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Antibodies
Antibodies used

RNA-Seq data associated with this study is available from Gene Expression Omnibus [GSE129153] (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?
acc=GSE129153). Human GWAS data is available from The Type 2 Diabetes Knowledge Portal (http://www.type2diabetesgenetics.org/). Mass spectrometry
metabolomics data associated with this study is available from the EBI MetaboLights Database [MTBLS2436]. A Source Data are provided as a Source Data file
containing data on all figures within this manuscript.

Sample sizes for animal experiments (primary outcomes: change in weight and energy expenditure) were calculated using power calculations.
Standard deviations were based on previous studies or on the available literature. Power calculations were made using beta = 0.8 and " =
0.05. Where sample sizes were not calculated sample size was considered adequate based on the size and reproducibility of between group
differences.

Data was only excluded where experiments failed (based on positive or negative controls, animals or cells failed to meet experiment endpoint
or variance of internal standards), or where limited material (human tissues) were exhausted.

Replicate experiments were successful. Experiments were replicated a minimum of twice with the exception of human volunteer studies and
sufficiently powered animal studies.

All samples were randomly assigned to experimental groups. Animals were weight matched and randomly assigned to experimental groups.
Cells in culture wells were randomly assigned to study groups.

For animal studies researchers were blinded to experimental groups by core technicians in the animal facility to avoid bias and aid
reproducibility - e.g. PET/CT studies. Experimentalists were blinded to study groups for cell culture endpoint data collection and analysis.
Experimentalists were blinded to human patient data including BMI for human tissue analyses by clinical and research staff.

Mouse anti-human/anti-mouse UCP-1 monoclonal antibody (R&D Systems MAB6158, Minneapolis, USA)

Anti-UCP1 primary antibody (abcam ab23841, UK)

Alexa455 AffiniPure donkey anti-mouse IgG (H+L) antibody (Jackson ImmunoResearch 715-545-150, West Grove, USA)
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Validation
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Laboratory animals

Wild animals

Field-collected samples

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Human research participants
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Population characteristics

Anti-UCP1 primary antibody (abcam ab23841, UK): This antibody is validated for Western blotting and Immunohistochemistry
(https://www.abcam.com/ucp1-antibody-ab23841.html)

Mouse anti-human/anti-mouse UCP-1 monoclonal antibody (R&D Systems MAB6158, Minneapolis, USA): This antibody is validated
for Western blotting and Immunohistochemistry amongst other applications https://www.rndsystems.com/products/human-mouse-
ucp1-antibody-536435_mab6158.

Alexa455 AffiniPure donkey anti-mouse IgG (H+L) antibody is validated for immunofluorescence procedures (https://
www.jacksonimmuno.com/catalog/products/715-545-150).

C2C12 cells were purchased from the European Collection of Authenticated Cell Culture Operated by Public Health England.

Adult human skeletal myoblasts were purchased from Cell applications Inc. (Cat no. 150-05a).

Human white primary preadipocytes were purchased from PromoCell, Heidelberg, Germany (Cat no. C-12735).

Immortalized Human white adipocytes were obtained from Dr Yu-Hua Tseng by AstraZeneca, Aaron Klug Building, Granta
Park, Cambridge, CB21 6GH, UK in 2016

Human primary adipocytes are authenticated by the suppliers. In addition, both human primary (PromoCell, Heidelberg,
Germany, Cat no. C-12735) and immortalized adipocytes are tested for cell morphology, adherence rate, and cell viability.
Growth performance is tested through multiple passages under culture conditions. Preadipocytes are tested for their
capacity to differentiate into mature adipocytes using morphological and gene/protein expression markers.

Human primary skeletal myoblasts (Cell applications Inc. Cat no. 150-05a) are authenticated by the suppliers. In addition
myoblasts are tested for their ability to attach, spread and proliferate in culture conditions. The cells are authenticated for
their capacity to form multinucleated myotubes using morphological and gene/protein expression markers following
differentiation.

The C2C12 cell line was purchased from Sigma Aldrich (Cat no 91031101) and authenticated by the providers. In addition we
authenticate that C2C12 cells on differentiation express muscle specific markers and exhibit a myotube morphology and have
previously published details that these cells express these markers: Ashmore et al. Nitrate enhances skeletal muscle fatty acid
oxidation via a nitric oxide-cGMP-PPAR-mediated mechanism. BMC Biol. 13:110.

All cells have been tested for mycoplasma contamination by the providers (negative results).

No commonly misidentified cell lines were used in this study.

For primary adipocyte isolation 6–10-week-old C57BL/6J male mice were used (Charles River). For metabolite treatment studies six-
week-old male C57BL6/J mice were used (Charles River). These mice were were housed in conventional cages at room temperature
with humidity maintained at 40 – 60% and a 12 hour light/dark photoperiod.

For temperature conditioning studies 12 week old male C57BL6/J mice were used. Animals were housed in a specific pathogen free
facility with 12 hour light and 12 hour dark cycles and humidity maintained at 40 – 60%. Mice underwent thermal adaptation at 12
weeks of age. One group was placed at 8!C for 4 weeks, a second group was maintained at room temperature for 3 weeks then
placed at 8!C for one week, a further group was placed at 28!C for 4 weeks and a final group was maintained at room temperature
for 4 weeks (21-23!C). The mice were terminated at 16 weeks of age.

The study did not involve wild animals.

The study did not involve animals collected from the field.

All animal studies were regulated under the Animals (Scientific Procedures) Act 1986. For the cold conditioned studies these were
also under Amendment Regulations 2012 following ethical review by the University of Cambridge Animal Welfare and Ethical Review
Body (AWERB). All procedures were carried out in accordance with U.K. Home Office protocols by a personal license holder under a
Home Office Project Licence.

Forty two patients were recruited for this study. The primary outcome was mass spectrometry analysis of metabolites in
subcutaneous white adipose tissue biopsies and correlation to body mass index. Where sufficient tissue remained, a
secondary assessment was analysis of gene expression in subcutaneous white adipose tissue (30 patients). Inclusion criteria
for subjects included:

Normal cardiac function on echocardiography




