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1. INTRODUCTION






1.1. Pathogenesis of type 2 diabetes and adipose tissue
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1.2. Adipose tissue
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1.2.1. White adipose tissue
1.2.1.1. Morphology and anatomical distribution of white adipose tissue
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Figure 1. Histological section of white adipose tissue stained with hematoxylin/eosin.
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Figure 2. White adipose tissue distribution in humans and mice. Image extracted from [18].

1.2.1.2. Metabolic function of WAT
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Figure 3. Metabolic functions of WAT. Uptake and metabolism of glucose is represented in the pink box.
De novo lipogenesis is represented in the green box. Triglyceride synthesis is represented in the turquoise
box. Lipolysis is represented in the yellow box. Fatty acid uptake from circulation is represented in the
blue box. Image obtained from [18].

1.2.1.3. Endocrine function of WAT
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Figure 4. Adipokines and other adipocyte products that affect insulin action, nutrient homeostasis and
cardiovascular function. Image adapted from [28].
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1.2.2. Brown adipose tissue

1.2.2.1. Morphology and anatomical distribution of brown adipose tissue
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Figure 5. Histological section of brown adipose tissue stained with hematoxylin/eosin.
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Figure 6. Distribution of major brown adipose tissue depots in (A) humans and (B) rodents. Adapted
from [48].

1.2.2.2. Thermogenic function of brown adipose tissue
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Figure 7. Overview of the regulatory mechanisms involved in cold-induced non-shivering adaptive
thermogenesis in BAT. Image adapted from [48].
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1.2.2.3. Brite adipocytes
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TABLE 1. Differences between brown and beige adipocytes.
Table adapted from [56].

Developmental Enriched Key transcription Activators
origin markers factors
in mice
Brown Myf5+ cells Zicl C/ebppB Cold
adipocytes (dermomyotome) Lhx8 Prdmi6 Thiazolidinediones
Eval Pgc-1a Natriuretic
Pdk4 Ppara peptides
Epstil Ebf2 Thyroid hormone
miR-206 TR Fgf21, Bmp7
miR-133b Bmp8b
Orexin
Brite adipocytes Myf5- cells Cdi137 C/ebpp Cold
Pdgfr-a+ Tbx1 Prdm16 Thiazolidinediones
(dermomyotome) Tmem26 Pgc-1a Natriuretic
Cited1 (Ppara) peptides
Shox2 Thyroid hormone
Fgf21
Irisin
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Figure 8. Histological section of white adipose tissue stimulated with a [13-adregergic agonist. Brite
adipocytes can be found among white adipocytes. Tissue stained with hematoxylin/eosin.
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1.3. Regulation of adipogenesis
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1.3.1. Hormones and signal transduction pathways regulating adipogenesis
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1.3.2. Transcriptional regulation of adipocyte differentiation
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Figure 9. Schematic overview of the transcriptional and hormonal induction of adipogenesis. Scheme
adapted from [72].
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1.4. Mechanisms of insulin resistance

1.4.1. Insulin signaling pathway
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Figure 10. Abbreviated insulin signaling pathway. Image adapted from [104].
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1.4.2. Mechanisms of insulin resistance
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Figure 11. Scheme of the mechanisms mediating insulin resistance in obesity. Image from [105].
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1.4.2.4. Mitochondrial dysfunction
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1.5. Regulation of mitochondrial biogenesis
1.5.1. Mitochondrial functions
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Figure 12. Schematic overview of metabolic oxidative pathways that take place in mitochondria. Image
adapted from [153].
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1.5.2. Transcriptional control of mitochondrial biogenesis
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Figure 13. Overview of transcriptional control of mitochondrial biogenesis. Image a from [105].

1.5.2.1. Transcriptional regulators of mtDNA gene expression
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1.5.2.3. Transcriptional coregulators of mitochondrial gene expression
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1.6. PGC-1 family coactivators
1.6.1. Structure and mode of action
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Figure 14. Structural domains of PGC-1 family members.
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1.6.3. Function of PGC1 coactivators in different tissues
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3.MATERIALS AND METHODS






3.1. Animal studies
3.1.1. PGC13-FAT-KO mice generation
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Figure 1. Scheme of PGC1{-FAT-KO mice generation.

3.1.2. Mice genotyping
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Figure 2. (A) Scheme of PpargcTb wildtype and floxed allele and location of primers used for mice
genotyping. (B) Scheme of aP2-Cre insert and location of primers used for mice genotyping.
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Figure 3. Example of a PCR of tail genomic DNA to detect loxP flanked Ppargc7b alleles and the presence of
aP2-Cre transgene. DNA amplified samples were electrophoresed on a 2% agarose gel.

3.1.3. Mice housing conditions
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3.1.4. Efficiency of Ppargc1b gene recombination

RARIERI21ARP NI RIRCET RI2RRI2ER 2 PR IR AR @R PRI RRRRERIP RRIZAREIVEIP ENRIZET RIARZHPRERRRE
[@PA G I PERPIVIZRP a3 a3 7 A s e d e a1
a[ed st el d 3 i e | ad B e d =Y e i e i o i e Y ol e el e e
PRPANPRRRP FRRERRRR IARZARITRIREA I (PRCAE () PRI IH P R PR RV
I PER PR RIRPRERRIRR R PR 2] PV AR PR 21, CRIWRMUPIEMYRRINCEIP FIRE 2RI RIENEIE T AR

PRPIREEEIR) FEn P A P P PR PR ME | fEh
3372 bp
F R
—+———- —_— B Floxed allele
! +aP2-Cre
S ——— - —— J—B— PGC1B-FAT-KO
F R
<+
626 bp

Figure 4. Location of primers to detect recombination in Ppargc1b floxed allele.
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3.1.5. Measurement of food intake
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3.1.6. Pharmacological treatments
3.1.6.1. Rosiglitazone treatment
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Serum Collection

Tissue Collection

Figure 5. Overwiew of rosiglitazone experiment setup.

3.1.6.2. B,-adrenergic agonist (CL-316,243) treatment
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[Flergic agonist experiment setup.

3.1.7. Intraperitoneal glucose tolerance test
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3.1.8. Intraperitoneal insulin tolerance test
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3.1.9. Tissue collection
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3.2.Isolation of mature adipocytes and stromal vascular fraction

BPERRR RRRER, 1PRERPARRIIEE A1 PRERRIEPEEZFZEAE PRIERe PRRERRERIE ZRREREN. @IZEER. 271 T
CIURRPI2E212 A M) (VT [Pl 2] T R I PR IV 2 P )| VRV 2] VTV A P 2 ] C A IV I VR IRV AT T2
T MANCRIVNZIET (IR RI2IA PIRTING] 2 LR T2V R MV T IR AT IR T2 R 2T P Ter] P LRI 1A 12 e )
I PRI IREREIR] MErVERER AV MR PR MR C PAVE RIVEIR ZIPRARRERCER] [ R [ PRRAPRIMA R VR ERIE

)l Wl Wl e WMl e enve i Qe e el aleiatilalaplu il aus el
AEEEET PRES TV e PP EREEAPEENS PEIMVEEEME AP RENMEEEME
t BugE

8l e e izl e el S il e aaY e ool Yo e abla Mo us sl
T EIRE. PR

t ) CMARIMEIE PR RFRRE U e P A PR e e A A R e RN R MRS
FIFRTEIL AR FIPTARD ) AR 1PPRRERPER FRA 1

53

=
=
m
=
=
[
(%]
=
=2
O
=
m
—
I
o
O
(%2}




v
[a]
o
I
-
w
=
(=]
=
<
(%]
-
=
oc
=
<
=

ay) L EPEIVEREVRAVEITES VET VEVIHERTVEIFEARE REVERS REERAFRE ) AR REE

pyd B R/ [, FPIFRIZES PIPRFATIER F) BRHRERRIFAR t t t R PP P MDD
P PEMEFRRHER S pimt B . PRERR PAZE uf)

ARy R APE I agiiealel
5

a0 eV Ve el e e e e e e Y e e e eV e e

kil G et ae i e PRI PRI AT
PR PETRAARMRREIRIER pi t BF) AR PP PR e R e PR AR PRy AP
FRRAREIE

oy HER VErEEREVE R PR EEEVENP OFlE REZTRANVEEFZRE R EITE MREE R s mEEmVE
R TR PR AR YRRV EE TV AR ARV EE D VY PR FERE W I R RV
4

f 1 OBIVESP CIERENTE RET VAN ERAR R ARCE t [ AT
RV PRV REVEIFEE HEND MAEARY REV 2 A PRV

st yAPIRIE HRIEMEOMFRRIAREVREV AR VEV IRV R AR A B RE AR TR R FEIREN 0 PR TR PRE)

EVEIEEN EIR D M REN IS X P R P R

55 YINRE \Vie il e il el e e i e el e ) e el

PI@PRtx B i uEEEE

3.3. Gene expression analysis
3.3.1. Total RNA isolation
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3.3.1.1. RNA isolation by isopropanol precipitation
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3.3.1.2. RNA isolation from fatty tissues or cells using the RNeasy Lipid Tissue Mini Kit
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3.3.2. RNA quality control
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3.3.3. Reverse transcription
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3.3.4. Real-time quantitative PCR

SOREIES AUS 1S 25 RIS REVEIEIRYS 25 YeIt] S PRIES REZIZIORARDARS PRIEYR SEOZSH
@RIPOR EWIRIERB [ 2] PRIPRIR PIRMEREES PIS 225 PRRORIRREMYS REIRRR B 1 2 2IFEM S ERIES REDEES YORRS FRIRIOZARROARTEIR
EITRRIS ERDEUS PRAUS 1S [l PRIOYRITHRRIS RIS RRIOYZES TS 25 RS AREDERRIEIES IS S BIVEURUS IS [RI IS 225 TS B RIS AS BIS 2
3 PRI PR F e o\l el aliey i i e e e e o i el M e e W e e W e e R )
i il a W a3 d o M e o i i N o e e e o i a2 e Nl el e |
PRIEIRVARMZEIE S EIOES FIZS RARERIVIE
PIRRIOARANEEB 21 21 FZPIR PIRER 2IVUIDE IWRRORAREITE SEESREN 1 T 25S RIRDIARRIES BrS ZIEEB 2 2 3P VR VEUR
VU5 Oz BRITARIRIES 226 RIRS RRIPRRIUR IR ETRIS [N Pri ER VIR VORI MRIZES [F PIR2IES REEYIR VRIUERIS 2
EEOYAN SERIAI (RIS PVIPIRRIOZREIS ARS PARS REDE RIWRZRIER OZIRS 75 212 R FPIZPIR PIPMIUEDEMIUYS 1S OZAMEEIS 21
RSEAROARS ENARRRAI PAMEENVIZAZIREER SESEIS AR SREZMER [ [P ERREES RES RS EB S AR
FiliilalaleiiddlialeiBolaEd uRE El

G YVERRENS ZIARS PRIZW SERER SES EES S P RATZE S@ OREIPROEDP OZS PRRR, t t 2 PRPPR PPl
SREIEEREMY SPEPORIEIE: PRRPR PR R PR AR 2R PR 2 A PR AR 2H ad d SR PP R PR RERER
i i e i R0 e e i e v i i e o a3 v o o\ 3 v e

57

=
=
m
=
=
[
(%]
=
=2
O
=
m
—
I
o
O
(%2}




(%]
o
o
I
-
Ll
=
(=]
=z
<<
(%]
-
=
oc
=
<
=

b Wil i v e e e e o e e e e v e e e e v e e e e W

[ MRRRARIZIER]

6 pL
10 pL
1 pL
1 pL

1X
0.5 uM
0.5 uM

 Componemt | Volume | Final concentration |

Reverse primer (10 uM)
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soec
oseC
oseC
oorc
r2nc
95°C
60°C

Dissociation curve

95°C

4eC

2 min
10 min
20 sec
20 sec
34 sec
15 sec
1 min

Temp.ramp  0.2°C increase/second

15 sec

co

step  [temperatwe|  Tme |cydes
1

1
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TABLE 1. List of primers used for real-time quantitative PCR in this study.

Gene

|6 il | d i d d e e M i a4 U

Entrez ID Gene name Forward primer Reverse primer

symbol

Acaa2 52538 acetyl-Coenzyme A acyltransferase 2 TGTGTCAGAAATGTGCGCTTC CAAGGCGTATCTGTCACAGTC
Acadm 11364 acyl-Coenzyme A dehydrogenase, medium chain AAGCCACGAAGTATGCCCTG CCATAGCCTCCGAAAATCTG

Aco2 11429 aconitase 2 TCTCTAACAACCTGCTCATCGG TCATCTCCAATCACCACCCACC

Acss1 68738 acyl-CoA synthetase short-chain family member 1 TGCAAGGCTGTTATCACCTTC TCTTCACTGCTCATGCTCTCA
Adipogq 11450 adiponectin, C1Q and collagen domain containing TGTTCCTCTTAATCCTGCCCA CCAACCTGCACAAGTTCCCTT
Pﬁ?lla/z 66853 patatin-like phospholipase domain containing 2 (CTGATGACCACCCTTTCCAAC ACCCGTCTGCTCTTTCATCCAC
apsal 11046 P synthase, H- transporting, mitochondrial 1 TTAGAGACAACGGCARGCACG  ACATCTGGCGGTAAGCGACAG

complex, alpha subunit 1

58



ATP synthase, H+ transporting mitochondrial F1

AtpSb T o bt subuni GCAAGGCAGGGACAGCAGA  CCCAAGGTCTCAGGACCAACA
Ap5o 28080 g;;xll::\(a)ssel;:l;ittransporting, mitochondrial F1 AAGGACCCCAAAGTGTCTCTG TAGGCGACCATTTTCAGCAAG
Gat 12359 catalase TGGCACACTTTGACAGAGAGC  (CTTTGCCTTGGAGTATCTGG
Cebpa 12606 CCAAT/enhancer binding protein (C/EBP), alpha (GCTGTTGCTGAAGGAACTTG  GGCAGACGAAAAAACCCARAC
(idea 12683 zzgj:st:‘lk':g;‘fgc“tgr'):”\ fragmentation factor, alpha (CTCGGCTGTCTCAATGTC GGCTGCTCTTCTGTATG
Gdeb 12684 :E:::Iatt:‘lk':g;i"tgrbg“‘ fragmentation factor,alpha TTTCAGCCTICAACCCCANTG — GTCCACAGCAGTCCATCCTC
Cox4il 12857 cytochrome c oxidase subunit IV isoform 1 ATGTCACGATGCTGTCTGCC GTGCCCCTGTTCATCTCGGC
(o5 12858 cytochrome c oxidase subunit Va AACAAGCCAGACATTGATGCC  CAACCTCCAAGATGCGAACAG
Cox5b 12859 cytochrome c oxidase subunit Vb GCTACTGGGCTGGAGAGGGAG (TTGTTGCTGATGGACGGGAC
Cox7al 12865 cytochrome c oxidase subunit Vlla 1 GACAATGACCTCCCAGTACAC GCCCAGCCCAAGCAGTATAAG
Coxdb 12869 cytochrome c oxidase subunit Villb (GAAGTTCACAGTGGTTCCC TCTCCAAGTGGGCTAAGACC
Cpt1b 12895  carnitine palmitoyltransferase b, muscle TCTAGGCAATGCCGTTCAC GAGCACATGGGCACCATAC
Gs 12974 citrate synthase AGAGGCATGAAGGGACTTGTGTA  TGTTCCTCTGTGGGCATCTGT
Gl 66445 cytochrome -1 ATTTCAACCCTTACTTTCCCG (CACTTATGCCGCTTCATGGC
(ycs 13063 cytochrome ¢, somatic CACGGCTCTCCCTTTCTCAAG ACAGTTGCCTCCTGGTGGTTA
Cypa/Ppia 268373 peptidylprolyl isomerase A CAAGACTGAATGGCTGGATG ATGGGGTAGGGACGCTCTCC
Dio2 13371 deiodinase, iodothyronine, type Il CAGCTTCCTCCTAGATGCCTA — CTGATTCAGGATTGGAGACGTG
Hols 170439 gt&‘&;;’“s't')y member 6, eongation of long chainfatty ) cAACGAAGCCATCCANTG  GCANGAGTCAGCGACCAGAGC
Esrra 26379 estrogen related receptor, alpha GGAGGACGGCAGAAGTACAAA GCGACACCAGAGCGTTCAC
Esrrg 26381 estrogen-related receptor gamma TCCCCGACAGTGACATCAAA GTGTGGAGAAGCCTGGAATA
Fabp3 14077 fatty acid binding protein 3, muscle and heart GGAATAGAGTTCGACGAGGTGA CTCCCTAGTTAGTGTTGTCTCCT
Fabp4 11770 fatty acid binding protein 4, adipocyte TGTGTGATGCCTTTGTGGGAACC  CTTCACCTTCCTGTCGTCTGEGG
Gpxl 14775 glutathione peroxidase 1 GGTTTCCCGTGCAATCAGTT (CACCAGGTCGGACGTACTT
Idh3a 67834 isocitrate dehydrogenase 3 (NAD+) alpha AGGACTGATTGGAGGTCTTGG ATCACAGCACTAAGCAGGAGG
ldh3b 170718 isocitrate dehydrogenase 3 (NAD-+) beta GCCGTCCATAAAGCCAACATC  GAGCACCCGTCTCAAAAACTG
Lep 16846 leptin GACACCAAAACCCTCATCAAGAC  GGTGAAGCCCAGGAATGAAGT
Lipe 16890 lipase, hormone sensitive AAGAGGCCAGGGAGGGCCTCAG TCCAGCCCCAGTGCCTGTTCC
Mdh2 17448 malate dehydrogenase 2, NAD (mitochondrial) GCCCAGGAAACCAGGAATG GATGGGGATGGTGGAGTTCA
mt-Atp6 17705 ATPsynthase 6, mitochondrial AGGATTCCCAATCGTTGTAGCC  CCTTTTGGTGTGTGGATTAGCA
mt-Co2 17709 cytochrome c oxidase II, mitochondrial TCTCCCCTCTCTACGCATTCTA ACGGATTGGAAGTTCTATTGGC
mt-Co3 17710 cytochrome c oxidase IIl, mitochondrial TCCAAGTCCATGACCATTAACTG TATTGGTGAGTAGGCCAAGGG
mtNd2 17717 NADH dehydrogenase 2, mitochondrial ATACTTCGTCACACAAGCAACA  GGCCTAGTTTTATGGATAGGGCT
Ndufad 17992 !':\bncgn‘:::‘girzge”ase (ubiguinone) 1 alpha (TGGAGCAGCACTGTATGTGA  CTGGGCCTTCTTICTICAGTT
Ndufabl 70316 ?:b')c:'r:::‘ey:rfge"a“ (ubigquinone) 1, alpha/beta GGAATCAAGGACCGAGTTCTG  TCCAAACTGTCTAAGCCCAGG
Ndufb6 230075 ?uAch':n‘::Teyirgge”“e (ubiguinone) 1 beta TGGAAGAACATGGTCTTTAAGGC  AAGCACATGAGAAACAGCGAA
Ndufb9 6218 \ADH dehydrogenase (ubiquinone) 1 beta MAGGTGCTGCGGCTGTATAAG  TACGGCTGAGGATGCTGATTC

subcomplex, 9
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Nrf1 18181 nuclear respiratory factor 1 CCACGTTGGATGAGTACACG CTGAGCCTGGGTCATTTTGT
g‘aﬁg 14390 GA repeat binding protein, alpha [Mus musculus (CGCTACACCGACTACGATT ACCTTCATCACCAACCCAAG
Ppargcta 19017 Perovisome prolferative actvated receptor, gamma, GGAGCCGTGACCACTGACA  TGGTTTGCTGCATGGTICTG
coactivator 1alpha
Ppargctb 170826 PerOvisome prolferative actvated receptor, gamma, AGTGGGTGCGGAGACACAGATG  GTATGGAGGTGTGGTGGGTGEC
coactivator 1 beta
porct 226169 Perovisome prolferative activated receptor, gamma, TGGACGCCTCCCTTATATCCC — TGTGAGCAGCGACATTTCATTC
coactivator-related 1
Ppara 19013 peroxisome proliferator activated receptor alpha AAGGCTATCCCAGGCTTTGC TTTAGAAGGCCAGGCCGATCTC
Pparg 19016 peroxisome proliferator activated receptor gamma ATTGAGTGCCGAGTCTGTGGG AGCAAGGCACTTCTGAAACCG
Prdm16 70673 PR domain containing 16 [Mus musculus AAGATGGAAATCGGGGAGAGG CAGGAACACGCTACACGGATG
Pref1/DIk1 13386 delta-like 1 homolog (Drosophila) CGTCCTCTTGCTCCTGCTGGL TCCCGTCCCAGCCATCCTTGC
Retn 57264 resistin AAGAACCTTTCATTTCCCCTCCT - GTCCAGCAATTTAAGCCAATGTT
R;\:’r ?:10 / 268903 nuclear receptor interacting protein 1 TCCCCGACACGAAAAAGAAAG ACATCCATTCAAAAGCCCAGG
Sdhb 67680 zﬁlcf‘l:'r‘?lt;)dehyd“’ge"“e complex,subunit B, iron TACCGATGGGACCCAGACA (GTGTGCACGCCAGAGTAT
succinate dehydrogenase complex, subunit D, integral
Sdhd 66925 ) TGGTCAGACCCGCTTATGTG GAGCAGGGATTCAAGTACCCA
membrane protein
Sod2 20656 superoxide dismutase 2, mitochondrial AACGCCACCGAGGAGAAGTA AATATGTCCCCCACCATTGAAC
Tfam 21780 transcription factor A, mitochondrial (CAGGAGGCAAAGGATGATTC CTTCGTCCAATTCAGCCATC
ThTm 224481 transcription factor B1, mitochondrial AAGGACACTCGCTTTATCCCA CCATGAACAATTCGGAGTTTTCC
Tfb2m 15278 transcription factor B2, mitochondrial TATAGAGCCGTTGCCTGATTCT GCCGCTTTCTTACATGCTATGTG
Tnfa 21926 tumor necrosis factor CTTCTCATTCCTGCTTGTGGC ACTTGGTGGTTTGCTACGACG
Uepl 22227 uncoupling protein 1 (mitochondrial, proton carrier) CACCTTCCCGCTGGACACTGC GATTTGCCTCTGAATGCCCGC
Ucp2 22228 uncoupling protein 2 (mitochondrial, proton carrier) GCATTGGCCTCTACGACTCTG AGCGGACCTTTACCACATCTG
Ucp3 22229 uncoupling protein 3 (mitochondrial, proton carrier) ACAGAGGGACTATGGATGCCT TGATGTCGTAGGTCACCATCT
Ugcere2 67003 ubiquinol cytochrome ¢ reductase core protein 2 AAAGTTGCCCCGAAGGTTAAA CAGAGAAGCAATCACCAAACCA
Ugcrh 66576 ubiquinol-cytochrome c reductase hinge protein GGACTAGAGGACGAACGAAAGA GGCCTTTACACACTTCTCCAG
Ugerg 2m ;‘:t')‘l‘l‘:]'i’t“\’l'l’l‘yt°‘h’°me C reductase, complex I (CTACAGCTTGTCGCCCTTT  GCCTTTGCTGAAATAGCTTGGG
3.3.5. Primer design
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3.3.6. Gene expression profiling
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3.4. Protein extraction and protein analysis by Western Blot
3.4.1. Total protein extraction and quantification
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Reagent Kits Approximate
Experiment Time'

Total RNA Sample
STITITTTITITTT AAAAA 3 o
B Poly-A RNA Poly-A RNA Controls 15 min-
Poly-ARNA | - o -
Control Kit Control addition v /
r Engineered Random
15t cycle, 15t strand Primers +T7 . 2hours
cDNA synthesis 3' NNN - mm— 5
STITTTITHIITTIT AAAAA 3 - Day 1
g 30 000000NNN-—m—-
t 15t cycle, 2N strand
= ycle, stran
g cDNA synthesis 4 13 leurs
© l
K S5T00000000 0 3
® 33000000000 [ mwe—-5 =
c
=} L >
2 15t cycle, in vitro Un-labeled . =
5 wr transcription ’ / Ribonucleotides Overnight= E
PR ) 1 sQliiirrrngs =
(%]
>
15t cycle, cleanup of h =
antisense RNA (aRNA) v 0B (el S
=
2nd cgcle, 15t strand Random Primers ) m
cDNA synthesis 4 duTP 2 hours g
5' 1] 3! O
w
111111111l s
aRNA hydrolysis / RNase H Ahour
cl f * - Day 2
eanup o
| sense strand DNA 2 0.5 hours
r UDG
Fragmentation / APE 1 1.5 hours
o wr \4
b= Terminal
Z  lbeing - I I
- Kit . .
TdT
[=
g Terminal labeling ’ / DNA Labeling Reagent 1.5 hours
E L ?. .ﬁ..
@ Hybridization Controls
X
£ ’ /
5 _
2 Hybridization Fh :
§, ontral Kit {Hybrldlzatmn 16 hours —
&
£
< Hybridization Stain Cocktail 1
Washand - / Stain Cocktail 2
sankit | Washing/Staining $ ~15hours | D33
Scanning ’ 10 - 35 minutes
Legend T1111RNA DNA HEEE T7 promoter @ Biotin

T Assume that only one sample is carried through the assay. The time may be longer if multiple samples are processed simultaneously.

Figura 7. Scheme of microarray assay. Image from extracted from GeneChip® WT Terminal Labeling and
Hybridization User Manual.
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3.4.2. SDS-polyacrylamide gel electrophoresis
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3.4.3. Western Blot
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TABLE 2. LIST OF ANTIBODIES USED IN THIS STUDY

Antibody | _Type | Source |Working dilution/incubation solution| _Supplier _|Cat. Number

Primary Antibodies

CHIUENEINE Monoclonal  Rabbit 1:2000 BSA Cell Signaling 2125

NDUFB9 Polyclonal Rabbit 1:1000 Milk Abcam ab106699
DHB Polyclonal Rabbit 1:1000 Milk Abcam ab84620
YCS Polyclonal Rabbit 1:1000 Milk Cell Signaling 4272
OX4I1 Polyclonal Rabbit 1:1000 Milk Cell Signaling 4844

Polyclonal Rabbit 1:1000 Milk Abcam ab85068

ACO2 Polyclonal Rabbit 1:500 Milk Abcam ab71440

UCP1 Polyclonal Rabbit 1:1000 Milk Abcam ab10983
KT Polyclonal Rabbit 1:1000 BSA Cell Signaling 9272

FEAGPSE VAR Polyclonal  Rabbit 1:1000 BSA Cell Signaling 9271

PGC-1p* Polyclonal Rabbit 50 ng/pL Milk Dr.Kralli -

Secondary Antibody

Rabbit I9G —- Goat 1:10.000 Milk Cell Signaling 7074

Table 2. Antibodies used in this study. (¥*) PGC-1p antibody was generated by immunizing rabbits with a
bacterially expressed protein having aminoacids 91-426 of PGC-1(3 fused to GST.

3.4.4. Stripping of PVDF membranes
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3.5. Mitochondrial DNA quantification
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3.6.1. Citrate synthase activity
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3.6.2. Respiratory chain complexes enzymatic activity

Spectrophotometric techniques described by Degli [251] were used for performing in vitro redox
assays to functionally dissect a single respiratory enzyme within the biological preparation.
Mitochondria-enriched fractions were obtained from inguinal WAT as described in section 3.6.1.1.

All assays were performed using a UV-2401 PC (Shimadzu) spectrophotometer.
3.6.2.1. Complex | (NADH-ubiquinone oxidoreductase) enzymatic activity
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3.6.2.2. Complex Il (succinate dehydrogenase (ubiquinone)) enzymatic activity
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3.6.2.3. Complex Il + Complex Ill (Succinate-Cytochrome c oxidoreductase) enzymatic
activity
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3.6.2.4. Complex IV (Cytochrome c oxidase) enzymatic activity
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3.7. Fatty acid oxidation assay ex vivo
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Figure 8. Schematic representation of radiolabeled palmitate oxidation. One molecule of [1-'*C]
palmitate enters -oxidation cycle and after one round of oxidation one radiolabeled Acetyl-CoA
molecule is produced. This Acetyl-CoA molecule is directly used as an energy source within the TCA
cycle. During TCA cycle CO, is liberated and dissolved in the medium as bicarbonate. After medium
acidification, *CO, is released and trapped with a CO, chelator.
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Stock solution For 10 mL of stock solution
FA-free BSA 1mM Mw: 66338 g/mol 666.34 mg
Sodium palmitate 5mM Mw: 278.41 g/mol 13.92 mg

Palmitic Acid [1-*C] 8‘?133:(3,/\/‘";L Stock: 0.1 mCi/mL 833.3 L
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Figure 9. Schematic representation of fatty acid oxidation assay ex vivo.

3.8. Study of insulin-stimulated phosphorylation of AKT
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100 U/mL 50 mg/mL 20 mg/mL

Working solution 1U/mL in 0.9% NaCl Ketamine/Xylazine ratio 200:54 (vol/vol)

5U/kg 100 mg/kg 11 mg/kg

2.2 pL de anesthesic cocktail/g of mouse
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Figure 10. lllustration of anatomical location of Caudal Vena Cava (Image property of Drs. Kenneth S.
Latimer and Ashley L. Ayoob 2000).

3.9. Serological parameters
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3.10. Histological analysis
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3.11. Cell culture procedures of 3T3-L1 cells
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3.11.1. Cell culture media for 3T3-L1 fibroblasts
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3.11.2. Resurrection of frozen 3T3-L1 cell stocks from liquid nitrogen
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3.11.3 3T3-L1 fibroblasts subculturing protocol
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3.11.4. 3T3-L1 fibroblasts differentiation protocol
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Figure 11. Scheme of protocol for adipocyte differentiation.

3.11.5. Preparation of 3T3-L1 fibroblast cells for freezing
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3.12. siRNA transfection of 3T3-L1 adipocytes
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Figure 12. Mechanism of RNA silencing in different systems. Long dsRNA and miRNA precursors are
processed to siRNA/miRNA duplexes by the RNase-lll-like enzyme Dicer. These short dsRNAs are
subsequently unwound and assembled into effector complexes, RISCs, which can direct RNA cleavage,
mediate translational repression. Image and text extracted from [252].
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TABLE 3. siRNAs used in this study

siGLO Red D-001630-02-20  Fluorescent siRNA transfection indicator
ON-TARGETplus Non-targeting siRNA #2 D-001810-02-20  Negative control siRNA

ON-TARGETplus GAPD D-001830-02-20  Positive control siRNA targeting GAPDH

OB PAE = el VS AR efolel TNV ZANHE(@ 12 1-040905-01-0020 Pool of 4 different siRNA targeting PPARGC1B
O\ BAE = el VS A elelel SNV R ZANHEL@ AT -040773-01-0020 Pool of 4 different siRNA targeting PPARGC1A

3.12.1. Transfection of adhered 3T3-L1 adipocytes. Optimization protocol.
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3.12.2. Transfection of 3T3-L1 adipocytes on suspension. Optimization protocol.
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3.12.3. siRNA transfection of 3T3-L1 adipocytes to knockdown PGC-1[ [ | [ ] PGC-1[1]]
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3.13. ATP production measurement
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3.14. ROS production measurement
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3.15. Oxygen consumption
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3.16. Fatty acid oxidation assay invitro
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3.17. Statistical analysis
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4.RESULTS






4.1. Generation of a mouse model lacking PGC-1p specifically in adipocytes
4.1.1. Ppargc1b expression in white adipocytes
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Figure 1. mRNA expression of Ppargc1b, Atgl and Prefl in adipocytes and SVF isolated by collagenase
digestion from inguinal WAT. mRNA expression was assessed by real-time quantitative PCR. Results are
expressed as means + SEM (n=4-5 animals). * indicates statistical significance between adipocytes and
SVF. * P<0.05; ** P<0.01.
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Figure 2. mRNA expression of Ppargcib, PPARg and Prefl during differentiation of 3T3-L1 cells. mRNA
expression was assessed by real-time quantitative PCR. A Representative experiment out of 3 is shown
in this figure.
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4.1.2. Generation of a PGC1f-FAT-KO mouse model to study the role of PGC-1f in WAT
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4.1.3. Efficiency of Ppargc1b gene disruption in adipose tissues
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Figure 3. Recombination of Ppargc1b gene in different tissues of Wt and PGC1(B-FAT-KO mice. The
recombination was assessed by PCR using genomic DNA of BAT, several WAT depots and thymus. Primer
forward and reverse were situated upstream and downstream respectively the loxP regions flanking
exons 4 and 5 of the Ppargc1b gene. Amplification of the Wt allele yields a band of 3372 bp, while the
recombined allele yields a shorter band of 626 bp.
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4.1.4. Effect of Ppargc1b gene disruption on PGC-13 mRNA levels
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Figure 4. Ppargc’b mRNA levels in tissues of male mice fed a chow diet and housed at 21°C. The
expression of PGC-13 mRNA in (A) adipose tissues and (B) non-adipose tissues of PGC1{3-FAT-KO mice
and Wt littermates was assessed by real-time quantitative PCR. MO stands for macrophages. Results are
expressed as means + SEM (n=4-7 animals/group, ** P< 0.01).
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Figure 5. Expression of (A) (B) Atg/ and (C) Pref1 was assessed by real-time quantitative PCR in white adipocytes and
SVF isolated from inguinal WAT of Wt and PGC1B-FAT-KO mice fed a standard diet and housed at 21°C. Results are
expressed as means + SEM (n=4-5 animals/group). * Indicates statistical significance between Wt and PGC13-FAT-
KO mice; # indicates statistical significance between adipocytes and SVF. *, # P<0.05; **, ## P<0.01.
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4.1.5. Effect of Ppargc1b gene disruption on PGC-1f protein levels
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Figure 6. Western Blot analysis of PGC-1p protein levels in interscapular BAT, retroperitoneal WAT and
gastrocnemius muscle of Wt and PGC13-FAT-KO mice fed a chow diet and housed at 21°C. a-TUBULIN
protein was detected as a loading control.

4.1.6. Physiological characterization of PGC1f3-FAT-KO mice housed at 21°C
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Figure 7. (A) Body weight and (B) tissue weight of wild type and PGC1p-FAT-KO male mice fed chow diet
and housed at 21°C. Results are expressed as means + SEM (n=4-5 animals/group). * Indicates statistical
significance between Wt and PGC1-FAT-KO mice. ** P<0.01.
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Figure 9. mRNA expression levels in BAT of mice housed 21°C and fed a chow diet assessed by
quantitative PCR. Results are expressed as means + SEM (n=4-5 animals/group). * Indicates statistical
significance between Wt and PGC1[3-FAT-KO mice. * P<0.05; ** P<0.01.

4.2, Study of the cellular process regulated by PGC-1p in white adipose tissue

4.2.1. Gene expression profile analysis of retroperitoneal WAT from PGC1f-FAT-KO mice
housed at 30°C
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RESULTS

TABLE 1. LIST OF UP-REGULATED GENES IN PGC1(3-FAT-KO MICE IN THE MICROARRAY
ANALYSIS

Entrez ID Symbol Gene Name logFC P.Value
ST6 (alpha-N-acetyl-neuraminyl-2,3-beta-galac-
26938 Stégalnac5  tosyl-1,3)-N-acetylgalactosaminide alpha-2,6-sialyltrans- 0.992 2.43E-03
ferase 5
18979 Pon1 paraoxonase 1 0.867 3.17E-03
13107 Cyp2f2 cytochrome P450, family 2, subfamily f, polypeptide 2 0.856 2.16E-02
12053 Bcle B-cell leukemia/lymphoma 6 0.797 1.49E-03
19416 Rasd1 RAS, dexamethasone-induced 1 0.781 5.06E-04
237175 Gpr64 G protein-coupled receptor 64 0.761 2.35E-02
20860 Sultlel sulfotransferase family 1E, member 1 0.719 1.36E-03
320974 Lrrn4 leucine rich repeat neuronal 4 0.696 5.29E-04
22414 Wnt2b wingless related MMTV integration site 2b 0.656 3.69E-04
100647 Upk3b uroplakin 3B 0.637 8.33E-04

RNA, Y3 small cytoplasmic (associated with Ro protein);

19872 Rny1 RNA, Y1 small cytoplasmic, Ro-associated 0.630 3.348-04
17528 Mpz myelin protein zero 0.599 3.53E-02
234267 Gpmé6a glycoprotein mé6a 0.590 6.56E-03
22223 Uchl1 ubiquitin carboxy-terminal hydrolase L1 0.589 2.89E-02
21743 Inmt indolethylamine N-methyltransferase 0.550 9.62E-05
192190 Pkhd111 polycystic kidney and hepatic disease 1-like 1 0.548 1.30E-02
70676 Gulp1 GULP, engulfment adaptor PTB domain containing 1 0.540 2.72E-02
17933 Myt1l myelin transcription factor 1-like 0.532 2.43E-04
14264 Fmod fibromodulin 0.504 7.17E-03
55987 Cpxm2 carboxypeptidase X 2 (M14 family) 0.500 3.95E-03
235281 Scn3b sodium channel, voltage-gated, type Ill, beta 0.499 1.36E-02
79362 Bhlhe41 basic helix-loop-helix family, member e41 0.498 6.59E-03
319229 Sctr secretin receptor; similar to Sctr protein 0.482 3.41E-02
13170 Dbp D site albumin promoter binding protein 0.469 1.56E-02
18619 Penk preproenkephalin 0.461 9.31E-03
192199 Rspo1 R-spondin homolog (Xenopus laevis) 0.459 1.98E-03
230157 Tmeff1 Eirra‘_r}islzze(g:’r:;esz ;13rotein with EGF-like and two follista- 0458 4.65E-02
12797 Cnn1 calponin 1 0.449 2.20E-02
15483 Hsd11b1  hydroxysteroid 11-beta dehydrogenase 1 0.449 1.61E-02
14734 Gpc3 glypican 3 0.445 9.60E-03
330695 Ctxn1 cortexin 1 0.444 8.62E-03
12737 Cldn1 claudin 1 0.440 1.39E-02
18823 Plp1 proteolipid protein (myelin) 1 0.438 3.65E-02
11568 Aebp1 AE binding protein 1 0.437 3.68E-03
56332 Amotl2 angiomotin-like 2 0.435 7.74E-03
13731 Emp2 epithelial membrane protein 2 0.430 2.20E-02
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380967 Tmem106c transmembrane protein 106C 0.421 1.57E-03
94214 Spock2 ;;I);z;:]o;teonectin, cwcv and kazal-like domains proteo- 0416 110E-03
399558 Flrt2 fibronectin leucine rich transmembrane protein 2 0.408 2.99E-03
23967 Osr1 odd-skipped related 1 (Drosophila) 0.400 1.03E-02
21345 Tagln transgelin 0.400 2.69E-02
58804 Cdc42ep5 CDCA42 effector protein (Rho GTPase binding) 5 0.400 2.58E-02
13497 Drp2 dystrophin related protein 2 0.391 4.97E-02
269037 Ctif CBP80/20-dependent translation initiation factor 0.391 2.46E-02
217166 Nr1d1 nuclear receptor subfamily 1, group D, member 1 0.390 1.27E-02
100217418 Snora44 small nucleolar RNA, H/ACA box 44 0.387 3.00E-02
269831 Tspan12  tetraspanin 12 0.386 3.06E-02
19871 Rnu73b U73B small nuclear RNA; U73A small nuclear RNA 0.385 3.17E-02
272428 Acsm5 acyl-CoA synthetase medium-chain family member 5 0.383 3.43E-02
14546 Gdap10 ganglioside-induced differentiation-associated-protein 0382 117E-02

10

Table 1. List of the first 50 up-regulated genes obtained in a microarray analysis comparing mRNA
expression levels in retroperitoneal WAT from wild type and PGC13-FAT-KO mice housed at 30°C and fed

a standard diet. Genes are listed in descending order of logarithm of fold change.

TABLE 2. LIST OF UP-REGULATED GENES IN PGC1f3-FAT-KO MICE IN THE MICROARRAY

ANALYSIS
Entrez ID Symbol Gene Name logFC P.Value
14077 Fabp3 acid binding protein 3, muscle and heart -1.351 2.7E-04
12895 Cpt1b carnitine palmitoyltransferase 1b, muscle -1.277 9.6E-05
12683 Cidea cell dgath—inducing DNA fragmentation factor, alpha 1261 2.7E-04
subunit-like effector A

12865 Cox7al cytochrome c oxidase, subunit Vlla 1 -1.252 6.1E-05
12700 Cish cytokine inducible SH2-containing protein -0.974 1.3E-02
620807 Mup6 major urinary protein 6 -0.937 3.3E-02
12869 Cox8b cytochrome c oxidase, subunit Villb -0.895 1.9E-04
103172 Chchd10 coiled-coil-helix-coiled-coil-helix domain containing 10 -0.866 6.0E-04
12684 Cideb gslkl)ui?:\_tlrk—;neciécci:g ‘IgDNA fragmentation factor, alpha 0.802 47E-02
67426 Cabci aarF domain containing kinase 3 -0.801 7.7E-04
18775 Pri3d1 prolactin family 3, subfamily d, member 1 -0.779 2.8E-02
15484 Hsd11b2 hydroxysteroid 11-beta dehydrogenase 2 -0.774 3.6E-02
63993 Slc5a7 solute carrier family 5 (choline transporter), member 7 -0.754 2.0E-02
27273 Pdk4 pyruvate dehydrogenase kinase, isoenzyme 4 -0.720 3.2E-03
385643 Kng2 kininogen 2 -0.711 1.4E-02
232493 Gys2 glycogen synthase 2 -0.588 4.4E-02
18406 Orm2 orosomucoid 2 -0.565 2.2E-02
75552 Paqgr9 progestin and adipoQ receptor family member IX -0.537 1.9E-02
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26970 Pla2g2e phospholipase A2, group IIE -0.523 3.5E-02

membrane-spanning 4-domains, subfamily A, member

73656 Ms4a6c 6C -0.512 4.7E-02
19013 Ppara peroxisome proliferator activated receptor alpha -0.499 2.8E-02
17294 Mest mesoderm specific transcript -0.494 1.3E-02

DNA segment, Chr 3, Brigham & Women's Genetics

229791 D3Bwg0562e -0.482 8.0E-03

0562 expressed
246728 Oas2 2'-5' oligoadenylate synthetase 2 -0.482 4.4E-03
77219 Ptgr2 prostaglandin reductase 2 -0.473 5.0E-03
11429 Aco2 aconitase 2, mitochondrial -0.462 8.0E-04

solute carrier family 1 (neuronal/epithelial high affinity

20510 sletal glutamate transporter, system Xag), member 1 0457 45802
13063 Cycs cytochrome ¢, somatic -0.452 6.8E-03
75735 Pank1 pantothenate kinase 1 -0.437 4.7E-03
18430 Oxtr oxytocin receptor -0.433 4.5E-02
170718 Idh3b isocitrate dehydrogenase 3 (NAD+) beta -0.428 6.9E-04
11555 Adrb2 adrenergic receptor, beta 2 -0.426 6.1E-03
66925 Sdhd ;:J:rcri‘r;a:;i:z?gg;zgenase complex, subunit D, integral 0423 9.3E-04
21906 Otop1 otopetrin 1 -0.422 7.7E-03
435804 Olfr1335 olfactory receptor 1335 -0.413 2.6E-02
67775 Rtp4 receptor transporter protein 4 -0.409 7.8E-03
99899 Ifia4 interferon-induced protein 44 -0.396 1.1E-02
170439 Elovl6 EIE%\S/IE;:;::))’ member 6, elongation of long chain fatty 0.395 3.4E-02
105675 Ppif peptidylprolyl isomerase F (cyclophilin F) -0.394 1.0E-02
16832 Ldhb lactate dehydrogenase B -0.394 4.6E-03
23960 Oaslg 2'-5' oligoadenylate synthetase 1G -0.392 7.8E-03
18655 Pgk1 phosphoglycerate kinase 1 -0.391 2.2E-03
216783 Olfr320 olfactory receptor 320 -0.384 7.4E-03
64136 Sdf2l1 stromal cell-derived factor 2-like 1 -0.372 1.4E-02
66218 Ndufb9 EII:SI; dehydrogenase (ubiquinone) 1 beta subcom- 0364 3.1E-03
12858 Cox5a cytochrome c oxidase, subunit Va -0.361 4.4E-03
13004 Ncan neurocan -0.356 4.0E-02
20916 Sucla2 ;Lijtccinate—Coenzyme A ligase, ADP-forming, beta subu- 0354 18E-03
666907 Ms4ada ;nAembrane-spanning 4-domains, subfamily A, member -0.348 3.5E-02
21877 Tk1 thymidine kinase 1 -0.346 1.7E-02

Table 2. List of the first 50 down-regulated genes obtained in a microarray analysis comparing mRNA
expression levels in retroperitoneal WAT from wild type and PGC1p-FAT-KO mice housed at 30°C and fed
a standard diet. Genes are listed in descending order of logarithm of fold change. Mitochondrial genes
are highlighted in dark color.
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TABLE 3. GENE ENRICHEMENT ANALYSIS OF UP-REGULATED GENES

Category GO Term # genes P.Value
GOTERM_BP_FAT  G0:0035295~tube development 13 2.58E-05
GOTERM_BP_FAT  G0:0048729~tissue morphogenesis 12 4.86E-05
GOTERM_BP_FAT  GO:0006355~regulation of transcription, DNA-dependent 33 5.81E-05
GOTERM_BP_FAT  GO:0051252~regulation of RNA metabolic process 33 7.85E-05
GOTERM_BP_FAT  G0:0060562~epithelial tube morphogenesis 8 1.84E-04
GOTERM_BP_FAT  GO:0001501~skeletal system development 12 2.40E-04
GOTERM_BP_FAT  GO:0048706~embryonic skeletal system development 7 2.56E-04
GOTERM_BP_FAT  GO:0001656~metanephros development 6 3.76E-04
GOTERM_BP_FAT  G0:0045449~regulation of transcription 41 4.36E-04
GOTERM_BP_FAT  G0:0048598~embryonic morphogenesis 13 4.65E-04
GOTERM_BP_FAT  G0:0035239~tube morphogenesis 9 4,.93E-04
GOTERM_BP_FAT  GO:0048704~embryonic skeletal system morphogenesis 6 5.94E-04
GOTERM_BP_FAT  GO:0060429~epithelium development 11 6.55E-04
GOTERM_BP_FAT  GO:0006350~transcription 34 8.60E-04
GOTERM_BP_FAT  GO:0001655~urogenital system development 8 9.62E-04
GOTERM_CC_FAT  GO0:0005578~proteinaceous extracellular matrix 12 2.50E-04
GOTERM_CC_FAT  GO0:0031012~extracellular matrix 12 3.51E-04
GOTERM_MF_FAT  GO:0030528~transcription regulator activity 28 5.19E-05
GOTERM_MF_FAT  GO:0043565~sequence-specific DNA binding 17 1.36E-04
GOTERM_MF_FAT  GO:0003705~RNA polymerase Il transcription factor activity, en- 5 2.15E-04

hancer binding
GOTERM_MF_FAT  GO:0003700~transcription factor activity 20 2.58E-04

Table 3. Gene enrichment analysis of up-regulated genes in WAT from PGC1{3-FAT- KO mice using DAVID
bioinformatics source (GOTERM_CC_FAT, cellular component; GOTERM_BP_FAT, biological process;

GOTERM_MF_FAT, molecular function). An EASE Score threshold of 0.001 was used in the analysis.

TABLE 4. GENE ENRICHEMENT ANALYSIS OF DOWN-REGULATED GENES

Category | GO Term | # genes | P.Value
GOTERM_BP_FAT  GO:0006091~generation of precursor metabolites and energy 43 3.32E-47
GOTERM_BP_FAT  G0:0022900~electron transport chain 25 1.13E-29
GOTERM_BP_FAT  GO:0006084~acetyl-CoA metabolic process 14 8.67E-21
GOTERM_BP_FAT  G0:0045333~cellular respiration 16 5.32E-20
GOTERM_BP_FAT  GO:0055114~oxidation reduction 34 1.04E-19
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GOTERM_BP_FAT ~ GO:0015980~energy derivation by oxidation of organic com- 17 6.03E-18
pounds
GOTERM_BP_FAT  GO:0006732~coenzyme metabolic process 18 1.33E-16
GOTERM_BP_FAT  GO:0006099~tricarboxylic acid cycle 1 2.02E-16
GOTERM_BP_FAT  GO:0046356~acetyl-CoA catabolic process 11 3.43E-16
GOTERM_BP_FAT  GO:0009060~aerobic respiration 11 1.45E-15
GOTERM_BP_FAT  G0:0009109~coenzyme catabolic process 11 3.40E-15
GOTERM_BP_FAT  GO0:0051186~cofactor metabolic process 18 8.38E-15
GOTERM_BP_FAT  G0:0051187~cofactor catabolic process 11 1.08E-14
GOTERM_BP_FAT  G0:0006119~oxidative phosphorylation 8 1.23E-07
GOTERM_BP_FAT  GO:0006096~glycolysis 7 6.04E-07
GOTERM_BP_FAT  GO:0006006~glucose metabolic process 10 6.13E-07
GOTERM_BP_FAT  G0:0019320~hexose catabolic process 7 1.66E-06
GOTERM_BP_FAT  GO:0006007~glucose catabolic process 7 1.66E-06
GOTERM_BP_FAT  G0:0046365~monosaccharide catabolic process 7 2.09E-06
GOTERM_BP_FAT  G0:0019318~hexose metabolic process 10 2.95E-06
GOTERM_BP_FAT  GO:0044275~cellular carbohydrate catabolic process 7 3.91E-06
GOTERM_BP_FAT  GO0:0046164~alcohol catabolic process 7 6.27E-06
GOTERM_BP_FAT  G0:0005996~monosaccharide metabolic process 10 8.03E-06
GOTERM_BP_FAT  GO:0016052~carbohydrate catabolic process 7 2.25E-05
GOTERM_BP_FAT  G0:0022904~respiratory electron transport chain 5 4.21E-05
GOTERM_BP_FAT  G0:0042773~ATP synthesis coupled electron transport 4 2.58E-04
GOTERM_BP_FAT  GO:0006085~acetyl-CoA biosynthetic process 3 7.27E-04
GOTERM_BP_FAT  GO:0009144~purine nucleoside triphosphate metabolic process 6 9.15E-04
GOTERM_CC_FAT  GO:0005739~mitochondrion 62 9.16E-38
GOTERM_CC_FAT  GO:0044429~mitochondrial part 44 5.13E-35
GOTERM_CC_FAT  GO:0019866~organelle inner membrane 37 3.41E-34
GOTERM_CC_FAT = GO:0005743~mitochondrial inner membrane 36 1.44E-33
GOTERM_CC_FAT  GO:0005740~mitochondrial envelope 38 5.52E-32
GOTERM_CC_FAT  GO0:0031966~mitochondrial membrane 37 1.39E-31
GOTERM_CC_FAT  GO:0031967~organelle envelope 39 4.32E-28
GOTERM_CC_FAT  GO:0031975~envelope 39 4.95E-28
GOTERM_CC_FAT  GO:0070469~respiratory chain 20 3.80E-26
GOTERM_CC_FAT  GO:0031090~organelle membrane 39 9.28E-22
GOTERM_CC_FAT ~ GO:0031980~mitochondrial lumen 10 3.00E-06
GOTERM_CC_FAT  GO:0005759~mitochondrial matrix 10 3.00E-06
GOTERM_CC_FAT  G0:0044455~mitochondrial membrane part 6 2.85E-05
GOTERM_CC_FAT  GO:0005746~mitochondrial respiratory chain 4 1.65E-04
GOTERM_CC_FAT  GO:0045259~proton-transporting ATP synthase complex 4 3.43E-04
GOTERM_CC_FAT  GO:0045271~respiratory chain complex | 3 7.88E-04
GOTERM_CC_FAT  GO:0030964~NADH dehydrogenase complex 3 7.88E-04
GOTERM_CC_FAT  GO:0005747~mitochondrial respiratory chain complex | 3 7.88E-04
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GOTERM_MF_FAT  GO:0015078~hydrogen ion transmembrane transporter activity 11 3.01E-10
GOTERM_MF_FAT  GO:0015077~monovalent inorganic cation transmembrane trans- 11 5.47E-10
porter activity
GOTERM_MF_FAT  GO:0022890~inorganic cation transmembrane transporter activity 11 2.26E-08
GOTERM_MF_FAT  GO:0005506~iron ion binding 15 1.38E-07
GOTERM_MF_FAT  GO:0051539~4 iron. 4 sulfur cluster binding 6 5.10E-07
GOTERM_MF_FAT  GO:0003954~NADH dehydrogenase activity 6 6.41E-07
GOTERM_MF_FAT  GO:0050136~NADH dehydrogenase (quinone) activity 6 6.41E-07
GOTERM_MF_FAT  GO:0008137~NADH dehydrogenase (ubiquinone) activity 6 6.41E-07
GOTERM_MF_FAT  G0:0016655~oxidoreductase activity. acting on NADH or NADPH. 6 1.20E-06
quinone or similar compound as acceptor
GOTERM_MF_FAT  GO:0051536~iron-sulfur cluster binding 7 1.40E-06
GOTERM_MF_FAT  GO:0051540~metal cluster binding 7 1.40E-06
GOTERM_MF_FAT  GO0:0051287~NAD or NADH binding 6 1.46E-05
GOTERM_MF_FAT  GO:0004129~cytochrome-c oxidase activity 5 1.96E-05
GOTERM_MF_FAT  GO:0016676~oxidoreductase activity. acting on heme group of do- 5 1.96E-05
nors. oxygen as acceptor
GOTERM_MF_FAT  GO:0015002~heme-copper terminal oxidase activity 5 1.96E-05
GOTERM_MF_FAT  GO:0016675~oxidoreductase activity. acting on heme group of 5 1.96E-05
donors
GOTERM_MF_FAT  GO:0016651~oxidoreductase activity. acting on NADH or NADPH 6 3.04E-05
GOTERM_MF_FAT  G0:0048037~cofactor binding 9 2.11E-04
GOTERM_MF_FAT  GO:0009055~¢lectron carrier activity 8 6.04E-04
GOTERM_MF_FAT  GO:0001730~2'-5'-oligoadenylate synthetase activity 3 7.45E-04
GOTERM_MF_FAT  GO:0050662~coenzyme binding 7 9.98E-04

Table 4. Gene enrichment analysis of down-regulated genes in WAT from PGC13-FAT- KO mice using
DAVID bioinformatics source (GOTERM_CC_FAT, cellular component; GOTERM_BP_FAT, biological
process; GOTERM_MF_FAT, molecular function). An EASE Score threshold of 0.001 was used in the
analysis.
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4.2.2, Expression of genes in retroperitoneal WAT by real-time quantitative PCR
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Figure 10. mRNA expression levels of genes involved in oxidative phosphorylation in retroperitoneal WAT
from Wt and KO mice housed at thermoneutrality and fed a chow diet. mRNA levels were determined by
quantitative RT-PCR. Results are expressed as means + SEM (n=5-8 animals/group, * P< 0.05** P< 0.01).
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Figure 11. mRNA expression levels of genes involved in TCA cycle in retroperitoneal WAT from Wt and
KO mice housed at thermoneutrality and fed a chow diet. mRNA levels were determined by quantitative
RT-PCR. Results are expressed as means + SEM (n=5-8 animals/group, ** P< 0.01).
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Figure 12. mRNA expression levels of genes involved in lipid metabolism in retroperitoneal WAT from
Wt and KO mice housed at thermoneutrality and fed a chow diet. mRNA levels were determined by
quantitative RT-PCR. Results are expressed as means + SEM (n=5-8 animals/group, * P< 0.05** P< 0.01).
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4.2.3. Gene expression analysis of PGC-1p target genes in subcutaneous WAT and
interscapular BAT of PGC1f-FAT-KO mice
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Figure 13. mRNA expression levels of mitochondrial genes involved in OxPhos, TCA or lipid metabolism
in inguinal WAT of Wt and PGC1B-FAT-KO mice housed at thermoneutrality and fed a regular chow diet
were determined by real-time quantitative RT-PCR. Results are expressed as mean + SEM, n=5-8 animals/
group, *P<0.05 **P<0.01.
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Figure 14. mRNA expression levels of mitochondrial genes involved in OxPhos, TCA or lipid metabolism
in interscapular BAT of Wt and PGC13-FAT-KO mice housed at thermoneutrality and fed a regular chow
diet were determined by real-time quantitative RT-PCR. Results are expressed as mean = SEM, n=5-8
animals/group, *P<0.05 **P<0.01.

4.2.4. Western Blot analysis of proteins coded by PGC-1p target genes in WAT of PGC1-
FAT-KO mice
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Figure 15. Western Blot analysis of proteins involved in OxPhos and TCA cycle in retroperitoneal WAT
from Wt and PGC1-FAT-KO mice fed a chow diet and housed at 30°C. a-Tubulin protein was used for
loading control.
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4.2.5. Analysis of mitochondrial function in WAT of PGC1f-FAT-KO mice
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Figure 16. Citrate synthase activity was measured spectrophotometrically in protein extracts of inguinal
WAT from Wt and PGC13-FAT-KO mice fed a chow diet and housed at thermoneutrality. Results are
expressed as means + SEM (n=5-8 animals/group, ** P< 0.01).
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Figure 17.(A) NADH-ubiquinone oxidoreductase (B) succinate dehydrogenase (C) Succinate-Cytochrome
¢ oxidoreductase and (D) Cytochrome c oxidase activity were measured spectrophotometrically
in inguinal WAT protein extracts from Wt and PGC1(3-FAT-KO mice fed a chow diet and housed at
thermoneutrality. Results are expressed as means + SEM (n=5-8 animals/group, ** P< 0.01).
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Figure 18. Palmitate oxidation was assessed in inguinal WAT explants dissected from mice housed
at 30°C and fed a HFD for 9 months. Tissue samples were incubated in KRB buffer containing [1-'*C]
palmitate and the utilization of palmitate was monitored by the production of “CO,. “CO, [0 0
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(M O O [TTesults are expressed as means + SEM (n=7-12 animals/group).
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4.2.6. Effect of PGC-1p deficiency on mitochondrial biogenesis in WAT

ERPRRRRPEREFREERR @ PRz RRHERERbEEE [ @ PRRh PRI Bt PIEERh EERh ERE
tRR IR DERRREE PEA] EERREd [Pkl @ 2R & ERRmE R RERErh A ME REERRREREEERERE @
PRI EEREs tAtEEE El ERERhE ERe RHH PR ER ERREE Rd- [ EERe PR @BEE - 2l 1 c PR PR
Eidlea)

(1 PIIRIER PRI Pl IR [ PRI R BEPRIARRRERER 211 76 EEER R @R
BRRET B @ RREWIRIZIT 2N PRREIERTREREPERT NARRPEARENET RRRARIET 2B 2 & ERePE W R 2R
tEEREEE B EtEER BECRRRREERERRE RRtEDE BRERRRIZZEREER Cl 1 ERE CIRIPRE PRI PR PRIE e R
B0 BT FPRRIEEE PR REEEVNEEZEF DAR - d22Ed2E @R EEEERIE PREEIR Tl @ ]
RIET BB ()2 ERRR R RZEANZEEB 2 2 B [ B PR AG EF DAR d2RIEd2E PIEPIE IR [P EEPTERe AR
T B REEEB [ 2 FARERE RREEMNIRENZT EENCTC B RN 2 2R P PN RN R PEEIREET RAPIEE
e il e o o)l i i a ali o v 1 W el e Qi

1.6
1.4 A
1.2 1
1.0 1
0.8 1
0.6 1
04 A1
0.2 1
0.0 -

Ret. WAT

Relative mtDNA content (a.u.)

Wt KO

Figure 19. Relative mitochondrial DNA copy number was determined by quantitative RT-PCR. DNA
isolated from inguinal WAT from mice housed at 30°C and fed a chow diet was used to determine ratio
between mtCo2 (mtDNA) and Rip140 (nDNA) relative copy number. Results are expressed as means +
SEM (n=6-8 animals/group).
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Figure 20. mRNA expression levels of genes coded in mitochondrial genome in retroperitoneal WAT
from Wt and KO mice housed at thermoneutrality and fed a chow diet. mRNA levels were determined by
quantitative RT-PCR. Results are expressed as means + SEM (n=5-8 animals/group).
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Figure 21. mRNA expression of well-established regulators of mitochondrial gene expression assessed
in retroperitoneal WAT from Wt and KO mice housed at thermoneutrality and fed a chow diet. mRNA
levels were determined by quantitative RT-PCR. Results are expressed as means + SEM (n=5-8 animals/
group, ** P< 0.01).
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4.3. Effects of PGC-1f knocdown in cultured 3T3-L1 adipocytes

4.3.1. Lipid-based siRNA transfection of 3T3-L1 adipocytes
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Figure 22. (A) Image of 3T3-L1 adipocytes transfected with siControl. (B) Image of 3T3-L1 adipocytes
transfected with siGLO (red staining). (C) Knockdown of Gapdh was assayed via qPCR in triplicate.
Knockdown of specific genes in 3T3-L1 adipocytes was assayed 48 hours post-transfection using 100
nM nontargeting siRNA (siControl), 100 nM transfection indicator siGLO and 100 nM siRNA targeted
to Gapdh (siGapdh). Transfection reagent was used at a concentration of 1.4 uL/cm?. Transfection was
carried out on attached adipocytes (classical transfection). Results are expressed as means + SEM (n=3).

G PR PIZP R T S AR 2 2 PN 2 PR A PR P2 R 2SR 2] SR L (A (A R e INHER TR 2 RO I PR PIRIPRL 212 AR
PRRIPR] PIPR PRINIEPIRIZ] 2RI NP S22, ENNPIZ2 21 AP TP L () 2] A I 2 2L, P P e T Pl P e P P P 2 )

i edizdied i 2 2 N e a2 e il e O e e R4 N 2 0 2 e U W A
SR @ 2 RIPT PSRRI SeIAR B i) (PR (e A e T A2 2 PNe 2 e ) e INER TR 2 P2 A P P 2 2L R PP R e 21
i1 1 3] vd e | e e 4 e ) e ) O3 e ) B 2 A

1.5
- Gapdh
3
< T
§1.0 1
g
[e
x
:(J 0.5 1 *%
pd
[a's
S
0.0 -

Figure 23. (A) Image of 3T3-L1 adipocytes transfected with siControl. (B) Image of 3T3-L1 adipocytes
transfected with siGLO (red staining). (C) Knockdown of Gapdh was assayed via qPCR in triplicate.
Knockdown of specific genes in 3T3-L1 adipocytes was assayed 48 hours post-transfection using 100
nM nontargeting siRNA (siControl), 100 nM transfection indicator siGLO and 100 nM siRNA tartgeted
to Gapdh (siGapdh). Transfection reagent was used at a concentration of 1.4 uL/cm?. Transfection was
carried on adipocytes in suspension. Results are expressed as means + SEM (n=3).
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4.3.2, Optimization of the conditions for siRNA transfection of 3T3-L1 adipocytes

PIZPRRRLERR] [RIRITICR) [IERETe) 2] 2] (IR ) PP P (el P 21 P (2] [2) P A T2 e ) ) P 2 PP PP P AP A

i a1 1 i e e

BT (IR PEPRIPOMR RITRERE PRANEA RILEE LCE RMEZPLRPRARRME it 2R PALEOHEE Pt 2R PrifRIRITe
BdBlen dkud kel aley ) WeidulNeiddlale V@ Weilul o ialeialeikidlalatidlu\d kel n el deaRu e i e e eldea i)
ADF 2 FREEPENPRINPE LEFPPOMRIMPEAR LEPHRIPEEPINIPRINZITIEFI? G [ [REL PIP AR P NP PR TREIPP IR
PRLEEPPHPRIZPEPRALARPA? LRPEHARLNARZRO PRI RIINABRERE. T AR TRRA 2] EX0TN.2PEHEL
FRIPEIR G 2 APTINL PIPPOMRIPRIPIACIZRIZIALER 7 RILERPEARRPA? LRPEAC REZPEIRILERIE POTRIPEPER TIPE
FRILARRIPER LA LERPL AR NARZEPEINIP INAZRZRIRA. PO A RAL FRL 2 2AP NP EPPLRPRFRER? PEREREIER
P R I (Il PR PR I R i i () )

118



IXDERXIFXIE] X XXX MR XX X XX
B
B
=4
%
=
o\
& =]
=B
=
B
=4
=]
g
X
B
IR XIR XXKX [ XX X XAKIX
B
2
X
%
5
i
% B
X
=
B
5
B
X
g
=

Figure 24.3T3-L1 adipocytes transfected in suspension with siGLO red. Uptake of the fluorescent-labeled
molecule siGLO was assayed at 48 hours post transfection of adipocytes. Brightfield and fluorescent
images of adipocytes transfected with (A) 0.7 uL/cm? or (B) 1.4 uL/cm? of DharmaFECT in combination
with two concentrations of siGLO (25 nM and 100 nM). Nuclei were co-stained with DAPI.
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Figure 25. Knockdown of specific genes in 3T3-L1 adipocytes was assayed 48 hours post-transfection
using the non-targeting siRNA (siControl), the siRNA tartgeted to Gapdh (siGapdh) and the siRNA
targeted to Ppargc1b (siPGC-1p). Transfection was carried out on adipocytes in suspension using two
concentrations of siRNA (25 nM and 100 nM). mRNA levels of (A) Gapdh and (B) Ppargc1b were assayed
via gqPCRin triplicate. Results are expressed as means + SEM.
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Figure 26. Knockdown of specific genes in 3T3-L1 adipocytes was assayed 48 hours or 72 hours post-
transfection using the non-targeting siRNA (siControl), the siRNA tartgeted to Gapdh (siGapdh) and the
siRNA targeted to PGC-13 (siPGC-1p). Transfection was carried out on adipocytes in suspension using
100 nM siRNA. mRNA levels of (A) Gapdh and (B) PGC-1(3 were assayed by gPCR in triplicate. Results are
expressed as means + SEM.

4.3.3. Analysis of mitochondrial gene expression in 3T3-L1 adipocytes lacking PGC-1f
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Figure 27. 3T3-L1 adipocytes were transfected with siRNAs targeting PGC-1(3 and/or PGC-1a and then
treated with vehicle or 1 uM Rosiglitazone for 48 hours. Transfection was carried out on adipocytes in
suspension using 100 nM siRNA. mRNA levels of PGC-1(3 and PGC-1a were assayed by qPCR. Results are
expressed as means + SEM of 3-4 experiments with triplicates. * Indicates statistical significance of the
comparison between control adipocytes (siCont) and adipocytes in which any of the PGCs have been
knocked down; * P< 0.05 ** P<0.01.
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Figure 28. 3T3-L1 adipocytes were transfected with siRNAs targeting PGC-1 and/or PGC-1a and then
treated with vehicle or 1 pM Rosiglitazone for 48 hours. Transfection was carried out on adipocytes
in suspension using 100 nM siRNA. mRNA levels of OxPhos and TCA cycle genes were assayed by
gPCR. Results are expressed as means + SEM of 3-4 experiments with triplicates. * Indicates statistical
significance of the comparison between control adipocytes (siCont) and adipocytes in which any of the
PGCs have been knocked down; * P< 0.05 ** P<0.01.

4.3.4. Study of the role of PGC-1f in fatty acid re-esterification in 3T3-L1 adipocytes
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Figure 29. 3T3-L1 adipocytes were transfected with siRNAs targeting PGC-1 and/or PGC-1a and then
treated with vehicle or 1 uM Rosiglitazone for 48 hours. Transfection was carried out on adipocytes in
suspension using 100 nM siRNA. mRNA levels of lipid metabolism genes were assayed by gPCR. Results
are expressed as means + SEM of 3-4 experiments with triplicates. * Indicates statistical significance of
the comparison between control adipocytes (siCont) and adipocytes in which any of the PGCs have been
knocked down; * P< 0.05 ** P<0.01.
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4.3.5. Assessment of mitochondrial function in 3T3-L1 adipocytes lacking PGC-1f
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4.3.5.1. Fatty acid oxidation
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Figure 30. 3T3-L1 adipocytes were transfected with siRNAs
targeting PGC-1B and/or PGC-1a and then treated with DMSO or
1 UM Rosiglitazone for 72 hours. Transfection was carried out on
adipocytes in suspension using 100 nM siRNA. Cells were incubated
at 37°Cin medium containing [1-"*C] palmitate and the utilization of
palmitate was monitored by the production of *CO,. *CO, trapped
in hyamine hydroxide was quantified by liquid scintillation counting.
Results are expressed as mean + SEM of 3 independent experiments
with triplicates. * Indicates statistical significance of the comparison

Palmitate oxidation
CO, trapped (a.u.)

0,0

‘PSGiEOFtE * 1 * N * I * N between control adipocytes (siControl) and adipocytes in which
Z;PGC:1EE 44 - -1 a any of the PGCs have been knocked down; * P< 0.05 ** P<0.01. #

Indicates statistical significance of comparison between vehicle-

DMSO Rosiglit.
9 and rosiglitazone-treated cells; # P< 0.05 ## P<0.01.
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4.3.5.2. Respirometry
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Figure 31. 3T3-L1 adipocytes were transfected with siRNAs targeting PGC-1(3 and/or PGC-1a and then
treated with DMSO or 1 uM Rosiglitazone for 72 hours. Transfection was carried out on adipocytes
in suspension using 100 nM siRNA. Basal and maximal (CCCP) cell respiration rates were measured
in 3T3-L1 adipocytes using a Clark-type oxygen electrode. Results are expressed as mean + SEM of 4
independent experiments with triplicates. * Indicates statistical significance of the comparison between
control adipocytes (siCont) and adipocytes in which any of the PGCs have been knocked down; * P< 0.05
** P<0.01. # Indicates statistical significance of comparison between vehicle- and rosiglitazone-treated
cells; # P< 0.05 ## P<0.01.

4.3.5.3. Measurement of ATP levels
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Figure 32. 3T3-L1 adipocytes were transfected with siRNAs targeting PGC-1 and/or PGC-1a and then
treated with DMSO or 1 uM Rosiglitazone for 72 hours. Transfection was carried out on adipocytes in
suspension using 100 nM siRNA. ATP production was assessed by measuring the light emitted in the
reaction of intracellular ATP with the enzyme luciferase. Results are expressed as mean + SEM of 4
independent experiments with triplicates.
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Figure 33. 3T3-L1 adipocytes were transfected with siRNAs targeting PGC-1(3 and/or PGC-1a and then
treated with DMSO or 1 uM Rosiglitazone for 72 hours. Transfection was carried out on adipocytes
in suspension using 100 nM siRNA. (A) Production of oxidant species was detected by measuring
fluorescence emitted by the oxidation of the molecule Carboxy-H,DCFDA. Hydrogen peroxide was used
as positive control. mRNA levels of (B) Glutathione peroxidase 1 (Gpx1) and (C) catalase (Cat) were assayed
by qPCR. Results are expressed as mean + SEM of 3 independent experiments with triplicates. * Indicates
statistical significance of the comparison between control adipocytes (siControl) and adipocytes in
which any of the PGCs have been knocked down; * P< 0.05.
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4.4. Effect of PGC-1P deletion on oxidative capacity of rosiglitazone in white adipose
tissue

4.4.1. Effects of the lack of PGC-1B in WAT on rosiglitazone-induced expression of
mitochondrial genes
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Figure 34. Expression levels of PpargcTb gene in retroperitoneal WAT from wild type and PGC13-FAT-
KO male littermates housed at thermoneutrality that have been subjected to vehicle or rosiglitazone
treatment for 21 days after a period of 8 weeks of feeding with a high fat diet. Gene expression was
determined by real-time quantitative PCR. Results are expressed as means + SEM (n=5-7 animals/group).
* indicates statistical significance of the comparison between wild type and PGC1(3-FAT-KO mice. ** P<
0.01.
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Figure 35. Expression levels of OxPhos genes in retroperitoneal WAT from wild type and PGC1[3-FAT-
KO male littermates housed at thermoneutrality that have been subjected to vehicle or rosiglitazone
treatment for 21 days after a period of 8 weeks of feeding with a high fat diet. Gene expression was
determined by real-time quantitative PCR. Results are expressed as means + SEM (n=5-7 animals/group).
* indicates statistical significance of the comparison between wild type and PGC1B-FAT-KO mice. #
indicates statistical significance of the comparison between vehicle- and rosiglitazone-treated groups.
*# P< 0.05; **## P< 0.01.
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Figure 36. Expression levels of TCA cycle genes in retroperitoneal WAT from wild type and PGC1[3-FAT-
KO male littermates housed at thermoneutrality that have been subjected to vehicle or rosiglitazone
treatment for 21 days after a period of 8 weeks of feeding with a high fat diet. Gene expression was
determined by real-time quantitative PCR. Results are expressed as means + SEM (n=5-7 animals/group).
* indicates statistical significance of the comparison between wild type and PGC1B-FAT-KO mice. #
indicates statistical significance of the comparison between vehicle- and rosiglitazone-treated groups.
*# P< 0.05; **## P< 0.01.
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Figure 37. mRNA expression levels of lipid oxidation genes in retroperitoneal WAT from wild type
and PGC13-FAT-KO male littermates housed at thermoneutrality that had been subjected to vehicle
or rosiglitazone treatment for 21 days after a period of 8 weeks of feeding with a high fat diet. Gene
expression was determined by real-time quantitative PCR. Results are expressed as means + SEM (n=5-7
animals/group). * indicates statistical significance of the comparison between wild type and PGC1§-
FAT-KO mice. # indicates statistical significance of the comparison between vehicle- and rosiglitazone-
treated groups. *# P< 0.05; **## P< 0.01.

4.4.2, Effect of the lack of PGC-1f on rosiglitazone-dependent induction of TCA cycle
and OxPhos protein levels in WAT
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Figure 38. Levels of mitochondrial proteins encoded by PGC-1(3 target genes were determined by
Western Blot analysis in retroperitoneal WAT of Wt and PGC1{3-FAT-KO mice housed at thermoneutrality
that had been subjected to vehicle or rosiglitazone treatment for 21 days after a period of 8 weeks of
feeding with a high fat diet. a-Tubulin protein was detected for loading control.
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4.4.3. Role of PGC-1 on rosiglitazone-induced lipogenesis and adipogenesis
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Figure 39. mRNA expression levels of genes coding for lipases and adipokines in retroperitoneal WAT
from wild type and PGC13-FAT-KO male littermates housed at thermoneutrality that have had subjected
to vehicle or rosiglitazone treatment for 21 days after a period of 8 weeks of feeding with a high fat
diet. Gene expression was determined by real-time quantitative PCR. Results are expressed as means
+ SEM (n=5-7 animals/group). * indicates statistical significance of the comparison between wild type
and PGC1{3-FAT-KO mice. # indicates statistical significance of the comparison between vehicle- and
rosiglitazone-treated groups. *# P< 0.05; **## P< 0.01.

4.4.4. Contribution of PGC-1 to rosiglitazone-enhancement of mitochondrial function
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Figure 40. Citrate synthase activity was measured spectrophotometrically in protein extracts of
retroperitoneal WAT from Wt and PGC1B-FAT-KO mice housed at thermoneutrality that had been
subjected to vehicle or rosiglitazone treatment for 21 days after a period of 8 weeks of feeding with a high
fat diet. Results are expressed as means = SEM (n=5-7 animals/group). * indicates statistical significance
of the comparison between wild type and PGC13-FAT-KO mice. # indicates statistical significance of the
comparison between vehicle- and rosiglitazone-treated groups. *# P< 0.05; **## P< 0.01.

4.4.5. Influence of PGC-1p on the transcriptional regulation of antioxidant enzymes
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Figure 41. Expression levels of genes related to oxidative stress in retroperitoneal WAT from wild type
and PGC1{3-FAT-KO male littermates housed at thermoneutrality that have been subjected to vehicle
or rosiglitazone treatment for 21 days after a period of 8 weeks of feeding with a high fat diet. Gene
expression was determined by real-time quantitative PCR. Results are expressed as means + SEM (n=5-7
animals/group). * indicates statistical significance of the comparison between wild type and PGC1§-
FAT-KO mice. # indicates statistical significance of the comparison between vehicle- and rosiglitazone-
treated groups. *# P< 0.05; **## P< 0.01.

4.4.6.Study of the contribution of PGC-1f torosiglitazone-induced mitochondriogenesis
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Figure 42. Relative mtDNA content analyzed in retroperitoneal WAT from Wt and PGC1B-FAT-KO mice
housed at thermoneutrality that have been subjected to vehicle or rosiglitazone treatment for 21 days
after a period of 8 weeks of feeding with a high fat diet. Results are expressed as means + SEM (n=5-7
animals/group). # indicates statistical significance of the comparison between vehicle-and rosiglitazone-
treated groups. ## P< 0.01.
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Figure 43. mRNA expression of well-established regulators of mitochondrial gene expression assessed
in retroperitoneal WAT from Wt and KO mice housed at thermoneutrality that have been subjected to
vehicle or rosiglitazone treatment for 21 days after a period of 8 weeks of feeding with a high fat diet.
Results are expressed as means + SEM (n=5-7 animals/group. # indicates statistical significance of the
comparison between vehicle- and rosiglitazone-treated groups. *# P< 0.05; **## P< 0.01.

4.5. Effect of adipose PGC-13 deficiency on glucose homeostasis and insulin sensitivity

4.5.1. Effect of the lack of PGC-1f in body adiposity of mice fed a chow diet
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Figure 44. (A) Body weight and (B) tissue weight of 21 weeks-old mice housed at 30°C and fed a chow
diet. Results are expressed as means + SEM (n=5-7 animals/group). * Indicates statistical significance
between Wt and PGC13-FAT-KO mice; ** P<0,01.
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Figure 45. Histological sections of inguinal WAT and interscapular BAT stained with hematoxylin/eosin
from mice housed at 30°C and fed a chow diet.
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< Figure 46. Uqp? mRNA expression in BAT from mice housed at 30°C and fed a

S 00 chow diet. mRNA expression was assessed by quantitative PCR. Results are
’ Wt KO expressed as means + SEM (n=5-7 animals/group).
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4.5.2, Effect of the lack of PGC-1f in white adipose tissue on glucose homeostasis
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Figure 47. (A) Glucose tolerance test (GTT) was performed on 16h-fasted mice. Blood Glucose levels
were measured at 0, 15, 30, 60, 90 and 120 minutes after an intraperitoneal injection of glucose (2 g/
kg). (B) Area under the curve of GTT associated curves. Results are expressed as means + SEM (n=5-7
animals/group).
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Figure 48. (A) Insulin tolerance test (ITT) was performed on 5h-fasted mice. Blood Glucose levels were
measured at 0, 15, 30, 60, 90 and 120 minutes after an intraperitoneal injection of insulin (0.9 U/kg). (B)
Area under the curve of ITT associated curves. Results are expressed as means + SEM (n=5-7 animals/
group).

4.5.3. Effect of the lack of PGC-1f in body adiposity upon rosiglitazone treatment
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Figure 49. (A) Body weight of wild type and PGC13-FAT-KO male littermates fed a high fat diet since
age 6 weeks and housed at thermoneutrality. (B) Tissue weight of major adipose depots and liver from
wild type and PGC1B-FAT-KO male littermates housed at thermoneutrality that have been subjected to
vehicle or rosiglitazone treatment for 21 days after a period of 8 weeks of feeding with a high fat diet.
Results are expressed as means + SEM (n=5-7 animals/group). # indicates statistical significance of the
comparison between vehicle- and rosiglitazone-treated groups. # P< 0.05.
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Figure 50. Histological sections of inguinal WAT stained with hematoxylin/eosin from wild type and
PGC1[3-FAT-KO male littermates housed at thermoneutrality that have been subjected to vehicle or
rosiglitazone treatment for 21 days after a period of 8 weeks of feeding with a high fat diet.
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Figure 51. Histological sections of interscapular BAT stained with hematoxylin/eosin from wild type
and PGC1{3-FAT-KO male littermates housed at thermoneutrality that have been subjected to vehicle or
rosiglitazone treatment for 21 days after a period of 8 weeks of feeding with a high fat diet.

4.5.4. Effect of adipose deletion of PGC-1p on glucose homeostasis upon rosiglitazone
treatment
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Figure 52. (A) Glucose tolerance test (GTT) was performed on 16h-fasted mice. Blood Glucose levels were
measured at 0, 15, 30, 60, 90 and 120 minutes after an intraperitoneal injection of glucose (2 g/kg). (B)
Area under the curve of GTT associated curves. Results are expressed as means + SEM (n=5-7 animals/
group). # indicates statistical significance of the comparison between vehicle- and rosiglitazone-treated
groups. # P< 0.05; ## P< 0.01.
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Figure 53. (A) Insulin tolerance test (ITT) was performed on 5h-fasted mice. Blood Glucose levels were
measured at 0, 15, 30, 60, 90 and 120 minutes after an intraperitoneal injection of insulin (0.9 U/kg). (B)
Area under the curve of ITT associated curves. Results are expressed as means + SEM (n=5-7 animals/
group). # indicates statistical significance of the comparison between vehicle- and rosiglitazone-treated
groups. ## P< 0.01.

4.5.5. Effect of adipose-targeted deletion of PGC-1 on the amelioration of the metabolic
profile by rosiglitazone
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Table 5. Serum metabolites and hormone levels of Wt and PGC1p-FAT-KO mice that have been subjected
to vehicle or rosiglitazone treatment for 21 days after a period of 8 weeks of feeding with a high fat diet.
HOMA-IR was calculated using the following formula: fasting blood glucose (mg/dl) x fasting insulin (uU/
ml)/405. Results are expressed as means + SEM (n=5-7 animals/group). # Indicates statistical significance
of the comparison between vehicle- and rosiglitazone-treated groups. ## P< 0.01.

4.5.6. Assessment of tissue-specific insulin signaling in PGC1f3-FAT-KO mice

i a i e d i 2 N O e ) [RIER RRI PRIPRZ AR B PRRIT PRERET @R FRIZIET R PRI T I3 2
(IR T (P (P 22 ) PP P P R P P22 (T PR A Pzt PR el P ke | PR PP AP T R )
EUPEPELEAWERERPA.RRFPEER PEPALEILAEPREEK PEP i i 1) s et ) Qe W e d o a0V s
(@IS PRRS PER R @LARPRRZZRAI R PRAL APRAVERPRIFP I FARR PR R L P ERLE @ LERTRTZPRIES LEPTRR
[RIER PRI PRA PEE il il s v N i)\ iAW i i i i v a0
1 2 PRI @) v vl el 1 N 3 d N ) W d ) Qe e i ) Wi e e 2 W i v
a2 d ] i 0 d a1 v o o i i e e s PRIFRR 2 PIHFPREIT @ @ PPE PRIPIERRI 2 PREET @M
(1 @ T PRmET PR

EERERRLPPRIPIIEB TR RPPERIER PEMLEIAL RREPERILEPES LERAREIPAR VY T T2RPL PRI ERTA TAL RV RIAL EPEIEES PR
PRIRIRIES P ERIRITCER 21 2 PR PRI I T IR gNuikiiiidldlizigu e (Wil e Al Slalk e aEl il
t Elds Eidtluad| e ldlindaeie: uguplEiu (WdcYiibddddadliida) )i e e deed e lde eala e ey (el

143



IR 21 2 R T T TP P NIRRT IR PR (2 PR VR (2 (T2 P CAINZINEZI NPT NNV ZINEIZINZIEKINZR) NN
Bn| laluleil [2I2P) AR ] 2IPIZR 21021 2l AR 2| PR PRI PR R TRIIE) PGER C PRI AR P AR 2 PO PIRIPRI]
PR REARPRRARERRIC [RE ARIPRRE R PEREF IR0 PR R [IPC R
PRI PR 2 PR 2P AP PR TR iz idlied e i [FEPPCZIP( 1 PIARAPRIRC PRPRPPRRIZIGRIZIZ n (PR
RIRIGTRIRIC ERRI R RIIR FEe 2 PRE PRI PC R PR PR R

Vehicle Rosigl.
Wt KO Wt KO

Insulin: - 4+ -+ - +- o+
e i | P-AKT
WAT
—————— - | AKT
| —_— — | p-AKT
Muscle

| | AKT

w— am | p-AKT

Liver
AKT

Figure 54. Total and phosphorylated AKT were detected by Western Blot in protein lysates of liver,
inguinal WAT and gastrocnemius muscle from mice that were treated with an insulin bolus after an
overnight fast.

4.6. Role of PGC-1p in brite adipocyte recruitment in wat

4.6.1.Role of PGC-1f in brite adipocyte recruitment in WAT by rosiglitazone treatment
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Figure 55. Expression brown adipocyte-specific genes in retroperitoneal WAT from wild type and PGC1f3-
FAT-KO male littermates housed at thermoneutrality that have been subjected to vehicle or rosiglitazone
treatment for 21 days after a period of 8 weeks of feeding with a high fat diet. Gene expression was
determined by real-time quantitative PCR. Results are expressed as means + SEM (n=5-7 animals/group).
* indicates statistical significance of the comparison between wild type and PGC1p-FAT-KO mice. #
indicates statistical significance of the comparison between vehicle- and rosiglitazone-treated groups.
*# P< 0.05; **## P< 0.01.
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Figure 56. UCP1 protein levels were detected by Western Blot in retroperitoneal WAT from wild type
and PGC1{3-FAT-KO male littermates housed at thermoneutrality that have been subjected to vehicle or
rosiglitazone treatment for 21 days after a period of 8 weeks of feeding with a high fat diet. BAT protein
extract from Wt mice housed at 21°C was used as a positive control for UCP1 protein expression.
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4.6.2 Effect of B-adrenergic stimulation on brite adipocyte recruitment in WAT of
PGC1B-FAT-KO mice
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Figure 57. txpression brown adipocyte-specific genes In inguinal WAl trom wild type and PGC1{3-
FAT-KO male littermates housed at thermoneutrality and fed chow diet that have been subjected to
vehicle or CL-316,234 treatment for 10 days. Gene expression was determined by real-time quantitative
PCR. Results are expressed as means + SEM (n=5-7 animals/group). * indicates statistical significance of
the comparison between wild type and PGC13-FAT-KO mice. # indicates statistical significance of the
comparison between vehicle- and CL-316,234-treated groups. *# P< 0.05; **## P< 0.01.
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Figure 58.(A) Body weight of Wtand PGC1-FAT-KO mice before and after CL-316,234 or vehicle treatment.
(B) Adipose depots weight of Wt and PGC1{3-FAT-KO male littermates housed at thermoneutrality and
fed standard diet that have been subjected to vehicle or CL-316,243 treatment for 10 days. Results are
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expressed as means + SEM (n=5-7 animals/group). * indicates statistical significance of the comparison
between wild type and PGC1B-FAT-KO mice. # indicates statistical significance of the comparison
between vehicle- and CL-316,234-treated groups. *# P< 0.05; **## P< 0.01.
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Figure 59. Histological sections of inguinal WAT stained with hematoxylin/eosin from wild type and
PGC1B-FAT-KO male littermates housed at thermoneutrality and fed standard diet that have been
subjected to vehicle or CL-316,243 treatment for 10 days.

4.6.3. Role of PGC-1$ on the regulation of mitochondrial gene expression induced by
CL-316,243 treatment
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Figure 60. Expression OxPhos genes in inguinal WAT from wild type and PGC13-FAT-KO male littermates
housed at thermoneutrality and fed chow diet that have been subjected to vehicle or CL-316,234
treatment for 10 days. Gene expression was determined by real-time quantitative PCR. Results are
expressed as means + SEM (n=5-7 animals/group). * indicates statistical significance of the comparison
between wild type and PGC1B-FAT-KO mice. # indicates statistical significance of the comparison
between vehicle- and CL-316,234-treated groups. *# P< 0.05; **## P< 0.01.
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Figure 61. Expression of (A) TCA cycle and (B) lipid metabolism genes in inguinal WAT from wild type and
PGC1{3-FAT-KO male littermates housed at thermoneutrality and fed chow diet that have been subjected
to vehicle or CL-316,234 treatment for 10 days. Gene expression was determined by real-time quantitative
PCR. Results are expressed as means + SEM (n=5-7 animals/group). * indicates statistical significance of
the comparison between wild type and PGC13-FAT-KO mice. # indicates statistical significance of the
comparison between vehicle- and CL-316,234-treated groups. *# P< 0.05; **## P< 0.01.
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Figure 62. (A) Levels of mitochondrial proteins encoded by PGC-1f target genes were determined by
Western Blot analysis in retroperitoneal WAT of Wt and PGC1{3-FAT-KO mice housed at thermoneutrality
that have been subjected to vehicle or CL-316,234 treatment for 10 days. Cyclophilin A protein was
detected for loading control. (B) Protein expression levels normalized by Cyclophilin A expression were
determined with the Image J software.
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Figure 63. Expression of well-established regulators of mitochondrial gene expression in inguinal WAT
from wild type and PGC13-FAT-KO male littermates housed at thermoneutrality and fed chow diet that
have been subjected to vehicle or CL-316,234 treatment for 10 days. Gene expression was determined
by real-time quantitative PCR. Results are expressed as means + SEM (n=5-7 animals/group). * indicates
statistical significance of the comparison between wild type and PGC1(3-FAT-KO mice. # indicates
statistical significance of the comparison between vehicle- and CL-316,234-treated groups. *# P< 0.05;
**## P< 0.01.
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4.6.4. Role of PGC-1 on B-adrenergic stimulation in BAT
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Figure 64. Histological sections of interscapular BAT stained with hematoxylin/eosin from wild type
and PGC13-FAT-KO male littermates housed at thermoneutrality and fed standard diet that have been
subjected to vehicle or CL-316,243 treatment for 10 days.
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Figure 65. Expression of Ucp1 in interscapular BAT from wild type and PGC1(3-FAT-KO male littermates
housed at thermoneutrality and fed chow diet that have been subjected to vehicle or CL-316,234
treatment for 10 days. Gene expression was determined by real-time quantitative PCR. Results are
expressed as means + SEM (n=5-7 animals/group). # indicates statistical significance of the comparison
between vehicle- and CL-316,234-treated groups. # P< 0.05; ## P< 0.01.
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Figure 66. Expression of genes involved in oxidative metabolism in interscapular BAT from wild type
and PGC1B-FAT-KO male littermates housed at thermoneutrality and fed chow diet that have been
subjected to vehicle or CL-316,234 treatment for 10 days. Gene expression was determined by real-time
quantitative PCR. Results are expressed as means + SEM (n=5-7 animals/group). # indicates statistical
significance of the comparison between vehicle- and CL-316,234-treated groups. # P< 0.05; ## P< 0.01.
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Figure 67. Expression of well-established regulators of mitochondrial gene expression in interscapular
BAT from wild type and PGC1B-FAT-KO male littermates housed at thermoneutrality and fed chow
diet that have been subjected to vehicle or CL-316,234 treatment for 10 days. Gene expression was
determined by real-time quantitative PCR. Results are expressed as means + SEM (n=5-7 animals/group.
* indicates statistical significance of the comparison between wild type and PGC1(3-FAT-KO mice. #
indicates statistical significance of the comparison between vehicle- and CL-316,234-treated groups. *#
P< 0.05; **## P< 0.01.
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5.DISCUSSION






5.1. Analysis of the pathways regulated by PGC-10in WAT
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5.2. Role of PGC-1 in white adipocyte physiology
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5.6. Contribution of PGC-1 to rosiglitazone-dependent oxidative capacity in WAT
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Figure 1. Schematic overview of the effects of thiazolidinediones on the activity of PGC-1a and PGC-
1B in WAT. While the activity of PGC-1a seems to be restricted to the transcriptional regulation of the
thermogenic gene program in WAT, PGC-10 regulates the expression of OxPhos and TCA genes as well as
some genes involved in thermogenesis, although to at a lower extent than PGC-1a.
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Annex

Table 1. List of up-regulated genes in PGC1(3-FAT-KO mice

Entrez ID Symbol Gene Name logFC P.Value
ST6 (alpha-N-acetyl-neuraminyl-2,3-beta-galac-
26938 Stégalnac5  tosyl-1,3)-N-acetylgalactosaminide alpha-2,6-sialyltrans- 0.992 2.43E-03
ferase 5
18979 Pon1 paraoxonase 1 0.867 3.17E-03
13107 Cyp2f2 cytochrome P450, family 2, subfamily f, polypeptide 2 0.856 2.16E-02
12053 Bclé B-cell leukemia/lymphoma 6 0.797 1.49E-03
19416 Rasd1 RAS, dexamethasone-induced 1 0.781 5.06E-04
237175 Gpré4 G protein-coupled receptor 64 0.761 2.35E-02
20860 Sult1el sulfotransferase family 1E, member 1 0.719 1.36E-03
320974 Lrrn4 leucine rich repeat neuronal 4 0.696 5.29E-04
22414 Wnt2b wingless related MMTV integration site 2b 0.656 3.69E-04
100647 Upk3b uroplakin 3B 0.637 8.33E-04

RNA, Y3 small cytoplasmic (associated with Ro protein);

19872 Rny1 RNA, Y1 small cytoplasmic, Ro-associated 0.630 3.348-04
17528 Mpz myelin protein zero 0.599 3.53E-02
234267 Gpméa glycoprotein méa 0.590 6.56E-03
22223 Uchl1 ubiquitin carboxy-terminal hydrolase L1 0.589 2.89E-02
21743 Inmt indolethylamine N-methyltransferase 0.550 9.62E-05
192190 Pkhd1l11 polycystic kidney and hepatic disease 1-like 1 0.548 1.30E-02
70676 Gulp1 GULP, engulfment adaptor PTB domain containing 1 0.540 2.72E-02
17933 Myt1l myelin transcription factor 1-like 0.532 2.43E-04
14264 Fmod fibromodulin 0.504 7.17E-03
55987 Cpxm2 carboxypeptidase X 2 (M14 family) 0.500 3.95E-03
235281 Scn3b sodium channel, voltage-gated, type Ill, beta 0.499 1.36E-02
79362 Bhlhe41 basic helix-loop-helix family, member e41 0.498 6.59E-03
319229 Sctr secretin receptor; similar to Sctr protein 0.482 3.41E-02
13170 Dbp D site albumin promoter binding protein 0.469 1.56E-02
18619 Penk preproenkephalin 0.461 9.31E-03
192199 Rspo1 R-spondin homolog (Xenopus laevis) 0.459 1.98E-03
230157 Tmeff1 Iirsjisgzzzr:;i ;13rotein with EGF-like and two follista- 0.458 4.65E-02
12797 Cnn1 calponin 1 0.449 2.20E-02
15483 Hsd11b1  hydroxysteroid 11-beta dehydrogenase 1 0.449 1.61E-02
14734 Gpc3 glypican 3 0.445 9.60E-03
330695 Ctxn1 cortexin 1 0.444 8.62E-03
12737 Cldn1 claudin 1 0.440 1.39E-02
18823 Plp1 proteolipid protein (myelin) 1 0.438 3.65E-02
11568 Aebp1 AE binding protein 1 0.437 3.68E-03
56332 Amotl2 angiomotin-like 2 0.435 7.74E-03
13731 Emp2 epithelial membrane protein 2 0.430 2.20E-02
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380967 Tmem106c transmembrane protein 106C 0.421 1.57E-03
94214 Spock2 ;rr;cr::]o;teonectin, cwcv and kazal-like domains proteo- 0416 110E-03
399558 Flrt2 fibronectin leucine rich transmembrane protein 2 0.408 2.99E-03
23967 Osr1 odd-skipped related 1 (Drosophila) 0.400 1.03E-02
21345 Tagln transgelin 0.400 2.69E-02
58804 Cdc42ep5 CDCA42 effector protein (Rho GTPase binding) 5 0.400 2.58E-02
13497 Drp2 dystrophin related protein 2 0.391 4.97E-02
269037 Ctif CBP80/20-dependent translation initiation factor 0.391 2.46E-02
217166 Nr1d1 nuclear receptor subfamily 1, group D, member 1 0.390 1.27E-02
100217418 Snora44 small nucleolar RNA, H/ACA box 44 0.387 3.00E-02
269831 Tspan12  tetraspanin 12 0.386 3.06E-02
19871 Rnu73b U73B small nuclear RNA; U73A small nuclear RNA 0.385 3.17E-02
272428 Acsm5 acyl-CoA synthetase medium-chain family member 5 0.383 3.43E-02
14546 Gdap10 $gnglioside—induced differentiation-associated-protein 0382 117E-02
226049 Dmrt2 doublesex and mab-3 related transcription factor 2 0.380 4.37E-02
66637 Tsen15 tRNA splicing endonuclease 15 homolog (S. cerevisiae) 0.380 1.64E-02
56543 Kend3 ch:zﬁs;i:rn; voltage-gated channel, Shal-related family, 0380 123602
11737 Anp32a er;cietfri]cb(;?l}l\cine-rich) nuclear phosphoprotein 32 family, 0379 4.04E-02
17268 Meis1 Meis homeobox 1 0.377 1.12E-02
19116 Prlr prolactin receptor 0.376 3.20E-02
83453 Chrdl1 chordin-like 1 0.373 3.61E-02
74116 Pi16 peptidase inhibitor 16 0.370 3.14E-02
67272 Cmtm5 CKLF-like MARVEL transmembrane domain containing 5 0.370 2.98E-02
12263 2 complement component 2 (within H-2S) 0.370 4.25E-02
224836 Usp49 ubiquitin specific peptidase 49 0.370 1.91E-02
77976 Nuak1 NUAK family, SNF1-like kinase, 1 0.366 2.85E-02
15360 Hmgcs2  3-hydroxy-3-methylglutaryl-Coenzyme A synthase 2 0.364 2.52E-02
14190 Fgl2 fibrinogen-like protein 2 0.364 3.00E-02
18295 Ogn osteoglycin 0.362 1.34E-02
17965 Nbl1 neuroblastoma, suppression of tumorigenicity 1 0.362 2.17E-03
338521 Fa2h fatty acid 2-hydroxylase 0.361 4.28E-02
73102 Slc22a23  solute carrier family 22, member 23 0.360 3.10E-02
14465 Gata6b GATA binding protein 6 0.358 9.64E-03
665033 Col6a5 collagen, type VI, alpha 5 0.357 3.63E-02
15400 Hoxa3 homeo box A3 0.355 3.36E-02
74134 Cyp2s1 cytochrome P450, family 2, subfamily s, polypeptide 1 0.354 5.26E-03
211660 Cspp1 centrosome and spindle pole associated protein 1 0.349 3.63E-02
102614 Rpp25 ribonuclease P 25 subunit (human) 0.349 2.08E-02
22418 Wnt5a wingless-related MMTV integration site 5A 0.349 2.60E-02
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74533 Gzf1 GDNF-inducible zinc finger protein 1 0.345 2.87E-02
233107 Kctd15 potassium channel tetramerisation domain containing 15 0.340 2.91E-02
10882 Mstir gfg;;zhzazjg;mulating 1 receptor (c-met-related 0339 3.80E-02
i pna T Clemen potesone esciiodonan el oz asieas
66999 Med28 Ew:r:iglt;)gr E;feRal;lS polymerase Il transcription, subunit 28 0337 1.65E-02
104369 Snora69  small nucleolar RNA, H/ACA box 69 0.337 1.40E-02
270106 Rpl13 ribosomal protein L13 0.336 4.82E-03
58237 Nkain4 Na+/K+ transporting ATPase interacting 4 0.336 8.16E-03
15289 Hmgb1 high mobility group box 1 0.336 1.99E-02
24059 Slco2al ;(;I1ute carrier organic anion transporter family, member 0333 1.30E-02
260299 Cadm4 cell adhesion molecule 4 0.330 8.83E-03
237052 Tceall transcription elongation factor A (Sll)-like 1 0.328 2.68E-02
16369 Irs3 insulin receptor substrate 3 0.328 4.32E-02
330096 Shisa3 shisa homolog 3 (Xenopus laevis) 0.328 1.84E-02
14447 Gapdhs ?cl))éc:eer:izzlcldehyde—3—phosphate dehydrogenase, sperma- 0327 2.87E-02
18626 Per1 period homolog 1 (Drosophila) 0.325 1.97E-02
71724 Aox3 aldehyde oxidase 3 0.324 1.75E-02
69938 Scrn secernin 1 0.324 4.79E-02
243277 Gpr133 G protein-coupled receptor 133 0.320 1.43E-02
27210 Snord34 small nucleolar RNA, C/D box 34 0.320 3.27E-02
72543 Fami2sh o1 Z}’;:‘:;g;‘gg;g;ﬁ"g‘::;’ 125, member B similarto 379 4 33¢.0
72865 Cxx1c CAAX box 1 homolog C (human) 0.318 1.55E-02
102693 Phidb1 pleckstrin homology-like domain, family B, member 1 0317 4.17E-02
74199 Vit vitrin 0.313 2.08E-02
56047 Msln mesothelin 0.313 1.56E-02
19655 Rbmx RNA binding motif protein, X chromosome 0312 2.79E-02
20475 Six5 sine oculis-related homeobox 5 homolog (Drosophila) 0311 4.01E-02
74194 Rnd3 Rho family GTPase 3 0311 1.95E-02
55983 Pdzrn3 PDZ domain containing RING finger 3 0.310 2.93E-02
277154 Nynrin cDNA sequence BC030046 0.308 3.80E-02
77739 Adamtsl1  ADAMTS-like 1 0.308 2.15E-02
15402 Hoxa5 homeo box A5 0.305 4.92E-02
18708 Pik3r1 ﬁﬂ.‘;fehpiﬁﬁey'iT‘;ﬁ;";.ﬁ'ﬁ;ﬁ’ase regulatory subunit, 0305  2.62E-02
105859 Csdc2 cold shock domain containing C2, RNA binding 0.304 3.34E-02
19017 Ppargcia Es;tzzij;)gref:l);irf‘earative activated receptor, gamma, 0303 446E-02
18645 Pfn2 profilin 2 0.301 3.34E-02
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similar to mKIAA0658 protein; cryptochrome 2 (photol-

12953 Cry2 yase-like) 0.301 4.30E-02
78287 Zfyve20  zincfinger, FYVE domain containing 20 0.300 3.33E-02
231803 Mepce methylphosphate capping enzyme 0.299 9.31E-03
18606 Enpp2 ectonucleotide pyrophosphatase/phosphodiesterase 2 0.298 1.60E-02
11535 Adm adrenomedullin 0.294 2.07E-02
75677 Cldn22 claudin 22 0.294 3.52E-02
21685 Tef thyrotroph embryonic factor 0.293 4.06E-02
71508 Zfp935 zinc finger protein 935 0.290 3.53E-02
227700 Sh3glb2 SH3-domain GRB2-like endophilin B2 0.289 4.11E-02
14234 Foxc2 forkhead box C2 0.289 3.61E-02
106014 Fam19a5  family with sequence similarity 19, member A5 0.287 3.34E-02
20200 S100a6 $100 calcium binding protein A6 (calcyclin) 0.284 4.09E-02
242669 Adc arginine decarboxylase 0.283 2.25E-02
236733 Usp11 ubiquitin specific peptidase 11 0.280 2.47E-02
26561 Mmp23 matrix metallopeptidase 23 0.275 1.82E-02
18007 Neo1 neogenin 0.274 2.75E-02
71145 Scara5 scavenger receptor class A, member 5 (putative) 0.272 3.60E-02
20856 Stc2 stanniocalcin 2 0.272 4.25E-02
68655 Fndc1 fibronectin type lll domain containing 1 0.271 2.89E-02
17131 Smad7 MAD homolog 7 (Drosophila) 0.270 2.89E-02
407821 Znrf3 zinc and ring finger 3 0.270 3.97E-02
387314 Tmtcl ‘;ransmembrane and tetratricopeptide repeat containing 0270 1.756-02
80290 Gpr146 G protein-coupled receptor 146 0.269 2.60E-02
56506 Cib2 calcium and integrin binding family member 2 0.269 3.04E-02
15425 Hoxc6 homeo box C6 0.269 4.65E-02
22658 Pcgf2 polycomb group ring finger 2 0.269 2.26E-02
15413 Hoxb5 homeo box B5 0.268 1.22E-02
19223 Ptgis prostaglandin 12 (prostacyclin) synthase 0.268 3.44E-02
20595 Smn1 survival motor neuron 1 0.267 4.37E-02
22183 Zesr1 zirr;?nf.:ggeiirc(ﬁfCH type), RNA binding motif and serine/ 0.266 2.03E-02
57170 Dolpp1 dolichyl pyrophosphate phosphatase 1 0.265 2.96E-02
211586 Tfdp2 transcription factor Dp 2 0.264 3.64E-02
78651 Lsm6 tzxsiZzgolog, U6 small nuclear RNA associated (S. 0262 432E-02
208146 Yeats2 YEATS domain containing 2 0.262 2.62E-02
170745 Xpnpep2 ;(—e;?lrgﬁﬁminopeptidase (aminopeptidase P) 2, membra- 0262 2.38E-02
20516 Slc20a2 hypothetical protein LOC100045882; solute carrier family 0262 4.48E-02

20, member 2
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232337 Zfp637 zinc finger protein 637 0.260 3.62E-02

asparagine-linked glycosylation 1 homolog (yeast, be-

208211 Alg1 ta-1,4-mannosyltransferase) 0.260 3.86E-02
71962 Gatsl3 GATS protein-like 3 0.260 3.30E-02
77134 Hnrnpa0  heterogeneous nuclear ribonucleoprotein AO 0.259 1.96E-02
110751 Adam33  adisintegrin and metallopeptidase domain 33 0.259 1.98E-02
20471 Six1 sine oculis-related homeobox 1 homolog (Drosophila) 0.257 4.20E-02
67039 Rbm25 RNA binding motif protein 25 0.257 3.03E-02
13853 Epm2a :r;j:::apsy, progressive myoclonic epilepsy, type 2 gene 0.256 2.67E-02
100039795 lldr2 immunoglobulin-like domain containing receptor 2 0.254 2.20E-02
12628 Cfh complement component factor h 0.254 3.69E-02
192170 Eif4a3 eukaryotic translation initiation factor 4A3 0.253 4.21E-02
242509 Bnc2 basonuclin 2 0.252 4.51E-02
59289 Ccbp2 chemokine binding protein 2 0.251 2.01E-02
207165 Bptf bromodomain PHD finger transcription factor 0.249 3.37E-02
67623 Tm7sf3 transmembrane 7 superfamily member 3 0.249 1.66E-02
227619 Man1b1 mannosidase, alpha, class 1B, member 1 0.247 3.28E-02
17300 Foxc1 forkhead box C1 0.246 1.90E-02
192198 Lrrc4 leucine rich repeat containing 4 0.246 3.70E-02
65960 Twsgl twisted gastrulation homolog 1 (Drosophila) 0.245 3.05E-02
50909 Cirb ;Z?epglgesr?fnt component 1, r subcomponent; predicted 0243 3.95E-02
271005 Klhdc1 kelch domain containing 1 0.241 4.77E-02
66404 Rtfdc1 replication termination factor 2 domain containing 1 0.241 2.41E-02
12395 Runxit] Eg;ctl—ir:lsfre:::tr:g;cription factor 1; translocated to, 1 0241 4.61E-02
72567 Bclaf1 BCL2-associated transcription factor 1 0.241 2.62E-02
67917 Zcche3 zinc finger, CCHC domain containing 3 0.241 4.08E-02
20665 Sox10 SRY-box containing gene 10 0.238 2.58E-02
15423 Hoxc4 homeo box C4 0.236 1.95E-02
17754 Mtap1a microtubule-associated protein 1 A 0.233 4.72E-02
74737 PCf11 zﬁz\\ll?sc_:i;aeea;nd polyadenylation factor subunit homolog (S. 0232 3.44E-02
102774 Bbs4 Bardet-Biedl syndrome 4 (human) 0.232 3.69E-02
18671 Abcbla ?ZP—binding cassette, sub-family B (MDR/TAP), member 0.231 3 19E-02
20044 Rps14 ribosomal protein S14 0.231 3.11E-02
72931 Swi5 SWI5 recombination repair homolog (yeast) 0.228 3.60E-02
404634 H2afy2 H2A histone family, member Y2 0.228 3.70E-02
53861 Zranb2 zinc finger, RAN-binding domain containing 2 0.226 4.60E-02
17184 Matr3 matrin 3; similar to Matrin 3 0.225 2.98E-02
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328110 Prpf39 PRP39 pre-mRNA processing factor 39 homolog (yeast) 0.224 2.38E-02
100047183 Ahnak2 AHNAK nucleoprotein 2; 0.224 3.89E-02
56395 Tmem115  transmembrane protein 115 0.224 4.37E-02
230584 Yipf1 Yip1 domain family, member 1 0.223 4.89E-02
23897 Hax1 HCLS1 associated X-1; silica-induced gene 111 0.223 2.59E-02
108058 Camk2d  calcium/calmodulin-dependent protein kinase II, delta 0.222 3.56E-02
320538 Ubn2 ubinuclein 2 0.221 2.81E-02
23837 Cfdp1 craniofacial development protein 1 0.221 2.56E-02
21652 Phf1 PHD finger protein 1 0.220 5.00E-02
231474 Paqr3 progestin and adipoQ receptor family member IlI 0.220 4.62E-02
22380 Wbp4 WW domain binding protein 4 0.220 4.06E-02
12512 Cd63 CD63 antigen 0.218 3.33E-02
27055 Fkbp9 FK506 binding protein 9 0.217 3.17E-02
237943 Gpatch8 G patch domain containing 8 0.216 3.13E-02
107242 AI837181  expressed sequence Al837181 0.216 3.81E-02
241308 Ralgps1 Ral GEF with PH domain and SH3 binding motif 1 0.216 4.20E-02
67785 Zmym4 zinc finger, MYM-type 4 0.214 4.30E-02
12808 Cobl cordon-bleu 0.213 4.89E-02
13007 Csrp1 cysteine and glycine-rich protein 1 0.211 3.95E-02
66854 Trim35 tripartite motif-containing 35 0.211 4.87E-02
108160 Fam50a  family with sequence similarity 50, member A 0.210 3.88E-02
75686 Nudt16 nudix (nucleoside diphosphate linked moiety X)-type 0.207 4.75E-02
motif 16

68961 Phkg2 phosphorylase kinase, gamma 2 (testis) 0.206 4.81E-02
320299 lgcb1 1Q calmodulin-binding motif containing 1 0.204 4.20E-02
68099 Fam92a  family with sequence similarity 92, member A 0.203 4.68E-02
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Table 2. List of down-regulated genes in PGC13-FAT-KO mice. Mitochondrial genes are
highlighted in turquoise.

Entrez ID Symbol Gene Name logFC P.Value
14077 Fabp3 acid binding protein 3, muscle and heart -1.351 2.7E-04
12895 Cptlb carnitine palmitoyltransferase 1b, muscle -1.277 9.6E-05
12683 Cidea cell dgath-inducing DNA fragmentation factor, alpha 1.261 2 7E-04

subunit-like effector A
12865 Cox7al cytochrome c oxidase, subunit Vlla 1 -1.252 6.1E-05
12700 Cish cytokine inducible SH2-containing protein -0.974 1.3E-02
620807 Mup6 major urinary protein 6 -0.937 3.3E-02
12869 Cox8b cytochrome c oxidase, subunit VIlib -0.895 1.9E-04
103172 Chchd10 coiled-coil-helix-coiled-coil-helix domain containing 10 -0.866 6.0E-04
12684 Cideb :Elkl)uieita_t“hk-einec#ecci:(i ENA fragmentation factor, alpha 0.802 47E-02
67426 Cabc1 aarF domain containing kinase 3 -0.801 7.7E-04
18775 Pri3d1 prolactin family 3, subfamily d, member 1 -0.779 2.8E-02
15484 Hsd11b2 hydroxysteroid 11-beta dehydrogenase 2 -0.774 3.6E-02
63993 Slc5a7 solute carrier family 5 (choline transporter), member 7 -0.754 2.0E-02
27273 Pdk4 pyruvate dehydrogenase kinase, isoenzyme 4 -0.720 3.2E-03
385643 Kng2 kininogen 2 -0.711 1.4E-02
232493 Gys2 glycogen synthase 2 -0.588 4.4E-02
18406 Orm2 orosomucoid 2 -0.565 2.2E-02
75552 Paqro progestin and adipoQ receptor family member IX -0.537 1.9E-02
26970 Pla2g2e phospholipase A2, group IIE -0.523 3.5E-02
73656 Msda6e ;ncembrane—spanning 4-domains, subfamily A, member 0512 4.7E-02
19013 Ppara peroxisome proliferator activated receptor alpha -0.499 2.8E-02
17294 Mest mesoderm specific transcript -0.494 1.3E-02
229791 D3Bwg0562e 55'\'6’; esfgrrz:s’:é Chr 3, Brigham & Women's Genetics j0) g3
246728 Oas2 2'-5' oligoadenylate synthetase 2 -0.482 4.4E-03
77219 Ptgr2 prostaglandin reductase 2 -0.473 5.0E-03
11429 Aco2 aconitase 2, mitochondrial -0.462 8.0E-04
13063 Cycs cytochrome ¢, somatic -0.452 6.8E-03
75735 Pank1 pantothenate kinase 1 -0.437 4.7E-03
18430 Oxtr oxytocin receptor -0.433 4.5E-02
170718 Idh3b isocitrate dehydrogenase 3 (NAD+) beta -0.428 6.9E-04
11555 Adrb2 adrenergic receptor, beta 2 -0.426 6.1E-03
66925 Sdhd i;]::‘ir;?;i:’e)?g:ié?]genase complex, subunit D, integral 0423 9.3E-04
21906 Otop1 otopetrin 1 -0.422 7.7E-03
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435804 Olfr1335 olfactory receptor 1335 -0.413 2.6E-02
67775 Rtp4 receptor transporter protein 4 -0.409 7.8E-03
99899 Ifid4 interferon-induced protein 44 -0.396 1.1E-02
170439 Elovi6 ELQVL family member 6, elongation of long chain fatty 0395 3.4E-02
acids (yeast)
105675 Ppif peptidylprolyl isomerase F (cyclophilin F) -0.394 1.0E-02
16832 Ldhb lactate dehydrogenase B -0.394 4.6E-03
23960 Oaslg 2'-5' oligoadenylate synthetase 1G -0.392 7.8E-03
18655 Pgk1 phosphoglycerate kinase 1 -0.391 2.2E-03
216783 Olfr320 olfactory receptor 320 -0.384 7.4E-03
64136 Sdf2l1 stromal cell-derived factor 2-like 1 -0.372 1.4E-02
66218 Ndufbo NADH dehydrogenase (ubiquinone) 1 beta subcom- 0.364 3.1E-03
plex, 9
12858 Cox5a cytochrome c oxidase, subunit Va -0.361 4.4E-03
13004 Ncan neurocan -0.356 4.0E-02
20916 Suclaz ;Liltccmate-Coenzyme A ligase, ADP-forming, beta subu- 0.354 1.8E-03
666907 Ms4ada Ln:mbrane—spannmg 4-domains, subfamily A, member 0.348 3.5E-02
21877 Tk1 thymidine kinase 1 -0.346 1.7E-02
22273 Uqcrcl ubiquinol-cytochrome c reductase core protein 1 -0.342 4.0E-03
258220 Olfr1148 olfactory receptor 1148 -0.342 3.5E-02
66445 Cycl cytochrome c-1 -0.341 1.4E-02
68738 Acss1 acyl-CoA synthetase short-chain family member 1 -0.340 6.7E-03
66576 Uqcrh ubiquinol-cytochrome c reductase hinge protein -0.337 4.1E-03
20135 Rrm2 ribonucleotide reductase M2 -0.337 1.7E-02
67630 Sdhb succinate dehydrogenase complex, subunit B, iron sul- 0337 1.0E-02
fur (Ip)
230075 Ndufbé NADH dehydrogenase (ubiquinone) 1 beta subcom- 0.333 4.0E-03
plex, 6
66052 sdhc succinate dehydr.ogenase complex, subunit C, integral 0333 4.0E-03
membrane protein
15957 it interferon-induced protein with tetratricopeptide re- 0329 2.3E-02
peats 1
28080 Atp50 ATP synthase,.H+ transporting, mitochondrial F1 com- 0328 41E-03
plex, O subunit
14194 Fh1 fumarate hydratase 1 -0.327 3.2E-03
227197 Ndufs1 NADH dehydrogenase (ubiquinone) Fe-S protein 1 -0.327 4.3E-03
52538 Acaa2 acetyl-Coenzyme A acyItfansferase 2 (mitochondrial 0319 3.3E-02
3-oxoacyl-Coenzyme A thiolase)
12859 Cox5b cytochrome c oxidase, subunit Vb -0.318 4.4E-03
66075 Chchd3 coiled-coil-helix-coiled-coil-helix domain containing 3 -0.318 2.7E-03
67834 Idh3a isocitrate dehydrogenase 3 (NAD+) alpha -0.312 8.5E-03
170826 Ppargcib peroxisome proliferative activated receptor, gamma, 0312 15E-02

coactivator 1 beta
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20321 Frrs1 ferric-chelate reductase 1 -0.312 3.1E-02
70316 Ndufab] ?:nl?;g(e’:};ydrogenase (ubiquinone) 1, alpha/beta sub- 0312 1.4E-02
17995 Ndufv1 NADH dehydrogenase (ubiquinone) flavoprotein 1 -0.311 8.5E-03
11853 Rhoc ras homolog gene family, member C -0.310 2.7E-02
26381 Esrrg estrogen-related receptor gamma -0.308 2.3E-02
12850 Coq7 demethyl-Q 7 -0.308 3.7E-03
11946 Atp5al Q;I'elj(,sgrr)t::zibt:i:r1ansporting, mitochondrial F1 com- 0.306 3.7E-03
20128 Trim30 tripartite motif-containing 30A -0.302 4.4E-02
11950 Atp5f1 2Lisz:;:iiteBl;l+ transporting, mitochondrial FO com- 0.301 3.0E-03
11958 Atpsk ?I;F)sl)ér:::z;zn::ie— transporting, mitochondrial F1FO 0.299 2.3E-02
110323 Cox6b1 cytochrome c oxidase, subunit VIb polypeptide 1 -0.299 9.3E-03
246730 Oasla 2'-5' oligoadenylate synthetase 1A -0.296 3.6E-02
218772 Rarb retinoic acid receptor, beta -0.288 2.6E-02
19139 Prps1 phosphoribosyl pyrophosphate synthetase 1 -0.287 3.2E-02
66107 1100001G20Rik  RIKEN cDNA 1100001G20 gene -0.282 1.6E-02
66477 Usmg5 upregulated during skeletal muscle growth 5 -0.278 1.8E-02
320720 Fastkd1 FAST kinase domains 1 -0.276 3.0E-02
19272 Ptprk protein tyrosine phosphatase, receptor type, K -0.276 9.7E-03
66046 Ndufbs Ségl—; dehydrogenase (ubiquinone) 1 beta subcom- 0274 7 5E-03
75406 Ndufs7 NADH dehydrogenase (ubiquinone) Fe-S protein 7 -0.267 2.0E-02
16190 Il4ra interleukin 4 receptor, alpha -0.264 2.7E-02
71878 Fam83d family with sequence similarity 83, member D -0.264 3.2E-02
29815 Bcar3 breast cancer anti-estrogen resistance 3 -0.263 4.0E-02
94065 Mrpl34 mitochondrial ribosomal protein L34 -0.257 9.4E-03
17448 Mdh2 malate dehydrogenase 2, NAD -0.255 1.2E-02
20656 Sod2 superoxide dismutase 2, mitochondrial -0.254 1.4E-02
17449 Mdh1 malate dehydrogenase 1, NAD (soluble) -0.254 3.8E-02
56451 Suclg1 succinate-CoA ligase, GDP-forming, alpha subunit -0.253 2.0E-02
18648 Pgam1 phosphoglycerate mutase 1 -0.253 1.7E-02
68203 Diras2 DIRAS family, GTP-binding RAS-like 2 -0.250 2.7E-02
17992 Ndufad :,l;z)?,lj; dehydrogenase (ubiquinone) 1 alpha subcom- 0.248 2.7E-02
280635 Emilin3 elastin microfibril interfacer 3 -0.245 3.7E-02
23962 Oasl2 2'-5' oligoadenylate synthetase-like 2 -0.243 4.8E-02
235582 Glyctk glycerate kinase -0.240 2.5E-02
68493 Ndufaf4 Eéz'lsgsgﬁ;‘}gi::ﬁ (ubiquinone) T alpha subcom- 5539 5 gE.0p
214254 Nudtis nudix (nucleoside diphosphate linked moiety X)-type 0.239 1.9E-02

motif 15
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ubiquinol-cytochrome c reductase, complex lll subunit

22272 Uqcrq Vil -0.238 3.0E-02
67003 Uqgcre2 ubiquinol cytochrome c reductase core protein 2 -0.235 1.5E-02
235339 Dlat dihydrolipoamide S-acetyltransferase -0.233 3.6E-02
231655 Oasl1 2'-5' oligoadenylate synthetase-like 1 -0.230 3.4E-02
546546 Serpinash serine (or cysteine) peptidase inhibitor, clade A, mem- 0227 2.6E-02
ber 3H
72900 Ndufv2 NADH dehydrogenase (ubiquinone) flavoprotein 2 -0.222 2.3E-02
ubiquinol-cytochrome c reductase complex chaperone, ) y
56046 Uqcc o o oy e 0.221 4.9E-02
67264 Ndufbs glADH dehydrogenase (ubiquinone) 1 beta subcomplex 0.220 3.0E-02
68349 Ndufs3 NADH dehydrogenase (ubiquinone) Fe-S protein 3 -0.218 3.6E-02
67273 Ndufa10 NADH dehydrogenase (ubiquinone) 1 alpha subcom- 0215 3.3E-02
plex 10
21991 Tpil triosephosphate isomerase 1 -0.215 4.5E-02
66377 Ndufc NADH dehydrogenase (ubiquinone) 1, subcomplex 0212 3.7E-02
unknown, 1
68611 Mrpl28 mitochondrial ribosomal protein L28 -0.209 3.6E-02
72416 Lrpprc leucine-rich PPR-motif containing -0.203 4.2E-02
66841 Etfdh electron transferring flavoprotein, dehydrogenase -0.201 4.6E-02
94045 P2rx5 purinergic receptor P2X, ligand-gated ion channel, 5 -0.197 5.0E-02
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