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1st Editorial Decision 14th Feb 2020

14th Feb 2020

Dear Dr. Kirwan,

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now heard
back from the three referees who agreed to evaluate your manuscript. As you will see from the
reports below, while referee 3 is supportive of publication, referees 1 and 2 raise a number of
concerns that should be addressed in a major round of revision of the present manuscript.

A cross-commenting exercise clarified the major issues that should be addressed: 1. short-term
BAM15 in vivo treatment to determine baseline and IPGTT insulin levels, and 2. experiments to
determine whether BAM15 alters beta cell function independently of weight. Please note that
addressing all the other points raised by the referees as much as possible will be necessary for
further considering the manuscript in our journal, and acceptance of the manuscript will entail a
second round of review. EMBO Molecular Medicine encourages a single round of revision only and
therefore, acceptance or rejection of the manuscript will depend on the completeness of your
responses included in the next, final version of the manuscript. For this reason, and to save you
from any frustrations in the end, I would strongly advise against returning an incomplete revision.

**rEx Reviewer's comments ****x
Referee #1 (Remarks for Author):

The work by Axelrod et al. investigates the effects of a small molecule protonophore, referred to as
BAM15, on cellular respiration in vitro and whole-body energy metabolism in mice. The manuscript is
novel, very well prepared and the conclusions are altogether supported by the data. While it might
not come as a surprise that a mitochondrial uncoupler increases mitochondrial leak respiration
independently of mitochondrial capacity and increases energy expenditure in whole animals, the
data nicely show that this compound may have therapeutic potential for obesity-linked diseases.

I have a couple of experimental and/discussion points the authors may want to consider:
Major:

1. The authors point to their body core measurement to conclude that BAM15 does not impact
body temperature. However, the dissipated calories have to go somewhere, as clearly energy
expenditure is up after the high-fat diet feeding. The mouse is not stupid and has other
mechanisms to regulate body temperature. A major, yet underappreciated organ for maintaining
body core temperature is the tail. When the mouse is cold, heat loss though the tail is minimized by
vasoconstriction and vice versa. So, | hypothesize that while body core temperature is unaltered,
BAML15 treatment likely increases heat loss via the tail. This can be measured or discussed.

2.In relation to that, especially in light of the bioavailabilty of the compound, that the authors
somehow neglected to look at brown adipose tissue (BAT) is a little weird. In mice kept at room
temperature non-shivering thermogenesis is a major contributor to energy expenditure and most of
the effects could be due to increased BAT function. It might seem counterintuitive, as this tissue
already expresses Ucpl as a natural uncoupler, but it nevertheless should be looked at to fill in all



the pieces of the puzzles (e.g. by histology, Ucpl expression, similarly to iWAT and muscle)

3. Finally, these experiments were done at room temperature but for humans thermoneutrality (ca.
30 degrees Celsius) in mice is a much better comparison. Are the effects of the compound
dependent of the housing temperature of the mouse?

Minor:

4.The necessity of some of the long-term BAM15 effects in cells likely reflect a general energy
depletion rather than a specific effect of the compound on the AMPK pathway. This should be
noted.

5. The title should be edited for better visibility of the study, e.g. Protonophore BAM15 etc.

Referee #2 (Remarks for Author):

In the manuscript entitled « BAM 15 prevents dietary weight gain and improves glycemic control in
obese mice", Christopher L Axelrod et al. describe the effect of the compound BAM15, a
protonophore targeting mitochondria, in mitochondrial activity, energy expenditure, glucose and lipid
metabolism. Using cellular, transcriptomic, in vivo approaches, the authors claim that the BAM15
compound mainly target adipose tissue and gasctrocnemius/muscle when injected in C57BI6J,
where it increases AMPK activity, resulting in increased fatty acid oxidation. Altogether, these data
are interesting in the fact that BAM15 does not seem to be toxic, while improving glucose and lipid
homeostasis in an obesity context.

Although the study is highly interesting, demonstrating that protonophore, in particular BAM15
could be used as a potential new drug against obesity, NASH, ... the data presented are too
preliminary at this stage and need important clarifications before being published. Moreover, the
general feeling of the reviewer is that it is difficult to follow the results, since most of the figures are
not well presented. For example, many figures are not numbered, and each graph/data should be
numbered to help the reader to follow the manuscript. Some conclusions are not supported by the
data.

Concerning the in vitro part, several controls of experiments should be shown, such as, for example
but not limited to, shcontrol in C212 treated with BAM15 (figure 3).

I can understand that the transcriptomic analysis is done on cell lines, but it can really be different
from what can happen in mice. | would suggest to do a RNA-seq in tissues of mice treated with the
vehicle or BAM15, or at least to confirm some of the genes that were modulated in C2C12. Looking
at the pathway analysis, it seems that cholesterol metabolism is the most affected pathway,
whereas the focus was done on AMPK. Why the authors did not study the cholesterol pathway in
BAML15 treated cells?

Insulin tolerance tests should be performed to analyze the effect of BAM15 on insulin sensitivity.
This is key to demonstrate that BAM15 decreases insulin resistance, in a context where beta cell
mass is decreased, FGF21, GDF15 are also decreased. In addition, insulin levels should be measured
during ipGTT to demonstrate whether improved glucose tolerance is linked to increased insulin
secretion in response to a bolus of glucose. This can then be correlated (or not) to IHC analysis of
pancreatic sections, which show a clear decrease in insulin staining. Beta cell mass should be
measured more precisely. Finally, to demonstrate, as claimed by the authors, that BAM15 is an



AMPK agonist (which is not true, since no CET SA nor in vitro AMPK activity demonstrate that
BAM15 binds to AMPK) or at least exerts part of its effect through the activation of AMPK, in
adipose tissue, the use of AMPK inhibitor or genetic deficient mice could have been use to
unequivocally demonstrate the interaction between BAM15 and AMPK pathways in regulating
energy homeostasis.

Referee #3 (Remarks for Author):

In this study Axelrod et al. examine the mitochondrial protonophore BAM15 in vivo and in vitro as an
anti-obesity agent. As the authors describe, this drug has already been nicely shown to uncouple in
vitro, but the current study extends this work, showing in vivo that it has anti obesity and insulin
sensitizing properties in vivo. They are appropriately measured with their conclusions. | congratulate
them on this nice study.



1st Authors' Response to Reviewers 20th Apr 2020

Referee #1 (Remarks for Author):

The work by Axelrod et al. investigates the effects of a small molecule protonophore, referred to
as BAM15, on cellular respiration in vitro and whole-body energy metabolism in mice. The
manuscript is novel, very well prepared and the conclusions are altogether supported by the
data. While it might not come as a surprise that a mitochondrial uncoupler increases
mitochondrial leak respiration independently of mitochondrial capacity and increases energy
expenditure in whole animals, the data nicely show that this compound may have therapeutic
potential for obesity-linked diseases. | have a couple of experimental and/discussion points the
authors may want to consider.

RESPONSE: We thank the reviewer for their time and interest in our work. We have performed
additional experiments and revised the manuscript as denoted below to the address the
concerns of the reviewer.

Major:

1) The authors point to their body core measurement to conclude that BAM15 does not impact
body temperature. However, the dissipated calories have to go somewhere, as clearly energy
expenditure is up after the high-fat diet feeding. The mouse is not stupid and has other
mechanisms to regulate body temperature. A major, yet underappreciated organ for maintaining
body core temperature is the tail. When the mouse is cold, heat loss though the tail is minimized
by vasoconstriction and vice versa. So, | hypothesize that while body core temperature is
unaltered, BAM15 treatment likely increases heat loss via the tail. This can be measured or
discussed.

RESPONSE: We thank the reviewer for their insights on this matter. The data previously
included was measured by skin thermometry validated against a rectal probe, which reflects
core body temperature. These studies were conducted to determine if BAM15 protected against
HFD-induced obesity without induction of hyperthermia, a side effect of other mitochondrial
protonophores [1]. To better address mechanisms of heat dissipation, we conducted infrared
whole-body thermography before, during, and after oral consumption of BAM15 in 1-year old
weight-stable wild-type C57BL/6J mice. This approach allows for direct quantitation of tail heat
dissipation as described previously [2]. We observed that BAM15 did not alter tail heat
dissipation or body temperature under any conditions (Response Figure 1). To confirm that
BAM15 was metabolically active, energy expenditure was assessed in real time over the same
treatment duration (Response Figure 1). BAM15 increased energy expenditure during the dark
phase similar to what was observed in our diet-induced obese animals. Though we do not have
a conclusive answer as to how BAM15 stimulates mitochondrial respiration and energy
expenditure without altering whole-body or tail temperature, Rajagopal et al. recently employed
intracellular thermometry to measure the effect of uncoupling on temperature flux [3]. The study
demonstrated that BAM15-mediated uncoupling (10 uM BAM15) of neuronal mitochondria
produced a maximal intracellular temperature flux of ~8°C, which normalized within ~30 seconds
[3]. Notably, the extracellular flux was ~2°C, and normalized within ~10 seconds. As such, it may be
that compounds, such as DNP, that lack mitochondrial specificity result in significantly greater
extracellular heat production, subsequently resulting in hyperthermia at higher dosing.



Response Figure 1. Effect of BAM15 on Tail Heat Dissipation and Energy Expenditure.
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2) In relation to that, especially in light of the bioavailability of the compound, that the authors
somehow neglected to look at brown adipose tissue (BAT) is a little weird. In mice kept at room
temperature non-shivering thermogenesis is a major contributor to energy expenditure and most
of the effects could be due to increased BAT function. It might seem counterintuitive, as this
tissue already expresses Ucpl as a natural uncoupler, but it nevertheless should be looked at to
fill in all the pieces of the puzzles (e.g. by histology, Ucpl expression, similarly to iWAT and
muscle)

RESPONSE: We agree with the reviewer that endogenous uncoupling mechanisms, most
notably UCP expression, could explain the increase in energy expenditure observed in BAM15
treated animals. To address this, we have additionally stained BAT and iWAT for UCP1
expression from animals treated for 3 weeks with BAM15 as described in the primary
manuscript. BAT UCP1 was highly expressed in both control and BAM15 treated animals, but
did not differ between groups (Response Figure 2). As noted in Figure 5A, although the
number of brown adipocytes increased, this was more so a function of reduced size. We
additionally stained iWAT for UCP1 to identify beiging of the depot by BAM15, all of which were
negative (Response Figure 3). UCP1, to our knowledge, has low or no endogenous expression
in mammalian skeletal muscle [4], and is only inducible by Bs-adrenergic receptor agonists [5].
However, the homologues UCP2 and UCP3 are expressed in skeletal muscle. We used our
RNA sequencing from murine fibroblasts and observed that UCP2 expression (Response
Figure 4) was significantly reduced by BAM15. UCP3 was unchanged by treatment. We
therefore concluded that neither BAT nor beiging of iWAT contribute to increased energy
expenditure following treatment with BAM15. It is our belief that exogenous respiratory
uncoupling neutralizes or substitutes for endogenous uncoupling activity by reducing cellular
demand for activation, as originally postulated by Goldgof et al. [6].

Response Figure 2. BAT UCP1 Expression in CTRL and BAM15-treated animals.
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Response Figure 3. IWAT UCP1 Expression in CTRL and BAM15-treated animals.
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Response Figure 4. UCP2 Gene Expression in C2C12 cells after 16 hours of Vehicle or
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3) Finally, these experiments were done at room temperature but for humans thermoneutrality
(ca. 30 degrees Celsius) in mice is a much better comparison. Are the effects of the compound
dependent of the housing temperature of the mouse?

RESPONSE: We agree with the reviewer and acknowledge that housing at 22°C (human
thermoneutrality) instead of 30°C (murine thermoneutrality) could influence weight maintenance
and/or loss by exacerbating facultative thermogenesis. We tested phenotypic dependence on
thermoneutrality by acclimating C57BL/6J mice to 30°C (range of room: 28-30°C) and
subsequently exposing to HFD (CTRL) or HFD+BAM15 (BAM15). Body temperature did not
differ between HFD and BAM15-treated animals (Response Figure 5). We observed that by
day 3, BAM15 treated animals weighed significantly less than CTRL (Response Figure 5).
Food intake relative to body weight was slightly increased in BAM15 treated animals, which
diminished over the treatment period (Response Figure 5). Though we fundamentally agree
with the reviewer that testing of anti-obesity compounds is more physiologically relevant at 30°C
[6], housing temperature did not alter the efficacy and/or availability of BAM15.

Response Figure 5. Change in body temperature, weight, and food intake at thermoneutrality.



Response Figure 5. Change in body temperature, weight, and food intake at thermoneutrality.
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Minor:

4) The necessity of some of the long-term BAM15 effects in cells likely reflect a general energy
depletion rather than a specific effect of the compound on the AMPK pathway. This should be
noted.

RESPONSE: The manuscript has been updated to include discussion of energy depletion as it
pertains to activation of AMPK (Lines 382-384).

5) The title should be edited for better visibility of the study, e.g. Protonophore BAM15 etc.
RESPONSE: The manuscript title has been updated to improve visibility (Lines 1-2).
Referee #2 (Remarks for Author):

1) In the manuscript entitled « BAM 15 prevents dietary weight gain and improves glycemic
control in obese mice", Christopher L Axelrod et al. describe the effect of the compound BAM15,
a protonophore targeting mitochondria, in mitochondrial activity, energy expenditure, glucose
and lipid metabolism. Using cellular, transcriptomic, in vivo approaches, the authors claim that
the BAM15 compound mainly target adipose tissue and gasctrocnemius/muscle when injected
in C57BI6J, where it increases AMPK activity, resulting in increased fatty acid oxidation.
Altogether, these data are interesting in the fact that BAM15 does not seem to be toxic, while
improving glucose and lipid homeostasis in an obesity context. Although the study is highly
interesting, demonstrating that protonophore, in particular BAM15 could be used as a potential
new drug against obesity, NASH, ... the data presented are too preliminary at this stage and
need important clarifications before being published. Moreover, the general feeling of the
reviewer is that it is difficult to follow the results, since most of the figures are not well presented.
For example, many figures are not numbered, and each graph/data should be numbered to help
the reader to follow the manuscript. Some conclusions are not supported by the data.

RESPONSE: We thank the reviewer for highlighting the potential clinical applications of our
findings. We have substantially revised the manuscript to improve readability, including labeling
of all individual figures. To address the reviewer’s concerns regarding the study conclusions, we
performed additional experiments and added controls as described below.



2) Concerning the in vitro part, several controls of experiments should be shown, such as, for
example but not limited to, shcontrol in C212 treated with BAM15 (figure 3).

RESPONSE: We agree that accounting for plasmid introduction is an important experimental
control, and have since included throughout Figure 3 to improve data clarity and conclusiveness.
Regarding the remainder of wild type C2C12 experiments, BAM15 treatments were compared to
either a vehicle with matched DMSO concentrations (variable based on BAM15 concentration) or
equimolar solutions of DNP and/or FCCP. We did not include a non-vehicle (negative) control
across experiments as the primary BAM15 treatment (20 yM BAM15) was dissolved in DMSO
(0.01% (v/v) final) at a concentration where negligible cellular effects, such as cytotoxicity and
apoptosis, are observed [7].

3) | can understand that the transcriptomic analysis is done on cell lines, but it can really be
different from what can happen in mice. | would suggest to do a RNA-seq in tissues of mice
treated with the vehicle or BAM15, or at least to confirm some of the genes that were modulated
in C2C12.

RESPONSE: We also agree with the reviewer in that cellular transcriptomic profiling can greatly
differ from what is observed in tissues. For this work, RNA sequencing from cells was performed
prospectively as a means to identify regulatory pathways of interest, not to identify/demonstrate
a genetic basis for mechanism of action. Notably, the AMPK subunits were only modestly altered
by BAM15 treatment. This would be expected due to the rapid and sustained phosphorylation of
AMPK at Thrl72 in response to increases in the cellular AMP:ATP ratio. In this case, we would
expect that if gene expression of AMPK was altered, the total protein expression, rather than
phosphorylation, would be altered. From our cell and tissue experiments, total AMPK protein
expression was unaltered by BAM15. Though we have interest in conducting further sequencing
of tissues from BAM15 treated animals, tissue was not available at this time for further analysis.

4) Looking at the pathway analysis, it seems that cholesterol metabolism is the most affected
pathway, whereas the focus was done on AMPK. Why the authors did not study the cholesterol
pathway in BAM15 treated cells?

RESPONSE: The cholesterol synthesis pathway was significantly upregulated by BAM15
treatment in C2C12 cells. Though this is certainly of interest to the investigative team, AMPK-
related signaling was chosen for subsequent protein validation due to the well establish
relationship between bioenergetic efficiency and AMPK. We believed it to be was that
cholesterol biosynthesis was a required element linking reduced bioenergetic efficiency to
improvements in nutrient uptake. Rather, we postulate that it was likely a compensatory
mechanism to energy depletion, which was possibly more severe in vitro due to the inability to
mobilize circulating nutrients, unlike what would occur in mice.



5) Insulin tolerance tests should be performed to analyze the effect of BAM15 on insulin
sensitivity. This is key to demonstrate that BAM15 decreases insulin resistance, in a context
where beta cell mass is decreased, FGF21, GDF15 are also decreased. In addition, insulin
levels should be measured during ipGTT to demonstrate whether improved glucose tolerance is
linked to increased insulin secretion in response to a bolus of glucose. This can then be
correlated (or not) to IHC analysis of pancreatic sections, which show a clear decrease in insulin
staining.

RESPONSE: We agree with the reviewer that determining the relative contribution of insulin
sensitivity, secretion, or both in mediating the metabolic improvements observed after BAM15
treatment is of great importance. Based upon the comments of this reviewer and the cross-
reviewing exercise, we performed an additional set of experiments whereby male C57BL/6J
mice were randomized to two weeks of HFD (CTRL), HFD+BAM15 (BAM15), or calorie
restriction (CR) to match the body weight achieved in BAM15 treated animals. These data are
now represented in Figure 5 of the manuscript. After 2 weeks of treatment, BAM15 and CR
animals achieved equally reduced body weight relative to CTRL (Figure 5A). CR animals
required ~15% restriction of food intake, whereas food intake did not differ between CTRL and
BAMA15 treated animals (Figure 5D). Interestingly, BAM15 reduced fat mass and preserved lean
mass to a greater extent than CR (Figure 5B-C). We then performed IPGTTs with
measurement of both glucose (0,15,30,60,90, and 120 min) and insulin (O and 120 min).

Fasting glucose did not differ between groups (Figure 5E). BAM15 animals displayed improved
glucose tolerance relative to both CTRL and CR (Figure 5E-F). Baseline (PRE) concentrations
of insulin did not differ between groups (Figure 5G). After the two-week treatment period
(POST), BAM15 and CR treated animals had equally reduced fasting insulin concentrations
relative to CTRL (Figure 5G). Similar to glucose, the 120-minute insulin concentrations in
BAM15 treated animals were reduced relative to both CTRL and CR (Figure 5G). HOMA-IR was
then calculated as a validated index of insulin sensitivity, which was equally reduced in

BAM15 and CR relative to CTRL animals (Figure 5H), suggesting that the effects of BAM15 on
insulin sensitivity are weight dependent, whereas its effect on insulin secretion are additive to
weight loss. To further support a direct effect of BAM15 on insulin secretion, INS-1 832/13
pancreatic B-cells were pre-treated for 2 hours with varying concentrations of BAM15 under low
and high glucose conditions (Response Figure 6). Consistent with our histological, biochemical,
and in vivo findings, BAM15 reduced GSIS, which we would expect since tight coupling of
electron transport to oxidative phosphorylation is a major driver of insulin secretion. From these
experiments we concluded that BAM15 has weight independent effects on glycemic control,
which we attributed to greater reductions in fat mass and reduced insulin demand.

Response Figure 6. The Effect of BAM15 on GSIS in vitro.
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6) Beta cell mass should be measured more precisely.

RESPONSE: We have now included quantitation of beta-cell mass, which was determined by
multiplying the ratio of insulin positive to total pancreatic area (%) by pancreatic wet weight
measured at the time of necropsy as described previously [8]. These data are displayed in
manuscript Figure 6F.

7) Finally, to demonstrate, as claimed by the authors, that BAM15 is an AMPK agonist (which is
not true, since no CETSA nor in vitro AMPK activity demonstrate that BAM15 binds to AMPK) or
at least exerts part of its effect through the activation of AMPK, in adipose tissue, the use of
AMPK inhibitor or genetic deficient mice could have been use to unequivocally demonstrate the
interaction between BAM15 and AMPK pathways in regulating energy homeostasis.

RESPONSE: We thank the reviewer for their observations and agree that it is unlikely that
BAM15 binds to or directly interacts with AMPK. It is our belief that AMPK functions as a
catabolic energy sensor that is activated in response to reduced bioenergetic efficiency as it
would occur by other forms of energy depletion, such as starvation or exercise. We have
updated language in the manuscript to reflect this notion (Line 382-384). Additionally, we agree
with the reviewer that an in vivo experiment where AMPK is inhibited and/or genetically modified
would more conclusively demonstrate the role of AMPK in BAM15 mediated improvements in
weight regulation and glycemic control. However, it is our belief that such approaches are
outside of the scope of this investigation for the following reasons: 1) There are no AMPK-
specific pharmacological inhibitors. Dorsomorphin (also known as Compound C) is in our view
the most suitable candidate, as it does inhibit AMPK signaling and is somewhat widely used.
Dorsomorphin is also highly non-specific, equally if not more potently inhibiting bone
morphogenic protein (BMP) and transforming growth factor beta (TGFf) signaling [9, 10]. 2)
Given the limitations of currently available pharmacological approaches, genetically deficient
mice would be the most suitable approach. Specifically, deletion of AMPK from iWAT or adipose
tissue would be required for this approach. To our knowledge, such a mouse is not
commercially available and as such would require considerable time to generate, validate, and
back-cross over multiple generations. Generating such a mouse, though of great interest to our
research and certainly a focus moving forward, would significantly delay the dissemination of
the current findings and in our view, does not alter the primary outcomes of the study.

Referee #3 (Remarks for Author):

1) In this study Axelrod et al. examine the mitochondrial protonophore BAM15 in vivo and in
vitro as an anti-obesity agent. As the authors describe, this drug has already been nicely shown
to uncouple in vitro, but the current study extends this work, showing in vivo that it has anti
obesity and insulin sensitizing properties in vivo. They are appropriately measured with their
conclusions. | congratulate them on this nice study.

RESPONSE: We thank the reviewer for their time and appreciation of our work.
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1st Revision - Editorial Decision 14th May 2020

14th May 2020
Dear Dr. Kirwan,
Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have
now received the enclosed reports from the referees that were asked to re-assess it. As you will

see the reviewers are now globally supportive and I am pleased to inform you that we will be able
to accept your manuscript pending the following final amendments.

*+xk Reviewer's comments *****

Referee #1 (Remarks for Author):
Thank you for carefully addressing my points.

Irecommend that all the “response to the reviewer data" should be included in the manuscript.
From the thermal imaging the surface temperature should be shown next to the tail temperature.

Where the energy goes in the end should be thoroughly discussed.

Referee #2 (Remarks for Author):

The authors have greatly improved the quality of their manuscript and they have replied to my
comments. They have now included several key experimental controls and novel in vivo experiments.



2nd Authors' Response to Reviewers 15th May 2020

Referee #1 (Remarks for Author):
Thank you for carefully addressing my points.

| recommend that all the "response to the reviewer data" should be included in the
manuscript. From the thermal imaging the surface temperature should be shown next to
the tail temperature.

Where the energy goes in the end should be thoroughly discussed.

We thank the reviewer for their contributions to our work. The thermal imaging data has
now been added to the manuscript at Figure EV2G-H. We were unfortunately unable to
collect surface temperature data by this method, as the heat production from brown
adipose tissue confounds the skin temperature. We have also added discussion of heat
dissipation as it pertains to BAM15 treatment (Lines 390-393).

Referee #2 (Remarks for Author):
The authors have greatly improved the quality of their manuscript and they have replied
to my comments. They have now included several key experimental controls and novel

in vivo experiments.

We thank the reviewer for their time and thoughtful consideration of our work.



2nd Revision - Editorial Decision 15th May 2020

The authors performed the requested changes.
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experiments in an accurate and unbiased manner. http://www.equator-network.org/reporting-guidelines/reporting-recommendations-for-tumc
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful wav. http://datadryad.org
graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates. http://figshare.com
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
justified http://www.ncbi.nlm.nih.gov/ga
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation. http://www.ebi.ac.uk/ega
2. Captions http://biomodels.net/

Each figure caption should contain the following information, for each panel where they are relevant: . .
http://biomodels.net/miriam/
a specification of the experimental system investigated (eg cell line, species name). ://jjj.biochem.sun.ac.za
the assay(s) and method(s) used to carry out the reported observations and measurements ‘oba.od.nih.gov/biosecurity/biosecurity_documents.html|
an explicit mention of the biological and chemical entity(ies) that are being measured. http://www.selectagents.gov,
an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

a description of the sample collection allowing the reader to understand whether the samples represent technical or

biological replicates (including how many animals, litters, cultures, etc.).

a statement of how many times the experiment shown was independently replicated in the laboratory.

definitions of statistical methods and measures:

* common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods
section;

are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

exact statistical test results, e.g., P values = x but not P values < x;
definition of ‘center values’ as median or average;

definition of error bars as s.d. or s.e.m.

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself.
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).

We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human
subjects.

B- Statistics and general methods Please fill out these boxe: not worry if you cannot see all y«

text once you press return)

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size? Sample size was determined based upon changes in body weight with administration of the
mitochondrial uncoupler 2,4-dinitrophenol (Goldgof 2014 JBC).

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used. Sample size was determined based upon changes in body weight with administration of the
mitochondrial uncoupler 2,4-dinitrophenol (Goldgof 2014 JBC).

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre- No animals were excluded from analysis. In some cases, the sample size was reduced due to
established? availability of biological specimins.

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g. Animal Study 1) Animals were randomized 1:1 by a blinded biostatistician according to baseline
randomization procedure)? If yes, please describe. body weight. Animal Study 2) Animals were randomized 1:1:1 by a blinded biostatistician according

to baseline body weight.

For animal studies, include a about r ization even if no r ization was used. Animals were randomized 1:1 or 1:1:1 as appropriate by a blinded biostatistician according to
baseline body weight.

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results |Histological evaluations were qualitatively assesed by a blinded veterinary pathologist. Body
(e.g. blinding of the investigator)? If yes please describe. weight, body temperature, food intake, and IPGTT and IPITT were not blinded to the experimenter,
but were blinded to the biostatistician.

4.b. For animal studies, include a statement about blinding even if no blinding was done Histological evaluations were qualitatively assesed by a blinded veterinary pathologist. Body
weight, body temperature, food intake, and IPGTT and IPITT were not blinded to the experimenter,
but were blinded to the biostatistician.

5. For every figure, are statistical tests justified as appropriate? Yes

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it. Yes. Distribution was assesed via the D'Agostino-Pearson normality test.

Is there an estimate of variation within each group of data? Yes




Is the variance similar between the groups that are being statistically compared? Yes

C- Reagents
6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog |ACC - Cell Siganling - Cat#36765, AKT - Cell Signaling - Cat#2967, AMPK - Cell Signaling -
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g., Cat#2532, Anti-insulin - Abcam - Cat#ab7842, Anti-PDX1 - Abcam - Cat#655454-2CCA, AS160 -
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right). Millipore - Cat#2585826, Amersham ECL Rabbit IgG, HRP-linked F(ab')2 fragment (from donkey) -

GE Healthcare Life Sciences - Cat#NA9340, LS mouse IgG HRP-linked whole ab - GE Healthcare Life
Sciences - Cat#NA931, HSC70 - Santa Cruz Biotechnology - Cat#SC-7298, Na+K+ATPase - Cell
Signaling - Cat#3010, pACCS79 - Cell Signaling - Cat#11818, pAKTT308 - Cell Signaling - Cat#13038,
PAMPKT172 - Cell Signaling - Cat#2531, pAS160T642 - NOVUS - Cat#29854, Vinculin - Cell
Signaling - Cat#13901.

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for C2C12 (CRL-1772) cells were purchased from American Type Culture Collection (ATCC, Mannassas,
mycoplasma contamination. VA, USA). AML12 (CRL-2254) hepatocytes were purchased from ATCC . 3T3-L1 adipocytes were a
gift from Dr. Elizabeth Floyd (elizabeth.floyd@pbrc.edu) of the Pennington Biomedical Research
Center. All lines were recently authenticated and tested negative for mycoplasma contamination.

* for all hyperlinks, please see the table at the top right of the document

D- Animal Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing |Male, wild-type C57BL/6) mice (stock no. 000664) were purchased from The Jackson Laboratory
and husbandry conditions and the source of animals. (Bar Harbor, ME, USA) and utilized for experiments and procedures at 10-14 weeks of age. All
animals were single housed in corncob bedding with paper shavings and PVC pipe as enrichment.
Cages were changed weekly. Unless otherwise noted, animals had ad libitum access to food and
water. Animals were maintained at 20-22 degrees Celsius (unless otherwise noted), 50-60%
humidity, and 12h light/dark cycle for the duration of the study. Diet was purchased from Research
Diets (New Brunswick, NJ, USA).

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the |All experiments and procedures involvoing vertebrate animals were approved by the Institutional
committee(s) approving the experiments. Animal Care and Use Committee (IACUC) of the Pennington Biomedical Research Center, Baton
Rouge, LA, USA (permit #1048).

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), 1000412, 2010) to ensure |Confirmed
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.

E- Human Subjects

11. Identify the committee(s) approving the study protocol. N/A

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments N/A
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human
Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. N/A
14. Report any restrictions on the availability (and/or on the use) of human data or samples. N/A
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. N/A

16. For phase Il and IIl randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) |N/A
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under ‘Reporting
Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at [N/A
top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

F- Data Accessibility

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data GEO:GSE138790
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the Data will be made available upon request to the corresponding author.
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets
in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting[N/A
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. Computational models that are central and integral to a study should be shared without restrictions and provided ina |N/A
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized format
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited
in a public repository or included in supplementary information.

G- Dual use research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top No
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.
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