Supplemental Figures

A
~ 21 7 o ey RT
S M Cold
8
0 *kk
o 14 5 *x kK
i’ T T T T - T - T
g 07
£
o
= 0.0
5 ]
A 00 QXD AN
% > & &
LLEFLF YL L
NN o v
s Fy O
0
C
BAT Coldihr - + - +
ATGL * % 98 =% ==
HSL *% p &% e
UCP1 ¢ == e»
B-Actin == && “= S
E Con
BAT Con Iso 15min W Iso
LysInh - + - + 1.2
-t 3
LC3 e e el = 09
i 3 2 06
- e . 9
Ponceau - o 0.3
- ' zZ -
- - 0.0

B
25 1 ** RT
3 M Cold
™ 20 1
(2]
©
3 1.5 1
<z( T
T 1.0 T - T —_ -
£
[
< 0.5 1
=
[0
VISP AIS R
A ~<)q> c§° N q;(\’\ fz§
s F v
G
D
— *kk
BAT 3 2 ar
& 20
-0 W Cold
[ 15
L 4
=
& 5
£ 04~
F Con
Liver Con Iso 15min ™ Iso
Lysinh - + - + » 0.9 ®
-—-— 2
O3 e o w1l = 06
=B 3
Ponceau - - = 03
2 T
L 0.0

Figure S1, Related to Figure 1. Cold activates autophagy in liver and BAT. (A-B) qPCR for autophagy
(Atg) genes in liver and epididymal white adipose tissue (eWAT) from room temperature (RT)-housed and 1
hr cold-exposed regular chow-fed 5-6 mo male mice, n=4. (C) IB for indicated proteins and (D) qPCR
analyses for AdB3 expression in BAT from RT and 1 hr cold-exposed 5-6 mo male mice, n=4. (E) IB for LC3
in BAT and (F) liver from RT-housed mice pre-treated with intraperitoneal (i.p.) Lys Inh for 2 hr and injected
i.p. isoproterenol (Iso, 10 mg/kg body weight) for 15 min, n=3. Values are meants.e.m. *P<0.05, **P<0.01,
*** P<0.001; Student’s t-test.
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Figure S2, Related to Figure 2. Cold activates hypothalamic autophagy. (A) QPCR analyses for c-fos
gene expression in the mediobasal hypothalamus from RT-housed and 1 hr cold-exposed regular chow-fed
5-6 mo-old male mice, n=4. Values are Meants.e.m. *** P<0.001; Student’s t-test.
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Figure S3, Related to Figure 3. Autophagy degrades LD in BAT. (A) Immunofluorescence for BODIPY
and LAMP1 in BAT sections from RT-housed and 1 hr (F:/(gld-exposed 6 mo old male mice, n=3. Scale: 10
um. (B) Atg7 expression in eWAT and iWAT from Atg7 mice injected in BAT with control adenoviruses
(Con-AdV) or Cre-expressing AdV (Cre-AdV), n=3. Values are mean  s.e.m., Student’s t-test.
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Figure S4. Related to Figure 4. POMCergic autophagy controls
Hematoxylin/Eosin (H&E) stains in BAT from fed and 24 hr fasted 5-6 mo-old male control and Atg7KO"
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mice. (B) LC3-Il flux in BAT treated or not with lysosomal inhibitors (Lys Inh) for 2 hr from 1 hr cold-exposed
control and Atg7KO"°™® 6 mo-old male mice, n=3. (C) Immunofluorescence (IF) for BODIPY in BAT from
room temperature-housed (RT) and 1 hr cold-exposed 6 mo-old male control and Atg7KOPO'VIC mice, n=3,
and intraperitoneal saline or isoproterenol (Iso, 10 mg/kg body weight for 15 min) injected 4-6 mo-old male
control and Atg7KOPO'VIC mice, n=3. Scale: 10 um. (D-E) Atg7 and Atg5 expression in BAT and liver from 5-6

mo old male control and Atg7KO"°M

C

mice, n=3. Values are mean * s.e.m. *P<0.05; Student’s t-test.
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Figure S5. Related to Figure 5. Activation of mediobasal hypothalamic autophagy and depletion of
BAT LD by rapamycin. (A) Phospho (P)/total p70SK6 levels in MBH from 6 mo male intra-mediobasal
hypothalamus (MBH) DMSO and rapamycin (Rap)-injected mice. (B) LC3-II flux in MBH explants from intra-
MBH DMSO and Rap injected 5 mo female control and Atg7KOP mice. Each sample contains MBH from 3
mice, n=3. &C) BODIPY 493/503 stains in BAT from intra-MBH DMSO or Rap-injected 6 mo male control and
Az‘g7KOF’O'VI mice, n=5. (D) gPCR analyses in liver, and (E) serum triglycerides (TG) from intra-MBH DMSO
and Rap-injected 6 mo male mice, n=5. Bars are meants.e.m. *P<0.05, **P<0.01, ***P<0.001; Student’s t-
test. Values are mean + s.e.m.



c

HSL IP from BAT LD

A Liver Hom LD MBH-DMSO
= MBH-Rap IP:HSL Input
MBH-Rap - + - + MBH-Rap - + -t
- «| QZ 20 32 30 I9G
e . = .
LC3 el C7F £g hst B << GR0N
P-HSL - g2 22 20 ve <!
- L ) - et .
- 83 10 33 LC3 - <
HSL - = & 10
T ® 05 Z28c
ATGL - - S E s E D L Tryp
© ver -
PLIN3 —— S3g 00 g2 00 Cold APh c = +Tryp
[20N7)) -
GAPDH s s Te g Hom -+ Tryp S 150
o nst I S
o
B oL R § & 100
— ©
o= 50 N
ATGL 141 ANVCI|STFIPV|YCGLIPPTLQGVRYVDGGIS LC3 — <l 23 I
kB . 5 0
ATGL NP_080078 o = 8
1 mfpretkwni sfagcgflgv yhigvasclr ehapfivana thiygasaga ltatalvtga '(2 '}
61 clgeaganii evskearkrf Igplhpsfnl vktirgcllk ipadchera ngrigisitr - ~ X
121 vsdgenviis hfsskdeliq anvestfipv ycgl?ppllq gvryvdggis dnlplyelkn WT-ATGL-mCherry/BODIPY <
181 titvspfsge sdicpqdsst nihelrvint sigfnirnly riskalfppe pmviremckq
241 gyrdglrflr rnalleacve pkdimttisn mipvrlatam mvpytiples avsftirlle
301 wipdvpedir wmkeqtgsic qylvmrakrk Igdhlpsrls eqvelrrags Ipsvplscat
361 ysealpnwvr nnisigdala kweecqrqll Igifctnvaf ppdalrmrap asptaadpat
421 padppglppc
HSL isoform 1 NP_034849 £l
1 mepavesapv gaqaskqgke gsknrsrrrw rkgkikasaf shsmdirtmt gslvtiaedn o)
61 maffssq%pgi etarrlsnvf agvreqalgl eptiggligv ahhfdidtet pangyrsivh 2]
121 tarcclahll hksryvasnr ksiffrashn laeleaylaa Itglramayy aqrlitinrp +
181 gviffegdeg Itadflqeyv tihkgefygr clgfaftpai rpfigtisig Ivsfgehykr
241 netglsvtas slftggrfai dpelrgaefe riignldvhf wkafwnitei evisslanma
301 sttvrvsrll slppeafemp Itsdpritvt ispplahtgp apvlarlisy diregqdskv
361 Inslaksegp rlelrprphq aprsralvvh ihgggfvaqgt skshepylkn wagelgvpif
421 sidyslapea pfpraleecf faycwavkhc dligstgeri clagdsaggn Icitvsiraa
481 aygvrvpdgi maaypvttlq ssaspsrlls Imdpliplsv Iskcvsaysg teaedhfdsd
541 gkalgvmglv grdtslfird Irigasswin sflelsgrkp gkttsptaes vrptesmrrs
601 vseaalaqgpe gligtdtikk Itikdisnse psdspemsqs metigpstps dvnffirpgn
661 sqeeaeakde vrpmdgvprv raafpegfhp rrssqgvihm plytspivkn pfmspllapd
721 smiktippvh Ivacaldpml ddsvmfarrl rdiggpvtlk vwediphgfl slaalcretr
781 qatefevqri rliltppaap In
£
HSL isoform 2 NP_001034596 2
1 mdirtmtgsl vtlaednmaf fssq?pgela rrisnvfagy reqalglept Iggligvahh $
61 fdldtetpan gyrsivhtar cclahlihks ryvasnrksi ffrashnlae leaylaaltq +
121 Iramayyaqr litinrpgvl flegdeglta dfigeyvtih kgcfygrelg faftpairpf
181 Iqtisiglvs fgehykrnet glsvtasslif tggrfaidpe Irgaeferii gnldvhfwka
241 fwniteievl sslanmastt vrvsrllslr peafemplts dpritvtisp plahtgpapv
301 larlisydlr egadskvins laksegprle Irprphgapr sralvvhihg ggfvaqtsks
361 hepylknwaq elgvpifsid yslapeapfp raleecffay cwavkhedll gstgericla
421 gdsaggnlci tvsiraaayg vrvpdgimaa ypvttigssa spsrlisimd pliplsvisk = * k% "
481 cvsaysgtea edhfdsdqgka Igvmglvqrd tsiflrdirl gasswinsfl elsgrkpakt 8 0.3 Un-transfected Con
541 tsptaesvrp tesmrrsvse aalagpegll gtdtikklti kdisnsepsd spemsgsmet - EX T m WT-ATGL
601 Igpstpsdvn ffirpgnsqe eaeakdevrp mdgvprvraa fpegfhprrs sqgvihmply S 970 . _
661 tspivknpfm spllapdsml ktippvhiva caldpmidds vmfarrirdl ggpvtikvve 2 X 02 *x ALIR-ATGL
721 diphgfisla alcretrqat efcvarirli Itppaapin % 8 g' —_—
+ o= 01
-8
—
< 0.0
*k
F 0.35 o
WT-ATGL ALIR-ATGL WT-ATGL/Inh  ALIR-ATGL/Inh 0.30 L
£ 3 0% #oy
o T
£ 5 E 0.20 - Fokk
g S Z o015 =
) + A~ 010 #ﬁ_# Kk Kk
+ -
005114 2 3 4 5 6
0.00
;n.s.—]

Figure S6. Related to Figure 7. Lipases require LIR motifs for lipolysis. (A) Immunoblots for indicated proteins
in liver homogenates (Hom) and LD from intra-MBH DMSO or Rap injected mice. Quantifications for LC3-II/LC3-I
and indicated proteins in LD normalized to PLIN3 (5 BAT pads pooled per sample, n=2). (B) ATGL and HSL contain
LC3-interacting region (LIR) motifs (shown in red). (C) HSL-LC3 co-IP in BAT LD from intra-MBH DMSO or Rap-
injected mice. (D) Autophagosomes (APh) from livers from cold-exposed mice subjected to LC3 trypsin protection
assay (5 livers pooled per sample, n=2), and IB for indicated proteins, n=2. (E and F) Direct fluorescence for
mCherry/BODIPY in serum-fed NIH3T3 cells expressing mCherry-positive WT-ATGL or ALIR-ATGL treated with
(0.25 mM)ZOA -/+ lysosomal inhibitors (Inh) for 6 hr. Dotted lines outline transfected cells. LD content depicted as

area (pixel ) per cell. At least 40 cells were analyzed from n=3. Scale: 10 ym. Bars are meanzs.e.m. *P<0.05,
**P<0.01, **P<0.001, (¥P<0.05, ##¥P<0.01, ###P<0.001 compared to panel 1 in F), Student’s t-test.



Supplemental Experimental Procedures

Fluorescence microscopy

Cells were fixed on coverslips with a 4% paraformaldehyde (PFA) solution, and blocked and incubated with primary and
secondary antibodies (Alexa Fluor 488 and/or Alexa Fluor 647 conjugated) (Invitrogen). For lipid droplet (LD) detection, cells
were incubated with BODIPY 493/503 for 20min at RT. Frozen MBH sections from 4% PFA-perfused mice or BAT sections
(5pm thick) were fixed in 3% PFA in 1x PBS for 10 minutes and blocked with 3% horse serum, 1% BSA in 1x PBS containing
0.4% triton X-100 for 1 hour at room temperature. Mounting medium contained DAPI (4', 6-diamidino-2-phenylindole) to
visualize the nucleus (Invitrogen). Images were acquired on a Leica DMI6000B microscope/DFC360FX 1.4-megapixel
monochrome digital camera (Leica Microsystems, Germany) using X63 or X100 objective/1.4 numerical aperture. Images were
acquired at similar exposure times in the same imaging session. Image slices of 0.2um thickness were acquired and
deconvolved using the Leica MetaMorph acquisition/analysis software. All images were subjected to identical post-acquisition
processing. Quantification was performed in deconvolved images after appropriate thresholding using the ImageJ software
(NIH) (Schneider et al., 2012) in a minimum of 30 cells or as otherwise indicated for specific experiments from at least 2
experiments. Cellular fluorescence intensity was expressed as mean integrated density as a function of individual cell size.
Percentage colocalization was calculated using the JACoP plugin in single Z-stack sections of deconvolved images.
Colocalization is shown in native images and/or as white pixels using the “colocalization finder” plugin in ImageJ (Schneider et
al.,2012). LD area is represented as pixel®.

RNA isolation and qPCR analyses
Total RNA was isolated as previously described (Martinez-Lopez et al., 2013).

The following primers were used:

Adp3 forward (f) 5’-ggcaacctgctggtaatcat-3’ reverse (r) 5’- tccactgacgtccacagttc-3’
Atg3 (f) 5’-gcagacatggaagaatatgaag-3’ (r) 5°-ggtgtctggtaatatttgtcg-3'

Atg4b (f) 5’-tgggtgttattggagggaag-3’ (r) 5’-cagaaaaaccccacagcaat-3’

Atg5 (f) 5’-tagaatatatcagaccacgacg-3’ (r) 5’-ctcctcttetetccatette-3’

Atg7 (f) 5’-tccgttgaagtcctetgett-3° (r) 5’-ccactgaggttcaccatcct-3’

Beclinl (f) 5°-ggccaataagatgggtctga-3’ (r) 5°-gctgcacacagtccagaaaa-3’

Cd36 (f) 5’-tgctggagctgttattggtg-3° (r) 5’-tgggttttgcacatcaaaga-3’

c-Fos (f) 5’-ggggcaaagtagagcagcta-3’ (r) 5°-ggctgccaaaataaactcca-3’
Gabarap (f) 5’-gtcccggtgatagtggaaaa-3’ (r) 5’-tgggtggaatgacattgttg-3’

Gabarapll (f) 5’-tcgtggagaaggctcctaaa-3’ (r) 5’-atacagctggcccatggtag-3’
Gabarapl?2 (f) 5’-tctcgggctctcagattgtt-3° (r) 5’-gtgttctctecgetgtagge-3°
Lc3b (f) 5’-acaaagagtggaagatgtccggct-3’ (r) 5’-tgcaagcgecgtctgattatcttg-3’
Lampl (f) 5’-tagtgcccacattcagcatcteca-3’ (r) 5’-ttccacagacccaaacctgtcact-3’
Pnpla2 (ATGL) (f) 5’-atttatcccggtgtactgtggect-3° (r) 5’-agtggcaagttgtctgaaatgceg-3’
Pparg (f) 5’-aatccttggccctctgagat-3’ (r) 5’-ttttcaagggtgccagtttc-3’
Tbp (f) 5’-gaagctgcggtacaattccag-3’ (r) 5’-ccccttgtacccttcaccaat-3’
Tfeb (f) 5°-gcggcagaagaaagacaatc-3’ (r) 5’-ctgcatcctecggatgtaat-3°
Ucpl (f) 5’-actgccacacctccagtcatt-3’ (r) 5’-ctttgcctcactcaggattgg-3’
Ulkl (f) 5’-agattgctgactttggattc-3’ (r) 5’-agccatgtacataggagaac-3’
Plasmids

Transient transfections were performed with Lipofectamine 2000 (Invitrogen) as per the manufacturer’s instructions. ATGL
plasmid was a kind gift from Dr. Carole Sztalryd Woodle (University of Maryland School of Medicine), and site-directed
mutagenesis was used to introduce F147A and V150A mutations using a commercial kit (Life Technologies).

Histological analyses

The Histology and Comparative Pathology core at the Albert Einstein College of Medicine performed histological analyses.
Paraffin-embedded sections (Spm thick) of formalin-fixed tissues were subjected to Hematoxylin and Eosin (H&E). Sections
were analyzed under a Nikon light microscope at the indicated magnification and quantified with ImagelJ software (NIH, USA).



Bioenergetics

Tissue bioenergetics was determined using a Seahorse respirometer (Cypess et al., 2013). Briefly, BAT and liver were collected
rapidly after sacrifice, and rinsed with Krebs-Henseleit buffer (KHB) (111mM NaCl, 4.7mM KCI, 2mM MgSO,, 1.2mM
Na,HPO,, 0.5mM carnitine, 2.5mM glucose and 10mM sodium pyruvate). Tissues were cut into small pieces (6-10mg) and
quickly transferred to individual wells of a XF24 plate. Individual pieces were stabilized from excessive movement by islet-
capture screens (Seahorse Bioscience), and 450uL. KHB was added to each well. Digitonin was added to enhance plasma
membrane permeability. Basal oxygen consumption rates (OCR) were determined according to the following plan: Basal
readings recorded every 2min for 10 readings, followed by exposure to digitonin. Subsequent readings were recorded after
2min mixing and 2min rest. Basal OCR values were normalized to individual tissue weights.

Autophagosome isolation and LC3-II protease protection assay

Autophagic vacuoles (APh) were isolated from mouse livers and BAT by differential centrifugation using discontinuous density
gradients of metrizamide (Marzella et al., 1982). Tissue homogenates were centrifuged at 2,000 g, 5 min followed by
centrifugation of supernatant at 43,000 rpm for 12 min. Pellets were suspended in 1.9 mL 0.25 M sucrose, and then 2.8 mL
metrizamide (85.6%) was added. Samples were centrifuged on a 26 % - 24 % - 20 % - 15 % metrizamide gradient at 24,700
rpm for 3 hr. APh fraction was collected from the 15-20% interface. APh fraction was centrifuged at 24,000 g and pellets were
suspended in 0.25 M sucrose and used for assays. For the LC3-II protease protection assay (Nair et al., 2011), freshly isolated
APh was incubated in presence or absence of 0.5 pg of trypsin (Sigma-Aldrich, MO, USA) at room temperature for 15 minutes.
Samples were quickly boiled in 2X SDS-PAGE sample buffer at 95 °C for 5 min and resolved by SDS-PAGE. APh samples
were analyzed for levels of ATGL, HSL, LC3 and IxB. ATGL and HSL levels were normalized to LC3-II and compared to
total levels in corresponding trypsin-untreated control fractions.

Core body temperature measurements

Body temperature (°Celsius) was measured with a rectal thermometer (BIOSEB, Pinellas Park, FL) inserted 1 cm into the
rectum and allowed to stabilize for 5 seconds and values were recorded as indicated (Martinez-Lopez et al., 2013). Rodents
were sacrificed if core body temperature dropped below 25°C. Briefly, mice were individually housed in cages (without
nestlets) and placed in refrigerated rooms at ~4°C temperature for 1 hr. Mice were individually housed in similar cages without
nestlets in the absence of food for 1 hr at RT but free access to water. Mice were sacrificed immediately after the cold
challenge.

General methods
MBH, BAT and liver proteins were generated using a lysis buffer containing protease and phosphatase inhibitors and subjected
to Western blot analysis, as described (Singh et al., 2009b).
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