Supplemental information

Mitochondrial fraction preparation
[bookmark: _GoBack]Mitochondrial fraction was prepared using a Mitochondria/Cytosol Fractionation Kit (Abcam, ab65320). Briefly, brown adipose tissue (1 ml buffer per 10 mg tissue) or primary brown adipocyte pellet (1 ml buffer per 5 x 107 cells) was homogenized using 2-ml Potter-Elvehjem homogenizer with Teflon pestle. After removing nuclear debris by centrifugation at 700 g (10 min), mitochondrial fraction was collected by centrifugation at 10,000 g (30 min). All the steps were performed on ice/4°C to prevent mitochondrial damage. Enrichment of mitochondria was confirmed by checking the level of mitochondrial and cytosolic proteins.

Fluorescence staining 
For colocalization of SQSTM1 and mitochondria, cells were incubated with 100 nM Mitotracker Red CMXRos (Thermo Fisher Scientific, M7512) for 30 min before fixation, followed by washing, blocking, and conjugation with primary antibodies (SQSTM1) overnight at 4°C. Anti-rabbit IgG–Alexa Fluor Plus 488 (Thermo Fisher Scientific, A32731) was used as the secondary antibody. Cells were washed and stained with DAPI (Sigma-Aldrich, D9542) for 10 min (1 g/ml in PBS) before imaging. For colocalization of lipid droplets and MAP1LC3B, cells were conjugated with primary antibody (MAP1LC3B) overnight. Anti-rabbit IgG–Alexa Fluor 633 (Thermo Fisher Scientific, A21071) was used as the secondary antibody. Cells were washed and stained with BODIPY (Thermo Fisher Scientific, D3922) (30 min, 2 g/ml in PBS) and DAPI (10 min, 1 g/ml in PBS) before imaging.

Figure S1. T3 induced autophagy in BAT and primary brown adipocytes. (A) Graph showing increased number of autophagic vesicles in BAT of hyperthyroid mice. Autophagic vesicles were counted using electron microscopic images at direct magnification of 10,000X for the various treatment conditions (at least 10 images per treatment condition). Values are expressed as number of autophagic vesicles per field. Result represents mean ± SEM. (B) Dose-dependent induction of MAP1LC3B-II in primary brown adipocytes treated with 0, 1 and 10 nM of T3 for 24 h. Result represents mean ± SD (n = 3) where n represents number of independent experiments. (C) MTS assay showing cell viability of primary brown adipocytes after 24-h treatment of different concentrations of T3. Result represents mean ± SD (n = 6) where n represents number of independent experiments. (D) Graph showing number of autophagic vesicles in T3-treated (10 nM, 24 h) primary brown adipocytes. Result represents mean ± SEM. **: P < 0.01.

Figure S2. T3 induces mitophagy in BAT and primary brown adipocytes. (A) Original immunoblots showing COX4I1, TOMM20 and GAPDH levels in BATs of hyperthyroid mice injected with chloroquine (CQ) to block autophagy. (B) Representative images showing primary brown adipocytes transfected with pMT-mKeima-Red plasmid and treated with 10 nM T3 for 24 h. Nuclei is in blue (Hoechst 33342). Green color represents cytosolic mitochondria (Cyt-Mt, preferentially excited at 440 nm) and red color represents lysosomal mitochondria (Lyso-Mt, preferentially excited at 550 nm). Scale bar: 10 m. (C) Quantitative analysis showing the average number of red puncta in each transfected cell. ImageJ software was used for quantification (at least 20 transfected cells per each sample in 5 different fields). (D) Representative immunoblots showing SQSTM1 and MAP1LC3B-II levels in mitochondrial fraction of hyperthyroid BAT. Graphs show the band intensity of SQSTM1 and MAP1LC3B-II relative to VDAC1. Result shows mean ± SD (n = 3) where n represents number of independent experiments. (E) Representative immunoblots and densitometry showing SQSTM1 and MAP1LC3B-II levels in mitochondrial fraction of brown adipocytes treated with 10 nM T3 for 6 h. Result shows mean ± SD (n = 3) where n represents number of independent experiments. (F) Confocal images showing primary brown adipocytes treated with 10 nM T3 for 6 h. Green color represents SQSTM1 stained with Alexa Fluor 488 secondary antibodies. Red color represents mitochondria stained with MitoTracker Red. Yellow color represents colocalization of SQSTM1 and mitochondria. (G) Quantitative analysis showing percentage of overlapping signal over total green signal to represent relative colocalization. ImageJ software was used for quantification (at least 10 transfected cells per each sample in 3 different fields). Result shows mean ± SEM. Scale bar: 10 m *: P < 0.05, ***: P < 0.001.

Figure S3. T3 does not induce oxidative stress in brown adipocytes and BAT. (A) Representative blots and quantification showing amount of protein carbonyls in hyperthyroid BATs. Bar represents mean ± SEM (n = 5). (B) Representative immunoblots and densitometry showing protein carbonylation in primary brown adipocytes treated with 10 nM T3 for 24 h. GAPDH was used as the loading control. Bar represents mean ± SD (n = 3) where n represents number of independent experiments. (C) Representative oxyblot showing increased carbonyl proteins in primary brown adipocytes treated with 1 µM norepinephrine (NE) for 1 h. (D) Representative immunoblots showing phosphorylation level of PRKAA and its downstream target ACACA in hyperthyroid BAT Bar represents mean ± SEM (n = 5). (E) Representative immunoblots showing phosphorylation level of PRKAA and its downstream target ACACA in T3-treated primary brown adipocytes. Bar represents mean ± SD (n = 3) where n represents number of independent experiments. (F) Representative immunoblots showing T3 increased the MAP1LC3B-II level in Ucp1 siRNA-transfected primary brown adipocyte (siUcp1). *: P < 0.05.

Figure S4. Autophagy inhibition led to increased oxidative stress and reduces mitochondrial activity in primary brown adipocytes. (A) Representative immunoblots and densitometry showing Atg5 knockdown in primary brown adipocytes. Bar represents mean ± SD (n = 3) where n represents number of independent experiments. (B) Seahorse analysis of oxygen consumption rate (OCR) for primary brown adipocytes treated with 10 nM T3 for 24 h and 50 nM Baf 6 h before analysis. OCR was measured continuously throughout the experimental period at baseline and in the presence of the indicated drugs. (C) Graphs showing basal and maximal OCR of primary brown adipocytes treated with T3 and/or Baf. Result shows mean ± SD (n = 6) where n represents number of independent experiments. *: P < 0.05, **: P < 0.01, ***: P < 0.001 compared to control. #: P < 0.05, ##: P < 0.01, ###: P < 0.001 compared to T3-treated group.

Figure S5. A BAT-specific Atg5 conditional knockout (Atg5 cKO) mouse model was generated by injecting Ucp1 promoter-driven Cre-expressing adeno-associated virus into Atg5Flox/Flox mice. Representative immunoblots and quantification showing ATG5 level in WAT of Atg5 cKO mice. Bar represents mean ± SEM (n = 3). 

Figure S6. T3 inhibited MTOR in a brown adipocyte cell line. (A) Representative immunoblots showing effect of Ucp1 knockdown on phosphorylation of RPS6KB. (B) Confocal images showing nuclear translocation of TFEB in brown adipocyte cell line mBAP-9 transfected with GFP-TFEB plasmid and treated with T3 for 6 h. Blue, nuclei, DAPI; green, TFEB, GFP. Scale bar: 20 m. (C) Quantitative PCR showing transcript level of Atg5 and Atg7 in primary brown adipocytes treated with T3 for 6 h using Polr2 as the internal control. Result represents mean ± SD (n = 3) where n represents number of independent experiments. *: P < 0.05, **: P < 0.01.

Figure S7. SIRT1 inhibitor abolished T3-induced autophagic flux in primary brown adipocytes. (A) Representative immunoblots and quantification showing SIRT1 inhibitor EX527 blocked deacetylation of FOXO1 by 10 nM T3. Bar represents mean ± SEM (n = 3) where n represents number of independent experiments. *: P < 0.05 (B) Representative immunoblots showing EX527 abolished T3-induced autophagic flux in primary brown adipocytes. Cells were treated with EX527 and/or 10 nM T3 for 24 h. Baf was added 6 h before harvest. 

Figure S8. PNPLA2 phosphorylation in hyperthyroid BAT. Immunoblots and quantification showing levels of (A) PRKA substrate and (B) PNPLA2 phosphorylation in BATs of hyperthyroid mice. Bar represents mean ± SD (n = 3). *: P < 0.05, **: P < 0.01.



Table S1. Primer sequences.
	Gene
	Forward primer 5’ to 3’
	Reverse primer 5’ to 3’

	Ucp1
	CTTTTTCAAAGGGTTTGTGG
	CTTATGTGGTACAATCCACTG

	Prdm16
	TGGGCTTTGACCATACCCG
	GGTACCCTGGCTTTGGACTC

	Ppargc1a
	TCCTCTTCAAGATCCTGTTAC
	CACATACAAGGGAGAATTGC

	Cpt1b
	ACTAACTATGTGAGTGACTGG
	TGGCATAATAGTTGCTGTTC

	Acsl1
	GAACAAAGCTGAACTCTCTG
	CTTTGAGGCTGATGATTTCC

	Pnpla2
	CAACCTTCGCAATCTCTAC
	TTCAGTAGGCCATTCCTC

	Lipe
	AACTCCTTCCTGGAACTAAG
	CTTCTTCAAGGTATCTGTGC

	Map1lc3b
	ATAGAACGATACAAGGGTGAG
	CTGTAAGCGCCTTCTAATTATC

	Sqstm1
	AGGATGGGGACTTGGTTGC
	TCACAGATCACATTGGGGTGC

	Pck1
	AATATGACAACTGTTGGCTG
	AATGCTTTCTCAAAGTCCTC

	Nrf1
	AAACAAAGGGTTTCATGGAC
	GGTACGAGATGAGCTATACTG

	Sod1
	CACTCTAAGAAACATGGTGG
	GATCACACGATCTTCAATGG

	Sod2
	CTTCAATAAGGAGCAAGGTC
	CAGGTCTGACGTTTTTATACTG

	Gpx1
	GGAGAATGGCAAGAATGAAG
	TTCGCACTTCTCAAACAATG

	Polr2
	CGGTTGAATCTTAGTGTGAC
	ATAGCCAACTCTTGGATCTC

	mt-Co1
	CAGTCTAATGCTTACTCAGC
	GGGCAGTTACGATAACATTG

	Gapdh
	GGGAAGCCCATCACCATCTTC
	AGAGGGGCCATCCACAGTCT




