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FAS B0 W g vl Te] FEo we 2016 W 7% =y
MERITE 345 %ol Sutall HYTh MRS AAelq F4E U g
AHlE ouAe] BEPo] A%HOoR A&H: AFeq A Yol
Azl HrpalAl FAH AVE oatd @Waow a#A gtk ol
kel o 8l A 82 $lste] U AH oA 2me A 714 oalo

A9l el AFTHIL v & ATolM= Ao FEE 7A TR

o

MW

&g sk A7FEAZE (autophagy) o] A A oA o U x| thAl 4 o]

—

23S YU AFE JAYsdoh obx E3kd AAXR (brown adipose
tissue) oM &) AZFEA -GS AAEAS W ouWE Ry doju=XA
S A A QhgkT] o] AMA FolH ATFEAAE AAE B olyA AH| 9
W3S dolr 7] 93] autophagosome P AFZFQl A2 dHZ ATG
knockout(KO) AHE Ed=Z A5 At TrsAE EAALelA
SolAor ArtxAARs dAss W AHY FFA AaE BAou
AtEAH S gz ®st §loloh WEREY AlolA AHe Fot A S-S
S Ay ArpE A Ago]l oJAlE AFoA A AH|E, ojibstRr s W EF,
=] Am|Fo]l FrkeheE AE Glegih. AN eA  ATPEA LS

AANZE W oA Auee] Zr@Tia Shelste] 2

o
offt
o
a
>
o

AWFAT AEA LGl AR A A PEZE ol wa
mRNA $} S So] F/hshe AS st ATARE FEd wgE o)
ARG A ANEALEE 7SS Tt vEREol By ohet 2w
MEFSIAE AASE Ao melAw wetd ALAAE oAl
e mEZEelole] AAZL FojSe] PEZSHel o @Ml uncoupling

protein 1 (UCP1)2] dwtAo] 23t o= AH|7F 71 S Ao 7 AlgHc).
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A7} EA 24 (Autophagy)

A7 EA AL (Autophagy) ol &, 18] 2~0]Z2  ‘auto’  (AAE)F ‘phagy’

(Hethahs dols §AT Aow U AtEAojgs %7 welEo A

ANEN A B

A7y EA ZE-2 qutophagosomal membrane© 2 22l o] o] phagophore
el &8 Az ©] phagophoreZt 323 AAsH = AlZU ] Aol
W A EZATAES (R Al&SaL 8] o A A ¥ autophagosome
lysosome O 2 HFE o] lysosome} autophagosome? & (fusion) &% <l
3] A=+ autolysosomeol A E&f7} o] Fojxth? | o] phagophore ©]F1}He]
Ao 23t autophagosome?] Aol Autophagy-—related gene (ATG)Z}t

st Aoz AR Utk ATGSSE ATGIZ2

oN o

A71H ATG7S ATG5S ATG129 &3t

ZAe #Ast= AR autophagosome® A W 7|5 4AA o

sk
o

stol, et B o3 dwmizolyg Al¥47]#S  autophagosomel Z ol YAt
i

Mo
23

7] s E aAS TR RS 5 Qojok F7] wWlFEe A
At = @@ & o= ubiquitin—proteasome system (UPS)E& o]&3t 1|7l

ol ola] QAAHAY AEARE FEAA P62 wade] oa] qlAHo]
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autophagosome®] o|F® O 72 o]|F3dlo] ATA7|L &4 MEAT

gl A o] AEslo] autophagosome?] o]ZFuto 7 utsiil w2 e

A

A

2+2 #dE §4A9 LC3E ATG4Bo] o9& LC3—-19% ZgA ==

1>

LC3—1°] phosphatidylethanolamine (PE)<} ZAststd LC3-2 HEj7l ¥ o
autophagosome Ao #o]&}1 autophagosome ©hel] ¥Fs] Al o] cargo F
44 98-S s LC3-18 LC3-2& 843 A7e A% ATG7 Fdx
W2y 1), o) AEAAG o8 AL Yo EFQd duldy} AELy)
He=s AASY 59 d3S wFo] FOoEN wo A TS st T
ol A7pEA 2Rgo] Wol doju AL AA dojite well= o] AsHA ¥

.

ATG7 ATG5-ATG12 COMPLEX LC3-TI

_..-/
O
Rt LC3-1
ATG7
ATG12

phagophore autophagosome

i /7 0 : 0. N
m — | — | ® — |\

LC3-I

ATGS-ATG12 COMPLEX

a8 1. A7rEARL A O ATG7S ATG5-ATG12 234 347 LC3—
[S LC3—-IO=E &A3A]#A phagophore "HS A#A]7]31 autophagosomes
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ANEN LGS FF

AZPEAZLLE B Qs T A} MY MYELT|HES st e ot
macroautophagy, microautophagy, chaperone—mediated autophagy (CMA) =
LA Al Fvk Macroautophagys= flolA AW d 247 AREA Q1 A7tz A48
< YERd= A S =2 autophagosome dAS &3 lysosomed}o] §3Fo =2 A7
FAE ot ATFEAAES AP dUATE BEE wos YRS et
7] flsto] WASHA EHo] olUAE AgAakst AMEZe] AEe]| #ojstar ARbA Q]
Agolle &8 Mxy AEA7|#HES AlASH=Y #eIgttl. Microautophagy
+ autopagosome FAS A L3 FHA SR lysosome©| A EF=
cargos lysosome membrane°l|A S &3 AFHAE sto] AH sk A

7bxAzrgolth, thE syl CMAE chaperon®] A # o0& &tz sk

T

N2 o)l Aglsle] EatAE FAE=d o] BeA7F LAMP-2A (Lysosome—

associated protein 2A) &} A3} lysosome WHZE YA A E&lst= A7t

=t

FAZgot (79 2). & AFE o] AVA AMEADE T ATG FxA |

1o

&l FA == autophagosome? A3 Q= A7FEAA-E-Ql macroautophagy
of #esle] ATedrt. ATG7S ATG5-ATG12 EFAS FAst=d F o8t
W 7S Zad AFAFeA ATG7  FRAAE AAGAE W
macroautophagy®l &4 2 7le& Adste el ARkste] - AFtox=

ATG7 A AAE o] &3ste] AFE s}



macroautophagy

Y
AR
microautophagy. Chaperon mediated autophagy
¢
L
a3 2. AtEARE FF O Eho0d Axar)d, dmds Baste T8
Adg sk AVFEAAES] Ealel tidt 37HA ERE dEhd "ot

Macroautophagy+= autophagosome 34 &3l lysosome¥o] §3ro = #3f
3} microautophagy+ lysosome W=2#<l 3H3lS F3t #3l, chaperon
mediated autophagy+ st #t sl Wil Al A EA7]3 o] chaperon® A

S T3l lysosomel Z #HEE O] ol = wAlS YERATE

ANEN G 22

AANEA G WS Fo@ AL AET fAo] R Fgow LA

9 7Bl o Ao oo = 37|l ¢
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A% A 2AED k. ATFEAAELS ELQF AZU AXLA7BAS AAS
7] M E dojuA gt FHoE Qd FFKaAX A9 RFS fd 2Est
7% stk oUA 7 BEsH 5 ATPO o] &1 AMPE] %ko] Hoji})

) Fo] AMP9} Agsl= AMP—activated protein kinase (AMPK) 7} &4 3} =
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1 A 3¥E AMPK: mammalian target of rapamycin complex 1 (mTORC1)
o] QIAstE FEstel mTORCLE 7|s& oAgH. elste] @43t A7tx
Azkge e AlE FE S Y= vw W7 AMPE o] Eol&
W AMPKO &A% Foj51 WA AathSol 93k AFAF= growth factor
o] ¥ otu|iibe] 9 mTORCle]l &3 ot ™ mTORC1e] 43}
%™ phagophore @Ae #43}= unc—51-like kinase family (ULK1/2) ¢}

ATG13S QshiA dgstel 2FAS F4al AHEAAES AU

[9,10]

AVEN AL BFYl g% 2B

orr AF3k npel o] macroautophagyi autophagosome lysosome® 2
T= Tl walstaAt st AEL FAEAEAHNY AELV|VE et
autophagosome—lysosome 8o A7} A7|™ autophagosome® F7} %
7F SFAE 24 4 @uidoly AEL7|HE0
Axo] wAsHA A = autophagosome FA ol BEFA<Ql beclin—12 2
223X tumor—suppressor protein®Z AZFEA AL E AAE o] gt} thE
AZVEAAE FAAEE AZPEAAE WY S Sl 2Eod dMdS AAs
o mEZEeoll] S

T ostn a9 AZEEARE - GRS A APEA ARG oAl 9
3l 75 Astd mEIZE=dote] AlAS = esh Sl AL o] FolA A
ol FHAEM Abst AEAVE Frlste] DNAe| &74o] 7haf A qro] e

ANA F7) G S AAFE 4TS )

i ool "oy mk ARG FE&A @l P27 FA ™ NF—«xB

A QA AAZARE {FAG F sl ATG7el FF A HHA

p5IE AwE o] Yol Gapiol RE FEjel W ATG7Ol FF A F4



2l ps 3yt Aersle] cell cycled AIEAMES ZAFA W ATG7S A7 sH A
oA+ ps3ell 2]=A <l cell cyclek® E7FskAl a1 cell cycle inhibitor$!

p21 wl Aol vy T AaAA GAHAEY] TH TMedS o TG 8

opiomelanocortin (POMC) —expressing neuron®| A= A7FEA 28 Ad 4
ARl ATG125 AASHSS 79 high—fat diet (HFD)E AFAAIZ AHANA A}
SAFAEY 555 ol st aFA ke dexd e wAlde]l vk om
wstE ARl AAEHE POMC neuronol Aol A7FEAzbg oAl

(glucose) o] &3 A el o] A8t 9 Ayarie] F7HE Yebdve A7

7 Kol A7FE A L0 nivtke] ABA L B E o] glrHisel
ATG7 knockout AF Ed-S o] 43t 7tE2ZLd34H 23 AT

= Aol AZFEA ALY RER OFA Q= ATG7 Al dsiM =

FARE AAT AFelAe dRAEZE dsataivtrt ol dAA A=
eE WE AEIAS AvtEA#go]  IEANTDE ATARs)
HRHYGI s o] AIME Solgow ATG7 HAAE AAF
ATG7 KO A= & vAld#e] dErt gdaso] A7FEA 289 Ao o3t
Hel dyAAl &4 e we d7dart Ra Hdh ouA 9 54

\o

3 24 s=d 8% AASHTEY agouti—related peptide (AgRP) neuron
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A ATG79] Ede oA
offl= A¥s uEkd AT

tissue) oA o] AZFEA A0 Vlso] @B ATe Bl gluh Wiy

S o F5A HEE= AgRPO #Aax AFH7F

Qi) A w (white  adipose

Frt
b4

5old ATG7 KO AF 9o WX ue Anka o7 shte] A du-s JeEE 9L
UE WA A7 AL fFAFsHA o8] Jfe] Ze AAeE FE L
WY E QL vEZEgole] d&F Frhel dad WA L3 FadE e,

d #HE Sk A beta—cell 50l4 ATG7 KO AFH= MEANE

(apoptosis) <7}Z <13 beta—cell?] 2], beta—cell®f? ZA=ZE <lste]

TG7 #3ax4= AA &= "ol JdEF (L-1p5)9 F7tz dF
AZHr-go] F7}3le] reactive oxygen spicies (ROS) 2] F719} v EZE=g|o}]
ez g e dAarsFre] wsy)e F gixut oA AA <
A 9 ooy &vlel F U T ostu)l AAAeA  ZpTFEA A9
7ol #sk AT dAZA ARE R AA gkt AEAy ddd
nEFZEgote] UCPLERE ofyet mEFZZeol iy Wi {FHAE0]
AZFEAAE B FAAR)] ATG7 FAAE AAA LA Solzor A

stlS o oW AyE vepdA AFE st
A¥} (Adipose tissue)

AwzA e GeLt 7)ol nheh 20 WA ga o s SR,

WA e AnAQl A WO ZM triglyceride®] FEIR oUXE At Sl
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As A8 E38] ¢ Qe AWOoE A siel] e Akt sfte] A

AWeS TFSL oA ALY 2/} Avkt 5HL A3 ek e oy

DA L4, ko] AT Pk 24 F hdw WAAREHRE e o
5 e 248 e g A 50 ouA 9L Asete] AL B B

As  FAXNATFE 7I1FH T styolth. AAXWLS nonshivering
thermogenesis (NST) el 93] dUBS Ao+ AT AA WL 7] #o]H o]
A mEZEote] ATPE A8 f8] w5017 M A (proton) 7F W&
2 =2 o}¢ inner membrane®] £A3H= ATP synthetase channels &3 38Hd

ATP & A4 3+ 2 g4l UCP1 channels 533t oUAE GoyA =

X

ol

Z@0 UCPLE mEZEFot ytte] EAlgte 2R o] SojHow

rhN

Asts Aoz deA otk webA, ARt olHoR ATG7 4
2 A AsH] 918ke] UCP1 promoterel 23] CRE (o] o] &+ CREM! =
AR FAARY] whEo] Z2AHEEE gHE UCP1-CRE™'transgenic 47 ¢}
ATG7 534 exon 14 Alolof LoxP siteE Yoz ATG7—{l/fl AFAE
HiAlA AR Bolxdoz  ATG7 #dAxE AAT & e ATGY
fl/fiUCP1-CRE™" &Edwo] AHE FH3ste] AR oA ] 27}z 2] 289

e ATE SR
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49 F=

ATG7 AR AEARE B Zo® FAAZ dHold wyy A

AAAH AAHE wholebody KO A7 =@ 3% wpejelcl 79l

HokaAL Hob zbe] fulARSE WWASH duAE Qe Axy
3}

l

AZL|BHEY FH0) o8] YEA Fach 2 AP 2GR0 F

M
ol

F3le)o] 1 oo A3 93t9] conditional KOS AFE3FG 1L o=

o
kit

g stol ANZALE AL Hobd = Us FEY AAolm F2

M

gaxzzoe] watE ol A (6-7F) AMAY 5old ATG7 KO
(ATG7BKO) 299 %S 9t ATGT7 fI/fl 222 A3 ¢k UCP1-CREM!
transgenic =& AH @S §E3+] ATG7 fI/f;UCP1-CRE™TE gl
ol THAl ATG7 f/fl 2dle] AH e wmlE Fste]l tix=a (ATG7 /i) ¥
A"+ (ATG7  f/flUCP1-CRE®™H S gH3glon  mgls o] g3
genotypinge &3l FJASATHGE 1). ATl AMESE AFAE o 8AI-AY
SAIZEA= ZHoetEellAl, Ay 8Al-olF 8A 7HAE AelA 79 o
o]

2JdkAL S (normal chow (Purina Rodent Chow, 38057))9 Wdd &S

shlet.
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¥ 1. Genotype primer sequence

PRIMER Sequence (5° -3 )

ATG7 =1 5 CAT CTT GTA GCA CCT GCT GAC CTG G
3!




ATG7 = 2 5" CCA CTG GCC CAT CAG TGA GCA TG 3’

ATG7 =3 5 GCG GAT CCT CGT ATA ATG TAT GCT
ATA CGA AGT TAT 3

UCP1 = F 5 CAT TTG GGC CAG CTA AAC AT 3

UCP1 = R 5" CCC GGC AAA ACA GGT AGT TA 3

F ! Forward R : Reverse

BE A Fol

ATG7 x5 AAAgeA sk Al7]el AAS7] $18te] A
(TAMOXIFEN, Sigma Aldrich, St.Louis, USA; T5648)& A3 Folataitt.
Estrogen receptor T(ERT) motif 7} A3 ¥o] = CREMT FAxE 21838}
R 719 H Ao UCP1 promoter’} &4 ¥W ERT motif7} #%l& CREMT
7F A EO] x| EAsE HSP90| &0 3 WYz o]Fo] WA EA|qt
estrogen® AE<l ElEAAS & ¢to 7 FojdH ERT motifel]l EFEA] o] 4
Frakel CRE™7F HSPO0A Fefslo] & qrom Fojz &= g ¥ & <
o2 Eo7F CRE™' &= ATG7 47k Abole] LoxP sites AZFsto] 21X
i 5o]A 0% exon 14We] AA® ATG7 KOZ} w50 A Hrt. ebxAldS
A o ® AREEH= BEARS THAIZ AFSEE AlFsks WA BEAAS
BT sk WA 7 7HAE ARESElow BREAlElE gHshe AbsE TR
Awstgon eEAlH AFFolE 20 mg/ml o SRR whEld sHF 200 g1
T 5 Tttt Tl HE wEolX EUE AREste] AT FoE 3
AT ATFE] Al EFEAIES corn oil (Sigma Aldrich, St.Louis, USA;

10




C8267)° =9 voltexing3 & homogenizerS ©|g3lo] ElEAIq AAS

A3l gt FoJsiar Fo F 657F AUl HE AR AAA|Re] Z7)AE

o BAAY ATAZZRE GYH7] G 4Feh BEAA AR 7Y

Glucose Tolerance Test, Insulin Tolerance Test

Glucose tolerance test (GTT)+= 15A17F &2 & D—(4)—Glucose (sigma
Aldrich, St.Louis, USA; G8270)< A&l ¢ (0.9% saline solution) ©| 2] 4} s}
o] 10 % glucose (glucose 1 g & =FF 10 mDE =9 1.5 mg/g 9 %
2 5750 Ay Fo 2 30, 60, 90, 120 wol d@9547] (Accu—Chek,

Sanmina corporation, San Jose, USA) & AF&3te] g9 H3lE =469

Insulin tolerance test (ITT)+ 4A|7F &2 % Humulin R (Lilly HI-210, Eli
Lilly and Company, Indianapolis, USA) & Ag] 24l 1 unit/kg 5= 34

sto] Al 574 Fo 3 30, 60, 90, 120 ol @& S4sth

HeHE g Aolx AT

etzd Alelx SZZAE olgstol AF thARAER] At AHFE (VO,

(Oxigen in/out)), ©]Atg}etA vj&% (VCO, (Carbon dioxide in/out)), & &1

i

gH]&  (RER  (Respiratory Exchange Ratio)), ©olUx] ZH]Z (HEAT
(kcal/hr/kg)), AbR AFZEe ST A 3 vkl & ACIAE ARES)
R, o BAI-AY 8A= £W ofdiollA, AY 8A]-obd 8Al= Aol v
Bl

A A GAE AA= MY dHoly @2 AA sglen " FAE

H2ors WRE ghs AREEte] T 4A8AIZFEF Ry AFTeA oy A

g AlojA SAFAE F-seiltt. daae fstol 54 Al 27 Al



dolgls FRS B4 A st 1x PBSO| 1037 39 AHE ¥ A
2 50 % e, 70 % °l&tE, 80 % e, 90 % oletE, 95 % e
AeollA 1A wut (shaking)dto] 24& F1F 24 A7 &= H 100 %
o BF- o A HRA (2F 15A17H) EQF 4 C AAdH AL mutAlA Futk
I B0 R xylened AHESIe] A HFAIA dEk@o] 2O @ HAF &

T S AHE vk=o] F7] flste] 50 % xylene (xylene + ethanol) ol 1A]1F,
100 % xyleneol| 1A|7F Z¢F ALoa] wHkAlA F11 delsl Mo 1A17F &
b g7E A S AT AAFAG. 2HA A AfolAte]e] wtetd S H
FAIAT ¥ embedding 71AIE o83t ekl EF52 A&SRSlTh

z7A) H&E ¥4

2 Sk 255 o83 5 pme FAE sectiond £7 ETtol=E
A EAES A5 Y38 haematoxylin®t eosin (BioGnost, Zagreb, HR) & &
Aol FAT A A A Sk E5EE microtomelE 5 pme| FAE
ZAARS whso] EPfol=o] ZoFUth 291 =4 AW &EEo|=E oFF &
b ZEe F Y &Egfolue A AHS dMet] fste] Alxe RS ¥

AFL @4 WP AU w4 FeelSE 60 T ool slde



golt=2 oyt Go wtds s AAsE Hel 100 % olE-LSFE 95 %,
90 %, 80 %, 70 % &&= 5&¥ 23]° HAAH FAH R 2HE T AlA

A 2 FH EelMY AlFHE & Eo Qe cdEEs AAEL
haematoxylin®l] 1%#3F 94 & 2 M H3}L eosinoll 207 94 & Eof
AAste] Foeh Aol Bt 2L 70 % @S NE A E 80 %, 90 %,
95 %, 100 % °ee =A=2 ZF 583F 139 @FHgE AW F xylenedlA]
57 13 A st ¥ &go]l=o] permount (Fisher scientific, USA; Fisher
chemical permount mounting medium) 1-2W&5 9o EY 1 AW &fo]
£ dojFo AMs SRSt ol x| V|7t Fo7t "l Y A

TAZE & e ER AW SEtel=E Holg u 2T Eol "olslAl &

Western blot

4 % deep freezerol Byst A4S MA|AAES ARGSto] =54 Al whAF A}
kg A ZdolE § ZAolE ZZF o] 100X protease (Tech & innovation,
BioPrince, KOREA) ¢ PMSF (Tech & innovation, BioPrince, KOREA) &
7}3F lysis buffer (1M hepes pH 7.5, 5M NaCl, 0.5M EDTA, 0.1M EGTA,
10% Triton X—100, 0.2M Na—pyrophosphate, 1M b—glycerophosphate, 1M
NaF)of 1:1:1009] v &= 42 fHS o] 83t %A o] Y1l homogenizers

o] g3l FZo] protease?t Z 4lolAl wH3t AFH. oF 1AM A5ellA

fn

HE2 A171 F 13000 rpm, 4 ColA] 15% Z¢F AR 7S o] &3to] Ee3t
3 AFAS M ZE eppendorf tubeo] %A TE o] ¥}FS 3W HHEEe] %7 9]
A3 22 AAZIES Y5t Eyd dEe BSA PROTEIN

ASSAY KIT (Thermo Scientific, Rockford, IL)E &3+ oz =S 3o

13



7~12 % SDS PAGE (sodium dodecyl sulfate—polyacrylamide gel
electrophoresis) & ©o]g&3ste] EFE3c. 2 =7 HZ By gz
nitrocellulose (NC) membranes A}8-3l%] wet transfer system (Bio—Rad,
USA)Z transfer 3t¢lth. Membrane> 1A1ZF &<QF AF2elA 3 % BSA (MP
biomedicals, USA; cat no.160069) in TBST (20 mM Tris—HCI pH 7.4, 500
mM NaCl, 0.1 % Tween 20) % blocking 3} 3 12 &A1l HSP90 (Santa
Cruz Biothchnology, Santa Cruz, CA; catalog no. sc—=7947, 1:1000), UCP1
(abcam, cambridge, UK; catalog no. ab10983, 1:1000), ATG7 (cell signaling
technology, Danvers, MA; catalog no. 2643s, 1:1000), P62 (cell signaling
technology, Danvers, MA; catalog no. 5114s, 1:1000), SDHA (cell signaling
technology, Danvers, MA; catalog no. 8674s, 1:1000), Pyruvate
Dehydrogenase (cell signaling technology, Danvers, MA; catalog no. 3205s,
1:1000) 5 3 % BSA in 1x TBST °l 34{sto] #A) (eF 154130 REg-A1Z A,
TBSTZ 10%#7F 3¥ A& 3ol t}S houseradish peroxidase (HRP)7} Ag
g 23 FAS 1AZHEQ HeA AT v o g TBSTZ 1083 39 A
%o PROTEIN DETECTOR+ GE Healthcare—Amersham® ECL
WESTERN BLOTTING DETECTION REAGENTSE Atg-3to] X-ray filmel
A g el whglg gelakgith. 2 A F oA housekeeping ©¥ A Z = HSPIO

& Argaor

mRNA 73

—80 To R#A3t AL uwx} Atz 7lFE 7 Zholbdl ¥ Blood/ Cultured Cell
Total RNA Purification Mini kit (FAVORGEN, Taiwan) & AFg£3t9) mRNAE

FZ3F9 ). 2% mRNAYE nanodrop 2000 (Thermo fisher scientific, USA)
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S ol g3tel ¥EE 543 F 550 ng®l mRNAE o|&3te] cDNAES A%383l
;. mRNAZE 65 CollA 5#%F heating 331 RT enzyme 0.5 #1 (Toyobo,
Osaka, Japan), 5x RT buffer 2 xl1(Toyobo, Osaka, Japan), Primer mix 0.5
#1(Toyobo, Osaka, Japan) & F7}8}o] 37 TollA 1A17F wEEAIZ1 5 95 CTol
A5 BolE By T 290 ple F7HEl F 300 pl 2 cDNAE Al
3tk W57 cDNAE 7FA|3l quantitative real—time PCR& ©]-&3}¢]
mRNAS] &S v w3 +=d o] SYBR Green(Toyobo, Osaka, Japan) 6
nl, E 1o E7]5 o] Q= forward primer 1 pl, reverse primer 1 1, cDNA
4 pl& AFEstY] PCRS 43383t PCR cycle Pre—incubations 95 ol
Al 5E, amplificatione 95 C 10 %, 60 T 10%, 72 T 15%= 40 cycle,

melting curvex 95 C 5%, 65 C 1%, cooling= 40 C 30x% 33}

¥ 2. Primer sequence of the quantitative real time PCR

Primer Sequence (5° -3 )

Mouse L32 — F 5 AGA TCC TGA TGC CCA ACA TC 3
Mouse L32 — R 5 CAGCTCCTT GAC ATT GTG GA 3
Mouse Cytochrome B — 5 TTT TATCTG CAT CTG AGT TTA ATC

F CTGT?3
Mouse Cytochrome B — 5 CCACTTCATCTT ACC ATT TAT TAT
R CGC 3’

15



Mouse UCP1 - F1

GGA TTG GCC TCT ACG ACT CA 3’

Mouse UCP1 - R1

TGC CAC ACC TCC AGT CAT TA 3

Mouse ATG7 — F

GCT GGT ACC TTG GGG TGT AA 3’

Mouse ATG7 — R

CAC GGG ATT GGA GTA GGA GA 3’

Mouse VDAC1 - F

TTC GTC ATT CTC GCC GAACA &

Mouse VDAC1 — R

CCA ACC CTC ATA GCC AAG CA 3’

Mouse SDHA - F1

ACC CAG ACC TGG TGG AGA CC &

Mouse SDHA - R1

GGA TGG GCT TGG AGT AAT CA 3’

Mouse ND5 - F1

AGC ATT CGG AAG CAT CTT TG 3’

Mouse ND5 — R1

TTG TGA GGA CTG GAA TGC TG &

Mouse COX1 - F1

GCC TTT CAG GAA TAC CACGA &

Mouse COX1 - R1

AGG TTG GTT CCT CGA ATG TG 3’

Mouse ATP6 - F1

GGC ACC TTC ACC AAA ATC AC 3

Mouse ATP6 - R1

CGG TTG TTG ATT AGG CGT TT &

16




Mouse CIDEA - F1 5 CTC GGC TGT CTC AAT GTC AA 3
Mouse CIDEA - R1 5 TCC TTA ACA CGG CCT TGA AC 3’
Mouse ND2 - F 5 GCC TGG AAT TCA GCC TAC TAGC 3’
Mouse ND2 — R 5 GGC TGT TGC TTG TGT GAC GA &
Mouse COX2 - F 5 ACC TGG TGA ACT ACG ACT GCT 3
Mouse COX2 - R 5 CCT AGG GAG GGG ACT GCT CA 3’
F :Forward R :Reverse
A £4
BE dolE P EtRFAAE BHEU O GraphPad Prisme |43t &
A A4S st 1P 2= mean with s.em.s ARESEe] YERYI O

unpaired student’ s t—test %

p<0.01, p<0.001& ZFZ} *, #k, *x

Hell o3&l p
x5 o] g3}

value #< YEU 3 p<0.05,

EA S,
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T2
ATG?7 fl/f;UCP1-CRE™T Sdiulo] 47 T3

Ao A o] o)Al ATG7 1A KOs Al717] flsto] ZAx]upel of
Foz EAs: mEZT ot e wEel UCP1e A ZZRE e
CRE" g siteE dol =2 §3x w8 A< UCP1-CRE*'transgenic
AH L ATG7 28] 147 exon Abeloll LoxP sited 2o} ¥ ATG7—fl/fl
AF = A A ATG7 fI/f;UCP1-CREPN Zddwie] AH =2 F33819th(L
d 3). genotyping PCR& F33lo] genotypes st (d 4). o] A3
ol WxwoEE ATGT /il AAE ARSIy AdTozE= ATGY

fl/f;UCP1—CRE™" = A}g-319i ).

BHEAIE £ E B8 AYAYEHANMY ATG7 #+3A KO

UCPle] #AlsH= 4 wzaels Was CREM'E 24857 slste] g%
AR FolSAT BHEAR RS o 8% BEANS £} ATROIE §
BEAAY Y P F S g BEAA ARE AN W9
BEAA APEAE SSRGS W BE AAX el Soldow ATGT @

-

I

ha

Wo] ZolE AL el Sn ATGT ARow AR AELAEe o)

[l
_u

of & p62 WA wek ANAYA L FojAow HAH & western
blotg Batel el SHATHLY 5). AT BEAN AR LIRS 1 A
2 vl o8] AAEY AR AR FIEUT 1 At BHAIL 2

ZolEs S g@deitt (21 6). BHEA Ao e A w5 A

=
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A% GehgAw AR Azncs @45 BEA izt ZoiEgslel
BuAd ATEE Agetel AW AVeAATHIH 7). BFEAM AR

=
= A% 85 547 20 mg/mle] FEZ corn oilel]l o] Aol o} K& o
A tRgste] wheld 200 £ Folatal 13F%E vy At &
FA Aol vEhdr] AFSATH(2E 7). EFEAISE Fojste] Aol A
ol o R ATG70] KOH A7) Wgz w7Ae S7H7 tizate] vls o

S

HEwd 48T AASE sl 24 FAE 239t 24 TAE T 1
F70o] Aol EGA RRTHIR 8). 24 AN ATG7E Sol4 o KO
AR BAAGE ET TN MadRs W BT 2AAge] o
e Mg mi AL Yeth(IY 9). Be 5 gAY B Aol

ERA R AbR AFH S 2ol E YEhA] ekt (2E 10).

=%, duA avFs 54 vt F 343 AlolH d¥e sl o
A Ee AFAEY A4S A% AIE FAL YA ol &3 S48 S-S
BUH sk 7 2EF B F % (08:00-20:00) ok AR {7 FE SEehs

B (20:00-08:00) ol Atax Zm]RFo|u ojatsteka Wi EF, olUA] AHFO] %
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Aol AdWEe] o Avs s YEhgla Addae AR el ARt

2 dh AArzhe] 2 249 A Aolel x4 9] morphologyol A <l

st Auke 37] zpolrp wHASE QoS dolH Y] $3F9] western blot¥}

B ANEAREO] AAHNAS ) 7S p62 HHAE $HHOT FAFHY

(29 14). ATG70] Z2AA "o KO ¥ A& western blot

o
l
da

O
o

Ao vt ATG70] KO # ZRIA g<lstr] flste] tpE # Al
epididymal white adipose tissue (eWAT) ¢} inguinal white adipose tissue
(WAT)elM %= western blot= &3l wulde] @S Hlwsglal eWATH
IWATOM = iz d Aol A BEF ATG7o] HetAl EAske 3le &l
stltt. s Ea Flst F IF7He] AN A Zpolrh mEF g obrt
EAsHE o] Atoletal AZtEo] western blots &3l WEZE ol Iy oW
2o dEs stk wEFE=glop e WAl succinate
dehydrogenase complex flavor protein subunit A (SDHA) ¥4t ofyz} v EE
ool TCA 3 =Z7F ATP AUAE AASH=d L= 3}~ pyruvate:s
AFSEAl A F+= pyruvate dehydrogenase (PDH) @ 47F Z-AX| ol ut Eo]& O
2 dxzaEn AddeA o @ol EAskE Ae WEhlla rlEFEEg ol v
WA AxE ol gsto] 4 oUAE A 7= UCPL Hg Ao At of

ZaRT A ToA o Hol] EAletE S ER1EA T eWATH iWATOA =
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mEZEols} A9 EAetA 2716 UCP1 & thehbx) keh (g 14).

tr

s

h

1IN
1

A]

off

Ao mEZEgol #E mRNA 2HaS vlwslr] glald qRT-
PCRS X3P 4802 ATG7 RNA k9] zlolE gelslo] ATG70] &
oldowg ZEAMzutoul KO HPE=A el vh(1d 15). Z-AMxH}to) A 2]

ATG7 RNA &2 Ao Ao dxae A vld SdsiA 244y

o] Q&= Ae Yehyith ATG70] A E KO ¥ 212 RNA oA x Feldt T
of F 1FZeY AR Ao o]t mEFZTgole] ¢Fo] FFsE ZlX] Fel

7] 9ste] mEZ =20} transcript RNAE 3 nuclear—encoded RNAES T
= AojAx gRT-PCRS AIsIHtt. nEFE=g o} transcript RNA F
cytochrome c oxidase 1 (COX1)2 iz A3+ AHAE2 #ol7F YEY
A AR 1 21°] ATP69F NADH dehydrogenase subunit 5 (Nd5),
cytochrome B, NADH dehydrogenase subunit 2 (Nd2), cytochrome c
oxidase 2 (COX2)& WxvrRT AT AFE°l o =2 2= HeEHoh
nuclear—encoded RNAQl UCP12 tzxo] Ao KT =9koy o
2 chromosome W] v|EF=¢]o} marker RNAQI CIDEA, SDHA, VDAC1&
T w3 Apol7b yEREA] 9kSkTE. RNA k8] xpolE Fi3ll wEZE= ot
EAskE RNAYFe] Ao A o wWo] At Aa 18 &+ glglen
E3 western blot& &3 &1k T UCP1S qRT-PCR A¥ RNA %4& o

WA ofabis del A@ito] fxe] ve W Ao ek

22



gy

HI eI AAA FEFAel nlEste] 2016 71 o] @3, oA Bkl
T5 2t 42.3 %, 26.4 %ol SFHErsHAl HAvk vRE2 QUAllA S8 o] ¢}
AHlE oA Bfo] ALH R A&HE S QA g7} A
WA FopstA FAE o A7) 2Etd Ao E AAZ= Ao ofA| Rk
W 2 A FHF] i @ ofste] b 2
gQlo®m A Qlrk. wHIRke] oW 9l 55 fl8te] ouA AHH il =
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T ]

flo
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Ho

S el e)
Ty, 18, =

Qo wol wuaAY ekEe RAgow fyiel okEo] lgA 77}

93 gk wRe] Hzelt oux A9 amThE ux Anlel Z7
2 Bg w2y APdel ek wale] ebA R gtk AlA| Ule Awe wma
A, FAAY FEFE Usloldth MKy 249 F s)%o] oA A%

Aol wkepo] ZAAHke mEZE o] EAfsk= UCP1 channels ©]&-3}hof

g, A Abstel] os) AP HE AUAE EE TS ouA aRIEeR
FH v A 5A RS 3 N2 Ao tFEa Qluk I Arpra )

g Az T AR Sol BAZ ARL W olF AASGL AL A
of Fot AT ], F AwA 2HNH 9 ATE Falol
QA At el el glolM el AbEA el Fago]l Rusw Yrk 53
SR ATAZ myfst ATAME AEARE BA FAA AAZ B
myf5* AT FAHRE BAAGe} 259 WaE B2 AL Welw 2
BAe] 23}, 5e] Agel ME WAAPR Sk s Dol o Aol

v, S5AES B35 &4 B 25 A4 ¢ S UEE o R myf5T Al

=
i
ol

TolA ATHEAL ol AT 2ge] AUA GA9 7 FIH FoF
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AT Gk Bahn g oA o AL A A

Z,:
g9 A% AIEAAG AR ME UA F i) W % AEA A E

o oy 4H] g ZIWEo R g HIREX T Al ATele] o] ARl EA 1A
Tt AT AR Aol B AFoA = A e A e Fol Al ATFE A
A48 oAE 9% AH 2ds wE=7] 918 autophagosome Aol Fag o
&S e ATG7 §4AE ZAAY AdeHoz AAs = A7 2de 153
%tk ATG7 fI/fUCP1-CRE™" AF &= ebEAldls FoAgGozZM ATGT7

Z}7F KO¥ = conditional KO ER2A ATG7 A=}

i

KO A717] $i3tel o
Fod BEAA ARE ATH 7Y} ATFNE §

A BEAR AR ATE AR WHEOER A% ARMAF] HasHEA

<
N
rl
o
o
ofo
ol

Q
)
ol

% 10 g A= w5A FAE dEhigla BoFe A wFAY Aas v
WA BFE AR AR vl A A Aol "Wolxl ZE gls)
Som western blote F3 ATG7 w@wz oFo]l el Ay ZHFFojoA
ATG7 @od o] cko] A3oA thxdtoll vls o Eol= A &g

1
A gEAA AR G R BE AT 0ol o Agsoia ww

shlm ARl B A¥S AAAAL. AT F AT 1350 AW
2T BRA Aot MARYIL BRAL Aolsk oA xmle] F7

N

Q7] o %

AN

HAY A2 oty gistel ¥ age ARMAFL M
st % 28RS AF Aol oluiA AAFE Aol JAsHA e &
Azt A HAL ZoLh WA BREAY Aol wob FAA N 5
oMo ANEALG] AAANS W oA vFe] FrhTHE RS A
Ak wekd FoaEel e gAbs s A¥S sy AN A L
o, olAlatEA WEY, UA 2ve] BTl ws) AFTol o FH A
& stk B 2E0 dAEEl wed BEFe) Holo] g et

A4 #As] e BEFE SYRGOUL BEFS F AFAA Aol F v}
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R A eFgkth EESE wnke] ofsf A= AW

o] F7tetel A7 dARoR 28 Fnde ddAE AR flete] e’

1
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rlr
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e
1o
2
ot
oX,

ol
UAAE ¥ 2 HAw A3 AFE A4d, 9o FHel o @ f4
1 Qrke AE stk A WA F IF BRA Aot AuA ko
o F7} dlelw 24 FA Aole] A Ahe F YonT RAS FA =

A4 BAZ SARGAT T TR 24 B Aol hehbA ghgkon

=1
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oY
=1
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o
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1=
N
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1o,

Aol o @2 ¢4 vEIZEotE THA
morphology & &RIsh A3} A3 Adaso] tixael vl a7]7F 22
e et Aol daAel] § @Wol EAsks nEIZ=goted 9%
12t Bopth wEIZ g ol EA ]

Aol7k A #lay] g4 PlEEselol B WAy mRNAY e =7

O

A 25 AqUA 2HE SRS A

3}7] 1%t western blotZ} qRT—PCRS #3313 th. Western blot 432 nE
FZ=gof #H wwzel UCP1¥ Pyruvate dehydrogenase, SDHA7} 218 -9
A dAA e RE SojAor FrkE e #elsiglen qRT-PCRE &3t
mRNAS] & 54 A3 nEF=of A RNASS AgrolA e 71 vE
Wom chromosomeolA 3t vEE=go} #@d RNAS HdS F 15
o] Apol7h v k= Ale Fleqlth o] 24 chromosome®] EAISH=

MEFZ=gol ¥ RNA: W37t

2

ot MEZEYoel N falshs MEDS
gob ¢4 A4k RNAS) 9k Z7h 202 Ho} MEZE o] Az
ol B35 Aol okl
o EAF Aol7k ek RS FAAstdnt o] AnE B3l Vo] vkt vE
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A x0E FAAA BRAY FE ARG A&, T FHYE 7
AAE QT AR UHTHIY 16). ¥ ATE AL AT 27
oA AAAZ | ANEA RG] AARNDE G oJUiA thAF Wk FA BN
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Exon 12 13 14 15
<=~
LoxP LoxP
Tamoxifen ———
Exon 12 13 15
Hi—<«1

LoxP

13 3. ATG7 fI/f;UCP1-CRE®RTndl 4# 7=,

UCP1—-CRE®™T mela} ATG7 flI/fl 2o wHlE Esto] ATG7 {I/f;UCP1-—
CRE™T mdlo] AHE F=39vh. 39 A7+ conditional KO REE
EFEAlA Sl Tl BEl BAskE Cre wAe] o LoxP 9 Axds

frEstol ATG7 §AA4E KO A7 @42 ol a9t
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ATGT-Hll-
ATGT-AIfl UCP1Cre

UCP1Cre

Tail : genotyping

I3 4. F 1F9 tail genotype.

UCP1, ATG7 primer = ©]&3% genotype & %ato] tzra 2379
FAE & AT Genotype & ABF L AgoA @S DNA & AFE-5to]
0.

8 % agarose gel = ©] &3t A7|95& T3l Dy}
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TAMOXIFEN FOOD TAMOXIFEN Oral gavage

CTREL ATGTBKO
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O 5. A8AY 503 ATG7 KO &1l.

EtEAlE Abs (A8 BFEAIR ARl Wy B) S ol &3St EEAAE
Fstd o ATG7 KO 2 #9237l 93] western blot & 2333}
Housekeeping @A E+= HSPI0 & o]&3t3la APToARt Solxow
Al ATG7 w¥do]l KO ¥ A& glskia ATG7 KO o &3t

ANEA G AR Q) ATFEA LG FEAL p62 FWMAE FHE AL

grlstleh. Eek AL Solor ATG7 © KO HAyEA Flskr] 4
o2 WAz kel eWAT, iWAT oA % western blot < %3t ATG7 @z S
gkl sttt
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B ATG7BKO (n=5)
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Time (min)
a9 12. ¥ 2838 Jded 9 vla 4.
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western blot 3}t Housekeeping WAz = HSPI0 & 9o]&34%
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dehydrogenase)
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AT rlEZ =g otel] EAstE AAF RNA ¢F Chromosome o EA)3h=
mEZ=dol @y RNA S Hlwste] vEZE=Zor ¥d mRNA s
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Abstract

Obesity is one of the world's most widespread diseases, and the obesity
population in Korea is close to 34.5%. Obesity is a medical phenomenon that
1s caused by excessive accumulation of body surplus energy in fat tissue in
a situation where the imbalance between the energy absorbed by the human
body and the energy consumed continuously continues. The research
focuses on the reduction of energy intake and the increase of energy
consumption for the suppression or treatment of obesity. We also
conducted experiments involving autophagy and increased energy
consumption, which play an important role in cell homeostasis.
Interestingly, when specifically inhibited autophagy in brown adipose tissue,
weight loss was observed in mice, and feed intake was not changed in the
control group. In addition, metabolic activity was measured by the metabolic
cage experiment, and oxygen consumption, carbon dioxide emission, and
energy consumption were increased in the mice in which the autophagy
knockout group. We observed the increase of energy consumption when
inhibited the autophagy in brown adipose tissue. We observed that when
autophagy was inhibited, mitochondrial related proteins and mitochondrial
related mRNA were increased in brown fat. Therefore, we believe that the
increase in mitochondria caused an increase in the heat generation of the
mitochondrial membrane protein ucpl causing energy consumption. But
Since it 1s only a phenotypic result when the autophagy is suppressed, it is

important to understand the other side effects and precise mechanism.

(Keyword) : Obesity, Brown fat, ATG7, UCP1, Autophagy, Mitochondria
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