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

In this study, Battacharya et al. identify a novel role for the RB family member p107 in regulating
mitochondrial ATP generation. They found that p107 binds to mitochondrial DNA in myogenic
progenitor (MP) cells and represses the expression of mitochondrially-encoded genes that function in
the electron transport chain, leading to reduced ATP production in mitochondria. Intriguingly, the
function of p107 at mitochondria is regulated by the metabolic state of the cell. A high NAD+/NADH
ratio activates the deacetylase Sirt1l, which in turn binds p107 and prevents p107 from entering
mitochondria, ultimately resulting in increased ATP production. Loss of p107 through CRISPR/Cas9-
mediated gene knockout leads to similar increases in ATP production, as well as faster cell
proliferation. Importantly, p107 targeted to mitochondria is capable of arresting cells in G1 to a similar
extent as wild-type p107, suggesting that p107’s control of the cell cycle is through this metabolic
regulation in MP cells. Finally, the authors use a mouse model of muscle injury to demonstrate that
proliferation of MPs following injury decreases with decreasing NAD+/NADH ratio, and that this
phenotype is dependent on the presence of p107.

The authors provide compelling evidence that p107 plays a critical role in regulating ATP production
from mitochondria. By using p107 KO cells as a control throughout the study, they demonstrate that
the link between upstream metabolic changes and mitochondrial function depends on p107. This is
exciting work, as it hints at a mechanism to coordinate cell proliferation and cell metabolism. As the
authors point out, one could imagine this mechanism operating in multiple, if not all, cell types. These
data and a role for p107 in inhibiting mitochondrial oxphos could help reduce ROS production in cancer
cells and may explain why p107 is rarely mutated in human cancer. However, this study could be
improved by strengthening the link between the metabolic and proliferation phenotypes, considering
what is already known about p107, and by further exploring the physiological relevance of this
mechanism of metabolic regulation. Specifically, the following points should be addressed.

1) An important control for all the figures comparing control and p107 knockout cells (e.g. Figures 1
and 2), especially based on the cell cycle differences in Figure 5, is to determine whether the cell cycle
of these control and knockout cells is the same. Otherwise, it becomes difficult to interpret the data,
especially since the authors propose that p107 plays different metabolic roles at different stages of cell
cycle progression. The authors should show cell cycle analyses of the cells they study, for example
BrdU incorporation or western blot for cell cycle proteins whose levels change during cell cycle
progression.

2) A key observation made by the authors is that of the mitochondrial localization of p107 and its
ability to repress the expression of metabolic genes there.

First, some additional controls/explanations are needed. It is surprising in Figure 1B to detect so much
p107 in growth-arrested cells (p107 should only be transcribed in cycling cells). How were the cells
growth-arrested in the experiments shown? Does p107 localization to the mitochondria change
throughout a normal cell cycle? It is also surprising in the immunofluorescence images that so little
p107 is detected in the nucleus compared to the western blot data, do the authors have any
explanation for this? What does the immunofluorescence signal look like in quiescent cells where the
western blot suggests no presence in mitochondria but presence in cells?

Second, p107 relies on transcription factors such as E2F to bind to DNA and transcriptional repressor
complexes to silence genes (e.g. DREAM complex). How do the authors envision p107’s role as a
repressor of gene expression in mitochondria? It may be difficult to identify these mechanisms but the
authors should at leats determine if E2F4/5 and/or DREAM members are localized in the mitochondria
or if a mutant p107 that does not bind E2F (e.g. PMID: 7799940 but also in more recent studies) still
represses mitochondrial genes



Is this mitochondrial function specific to p107, or do RB and/or p130 play similar roles? Hilgendorf and
colleagues identified RB at the mitochondria but proposed a different role (PMID: 23618872). This
study should have been cited and discussed in the context of these new findings. A simple first
experiment may be to express a form of RB or p130 that is directed to the mitochondria (and controls)
and analyze DNA binding or gene expression. The strong effects observed on gene expression in
Figure 2B for example would suggest that this might be a unique function of p107 (no obvious
compensation by RB) but then would raise the question of the specific signals in the p107 protein that
directs it to the mitochondria. Are the first 50-100 amino acids of p107 enough to form a mitochondria
localization signal?

Is the binding between SIRT1 and p107 dependent on p107 phosphorylation by Cdk2/4/6 (which could
be tested by expressing a form of p107 that cannot be phosphorylated on the main Cdk2/4/6 targets,
or possibly by pre-treating the protein extracts with a phosphatase before co-IP). It may be more
difficult to determine whether SIRT1 deacetylates p107, but this could be another possibility.

3) The regulation of p107 mitochondrial activity by metabolic pathways is very exciting.

Does the function of p107 in the nucleus (i.e. E2F binding) also change in response to changes in
NAD+/NADH ratio and/or Sirtl activity?

Can the increased cell proliferation observed in p107 KO cells be rescued by decreasing ETC function
downstream of p107 (e.g. through complex I inhibition with metformin)?

Figure 3A: how long were cells grown in the various concentrations of glucose and could the authors
show total levels of p107? Are the differences due to changes in the cell cycle?

Loss or inactivation of Sirtl seems to lead to an increase in p107 (Fig. 4B,E). Is this increase at the
mRNA or protein level? Could this be a confounding factor that makes it appear as though p107 is
translocating to the mitochondria, when in fact it is just more easily detected due to increased total
expression?

Figure 4M shows that resveratrol treatment increases mitochondrial gene expression even in the
absence of p107, suggesting that either this drug has off-target effects, or that the link between Sirt1
activity and mitochondrial output occurs through additional factors other than p107. The authors
should address this in the text.

The Seahorse assays in Fig. 5F and Supp. Fig. 13B show that the presence or absence of p107 alters
ATP production from both glycolysis and the mitochondria. Why is glycolytic output changing, when
the author’s model places p107 downstream of glycolysis? Is this an indirect effect, or is p107
influencing metabolism through multiple mechanisms? Because ATP output from both pathways is
affected by changes in p107 levels, one cannot conclude that it is specifically p107’s regulation of
oxphos that is influencing cell proliferation.

Reviewer #2 (Remarks to the Author):

In this manuscript, the authors investigate the role of p107 in mitochondrial metabolism. p107 is a

repressor of E2F transcription factors in the mitotic cell cycle. There are very few functions that are

known to be specific to p107 compared to RB and p130. The authors have carefully investigated the
localization of p107 in mitochondria, its binding to (mitochondrial) chromatin, gene expression, and
metabolism. The interaction of p107 with SIRT1 is interesting and novel.



The authors present a lot of data and in most cases appropriate controls are included. Overall, it is an
interesting story but to some degree it is very p107-centric. The authors should tone down their
claims since it is very well known that p107 functions in repressing E2F (which is known to affect
metabolism - see L. Faja’s work). I would encourage the authors to be more cautious with the
interpretation of their data and how to put it into context with what has been published before.

These are the issues, which need to be addressed before this manuscript can be considered:

1. In the introduction the authors indicate that proliferating cells need more ATP and non-proliferating
cells. For a long time, I was thinking the same until I discussed this with Matthew Vander Heiden. He
had made measurements and found that this was not true. Therefore, I would recommend that the
authors use caution in that respect.

2. Figure 1: it seems that only a small fraction of p107 is localized to the mitochondria judging from
WB (1B). In the confocal analysis, almost all p107 is localized to the mitochondrial and the signal in
the nucleus is almost undetectable (1D). Somehow these results do not add up. Can the authors
comment on this? BTW, why did the authors not used mitotracker as a marker for mitochondria?

3. Figure 2A: in the ChIP experiments, the y-axis is “Promoter Occupancy” which is unusual. Most
scientist will use percent compared to input. Do they authors have a specific reason why they are not
following convention?

4. Figure 2B-D: these results are interesting but do not prove that p107 is responsible for these
changes. It is correlative. The authors should be cautious when they describe and interpret these
kinds of data.

5. Figure 3A-B: is it glucose dependent or proliferation dependent? This is important since higher
glucose levels could stimulate proliferation.

6. Figure 3F: this result is counterintuitive unless high glucose levels are toxic for these cells. The
authors should explain this more carefully.

7. The relation of p107 and the NAD+/NADH ration [probably better to calculate the
NAD+/(NADH+NAD+) ratio] is a chicken and egg question. I would suggest that the authors are
careful with this.

Reviewer #3 (Remarks to the Author):

The authors are motivated by their interest in the metabolic states which govern muscle stem cells
proliferation and differentiation. Thus, they focus on the regulation of glycolysis versus OXPHOS. In
the frame of this interest they identified p107 — a member of the RB protein family, which is here
shown to localized in the mitochondria of mouse cells. Previously (2017), the same authors showed
association between reduced expression of p107 and increase in OXPHOS protein levels and function
in human muscle in response to exercise. This suggested a repressive activity of p107 on
mitochondrial function. In the current manuscript, the results indeed demonstrate that mitochondrial
localization of p107 associate with reduced mtDNA gene expression in several primary and
transformed mouse cells. Therefore, one can view this as a follow-up study. Secondly, the authors
suggest that the involvement of p107 in mtDNA gene expression occurs via mtDNA binding at the D-
loop based on ChIP-gPCR results. They show that such reduced gene expression increases the length
of the cell doubling time, and reduce mitochondrial ATP production. Then, they show evidence that the
very mitochondrial localization of p107 negatively correlates with the expression of SIRT1, i.e. SIRT1
expression attenuates mitochondrial localization of p107 which leads to expression of mtDNA genes
(with a continuous mitochondrial localization of p107 upon SIRT1 KO).

In general, the results in this manuscript are impressive, encompassing gene manipulation in cells
(primary cell culture and immortalized cells) and in the whole organism (mouse). In my personal
opinion, showing that an RB-interacting protein (p107) directly affects mitochondrial activity is very
important, as it offers connection of cell cycle regulation to mitochondrial regulation. Nevertheless,
there are several points that I feel should be revised to improve the manuscript:

1. Although much information is given regarding the impact of reduced mtDNA gene expression in



response to mitochondrial localization of p107, I missed discussion and experiments which relate to
the mechanism by which such reduced expression occurs. In other words, for the past five decades
much data accumulated regarding the core elements and factors that govern mtDNA transcription.
These factors are not mentioned at all in the current manuscript, namely the RNA polymerase of the
mitochondria - POLRMT, transcription factor A - TFAM, TFB2M, mitochondrial transcription elongation
factor - TEFM and mitochondrial transcription termination factors MTERF. There are multiple papers
published in this field including relatively recent reviews in good journals. Here are two major
examples: Gustaffson et al Annual Rev of Biochemistry (2016); Barshad G et al Trends in Genetics,
2018. How is the impact of p107 on mtDNA gene expression relates to the mentioned factors and core
mechanism of mtDNA transcription? It is essential to discuss p107 in the context of mtDNA
transcriptional regulation and its relations with such regulatory factors.

2. In addition, the involvement of a known regulator of gene expression in the nucleus also in the
regulation of mtDNA gene expression via actual localization in the mitochondria has been shown for
several factors, such as MEF2D (She et al. JCI 2011), MOF (Chatterjee et al. Cell 2016) and NFATC
(Lambertini et al The International Journal of Biochemistry & Cell Biology 64 (2015) 212-219). The
claim that p107 affects mtDNA gene expression via mitochondrial localization and possibly via mtDNA
binding should be argued in the context of such factors, and others (all summarized in the review
paper that I already mentioned above - Barshad G et al Trends in Genetics, 2018). All these papers
including this review, should be cited in the right context (introduction and discussion sections).

3. Inaccuracies: in the 2nd paragraph of the introduction the authors claim the following: "NADH is a
by-product of glycolysis that might be used as a reducing reagent required for Oxphos". This point is
incorrect: NADH for the OXPHOS is generated in the frame of the TCA cycle by Malate dehydrogenase.
NADH from glycolysis cannot be imported into the mitochondria as there is no import machinery for
NADH, yet its electrons can be indirectly imported from the cytosol to the mitochondria. The authors
are asked to revise the sentence while taking into account the mentioned facts.

4. Throughout the manuscript the authors consider the impact of SIRT1 on p107, while not
considering at all the other 6 members of the SIRTUIN family, especially SIRT3 which has a known
mitochondrial localization and activity. The authors should relate to the entire SIRT family and justify
why SIRT1 is the only one mentioned and manipulated.

5. Binding experiments of p107 to the mitochondrial genome were performed using ChIP-qPCR,
focusing on the D-loop. This experiment assumes that protein binding there will affect the regulation
of the mitochondrial genome. However, factors that bind the mtDNA in addition to the core regulators
of mtDNA transcription (as mentioned in comment 2), may bind outside of the D-loop, yet affect
mtDNA transcription (see especially the papers about MEF2D and MOF - mentioned above in comment
2). In addition, screen of ChIP-seq experiments available from ENCODE revealed mtDNA binding by
additional known regulators of nuclear gene expression, which were experimentally shown to localize
both in the nucleus and in the mitochondria in human cells (Blumberg et al. 2014 Genome Biol and
Evol). The experiment done by the authors assumes D-loop binding by p107, which is not necessarily
the case. Hence, the impact of p107 on mtDNA gene expression does not necessarily occur via D-loop
binding — we will not know that until ChIP-seq experiments are performed. This point should be
mentioned by the authors in the manuscript.

6. The impact of p107 on mitochondrial gene expression does not consider coordination between
mtDNA and nuclear DNA-encoded OXPHOS genes, which could be easily measured by RNA-seq
experiments of at least some of the tested cells. This should be performed.

7. In the bottom of page 5 the authors wrote: "The importance of p107 to

mitochondrial gene expression was confirmed with p107KO c2MPs and prMPs, which both

exhibited significantly increased mitochondrial encoded gene expression in the genetically

deleted cells compared to their controls (Fig. 2C)." Increased expression of mtDNA-encoded genes is
indeed shown, but it could be due to overall altered numbers of mitochondria in the cell, not
necessarily due to regulation of transcription. This should be assessed by measurement of mtDNA
copy number. With this in mind, in page 8 the authors wrote: "Moreover, the mtDNA to nuclear DNA
ratio remained unchanged when grown in the different glucose concentrations, in contrast to MPs
treated with the mitochondrial biogenesis activator AICAR (Fig. 3E)." This is totally confusing: mtDNA
to nuclear DNA ratio measurement seems to me assessment of mtDNA copy number; why was it not



assayed in the p107 KO? The authors are asked to add this assay here as well and interpret the
impact of p107 appropriately.

8. In page 7 of the manuscript the authors wrote: "Interestingly, we found that p107KO c2MPs had an
elongated mitochondrial network (Fig. 2I) made up of mitochondria with significantly increased length
and area (Fig. 2])." Aside from mitochondrial fusion, such elongation could also be due to increased
numbers of mitochondria (see previous comment) which under the microscope may appear as
elongated structures. The authors are asked to refer to such possibility.

Minor comments

1. In the 2nd paragraph of the introduction the authors wrote: "Whereas, NAD+, a coenzyme in
various metabolic pathways, is the oxidized form of NADH that can be made in glycolysis from the
transformation of pyruvate to lactate". This sentence has no end - please re-write; also it has to be
corrected with respect to the previous sentence about NADH: NAD+ is a cofactor of the SIRTUINS
inside the mitochondria (SIRT3) - using the NAD+ from the TCA, and NAD+ from the glycolysis is used
as cofactor for the rest of the Sirtuins outside of the mitochondria.

2. In page 16 the authors wrote: "Thus, the decreased proliferative capacity of p107 over expressing
cells found in many reports might now be attributed to a mitochondrial role in repressing
mitochondrial gene expression, which is required for G1 cell cycle progression." This statement may
reflect over-interpretation of the data, as p107 could also be found in the nucleus with unknown
function there.

Reviewer #4 (Remarks to the Author):

Bhattacharya et al. report that p107 regulates mitochondrial function and muscle stem cell
proliferation fates.

The authors report the following:

1. p107 localizes in the mitochondria of myogenic progenitor cells:

COMMENTS:

Figure 1B: Of the total p107, what’s the percentage that localizes to mitochondria?

Figure 1C: The image resolution doesn’t allow to finally conclude that p107 and Cox4 colocalize. p107
mitochondrial localization should be performed with MitoTracker Red (which measure mitochondrial
mass and membrane potential) and Green (which measures mitochondrial mass regardless of
mitochondria activity).

2. P107 interacts at the mtDNA

COMMENTS:

Figure 2. Control experiments with known mtDNA binding proteins (TFAM, mitochondrial RNA
polymerase POLRMT) should be performed.

3. NAD+/NADH regulates p107 mitochondrial function
COMMENTS:

Figure 3. Beside influencing NAD+/NADH ratio, oxamate and DCA affect other metabolites. For



instance, DCA increases acetyl-CoA. LDHA knock-down would be more appropriate and would confirm
the result obtained with oxamate.

4. SIRT1 directly regulates p107 mitochondrial function
COMMENTS:
Figure 4A. It is not clear in which cell compartment p107 interacts with SIRT1.

Figure 4B. The levels of p107 are greatly increased in Sirt1KO cells. Is this a transcriptional or a
protein stabilization effect? Total increase of p107KO in SIRT1KO cells complicates the interpretation
of the results related mitochondrial localization of p107.

Figure 4K. Resveratrol leads to replicative stress and S phase transit and is independent of Sirtl
(Benslimane et al. Molecular Cell DOI:https://doi.org/10.1016/j.molcel.2020.07.010) and should not
be employed to evaluate Sirtl function.



Reviewer #1 (Remarksto the Author):

In this study, Battacharya et al. identify a novel role for the RB family member p107 in
regulating mitochondrial ATP generation. They found that p107 binds to mitochondrial
DNA in myogenic progenitor (MP) cells and represses the expression of mitochondrially-
encoded genes that function in the electron transport chain, leading to reduced ATP
production in mitochondria. Intriguingly, the function of p107 at mitochondriaisregulated
by the metabolic state of the cell. A high NAD+/NADH ratio activates the deacetylase Sirt1,
which in turn binds p107 and prevents p107 from entering mitochondria, ultimately
resulting in increased ATP production. Loss of p107 through CRISPR/Cas9-mediated gene
knockout leads to similar increases in ATP production, as well as faster cell proliferation.
Importantly, p107 targeted to mitochondria is capable of arresting cellsin G1 to a similar
extent as wild-type p107, suggesting that p107’s control of the cell cycle is through this
metabolic regulation in MP cells. Finally, the authors use a mouse model of muscle injury
to demonstrate that proliferation of MPs following injury decreases with decreasing
NAD+/NADH ratio, and that this phenotype is dependent on the presence of p107.

The author s provide compelling evidence that p107 plays a critical role in regulating ATP
production from mitochondria. By using p107 KO cells as a control throughout the study,
they demonstrate that the link between upstream metabolic changes and mitochondrial
function depends on p107. Thisis exciting work, as it hints at a mechanism to coordinate
cell proliferation and cell metabolism. As the authors point out, one could imagine this
mechanism operating in multiple, if not all, cell types. These data and a role for p107 in
inhibiting mitochondrial oxphos could help reduce ROS production in cancer cells and
may explain why p107 is rarely mutated in human cancer. However, this study could be
improved by strengthening the link between the metabolic and proliferation phenotypes,
considering what is already known about p107, and by further exploring the physiological
relevance of this mechanism of metabolic regulation. Specifically, the following points
should be addr essed.

1) An important control for all the figures comparing control and p107 knockout cells (e.g.
Figures 1 and 2), especially based on the cell cycle differencesin Figure 5, isto determine
whether the cell cycle of these control and knockout cellsisthe same. Otherwise, it becomes
difficult to interpret the data, especially since the authors propose that p107 plays different
metabolic roles at different stages of cell cycle progression. The authors should show cell
cycle analyses of the cells they study, for example BrdU incor poration or western blot for
cell cycle proteins whose levels change during cell cycle progression.

We immensely thank the reviewer. Through addressing his/her important insights and
recommendations, our manuscript has been greatly strengthened. These are detailed below point
by point.

Initially, we had some difficulty interpreting the reviewer’s comments. The reviewer’s request
“to determine whether the cell cycle of these control and knockout cells is the same” has been
shown in Figure 5 where p107KO cells have a faster rate. We believe the reviewer’s meaning
was that the mitochondrial effects by the presence or absence of pl07 for the control and
knockout cells, respectively, might be affected by the phase of the cell cycle. In this case, we



interpreted the reviewer’s concern to be that gene expression and Oxphos potential might not be
linked to the absence of pl07 in the knockout cells, but rather to the stage of the cell cycle,
which might be different than in the control cells. His/her request to show cell cycle analyses of
knockout and control cells with BrdU incorporation or western blot for cell cycle proteins would
not be sufficient since p107K O cells cycle faster (Fig. 5). These assessments would be unable to
distinguish the effect of p107 (its presence or absence) for mitochondrial function versus the
potential confounding effect of the cell cycle phase. Hence, to sufficiently answer that the impact
to mitochondrial function is directly affected by pl07, we have eliminated the potential
cofounding effect of the cell cycle in comparing control and knockout cells (we believe thisis
the reviewer’s request for this concern). This was accomplished by identically harmonizing the
cell cycles of the control and p107K O cells to the G1 phase, such that the percentage of cellsin
any given phase of their cycle isidentical for both types of cells (new Suppl Fig. 8). We found
that the plO7KO cells had significantly greater mitochondrial encoded gene expression
compared to controls when both cell types were predominately in G1 phase of the cell cycle, also
their cell cycle profiles matched (new Fig 2F and new Suppl. Fig. 8). Together these results
verify that our gene expression findings (now Fig. 2E) between control and p107 knockout cell
line and primary cells are not due to differences in the cell cycle phase. We now write beginning
on page 7:

“We eliminated the potential confounding effect of the cell cycle state in comparing
mitochondrial encoded gene expression in control and p107 knockout cells. This was undertaken
by harmonizing their cell cycles so that the number of cellsin any cell cycle phase was identical
for both cell types. Cells were synchronized to the G1 phase of the cell cycle (Suppl. Fig. 8), a
time point when p107 is present in the mitochondria (Fig. IN). As with the asynchronous cells
(Fig. 2E), we found that the pl07KO cells had significantly greater mitochondrial gene
expression compared to controls with identical cell cycle profiles (Fig. 2F).” We have updated
the figure legends and materials and methods for the new data.

2.1 A key observation made by the authorsisthat of the mitochondrial localization of p107
and its ability to repress the expression of metabolic genes there. First, some additional
controls/explanations are needed. It is surprising in Figure 1B to detect so much p107 in
growth-arrested cells (p107 should only be transcribed in cycling cells). How were the cells
growth-arrested in the experiments shown?

Thank you for bringing this to our attention. These cells were not truly growth arrested, that isin
a complete GO state, otherwise p107 should not be expressed. The cultures were freshly contact
inhibited, that is the cells were kept confluent on the tissue culture dish for 24hrs. We did not
name this state properly. To better understand the context of the cell phenotype we have now
changed the following statement “...but almost absent when the cells were contact inhibited in
confluent growth arrested cultures.” to on page 5 “...but amost absent at the onset of contact
inhibition in confluent cultures we designated as “growth arrested” (Fig. 1B & Suppl. Fig. 1)”

2.ii Does p107 localization to the mitochondria change throughout a normal cell cycle?

As per the reviewer’s request, we analyzed the mitochondria distribution of p107 in G1 and G2
phases of the cell cycle, achieved through serum starvation and nocodazole treatment,



respectively (new Fig. 1M, new Fig. 1IN & new Suppl. Fig. 7). We found that p107 was
localized predominately in the mitochondria and absent from the nucleus during G1 phase. In G2
phase it was present in both the mitochondria and nucleus. For these new data we now write on
page 6 “We determined p107 was localized in the mitochondria by Western blotting cellular
fractions of cells that were almost entirely in the G1 or G2 phases of the cell cycle (Fig. 1M &
Suppl. Fig. 7). In G1, pl07 was expressed in the mitochondria and absent in the nucleus,
contrary to G2 where it was expressed both in mitochondria and the nucleus (Fig. 1N). These
data suggest that p107 might have an exclusive mitochondrial and not a nuclear function during
the G1 phase of the cell cycle” We have updated the figure legends and materials and methods
for the new data.

2.1 It isalso surprising in the immunofluor escence images that so little p107 is detected in
the nucleus compared to the western blot data, do the authors have any explanation for
this?

We believe that the reason for the p107 level discrepancies in the nucleus between the Western
blotting and confocal microscopic analysis has to do with differences in the approaches used.
First, we used different antibodies for microscopic analysis (monoclonal anti-p107 SD9, Santa
Cruz Biotech) versus Western blotting (polyclonal anti-p107 13354-1-AP, Proteintech) that
recognize distinct epitopes on pl07. Thus, the availability of these epitopes under the two
experimental manipulations may have resulted in different detection sensitivities. For example,
the fixing protocol used in confocal microscopy may not have been optimal for detection of
nuclear p107.

2.iv What does the immunofluorescence signal look like in quiescent cells where the
wester n blot suggests no presence in mitochondria but presencein cells?

As requested by the reviewer, we now provide immunofluorescence visualization of pl07 in
“growth arrested cells’. We used antigen retrieval to highlight more pronounced nuclear p107
expression that is represented by new Supplemental Figure 1. These images show that there is
less p107 present in mitochondria compared to other compartments of the cells, which aligns
with the Western blotting data in Figure 1B. These new data are referred to in the sentence on
page 5: “....but almost absent at the onset of contact inhibition in confluent cultures we
designated as “growth arrested” (Fig. 1B & Suppl. Fig. 1).”

2.v Second, pl07 relies on transcription factors such as E2F to bind to DNA and
transcriptional repressor complexes to silence genes (eg. DREAM complex). How do the
authors envision p107'srole as a repressor of gene expression in mitochondria? It may be
difficult to identify these mechanisms but the authors should at leats determine if E2F4/5
and/or DREAM members are localized in the mitochondria or if a mutant p107 that does
not bind E2F (eg. PMID: 7799940 but also in more recent studies) still represses
mitochondrial genes

As per the reviewer’s request we have detailed a prospective interacting partner of p107 in the
mitochondria. We assessed Tfam, a potential mtDNA initiation factor, as well as p107 nuclear



binding proteins on nuclear DNA, E2f4 and E2f5. Western blotting of c2MP proliferating
mitochondria fractions reveal that there is negligible Tfam and no E2f5 protein expression (new
Fig. 2B). However, we found that E2f4 protein is expressed in the mitochondria of proliferating
c2MPs (new Fig. 2B). Further analysis with ChIP revealed that E2f4 interacts at the mtDNA
during proliferation, and Tfam does not, but the opposite is the case in growth arrested cells (new
Fig. 2C). The other important initiation factors, Polrmt and Tf2b2m were not ChlPed because
their mouse specific antibodies capable of immunoprecipitation are not commercially available
nor has their use been published for ChlP. For these new results we now write on page 7 in the
Results section:

“As pl07 does not directly interact with DNA, we assessed potential interacting
transcription factors in the mitochondria. We evaluated potential mitochondria role for the
putative mitochondrial transcription factor Tfam, as well as the pl07 interacting nuclear
transcription factors E2f4 and E2f5*. By Western blotting, we found that E2f4 was present in
proliferating mitochondrial lysates, compared to negligible levels of Tfam and the complete
absence of E2f5 (Fig. 2B). Moreover, ChlP analysisindicated that E2f4, but not Tfam, interacted
at the mtDNA of proliferating c2MPs, whereas the opposite pattern of interaction was found
during growth arrest (Fig. 2C). Intriguingly, these results suggest that E2f4 might be a
mitochondrial binding partner of p107 at the mtDNA during proliferation of c2MPs.”

The new figures and experiments required us to update figure legends and the materials and
methods section.

2.vi Is this mitochondrial function specific to p107, or do RB and/or p130 play similar
roles? Hilgendorf and colleagues identified RB at the mitochondria but proposed a
different role (PMID: 23618872). This study should have been cited and discussed in the
context of these new findings. A simplefirst experiment may be to express a form of RB or
p130 that is directed to the mitochondria (and controls) and analyze DNA binding or gene
expression.

As per the reviewer’s concern, the specificity of mitochondrial p107 function was assessed by
determining if p130 and Rb protein was present in the mitochondria by Western blotting. In
proliferating cells, we found that Rb was not detectable in the mitochondria and p130 was not
detectable in any cell fractionl (new Fig. 1C). For this new finding, we now write on page 5 of
the Results section: “Unlike pl07, family member Rbl (Rb) was not expressed in the
mitochondria and Rbl2 (p130) was not detectable in any cellular compartment in proliferating
cells, (Fig. 1C).” The new figures and experiments required us to update figure legends and the
materials and methods section

Also, as per the reviewer’s suggestion we have now discussed the findings of Hilgendorf et al
and regarding Rb mitochondrial localization and role in Oxphos generation in the context of our
findings. We have added to the Discussion section on page 18 the following:

“It underscores an unanticipated mitochondria role for p107 in controlling myogenic progenitor
cell cycle through regulation of mitochondrial ATP generation. This function might be exclusive
to p107 during cell proliferation of myogenic progenitors, as for the other family members, Rb is
not expressed in the mitochondria and p130 is not expressed at all. Though, Rb has been shown
to be located at the mitochondria on the outer mitochondrial membrane of IMR90 human lung
cells, it is not found in the matrix or inner membrane where mtDNA and ETC complexes are




located™. At the outer mitochondrial membrane, Rb is thought to directly interact with the
apoptosis regulator BAX to modulate apoptosis®, not like p107, which is shown to influence
mitochondrial encoded gene expression. Moreover, p107 down regulation and genetic deletion is
always associated with increased Oxphos® > 2% 2 % \whereas Rb loss and reduced activity is
attendant with both increased and decreased Oxphos that might be cell type or context
dependent44 45, 46, 47, 48, 49."

2.Vvii The strong effects observed on gene expression in Figure 2B for example would
suggest that this might be a unique function of p107 (no obvious compensation by RB) but
then would raise the question of the specific signalsin the p107 protein that directsit to the
mitochondria. Are the first 50-100 amino acids of p107 enough to form a mitochondria
localization signal?

p107 does not possess a cleavable mitochondrial targeting amino acid pre-sequence (mts) located
at the N-terminus as defined by the mitochondrial localization signal prediction software
TargetP™. This was corroborated by direct visualization of Western blots that did not show a
faster migrating cleaved form of pl07 in the mitochondria. However, many mitochondrial
localized proteins contain internal MTS like sequences rather than N-terminus cleavage
sequences’®?!. Indeed, upon inspection, p107 possesses two potential internal mts-like sequences
with high TargetP scores of 0.837 and 0.844 (a score >0.75 is very strong) (new Suppl. Fig. 3).
We have added this data to the results section on page 5 as. “Though p107 does not have an N-
terminal mitochondrial targeting signal (mts), we found very strong scores (> 0.75) for putative
internal mts-like sequences using the TargetP prediction algorithm®*, which normally predicts N-
terminal pre-sequences (Suppl. Fig. 3)* *.” The new figures and experiments required us to
update the Materials and Methods section.

Moreover, our findings for the presence of p107 in the mitochondria are centred on molecular,
cellular and biochemical approaches that show it operating within this organelle as a
transcriptional co-repressor. Biochemical mitochondrial fractionation showed that it is in the
matrix where mtDNA resides and not on the outer or inner mitochondrial membranes. Moreover,
confocal microscopy with subsequent Z-series analysis as well as Western blotting confirmed
p107 localization within the mitochondria. qChlP analysis of mitochondrial lysates revealed that
it interacted at the D-loop promoter region of mtDNA. Finadly, pl07 localization in the
mitochondria is corroborated by a mitochondrial global proteomic study whose data base
contains p107%.

2.viii Is the binding between SIRT1 and pl107 dependent on pl07 phosphorylation by
Cdk2/4/6 (which could be tested by expressing a form of pl07 that cannot be
phosphorylated on the main Cdk2/4/6 targets, or possibly by pre-treating the protein
extracts with a phosphatase before co-1P). It may be more difficult to determine whether
SIRT1 deacetylates p107, but this could be another possibility.

We agree that this is a biologically important question. However, respectfully, we believe that
assessing pl07 post trandational modification, which might affect its mitochondrial function is
beyond the scope and main findings of this manuscript. To answer this question properly
requires several data sets, experiments, and time to adequately confirm any finding.
Furthermore, answering this question would open many new questions regarding post



trandational modification and cell cycle, which will be the foundation of a complete study on its
own. A PhD student to start in my lab (September 2021) will begin tackling this important
guestion.

3.i The regulation of p107 mitochondrial activity by metabolic pathways is very exciting.
Does the function of p107 in the nucleus (i.e. E2F binding) also change in response to
changesin NAD+/NADH ratio and/or Sirtl activity?

As per the reviewer’s question we now show that the NAD*/NADH ratio is associated with the
nuclear localization of p107. These data are now part of revised Figure 3A, which shows that a
lower NAD*/NADH ratio (25mM glucose) compared to a higher NAD*/NADH (5.5mM
glucose) is associated with decreased levels of p107 in the nucleus. For this result we have now
added the following on page 9 of the Results section “ The presence of p107 in the mitochondria
was inversely associated to the amount in the nucleus (Fig. 3A) ....... " We have also adjusted
the Figure Legends appropriately.

3.ii Can theincreased cell proliferation observed in p107 KO cells be rescued by decreasing
ETC function downstream of p107 (e.g. through complex | inhibition with metformin)?

We thank the reviewer for this suggestion, as the new results stemming from hisher
recommendation have strengthened our hypothesis. They further corroborate that p107 function
in the mitochondria that affects cell cycle is linked to mitochondrial ATP generation. As
requested, we have added metformin to p1l07KO cells to show inhibition of Oxphos potential
(new Figure 5M) concomitant with reduced cell cycle and proliferation rate (new Figure 5N
and new Suppl. Fig. 27). For these new results we now write on page 16 of the Results section:
“However, when Oxphos capacity was inhibited in p107KO cells with ETC complex 1 inhibitor
metformin (Fig. 5M), the cell cycle and proliferation rate was significantly reduced (Fig. 5N and
Suppl. Fig. 27).” We have appropriately altered the figure legend and materials and methods for
the new data set.

3.iii Figure 3A: how long were cells grown in the various concentrations of glucose and
could the authors show total levels of p107? Are the differences due to changes in the cell
cycle?

For Figure 3A, the cells were grown in stripped media containing 1mM, 5.5mM or 25mM for
20hrs. Thisinformation had been previously omitted erroneously and has now been added to the
Supplemental Materials and Methods section. Also, as requested we now show total p107 levels
in revised Figure 3A (the figure legends have been adjusted). We were unable to answer if the
differences in p107 cellular localization were due to changes in cell cycle. This was due to an
inability to G1-synchronize cells grown in stripped media with 5.5mM or 25mM glucose. This
requires serum starvation for 3 days, which compromised the viability of the cells.

3.iv Loss or inactivation of Sirtl seems to lead to an increase in p107 (Fig. 4B,E). Is this
increase at the mRNA or protein level? Could this be a confounding factor that makes it
appear as though pl107 is translocating to the mitochondria, when in fact it is just more
easily detected dueto increased total expression?



As per the reviewer’s request we have checked the p107 RNA expression pattern in SirtlKO
(new Suppl. Fig. 15A), nicotinamide treated c2MP cells (new Suppl. Fig. 15C) and c2MP and
SirtlKO cells grown in stripped media with 5.5 compared to 25mM glucose (new Suppl. Fig.
15B & new Suppl. Fig. 10). We found that the loss of Sirtl (Fig. 4B) or the addition of Sirtl
inhibitor nicotinamide (Fig. 4E) or atering the glucose concentration (that is the NAD*/NADH
ratio) (Fig. 3A) had no effect on the gene expression of p107. Thus, p107 transcription is not a
confounding effect for p107 mitochondrial localization.

For these new data we have added to the end of the following sentence on page 12: “Unlike
c2MPs grown in 5.5mM glucose that exhibit relocation of p107 from the mitochondria (Fig. 3A),
SirtlKO cells did not exhibit altered p107 mitochondrial localization (Fig. 4B)” the phrase “ nor
a change in p107 gene expression, including when grown in different glucose concentrations
(Suppl. Fig. 15A & 15B).” We have also altered the sentence on page 13 “ We next determined
if Sirtl activity is necessary for p107 mitochondrial function. Inhibition of Sirtl activity by
nicotinamide (nam) increased p107 mitochondrial localization (Fig. 4E) that was concomitant
with increased mtDNA promoter interaction (Fig. 4F).” to read “We next determined if Sirtl
activity is necessary for p107 mitochondrial function. Inhibition of Sirtl activity by nicotinamide
(nam) increased pl107 mitochondrial localization (Fig. 4E), which was concomitant with
increased mtDNA promoter interaction (Fig. 4F). This occurred without a change in p107 gene
expression (Suppl. Fig. 15C).” Finaly, for growth in different glucose conditions we added on
page 9 “The presence of p107 in the mitochondria was inversely associated to the amount in the
nucleus (Fig. 3A) and was not coupled to a change in p107 gene expression (Suppl. Fig. 10).”

3.v Figure 4M shows that resveratrol treatment increases mitochondrial gene expression
even in the absence of p107, suggesting that either this drug has off-target effects, or that
the link between Sirtl activity and mitochondrial output occurs through additional factors
other than p107. The authorsshould addressthisin thetext.

It is well known that Sirtl activity influences pro-oxidative mitochondrial output through
additional factors such as activation of PGC-10. In addition, these effects are compounded by
our treatment of the cells with resveratrol over severa hours, which would surely impact Sirtl
influence on additional pro-oxidative factors. To better ensure specific effects for Sirtl on p107-
specific mitochondrial function, we replaced this data set with new findings using the established
Sirtl activator srt1720 (new Figures 4K, 4L, 4M, 4N, 40 & 4P). The original resveratrol data
(original Figures 4K, 4L, 4M, 4N and 40) are now appended to the supplemental data section as
new Supplemental Figures 17A, 17B, 17C, 17D and 17E.

For the new data sets we removed the following paragraph in the Results section: “c2MPs grown
in alow concentration of res (10mM), had the opposite effect to nam for p107 localization and
function. Treatment of c2MPs with this concentration of res decreased pl07 within the
mitochondria (Fig. 4K). The activation of Sirt1 also reduced p107 mtDNA promoter interaction
and enhanced the mitochondrial gene expression (Fig. 4L & 4M), which corresponded to an
increased ATP synthesis rate and capacity of isolated mitochondria (Fig. 4N & Suppl. Table
1F). No differences in ATP generation rate and capacity were observed in SirtlIKO c2MPs,
which was anticipated with a non-significant consequence on mitochondrial gene expression
(Fig. 4AM & 40). When Sirtl activity was repressed by high doses of res, p107 was localized in
the mitochondria and gene expression along with ATP generation rate and capacity were




significantly decreased (Suppl. Fig. 7 & Suppl. Table 1G).” In its place we have added the
following paragraph on page 13 of the Results section:

“Next, we activated Sirtl for a short window of time. Treatment of c2MPs with Sirtl
activator, srt1760, for 3 hours resulted in decreased p107 protein levels within the mitochondria
(Fig. 4K). The activation of Sirtl also reduced p107 mtDNA promoter interaction (Fig. 4L) and
enhanced the mitochondrial gene expression, but not in p107KO and Sirt1KO cells (Fig. 4M).
The increase in gene expression with Sirtl activation within this short time window was
associated with increased ATP generation (Fig. 4N). Importantly, relative mtDNA copy number
was not affected by this short-term treatment (Fig. 40), suggesting that mitochondrial gene
expression and not mtDNA copy number contributed to the differences in ATP generation. ATP
generation rate and capacity were not altered by srt1760 treatment in SirtlKO c2MPs (Fig. 4P).
We aso confirmed the importance of Sirtl activity to p107 mitochondrial function by using
resveratrol at low (Suppl. Fig. 17 & Suppl. Table 1F) and high doses (Suppl. Fig. 18 & Suppl.
Table 1G) that indirectly activate and inhibit Sirtl activity, respectively.”

The new figures and experiments required us to update the Figure Legends and Materials and
Methods sections.

3.vi The Seahorse assaysin Fig. 5F and Supp. Fig. 13B show that the presence or absence of
pl107 alters ATP production from both glycolysis and the mitochondria. Why is glycolytic
output changing, when the author’s model places p107 downstream of glycolysis? Isthisan
indirect effect, or is p107 influencing metabolism through multiple mechanisms? Because
ATP output from both pathways is affected by changesin p107 levels, one cannot conclude
that it is specifically p107’sregulation of oxphosthat isinfluencing cell proliferation.

The reviewer has brought up a great question that we now address in the discussion in the
manuscript. Recent findings show that glycolytic output is tied to Oxphos output®®. This is linked
to the availability of NAD", such that increasing Oxphos capacity increases glycolytic output by
increasing NAD" levels, and vice versa. We also show the same phenomenon. These
experiments were performed by increasing pyruvate oxidation that increases NADH levels by the
TCA. The increased levels of NADH in this situation cannot be oxidized sufficiently by the
ETC, thereby reducing NAD* availability?*®. Our use of oxamate also decreased the NAD/
NADH ratio (Fig. 3J) thusincreasing NADH availability, concomitant with areduced cell cycle
potential (Fig. 5J, Fig. 5K & Fig. 5L) and Oxphos capacity (Fig. 51). Thus, the rationale for an
increase in glycolytic activity in pl07K O is greater NAD" availability, as a consequence of more
effective oxidation of NADH by Oxphos. Thus, ATP generation increases from both glycolysis
and Oxphos. Oppositely, with the addition of p107fl or p107mls that down regulates Oxphos
capacity, the availability of NAD" is reduced, which reduces the glycolytic output (Suppl. Fig.
25). Hence, ATP generation decreases from both glycolysis and Oxphos. When we blocked the
Oxphos capacity with metformin in p107K O cells, we reduced the ATP generated from Oxphos
and ultimately glycolysis (new Fig. 5M), resulting in areduction in cell cycle (new Fig. 5N and
Suppl. Fig. 27).

To highlight how p107 might affect glycolysis, the following changes to the manuscript have
been made:

a) We removed the following from the Introduction section “In glycolysis, ATP is produced at a
fast rate and the glycolytic pathway components might be used for the biosynthesis of nucleic
acids, proteins, carbohydrates and lipids essential for cell proliferation®®. On the other hand,




Oxphos, which produces at least 10 times more ATP, is crucia for progression through the GL/S
transition of the cell cycle”’. Hyperactivation of Oxphos in proliferating cells is critical for their
advancement, whereas its down regulation delays or blocks progression to S phase®**.” And
“NADH is a by-product of glycolysis that might be used as a reducing reagent required for
Oxphos whereas, NAD", a coenzyme in various metabolic pathways, is the oxidized form of
NADH that can be made in glycolysis from the transformation of pyruvate to lactate” and added
the following on page 2: “NADH is a by-product of glycolysis that can be indirectly transferred
to the mitochondria via the Maate-Aspartate shuttle to be used in Oxphos as reducing
equivalents. Alternatively, NADH might be oxidized to NAD" in the reaction that produces
lactate from pyruvate, the end product of glycolysis.
NAD" is an important coenzyme in several metabolic pathways and has been demonstrated to be
essential for proliferation” & 101
b) We also added the following paragraph to the Discussion section on page 20 to highlight that
increase in Oxphos capacity affects cell cycle rate by influencing the glycolytic rate.

“Our results demonstrate that increased Oxphosis linked to an increase in cell cycle rate
in p107K O compared to control cells that might be due to an enhanced supply of free NAD* "8,
Recently, it was shown that promoting pyruvate oxidation by PDK inhibition reduced the
NAD*/NADH ratio concomitantly with decreased cellular proliferation and ATP generation’.
We also show increasing pyruvate oxidation with oxamate, DCA or Ldha KD, lowered the
NAD*/NADH ratio, Oxphos potential and cell cycle rate. Importantly, we found that these
effects were tied to pl07 function in the mitochondria that decreased mitochondrial gene
expression. It is likely that NADH is more effectively oxidized in the p107KO cells, increasing
ATP generation from Oxphos that increases NAD™ accessibility promoting a faster cell cycle.
Additionally, for pl07KO cells, glycolysis produces more ATP with increased NAD®
availability. Furthermore, p107KO cells are not affected by NADH overload to the mitochondria,
with increased pyruvate oxidation by addition of oxamate, DCA or Ldha KD. We propose thisis
due to a greater capacity for NADH oxidation by Oxphos in p107KO cells compared to controls.
Indeed, blocking the ETC cycle in p107KO cells with metformin reduced the cell cycle rate, thus
emphasizing the importance of Oxphos potential to cell cycle.”

Reviewer #2 (Remarksto the Author):

In this manuscript, the authors investigate the role of p107 in mitochondrial metabolism.
pl07isarepressor of E2F transcription factorsin the mitotic cell cycle. Therearevery few
functions that are known to be specific to p107 compared to RB and p130. The authors
have carefully investigated the localization of p107 in mitochondria, its binding to
(mitochondrial) chromatin, gene expression, and metabolism. The interaction of p107 with
SIRT1lisinteresting and novel.

The authors present a lot of data and in most cases appropriate controls are included.
Overall, it is an interesting story but to some degree it is very pl07-centric. The authors
should tone down their claims since it is very well known that p107 functionsin repressing
E2F (which is known to affect metabolism — see L. Faja’s work). | would encourage the
authors to be more cautious with the interpretation of their data and how to put it into
context with what has been published before.

These are the issues, which need to be addressed befor e this manuscript can be considered:

1. In the introduction the authorsindicate that proliferating cells need more ATP and non-



proliferating cells. For a long time, | was thinking the same until | discussed this with
Matthew Vander Heiden. He had made measurements and found that this was not true.
Therefore, | would recommend that the author s use caution in that respect.

We very much thank the reviewer for bringing this to our attention, we meant to say that ATP
was necessary for cell division and not cell cycle rate. Thus, we removed the word “rate” from
the sentence on page 2 “Indeed, the cell cycle rate is dependent on the amount of total ATP
generated from glycolysis and Oxphos’ to read “Indeed, the cell cycle is dependent on the
amount of total ATP generated from glycolysis and Oxphos’
Also to further reduce the confusion regarding the association between increasing Oxphos and
cell cycle rate, we have removed the following in the Introduction section “In glycolysis, ATP is
produced at afast rate and the glycolytic pathway components might be used for the biosynthesis
of nucleic acids, proteins, carbohydrates and lipids essential for cell proliferation?®. On the other
hand, Oxphos, which produces at least 10 times more ATP, is crucial for progression through the
G1/S transition of the cell cycle®”. Hyperactivation of Oxphos in proliferating cells is critical for
their advancement, whereas its down regulation delays or blocks progression to S phase®°.”
Furthermore, Dr. Vander Heiden's recent findings this year®*® showcase that proliferating cells
actively reduce Oxphos under conditions of higher glycolysis. We have thus added this reference
to the statement on page 2 “Proliferating cells customize methods to actively reduce Oxphos
under conditions of higher glycolysis®’.”
We also found that decreasing the NAD*/NADH ratio reduced the rate of cell cycle, as did Dr.
Vander Heiden's group®. To more to better highlight the importance of the NAD*/NADH ratio
we removed the statement: “Whereas, NAD", a coenzyme in various metabolic pathways, is the
oxidized form of NADH that can be made in glycolysis from the transformation of pyruvate to
lactate,” and added the following to the introduction section on page 2 with appropriate
references. NAD" is an important coenzyme in several metabolic pathways and has been
demonstrated to be essential for proliferation” % 111,
Finally, we also added the following paragraph in the Discussion section on pages 20-21 to
highlight that increase in Oxphos capacity and cell cycle is related to the NAD" availability as
per Dr. Vander Heiden' s recent findings.

“Our results demonstrate that increased Oxphosis linked to an increase in cell cycle rate
in p107K O compared to control cells that might be due to an enhanced supply of free NAD* "8,
Recently, it was shown that promoting pyruvate oxidation by PDK inhibition reduced the
NAD*/NADH ratio concomitantly with decreased cellular proliferation and ATP generation’.
We also show increasing pyruvate oxidation with oxamate, DCA or Ldha KD, lowered the
NAD*/NADH ratio, Oxphos potential and cell cycle rate. Importantly, we found that these
effects were tied to pl107 function in the mitochondria that decreased mitochondrial gene
expression. It is likely that NADH is more effectively oxidized in the p107KO cells, increasing
ATP generation from Oxphos that increases NAD™ accessibility promoting a faster cell cycle.
Additionally, for p107KO cells, glycolysis produces more ATP with increased NAD®
availability. Furthermore, p107KO cells are not affected by NADH overload to the mitochondria,
with increased pyruvate oxidation by addition of oxamate, DCA or Ldha KD. We propose thisis
due to a greater capacity for NADH oxidation by Oxphos in p107KO cells compared to controls.
Indeed, blocking the ETC cycle in p107KO cells with metformin reduced the cell cycle rate, thus
emphasizing the importance of Oxphos potential to cell cycle.”
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2. Figure 1: it seems that only a small fraction of p107 is localized to the mitochondria
judging from WB (1B). In the confocal analysis, almost all pl07 is localized to the
mitochondrial and the signal in the nucleus is almost undetectable (1D). Somehow these
results do not add up. Can the authors comment on this? BTW, why did the authors not
used mitotracker asa marker for mitochondria?

We believe that the reason for the p107 level discrepancies in the mitochondria between the
Western blotting and confocal microscopic analysis has to do with differences in the approaches
used. First, we used different antibodies for microscopic analysis (monoclonal anti-p107 SD9,
Santa Cruz Biotech) versus Western blotting (polyclona anti-p107 13354-1-AP, Proteintech).
Thus, the availability of these epitopes under the two experimental manipulations may have
resulted in different detection sensitivities. For example, the fixing protocol used in confocal
microscopy may not have been optimal for detection of nuclear p107.

Second, and most importantly, the yield of protein from mitochondrial lysatesis very low due to
our stringent isolation procedure. This is due to maximising the purity of the mitochondrial
fractions (which are mitoplasts) for Western blotting with severa washes to eliminate any
contaminating cytoplasmic proteins in this fraction. In fact, p107 protein levels are very high
outside of the nucleus. We found by normalizing total p107 protein levels on Western blots that
there is as much as 73% outside the nucleus in asynchronous proliferating cells (new Suppl. Fig.
2). For these data we write on page 5: “Of the total pl07 protein that was expressed in
proliferating c2MPs, about 28% and 45% were present in the mitochondria and cytoplasmic
compartments, respectively (Suppl. Fig. 2).” The Material and Methods have been updated for
this new information. Finally, there is a lack of p107 in the nucleus during G1*® that we have
substantiated with our new Figures 1M & Fig. IN.

We initially did not use MitoTracker to show co-localization because we had
experimental issues with bleeding of the dye into the nucleus. This technical shortcoming has
now been surmounted in this revised manuscript and represented by the new Supplemental
Figure 4. We now write on page 6:

“The protein localization results were corroborated by confocal microscopy and
subsequent analysis of generated z-stacks that showed p107 and the mitochondrial protein Cox4
and MitoTracker Red co-localize in c2MPs (Fig. 1E & Suppl. Fig. 4A). The specificity of
immunocytochemistry was confirmed by immunofluorescence of pl07 in pl07 “knockout”
c2MPs (p107KO c2MPs) generated by Crispr/Cas9 (Suppl. Fig. 5A). Moreover, p107 and Cox4
or MitoTracker Red fluorescence intensity peaks were matched on a line scanned RGB profile
(Fig. 1F & Suppl. Fig. 4B) and orthogonal projection showed co-localization in the XY, XZ,
and YZ planes (Fig 1G & Suppl. Fig. 4C). The same assays were used to confirm these findings
in proliferating primary wild type (Wt) MPs (prMPs) and pl107 genetically deleted prMPs
(p107KO prMPs) isolated from Wt and p107KO mouse skeletal muscles, respectively (Fig. 1H,
11, 1J & Suppl. Fig. 4D, 4E & 4F). In vivo, in amodel of regenerating skeletal muscle caused
by cardiotoxin injury, we aso found p107 co-localized with Cox4 in proliferating MPs, which
express the myogenic stem cell marker Pax7 (Fig. 1K, 1L & Suppl. Fig. 6). Together, these data
showcase that p107 localizes in the mitochondria of MPs from primary and muscle cell lines,
suggesting that it might have an important mitochondrial function in the actively dividing cells.”
For this new data we have also updated the Materials and Methods section.
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3. Figure 2A: in the ChIP experiments, the y-axis is “Promoter Occupancy” which is
unusual. Most scientist will use percent compared to input. Do they authors have a specific
reason why they are not following convention?

We have changed the y-axis to “Fold Enrichment” from “Promoter Occupancy” for the ChiP
data figures in the manuscript, which is a better interpretation of the results obtained. Our data
describe the interaction at the promoter by normalizing the relative occupancy to 1gG (negative
base line control). This was determined by amplifying isolated DNA fragments by qPCR from
the chromatin immunoprecipitation of mitochondrial lysates for p107, Tfam, E2f4, and 1gG
using the D-loop primer sets (Suppl. Table 2) to obtain Ct values. Using these values, the fold
changes were determined for p107, Tfam, and E2f4 normalized to 1gG Ct. We have aso changed
the wording in the Materials and Methods and Supplemental Materials and Methods section to
better reflect how we arrived at the data for the ChlP experiments.

4. Figure 2B-D: these results are interesting but do not prove that p107 is responsible for
these changes. It is correlative. The authors should be cautious when they describe and
inter pret these kinds of data.

As per the reviewer’ s suggestion to be more in tune with a correlative finding that mtDNA gene
expression changes with p107 mitochondria levels, we changed the wording of a subheading
and subsequent lead sentence to its subsection.

The subheading on page 7 is changed from “p107 represses mtDNA encoded gene expression to
regulate Oxphos capacity” to “pl07 is associated with lowered mtDNA encoded gene
expression” The lead sentence to the sub-section has been changed from “We next appraised if
p107 mtDNA promoter occupancy might repress mitochondrial encoded gene expression.”_to
“We next appraised if p107 mtDNA promoter occupancy might influence mitochondrial encoded
gene expression.”

We added the next subheading on page 8 to read “p107 mitochondrial function is associated with
Oxphos capacity”

5. Figure 3A-B: isit glucose dependent or proliferation dependent? Thisisimportant since
higher glucose levels could stimulate proliferation.

Higher glucose levels do stimulate proliferation but not in stripped media (ie. media lacking
pyruvate and glutamine) where S-phase is significantly reduced (new Fig. 5F and new Suppl.
Fig. 24). Please read the answer to the next comment.

6. Figure 3F: this result is counterintuitive unless high glucose levels are toxic for these
cells. The author s should explain this more car efully.

Y es, we agree with the reviewer that this finding appears to be in contradiction with what
the literature has reported regarding the role of glucose concentration and cell cycle rate. We
were initially taken aback by the findings. However, the difference between the findings in the
literature and our own is that we performed the experiment in stripped media with glucose as the
sole nutrient. In these cells, the shift to more NADH with higher glucose reduces the availability
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of NAD" from Oxphos (we postulate this is due to p107) that is required for cell cycle?”. We
found S-phase of the cell cycle is significantly reduced in 25mM compared to 5mM glucose,
without glutamine and pyruvate (new Fig. 5F). This contrasts with an increase in cell cycle rate
when pyruvate and glutamine are added to the cells grown in 25mM compared to 5mM glucose
(new Suppl. Fig. 24), which is in line with what has been reported in the literature. To the
Results section on page 15 we added our new data that S-phase of the cell cycle is significantly
reduced in 25mM compared to 5mM glucose, without glutamine and pyruvate: “Second, we
tested when endogenous p107 is significantly expressed in the mitochondria by growing cellsin
stripped media containing 25mM compared to 5.5mM glucose (Fig. 3A). In concordance with
p107 mitochondrial localization, we found that S-phase was significantly reduced for cells grown
only in 25mM glucose compared to 5.5mM (Fig. 5F and Suppl. Fig. 24A). Contrarily, S-phase
was significantly increased for cells grown in complete media containing 25mM glucose
compared to 5.5mM or cells grown (Suppl. Fig. 24B). These findings suggest that p107 might
direct the cell cycle rate through management of Oxphos ATP generation” For these data Figure
L egends and Materials and methods section has been altered.

7. The relation of p107 and the NAD+/NADH ration [probably better to calculate the
NAD+/(NADH+NAD+) ratio] is a chicken and egg question. | would suggest that the
authorsare car eful with this.

We believe that the mitochondrial function of pl07 is downstream of the influence of
NAD'/NADH from two main avenues of investigation. First, we have showed by several
experiments that p107 is influenced by the NAD*/NADH ratio and not vice versa. In Figure 3 we
provide evidence that this modulation of this ratio (whether through galactose or differing
glucose levels or treatment with oxamate, DCA or Ldha knockdown) influences pl07
localization (new Suppl. Fig 12). Moreover, when glutamine is altered, the NAD*/NADH ratio
is not atered nor is there a difference in pl07 cellular compartmentalization. Second,
experiments in Figure 4 show convincingly that p107 function is downstream of Sirtl activity
that is controlled by NAD®. Inhibiting Sirtl with nicotinamide increased p107 mitochondrial
localization and activating Sirtl with srt1720 (new Figures 4K, 4L, 4M, 4N, 40 & 4P)
decreased the levels of p107 in the mitochondria. We do recognize that the changes in Oxphos
that are coordinated by p107 will ultimately influence NAD*/NADH.

Reviewer #3 (Remarksto the Author):

The authors are motivated by their interest in the metabolic states which govern muscle
stem cells proliferation and differentiation. Thus, they focus on the regulation of glycolysis
versus OXPHOS. In the frame of thisinterest they identified p107 — a member of the RB
protein family, which is here shown to localized in the mitochondria of mouse cells.
Previoudly (2017), the same authors showed association between reduced expression of
p107 and increase in OXPHOS protein levels and function in human muscle in response to
exercise. This suggested a repressive activity of p107 on mitochondrial function. In the
current manuscript, the results indeed demonstrate that mitochondrial localization of p107
associate with reduced mtDNA gene expression in several primary and transformed mouse
cells. Therefore, one can view this as a follow-up study. Secondly, the authors suggest that
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the involvement of p107 in mtDNA gene expression occurs via mtDNA binding at the D-
loop based on ChlIP-gPCR results. They show that such reduced gene expression increases
the length of the cell doubling time, and reduce mitochondrial ATP production. Then, they
show evidence that the very mitochondrial localization of p107 negatively correlates with
the expression of SIRT1, i.e. SIRT1 expression attenuates mitochondrial localization of
pl07 which leads to expression of mtDNA genes (with a continuous mitochondrial
localization of p107 upon SIRT1 KO).

In general, the resultsin this manuscript are impressive, encompassing gene manipulation
in cells (primary cell culture and immortalized cells) and in the whole or ganism (mouse). In
my personal opinion, showing that an RB-interacting protein (p107) directly affects
mitochondrial activity is very important, as it offers connection of cell cycle regulation to
mitochondrial regulation. Nevertheless, there are several points that | feel should be
revised to improve the manuscript:

1. Although much information is given regarding the impact of reduced mtDNA gene
expression in response to mitochondrial localization of pl07, | missed discussion and
experiments which relate to the mechanism by which such reduced expression occurs. In
other words, for the past five decades much data accumulated regarding the core elements
and factorsthat govern mtDNA transcription. These factors are not mentioned at all in the
current manuscript, namely the RNA polymerase of the mitochondria - POLRMT,
transcription factor A — TFAM, TFB2M, mitochondrial transcription elongation factor —
TEFM and mitochondrial transcription termination factors MTERF. There are multiple
papers published in thisfield including relatively recent reviewsin good journals. Here are
two major examples. Gustaffson et al Annual Rev of Biochemistry (2016); Barshad G et al
Trendsin Genetics, 2018.

How isthe impact of p107 on mtDNA gene expression relates to the mentioned factors and
core mechanism of mtDNA transcription? It is essential to discuss p107 in the context of
MtDNA transcriptional regulation and its relations with such regulatory factors.

We thank you very much for your positive comments, we really appreciated your
feedback and have done our best to answer your concerns.

We had originally introduced and discussed the core elements of mitochondrial gene
transcription in the Introduction and Discussion sections, but these were eliminated in our final
draft to reduce the number of characters in the manuscript. As per the reviewer’s request, we
have now added back to the Introduction and Discussion, aspects for how the mitochondrial
transcriptional machinery is associated with p107 mitochondrial function. In the Introduction
section on page 3 we now write:

“It is uncertain if the mtDNA transcription initiation machinery comprises transcription
factor B2 of mitochondria (Tfb2m) and mitochondrial DNA-directed RNA polymerase (Polrmt)
or a three component system that also includes transcription factor A of mitochondria (Tfam)?*
2122 Besides the initiation factors, the transcription machinery also includes the mitochondrial
transcription elongation factor (Tefm), that ensures processivity and stabilization of the
elongation complex and termination of transcription performed by mitochondrial transcription
termination factor 1 (Mterf1)*". Multiple reports have suggested that transcription factors and co-
transcriptional regulators that are typically functional in the nucleus also have regulatory
functions in the mitochondria®®. However, relative to nuclear gene expression, regulation of
mitochondrial gene expression is poorly understood.”
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In the Discussion section on pages19 we now write: “Regulation of mitochondrial gene
expression is poorly understood relative to control of nuclear gene transcription. The
involvement of known regulators of gene expression in the nucleus to play arole in governing
mMtDNA gene expression via actual localization in the mitochondria has been shown for severa
factors?. It is currently not definitive if p107 influences mitochondria encoded gene expression
and/or mitochondrial DNA copy number by interacting within the regulatory D-loop region or
outside at other region(s) along the mtDNA, as has been shown for other regulators™ > %,
Moreover, it is not clear if the mitochondria transcriptional regulators, including p107, operate
inacell or physiological specific context. However, our findings link a nuclear co-transcriptional
repressor directly to the repression of mitochondrial transcription, which influences metabolism
and cell cycle”

More importantly, as mandated by the reviewer, we have now detailed how p107 might

control mtDNA gene expression as it relates to nuclear and mitochondrial transcription factors.
Our new results show that pl07 mitochondrial function is associated with its nuclear
transcription factor binding partner E2f4 (new Fig. 2B and new Fig. 2C). By Western blot, we
found that E2f4 but not E2f5 is present in the mitochondria in proliferating cells (new Fig. 2B).
Moreover, by ChiP assays E2f4 enrichment at the mtDNA is evident in proliferating cells but
barely in growth arrested cells (new Fig. 2C). Interestingly, in proliferating c2MPs, our results
show that a very small amount of Tfam is present in the mitochondria (new Fig. 2B) which does
not interact at the mtDNA (new Fig. 2C). This contrasts with growth arrested cultures (new Fig.
2B and new Fig. 2C). Note that mouse specific ChlP-validated POLRMT and TFB2M
antibodies are not presently commercially available nor has their use been published. For these
new data on page 7 of the Results section we write:
“As pl07 does not directly interact with DNA, we assessed potential interacting transcription
factors in the mitochondria. We evaluated potential mitochondrial role for the putative
mitochondrial transcription factor Tfam, as well as the p107 interacting nuclear transcription
factors E2f4 and E2f5*. By Western blotting, we found that E2f4 was present in proliferating
mitochondrial lysates, compared to negligible levels of Tfam and the complete absence of E2f5
(Fig. 2B). Moreover, ChlP analysis indicated that E2f4, but not Tfam, interacted at the mtDNA
of proliferating c2MPs, whereas the opposite pattern of interaction was found during growth
arrest (Fig. 2C). Intriguingly, these results suggest that E2f4 might be a mitochondrial binding
partner of pl07 at the mtDNA during proliferation of c2MPs.” These new data required us to
update Figure legends and the Materials and M ethods section.

2. In addition, the involvement of a known regulator of gene expression in the nucleus also
in the regulation of MtDNA gene expression via actual localization in the mitochondria has
been shown for several factors, such as MEF2D (She et al. JCI 2011), MOF (Chatterjee et
al. Cell 2016) and NFATC (Lambertini et al The International Journal of Biochemistry &
Cell Biology 64 (2015) 212—-219). The claim that p107 affects mtDNA gene expression via
mitochondrial localization and possibly via mtDNA binding should be argued in the
context of such factors, and others (all summarized in the review paper that | already
mentioned above - Barshad G et al Trends in Genetics, 2018). All these papers including
thisreview, should be cited in theright context (introduction and discussion sections).

As requested by the reviewer we have now added these papers in the context of the Discussion
section on pages 19: “Regulation of mitochondrial gene expression is poorly understood relative
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to control of nuclear gene transcription. The involvement of known regulators of gene expression
in the nucleus to play arole in governing mtDNA gene expression via actual localization in the
mitochondria has been shown for several factors™. It is currently not definitive if p107
influences mitochondria encoded gene expression and/or mitochondrial DNA copy number by
interacting within the regulatory D-loop region or outside at other region(s) along the mtDNA, as
has been shown for other regulators™ >* !, Moreover, it is not clear if the mitochondrial
transcriptional regulators, including pl07, operate in a cell or physiological specific context.
However, our findings link a nuclear co-transcriptional repressor directly to the repression of
mitochondrial transcription, which influences metabolism and cell cycle.”

3. Inaccuracies. in the 2nd paragraph of the introduction the authors claim the following:
"NADH isa by-product of glycolysisthat might be used as a reducing reagent required for
Oxphos". Thispoint isincorrect: NADH for the OXPHOS is generated in the frame of the
TCA cycle by Malate dehydrogenase. NADH from glycolysis cannot be imported into the
mitochondria asthereisnoimport machinery for NADH, yet its electrons can be indirectly
imported from the cytosol to the mitochondria. The authors are asked to revise the
sentence while taking into account the mentioned facts.

Thanks for bringing this to our attention. We meant to say that the electrons from NADH can be
indirectly imported from the cytosol to the mitochondria via Malate dehydrogenase.

We have changed the incorrect sentence on page 2 from "NADH is a by-product of glycolysis
that might be used as a reducing reagent required for Oxphos' to " NADH is a by-product of
glycolysis that can be indirectly transferred to the mitochondria via the Malate-Aspartate shuttle
to be used in Oxphos as reducing equivalents.”

4. Throughout the manuscript the authors consider theimpact of SIRT1 on p107, while not
considering at all the other 6 members of the SIRTUIN family, especially SIRT 3 which has
a known mitochondrial localization and activity. The authors should relate to the entire
SIRT family and justify why SIRT1 is the only one mentioned and manipulated.

As recommended by the reviewer, we introduced the Sirt family in the Introduction section on
page 2 by adding the following:

“NAD" is an important coenzyme in several metabolic pathways and has been
demonstrated to be essential for proliferation” ® * * 1. Importantly, it is an activator of seven
sirtuin protein family members (Sirt1-7), which are deacetylases that target several proteins'®.
The sirtuins operate in specific cellular locations with non-redundant substrate preferences. Sirt3,
Sirt4, and Sirt5 are located in the mitochondria, Sirt6 and Sirt7 in the nucleus and Sirt1 and Sirt2
are found in both the nucleus and cytosol™®. Of these, Sirtl is the most well-studied family
member operating as an energy sensor of the cytoplasmic NAD*/NADH ratio™. It regulates
metabolic homeostasis by enhancing mitochondrial metabolism through activation by

cytoplasmic NAD ™.

Also, as requested by the reviewer, we justified why we chose to study Sirt1-p107 interaction
over the other Sirt family members by changing the sentence in the Results section on page 12 :
“As the NAD" dependent Sirtl deacetylase is an energy sensor of the NAD*/NADH ratio, we
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evaluated if it potentially regulates p107.” to “As the NAD" dependent Sirt1 deacetylase is an
energy sensor of the NAD*/NADH ratio, found in the cytoplasm and targets several transcription
factors and co-activators™, we evaluated if it potentially regulates p107”.

5. Binding experiments of p107 to the mitochondrial genome wer e performed using ChlP-
gPCR, focusing on the D-loop. This experiment assumes that protein binding there will
affect the regulation of the mitochondrial genome. However, factors that bind the mtDNA
in addition to the core regulators of mtDNA transcription (as mentioned in comment 2),
may bind outside of the D-loop, yet affect mtDNA transcription (see especially the papers
about MEF2D and MOF — mentioned above in comment 2). In addition, screen of ChlP-
seq experiments available from ENCODE revealed mtDNA binding by additional known
regulators of nuclear gene expression, which were experimentally shown to localize both in
the nucleus and in the mitochondria in human cells (Blumberg et al. 2014 Genome Biol and
Evol). The experiment done by the authors assumes D-loop binding by p107, which is not
necessarily the case. Hence, the impact of p107 on mtDNA gene expression does not
necessarily occur via D-loop binding — we will not know that until ChlP-seq experiments
are performed. This point should be mentioned by the authors in the manuscript.

As requested by the reviewer we now state that it is not known for sure where p107 interacts
along the mtDNA and we have cited other findings where regulators have been shown to interact
at different locations on the mtDNA, as per his’her suggestion. We now write on page 19 in the
Discussion section “It is currently not definitive if p107 influences mitochondria encoded gene
expression and/or mitochondrial DNA copy number by interacting within the regulatory D-loop

region or outside at other region(s) along the mtDNA, as has been shown for other regulators™
50, 51 »

6. The impact of p107 on mitochondrial gene expression does not consider coordination
between mtDNA and nuclear DNA-encoded OXPHOS genes, which could be easly
measured by RNA-seq experiments of at least some of the tested cells. This should be
performed.

This is a good suggestion and easy to perform, but unfortunately, we currently do not have
sufficient funds to run these experiments. Nonetheless, detailing nuclear DNA-encoded Oxphos
genesis somewhat beyond the scope of this paper and would raise many follow-up gquestions that
we think would be best addressed in a full separate study. One of these important questions is
how retrograde signalling from mitochondria to the nucleus is being controlled by pl07
mitochondrial function. Also, the additional amount of data would result in less emphasis on our
key finding for p107 function in the mitochondrial encoded gene expression.

7. In the bottom of page 5 the authors wrote: "The importance of pl07 to
mitochondrial gene expression was confirmed with p107K O c2M Ps and pr M Ps, which both
exhibited significantly increased mitochondrial encoded gene expression in the genetically
deleted cells compared to their controls (Fig. 2C)." Increased expression of mtDNA-
encoded genes is indeed shown, but it could be due to overall altered numbers of
mitochondria in the cell, not necessarily due to regulation of transcription. This should be
assessed by measurement of mtDNA copy number. With thisin mind, in page 8 the authors

17



wrote: " Moreover, the mtDNA to nuclear DNA ratio remained unchanged when grown in
the different glucose concentrations, in contrast to MPs treated with the mitochondrial
biogenesis activator AICAR (Fig. 3E)." Thisistotally confusing: mtDNA to nuclear DNA
ratio measurement seems to me assessment of mtDNA copy number; why was it not
assayed in the p107 KO? The authors are asked to add this assay here aswell and interpret
theimpact of p107 appropriately.

Thanks for bringing this to our attention. We understand the reviewer’s confusion concerning
MtDNA copy numbers, as this was not written properly. To eliminate any confusion, we have
now replaced the phrase on pages 8, 10 and 13 from “...the mtDNA to nuclear DNA ratio...”
with “the relative mtDNA copy number...”. We have also changed the y axis on the graphs with
MtDNA copy number data from “mtDNA/nDNA” to “relative mtDNA copy #” to better reflect
the nature of the findings.

We had originally not assayed the p107KO cells because we believed showing the effect

in control cells was sufficient. However, as requested by the reviewer we have now performed
the requested experiment. We found that p107KO cells had significantly more mtDNA than
controls (new Fig. 2H). For these new data we write on page 8: “The increased ETC complex
formation might not only signify differences in mtDNA transcription, as we aso found that
relative mtDNA copy number was significantly greater in p107KO cells compared to controls
(Fig. 2H).”
However, the differences in ATP generation rate and capacity between control and p107KO are
reflective of differences in ETC levels per mitochondria rather than mitochondria number, as
ATP generation measurements were normalized to mitochondrial protein content (Fig. 2J). To
emphasize this on page 8 we write: “To exclude the potential contribution of mitochondrial
biogenesis, measurements were normalized to mitochondrial protein content.” To put this in
perspective with the ATP generation rate increase in pl07KO cells we write on page 8:
“Although mtDNA copy number, which typically is associated with mitochondria content, was
significantly greater in pl07KO cells (Fig. 2H), the differences in ATP generation rate and
capacity between control and pl07KO cells are reflective of differences in ETC levels per
mitochondria rather than mitochondria number.” And on page 9: changed the sentence from
“Together these data suggest that pl07 has repressor activity when bound to the mtDNA
promoter reducing the capacity to produce ETC complex subunits, which influences the
mitochondria potential for ATP generation.” to “Together these data suggest that p107 has
repressor activity when interacting at the mtDNA promoter regulating mtDNA copy number
and/or gene expression to reducing the capacity to produce ETC complex subunits, which
influences the mitochondria potential for ATP generation.” For these data we have updated the
Figure legends and Materials and M ethods sections.

Moreover, the levels of mtDNA copy number did not change for the p107KO cells in
different glucose concentrations (new Fig. 3F). For these new data, on page 9 we removed
“Together, these data show that mitochondrial gene expression might be mediated by glycolytic
flux induced p107 mitochondrial gene repression and not merely a consequence of differencesin
mitochondrial biogenesis.” and added “\We also found that the relative levels of mtDNA did not
change in p107KO cells when grown in the different glucose concentrations (Fig. 3F). Together,
these data show that the regulation of mitochondrial encoded gene expression by glucose
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concentrations is not due to altered mtDNA number and/or mitochondrial biogenesis within the
time period of the experiments.” Figure Legends and Materials and Methods section has been
updated for these new findings.

Finally, when we treated cells for a short period of time (3hrs) with Sirtl activator srt1720 (new
Fig. 4) we found that mitochondria encoded gene expression leading to influence on Oxphos
capacity was dependent on pl107. In this small window of time, mtDNA replication is unlikely.

8. In page 7 of the manuscript the authors wrote: " Interestingly, we found that p107KO
c2MPs had an elongated mitochondrial network (Fig. 2I) made up of mitochondria with
significantly increased length and area (Fig. 2J)." Aside from mitochondrial fusion, such
elongation could also be due to increased number s of mitochondria (see previous comment)
which under the microscope may appear as elongated structures. The authors are asked to
refer to such possibility.

As requested by the reviewer on page 9 we now write: “Aside from mitochondrial fusion, the
elongation could aso be due to increased numbers of mitochondria that may appear as elongated
structures under the microscope.”

Minor comments

1. In the 2nd paragraph of the introduction the authors wrote: "Whereas, NAD+, a
coenzyme in various metabolic pathways, is the oxidized form of NADH that can be made
in glycolysis from the transformation of pyruvate to lactate". This sentence has no end —
please re-write; also it has to be corrected with respect to the previous sentence about
NADH: NAD+ is a cofactor of the SIRTUINS inside the mitochondria (SIRT3) - using the
NAD+ from the TCA, and NAD+ from the glycolysis is used as cofactor for the rest of the
Sirtuins outside of the mitochondria.

As requested by the reviewer we have removed the sentence “Whereas, NAD", a coenzyme in
various metabolic pathways, is the oxidized form of NADH that can be made in glycolysis from
the transformation of pyruvate to lactate.” and added on page 2 “NADH is a by-product of
glycolysis that can be indirectly transferred to the mitochondria via the Malate-Aspartate shuttle
to be used in Oxphos as reducing equivalents. Alternatively, NADH might be oxidized to NAD+
in the reaction that produces lactate from pyruvate, the end product of glycolysis.”

We have also dtered the sentence on page 2: “High levels of cytoplasmic NAD" activate the
lysine sirtuin (Sirt) deacetylase family, including Sirt1” to “NAD" is an important coenzyme in
several metabolic pathways and has been demonstrated to be essential for proliferation” 2 % 1% %,
Importantly, itis an activator of seven sirtuin protein family members (Sirt1-7)....”

2. In page 16 the authors wrote: " Thus, the decreased proliferative capacity of p107 over
expressing cells found in many reports might now be attributed to a mitochondrial rolein
repressing mitochondrial gene expression, which isrequired for G1 cell cycle progression.”
This statement may reflect over-interpretation of the data, as p107 could also be found in
the nucleus with unknown function there.
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As requested by the reviewer we changed the indicated sentence to reduce the over interpretation
of the data on page 20 from: “Thus, the decreased proliferative capacity of p107 over expressing
cells found in many reports might now be attributed to a mitochondrial role in repressing
mitochondrial gene expression, which is required for G1 cell cycle progression.” to “Based on
these results we speculate that the decreased proliferative capacity of p107 over expressing cells
found in some reports might be attributed to a mitochondria role. In this case, repressing
mitochondrial gene expression, which isrequired for G1 cell cycle progression.”

Reviewer #4 (Remarksto the Author):

Bhattacharya et al. report that p107 regulates mitochondrial function and muscle stem cell
proliferation fates.

The authorsreport the following:

1. p107 localizes in the mitochondria of myogenic progenitor cells:

COMMENTS:

Figure 1B: Of thetotal p107, what’sthe percentage that localizesto mitochondria?

As outlined the in updated Supplementary Materials and Methods, using densitometry
guantification of total cellular, mitochondrial and cytoplasmic pl07 protein by western blot
analysis using densitometry on total, mitochondrial and cytoplasmic p107 protein (new Suppl.
Fig. 2), we found that the percentage in the mitochondria and cytoplasm in asynchronously
dividing c2MPs is about 28% and 45% respectively. For these new data we write on page 5 of
the Results section the following: “Of the total cellular p107 protein that was expressed in
proliferating c2MPs, about 28% and 45% were present in the mitochondria and cytoplasmic
compartments, respectively (Suppl. Fig. 2).” The Materials and Methods section has been
updated for these new findings.

Figure 1C: The image resolution doesn’'t allow to finally conclude that p107 and Cox4
colocalize. p107 mitochondrial localization should be performed with MitoTracker Red
(which measure mitochondrial mass and membrane potential) and Green (which measures
mitochondrial massregardless of mitochondria activity).

We initially did not use MitoTracker to show co-localization because we had experimental issues
with bleeding of the dye into the nucleus. This technical shortcoming has now been surmounted
in this revised manuscript and represented by the new Supplemental Figure 4. For which we
now write on page 6:

“The protein localization results were corroborated by confoca microscopy and
subsequent analysis of generated z-stacks that showed p107 and the mitochondrial protein Cox4
and MitoTracker Red co-localize in c2MPs (Fig. 1E & Suppl. Fig. 4A). The specificity of
immunocytochemistry was confirmed by immunofluorescence of pl107 in pl07 “knockout”
c2MPs (p107KO c2MPs) generated by Crispr/Cas9 (Suppl. Fig. 5A). Moreover, p107 and Cox4
or MitoTracker Red fluorescence intensity peaks were matched on a line scanned RGB profile
(Fig. 1F & Suppl. Fig. 4B) and orthogonal projection showed co-localization in the XY, XZ,
and YZ planes (Fig 1G & Suppl. Fig. 4C). The same assays were used to confirm these findings
in proliferating primary wild type (Wt) MPs (prMPs) and pl07 genetically deleted prMPs
(p107KO prMPs) isolated from Wt and p107KO mouse skeletal muscles, respectively (Fig. 1H,
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11, 1J & Suppl. Fig. 4D, 4E & 4F). In vivo, in amodel of regenerating skeletal muscle caused
by cardiotoxin injury, we also found p107 co-localized with Cox4 in proliferating MPs, which
express the myogenic stem cell marker Pax7 (Fig. 1K, 1L & Suppl. Fig. 6). Together, these data
showcase that p107 localizes in the mitochondria of MPs from primary and muscle cell lines,
suggesting that it might have an important mitochondrial function in the actively dividing cells.”
For the Mito Tracker experiments we have updated the Materials and methods section.

2. P107 interacts at the mtDNA

COMMENTS:

Figure 2. Control experiments with known mtDNA binding proteins (TFAM,
mitochondrial RNA polymerase POLRMT) should be perfor med.

Unfortunately, we could not perform a positive control ChIP for initiation complex
factors Polrmt and Tf2b2m, as mouse specific antibodies capable of immunoprecipitation, which
potentially can be used for ChIP are presently not available for these proteins. Nor could we find
published reports of have mouse specific antibodies for Polrmt and Tf2b2m used for
immunoprecipitation or ChlP been published. Thus, we assessed Tfam interaction at the mtDNA
as a potential positive control (new Fig. 2C). We find that Tfam is positive in our ChlP assay
only during growth arrest when it is mostly present in the mitochondria (new Fig. 2B & Fig. 2C)
and not during proliferation. For these new data we now write on page 7 of the Results section:

“As pl07 does not directly interact with DNA, we assessed potential interacting
transcription factors in the mitochondria. We evaluated potential mitochondrial role for the
putative mitochondria transcription factor Tfam, as well as the pl07 interacting nuclear
transcription factors E2f4 and E2f5%. By Western blotting, we found that E2f4 was present in
proliferating mitochondrial lysates, compared to negligible levels of Tfam and the complete
absence of E2f5 (Fig. 2B). Moreover, ChlP analysis indicated that E2f4, but not Tfam, interacted
at the mtDNA of proliferating c2MPs, whereas the opposite pattern of interaction was found
during growth arrest (Fig. 2C). Intriguingly, these results suggest that E2f4 might be a
mitochondrial binding partner of p107 at the mtDNA during proliferation of c2MPs.”

The Figure Legends and Materials and Methods sections have been updated with these
new findings.

3. NAD+/NADH regulates p107 mitochondrial function

COMMENTS:

Figure 3. Beside influencing NAD+/NADH ratio, oxamate and DCA affect other
metabolites. For instance, DCA increases acetyl-CoA. LDHA knock-down would be more
appropriate and would confirm theresult obtained with oxamate.

As requested by the reviewer we knocked down LDHa with RNAI (new Suppl Fig. 12A). Our
new results show that compared to control cells, Ldha knockdown cells had reduced
NAD*/NADH ratio (new Suppl Fig. 12B), increased p107 levels are in the mitochondria (new
Suppl. Fig. 12C) and as anticipated lower mitochondrial encoded gene expression (new Suppl.
Fig. 12D). These findings confirm the validity of using oxamate and DCA to increase NADH
levels. For these new data we have made slight adjustments to the Results section on page 11.
“We manipulated the cytoplasmic NAD*/NADH energy flux in a glucose concentration
independent manner to evaluate the importance of the redox potential to p107 function. We
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added oxamate (ox) or dichloroacetic acid (DCA) or used RNAi knockdown of Ldha (Suppl.
Fig. 12A) to decrease the NAD*/NADH ratio (Fig. 3J, Suppl. Fig. 12B & Suppl. Fig. 13A).
Conversely, we also grew cells in the presence of galactose instead of glucose, which increases
NAD*/NADH ratio and cultured cells in varying amounts of glutamine in stripped media, which
had no effect on the cytoplasmic NAD*/NADH ratio (Fig. 3J). As anticipated, Western blot
analysis of c2MPs treated with ox, DCA or Ldha RNAi showed significantly increased p107
levels in the mitochondria (Fig. 3K, Suppl. Fig.12C & Suppl. Fig. 13B). On the other hand,
galactose treated cells had significantly less p107 in the mitochondria compared to untreated
controls and cells treated with glutamine showed no difference in the level of p107 mitochondrial
localization (Fig. 3K). These results suggest that p107 mitochondrial localization is based on the
cytoplasmic NAD*/NADH ratio. Mitochondrial gene expression levels with the different
treatments corresponded with p107 mitochondrial localization established by the cytoplasmic
NAD*/NADH ratio (Fig. 3L, Suppl. Fig. 12D & Suppl. Fig. 13C). Indeed, significantly higher
mitochondrial gene expression levels were observed with the higher cytoplasmic NAD*/NADH
achieved when cells were grown with galactose compared to glucose, whereas significantly
lower mitochondrial gene expression was evident when cells were treated with ox or DCA or
L dha knockdown that caused a decrease in cytoplasmic NAD*/NADH (Fig. 3L, Suppl. Fig. 12D
& Suppl. Fig. 13C). No significant gene expression changes were present when cells were
grown solely with varying amounts of glutamine, except Nd6, which is the only mitochondrial
gene expressed from the L-strand of mtDNA (Fig. 3L). Together, these results show that p107
acts indirectly as an energy sensor of the cytoplasmic NAD*/NADH ratio that might influence
the potential ATP produced from the mitochondria, because of regulating mitochondrial gene
expression.”

The Materials and Methods section has been updated for these new findings.

4. SIRT 1 directly regulates p107 mitochondrial function
COMMENTS:
FiguredA. It isnot clear in which cell compartment p107 interactswith SIRT1.

We thank the reviewer for this concern as answering his’/her query has strengthened our
hypothesis. As requested by the reviewer, we have now performed the Ip/Western for
endogenous p107 and Sirtl in cytoplasmic lysates (new Suppl. Fig. 14), which shows that they
interact. This suggests that p107 is regulated by Sirtl in the cytoplasm. For this new data we
write on page 12: “Importantly, reciprocal immunoprecipitation/Western blot analysis for
endogenous p107 and Sirtl in c2MP whole cell as well as cytoplasmic lysates showed that they
directly interacted (Fig. 4A & Suppl. Fig. 14). No interactions were apparent in p107KO and
Sirtlgeneticaly deleted (SirtlKO) c2MPs obtained by Crispr/Cas9 (Fig. 4A, Suppl. Fig. 5B &
Suppl Fig. 14).” The Materials and Methods section has been updated with these new findings.

Figure 4B. The levels of pl07 are greatly increased in SirtlKO cells. Is this a
transcriptional or a protein stabilization effect? Total increase of pl07KO in SIRT1KO
cells complicatesthe inter pretation of theresults related mitochondrial localization of p107.

As per the reviewer’s request we have checked the p107 RNA expression pattern in SirtlKO

cells (new Suppl. Fig. 15A), as well as in nicotinamide treated (new Suppl. Fig. 15C) and in
cells treated with 5.5 compared to 25mM glucose cells (new Suppl. Fig. 15B). We found that the
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loss of Sirtl (Fig. 4B) or the addition of Sirt inhibitor nicotinamide (Fig. 4E) or altering the
glucose concentration (that is the NAD*/NADH ratio) had no effect on the gene expression of
p107. Thus, p107 transcription is not a confounding effect for p107 mitochondrial localization.
For these new data we have added to the following sentence “Unlike c2MPs grown in 5.5mM
glucose that exhibit relocation of pl107 from the mitochondria (Fig. 3A), SirtlKO cells did not
exhibit altered p107 mitochondrial localization (Fig. 4B)” on page 12 of the Results section: the
phrase “nor a change in pl07 gene expression, including when grown in different glucose
concentrations (Suppl. Fig. 15A & 15B).”

We have also atered the sentence on page 13: “ We next determined if Sirt1 activity is necessary
for p107 mitochondrial function. Inhibition of Sirtl activity by nicotinamide (nam) increased
p107 mitochondrial localization (Fig. 4E) that was concomitant with increased mtDNA promoter
interaction (Fig. 4F).” to read “We next determined if Sirtl activity is necessary for pl07
mitochondrial function. Inhibition of Sirtl activity by nicotinamide (nam) increased pl07
mitochondrial localization (Fig. 4E), which was concomitant with increased mtDNA promoter
interaction (Fig. 4F). This occurred without a change in pl07 gene expression (Suppl. Fig.
15C).”

Finally, we also assessed pl107 gene expression in cells grown in different glucose
conditions and found no differences. For this we write on page 9: “The presence of p107 in the
mitochondria was inversely associated to the amount in the nucleus (Fig. 3A) and was not
coupled to achange in p107 gene expression (Suppl. Fig. 10)”

For these results we have updated the Materials and Methods section.

Figure 4K. Resveratrol leadsto replicative stress and S phase transit and is independent of
Sirtl (Bendimane et al. Molecular Cell DOI:https://doi.org/10.1016/j.molcel.2020.07.010)
and should not be employed to evaluate Sirt1 function.

As recommended by the reviewer to better ensure specific effects for Sirtl activation we have
appended the resveratrol data to the supplemental data section and replaced it with data by
treating cells with known Sirtl activator srt1720 (new Figures 4K, 4L, 4M, 4N, 40 and 4P).
We obtained the same results as when an activating concentration (10mm) of resveratrol was
used (new Suppl. Fig. 17).

For these new data we have removed the following:

“c2MPs grown in a low concentration of res (10mM), had the opposite effect to nam for p107
localization and function. Treatment of c2MPs with this concentration of res decreased p107
within the mitochondria (Fig. 4K). The activation of Sirtl also reduced p107 mtDNA promoter
interaction and enhanced the mitochondrial gene expression (Fig. 4L & 4M), which
corresponded to an increased ATP synthesis rate and capacity of isolated mitochondria (Fig. 4N
& Suppl. Table 1F). No differences in ATP generation rate and capacity were observed in
SirntlKO c2MPs, which was anticipated with a non-significant consequence on mitochondrial
gene expression (Fig. 4M & 40). When Sirt1 activity was repressed by high doses of res, p107
was localized in the mitochondria and gene expression along with ATP generation rate and
capacity were significantly decreased (Suppl. Fig. 7 & Suppl. Table 1G).”

In its place we have added the following paragraph on page 13: “Next, we activated Sirt1l
for a short window of time. Treatment of c2MPs with Sirtl activator, srt1760, for 3 hours
resulted in decreased pl07 protein levels within the mitochondria (Fig. 4K). The activation of
Sirtl also reduced p107 mtDNA promoter interaction (Fig. 4L) and enhanced the mitochondrial
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gene expression, but not in pl07KO and SirtlKO cells (Fig. 4M). The increase in gene
expression with Sirtl activation within this short time window was associated with increased
ATP generation (Fig. 4N). Importantly, relative mtDNA copy number was not affected by this
short-term treatment (Fig. 40), suggesting that mitochondrial gene expression and not mtDNA
copy number contributed to the differences in ATP generation. ATP generation rate and
capacity were not altered by srt1760 treatment in SirtlKO c2MPs (Fig. 4P). We also confirmed
the importance of Sirtl activity to pl07 mitochondrial function by using resveratrol at low
(Suppl. Fig. 17 & Suppl. Table 1F) and high doses (Suppl. Fig. 18 & Suppl. Table 1G) that
indirectly activate and inhibit Sirt1 activity, respectively.”

For these new data we have revised the Figure L egends and Materials and Methods sections.
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REVIEWERS' COMMENTS
Reviewer #1 (Remarks to the Author):

The authors have performed a number of experiments that address the points raised by the
Reviewers. I recommend publication.

Reviewer #2 (Remarks to the Author):

The authors have, with great efforts, addressed the issues that have been raised by all 3 reviewers.
They have added even more data in a way that this manuscript is now overflowing with data. Although
manuscripts can always be improved, I feel it is time to accept this manuscript as it is since all major
issues have been addressed.

Reviewer #3 (Remarks to the Author):

The authors have responded adequately to most of my concerns, and given the circumstances I
understand their argument regarding the RNA-seq experiment that I asked for. This is the remaining
concern:

In their response to concern #1 the authors wrote: "Moreover, ChIP analysis indicated that E2f4, but
not Tfam, interacted at the mtDNA of proliferating c2MPs, whereas the opposite pattern of interaction
was found during growth arrest (Fig. 2C)." This is a problematic statement. Firstly, the authors briefly
state that they have performed ChIP gqPCR, focusing on the D-loop (nothing explained about the
approach in the Methods section). This experiment is, by definition, limited to the D-loop, suggesting
that the authors already assumed that if interaction with the mtDNA indeed occurred, it should have
been within the mtDNA promoter region. Firstly, as already stated in the previous round of review,
several transcription factors have shown to bind within gene sequences, outside of the D-loop (some
are cited by the authors). Secondly, our experience is that D-Loop ChIP signals appear in almost any
tested transcription factor, and therefore cannot be easily be interpreted. Third, from some reason the
authors do not report any signal for TFAM binding - this is questionable, as it is an HMG protein with
little or no preference for certain binding motifs, as it binds across the entire mtDNA (see
doi:10.1371/journal.pone.0074513). The authors are asked to tone down their argument about the
interacting partners of p107 in the mtDNA. A similar point apply to their response to comment 7,
where they state that: "Together these data suggest that p107 has repressor activity when interacting
at the mtDNA promoter regulating mtDNA copy number and/or gene expression to reducing the
capacity to produce ETC complex subunits, which influences the mitochondria potential for ATP
generation".



Response to Reviewer 3

We sincerely thank the Reviewers for recommending our manuscript for publication in Nature
Communications. We want to express our gratitude to the Reviewers for taking the time to
critically appraise our manuscript. Your input, suggestions and insight has strengthened our
findings and made them much more comprehensive.

Below point by point are the answers to the remaining concerns by Reviewer 3.

1) In their response to concern #1 the authors wrote: ""Moreover, ChIP analysis indicated
that E2f4, but not Tfam, interacted at the mtDNA of proliferating c2MPs, whereas the
opposite pattern of interaction was found during growth arrest (Fig. 2C)." This is a
problematic statement. Firstly, the authors briefly state that they have performed ChIP
qPCR, focusing on the D-loop (nothing explained about the approach in the Methods
section). This experiment is, by definition, limited to the D-loop, suggesting that the authors
already assumed that if interaction with the mtDNA indeed occurred, it should have been
within the mtDNA promoter region.

We agree with the reviewer, our data do not prove that p107 interacts at the D-loop region of
mtDNA. We had overlooked this interpretation of the ChIP results. To address his/her previous
concerns, we removed all indications that p107 specifically interacted at the D-loop region. We
changed the statement on page 7: “We evaluated this potential by performing quantitative
chromatin immunoprecipitation (qChIP) analysis on the D-loop regulatory region of isolated
mitochondria from c2MPs.” to “We evaluated this potential by performing quantitative
chromatin immunoprecipitation (qChIP) analysis using primer sets that span the D-loop
regulatory region of isolated mitochondria from c2MPs.”

2) Third, from some reason the authors do not report any signal for TFAM binding - this is
questionable, as it is an HMG protein with little or no preference for certain binding
motifs, as it binds across the entire mtDNA (see doi:10.1371/journal.pone.0074513).

Yes, we were also very surprised that we did not detect Tfam interaction at the mtDNA in
proliferating c2MPs (c2c12 cells). Corroborating our result, other studies reported very low
levels of Tfam interacting at mtDNA in proliferating c2c12 cells (eg. Collu-Marchese, Biosci
Rep. 2015 Jun; 35(3): €00221, Barbieri, et al J Aging Res. 2011; 2011: 845379). The amount of
Tfam binding to mtDNA is dramatically increased during differentiation (when cells are growth
arrested and mitochondrial biogenesis up regulated). We found p107 is expressed in the nucleus
early in differentiation and not expressed at all in terminally differentiated myotubes
(unpublished data). The lack of Tfam interaction at mtDNA is a very interesting result that we
are currently following up.

3) The authors are asked to tone down their argument about the interacting partners of
p107 in the mtDNA.

We have toned down our contention about interacting proteins at the mtDNA with p107 by
changing the sentence on page 7 from: “Intriguingly, these results suggest that E2f4 might
interact with p107 at the mtDNA during proliferation of c2MPs.” to “Intriguingly, these results
suggest that E2f4 is a possible binding partner for p107 at the mtDNA during proliferation of
c2MPs.”. Thus, leaving the idea that there might be other possibilities for any potential
interacting partners.




4) A similar point apply to their response to comment 7, where they state that: "Together
these data suggest that p107 has repressor activity when interacting at the mtDNA
promoter regulating mtDNA copy number and/or gene expression to reducing the capacity
to produce ETC complex subunits, which influences the mitochondria potential for ATP
generation''.

We agree, our data do not prove that p107 interacts at the D-loop region of mtDNA. This
statement was improperly written. We removed the word “promoter” from the statement on page
9 to read: “Together these data suggest that p107 has repressor activity when interacting at the
mtDNA promoter regulating mtDNA copy number and/or gene expression to reducing the
capacity to produce ETC complex subunits, which influences the mitochondria potential for ATP
generation”.



Reviewer #4

The authors have addressed my comments.

The literature refers to what the authors call "actively proliferating MP cell line c2¢12
(c2MPs)" as C2C12 myoblasts and I strongly suggest that the latter be employed to avoid
any confusion.

We very much thank the reviewer for accepting our answers to his/her concerns. Regarding the
additional concern, to avoid any confusion regarding the naming/association of c2MPs with
C2C12 myoblasts, we have altered two sentences.

1) On page 5 of the results section we changed the phrase “...p107 was found in the cytoplasm
of actively proliferating MP cell line c2c12 (c2MPs), as is the case in other cell types?! (Fig.
la).” toread “... p107 was found in the cytoplasm of C2C12 myoblasts, an actively proliferating
MP cell line we designated as “c2MPs” (Fig. la).

2) On page 23 of the Methods section, we changed the phrase “The c2¢c12 myogenic progenitor
cell (c2MP) line was purchased from the American Tissue Type Culture (ATTC) ...” to “The
C2C12 myoblast cell line (designated as c2MPs) was purchased from the American Tissue Type
Culture (ATTC)....”



