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mounting medium, SP15-500) 1-2%=2& B0 EH F1 HH

27t

FRICH (x40, x100, x200, x400)
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Kl

MHr
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o

MHr

ol

ojn

{oF

ZHOFXM X3l A,

1L

O 100X Protease inhibitor (
10

Tech&innovation, Bio Prince, Chuncheon, Korea, BPI-9000-1 ml)2t PMSF (Tech&innovation,
Bio Prince, Chuncheon, Korea, BPI-9000-1 ml)7} 1:1:100 H| 22 ®7}El Protein lysis buffer

(1% Triton X-100, 150 mM NaCl, 20 mM HEPES (pH 7.5), 1 mM EDTA, 1 mM EGTA, 5 mM



Na-pyrophosphate, 20 mM B-glycerophosphate, 50 mM NaF)& 2™ 40| & & 727

i

08 w&E=t AMZH. w2 & =4 dME E30XM 1A BS AlZts 713 #

KIT (Thermo Fisher, Waltham, Massachusetts, USA, No.23227)E 0|23l & = 3¢

o

Lot =& M5 F F 5X ME HI{ (60 mM Tris-HCL pH 6.8, 25% Glycerol, 4% SDS, 5%

B-mercapto ethanol, 0.05% Bromophenol blue, DW)E ZAH| 0| XA Z0{E =, 100°CO

M 10&2 7t vortexing S0 RO FRALCE

0|3 EHjo| MTYEQl U BAT| Yoto] M B HE (5-12%)2| SDS AL 00

ot

M7| Y= (Bio-Rad, Biomedicals, CA, USA; CAT NO.160069)S Edlf Cietzlg 2 Xfzk

nE

=
228 MCt oO|ZEAH £2|%= A2 Nitro Cellulose membrane (NC Membrane, 0.2 um
(AE-6667-N, ATTO))= AF25I0 Wet transfer &S 0| 83}0] transfer of =R, ZQ B2
22 X27| {8l Ponceau S (Thermo Fisher, Waltham, Massachushetts, USA, No. BP103-

-
o

10)S O| 83l &AHof

o

of

rir

H TS Eaf, 1027t 1X TBS-T Buffer (Tris Buffered

MHA

-

Saline with Tween 20)E O|&dl 32| MHHET =, TBS-T EH0| =2 3% BSA (Bovine
Serum Albumin, BOVOGEN Biologicals, Keilor East, Australia, No. BSAS 0.1)Z 1A|Zt
Blocking 8l FRACt. O|F 3% BSAO| Z|AMot 1Xt &K (HSP9O (Santa Cruz Biotechnology
Texas, Dallas, USA; sc-13119), CRTC3 (Cell signaling Technology Massachusetts, Danvers,
USA; #2720s), UCP1 (abcam, Cambridge, UK; ab10983), SDHA (Cell signaling Technology
Massachusetts, Danvers, USA; #11998), PDHAL (Cell signaling Technology Massachusetts,
Danvers, USA; #3205), VDAC (Cell signaling Technology Massachusetts, Danvers, USA;
#4661), Cyt.C (Santa Cruz Biotechnology Texas, Dallas, USA; sc-13156), DUSP10 (Santa

Cruz Biotechnology Texas, Dallas, USA; sc-374276), MAPK Family Antibody Sampler Kit

(Cell signaling Technology Massachusetts, Danvers, USA #9926)) 240]| BHA] (2F 16A|2H) gF
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SAIZ 5l L2 TBS-TE 0|83l 1021t 38| MA =, 1xF SH|of %= HRPAREl 2Kt

0%

Mol 1AIZE BESAIF FRACE

—

olo

O 2 24t

0%

HE TBS-T 20| 1027t 38 MA F

Amersham™ ECL™ Western Blotting Detection Reagents (GE Healthcare, NY, USA, RPN2109)

=

= membranelf| 5~10&7F 25& F, AH0AM X-Ray S (AGFA, Mortsel, Belgium, CP-

BU New)& AME3}0] Sy = AT at =T of XH0| S = Qlot ALY,

mRNA &4

Zb & 7] mRNA Q9| HiglZF &2 Q|8 Z2l X2 Blood/cultured cell total RNA
purification mini kit (FAVORGEN, Ping-Tung, Taiwan, FABRK 001-2)& At&35t0f mRNA & &

ol = O Y0o{tH mRNAE Nanodrop 2000 (Thermo fisher scientific)2 O|-&d}

2
A4

gt 7 500 ng 2] mRNA = cDNA & M ZSHRICH 65°COlA 5 2¢F 7tE aPd & HE = RT

ot

enzyme 0.5 pl (Toyobo, Osaka, Japan), 5x RT buffer 2 ul (Toyobo, Osaka, Japan), primer
mix 0.5 pl (Toyobo, Osaka, Japan)E F7I6H 10 pl 2 X0 F10, 37°CO|IA 1 A|ZH BHEA|
5 95°ColM 5 27t X T mRNA S MAdH =L ChE S/ 190 ul & F7H &
200 ul =&2 cDNA E 2d5tCt BH=0{Tl cDNA £ O|& 2X SYBR Green (Toyobo,
Osaka, Japan) 6 ul, primer forward 1 ul, primer reverse 1 ul, cDNA 4 yl 2 AM&5I0 PCR =
= F ULt PCR 2 pre-incubation & 95°CO|A| 5 &, amplification & 95°C 10 %, 60°C 10
2, 72°C 15 = 2 45 cycles, melting curve & 95°C 5 =, 65°C 1 &, cooling 2 40°C 30 20|

Ct. HO|H 2| 242 LC480 light cycler & Z21 WS 0|88 2MStALt

Mouse L32-F 5" AGA TCC TGA TGC CCA ACA TC 3°
Mouse L32-R 5 CAG CTC CTT GAC ATT GTG GA 3
Mouse CRTC3 -F 5" GAA GTT CAG TGA GAA GAT CGC
Mouse CRTC3 -R 5" CCC CGT GGT ACT GGG TAA G 3
Mouse PGCla -F 5" TTG CCC AGA TCT TCC TGA AC 3’
Mouse PGCIa -R 5 TTG GTC GCT ACACCACTTCA 3

12



Mouse UCPI —F

5" GGA TTG GCC TCT ACG ACT CA 3’

Mouse UCPI -R

5" TGC CAC ACC TCC AGT CAT TA 3

Mouse SDHA -F

5" ACC CAG ACC TGG TGG AGA CC 3

Mouse SDHA -R

5" GGA TGG GCT TGG AGT AAT CA 3’

Mouse PDHAI-F

5" TTA CCG CTA CCA TGG ACA CA 3’

Mouse PDHAI-R

5" TTG CAA GAT TGC TGT TCA CC 3

Mouse PRDMI16-F

5" AGG GCA AGA ACC ATT ACA CG 3

Mouse PRDM16-R

5" GGA GGG TTT TGT CTT GTC CA 3’

Mouse TMEMZ26-F

5" GCT CAC CCT CAA GTT CAAGC 3

Mouse TMEMZ26-R

5" GGG TGC TGC AAT ACT GGT TT 3

Mouse mtFAM-F

5" CCG AAG TGT TTT TCC AGC AT 3

Mouse mtFAM-R

5" GGC TGC AAT TTT CCT AAC CA 3

Mouse DUSPI10-F

5" CGC CTA CTT GAT GAA GCA CA 3’

Mouse DUSPI0-R

5" AGG TTC GGG GAA ATA ATT GG 3’

Mouse COXII -F

5" ACC TGG TGA ACT ACG ACT GCT 3

Mouse COXIT -R

5" CCT AGG GAG GGG ACT GCT CA 3

Mouse CIDEA -F

5" CTC GGC TGT CTC AAT GTC AA 3’

Mouse CIDEA -R

5" TCC TTA ACA CGG CCT TGA AC 3’

Mouse NuDNA-F

5" ATG GAA AGC CTG CCATCA TG 3

Mouse NuDNA-R

5 TCC TTG TTG TTC AGC ATC AC 3’

Mouse mtDNA-F

5" CCT ATC ACC CTT GCC ATC AT 3

Mouse mtDNA-R

5" GAG GCT GTT GCT TGT GTG AC 3

H3) qPCR Z2l0|H A A, F:Forward R:Reverse

M= bl

HfX| = Dulbecco's Modified Eagle Medium high glucose (DMEM, Corning, NY, USA, 10-
013-CVR) M| =0 Fetal Bovine Serum (FBS, Corning, NY, USA, No.35-015-CV) 10%7} &=
g Fotstglen FItHo=z HiHz[of YEZ XS] I8 Penicillin-streptomycin
(Hyclone, Logan, Utah, USA, SV30010)E 1%7t &I=& F7I2 HIISIRACE 24 MZ= 37°C,
5% CO, Bl 7| 0f| A HH ZSHRCE.
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LXM ZEE

OFRAOM 2Ol= EHHO| MZEOME FASHA LtEILI=X] 7] 8] X|ZolM Faist
LR ZE Z2ISRACE 3~7FF 2| OpRA 5O2|E CO, QHEFALZ|Of QF2FAL AJZI = ZAMX|
o G922 22| 1X PBSO| =M = 1% BSA, 200 mM D-(+)-Glucose (Sigma Aldrich, St.
Louis, USA, G8270-100G) 7} E7tEl 1XKRBH H{I{ (12 mM NaCl, 0.4 mM KH,PO, 0.1 mM
MgSO,; 1 mM NaHCO;, 3 mM HEPES)Of| Z=ZI0| OF2X| =& HY & 2 HEY =2 3
28 7I9IE 0|85t =& 2 M FLh 0|F LM T =2 Z 1X KRBH HIHO| 20 mg/mIZ
=2l collagenase I (Gibco, NY, USA, 17100-017-1 g)0fl 1:12 40 & &, 37°C, 5% CO,, 200
RPM it HiQF7(0f 4027t HiYBICt 402 7F SetdlEs) 240 o8 2=l =%0| &
MS =M 10% FBS, 1% P/S 7t M7tEl DMEME 20| Z H0{F0 240 ot 2E H=

Ck. 2 = 50 ml tubeOl| 100 um nylon cell strainer (FALCON, NY, USA, #352360)

mo
OHr
kl

>

SHS e 22l & = HIX|E 20 ml F7t2 FO{FL, 0|= 300 g, 10=7 A

i
o
{ot
N

E52 EESt 4EMZ HAH| =Lt O] PEZ 2 3| O HHE3E = SVF (Stromal Vesicular
Fraction)2 M 22t &5AU2 ZF M7 £ BiX] 10 mIof & H|ZE £ 10 cm? Plate0f &
SHA SH0f 37°C, 5% CO, Hi 7| of BiIBtCt 22| 24412t F HYX|E HFO X[ LALA| It

Otl MZESS HMAsH =Lt HiX|= 3~420tCr w2hs =0 MZ7F 80%~90%7F At =M

ACH B 3l == ACE.

ACH B2 1X PBS 5 mIiZ2 MZEE M5 & = HMASCL MZ2F 0p=27] o 0.25%
Trypsin-EDTA (Gibco, NY, USA, T4049-500 ml)& 1 ml 78l & £ 37°C, 5% CO, H{ 7| 0f|
3ZZtNE| of FRACEL N2l = 320| X|LHH HiX|E 4 ml FIt510 F7HEQl 23iE 2
1000 RPM, 527+ &l 22| & 45U S HMAHe 7 iX| 10 mIof] & T|HE = 12 HEZ

LhOf Al B sl =RACt.
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A B2 M=V HESH |0 SEe ez A2t XYez 2ols o = 7tel Kol

EOI-

st OI5H7| 2/510] Hi¥st MZE 24 well plate (SPL, Seoul, Korea, 30024)0f Zt2 1.2x10°7H

= H{ S FRUACE (D-2). 24 wellof| MZE H{Y oA 2€ £ XY E=t5 RE=517] ?[o] 10%

ot

FBS, 1% P/S DMEMO] 2 uM Dexamethasone (Enzo life science, NY, USA, 89157-624-1 g),
0.124 mM Indomethacin (Sigma Aldrich, NY, USA, I7378-1 g), 0.5 uM IBMX (Sigma Aldrich,
NY, USA, 15879-1 g), 0.5 uM Rosiglitazone (Cayman, Michigan, USA, 71740-50 mg), 2 nM
T3(Sigma Aldrich, NY, USA, T2877), 0.5 U/ml Insulin® &7t AL (D+0). 1258 H 2¢
20 10% FBS, 1% P/S DMEM + 0.5 uM Rrsiglitazone, 2 nM T3, 0.5 unit/ml Insulin® 2

M = O 220Et D+57+F 2 W7hK] mA|sl 2= QUCH

RE HOHE B + EFEHXZE BEHSIY M, GraphPad Prism52 O|&310] 84 242

ARSIt g HWa

MM
I

H

H+

XE AHESHH LIEHM 2D, p-value 242 unpaired
student’s test (and Non parametric tests) HH 22 2A3IA 1N, p<0.05, p<0.01, p<0.0012

24zt 0, on2 BI|SIYCE
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Abstract

Obesity is the common disease in the world. More than 1/3 of the world's population is
obese, increasing year by years. It caused by an imbalance in energy consumption and
storage due to over-nutrition, that chronic excess nutrients accumulating in the body in the
form of fat. Obesity is known to cause many metabolic diseases and complications such as
type 2 diabetes, cardiovascular disease, dys-lipidemia, kidney diseases. Recently many
studies are focused on at reducing energy intake and increasing energy consumption rate.
Our recent study has revealed that deletion of CRTC3, transcription co-factor of CREB, can
prevent obesity and T2D (Type 2 diabetes). So, this study investigates the hypothesis that
obesity can be controlled by regulating CRTC3, shown in previous studies, when the
expression of CRTC3 is increased or decreased in brown fat, known as a major organ in
energy metabolism, to study the tissue-specific role of CRTC3 and its sub-mechanism. We
show no difference in phenotypes between controls and experimental groups in brown fat-
specific CRTC3 Knock- out models, but CRTC3 over-expression mice show loss of weight
gain, increased insulin sensitivity, glucose tolerance, energy consumption, and cold
tolerance. In addition, we confirmed that mitochondrial-related proteins such as UCP1,
SDHA, PDHAL, and mtFAM were increased in CRTC3 over-expressed mice. In this study,
CRTC3 increased the number of mitochondria in brown, compared to knock-out in the
whole body, indicating that the effect of CRTC3 was not caused by a single organ, but by

several organs, such as the liver and muscle.

Keyword: Obesity, Type 2 diabetes, CRTC3, CREB, Mitochondria, PGCla, UCP1, Energy

expenditure.
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