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Supplementary Figure 1: Protein quantification of p62 interacting molecules in p6226°%
251 mice. Structural domains in p62 wt and p622%-25" mice and protein level of p62 in liver,
BAT and iWAT of 11 week old male wt (n=3) or p6226%-25" mice (n=3) (A). Protein level of
phosphorylated and total PKC in liver of lean 14 wk old male mice (B). Protein levels of total
and phosphorylated ERK1/2 in iWAT of 12 wk old lean (C) or 32 wk old obese (D) male wt
or p62269-251 mice. LC3A/B protein levels in liver of 14 wk old male wt or p6226°-25" mice (E).
Co-Immunoprecipitation in HEK293FT cells co-transfected with either Flag-tagged- p62 wt
or p622469-251 and HA-ATF2 (F). Total and phosphorylated p38 protein levels in BAT of lean
8-10 wk old male wt, p627- or p6226°-251 mice (G). ATG7 protein quantification in liver of 14
wk old male wt or p6226%-251 mice (H). Proteasome assay in BAT primary cells harvested
from wt or p6226°-251 mice (I). Panel B is a representative blot of n=2/2 (out of n=6/6) mice.
Panel C is a representative blot of n=2/2 (out of n=5/6) mice. Panel D is a representative
blot of n=2/2 (out of n=8/8) mice. Panel E is a representative blot of n=2/2 (out of n=6/6)
mice. Panel F is a representative example of three independently performed studies, each
yielding similar results. Panel G comprises n=3/3/2 mice and has been independently
confirmed in another n=3/3/2 mice. Panel H is a representative blot of n=2/2 (out of n=6/6)
mice. Panel | comprise n=4/4 technical replicates and is a representative example of three
independently performed studies. Full uncropped western blots are shown in the data
source file. Data have been analyzed using 2-sided 2-tailed t-test. Data represent mean +
SEM. *p < 0.05; **p < 0.01; ***p < 0.001. Exact p-values are (B) p=0.509, (C) p=0.262, (D)
p=0.315, (E) p=0.426, (H)p=0.232 and (I) p=0.844. Abbreviations: PKC protein kinase C,
ERK1/2 mitogen-activated protein kinase 1/2, LC3A/B microtubule-associated protein 1 light
chain 3 alpha/beta, ATG7 Autophagy related 7.
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Supplementary Figure 2. Side by side comparison of body weight in global p62", adipocyte-
specific p62” and p622%-2°! mice. Body weight of male p622¢%2*'  global p62” or adipose tissue-
specific p627 (aP2-cre*;p62'>*"***) mice held on either a standard chow (A-C) or high-fat diet (HFD)
(D-F). Sample sizes are (A) n=9/7 mice, (B) n=8/8 mice, (C) n=13/7 mice, (D), n=7/9 mice, (E) n=8/8
mice, (F) n=12/7 mice. Data have been analyzed using 2-way ANOVA with time and genotype as
co-variant followed by Bonferroni post-hoc multiple comparison testing for differences at individual
time points. Data represent mean £ SEM. *p < 0.05; **p < 0.01; ***p < 0.001. Exact p-values are (A)
17 wks p=0.216, 18 wks p=0.007, 19-30 weeks p<0.0001; (B) 14 wks p=0.0354, 15 wks p=0.0123,
16 wks p=0.0003, 17 wks p=0.0002, 18 - 30 wks p<00001; (C) 28 wks p=0.0178, 29 wks p=0.0045,
30 wks p=0.0026; (D) 12 wks p=0.0029, 13 wks p=0.0008, 14 wks p=0.0001, 15-29 wks p<0.0001,
30 wks p=0.0001; (E) 14 wks p=0.0175, 15 wks p=0.0012, 16 — 21 wks p<0.0001, 22 wks p=0.0001,
23 wks p=0.0002, 24 wks p=0.0048, 25 wks p=0.0439, 26 wks p=0.0430.
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Supplementary Figure 3. Adipocyte morphology in adipose depots of lean wt or p62259-2%!
mice. HE staining of BAT, iWAT, eWAT and rpWAT from 14 wk old male C57BI/6J wt or p62269-2%
mice (A). Scale bar = 200 ym. Number of adipocytes clustered per size and total number of
adipocytes quantified per image in iWAT (B), eWAT (C) and rpWAT (D) of 14 wk old male C57BI/6J
wt or p6225%-%51 mice. Panel A is a representative example of n=3 mice analyzed from each genotype.
Quantification in B-D is based on n=3 mice per genotype. Data have been analyzed using 2-sided
2-tailed t-test. Data represent mean + SEM. *p < 0.05; **p < 0.01; ***p < 0.001. Exact p-values are
(B) 0 — 500 p=0.0911, 500 — 1000 p= 0.0256, 1000 — 2000 p=0.0355, 2000 — 3000 p=0.0201, 3000
— 4000 p=0.085, 4000 — 5000 p=0.277; separate bar graph p=0.037; (C) 0 — 500 p=0.0162, 500 —
1000 p=0.00272, 1000 — 2000 p=0.000673, 2000 — 3000 p=0.681, 3000 — 4000 p=0.00599, 4000 —
5000 p=0.00181; 5000 — 6000 p=0.00701, 6000 — 7000 p=0.0268, 7000 — 8000 p=0.0589, 8000 —
9000 p=0.0161, separate bar graph p=0.000237; (D) 0 — 500 p=0.0668, 500 — 1000 p=0.1600, 1000
— 2000 p=0.077, 2000 — 3000 p=0.888, 3000 — 4000 p=0.192, 4000 — 5000 p=0.0777; separate bar
graph p=0.037; (C) 0 — 500 p=0.0162, 500 — 1000 p= 0.00272, 1000 — 2000 p=0.000673, 2000 —
3000 p=0.681, 3000 — 4000 p=0.00599, 4000 — 5000 p=0.00181; 5000 — 6000 p=0.1198.
Abbreviations: iIWAT inguinal white adipose tissue, eWAT epididymal white adipose tissue, rpWAT
retroperitoneal white adipose tissue.
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Supplementary Figure 4. Adipogenic gene expression profiling in lean wt and p6226°
25" mice. Gene expression of adipogenic markers (Adipoq, Fasn, Fabp4 and Pparg) in BAT
(A), iIWAT (B), eWAT (C), rpWAT (D), mWAT (E) and perWAT (F) of 14 wk old male
C57BI/6J wt or p62269-251 mice. Sample sizes are (A) Adipog n=7/7 mice, Fasn n=6/7 mice,
Fabp4 n=6/7 mice, Pparg n=7/7 mice, (B) Adipoq n=7/7 mice, Fasn n=7/7 mice, Fabp4
n=7/7 mice, Pparg n=7/7 mice, (C) Adipoq n=7/7 mice, Fasn n=7/7 mice, Fabp4 n=6/7 mice,
Pparg n=7/7 mice, (D) Adipoq n=7/7 mice, Fasn n=7/7 mice, Fabp4 n=7/7 mice, Pparg n=7/7
mice, (E) Adipoq n=7/5 mice, Fasn n=7/5 mice, Fabp4 n=7/5 mice, Pparg n=6/5 mice, (F)
Adipoq n=7/7 mice, Fasn n=7/7 mice, Fabp4 n=7/7, Pparg n=7/7 mice. Data represent mean
+ SEM. Data have been analyzed using 2-sided 2-tailed t-test *p < 0.05; **p < 0.01; ***p <
0.001. Exact p-values are (A) Adipoq p=0.335, Fasn p=0.029, Fabp4 p=0.0096, Pparg
p=0.268; (B) Adipoq p=0.632, Fasn p=0.901, Fabp4 p=0.483, Pparg p=0.938; (C) Adipoq
p=0.068, Fasn p=0.194, Fabp4 p=0.430, Pparg p=0.764; (D) Adipoq p=0.277, Fasn
p=0.101, Fabp4 p=0.0382, Pparg p=0.881; (E) Adipoq p=0.0263, Fasn p=0.188, Fabp4
p=0.0541, Pparg p=0.250; (F) Adipoq p=0.792, Fasn p=0.448, Fabp4 p=0.540, Pparg
p=0.745. Abbreviations: Adipoq adiponectin, Fasn fatty acid synthase, Fabp4 fatty acid
binding protein 4, Pparg Peroxisome proliferator activated receptor gamma.
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Supplementary Figure 5. Adipogenic marker in white and brown primary adipocytes of wt or
p622%°-2" mice during differentiation. Oil-Red-O staining (A) and lipid quantification via elution of
Oil-Red-O dye (B) of wt and p6225>%" BAT primary cells atday 0, 2, 4 or 6 of adipocyte differentiation.
Gene expression of Pparg, Fasn, Fabp4 and Adipoq in wt and p6225%%5'" BAT primary cells (C-F).
Oil-Red-O staining (G) and lipid quantification via elution of Oil-Red-O dye (H) of wt and p624¢%%"
iIWAT primary cells at day 0, 3 or 6 of adipocyte differentiation. Gene expression of Pparg, Fasn,
Fabp4 and Adipog in wt or p622°%%5" iWAT primary cells (I-L). (B,G) Quantification of lipids from Qil-
Red-O dye elution was done in n=2 technical replicates each well. (C-F) BAT primary cells were
harvested from 6-8 wk old male p62 WT or p622%°2*" mice and plated with equal number of cells in
n=3-4 wells each genotype. Cells were then individually differentiated into mature brown adipocytes
followed by measurement of target gene expression with n=2 technical replicates each well. Sample
sizes are (C) n=4/4 individually differentiated wells, (D), n=3/4 individually differentiated wells, (E)
n=4/4 individually differentiated wells, (F) n=4/4 individually differentiated wells. Results in C-F are
representative of two independently performed studies, each yielding similar results. (I-L) iWAT
primary cells were harvested from 6-8 wk old male p62 WT or p622%°-2*" mice and plated with equal
number of cells in n=4 wells each genotype. Cells were then individually differentiated into mature
white adipocytes followed by measurement of target gene expression with n=2 technical replicates
each well. Sample sizes are (I) n=4/4 individually differentiated wells, (J), n=4/4 individually
differentiated wells, (K) n=4/4 individually differentiated wells (L) n=4/4 individually differentiated
wells. Results in I-L are representative of two independently performed studies, each yielding similar
results. Data in C-F and I-L have been analyzed using 2-way ANOVA using time and genotype as



co-variants and using Bonferroni post-hoc multiple comparison for testing of differences at individual

time points. Data represent mean £ SEM. *p < 0.05; **p < 0.01; ***p < 0.001. Exact p-value is (F) d
4 p=0.0137.

BAT primary cells

o wt e p62Lss-25t O wt e pp2ase-st o wt » p62269251 o wt e pp2Ass-251
500007 609 1507 pac.1q 207 bimite 500001 Gigea
E=] E= T E=}
S 40000 5 g g 40000
a [ L 15 Q. 30000
2 2 100 2 2
E 30000 £ T E 20000
° ° o 10 o 10000
2 20000 2 2 2
£ g 50 5 T 400
Q Q Q Q
& 10000 & K K 2001/
0 0 0 0
0 2 4 6 0 2 4 6 0 2 4 6 0 2 4 6
Time (d) Time (d) Time (d) Time (d)

iWAT primary cells

m
|
®

T

oWt e pp28eest o wt -+ p62069-251 o wt - pp2oes-251 O Wt e pB2L69251
300 40 6 4007 A
Pgc-1a Prdm1 idea
. Uopt o g s, dm16 o Cide
Q. Qo
a [ [ & 300
& 200 8 £ 4 8
5 g 5 B
3 200
2 g, 2
2 100 = ] ]
© © © B ©
k) 2 ol T 100
& & ¢ 1 e &
0 0

o
o

2 4 6 0 2 4 6
Time (d) Time (d) Time (d) Time (d)

o
N
I
>

Supplementary Figure 6. Thermogenic gene expression in white and brown primary
adipocytes of wt or p622%°%' mice. Gene expression of markers indicative of adaptive
thermogenesis and browning (Ucp1, Pgc-1a, Prdm16, Cidea) in BAT (A-D) and iWAT (E-H) primary
cells of male wt or p62°¢%2*" mice during adipocyte differentiation. (A-D) BAT primary cells were
harvested from 6-8 wk old male p62 WT or p622%°2*" mice and plated with equal number of cells in
n=4 wells each genotype. Cells were then individually differentiated into mature brown adipocytes
followed by measurement of target gene expression with n=2 technical replicates each well. Sample
sizes are (A) n=4/4 individually differentiated wells, (B) n=4/4 individually differentiated wells, (C)
n=4/4 individually differentiated wells, (D) 4/4 individually differentiated wells. Results in A-D are
representative of two independently performed studies, each yielding similar results. (E-H) iWAT
primary cells were harvested from 6-8 wk old male p62 WT or p622%°-2%" mice and plated with equal
number of cells in n=3 wells each genotype. Cells were then individually differentiated into mature
white adipocytes followed by measurement of target gene expression with n=2 technical replicates
each well. Sample sizes are (E) n=3/3 individually differentiated wells, (F) n=3/3 individually
differentiated wells, (G) n=3/3 individually differentiated wells, (H) n=3/3 individually differentiated
wells. Results in E-H are representative of two independently performed studies, each yielding
similar results. Data represent mean + SEM. Data in A-H have been analyzed using 2-way ANOVA
using time and genotype as co-variants and using Bonferroni post-hoc multiple comparison for
testing of differences at individual time points. *p < 0.05; **p < 0.01; ***p < 0.001. Exact p-values are
(A) d4 p=0.0045, d6 p=00061; (B) d4 p=0.0012; (C) d6 p<0.0001; (E) d6 p<0.0001; (F) d4 p<0.0001,
d6 d4 p<0.0001; (G) d4 p=0.0001; d6 p=0.0004; (H) d6 p<0.0001.
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Supplementary Figure 7. Quantification of fat depots in lean 14 wk old wt or p622%9-2°! mice.
Body weight (A) and tissue wet weight of BAT (B), iWAT (C), eWAT (D), rpoWAT (E), mWAT (F),
perWAT (G) of 14 wk old male C57BI/6J wt or p62-%-25! mice. Hepatic levels of triglycerides (H) and
cholesterol (1) in 14 wk old male C57BI/6J wt or p622%°%" mice. Sample sizes are (A-1) n=7/7 mice.
Data represent mean + SEM. Data have been analyzed using 2-sided 2-tailed t-test. *P < 0.05; **P
< 0.01; **P < 0.001. Exact p-values are (A) p=0.594, (B) p=0.071, (C) p=0.00347, (D) p=0.00892,
(E) p=0.4209, (F) p=0.0734, (G) p=0.4139, (H) p=0.0021, (I) p=0.5214.



UCP1 CRE2 UCP1 CRE4 PGC1a
E 1.5+ k= = 2.5+
& 5 5
o ; o >
3 5?:_ ) o
] 1.0- ] o
3 o 3 3
€ T c
[3) [ (0]
£ £ IS
5§ 05 § 5
S 5 5
e} k] T
£ goll Ll b S
WT p62-
B
UCP1 CRE2 UCP1 CRE4 PGC1a
E 3.5+ E 3.5q E 3.5+
(] o [$]
o 3.01 o  3.01 o  3.01
2 2 2
e 251 254 - 25
(5] o (0] ()
> > >
8 201 5 5 201 -
5 5 5
8 1.0 g g 1.0
C c C
by *% o (0]
o 0.5 ° o 0.54
[e) (o] (o)
LC 0.04 w g 0.0 T T
& & @ &
N Q NIRG)
(,Q \)0 \)C)Q N
o & & &
N & <

Supplementary Figure 8. Impaired chromatin binding of p62 in global p62” and BAT-specific
p627- mice. Chromatin immunoprecipitation (ChIP) in BAT of wt and p62”- mice (A) and BAT-specific
p62” mice (B) using antibodies specific for p62. ChIP qPCR analysis of Fox/2 (negative control),
Ucp1 (CRE2), Ucp1 (CRE4) and Pgc-1a (n=4 mice pooled each genotype, n=3 independently
performed ChIP studies, each done with n=2 technical replicates) (A, B). Data represent mean *
SEM. Data have been analyzed using 2-sided 2-tailed t-test. *p < 0.05; **p < 0.01; ***p < 0.001.
Exact p-values are (A) UCP1 CRE 2 p=0.0921, UCP1 CRE 4 p=0.0247, Pgc1a p=0.0056; (B) UCP1
CRE 2 p=0.00137, UCP1 CRE 4 p=0.000084, Pgc1a p=0.00174.
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Supplementary Figure 9. Gene expression analysis of liver and muscle from
lean wt or p6226%-251 mice. Analysis of known ATF2 targets implicated in stress and
DNA damage, ER stress, inflammation, physiological homeostasis, cell cycle, cell
death and autophagy in liver (A) and quadriceps (B) of 14 wk old male C57BI/6J wt
or p6226%-251 mice. Data have been analyzed using 2-sided 2-tailed t-test. Data
represent mean £ SEM (n=6-7 mice per group). *p < 0.05; **p < 0.01; ***p < 0.001.
Abbreviations: JunC jun proto-oncogene, Fos FBJ osteosarcoma oncogene, JunB
JunB proto-oncogene, Atf3 activating transcription factor 3, Atm ATM
serine/threonine kinase, Xpa XPA, DNA damage recognition and repair factor,
Rad23b RAD23 homolog B, nucleotide excision repair protein, Msh6 mutS homolog
6, Nos2 nitric oxide synthase 2, Hsp5 FK506 binding protein 4, Ccnd1 cyclin D1, Tnf



tumor necrosis factor, I11b interleukin 1 beta, 116 interleukin 6, th tyrosine hydroxylase,
Col1a1 collagen type | alpha 1, Mmp2 matrix metallopeptidase 2, Sele selectin E,
Selp selectin P, Vcam1 vascular cell adhesion molecule 1, Creb1 cAMP responsive
element binding protein 1, Brcal BRCA1, DNA repair associated, Bcl2L1 BCL2 like
1, Ddit3 DNA damage inducible transcript 3, Adrb2 adrenoceptor beta 2, Map2k6
mitogen-activated protein kinase kinase 6, Ep300 E1A binding protein p300, Bcl6 B-
cell CLL/lymphoma 6, Nfil3 nuclear factor, interleukin 3 regulated, Pdgfra platelet
derived growth factor receptor alpha, Atf6 activating transcription factor 6, Atf4
activating transcription factor 4, Ulk1 unc-51 like autophagy activating kinase 1, Atg7
activating transcription factor 7, Atf13 activating transcription factor 13, Map1ic3a
microtubule associated protein 1 light chain 3 alpha. The exact p-values are given in
the Data Source File.
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Supplementary Figure 10. Gene expression analysis of kidney and spleen from lean
wt or p622%9-251 mjce. Analysis of ATF2 target effects on stress and DNA damage, ER
stress, inflammation, physiological homeostasis, cell cycle, cell death and autophagy in
kidney (A) and spleen (B) of 14 wk old male C57BI/6J wt or p62269-251 mice. Data have been
analyzed using 2-sided 2-tailed ttest. Data represent mean £+ SEM (n=6-7 mice per group).
*p < 0.05; **p < 0.01; ***p < 0.001. The exact p-values are given in the Data Source File.
For Abbreviations please see Suppl. Fig. 9.



