guarding cells from ferroptosis is well-appreciated, the
regulation of GPX4 protein levels is poorly understood and largely overlooked. Previous reports in Zou
et al., Nature Communications 2019 suggested that the GPX4 transcript levels are largely constant
across more than 900 cancer cell lines from various lineages. This work is consistent with Zou et al. in
showing that GPX4 mRNA levels are not changed by the chemical and genetic perturbations introduced
here, and further describes the important findings on how cyst(e)ine availability is rate-limiting in
GPX4 protein synthesis.

2. The exact mechanism of erastin-induced ferroptosis has not been fully resolved. This work suggests
that in addition to blocking glutathione synthesis (thus reducing the abundances of the GPX4 co-
factor), cyst(e)ine-depletion also inhibits GPX4 protein synthesis, suggesting a novel mechanism
underlying the activity of erastin.

3. In this referee’s lab, we have anecdotally noticed that mTORC1 inhibition sensitizes several cancer
cell lines to GPX4 inhibition-induced ferroptosis, as well as the decreased GPX4 protein levels in
response to erastin treatment in cancer cells. We were intrigued by these observations but did not
understand the molecular mechanism underlying this connection. In this referee’s opinion, the current
study provides a very convincing explanation to the crosstalk between mTORC1 signaling and GPX4
activity.

4. The combinatorial strategy of ferroptosis induction coupled with mTORC1 inhibition is very
appealing from a therapeutic perspective for augmenting the efficacy of ferroptosis-inducing
approaches.

Overall, this study is performed with high rigor and the conclusions are largely supported by well-
controlled experimental data. The manuscript is well-written and easy to understand. The conclusions
in this study is expected have direct impact in the fields of ferroptosis, amino acid metabolism and
mTORCI1 signaling. It is appreciated that the authors validated each of their observations in multiple
cell line models, and used cDNAs to rescue most of the genetic perturbations introduced in this study.
Despite that how Cys regulates mTORC1 activity remains an intriguing scientific gap, this manuscript
is complete on its own. This referee does not have additional experimental requests other than the
minor suggestions listed below:

1. The authors may briefly discuss (in the Discussion) their work in light of the recent reports in [Liu et
al., Cancer Gene Therapy 2020 Interplay between MTOR and GPX4 signaling modulates autophagy
dependent ferroptotic cancer cell death], and [Reinke et al., Plos ONE, 2014 Translational Regulation
of GPx-1 and GPx-4 by the mTOR Pathway].

Minor comments:
Figure 1a, the authors should specify whether multi-testing correction is performed with the p values
presented in the volcano plot. If raw p value was presented here, this referee recommends using



multiple-testing corrected data.

Figure 1n, the label of the y-axis has overlapped text
Figure 2e, scale bar of the images is missing.

Figure 4a, there are several typos with regard to Torinl
Figure S4b, scale bar labeling, 100 uM should be 100 um.

Line 228, typo in “Torrinl”

Reviewer #3 (Remarks to the Author):

In this manuscript, authors investigated mechanisms that regulate GPX4, an inhibitor of ferroptosis.
The results show that cystine activates mTORC1 and promotes cap-dependent translation of GPX4
mRNA. Pharmacologic inhibition of mTORC1 decreases GPX4 protein synthesis and sensitizes cancer
cells to ferroptosis. Overall, the studies are interesting that provide a possible mechanistic link
between nutrient signaling and ferroptosis. However, some key findings are still preliminary that need
to be strengthened before the manuscript is suitable for publication.

1. Authors concluded that cystine activates mTORC1 through a Rag-dependent mechanism. However,
the data are largely correlative. Authors should demonstrate that cystine regulates interaction of Rag
with mTORC1 and that activation of mMTORC1 by cystine is Rag-dependent.

2. Authors showed that treatment with Torinl and AZD8055, not rapamycin decreases GPX4

protein level. Since Torinl and AZD8055 are mTOR kinase inhibitors that target both mTORC1 and
mTORC2, this observation suggests that mTORC2 is involved. Authors should address if mTORC2 plays
a role in GPX4 regulation.

3. It was previously shown that cystine regulates mTOR signaling through eIF2alpha (Sci Rep 6:
30033). Authors should clarify whether eIF2alpha is involved and how it is related to the proposed
mechanism in the present study.



Detailed Point-by-point response to the reviewer’s comments:

Note to reviewers: We thank the reviewers for taking efforts to review our manuscript and for
providing insightful comments to further improve our manuscript. Below we provide the detailed
point-by-point response to address all the comments raised by the reviewers. To facilitate the
review of our rebuttal letter and manuscript by reviewers, we present all the new data as rebuttal
letter figures in this letter, with referrals to corresponding figures and text in our revised
manuscript. We have also marked all the changes in our revised manuscript by colored text.

Reviewer #1 (Reviewer Comments to the Author):

In this manuscript, Zhang et al. propose that SLC7A11-mediated cyst(e)ine uptake promotes the
protein synthesis of the central ferroptosis inhibitor, GPx4, and that this process is mediated by
mTORCI. Their data indicate that cysteine deprivation inhibits mMTORC1 and that mTORC1
mediates GPx4 translation. Overall, the authors present a strong argument and the study has clear
cancer therapeutic relevance. There are several issues underlying the major mechanistic
conclusion and therapeutic potential of the study that the authors should address with additional
experiments and more thorough discussion:

We appreciate the positive and insightful comments from this reviewer. We hope that our
revision now has addressed the critiques from this reviewer.

Major points

1. The authors show that CQ and MG132 do not block the decrease in GPx4 following cystine
deprivation. However, it is possible that autophagy and proteasomal degradation can compensate
for one another to degrade GPx4, which will be highly oxidized due to the lack of GSH. It would
be worthwhile to see if blocking both degradation pathways can maintain GPx4 protein levels.

The reviewer provided a nice suggestion to help us further clarify the role of protein degradation
in GPX4 regulation by cystine starvation. As suggested, we treated cells with both chloroquine
(CQ) and MG132 under cystine starvation or a . b .
. .. . - + <+ Erastin + - - Cystine
erastin treatment condition. As shown in
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2. It is also important to test the involvement of LAMP2a and chaperone-mediated autophagy in

the degradation of GPx4 upon erastin treatment, a mechanism reported previously (PNAS 2019,

116:2996) and obviously contradictory with the current study. This is an issue the authors should
resolve by conducting LAMP2a knock-out study.

a sgC  sgLAMP2 b sgC  sgLAMP2
We conducted this experiment as the 0 5 2 0 5 20 Erastin v - s - Cystine
. . . 20kDa 20kDa

reviewer kindly suggested. As shown in - | GPX4 T= = o
Rebuttal Figure 2 (Figure S1r in our L P— LAMP2 'W”‘El LAMP2
revised manuscript), LAMP2 knockout in || [— et

. K 37kDa Actin 37kDa ctin
UMRCE6 cells did not affect the reduction of UMRCS UMRCS

GPX4 _prOteln leV_el under eragtm treatment Rebuttal Figure 2. The effect of LAMP2 deletion on GPX4 protein
or cystine starvation, suggesting that, at regulation upon erastin treatment or cystine deprivation. a,

: : : UMRCES6 control (sgC) and LAMP2-knockout (sgLAMP2) cells were
least in the cell line we have examlned’ treated with erastin with indicated concentrations (M) for 24 hours

cystine starvation regulates GPX4 protein followed by Western blotting analysis b, UMRC6 sgC and sgLAMP2
levels indep endent of LAMP2 or cells were cultured in media with or without cystine for 24 hours

. followed by Western blotting analysis.
chaperone-mediated autophagy.

3. In Figure 2H-J, the authors go into the surprising relationship between SLC7A11 and
sensitivity to GPx4 inhibitors. However, the possibility remains that increased thiol abundance
could be just enough to block cell death under certain circumstances. One way to demonstrate
that this is not the case would be to overexpress or knockdown SLC7A11 in a GPx4 knock-out
background, cultured with an antioxidant. If there is no change in the rate of cell death (upon
antioxidant withdrawal) then the authors’ hypothesis stands.

This reviewer asked a very insightful question. Recent studies showed that FSP1 operates
independent of GPX4 to inhibit ferroptosis by converting coenzyme Q10 (CoQ) to its reduced
form CoQHz, which then acts as a radical trapping antioxidant to detoxify lipid peroxides [1, 2],
and that coenzyme A (CoA) is also capable of inhibiting ferroptosis independent of GPX4 [3, 4].
Given that cysteine is a precursor for CoA biosynthesis and that CoA is also utilized in CoQ
biosynthesis [5], it is likely that these recently identified anti-ferroptosis pathways represent
GPX4-independent mechanisms linking cyst(e)ine to ferroptosis suppression. Therefore, it is
indeed expected that SLC7A11 overexpression would provide some protection against
ferroptosis in GPX4 knockout cells.

We want to emphasize that these GPX4-independent anti-ferroptosis mechanisms are not in
conflict with our model that cysteine regulation of GPX4 protein synthesis plays a role in
suppressing ferroptosis, because we are not proposing that this is the only mechanism (nor
cysteine regulation of GSH and GPX4 levels are the only two mechanisms) linking cysteine to
ferroptosis regulation. Indeed, in the Discussion of our manuscript, we have appropriately
acknowledged and discussed these additional potential mechanisms. Importantly, in our study we
provided key data to support our model that SLC7A11 regulation of GPX4 protein synthesis is at
least one mechanism underlying how cysteine suppresses ferroptosis; that is, restoring GPX4
levels in SLC7A11 KO cells (to the level similar to that in control cells) partially restored cell
viability under RSL3 treatment compared with that in control cells (Fig. 2j-1). As such, we feel
that the experimental outcome from the suggested experiment will not provide additional support
for nor counter-argument against our model. We modified our discussion on this part to better




reflect our point (see the second paragraph in page 13), and hope this reviewer will agree with us
on this.

4. The authors find that BSO, unlike erastin or cystine deprivation, cannot decrease GPx4
expression. However, based on their later experiments, BSO should be more potent as a
ferroptosis inducer with mTOR inhibition. Is this the case? Also, control experiments such as
how BSO affects mTORCI1 activity should be included.

5. While the lack of class II FINs for animal studies is a problem, using IKE is even more
problematic in the context of this manuscript. Combining AZD8055, a potent antitumor drug in
animals, with IKE, a potent SLC7A11 inhibitor, makes the PDX experiment unconvincing in
terms of advancing the authors’ argument (as IKE alone, even in the absence of AZD8055,
should both deplete GSH and inhibit mMTORCI1, according to the mechanism proposed by the
authors), although the combination therapy does show better effect than either single treatment.
To directly support the hypothesis that mTOR inhibition can sensitize tumors to GPX4
inactivation, the authors have one good option: conduct the PDX experiment using BSO instead
of IKE, -/+ AZD. That is why the previous point is so critical.
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(Rebuttal Figure 3¢, Figure S4b in our

revised manuscript). As such, we did not find a clear rationale to further test Torinl + BSO
combo treatment in animal studies (as the reviewer suggested in question 6).



This reviewer also asked a very insightful question that since IKE alone, even in the absence of
AZDB8055, already inhibits mMTORCI, there seems to be little rationale to combine IKE and
AZD8055 for animal studies. While these drugs can potently inhibit mTORCI in cell culture
studies, they only achieve moderate inhibition of the targets for in vivo studies (which is
common for drug treatment in vivo). As shown in Fig. 4h in our manuscript, treatment with IKE
or AZD8055 alone only had very moderate effect on reducing phosphor-4EBP1 or GPX4 level,
but their combination resulted in a potent suppression of phosphor-4EBP1 and GPX4 levels.
Therefore, for in vivo studies, AZD8055 can synergize with IKE to suppress GPX4 levels,
thereby sensitizing tumors for IKE-induced ferroptosis. Consistent with this, we also observed a
significantly increased 4HNE levels (a lipid peroxidation marker) in combo treatment compared
with either treatment alone. We now added this description in page 12. With this interpretation,
we hope this reviewer will agree that our therapeutic strategy indeed makes sense.

6. Does the withdrawal of other amino acids required for sustaining mTORCI1 activity (such as
leucine) also decrease GPx4 expression and enhance ferroptosis induced by class II FINs, as
predicted by author’s mechanism? Positive data will be a strong evidence supporting the
proposed mechanism.

We thank the reviewer for asking this insightful question. As shown in Rebuttal Figure 4a,
while removing cystine, serine, or leucine in culture medium all significantly suppressed
mTORCI1 activation, only cystine starvation, but not serine or leucine starvation, significantly
decreased GPX4 protein levels. This is not entirely surprising: while diverse nutrient deprivation
or metabolic stress suppresses mMTORCI signaling, it is expected that these mTORCI1-
suppressing conditions would not cause the exact same alterations in protein synthesis profiles,
likely because their impact on mTORCI signaling is quantitatively different, resulting in
differential regulation of downstream targets in protein synthesis.
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Rebuttal Figure 4. GPX4 and ferroptosis regulation by cystine, serine, and leucine. a, UMRCO6 cells were cultured in media without cystine,
serine, or leucine for 24 hours followed by Western blotting analysis. b, UMRCS6 cells cultured in media without cystine, serine, or leucine were
treated with indicated drugs (400 nM RSL3 or ML162, 5 uM Ferrostatin-1) for 12 hours followed by cell viability analysis. **: P<0.05; **: P<0.01;
**%: P<0.001; ***: P<0.0001.

As this reviewer suggested, we also tested the effect of other amino acid deprivation on
ferroptosis. Rebuttal Figure 4b shows that serine or leucine deprivation also sensitized cells to
RSL3- or ML162-induced ferroptosis, although the effect is somewhat more moderate than that
of cystine starvation. Emerging data show that there is an intimate link between cellular
metabolism and ferroptosis. Previous studies showed that glutamine or glucose deprivation



modulates ferroptosis sensitivity through regulating mitochondrial function or AMPK signaling
[7-9]. It is possible that serine or leucine can also regulate ferroptosis sensitivity through
additional mechanisms; however, it appears that their function in ferroptosis cannot be explained
by regulating GPX4 levels. Considering this, we did not include these data in our current
manuscript.

7. The tissue microarray in Figure 3j-k is unconvincing without another control protein, since
4EBP1 is a general regulator of translation.

This reviewer asked a great
question. Since mTORC1-
4EBP1 plays a general role Negativelweak  Moderate/strong Pvalue
in controlling protein

synthesis, one could argue acann Negativeliweak ¥ = sosme
that anyway we will observe Moderats/strong 1 13

a correlation between GPX4
and p_4EBP1 levels in tissue Rebuttal Fig. 5 The expression analysis of ACSL4 and p-4EBP1 in tissue microarrays.

ACSL4 Fisher's exact test

microarray analysis (TMA).

A control protein whose level is not regulated by cyst(e)ine or mTORCI1 can help address this
question. Fig.1b in our manuscript shows that cystine starvation decreased GPX4 but not ACSL4
protein level. Therefore, we chose ACSL4 as the control protein to examine whether there is also
a correlation between ACSL4 and p-4EBP1. As shown in Rebuttal Figure 5 (Fig. S41 in our
revised manuscript), there is no significant correlation between ACSL4 and p-4EBPI1 levels from
the same TMA, suggesting that the correlation between GPX4 and p-4EBP1 is relatively
specific.

Minor points:

* In Figure 3A, the authors show the effect of cystine deprivation on mTOR targets. They are
missing a panel for p-4EBP1; although the phosphorylation levels can reasonably be assumed
from the size shift in 4EBP1, it may not be immediately clear to those unfamiliar with the
protein, especially since p-4EBP1 is in the adjacent panels.

As this reviewer kindly suggested, we now added a p-4EBP1 blot to Figure 3A in our revised
manuscript.

* In Figure 4A (left) there appear to be gates on the flow cytometry charts that do not correspond
to the percentages shown.

We thank the reviewer for pointing this out. We corrected this in our revised manuscript.

Reviewer #2 (Remarks to the Author):

In this manuscript, Zhang et al. describes an unexpected role of cyst(e)ine mediated mTORCI1
activation in regulating GPX4 protein synthesis. The authors showed that cyst(e)ine depletion
inhibits the engagement of GPX4 mRNA with polysomes, and nicely ruled out the possibility



that Cys or mTORCI is regulating GPX4 protein degradation. The alterations in GPX4 protein
levels have direct consequences in the cellular sensitivity to ferroptosis, and authors revealed that
co-inhibition of mMTORC1 and GPX4 has synergistic effects in ferroptosis induction.

I am reading this paper with great interest, and I found the findings described here are novel and
significant in the following ways:

1. Although the central role of GPX4 in safe-guarding cells from ferroptosis is well-appreciated,
the regulation of GPX4 protein levels is poorly understood and largely overlooked. Previous
reports in Zou et al., Nature Communications 2019 suggested that the GPX4 transcript levels are
largely constant across more than 900 cancer cell lines from various lineages. This work is
consistent with Zou et al. in showing that GPX4 mRNA levels are not changed by the chemical
and genetic perturbations introduced here, and further describes the important findings on how
cyst(e)ine availability is rate-limiting in GPX4 protein synthesis.

2. The exact mechanism of erastin-induced ferroptosis has not been fully resolved. This work
suggests that in addition to blocking glutathione synthesis (thus reducing the abundances of the
GPX4 co-factor), cyst(e)ine-depletion also inhibits GPX4 protein synthesis, suggesting a novel
mechanism underlying the activity of erastin.

3. In this referee’s lab, we have anecdotally noticed that mMTORCI] inhibition sensitizes several
cancer cell lines to GPX4 inhibition-induced ferroptosis, as well as the decreased GPX4 protein
levels in response to erastin treatment in cancer cells. We were intrigued by these observations
but did not understand the molecular mechanism underlying this connection. In this referee’s
opinion, the current study provides a very convincing explanation to the crosstalk between
mTORCI signaling and GPX4 activity.

4. The combinatorial strategy of ferroptosis induction coupled with mTORCI1 inhibition is very
appealing from a therapeutic perspective for augmenting the efficacy of ferroptosis-inducing
approaches.

Overall, this study is performed with high rigor and the conclusions are largely supported by
well-controlled experimental data. The manuscript is well-written and easy to understand. The
conclusions in this study is expected have direct impact in the fields of ferroptosis, amino acid
metabolism and mTORCI1 signaling. It is appreciated that the authors validated each of their
observations in multiple cell line models, and used cDNAs to rescue most of the genetic
perturbations introduced in this study. Despite that how Cys regulates mTORCI activity remains
an intriguing scientific gap, this manuscript is complete on its own. This referee does not have
additional experimental requests other than the minor suggestions listed below:

We thank this reviewer for positive comments and very insightful analyses of our manuscript.
1. The authors may briefly discuss (in the Discussion) their work in light of the recent reports in

[Liu et al., Cancer Gene Therapy 2020 Interplay between MTOR and GPX4 signaling modulates
autophagy dependent ferroptotic cancer cell death], and [Reinke et al., Plos ONE, 2014



Translational Regulation of GPx-1 and GPx-4 by the mTOR Pathway].

We thank this reviewer for the suggestin. A recent study showed rapamycin treatment can
decrease GPX4 protein levels [10], whereas in our study rapamycin treatment did not obviously
affect GPX4 protein levels. We noticed that the rapamycin concentration used in this study (25
puM) was much higher than that used in our study (as well as in most other studies; typically
within nM ranges). It is possible that rapamycin at such high concentrations can potently inhibit
4E-BP1 phosphorylation and thereby suppress GPX4 protein synthesis. Another previous study
indicated that mTORCI regulates GPX4 protein translation [11]. However, this study showed
that rapamycin treatment even increased GPX4 levels in the context of imatinib treatment. It
remains unclear how mTORCI, a positive translation regulator, would suppress GPX4 protein
synthesis in this context. Further studies are needed to clarify these questions. We now discussed
and cited these relevant publications (see the second paragraph in page 14 in our manuscript).

Minor comments:

Figure 1a, the authors should specify whether multi-testing
correction is performed with the p values presented in the
volcano plot. If raw p value was presented here, this referee
recommends using multiple-testing corrected data.
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We thank reviewer for the suggestion to improve our statistical
analysis. Accordingly, we have modified our analysis as
described below. To identify significantly modulated proteins
across starvation and control, we performed a Student t-Test with
a permutation-based FDR cutoff of 0.05 and SO = 0.1. According  °1

. . . 3 5 7

to the new method of analysis, we now replaced Figure 1a with Difference (s - c)

the updated one as shown in Rebuttal Figure 6. The Rebuttal Figurel 6. dMa:s
. . spectrometry analysis to identi

corresponding method for analysis has been added to Mass ovoteins differentially regulated

spectrometry analysis in Method of our revised manuscript. upon cystine starvation.

Figure 1n, the label of the y-axis has overlapped text.

The label has been corrected in our revised manuscript.

Figure 2e, scale bar of the images is missing.

The scale bars have been added to all images in Figure 2e of our revised manuscript.
Figure 4a, there are several typos with regard to Torinl

These typos have been corrected in our revised manuscript.

Figure S4b, scale bar labeling, 100 uM should be 100 um.

The labeling for this scale bar have been corrected in our revised manuscript (now Fig. S4c).



Line 228, typo in “Torrinl”

The typo has been corrected in our revised manuscript.

Reviewer #3 (Remarks to the Author):

In this manuscript, authors investigated mechanisms that regulate GPX4, an inhibitor of
ferroptosis. The results show that cystine activates mTORC]1 and promotes cap-dependent
translation of GPX4 mRNA. Pharmacologic inhibition of mTORC1 decreases GPX4 protein
synthesis and sensitizes cancer cells to ferroptosis. Overall, the studies are interesting that
provide a possible mechanistic link between nutrient signaling and ferroptosis. However, some
key findings are still preliminary that need to be strengthened before the manuscript is suitable
for publication.

We appreciate the positive and insightful comments from this reviewer. We hope that our
revision now has addressed the critiques from this reviewer.

1. Authors concluded that cystine activates mTORC]1 through a Rag-dependent mechanism.
However, the data are largely correlative. Authors should demonstrate that cystine regulates
interaction of Rag with mTORC1 and that activation of mMTORCI1 by cystine is Rag-dependent.

This reviewer asked an important question. As shown in Rebuttal Figure 7a-b (Fig. 3e-f in our
revised manuscript), RagA/B double knockout (DKO) in UMRCS6 cells did not affect mTORC1

activation under normal culture conditions, which is consistent with previous observations made
in RagA/B DKO MEFs [12]. Likewise, RagA/B deletion did not affect SLC7A11 or GPX4 level

under normal culture a N b

. o S _sgC _DKO ¢ K
conditions. sgControl S . .+ Cystine s & &
(sgC) and RagA/B DKO aoa | @D | sLcrarn 2O GPX4 S .

. 20kDa + - + - + - Cystine
cells were then stimulated bt RS ———

. . a a4 150kDa
with cystine after they 0 - Rags s P56 o= THEE] raptor
were deprived of cystine woe | Ragh o | 565 anoa— RagB
for 24 hours. Notably, N e L o acant
. 37kDa

RagA/B deficiency largely || so 20008 UMRCS
abolished cystine “>7 S| cert 4EBP1

stimulation-induced T TS UMRCe
mTORC1 activation and .| GREDE| Tubuin
GPX4 expression. UMRC6

The.re‘fore, our data Sljlpport Rebuttal Figure 7. The role of Rag proteins in GPX4 protein regulation by cystine. a, Protein

a Crltlcal I‘Ole Of Rag 1n expression in UMRCG6 control (sgC) and RagA/B double-knockout cells (DKO1 and DKO2) cells
st . was analyzed by Western blotting. b, UMRC6 sgC and RagA/B DKO cells were cultured in

medlatlhng cyStlne media without cystine for 24 hours followed by stimulation with 200 1 M cystine and Western

regulatlon of mTORC1 blotting analysis. c, UMRCS6 cell cultured in media with or without cystine for 24 hours followed

activation and GPX4 by pull-down using antl—raptor.or normal IgG antibody. Then Raptor and RagB protein levels

were analyzed by Western blotting.
levels.



We have also attempted to examine whether cystine stimulation can regulate Raptor-Rag
interaction. However, despite multiple attempts, we have failed to detect the endogenous
interaction between Raptor and Rag in UMRCG cells (see Rebuttal Figure 7c¢ for an example). It
is possible that the interaction between Raptor and Rag is transient and weak in the cell lines
used in our study (whereas previous studies have primarily used HEK293T cells to demonstrate
amino acid-stimulated interaction between Raptor and Rag [13]). Since our data have
convincingly established a critical role of Rag in cystine-stimulated mTORC] activation and
GPX4 regulation, we hope this reviewer will agree that the data demonstrating cystine-dependent
Rag interaction with mTORCI is not required for this manuscript.

2. Authors showed that treatment with Torinl and AZD8055, not rapamycin decreases GPX4
protein level. Since Torinl and AZD8055 are mTOR kinase inhibitors that target both mTORC1
and mTORC?2, this observation suggests that mMTORC?2 is involved. Authors should address if
mTORC?2 plays a role in GPX4 regulation.

We thank reviewer for asking this important question. To examine the £ § 3
potential role of mMTORC?2 in regulation GPX4 levels, we deleted Rictor S %%
(a critical component of mMTORC2) in UMRCE6 cells. As shown in ,ma_IZl Rictor
Rebuttal Figure 8 (Figure S4i in revised manuscript), Rictor deletion " T | GPX4
significantly reduced phosphorylation levels of AKT as expected, but 75k0a 1:' PAKT
did not affect GPX4 levels. Our data therefore rule out the involvement 75k08
of mTORC?2 in regulating GPX4 levels. E

37kDa <E| Actin
3. It was previously shown that cystine regulates mTOR signaling UMRCS
through elF2alpha (Sci Rep 6: 30033). Authors should clarify whether Rebuttal Figure 8. Rictor
elF2alpha is involved and how it is related to the proposed mechanism deletion does ot _affect
X GPX4 protein levels. Protein
in the present study. levels in UMRC6 control

(sgC) and Rictor knockout
cells (sgRictor-1 and sgRictor-

elF2a also plays an important role in coordinating amino acid 2) were analyzed by Western

availability with protein translational control through an amino acid- blotting.

induced dephosphorylation of elF2a.

Consistent with this, we observed that a b - -+ Salubrinal

cystine starvation significantly increased * - * Cystine

ei]FZa phosphol‘ylati%n in UM}I]{C6 cells 22 T 9 Cystine mDaEI GPX4(LE)

(Rebuttal Figure 9a; Figure S4m in revised RER) P-oIF20 02w | PeelF2a

manuscript). It should be noted that, unlike 370s 1SRRI ciF2a snos | | cF20

mTOR phosphorylation (which activates 100k0g o == & &) Vinculin [ vinc
UMRC6 100kDa inculin

mTOR), elF2a phosphorylation is inhibitory

. . UMRC6
(therefore, cystine starvation decreases

mTOR phosphorylation but increases elF2a
phosphorylation). To address the potential
role of elF2a phosphorylation in regulating
GPX4 levels, we examined whether

Rebuttal Figure 9. The role of elF2a phosphorylation in GPX4 protein
regulation. a, UMRC6 cells were cultured in media with indicated
concentrations of cystine for 24 hours followed by Western blotting analysis.
b, UMRC6 cell were cultured in cystine-free media or treated with 10 1 M
salubrinal for 24 hours followed by Western blotting analysis.

inducing elF2a phosphorylation by treatment with salubrina (an inhibitor of eIF2a phosphatase)
in the presence of cystine would mimic cystine starvation to decrease GPX4 levels. As shown in
Rebuttal Figure 9b (Figure S4n in revised manuscript), while both cystine starvation and



salubrina treatment increased elF2a phosphorylation, cystine starvation, but not salubrina
treatment, significantly decreased GPX4 levels. These data therefore suggest that cystine
regulates GPX4 protein levels likely through elF2a-independent mechanisms, which is in line
with our model that cystine regulates mMTORCI activation and GPX4 protein levels through Rag
(see Rebuttal Figure 7a-b).
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REVIEWER COMMENTS
Reviewer #1 (Remarks to the Author):

The authors have done an excellent job in rebutting the reviewer critiques. In this reviewer's opinion,
the manuscript is almost ready for publication, but there are a few questions related to the original
comments #4, 5, 6 that need to be further addressed/clarified:

#4: BSO has been shown to be not as effective as erastin or cystine starvation for ferroptosis
induction, and this manuscript might have provided a possible explanation: unlike the other two
inducers that can both deplete glutathione and reduce GPx4 expression through inhibiting mTOR, BSO
can only deplete glutathione. However, BSO plus inhibition of mTOR did not lead to potent ferroptosis
induction, as the authors showed in revision. Because of this, a brief discussion on why BSO plus Torin
is not effective and what might be other explanations will be helpful.

#5: In the animal experiment, the authors used a sub-optimal dose of AZD (did not effectively block
4EBP1 phosphorylation). While this condition works for the in vivo validation of the novel mechanism
the authors uncovered, it is nonetheless not therapeutic relevant (why use such a non-effective dose
of AZD? This won't happy in real clinical practice). The authors should at least why they used a low
dose of AZD in the manuscript.

#6: The new result that the depletion of several other amino acids also led to complete inhibition of
mTOR but had no effect on GPx4 expression is most concerning, as it directly challenges or contradicts
the major conclusion of the manuscript: mTOR activity is required for GPx4 protein synthesis. This is a
point that the authors should thoroughly address.

Reviewer #3 (Remarks to the Author):

Authors have largely addressed my concerns. I only have a minor comment that need to be
incorporated into the final version.

Rebuttal Figure 7a: even though authors cited a paper that RagA/B double knockout did not diminish
mTORCI1 signaling (p-S6 and p-4EBP1) in MEFs, it still contradicts current paradigm and most of the
high profile publications in the field. Moreover, in Figure 7b, there is clearly some stimulation of p-S6
by cystine in the absence of RagA/B. Authors should discuss on possible alternative mechanism(s) to
RagA/B, in the main text and discussion sections. Cite literature support as appropriate.

Reviewer #4 (Remarks to the Author):

The manuscript suggests that a hitherto unrecognized regulatory mechanism to coordinate GPX4
protein synthesis with cyst(e)ine availability and suggesting use of mTORC1 inhibitors and FINs in
cancer treatment. This is an important area of significant scientific impact and important clinical
potential.

Major conclusions in this paper are based on documenting proteomic alterations associated with
cystine starvation using a label-free quantification. Many of the conclusions depend on using mass
spectrometry methods to document the changes in GPX4 protein synthesis. This review will focus on
that key aspect of the methods and results.

The methods section of the paper goes to considerable minute details on many aspects of the methods
and expands on many items that are relatively standard, e.g. that cell cultures contained containing
penicillin (100 units/mL), streptomycin (100 ug/mL), or that extracted proteins were reduced with 5
mM dithiothreitol, alkylated with 15 mM iodoacetamide, and then quenched by 15 mM dithiothreitol
(p. 16). We are told that samples were sequentially digested by Lys-C (enzyme: proteins, 1:100) for 4



hours and then trypsin (enzyme: proteins, 1:50) overnight at 37 °C pp. 16-17). Beyond these minute
details of laboratory manipulations, there are, sadly, many broader explanations of the experimental
design and the presentation of the results that are lacking.

Nowhere is it revealed how many biological replicates are included in the proteomics part of this
experiment. The proteomic data are contained in Table S2 in a file called
"256650_1_data_set 4982829 ghr4c4.xIsx.” In that file columns A, B and C are described as
Control_LFQ intensity and D, E and F as Starvation_LFQ intensity. These values are in a narrow range
from 24 to 39. These data were generated by the MaxQuant program. In the reviewer’s experience
raw LFQ values are in the thousand to millions of counts, not 24 -39. Perhaps these are log
transformed. We are left to wonder if they are transformed and whether it is base 2, base e, or base
10. This should be explicitly stated.

There is no explanation of how the Log2 Ratio Starvation_Control was calculated. This is made more
ambiguous by of the uncertainties described in the next paragraph regarding biological replicates and
p-values.

The text indicates at line 42 that “<b>6 fractions were pooled from collected eluents using a
previously reported method</b>". There is no reference given. Reported to whom, when and how? It
is unknown why multiple fractions were generated then pooled back together. What is the sense of
fractionating and pooling back together? <b>We have no idea how many biological replicates there
were in this experiment</b>. How can anyone evaluate the validity of the results and conclusions
without even knowing how many replicates were used. We see only three control and three starvation
columns in Table S2, but dozens of raw LC/MS files in the MassIVE repository upload cited (line 570).
How these relate to 6 fractions and the unknown number of biological replicates is not stated.

In the previous rebuttal file provided to the reviewer
(256650_1_rebuttal_4982823_ghrm6s_convrt.pdf). a reviewer asked that a multi-testing correction
be applied to P-values. The authors responded by saying “we performed a Student t-Test with a
permutation-based FDR cutoff of 0.05 and SO = 0.1” This is reiterated in line 440 of the manuscript.
This reviewer performed a T-test on the data in columns A-F in Table S2 (attached file
“256650_1_data_set_4982829_ghr4c4_Review.xlsx” This T-test was the standard “garden variety” T-
test included in Microsoft Excel with 2 tails, type 2 (equal variances/ homoscedastic). This test is
reported in new column AE and the new -log in column AF (all bold blue). All 4,637 values in column
AL are identical to six significant digits to the authors’ column V which is titled “-Log Student's T-test
p-value Starvation_Control” <b>Thus the claimed multiple testing correction has not been
applied</b>. Even in Fig. 1a there is no indication that multiple testing correction has been applied as
the values highlighted. If the correction has not been applied, most of the P-values reported may not
be significant in this dataset with containing 4,637 tests.

It may be that the data are so weak, that if exposed in the bright light of the day, the claimed
“unrecognized regulatory mechanism to coordinate GPX4 protein synthesis” is not supported by the
results. The conclusion of this review is that the paper is not acceptable for publication.



Reviewer #1 (Remarks to the Author):

The authors have done an excellent job in rebutting the reviewer critiques. In this reviewer's
opinion, the manuscript is almost ready for publication, but there are a few questions related to
the original comments #4, 5, 6 that need to be further addressed/clarified:

We thank the reviewer for the positive comments on our manuscript. We hope that our revision
now has addressed the remaining minor concerns from this reviewer.

#4: BSO has been shown to be not as effective as erastin or cystine starvation for ferroptosis
induction, and this manuscript might have provided a possible explanation: unlike the other two
inducers that can both deplete glutathione and reduce GPx4 expression through inhibiting
mTOR, BSO can only deplete glutathione. However, BSO plus inhibition of mTOR did not lead to
potent ferroptosis induction, as the authors showed in revision. Because of this, a brief
discussion on why BSO plus Torin is not effective and what might be other explanations will be
helpful.

We believe we have indeed discussed this point in the previous version of our manuscript (see
below, which is copied from the discussion in page 13-14), and we apologize if we had not made
this point more clearly.

“It is proposed that cyst(e)ine provides the rate-limiting precursor for the biosynthesis of GSH,
which is subsequently used as the cofactor for GPX4-mediated lipid peroxidation detoxification
and ferroptosis suppression [1]. However, in this study, we noted two major differences between
cystine starvation and GSH depletion: (i) cystine starvation generally is much more potent than
GSH depletion in inducing ferroptosis; (ii) cystine starvation, but not GSH depletion, sensitizes
cells to class 2 FIN-induced ferroptosis. We propose that these differential effects can be
explained by additional GSH-independent mechanisms downstream of cyst(e)ine in ferroptosis
regulation, one of which is cyst(e)ine regulation of GPX4 protein synthesis as revealed in our
current study. We want to emphasize that there exist additional ferroptosis defense mechanisms
that operate in parallel to or independent of GPX4. For example, recent studies showed that
FSP1 operates in parallel to GPX4 to inhibit ferroptosis by supplying coenzyme Q1o (CoQ) [2, 3]
and that coenzyme A (CoA) is also capable of inhibiting ferroptosis independent of GPX4 [4].
Given that cysteine is a precursor for CoA biosynthesis and that CoA is also utilized in CoQ
biosynthesis [5], these recently identified anti-ferroptisis pathways represent additional
mechanisms linking cyst(e)ine to ferroptosis regulation independent of GPX4.”

As discussed above, we propose that these other anti-ferroptosis mechanisms that operate
downstream of cyst(e)ine but independent of GPX4, such as CoA and CoQ, can potentially
explain why BSO plus Torin is not effective in inducing potent ferroptosis. To make this point
more clearly, after the sentence “these recently identified anti-ferroptosis pathways represent
additional mechanisms linking cyst(e)ine to ferroptosis regulation independent of GPX4”, we
now add another statement “which likely explains the lack of strong ferroptosis induction in cells
treated with mTORC1 inhibitor and BSO (to suppress both GPX4 and GSH synthesis).”

#5: In the animal experiment, the authors used a sub-optimal dose of AZD (did not effectively



block 4EBP1 phosphorylation). While this condition works for the in vivo validation of the novel
mechanism the authors uncovered, it is nonetheless not therapeutic relevant (why use such a
non-effective dose of AZD? This won't happy in real clinical practice). The authors should at
least why they used a low dose of AZD in the manuscript.

We would like to clarify that we used the same dose of AZD8055 (10 mg/kg) in our animal
studies as used in the original publication on AZD8055 [6] and multiple other studies (for
example, see [7-11]); therefore, we were not deliberately choosing a sub-optimal dose of
AZD8055 in our animal studies. Further increasing AZD8055 doses likely will cause unwanted
toxicity issues in animals. Because of tumor heterogeneity, it is quite common that one dose of
drug is effective in inhibiting its target in one tumor model yet becomes non-effective in another
model (or moderately effective, as shown in our preclinical model). This indeed represents one
significant challenge in cancer therapies, and has further motivated combination therapies to
better target mMTORC1 (as shown in our current study). To follow this reviewer’s kind
suggestion, we now incorporated these points into our manuscript (see page 16).

#6: The new result that the depletion of several other amino acids also led to complete inhibition
of mTOR but had no effect on GPx4 expression is most concerning, as it directly challenges or
contradicts the major conclusion of the manuscript: mTOR activity is required for GPx4 protein
synthesis. This is a point that the authors should thoroughly address.

We thank the reviewer for asking this insightful question.

We acknowledge that we currently do not understand this growth
regulation selectivity on the mechanistic level, but want to cystine leucine glucose factors
point out that, at the conceptual level, this is quite

common in biological systems. As illustrated in rebuttal

letter Fig. 1, mTORC1 receives signaling inputs from mTORC1

diverse stimuli, including amino acids (such as cystine and

leucine), glucose, and growth factors. Once activated, 1

mTORC1 functions to promote protein sypthesis o_f genes Protein synthesis
GPX4, a, b, c, and so on. Removal of cystine, leucine,

glucose, or growth factors (as well as mTORC1 inhibitor

treatment) can all potently suppress mMTORC1 activity (as

gauged by S6K/4EBP1 phosphorylation); however, these GPX4 a b [

nutrient deprivation conditions would not cause the
suppression of protein synthesis on the EXACT same list
of target genes. For example, it has been shown that
starvation of different amino acids results in differential
ribosome occupancies on specific genes [12]. Several
mechanisms can account for such a selectivity in signaling
regulation:

Fig. 1. A schematic depicting how mTORC1
receives diverse upstream stimuli to control
the protein synthesis of different
downstream target genes.

(i) These upstream stimuli can differentially affect the levels of downstream targets through
additional mechanisms other than mTORC1. For example, it is possible that, while both leucine
and cystine starvation decrease GPX4 protein synthesis by inactivating mTORC1, leucine
starvation (but not cystine starvation) might also induce adaptive responses to restore GPX4



protein level, resulting in differential GPX4 protein level change upon cystine or leucine
starvation.

(i) Scaffold proteins can limit specific upstream regulators to downstream effectors. This is well
established in MAPK signaling. Notably, a recent study showed that amino acid starvation, but
not serum starvation, selectively modulates mTORC1 regulation of downstream effector TFEB
through similar mechanisms [13]. Whether such mechanisms are also involved in cystine
regulation of GPX4 protein synthesis remains to be examined.

(iii) These upstream stimuli can regulate mTORCL1 signaling quantitatively differently; however,
such quantitative differences might not be readily revealed by biochemical readouts such as
S6K/4EBP1 phosphorylation. This could simply reflect our current knowledge or technical
limitations. As another example, whereas diverse upstream stimuli, such as cell-cell contact,
serum starvation, and energy stress, can all potently inactivate YAP (as gauged by YAP
phosphorylation), these stimuli do not regulate the EXACT same list of YAP1 target genes.
Instead, some core YAP target genes are similarly regulated, whereas many other target genes
are differentially impacted, by different upstream stimuli of the Hippo-Y AP pathway, although
the underlying mechanisms still remain poorly understood [14].

As our current study is not set out to understand the differential effects of cystine and other
amino acids on mTORC1 signaling, we hope this reviewer will agree that addressing these
questions is beyond the scope of this study. We have incorporated these discussions into our
manuscript (see the second paragraph on page 15, and Fig. S7), and hope that this will stimulate
future studies on this interesting question.

Reviewer #3 (Remarks to the Author):

Authors have largely addressed my concerns. | only have a minor comment that need to be
incorporated into the final version.

We thank the reviewer for the positive comments on our manuscript. We hope that our revision
now has addressed the remaining minor concern from this reviewer.

Rebuttal Figure 7a: even though authors cited a paper that RagA/B double knockout did not
diminish mTORC1 signaling (p-S6 and p-4EBP1) in MEFs, it still contradicts current paradigm
and most of the high profile publications in the field. Moreover, in Figure 7b, there is clearly
some stimulation of p-S6 by cystine in the absence of RagA/B. Authors should discuss on possible
alternative mechanism(s) to RagA/B, in the main text and discussion sections. Cite literature
support as appropriate.

We thank the reviewer for asking this insightful question. Previous studies showed that acute
deletion of RagA in MEFs significantly decreased basal mTORC1 signaling [15] but MEFs with
stable RagA/B deletion only exhibited very moderate reduction in mTORC1 signaling under
normal culture conditions [16]. Another recent study showed that knocking down Rag A or C did
not affect basal mMTORCL1 activation in Hela cells [17] (see Fig. 1C and D in this study). RagA/B



deletion in heart even slightly increased mTORCL1 signaling [18]. '*év
Previous studies noted that Rag A is essential for cell growth in

MEFs [15]. Likewise, we also noticed that it is challenging to s7%0a | D | sLc7A11
generate RagA/B complete KO UMRCSG cells from single clones ke e @D | GPX4

using CRISPR approaches. In our study, we have used pooled

CRISPR RagA/B KO cells, which maintain residual Rag A and B w0 LR RagA
expression (see Rebuttal Letter Fig. 2; Fig. 3e in our o RagA (LE)
manuscript). It is possible that residual RagA/B expression is K0

required to maintain mTORC1 activation and cell growth under 0T - RagB

basal conditions, and/or RagA/B deficiency induces compensatory ML RagB (LE)
mMTORC1 activation in order to allow for long-term culture of 37kDa P.S6

these RagA/B KO cells, explaining the lack of obvious mTORC1 37kDa —

signaling reduction in our RagA/B KO cells under normal culture - | 6
conditions. We reason that the residual Rag expression and/or the e B8 | rcsr
compensatory mTORC1 activation in Rag KO cells likely 20kDa -

accounts for the discrepancies from various studies on the BBE | eer
differential effects of acute vs stable deficiency of Rags on basal soos | EEDED| Tubulin
mTORC1 activation. UMRCS

Apparently, this residual RagA/B expression is not sufficient to (Fggké)ia&ﬁlgf 2;?;2:,1?2%?3&
maintain cystine-induced mTORC1 activation, resulting in a residual expression of RagA and
significant attenuation of cystine stimulation-induced mTORC1 RagB. LE: long exposure.

activation in our RagA/B KO cells. However, as this reviewer

kindly pointed out, cystine-induced mTORC1 activation is not completely abolished in our
RagA/B KO cells, and we acknowledge that there might exist additional mechanisms mediating
cystine-induced mTORC1 activation, which is consistent with previous findings demonstrating
Rag-independent but Arf-1- or Rab-1A-dependent mechanisms to mediate mMTORC1 activation
in response to some amino acids [16, 19]. It will be interesting to examine whether Arf-1 or
Rab1A is also involved in regulating cystine-induced mTORC1 activation in future studies.

We have now added this discussion into our manuscript and cited relevant publications (see page
14-15).

Reviewer #4 (Remarks to the Author):

The manuscript suggests that a hitherto unrecognized regulatory mechanism to coordinate
GPX4 protein synthesis with cyst(e)ine availability and suggesting use of mMTORCL inhibitors
and FINs in cancer treatment. This is an important area of significant scientific impact and
important clinical potential.

Major conclusions in this paper are based on documenting proteomic alterations associated with
cystine starvation using a label-free quantification. Many of the conclusions depend on using
mass spectrometry methods to document the changes in GPX4 protein synthesis. This review will
focus on that key aspect of the methods and results.



We thank the reviewer for the comments and analysis of the proteomic data presented in this
manuscript (more specifically, Fig. 1a and S1a). We hope our responses below have now
addressed all the critiques from this reviewer.

The methods section of the paper goes to considerable minute details on many aspects of the
methods and expands on many items that are relatively standard, e.g. that cell cultures contained
containing penicillin (100 units/mL), streptomycin (100 ug/mL), or that extracted proteins were
reduced with 5 mM dithiothreitol, alkylated with 15 mM iodoacetamide, and then quenched by
15 mM dithiothreitol (p. 16). We are told that samples were sequentially digested by Lys-C
(enzyme: proteins, 1:100) for 4 hours and then trypsin (enzyme: proteins, 1:50) overnight at 37
°C pp. 16-17). Beyond these minute details of laboratory manipulations, there are, sadly, many
broader explanations of the experimental design and the presentation of the results that are

lacking. — e — e

) Qontrol ) St_arvation‘
We agree with this reviewer that the Methods : b'°l°g'°;' R . b'OIOQ'Ci' .
section should include detailed experimental T o TR
conditions so that other researchers can replicate
our findings in the future. Following the kind
suggestion of this reviewer, we now provide a \l : ! M\l .
flowchart of our proteomic experimental design, e e
which we hope can help the readers to EEEFTE FEEFEIT
understand broadly our experimental approach High pH HPLC fractionation High pH HPLC fractionation
(Rebuttal Figure 3; Figure Sla in our revised v v
manuscript). Our response below will provide EETE NG T T

additional clarifications and answers to this
reviewer’s questions.

Fig. 3. The flowchart of experimental design of our
Nowhere is it revealed how many biological proteomic studies.

replicates are included in the proteomics part of

this experiment. The proteomic data are contained in Table S2 in a file called

“256650 1 data _set 4982829 ghrdc4.xlsx.” In that file columns A, B and C are described as
Control_LFQ intensity and D, E and F as Starvation_LFQ intensity. These values are in a
narrow range from 24 to 39. These data were generated by the MaxQuant program. In the
reviewer’s experience raw LFQ values are in the thousand to millions of counts, not 24 -309.
Perhaps these are log transformed. We are left to wonder if they are transformed and whether it
is base 2, base e, or base 10. This should be explicitly stated.

We thank the reviewer for pointing this out. In the previous version of this manuscript, we stated
“samples in triplicates” in the Figure legend of Supplementary Fig. 1a (now Supplementary Fig.
1b). To further clarify the issue of biological replicates, we now stated this (cells in triplicate) in
the Methods section (under “Mass spectrometry analysis”, page 18), and also provided it in the
experimental flowchart above (Figure Sla in our revised manuscript).



The reviewer is correct pointing out that the values presented in Table S2 are log transformed
values. As kindly suggested by this reviewer, we have now changed the titles of corresponding
columns in Table S2 from “XXX LFQ intensity XX to “XXX_Log2 LFQ intensity XX”. As
stated in Methods section (page 17), we used Perseus to conduct the proteomics data analysis,
which was developed by Matthias Mann and Jurgen Cox [20]. This method is widely used in
proteomics data analysis. When the Perseus was used for data analysis, we followed the tutorial
in the official Perseus website and older version tutorial
(http://coxdocs.org/doku.php?id=perseus:user:use_cases:start, http://Inbio.cnpem.br/wp-
content/uploads/2012/11/Tutorial-Perseus_02062015_release v1.pdf ) to perform log2
transformation before further analysis. The transfer of original MaxQuant values to Log2 data for
further analysis has been adopted by others [21]. Indeed, log2 LFQ intensity data were presented
in other publications [22, 23].

There is no explanation of how the Log2 Ratio Starvation_Control was calculated. This is made
more ambiguous by of the uncertainties described in the next paragraph regarding biological
replicates and p-values.

As mentioned above, we have now stated the three biological replicates in the legend of Fig. S1b
and also in Methods section. The Log2 Ratio was calculated using Perseus following the
standard instruction [24] and the tutorial
(http://coxdocs.org/doku.php?id=perseus:user:use_cases:start, http://Inbio.cnpem.br/wp-
content/uploads/2012/11/Tutorial-Perseus 02062015 release v1.pdf ). Because Perseus is
widely used in the proteomic data analysis by different groups [22, 23, 25-31] (with more than
2350 citations from Google Scholar) and we are following the standard procedure, we did not
provide the detailed description on the calculation of fold change, but only showed the cutoff
criteria for significantly changed proteins used in this study, which is also consistent with other
publications as cited above. Following the comment of this reviewer, we have now cited Perseus
instruction and tutorial in the revised Methods section to provide more details for the readers
(reference 61 in the manuscript).

The text indicates at line 42 that “6 fractions were pooled from collected eluents using a
previously reported method ”. There is no reference given. Reported to whom, when and how? It
is unknown why multiple fractions were generated then pooled back together. What is the sense
of fractionating and pooling back together? We have no idea how many biological replicates
there were in this experiment. How can anyone evaluate the validity of the results and
conclusions without even knowing how many replicates were used. We see only three control and
three starvation columns in Table S2, but dozens of raw LC/MS files in the MassIVE repository
upload cited (line 570). How these relate to 6 fractions and the unknown number of biological
replicates is not stated.

We apologize for not stating this more clearly in the previous version of our manuscript. In this
study, we used three biological replicates, with 6 fractions being pooled for each biological
replicate. Following the suggestion of this reviewer, we have now provided the original citation
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on the HPLC fractionation and pooling of fractions [32] in the revised Methods section
(reference 60 in the manuscript). It should be noted that fractionating the whole
proteome/phosphoproteome (to reduce sample complexity and to detect low-abundance proteins)
has now been adopted for both labeling and label-free proteomics analyses in proteomics field.
This approach has been described in Clinical Proteomics Tumor Analysis Consortium (CPTAC)
protocol and other publications [32-37]. Additionally, fractions are often pooled to reduce mass
Spectrometry running Tryplic peptides High pH reversed-phase (HpH) Phosphopeptide LEIMS analysis

time, for example pool e

96 fractions into 24 or =
12 fractions. This
strategy enables -
researchers to obtain

more proteins or PTM

!
|

IDs Wit_hin the Fig. 4. lllustration of sample preparation for MS analysis.
constrain of mass

spectrometry time. The strategy is further illustrated in Rebuttal Letter Fig. 4, which was
copied from Fig. 2 in [32].

In the previous rebuttal file provided to the reviewer

(256650 1 rebuttal 4982823 ghrm6s_convrt.pdf). a reviewer asked that a multi-testing
correction be applied to P-values. The authors responded by saying “we performed a Student t-
Test with a permutation-based FDR cutoff of 0.05 and SO = 0.1 This is reiterated in line 440 of
the manuscript. This reviewer performed a T-test on the data in columns A-F in Table S2
(attached file “256650 1 data set 4982829 qhrd4c4 Review.xlsx” This T-test was the standard
“garden variety” T-test included in Microsoft Excel with 2 tails, type 2 (equal variances/
homoscedastic). This test is reported in new column AE and the new —log in column AF (all bold
blue). All 4,637 values in column AL are identical to six significant digits to the authors’ column
V which is titled “-Log Student's T-test p-value Starvation_Control” Thus the claimed multiple
testing correction has not been applied. Even in Fig. 1a there is no

indication that multiple testing correction has been applied as the values highlighted. If the
correction has not been applied, most of the P-values reported may not be significant in this
dataset with containing 4,637 tests.

We thank the reviewer for asking this question. As described in Methods section, we used
Perseus for the analysis. Perseus is a well-established software for proteomics analysis. The -Log
p-value, Q-value and Student's T-test statistical analyses were performed via Perseus. Our
analysis is similar to proteomic analyses reported in other recent publications [22, 23, 25, 26, 28,
30, 31]. In the previous version of our manuscript, we used p-value and fold change as criteria to
decide significantly changed proteins. Following the suggestion of reviewer #2 for multi-testing
correction, in the revised manuscript we generated g value for each p value regarding the
analysis of identified proteins, as highlighted by red color in the Rebuttal Table 1 shown below
(Supplementary Table S2 in our manuscript). A g-value is a p-value that has been adjusted for
the False Discovery Rate (FDR). The False Discovery Rate approach to p-values assigns an
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Table 1. Represented statistics of mass spec data including p value and g value.

adjusted p-value for each test. g-value has been described in previous publication [38]. This g-
value was calculated based on permutation-based FDR cutoff of 0.05 and SO = 0.1 by Perseus
automatically. As stated in Methods section, we used this value, i.e. permutation-based FDR
cutoff of 0.05 and SO = 0.1, but not p-value, as criteria to determine the significantly regulated
proteins upon treatment. Permutation-based FDR is used to adjust for multiplicity tests by
controlling the family-wise type | error rate (FWER) - which is the probability of making one or
more false discoveries, or type | errors among all the hypotheses when performing multiple
hypothesis tests-without assuming t distribution of the test statistics of each gene’s differential
expression. With the added SO, it is the Significance Analysis of Microarrays (SAM) test [39].
Our analysis was based on the instruction in official Perseus website and the tutorial
(http://coxdocs.org/doku.php?id=perseus:user:use_cases:interactions,
http://coxdocs.org/doku.php?id=perseus:user:activities:matrixprocessing:tests:twosampletestproc
essing, http://Inbio.cnpem.br/wp- ) b

content/uploads/2012/11/Tutorial-
Perseus_02062015_release_v1.pdf), and is consistent 1.

with other analyses from recent publications [22, 23, . 5.

25, 26, 28, 30, 31], which also used permutation-based n ;

FDR at a given SO as the cutoff criteria. ? e

We should point out that in our Fig.1a (shown as

Rebuttal Letter Fig. 5a), -Log p value was set as Y y " : :

axis, but the cutoff criteria still are FDR<0.05 and SO LogRati of Treatment e Coniro *Loga Rt st Conl

= 0.1 as described in our manuscript. This is due to the Fig. 5 Deregulated genes from Treatment vs
fact that the g-value of some proteins (e.g. top 4 targets Control shown in the plot generated by -

Log p value (a) or -Log q value (b) for Y
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in Table 1) was O; if we use -Log q value as Y axis, these top proteins would not show up in the
Y axis (see Rebuttal Letter Fig. 5b). It is acceptable to use -Log p value as Y axis in proteomics
studies as cited here [22, 23, 25, 26, 28, 31].

It may be that the data are so weak, that if exposed in the bright light of the day, the claimed
“unrecognized regulatory mechanism to coordinate GPX4 protein synthesis” is not supported by
the results. The conclusion of this review is that the paper is not acceptable for publication.

In summary, we have applied standard analysis tools that are commonly used in proteomics field
in this study. We hope our responses above have addressed the concerns from this reviewer.
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REVIEWERS' COMMENTS

Reviewer #1 (Remarks to the Author):

The authors have addressed all my comments.

Reviewer #4 (Remarks to the Author):

The authors have responded to review comments and improved the manuscript text as well as
Supplementary Table S2. This has effectively responded to the criticisms made and the paper should
be published.

One new point generated is that the authors indicate in the rebuttal letter that in response to the
criticism of the experimental design not well described in the original manuscript they have created a
new ‘Supplementary Figure 1...a The flowchart of experimental design for proteomic studies.’ They do
mention in the rebuttal letter that Fig. S1a is derived from reference 60 (Batth TS, Olsen JV. Offline
High pH Reversed-Phase Peptide Fractionation for Deep Phosphoproteome Coverage. Methods Mol Biol
1355, 179-192 (2016).

However neither in the text of the manuscript nor in the figure description do they tell us that Fig. Sla
is copied directly from Fig. 2 of Batth and Olsen (2016) (attached to this review). This would appear to
violate Nature Communications policy as it does not provide appropriate and unambiguous attribution.
Moreover, it this case since it is a verbatim copy of part of an image from another paper, permission
to reproduce that image would typically need to be obtained from the copyright holder.



Detailed Point-by-point response to the reviewer’s comments:
Reviewer #4 (Remarks to the Author):

The authors have responded to review comments and improved the manuscript text as well as
Supplementary Table S2. This has effectively responded to the criticisms made and the paper
should be published.

One new point generated is that the authors indicate in the rebuttal letter that in response to the
criticism of the experimental design not well described in the original manuscript they have
created a new ‘Supplementary Figure 1...a The flowchart of experimental design for proteomic
studies.” They do mention in the rebuttal letter that Fig. S1a is derived from reference 60 (Batth
TS, Olsen JV. Offline High pH Reversed-Phase Peptide Fractionation for Deep
Phosphoproteome Coverage. Methods Mol Biol 1355, 179-192 (2016).

However neither in the text of the manuscript nor in the figure description do they tell us that
Fig. Sla is copied directly from Fig. 2 of Batth and Olsen (2016) (attached to this review). This
would appear to violate Nature Communications policy as it does not provide appropriate and
unambiguous attribution. Moreover, it this case since it is a verbatim copy of part of an image
from another paper, permission to reproduce that image would typically need to be obtained
from the copyright holder.
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