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3-HB
ACADL
ACC
AceCS2
ACLY
AL
AKT
ATGL
C/EBP
CBB
ChIP
Chol
COX 1V
CR

CS

CT
DHEAS
DNA
DTNB
EDTA
ERR
eWAT
FASN
v-GCS
Gcle
GH
GHR/BP
GSH
GSSG

HiES

3-hydroxybutyric acid

Long-chain specific acyl-CoA dehydrogenase, mitochondrial
Acetyl-CoA carboxylase
Acetyl-CoA synthase 2

ATP citrate lyase

ad libitum

Thymoma viral proto-oncogene 1
adipose triglyceride lipase
CCAAT/enhancer-binding proteins
Coomassie brilliant blue

Chromatin immunoprecipitation
Cholesterol

Cytochrome c oxidase subunit 4
Caloric restriction

Citrate synthase

Computed Tomography
Dehydroepiandrosterone sulfate
Deoxyribo nucleic acid
5,5—dithio—bis—(2—nitrobenzoic) acid
Ethylenediaminetetraacetic acid
Estrogen related receptor
Epididymal WAT

Fatty acid synthase
v-glutamyl-cysteine synthetase
Glutamate-cysteine ligase

Growth hormone

Growth hormone receptor/binding protein
Glutathione (reduced form)

Glutathione (oxidized form)



HDACs Histone deacetylases

HE Hematoxylin-Eosin

HSL Hormone sensitive lipase

IDH2 Isocitrate dehydrogenase 2

IGF-1 Insulin-like grouth factor-1

IMP Inner membrane peptidase

IL-6 Interleulin-6

IR Insulin receptor

IRS Insulin receptor substrate

KO Knockout

MCP-1 Monocyte chemoattractant-1

ME-1 Malic enzyme-1, NADP*-dependent, cytosolic
MEFs Murine embryonic fibroblasts

MIPEP Mitochondrial intermediate peptidase

MPP Mitochondrial processing peptidase
MtSPases Mitochondrial signal peptidases

NAD Nicotinamide adenine dinucleotide

NEFA Non-esterified fatty acid

NIA National Institute on Aging

Octl Octapeptidyl aminopeptidase 1

PCI Phenol / Chloroform / Isoamylalcohol

Pgc-1 Peroxisome proliferator activated receptor gamma co-activator 1
ROS Reactive oxygen species

rWAT Retroperitoneal WAT

SIRT Sirtuin

SOD Superoxide dismutase

SREBP-1¢ Sterol regulatory element binding protein-1c
Sir2 Silence information regulator 2

SWAT Subcutaneous WAT

TCA Tricarboxylic acid

TG Triglyceride

TNFa Tumor necrosis factor-aTranslocase of the inner membrane

TIM Translocase of the inner membrane
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WAT
WHO
WNPRC
WT

Translocase of outer mitochondrial membrane 20
White adipose tissue

World Health Organization

Wisconsin National Primate Research Center

Wild type



TRk 28 HFHUE, BADKRAN DX omlmE OFIAIE 27.3% THY, T CTlolmiinttazd
Z TG, FT2, R 27T FEBUETH R DA DI 2m il OFIE 1L 8.3% TH DN, AL 72
FITIT 18.1%I27 0L TS, AR A AL OB TRl b2 ISR T 5, BA
D35 iy LARREAF A D 2L, SRR 22 FC, Bk 9.13 £ &1 12.68 A THL728, Bl HETe
EE IR L O R F LR F MO 2T EL T TNEBETDZLITMBEOREL > T
W5, ZNOD Rz R D101, [k Fdin | ZHil 0§ 2 A =X LML T, O Ra
AR AL T B e AZ SR R B2 b — LT BB RH D, D AN =K L5 fiR
TORGEHSNTWDDNR, BLHFZICB T L ORI ET L ThHDa) —filR (CR;
caloric restriction) (2B AMF9E THD,

CR LI EMFITHER R TR L 52129 2 T\ kA SR B I 0l — 2 @ B HI R 5 5 1E T
b%, EHHERE DEBRE BV TE, B n) —2 A BE R (AL; ad libitum) D 60~70%
REEEIZHIIR T 2ZEDZ U, CR T2 i BN R0 SR LB REOHR th D 8 gl JH 2 TP & L7 7L
FEIZEDECTIREIAWVEFERIZ B W TBIZEINLD T, CR IZEs TUEMH LS HFEZ 8 % 72 %
BT RIS 7T NV DIFED I RIBRSND,

CR 1Z, i EH/NVEY (GH; growth hormone) D73y isCliErf GH JE ., F7-. GH #IZLY
JHlgiZe E DS ind A AV AR R K F 1 (IGF-1; insulin-like grouth factor-1) o Ifi#E iR
JEZRb &5, Ll GH/IGE-1 ¥ 7 J LV BfilS IV TR A THDH Ames J/ NI ARLT T
YA GH b7 AV ==y Fy Tk, CR ICEVELIZHEMMEMN T2, ZAHOHILIL, CR DF
AN DS GHAGF-1 AR 7R 72 AT = A L5 TO A S I T DT TlidZe< . GH/IGE-
1 FHKAFHIAT =X LN Lo THHIEI SN TS T REME 2 RIR 326 D Th D, £z, A EAfENIH
Je B IRANT, b LLIET TARAA L BAnF DR B EAEM T HI LTIV FEMIPIEM LI DI LD H
HINTWD, 2z, B e (WAT; white adipose tissue) 2FFMHEIZEE THHZL
WIREE D, £Z T, CRIZED WAT TOBYn F-IREB A 2/ LI2L 25, GH FEK
{FEZ, JEE A BEEE R 1. FFIT sterol regulatory element binding protein-1 (Srebp-1) (Z#4%5:
HE SN DAE IR G A BB R ORI LH 3525 AL,

55— Tl Srebp-1c knockout (KO) w7 AZALHL T, CR DAN =X LEfRHTLIZ, DRGSR,
LT D RAEHBNZLTZ, 1) CR I Srebp-1c K FHIZFEfnZ JEM$5, 2) CR I3 Srebp-1c¢ K FFHY
(ZRENGE A R B I LR M= RU T B & L R E 38 BlA TUtE 9%, 3) CR I3 Srebp-1c {KFFHY



WXz RUT A G Rl K 1-CTd 5 peroxisome proliferator activated receptor gamma co-
activator la (Pgc-1o) ZEELZTLET D, 4) Srebp-1c 23 EEEHIIZ Pge-1a ZBLETLi#ET S, 5)CR I
Srebp-1c EAFANZERL AN 2240 3%, 6) CR 124:%2) ~5) DA kIR LZE WAT HIRA

B SIS, PLEXY, Srebp-1c 1%, WAT (28T, CR IZEVINa RUT A S RRETEHEAL T2
LTI N A= 2B JY XX — i D@V BN ERICEBAS | R e L — G 2
THIETARRERREITH L THEIGL . EBEAR AZMHIL . SHIZFF A2 3 5851
THHZENRBINT, ZIHOF R AS LI B LRRIT WAT % OISt a2 D 7,

WEA | R DRFEEALIC L DIE B AX R w7 v R a— ADOVAZ LR T 5B 26T 5,
ENCIXPIEAR D3N 32 AR 131 > AU ARSI, 2 BUBEIRIR , f5E BHECT 7 a—
LPEBYARGECAE LRI L T DAY, B FRRIAD BT L2 AR RS PEAE R 13 A AV S M e
2 BURERRIE B E R FEIES L OT T m— 2EEREE L OV AR 77 5L T D, £2ZCTH
Tl WAT (235155 CR DY BTV VI8 % KO IEREICEEAE T 272012, 7y MZB W T
IENEN#HA%  (rWAT; retroperitoneal WAT) | ¥ 58 FHAE N #Hi% (eWAT; epididymal WAT) 35 LT}
R T RENA/ESE (sWAT; subcutaneous WAT) T? CR IZxI T DB M2 Ll UT-, #OFE 5 WAT
DR - B - IEIHIIE A X% CR 12XV rWAT, eWAT, sWAT DI CT/hEL eo7z, kI, IR
R#H~D CR OZNRATHE LAY TTRITLIZEZ A, 22T WAT CHENIER & A BEE A T B L O
IR RU T BEEE - OB CRICKVIRIFREE I U 7=, — 5. NEE /0 B K 1 ChHHR/LE
VAR =B DY ALY tWAT & eWAT TIZ CREED fed REIZ, sSWAT TIX CREED fasted
RIS L T2, T, ARV 7TV OFEIE L 72D AKT DU FR{EI CR IZXKD SWAT TOZJT
L7, CR ICEDIRE R ~DREIL sWAT TlEAL AU 7D FE MRS rWAT,
eWAT TIXL T F Lol AL AV LSO T F VD% G- RNEPTRIB ST,

ZFTIX, CR ORRICHITHREFHIZR2RE TV T 2T 572012, Ty WAT ¥
ORI B CHEIAER A R 4% mRNA BLOF /7B 3 Bl R St LTz, %
DA WAT (23T, de novo NENIEE % BIHE mRNA IO~V E 3BT 3.5 » H i CTA
FNFBIDNINL T 5 » AETIHA L, 20% 9 » HETHEMLT, —J7C, ZOEBL
I ClIE L bien 7272 CR OIENIIEG U B3 220 1% WAT FrE ThHDHT LA TR
2o BEIDOFET /TR TIE, CR IR 2 7 A ZBCATP I = R — R TR T DI E
G CR), £ H-1E CRICEDAE R ET V7 (B CRYZ/RLTEY., KT de novo AEH
B2 G L DTEMEAVIZ AT D3 A L AV 2 7 F IV OIEVEARIZ R | BB IV T TF o 7 F v ol
Lo THELSND ATREME S RIS Tz,

FIUE T, CRIZRDINA L RUTTEMEALOSIEEERE 2 B L7c, BERHZIBIT 0 a) —l RO
FHLK] 1L 1L TH FLE U7z silence information regulator 2 (Sir2) OFHFLIAIZIBITHINaT R T A
—Yarz o 1 S>ThD Sirt3 1%, Iba N7 JRLERFEEESR OTEHEALLHURR LI 7 OIE ML, &6



|Z reactive oxygen species (ROS) (Z&oTHETHEFEL L _ITE D3 FEIREINT LRI T OFEEEME
RO E ERICHER B v F MR Th D, Z<DINaL R T 2737 1T mitochondrial
signal peptidase (MtSPase) (2L > THIWES L HZ & TIHEMHRIC/2 D2 LN B TUVD, WAT (123
VT, CRIZEY Sirt3 DX/ 7B BUITTHET 523, mRNA FEBUITLHE L7772, oz |3 WAT
BIRAIIZ CR 2LV 37 kDa DORIEEEY Sirt3 #2775 28 kDa DR 2 R TE~D T atk
T BTHEL TWD ATREMEZHE RLTZ, 22T DNA ~A27a7 L A% T CR IZEDIE B
9% MtSPase % H8#EAIZfENT L7=& 2 A, mitochondrial intermediate peptidase (Mipep)7® CR {Z
FOFEHENEINTHZEE R LT, £Z T, Mipep mRNA OFEFAEZMHTLI-LZA5, CRIZEY
EFH-L T 7=, Mipep I mitochondrial matrix processing peptidase (MPP) (2L EJlrEii=4 /X
V8% NREVA I Z T F R D8R Tho, £Z T, vV ARWIRITEGHEI 3T3-L1 (T Sirt3

WRPFEBLSET Sirt3 #o\VEOT vy UV EERLIZEZA, O T ael 7LD
B 22 R IE L 70 IEMEAL T DT EMRHALN LT T, SHIZ, w7 ANRNARTEEAIE 3T3-L1 12
FUT shRNA % VT Mipep & /v 7 F 7 L= 25, Mipep DMLDFLE S o 7378 L[RIBEIT K
A Sirt3 Z LRI EH XL, Sirt3 OEERIZ L XTE D —->Tdh5H manganese superoxide
dismutase (MnSOD) D7 & F /ALIZEIMN L 7=, £/, RIRFIC7 =B R BEOEHEERE THD
citrate synthase {5 TEH I LTz, EHudZ ., Mipep 23 Sirt3 D% EUL I KOVEHAL D 7257 Ik=
YRUTTEVES HIEIL CTOD ATREME DS RIBS Tz, £ 2T, BRI LUNHAKL ~ /LT Mipep D%
FNEHLDNTT H7201Z, Mipep KO mice Z/ERL7z, LiL, 2258 T Mipep & KO T 554
FAZI2 T, EZ T, Mipep ~7 2~ A% WA IS L ORARR~D B2 it 5L LT,
Fi, BUE, NENAHARRE AT Mipep KO mice Z/FfF1TH 2,

ABFFETIX, CR D AT = LE WAT FEAIIZ Srebp-1c MFE B ZTEMELL , Pge-la 2L
TP R T ZEM AT 228 ZHORBIVET V71 CR ]I D7 3 » ALL EA A
FTHEVIZENRIBEI T, £2, WAT OFNLIZESTH CR KT DIGE N R DTENRESN
2o EBIZ, CR 1% MIPEP DFEELEAMMNSELHZL T SIRT3 D7 k7 zitlEL, Iha R
THEREM B BT B L TWDIED RSN, UL XD R H 2 EBLT 512X, WAT
IZHU T Pge-la <° Mipep Z7EMHALSE T WAT OINa s RUTEEMHALL, 2> o WE %A Esd
HZENEETIIRONEEZHND,






IZEIC

AT, MRS U IZAE 412, RFR & EB IS AT IS T3 B3R B LIE RS
TS, LU 36, EMNTIE REID REARIFEXAE BHFOWIZRD TET, b il
T RAYREITIZHBIT D XN T AL 20T 2D, ZOVERITBAFT D8 OSUFEESRT
DY ALITHI 2600 FEEHD Y 2 A— L OEHTEZR Y NV ZIZFIELT2LSND EX VT AL 2 DFEFE
T, [AREESLFY v MEEDRMIZH o7 b Ebid, — 7 FIFEIZB W THIRET (fdJohl
259 F-FATTHT 210 ) DREARIELRD | IREZEFEDOENTIDNTMETZENTHFL IR
PRSI TCWDZLIIALRFETHD, Tl FAXLABLS D ARERKEDOIELAEADELTZZ LD
NTWS, BARIZEBW I HRE T AARELNCESRIUIRIEITRDESNDI T 7 40
IARDFEI BT DR VT BEE ) DRARIIAREASEDO IR BT DR B E T 5, 20k
W2, R T A& T R ED A B AL Z R D TETZ,

BRI E B W TRl b 2N 2RI TL TD, SRR EHEES (WHO; World Health
Organization) MNWE 194 B [EZ kG LU HEHIIBWT, R OFE)FMmIT 2015 F1C 71.4 75%
Lo TnD, HRIZBWTIE 837 M ThHY, mEFHFEEL>TWDH (WHO, World Health
Statistics 2017), ZOMIHENGARFEEETIT D2V, BFEEW) BEEILER SIS DH5, L)
L, BEREEBICIRERIE  LVHEZ FIXEEL, BETIEIMERES] | T72abblElictt
OB BO TR L ERA~OIG A B ERERER>T0D, TASE T, BEEAAR 21 (5 2
PONZIBUNT, 1. BEFEH A O UL LARER RS 22 DM/, 2. B A TEE B OFIE TBh L Bk
TRIOMUE, 3. HSATEZE 7o DI B BEREOKER L O || 4. @EFEE X, STFHT2DD
FEARBRBEOREA, 5. Sea% - A B TG B - S, (RaE . B BT K OV - PO R B
TOHAEEEE R OHSREOYGE, © 5 SO BENRESN (BEAETEHEERENE =+
T R 24 4R T A JEAR GBI ERER R 21 (55 2 1R) OHEREICBETHS B EEL Pk 24 4F
7 H)

ZD&H7 BENFR ES N RIS, BARICBITAMICITEE RiaWEE ol minbs
FOVD D3 B 5, Rk 28 (2016) 4F 10 H 1 HEEIZIBW T, HARDKRA DX 1 2,693 77 A
TR 23 QOIDENLRA L TS, 65 skl LD mElnE X 3,459 A BN DI 35E

BT 27.3%E720 . mEnE AN BIUMA NICBITEIG LI ERm LR o7 (N, Rk
29 FERRE It ), £72, 2053 FITITRA A 9924 T AL 1 BEAZTIV, 2065 FI2iX
8,808 7N\, 65 mLA Lo E I 3,381 AL A FITHT HEIEIE 38.4%L 720l HEFFE LT
WD, ZOIIRAEET B E REREIIE 2 FERL THRY, AL 26 FEIZBWTIERER
# 40 JK 8071 fE M (HIHF-LE 1.9%H) D5, 65 ik LA EOE REHRE 1L 23 JK 9066 T (o E R,
R 58.6%. AL 3.4%H9)E72 > TERY, HARIZBITA2MBIEBED K DO—DL7e>TD
(BT | TRk 26 4RFE H REFRE OBEDL),



ZNHOREARRT DR, T Fdn ) Z2flH T 240 =X L& L, £2bE T et
RA SR PR R B FNCa hr— LT DU ENR DD, DA = A LE R 2 _ER ST
WHDH, BALFRIZIBT HH LR R EE T L ThH ) —ifilfR (CR; caloric restriction) (2
BII 278 TH D,

Jral—iillBREE DR

CR LITAEMFITH B R BT 2GR 7292 C ., Ak T v ) — 2008 B I 2 IR 35 515 T
0%, T oW R E DRI ISV TT, BHm)—% B HE R (AL; ad libitum) £ 60~
TO%FEEE(ZHIFR 9222320, 1935 4212 McCay B3, CRIZED T bR K OV R FF iy DN E
L, EDORIENIHSNDZ L% | #1D THAE L7z (McCay et al., 1935), D% 80 FFIZH
720, L OMRFIZL > TSN CEMNL S NT-F MO SV ME— DO FEMEHETHD,
CR (LD A B M) R RORR LD - B A D E L TE LIS B D E i AWV A Fl
IZBWTHBIZEINLD T, CRIZES TUEMLESNATEL R X 1B 72 FF 60 s 7 TV IMFET D
ZEDIRREND, MFLEIZ VTR, ISR AR BRI AN A A~ — T — DAk, 18R B O T
JE B L O D fth o J B S &b & #0195 (Higami et al., 2006a; Masoro, 2005; Sohal and
Weindruch, 1996; Weindruch and Walford, 1988; Yu, 1994), &5(Z, CR RIZITHE R R/ F—D
RIBNZKHE T D201 2 ORENE L ZLOABRIEIS G FHESND, > WEE T,
CR IZEVE AT/ NEEL . EERERD /SR HP, FRICIE RO NEHE THD
(Weindruch and Sohal, 1997), $£7=, CR (LY &EE) & (31U (Hart and Turturro, 1998) ., #1kiZ
FEY AR 72 BE S DA TS L5 (Means et. al., 1993) |, RIRIZx L CHEFFIC/RD T Ep3 AN
51 TCU5 (Johnson et. al., 1982) , F UL CRIZEHTHIIFEIL, TDAD =K I, b ~DJEH O]
REME, SHITHUMEEM DBHF 3 FEL/2o TS,

JraV—HiRE GHAGFL ¥ 7 F)v

CR %, fEA/LES (GH; growth hormone) D3l GH JREE, £7-, GH flIIZLY
g7 & WS A A A kR R R 7+ 1 (IGF-1; insulin-like grouth factor-1) @ i 2
JEEJ D S5 (D’ Costa, et al., 1993; Sonntag et al., 1995), 7=, GH 7' 277 F > BILOHIK
AR AT D3I % D Ames BB/~ A (Prop-194) (Brown-Borg et al., 1996) <X°
Snell /N~ A (Pit-1974¥) (Flurkey et al., 2002) 1%, BFAERIZ L 20-50% D EHE 7T, &5
(2. GHR/BP (growth hormone receptor/binding protein) /77 7k (KO) ~¥77 A (Coschigano at

al., 2000) <° IGF-1 receptor KO ¥/ A (Holzenberger et al., 2003), 7> F &> A GH i#{x 1 D&
ANIZEY GH R ZHIHIL 727>k (Shimokawa et al., 2002) HEFARII LR TRHETHD, £
Dz, CRDAH=ALELT GHIGF-1 v 7 VOGN EE ThHHEE 2 LD, FFE, GHR/BP
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KO w7 ATlE CRIZEDFMIAEA RO B2 -7 (Bonkowski et al., 2006), — 7 GH/IGF-1
ST FIVRIIHISNTEFH THD Ames /<7 A (Bartke et al., 2001) °7 > F & A GH b7
VAV x=v77vh (Shimokawa et al., 2003) Ti%, CR I[ZEVEBIZHFMMPIEMLTZ, ZIHDH
FE. CR OFHF ML) FIT GH/IGF-1 & AFHI72 AT =2 LD I TlE7e< . GHAGE-1 FEEAFHI A
A=A LZE S THHHEI TS ATREME A RIE T2,

TFRBEICBTL ) —HlROLH T

CR DEMDIEHADT=HIZ, KETIEH L E FWZFZE2M T Tl D, 2009 412 Wisconsin
National Primate Research Center (WNPRC) @ Colman 57237 547 /W Zk5 CR OZhFEL T,
CR [FTHAAHE RS | BERIO DB IHZEE , DS OFREREIHIL | FFmaiE4 5L
Z & L7 (Colman et al., 2009), —J5C, 2012 4(Zi% National Institute on Aging (NIA) @
Mattison HIZED, CR (X7 H7 YLD triglyceride (TG) RLZERERE MM | AL AN A~ — B —7p L
AR T S R REI IS B L | R I I DA 2 AbIZb D 0| Fam L IE L7270
ST-LHES N (Mattison et al., 2012), ZOEW I, 2 DDfifia% T SN CO D E B/
KEEDZAIL 7 728 | BB BREEDENI L Db DO LHEHIE, WNPRC & NIA THENDT —H
ZRRATURELIZE 2 A, D7akEt CRICEDFF A IE M 36 LOINHRER O FIEIH L\ 72
AN RIFFRFCBW T AL THLEME AT T H7e (Mattison et al., 2017), 7272L, 4
[ FFARAT T, BEED CRIZA LA, LA LD CR TET A7 Pl o>TOA

R R 72N EBTRIRE N TUND,

— 07 RERNAFET I ET 65 mLh EO T HEE R R EL TR BIREEATFEIZ VT CR LT
TATFNRL~ YA Ty hTHRIBEBT LRI THLEMAKIR ., RILF A2V & i f
dehydroepiandrosterone sulfate (DHEAS) Z/R T EF DR AR W LN HE Z 4172 (Roth et al.,
2002), F72, CR IZL-> THA B L ORERME, MAFIERE 1R % IRBOY R 7 7 75— 38
I B ENIRE T (Walford et. al., 2002)

BLED, CR IV ARLEMRE DR RHIZH W TH, D7a &b IR I B ABFAE I A
B, DFEVRER M OLEMITIIANTHLHLEE ZOND,

e — il BRIZ 3515 B AR IRk

H g AL (WAT; white adipose tissue) (% E @O KRN Z2H T2 AEI a2 £
PRIz, RENTRTSRHIRG , ARG, SEME S I KON~ 7 m 7 7 — U7 E O RIE M/ 0
RS ND, R4, WAT (THUZT 3L —2 A7 M O 3o/ E L TE BN TE203, Bl
TE T AEREEWE CHDT T AR AIA L ZFEL 4L Cldaa Ry MU — 2 &85 N 45105
FRRELCLHEHESN TS (Kershaw et al., 2004), 77 ARYA I A L DT WAT ICE RSN
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% TG D E\Z L THIENREAZEALL | Bl - IR A0 D SR OFEI R 7 & U TER 352823
MENTWD, RERTF AR A IA L LT, AN S WSS leptin,
adiponectin, resistin <°, [fE ZAIIEG 5 O THWMSILORIEMEY A A2 tumor necrosis factor-
o (TNF-0), interleulin-6 (IL-6), monocyte chemoattractant-1 (MCP-1) &3 HIFHi05, ZibiE
adiponectin |ZAEKENDHEET T AR YA A& TNF-, IL-6, MCP-1 |[ZAEENHEET T
ARV ANIANT P FESND (Gnacinska et al., 2009; Torres-Leal et al., 2010), it 72 =R /LF¥ —
HEFE A L2 =L —(T TG L URIHMIIICE A DD, ZORF WAT TIIpk s
FADRERAGITIN R, w7 a 77—V 7 ERDHVE ~D I L DR NALAR O RIED FRO B
% (Weisberg et al., 2003), A LV AR IE R L3252 L1280, TNF-a, IL-6, MCP-1 %D
RIEMET T ARYANIA L DFEEAEDIMNL, —J7, adiponectin DFEALEDME T3 5708 77 47K
FAIA L 3 WT a7 40— VORGP ET D, ZOXIRRIEIZLDT T AR A NI AL D 53k
BERE DAL BE - R E AR milE . BhIREE (L% O EL B R B O RO — & TER L
TWDIERHALNELRSTND (Lago et. al., 2007; Ouchi et. al., 2011),

PR WAT ZOb DA FF fnil e L CHERZ I ZH > TWDHZENA BN Lo TE, A
YAl (IR) 28 KO vUATIIARTIZT M= AT T TS (Accili et al.,
1996), [FIEEIZ IR & IGF1 2 RO B M A KO CTHEEMEIRIFOTZD | (Oafifs - 5 F h Fr
FH) KO TILOLAEDTZDIZ, WL HOARLINIZIET 3% (Ueki et al., 2006; Laustsen et al.,
2007), SOIZAFHREF ) IR KO vV ATIX, EEOA AV ARGIEZER L, 1 TEO ITFHEEE
D72 A3% (Michael etal., 2000), L2>U72235, ARRAGRHLAREF B0 IR KO ~ 7 ATlL, WAT H®H
BN L, WAT IZBIF3har RUT A AV = 2 AN TLHEL | FaMEM 3% (Bliher etal.,
2003) ., B W CTEET T 4R AN A 2 T b adiponectin DR HLZTLHESH T T AT =
= AXFMIEMTHIERMESN TS (Otabe et al., 2007) , £7=, IEMMIIEO I
WA LR B K- Céh 2 CCAAT/enhancer-binding proteins (C/EBP) o i& {51 EEIZ [k OMERER B
T HEREKN T CTdhD C/EBPP & /v /A LT= C/EBPB/B ~ ATIIARNFHAE COIraL RU T /31
AV AANTLHEL  RHFTHHIENHESIL T D(Chiu et al., 2004), F7=, BN NiRAE
Wiz IBRL T~ ATIEA L AV ARFUENSGE L Fm LR 35 (Barzilai et al., 1999;
Gabriely et al., 2002), 12 T, B <7 ZTIXNIEIEN OABHIEIBRIZED BRI 1T D05
HEBOMHILRROIXT | PP T MBI NDN, KFH 477 GHR KO v A%
DHFHHI 2 NIBARIE D BIBRIZ, P AR & 0E Bk 0 RSB A F 2 &N S (Masternak
etal., 2012), ZDOZ &L WAT BIRDOZEEL TEIAKIZE S TRV WAT EHVD WAT 3052 8% 7R
LCW5%,

ZO IR KR 7B AR T T AR A NI A L P I DAE I Lo TH A HEA
AIRE T D, F7o, WAT [3HE 2 DEAI - THRIET DR D EEIRB THH A AU A
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PESCER L AR A, SAENBBEICEE T 5, ZHDF /RS, SR RU TS, 4T = 1r v AT
ZEDTE DO EN WAT ~DUETFT V703, CRICEDH RN RE2b -5 alREMEDS R E NS,

Za ) — il RIZ I 1T DNEE A

CR L7zvUATIE, EREZICIT= X —JRE LU CTHEAFI AL, IRE AR TTHET 2723,
FOHITTERNF—JHELTHRE AR AL, B b2 TUHE T DG/ ¥ — %" 7 (Bruss et al.,
2010; Higami et al., 2006b), £7=, 1 HZEL T —RELUCTIREZF A 3251503884
% (Bruss et al., 2010), JREFIHOEIMLY, B 152520 Complex 1 23iE[EIEF1, ROS DFE
AR TR TR AN AZAK T2 FTREME ASRIR S CUD  (Guarente 2008), fE&IZINE L
TR A - R G R FEE RO IRE R AA U1V 2 2B 1% metabolic flexibility &FFIZAL,
2 RUFE PRI D F3E ClE metabolic flexibility MK LT % (Corpeleijn et al., 2008, Corpeleijn et
al., 2009) , ZDOXH72 BE DR EZJET DL metabolic flexibility &1 AU ARBIMEN LB ICH
#=9°% (Corpeleijn et al., 2008, Corpeleijn et al., 2009), F7z, A AV ARPIEEZ R T~V TAET L

X, BARFHICOMEE PG #5310 72<720 (Chibalin et al., 2008), i (ZA 2 AV AKFIEZ LT

HE MR E RRER A~ N rEns LA S TS (Kim et al., 2007),

EE)

AHFFETIL, CR DIy A=A LD | FFIZ CRIZHED WAT VET U 7 OFEM7R AT =K L
DFREAMNS , [# Al F | 2B 55 T A =R L5 LI LT, ZFL T, F 08 RA A
R FE BT 72010, B e RE FEH PR B P ar e — T 55 F 2 — S b
HRETDHEEHIELTZ,



B

Srebp-1¢c ZJ1L 7=
Zal) —HlROZ)R
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1-1. 755

CR (3% AR/ (GH; growth hormone) DA GH IRE ., £7=. GH #IFKIZ LV AT
72 E DD EINDA > A) KR AR T+ 1 (IGF-1; insulin-like grouth factor-1) ¢ i #E H i fE %
/&5 (D’Costa, et al., 1993; Sonntag et al., 1995), £7=. GH 7 077 F 3 L O HR IR
WARNVE L DA RZE ET D Ames /N~ A (Prop-174) (Brown-Borg et al., 1996) <> Snell
/<A (Pit-1974") (Flurkey et al., 2002) 1%, BRI~ 20-50%D EFHE2RT, SHIT,
GHR/BP (growth hormone receptor/binding protein) />77 7k (KO) +¥77 A (Coschigano at al.,
2000) <° IGF-1 receptor KO <7 A (Holzenberger et al., 2003)°7 > F &2 A GH 51 DEA
(280 GH BB A4HIL7=7 vk (Shimokawa et al., 2002) & B AR ZLE TR HFETHS,

GHR/BPKO ¥ A TIE CR IZLDFMIE3TROH DR/ -7 (Bonkowski et al., 2006), —/7
GH/IGF-1 7 F /L id il S TR THD Ames BB/~ A (Bartke et al., 2001) 07> F k&
A GH h72 AV 2=y b (Shimokawa et al., 2003) TiX, CR ICEVESICHMMPEMLIZ, =
NHOH I, CR OFEMIEMNEL GH/IGE-1 KIF AT =X LI L > TORFHIEES TS
DIFTIE7< GHIGF-1 FEKAFI AT =X AL THHIHSN TOD ATREM A RIEL Td, £
ZT.DNA vA7u7 A% HWT, AEfE#iE (WAT) (C38T 585+ A B &M fErI R
L7c&ZA, GH FEEAFRINZD CR ARAFIINC, IR B EE S 7, FFIT Srebp-1 (ZHA S il £
ENDHEE 2 HNDIENEE A R BB RO 8L EH-Z2 R L7 (Chujo et al, 2013),

Srebp (Sterol regulatory element-binding protein) -1 [XJ5E A4 A& kD £ EH| fH K 1 THY |
Srebp-la, Srebp-lc D —DDT AV 74— LIFLET D, FFIZ Srebp-1c [T/ - WAT = 5 ¥ il OFE7R
Ay 2) R R TR T AR ERTAY 74— L L THISN TS (Shimano, 2009), A
'EOEFEITER 2 elfan-Ofe B CHREREE IR, IR MEE XL TUW D (Unger, 1995), IF
WIIFIZIFA RV ARG A AV Gr RS A 1D B AR D REI BRI 2 L W b BE R TP
DRI FT—&E72% (Shimano et al., 1999), 1IED = /LX—REfH A2 MERIZ SREBP-1¢ G M LS
B, Bk MRS E ISR W TR R A S X 2§ LB 2 DL, SREBP-1c AMEMAIF L O
B AIMAERE R 2B B L CUODZEN IS TS (Yahagi et al., 2002; Takahashi et al., 2005),

Srebp-lc DIEHHEME T IEIS ICBIT DI FRITE S K FEMS I TWD, IFid DN in
virto \ZBIF LT L THY  WAT IZBITHH FLIZZ L, IN2 T, CRICEEL-MFEIRIZE
A EBESIVTCNRN, Z2C, ARBFFETIL, WAT (28T CR ICEVIBLEEINT 5K 1 THY.,
FTNRWINTF DGR 1 Tdh% Srebp-1c¢ 73 CR DA IR/ RACE DFRIZB 5T o0& fif B4+ 52 &
ZHAIEL T, CR L7z Srebp-1c KO v D AZMRMTL7Z, €L THHIMED BV Srebp-1c DHEREZ F,
H72L. CR OHLEA - FM BN R D AN =X LD —ba LN LT,
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1-2. MEHET5IE
1-2-1. fEH~7AZDNT

Jackson Laboratory (Bar Harbor, ME, USA) XV AL 7= Srebplc’-~ ™7 A (B6;129S6-
Srebf1™Mb/J Liang et al., 2002) 25, REUZLY Srebplc™ (LABE WT <~ R) | Srebplc-(LLR#
KO ~UR) ZAEH LTz, BURERL R P I8 SR M sX N specific-pathogen-free (SPF) B
BT, AR A% 12 K CEJE L, AL B£121E CRF-1 (Oriental Yeast, Tokyo, Japan) %147
BhZ72, AL BEOERAREZHEL, CR FEHIIZZD 70% EEHITANZ G272, CRIX 3 7 Ak
VBALEL . WTAL, WTCR, KOAL, KOCR Dt 4 FEAAFRILT=, 36 275 40 i CREIESH | K
SJEBHRRNS . PR, (Coie, R, MR IO BE A A PR 72, MRiaRi T — AR L <V EEL, 2E0IX
RN EE R0 B 1%-80°C IZTIRAFL T2, BRIML 7 MLiRIE EDTA ZA0Z . &L (2500 x g,
4°C, 10 min) L CERERL 7= BiEZEIMEY 7 e, -80°C I TIRTEL T, FER%IE CR BEDFAEY 1-
4 W SR EE 2-5 BEATIZ T TITV, 23T fed BE, fast BEE L7, fast BEICOWTIE, B
FEHTH O CR BEAGEEIFIZ AR 2 D PR ffe kBB L L7z, BA I WTAL fed, WTAL fast, WTCR fed,
WTCR fast, KOAL fed, KOAL fast, KOCR fed, KOCR fast Ot 8 BEATERILT-, RO FENK

TNEE Z LIDIK T DENTIZIE fed BERB IO fast FEDO M H % AN DIRNWEEZBNDRFO
FENTITIZ fed BED Zr 2 FIV Tz, N TOEM FERRIE, SO BR R ERE B 2T OHF A
FRICKDARZG T, H B R FE IR EHIE W Th e (KRBE 5, Y12027,
Y13028, Y14028), £7c, T X TOEBs FREAHLZ EERIT, BB R P8 n 2 EERZ
BEERICIDFEE, FRICKDKRZG T, AUTHERR 78 s 1/ 2 5 S i R E
T (ki 1589),

1-2-2. I8 TG, IE= AT VTG (non-esterified fatty acid; NEFA), 2L A7 @ — )L
(Cholesterol; Chol), Z/va—RA AL AV IGF-1, 7T ARRI T BIORVTF U OE &

4> TG, NEFA, Chol, 7 /VaA—A AL AV TTARKIF o BLOVTFATTh T
U LabAssay™ Triglyceride (Wako, 290-63701) . LabAssay™ NEFA (Wako, 294-63601) .
LabAssay™ Cholesterol (Wako, 294-65801). Autokit Glucose C II (Wako, 439-90901). Mouse
Insulin ELISA KIT (U-type) (Shibayagi, Gunma, Japan, AKRIN-031) ., Quantikine® ELISA
Mouse/Rat IGF-1 Immunoassay (R&D Systems, Minneapolis, MN, USA). Quantikine® ELISA
Mouse Adiponectin/Acrp30 Immunoassay (R&D Systems) ¥ X T* Quantikine® ELISA Mouse
Leptin Immunoassay (R&D Systems) % HWWCTERLTC, 7235, TIENDUNIHEA—T— D32
s 7 aha— e T o7,
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1-2-3. M HEp 7 b AR &

Hansen & Freier 33108 Li 50 /1% (Hansen and Freier, 1978; Li et al., 1980) Zt,&(2, g
R AREL T 3-hydroxybutyric acid (3-HB) % i f L 7=, Reaction buffer (80 mM Tris-HCl (pH9.5),
4 mM B-NAD+ (Wako, 049-16461)) (ZH 7 VE&NN%, 37 °C T 5 43fEA ¥ 2~—hkL, 5 UmL
D-3-Hydroxybutyrate Dehydrogenase (Wako, 086-05441) % &% & @ 1/10 = 1% . ARVO
MX/Light Wallac 1420 Multilabel/Luminescence Counter (PerkinElmer, Waltham, MA) % T
37 °C. 340 nm (2B DU EAIE LI,

1-2-4. Murine embryonic fibroblasts (MEFs) D18 37.

Srebp-lc ~7 KPR LA LRSI, MR 13.5-15.5 HOSUAOFENLIGNE
VL PBS T %, BB LK NF R E R D72 ERZ BVERE, 0.05 % Trypsin-EDTA in
PBS (Invitrogen, Carlsbad, CA, 15400) (ZT 37°C, 10 /3[MH b L7z, €D 100 U/mL penicillin
G and streptomycin (SIGMA, St. Louis, MO, P0781) } U 10% FBS (BOVOGEN, Essendon Vic,
Australia, SFBS-F) &4 ® DMEM -high glucose- (WAKO, 043-30085) (ZJY Trypsin-EDTA %
JAE S, cell strainer (BD, Franklin Lakes, NJ, 352340) T/ filazbR<Z & TRHINILT-,

1-2-5. flfaks#E

10 % FBS, 100 U/mL penicillin G and streptomycin }2 " 0.1 mM 2-Mercaptoethanol % &8 7%
DMEM -high glucose-C MEFs Z#H5#L. 1.2~15x10* cells/cm? O & CREFFL 7=, F7-.
MEFs (k8% 5 [ElETELT,

1-2-6. FCANRIHER ~D 53 FkE

MEFs [ 1.2x10* cells/cm? D% CTHEFEL | B5HAZHAZ+E/ T 3 H#% Day0 &L7-, D%
2 HEXIZ 0.5 mM IBMX (SIGMA, 15879) . 1 uM DEX (SIGMA, D1756) . 10 pg/mL insulin
(WAKO, 096-03443) K TX 10 uM troglitazone (Lkt-Lab, T7056) % INA 7=#EFFREHICRE#E T 52
ECRBAIR AR~ EFHE LT,

1-2-7. Ja—=u 7 Ry 2 — DR

Srebp-1c R FE B FLEA R B~ 7 2 — B T, iEMEATY (mature form) Z1ERLL 72, W IEIR
A% Srebp-1c mRNA O— (1-1368bp) Z=1—RL7-iE{x 1% PrimeSTAR HS DNA Polymerase
(Takara, RO10A) (ZXVIEIREH, EcoRV 2LV YIWrL7= pBluescript I KS (+) X7 ¥— %77
n—=2 7t ZFDORIH—% EcoRI KON Apal TUIWTL . EcoRI KON Apal TYIKiE 0 pMXs-
AMNN-puro L hEY A )VARY K —~TFA /7 — 2§ 5HT EC pMXs-Srebp-1¢ mature form X7
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—ZAERLL 7=, 7235, Srebp-lc ZIEIES B /BRI HW=7 74~ —{% Table 1-1 |ZRT,

1-2-8. LA )L AIZ L5 Srebp-1c IR 2 Fkk O /ER

Plat E % 1x10° cells/cm? CHEfEL — W55 % . Fugene HD Transfection Reagent (promega, Tokyo,
Japan) % F\ T pMXs-AMNN-puro, pMXs-Srebp-1¢ precursor form, pMXs-Srebp-1c mature form
ARYL =% BN LT, FOMEHRIE 10 pL/em? THFEL, 77 AIN DNA 1 pg (%L T Fugene % 6
uL DR THEE -DNA HAERE RS T, BT 30 0 ifE L7z SSTETR 2 A ~ALER L
16 REfHIEE B 1 . U AV A% 5 T E5 %R % Millex-GV Filter (MILLIPORE, Billerica, MA) Tl L
[FUN L7, B2k 1/3 D 4xPEG Buffer (32 % PEG6000, 400 mM NaCl, 40 mM HEPES, pH
7.4)%INZ, 2250 Xg, 4 °CT 30 iz L, RiGZBEHE% ., 2250g, 4 ‘CTHEIZ 5 /i LalT
W UANVALEZ B O OPTI-MEM THEMEL ., 0.6x10% cells/om? THEREL —ButfaSE 72
primary MEFs [Z&YeS 72, ZORE, B OTEIE) DIKYL ECOMREIT 2 OK ETITo7, i
YL 24 IEfEI% D5 5 ug/mL @ puromycin AV DOEFHIC 5~7 H [#] selection 24T\ primary MEFs
Srebp-1c precursor form it % Bk 5 L O primary MEFs Srebp-1c mature form 18§l %8 Bk 21
ML 7=, selection %1% 1 pg/mL @ puromycin %5 TeE5 TR AR | HERFL 7=,

1-2-9. [ AR O KRR 7 R fEAT

WAT % 10 % PEREME AR /L -~V 8 (10 % formaldehyde in PBS) (2 CREEL, /377 1
#%. 5 um OJESTHEHYIL | Hematoxylin-Eosin (HE) Y ta%1T 57z, FEARII A BMEE Eclipse 80i
BLOF 7V ar 2=y DS-Filc, DS-L2 (Nikon, Tokyo, Japan) % FVNTHE KSR 100 {5 THIZL, 1
BRI S VEBR DO WG 2R L BHGRAEMHT/ 7 -7 =7 Image) 1.4 (Wayne Rasband National
Institute of Health, Bethesda, MD) % V>, 2R Ty MERRIZ LD /A A& FrEw% . RRIHIRRO Y
ARZERE LT,

1-2-10. Real-time RT-PCR

mRNA ZfHHI L, 43 Y& EEET NanoDrop 1000 (Thermo Fisher Scientific, Waltham, MA) % fu»
TIREARE LT, 1 ug ® RNA % PrimeScript® RT reagent Kit (TaKaRa, RRO37A) (2L il E
& cDNA #1572, HAYEIEF 1%, SYBR® Premix Ex Tag™ (TaKaRa, RR041A) % FV T, Real-
time PCR A7 2 ABI PRISM®7300 (Applied Biosystems, Foster City, CA) (ZEVfENTLT=, 7285,
ENENDFINTFA— =DM 27 B ha— TV L7774 ~—% Table 1-
2 [TREH LT,

1-2-11. Western blotting
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FAE /1R A | 8 80> SDS sample buffer (50 mM Tris-HCI1 (pH 6.8), 2% SDS, 3 M urea, 6%
glycerol) ZMAFEY = AR, SHIZY=r—ar Lz, Boniz74t—r L (12000 x
g, 4°C, 30 min) L, E{EZ[ENXL, 95°C T 5 73fElA > FaX—hLic, Bbivz BiFIZE i
/37’8 F% BCA Protein Assay Kit (Thermo Fisher Scientific, 23225) Z AW CHIEL ., SDS
sample buffer |21 1 mg/mL ORI 7=, 7LD 1710 8D 0.25 % BPB/ 5 % 2-
mercaptoethanol = 1 : 1 {RiEZ A, 95 °C T 5 /rFE L2 LTz, UL EORE TR
7’ )V% SDS-PAGE JEIZ LV VK@ | coomassie brilliant blue (CBB) ¥:faz1T-7=, filtatk D7 v
DOVKENE%E LAS-3000 /L2 /A A= T FF A% — (Fujifilm, Tokyo, Japan) |ZTHEEL | it
7k =7 Multi Gauge 3.1 (Fujifilm) Z W\ CTIH¥ —IRITeoTe 22 _IE DY AR DB
WY BEEEREL, VT IVRIOZ S E BE Uz, SRRLIELL 7o Y7 L% SDS-PAGE 1£IZ
TYKEIL, =hr/la—AA 7L (PALL, Port Washington, NY, 66485) (Z#z 5 L7-, #5144,
A7 L% blocking ¥ (2.5 % skim milk (WAKO, 190-12865) / 0.25 % BSA in TTBS (25
mM Tris-HCI (pH 7.4), 140 mM NaCl, 2.5 mM KCI (Wako, 163-03545), 0.1 % Tween 20) = 1 : 1)
[CTEIRT 1| BREES Y, £0%, —IRULAZBUSHK (Canget solution I (Toyobo, Osaka,
Japan, NKB-201) / blocking A#% =2 : 1) HFITHZ, 4 CITTA T L E—BrE2IE B SS
B, —RPURRLHE A7 L% TTBS ISTHEL (5 4rx2 [EIFRBLTN 10 43x2 [[]), ZRFUA
% R (Canget solution IT (Toyobo, NKB-101) / blocking ¥A# =2 : 1) Iz, 1 BKifE=IR
IZCA TV ERUGEET-, TIRMUKRGH . A7 Lo TTBS ICTHEEL (5 49x2 BB LD
10 43%2 [A]), ImmunoStar® LD (WAKO, 290-69904) % FI\\7-{b#% 41T\, LAS-3000 /L= /-
AA=TT FITAP =T THRE L, Multi Gauge 3.1 ZH\WWCEEL, LLF, Table 1-3 (2T
{A, Table 1-4 |Z “IRFUADIE AL LT,

1-2-12. CS (citrate synthase) J&EDHIE

WAT (Z 2 {% & Homogenization Buffer (50 mM Tris—HCI (pH 7.4), 150 mM NaCl, 5 mM EDTA,
1 % Phosphatase Inhibitor Cocktail, 1 % Protease Inhibitor Cocktail, 1 % Triton X—100 (Sigma,
T8532), 0.05 % sodium deoxycholate (Wako, 192-08312)) Z/zx ., HEL = FA A LTz, REV = F
—MZxL., i (0.1 mM DTNB (5,5—dithio—bis—(2—nitrobenzoic) acid) (WAKO, 047—16401),
0.5 mM Acetyl-CoA (WAKO, 011-17383), 0.1 % Triton X~100, 100 mM Tris-HCI (pH8.0)) Z/N1x. .
25 C TS5 A Fax—hkL7=, WL D baseline %2 FE S 7-1% ., 10 mM oxaloacetate (WAKO,
150-00411) Z K ED 1/20 f£EINZ . ARVO MX/Light Wallac 1420 Multilabel/Luminescence
Counter % VT 30 °C. 412 nm (BT W E R EEIT-T-,

1-2-13. Sh=FU7 DNA O E &
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Total DNA flitHZ1757-6 k77112 DNA extraction Buffer (10 mM Tris-HCI (pH 8.0),
150 mM NaCl, 10 mM EDTA, 0.1 % SDS, 100 ug/mL Proteinase K (WAKO, 160-14001)) %1z T
55 CT—WeA L F=2X—hkL7=, D%, Phenol (Sigma, P4557) ZMx THIRT 1 Feffje—7—
NL7=%. E1&E% LD PCI (Phenol / Chloroform / Isoamylalcohol =25 : 24 : 1) Z/NZ, 51T 1 KR
n—7—RL7, EiEZED, 200 pg/ml RNaseA (WAKO, 182-01493) (Z&0 37 “CT 1 RefEJALEEL
T2 . F¥ O Phenol & OF PCI ALBRZARDIRL | =4 /— L ILBkZA{THZET DNA ZAERL 7, filth
L7= DNA % TE Buffer (10 mM Tris-HCI (pH 8.0), 0.1 mM EDTA)|Z#i#%% . NanoDrop 1000 %
WCIREE A E LT, &MY Real-time RT-PCR 1%, 1 ng ® DNA % SYBR® Premix Ex Taq™%
FWTKGEH, Real-time PCR 227 ABI PRISM®7300 {2 CAEHTL 7=, 1% DNA OE &I
B-globin gene locus &, Ih=12 FU7T DNA OjE &(ZIE cytochrome ¢ oxidase IT (COX 1I) gene locus
ZHV, 2 RU7 DNA F(ER L% COX II/B-globin L CHH LT, 2B 7 T4 ~—HElFILLL
T Table 1-5 \Z/RL7=,

1-2-14. ChIP (chromatin immunoprecipitation)

MEFs %, 1 % formaldehyde (Wako, 064-00401) 777£ I, #{RIZ T 10 /3fA > F2~—hkL7=,
E5IZ 300 mM Glycine (Wako, 077-00735) 7#7E T, #lIZ T 10 Z3 A v F o —hU7z, MRk
Z sy (700 x g, 4 °C, 5 min) L., BIEEZEOERWCEE PBS 2z, R&MCELLE, BiEE
HWBrE, Cell lysis Buffer (10 mM Hepes-KOH (pH 7.9), 1.5 mM MgCl, (Wako, 135-00165), 10
mM KCl, 0.5 mM DTT, 0.5 % Nonidet P-40 (NP-40) (Nacalai tesque, Kyoto, Japan, 25223-04)) %
Mz, K BT 10 43fA s a—hL7, =0 (1,400 x g, 4 °C, 5 min) L C_EIFZRVERE,
SDS lysis Buffer (50 mM Tris-HCI (pH 8.0), 10 mM EDTA, 1 % SDS) #/lx., /K _EiZT 10 431
VX aX—hLT, V== var LizObhiz, mil (13,000 x g, 4 °C, 10 min) L, E{EZEEREL .,
Dilution buffer (16.7 mM Tris-HCI (pHS8.0), 167 mM NaCl, 1.2 mM EDTA, 1.1 % Triton-X 100,
0.01 % SDS) #/iN% 7=, &5IZ, Protein G Agarose, Fast Flow (Millipore, 16-266) Z/1% ., 4 °C |Z
T 1 Refim—7—hkU7z, BUF, RHICEBWTUIFFCFEHDO/RNOERY 4 °C (I2Cr—T7—RL7z, i
D (800x g, 4°C,2min) L, E{HEZH LV 1L5mL Fa—7 1B LIz, Z0OH9H0 10 %% input &L
T 4 °C TREFELTBW, BIFIZH LT Srebp-1 $iiA% Nz C—Bin—7—kL, #HLLV Protein
G Agarose, Fast Flow # /)12, 1 FEfiilm—7—RL7z, L0 (800 x g, 4 °C, 2 min) L. EiEEEVER
&, Low Salt Buffer (20 mM Tris-HCI (pH8.0), 150 mM NaCl, 2 mM EDTA, 1.0 % Triton-X 100,
0.1%SDS) Mz, 10 Frfijm—7—hkU7z, B L (800x g, 4°C,2min) LT EIFEAEVFRE,
High Salt Buffer (20 mM Tris-HCI (pH 8.0), 500 mM NaCl, 2 mM EDTA, 1.0 % Triton-X 100, 0.1 %
SDS) #/Mz., 10 frfile—7—h95Z8% 2 [F#DIKL 7=, e Tl (800x g, 4°C, 2 min) L.
FiEZBVFRE, LiCl Buffer (10 mM Tris-HCI (pHS8.0), 250 mM LiCl (Wako, 123-01162), 1 mM
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EDTA, 1.0 % NP-40, 1.0% sodium deoxycholate) Z/1% . 10 Z3fln—7—h 9252 L% 2 [Al0IK
L7z, EHIT, =0 (800 x g, 4 °C, 2 min) L, BiEZHEWERE, TE Buffer Z1%., 10 pffn—7—
MBZ % 3 [ERRDIR LT, fxfhOur—T —MMEIZiE O (800X g,4°C,2min) L, HiEZEVRE,
ChIP Elution Buffer (100 mM NaHCOs, 10 mM DTT, 1.0 % SDS) Z/1x., Hi&iZ T 10 pfn—7
—hRL7c, &0 (800 x g, 25°C, 2min) L, RIEZEHL 1.5 mL Fa— 7 IZHELTZ, 0% OF
2—7(ZFE ChIP Elution Buffer Z /1%, Liidu—7—hBI O LAEMEDIRL , w04 O ik
Z 1.5 mL Fa—7 I RLT-, 22 THREFEL TRV input ZER0HL, Yo7 LSRRI DL
(Z ChIP Elution Buffer Z /N2 7=, LL'F, %27 /L& input TRl TAEE LTz, 65 °C IZT 4 KA %
2 —hL72f% . RNaseA %2 T 37 °C T 30 53] > =~—hL, Proteinase K Z /2T 55 °C
T 3 BFEIA ¥ a_X—hLTz, 7=/ — b raadL L= ) — iRk 0 ., DNA ZHiHL .
TE buffer |2 CHEfiELT-, B s 7O 7 0% —4— 803 E ENHINCRELIAEN T T1(~
— 3 XU KOD-FX (Takara, KFX-201) % F\ /= PCR SUGAETTHZE CHIMES 7=, SUGEDILT
Ha— A7 )VERGKENC LD 77 BfEL | ethidium bromide solution (Nippon Gene, Tokyo, Japan, 315-
900512 THf L, LAS-3000 /L2 /A A= T F T AP — T TREBRHI N RE R ELTZ, 728,
ChIP (ZfI\V /=774~ —% Table 1-6 (ZFE# L7,

1-2-15. Aconitase J& MO HIE
HAE g 30-50 mg ZFFHULL . Aconitase assay kit (Cayman Chemical, Ann Arbor, M1, 705502) %
FAWT, FyMIfHRO 7 aha— L iZfiE-> T aconitase TEMHEEHIE L 72,

1-2-16. =oAL VBT A EORE

7 WHF A% Rahman 50D 5 (Rahman etal., 2006) (250 E &L 7=, #l##kZ Extraction buffer
(0.1 % Triton X-100, 0.6 % sulfosalicylic acid (Wako, 190-04572), 5 mM EDTA, 0.1 M potassium
phosphate buffer) %X, Rotor-Stator HUARE AW —% H W THEMEL | .0 (8000 x g, 4 °C,
10 min) L7z, JIFfkE B &I L. Extraction Buffer {2 5 % mataphosphoric acid (Alfa Aesar, Ward Hill,
MA, 033267) %N 7= DOFRMLTRES 2 F AR, 1t (3000 x g, 4°C, 10 min) L7z, LiF
IZXFL . 0.5 mM DTNB 350" 2.0 U/mL Glutatione Reductase (Oriental Yeast, 46540005)Z ¥ NL
K EIZT2 A FaX—hL7-, 52, 0.24 mM B-NADPH (Sigma, N7505) %1% . ARVO

MX/Light Wallac 1420 Multilabel/Luminescence Counter %\ T 412 nm OWEEAEHIEL | #&
TNETFH o EwmLTz,

F7-. GSSG DEEELL FD I THT2, EFLD EIEIZHL T 0.2 % 2-vinylpridine Z /1%, &
BT 1 BERA 2 —h 4. 5.6 % triecthanolamine (Wako, 145-05605) &z 7=bD &Y 7L

L. T NETF A O ERERRRICHIE LTz, HIER., 7 NV2TF 4 mB LT GSSG =LV,
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GSH &4 % 7F L. GSH/GSSG thaH L=,

1-2-17. #ERHRE

T AT HRRRERRE TR LT, 7 — ZOftat i E L, 2 FEM Tl Student’s t-test, ZHEM T
b LIVE = oAl S T2 1772 72 121T Tukey's t-test 21772572,
AR MBI BT DR FH R E 1T, FF i DR 0 AT 23 IERL 73 A1 TITEL & 52 &% | Normal
Quantile-quantile plot THERL . ZHMREZMRIT D7D, TNENOREB O FMIZIHB N T
Tukey @ honestly significant difference V£ THEE L | HofSHYIZ log-lank test &V 7z, E7o, FEBR
TEITHWZRRE FIEE, BB 7 1EDF-TH H $£721% Figure legends |ZFR#HL 7=,
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1-3. ffR

1-3-1. Ffn

9, AR B HERR (WTAL), BFAERU D) —HIBRREE (WTCR), Srebp-1c KO H H{EA&HE
(KOAL), Srebp-1c KO H)—HIfREE (KOCR) @ 4 BHZEAL THMAMMNT LT, ~7 2D FHfm
(IR T VU GAAED B 2 DIV, 2O AT IER AL PSS A Z &R LT (Figure 1-1A),
SHIT, AEUEH LA~ ADOF I TS RERICIER A Tl (Figure 1-1 B), %
T, ENENDOREC T R DIRNT 21T o722 A, BLERITMHEE 2D IER /5040 TUTlEh
7225, Y IR IZBIL Tik WTCR > WTAL > KOAL = KOCR L7225 T /= (Figure 1-1C), Y Y15
X FEMmEE 2B, AR (WT) ~v AT hel—HlR (CR) (ZXDH) 18 %iEM L 7=n
(WTAL: 126.1 8, WTCR: 148.4 i), Srebp-1c KO (KO) <7 AlE CR IZJ0HI 1 %LEM L7
/o7 (KOAL: 108.8 ##, KOCR: 109.8 i#) (Figure 1-1C, D), £7-, KOAL % WTAL REL Fhik
L CHMMBA T (F 14 %) A5 (Figure 1-1C, D),

1-3-2. HE-FEREE- 777 (0

AR 84 W ET WT ~7AKD KO v~ AD T AN THI 22 %, He K THI 41 %% b o7
(Figure 1-2), 7=, 32-40 i T, (KE T AL TiX WT <7210 KO =7 AD 5 H3%] 24 %A Bl
TN, FLE CIIA B 2213727~ 7= (Figure 1-1, Table 1-7), —J5C, CR TII49 80 i
ETWT vV ALY KO T AD FNEMER Th-o7223, HERETIFRD 7 (Figure 1-1),
figies B BRI Tid, AL TRl (59 33 %)= Dl (79 36 %) &l (79 19 %) T, CR TIIAF
fige (K026 %) <D (K926 %) T WT ~7ALD KO ~TVAD N A EIZE) -7 (Table 1-7),

MmgEF I v a—2PREIE, WT BLON KO v 7AW, fed B CRICEVB/EE (WT:
13 %, KO: #J20 %) Z/~RL7, Insulin #£ 1%, WTAL (59 83 %). WTCR (¥ 97 %). KOAL
(#J 84 %). KOCR (£J 79 %) &b fasted RFIZA EIZMK N L7 (Table 1-8), 7z, #aaL A7 m—/L
X, WT BLO KO Offj~T7 2T, FFIC fed FEIZ CR IZEDH) 50%{K N L7= (Table 1-
8), Triglyceride (TG) ¥REEIL, WT =T AIZH W TIE CRICEDIBAMENZ 7R L, 7T fasted BET
3K 48 %l LT, — 5. KO~ AZHE W TIE CRICEAHUMEAEIEI L TV /= (Table 1-8),
Non-esterified fatty acid (NEFA) ¥R X, WT <7 AIZH\ T CRIZEY fed FEIZHI 29 %, fasted
RFIZHY 17%80 L7223, KO =D ATIX CRICEDEENZ Lol (fed FE: £ 20 %, fasted RF:
#9 14 %), E£7=. WTAL (K7 76 %). WTCR (£J 105%). KOAL (¥J 59 %). KOCR (¥ 71 %)t fasted
FRIZHEINL 7228 KOAL BE Tl WTAL BEIZLE R TEDOHEMA/NES) 7= (Table 1-8), ZAUlE
KOAL FHIZBWTHEEIZK T2 WAT 2250 NEFA O3B L CNDI a2 RE 15, 3-
hydroxybutyric acid (3-HB) (X2 TORET fed R R AR LL T CTh o7z, fasted FEO T
28, WT =7 AT CRIZEDH 63 %IdAD L7223, KO =7 ATIE CRIZEY 40%LNEA
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L7ahotz, F7-. KOAL B CTld WTAL BEIZEHE~ 50 %A BB AR L7- (Table 1-8), AU
KOAL FECHEWTHERITH L TR T O FAR G EKAME T L CWDZ AR/ 325, Ll EXD,
KO U AT RT3 L CHESs ThDH Al REME DS /RIZ ST,

IGF-1 OEEIL, WT-KO ~7 A2 CR 2LV L, WI-KO MIZ K& 513780072,
Adiponectin D2 13 fasted FF 12 WTAL 20 KOAL DIEH 23 59 %A E A @7, 72, KOAL
BEIZEB\NT fasted BETHI 48 %A & IC B L7- (Table 1-8), — 75, Leptin #2E1%, fed #EIZFT
WTAL X9 KOAL DIFH3 103 %V MEAIZH -7z, F2, WT BLO KO Ofi~T7AZH0H
T, CRIZEDHALIZ (Table 1-8),

1-3-3. FEER IS DN & R BEis 2 L/ 7 B 5 B AT

Fatty acid synthase (FASN) X acetyl-CoA carboxylase (ACC), ATP citrate lyase (ACLY), malic
enzyme-1 (ME-1) (X Srebp-1c |ZE IR T RIS AVOIEIRE A U BEDD TiiF /B Th
%, Western blot YEIZENVZNHD XL 7 E OF BB % T, H NG (WAT), s, &
K& B 3 TRRRT L 72,

JHBRIZ 35U T ME-1 LIS D45 /37 Cl, Srebp-1c KO &5 NE CRIZE DR B #1148
LI 7c(Figure 1-3A-D), ME-1 #2737 E 38 BlIT Srebp-1¢ KO (ZXVEFETH 0.4 512K
DUTED, CRICEDEENIFRD B/ -7= (Figure 1-3A, E), ZOFEF LD, CR IFAFIRIZF T
% Srebp-1c DFEBIA fed BFI3AI 3 fiF, fast FFIFAKI 6 5 ITHINSELH DD (Figure 1-3L), ZD F
Tis o OB ThDARNIIR G B S L R DR BUC R E R A -2 IR LD RSN,

WAT (238 T, WTAL BE3 LU KOAL BERIC 31T 2NE NI B G Ak BE 2 o S VB S BT A B 73
ZITFRD LI h -7 (Figure 1-3F-1), £72, WT Ti&, CR 2LV FAS (fed: #J 8 fi5. fast: £ 2
fi%). ACC (fed: #J 20 fi5. fast: 15 fi%). ACLY (fed: #J 20 i, fast: 10 £i%). ME-1 (fed: 9 8 fi5.
fast: #97 f%) 2o /B ORBUIA EITTTHEL, 2O TTHENT fasted FEIZ LT fed FFCEAE T
Holz, L)L 3h, KO w7 AT CRICKDAEN ML G Rk B & S B3 Bl O TLE 1 38l 52 ¢
T BRICIDRBIAEG MR TE0 o7 (Figure 1-3F-J)),

BB L ORI Z T, WTAL R3S E O KOAL LIS E T -T-— 5, WT <
T AIZIBUNT, CRITIEMIEE G B 2 o RV E DR BIA P T TUESE T (B H7: FASN K
10 f5. ACC 9 5 fi5. ACLY £ 10 fi5. ME-1 #J 5 fi%, %&l: ACC #J 2 fi5. ACLY £ 2 £i5), L»L
72136, KO w7 AT CRIZEDAGNIE G R BIE & o B BLO JLHEL 727> > 72 (Figure 1-
AA-T), DB BT, BRIGER G A B 2 L X7 1T Srebp-1¢ KO &5V T CR IZEAIE BB A
BlES ) -T2 (Figure 1-41-M),

1-3-4. KM CRBITDINa R T DT
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SR T~ R w7 AZAF(ET 5 citrate cynthase (CS) 13, tricarboxylic acid (TCA) [0l D fx
WIDAT 75T 5HETHY, TOWEMEITINa RUTIEHOHIZEL L THWHILS, WAT
[ZBWT, WT DU ATIE CRICEY CS IHMEITH) 2 fFITHIINL 7223 KO =D A TITHAL 727
o7z (Figure 1-5A), L2~L. ITHE. B A& Ol BlslZ38 Tl Srebp-1¢ KO 23 CR (12
FLOFBLEBNT R ONARD o7 (Figure 1-5B),

SHIZ, AR T B S R VEFEBA RN LT, WAT 1238V T WT v AT CRIZEDI
har RUT 2 R0 TéhD SIRT3 (K 2~3 %), COX IV (#J 2~4 i), TOM20 (fed: #J 2 %) DX
VRTERBNA B ERL, 2O T fasted BFICHAT fed B CHIE TH 7228, KO =7
ATIE CRICHED B LA SRl o7z, (Figure 1-6E-H), —J7, FFl. /D&, BH&5. &
figtlZ 33V Tl Srebp-1¢ KO &AW MNE CRIZEDFBLAH) X Ao/ -7 (Figure 1-6A-D,
Figure 1-7A-L),

Z D72 WAT (258 H L= RU T Bl s - BLAfftT LT, Peroxisome proliferator
activated receptor gamma co-activator I (Pgc-1) o X° Pgc-1. Estrogen related receptor (Err) a I3
IRIURITASAF T =1 A AR EA R - £ 54T 5 (Schreiber et., al., 2004;
Scapulla, 2011), =D HTH Pge-1o 1L CRIZHEIINTL R T SA AT = 1 AD T E e iK1
ThHERESILVTUD (Anderson et. al., 2008), =2 C, Pgc-lo BAn T RBIEMHT LI=EZ A,
WT ¥ ATIX Pge-la DFBUT, CRIZEVK 4 FHIZIEINL 7223, KO T ATIE CR 1T TH
BUIHIM U722 7= (Figure 1-8A), EHIZIMa KU T BE#IE L 1 ThD CoxIV mRNA FE 8L
LU mt DNA &EZMEHT L7, CoxIV mRNA FBliE (82 %) BELUmtDNA & ()2 %) &b,
WT =7 ATl CRICEDHNLIZ2Y, KO =7 AT CRICHEI NI RoN/eh -7~ (Figure 1-
8B, C),

1-3-5. primary MEFs DT

~ 7 ADFAGR A T FRENTIZ XD . WAT 23 Srebp-1c 247 L7z CR OB FICEHE THHI LMK
BRIz, =2 C, primary MEFs % [ AR MIARIZ 0L S EMEMT L7, Pparg & adiponectin &5
FELL T, AEBEMHIAE ~D L DR E 2 e d 7= 2 A, WT-KO FEIZ[FREIZ L Tnd D
EMERR T (Figure 1-9A, B),

HEWGEE A Rk B 222 X B DHH FAS LN ACC, ME-1 FHUE WT (B W T Lk sh
#% 8~16 H H CTRILN R KITRY, ZO#HBA LT (Figure 1-9C), £7= ACLY (ZBIL Tidsr LB
B ISR B b i<, R & A LT, UL, KO TIEZO X572 BIA B Bls T, K
L~LDOEETH-7 (Figure 1-9C),

SRy RY TR E AL G5BT WT AW T SMBIC RN . 253558 B A4 14 16~24
H B TIE7Z7h—IZ# L7 (Figure 1-9D), — 77, KO IZ3\ T TOM20 OFHA B IBIE I
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F°. COX 1V, SIRT3 #7273 BUT IS TN 26 DD WT IZHA_Z DAL
/T -7= (Figure 1-9D), Pgc-Ia ® mRNA FEEUZRL TH, WT ([ZBWTHHBIZEEN B
L7225, KO IZB W TEDFRBLEF) LR 620 o7 (Figure 1-9E), CS 1EMEIT, AHIHIC
BT WT &R KO THEIEL, KO IE WT E#7e0 | S blc Lo TIEPEITTTE L 72 h o7z
(Figure 1-9F), mtDNA & [FEEIZ KO 1% WT & 8720 s3Ik > TEITHEINE T, dayl6~24 128
WA BT (Figure 1-9G),

LI EDFERNS IR RY T AL = 2 ADTEMEAIC B A% Be7=F Pge-lo FHIT
Srebp-1c ([ZHlAHIE AL CWD RIREME DN RIB S FL7z, £ T, Srebp-1c KO MEFs {Z Srebp-1c % il
FBLSH T, Pge-lo BELNE IR T D03 %M 51 L7, Srebp-1lc (ZHEFHIFEISHILTVND Fasn O
mRNA &3, EIFEIUIVEIE LT (Figure 1-9H), ZORARIT, SRHEIFEIUZLY . Srebp-1c 13
HR EIEME & 6O CIEIRLI-Z AR 35, 22 C Pge-la @ mRNA FBHARHTLI-L2 45, sl
FEHBUZ IV B BLNEIE L (Figure 1-9H),

Srebp-1c DIRIFITEY | Pge-T1a D mRNA FEELDNEIE L 722 L7035, Srebp-1c 73 Pge-la DERE:
ZEIZHIEL TODRTREMEDS RIBS T, £72, Pge-la D7 0 —2—{HZ MR LTLZA,
SREBP %> /X7 WA T 572020 B SRE BLsl3, S5 E5BHAA S LY B 2 2 FT oo
720 D728 primary MEFs %\ "C ChIP assay 21772, D4, WT MEFs (231 T
SREBP-1 % /"B L Pge-la D7 0E—2—ENLORE B DMERSVIZHY KO TIERER TE22)
-7z (Figure 1-91,J),

1-3-6. BR{LARL ZUGE

CR DZIFEL T, BBLANL 2O BN EE THDH A REMERIB I TS (Gredilla and
Barja, 2005), ZZC, ¥ AD WAT |23\ C, aconitase I& P35 LN GSSG/GSH #H|EL 7=,
WAT 235175 aconitase & E1X, WT =7 A28 T CR IZEDHI 4 5128 0L 7= (Figure 1-
10A), L)L, KO ¥ 7 AIZEWT CRICEDIEMD LR IIBIZE S /a0 7= (Figure 1-10A), &
72, GSSG/GSH I% WT =T AZFEWVT CRIZEDHKT 12 %IZA EIZIE F L (Figure 1-10B), L2»
L. KOCR BEIZBITHH BRI Blgs e~ (Figure 1-10B), ZOW: WAT F1D# GSH
FlE, WT D RIZHEWT CRIZEDHR 5 FFIZEINLTZ23, KO TiE CRICK DI INITBlEE SN
Mol (Figure 1-11C), ANZ T, HF Lol - B #& 5 - B M2 3517 % GSSG/GSH B LUK, # GSH
D CR IZIAEIMLBIEL SN2 >T= (Supplemenatal Figure 1-2), F£72. de novo GSH FEAED
Al SR ThD y-glutamyl-cysteine synthetase (y-GCS. x4 glutamate-cysteine ligase; Gelc)
® mRNA #8LE, WT =7 A2V T CRIZEDK 1.5 [FIZH B A 23 bz (Figure 1-
10D), L72L, KO ¥ ATV T CRIZEVIEIL 727> 7- (Figure 1-10D), — T, Srebp-lc
KO MEFs (Z Srebp-1¢ ZIFEETh, y-GCS O mRNA FEHXEIE L2207 (Figure 1-10E),
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SHIT, CRIZED~ /07 7=~ — A —OFRBUEENICREHL THHIEL/ZEZA, WT-KO 2 CR
IZESTHEIZWD T 55, WT & KO I B2 7213 Eh) 7= (Figure 1-10F, G),
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1-4. B5
1-4-1. CR {2X5 Srebp-1c A LIZfRIAEE & pli~D 5 28

PLETOHAE TIL, Srebp-1c BLOED Tt THD de novo JENGFR A plB AR T DI BLUL, ATFlFS
LY WAT Oii FIZB W T, BASMTHEL, MR &ETIHShDZERbhr->TND
(Horton et al.,1998b; Sekiya et al.,2007), L2>U727235, AHFFETiX, CR ITEB LM DS
7. WAT (235155 Srebp-l1c ZIr L7 de novo NRMAEE G RRIZEA G- 54 /RO E DR BIAHEEEL
72o EHIZ, CR X, BALMHBIOHE RS FOM 5 C, FFIgIZEI1T2 Srebp-1c DI HLZ TLHE
L7223, de novo NENIFEG RBAE S L " VE DI B A ZLS B o7, ZO®EIE, CR 23Tl

TI37e< WAT 1238175 de novo TEWIEE G Al ZTEMEALL . 25 ONFEFI M ZTTET 5L Bruss
OO EERFFTHHLOTHSD (Bruss et. al., 2010), F7=[RIKEIZ, Srebp-1c 1255 de novo If
A G B OTEMEAL DS, CR 128D WAT IZBIFHREMVET V7 DR HEREE ThHHET D%
DWEZFRS K FTHHLDTHS (Okita et al., 2012; Chujo et al., 2013), LU, AFlgicIiF 5%
JES0. SIS WAT LD CR KT 22 ROIGEEWLNIT D701, SHARDHTEA B
Tdb,

NENIEE & R B & L RV Tdhsd ME-1 I ZAIIE (23 T malate 2°5 pyruvate & FEA T D%
FTHDHN, ZOKISHHIZFIFEZ NADPH % AT 528 THEIBIL TS (Figure 1-11), ME-1
I% FASN &[AlEE Srebp-lc (28> Tl E DR B A HIEISILOEESE CThHD T, Srebp-1c 1IAENIEE
A R BHE S T L2 T72< 0 ME-1 1EPE(EA LT NADPH OAERICH BE THLHILENR
Wexid, NADPH |% FASN DA% L THIEHIL. de novo RENIIE G A TEHALEE D,

AEOFEFIZIY, CR I, Srebp-1c 247 LC WAT (28155 de novo ENIEE A A ETEMEALL . &
BIZARE T — 1l T2 B2 R AP DIRE ~ 7 M52 e RIBS L,

1-4-2. CR {25 Srebp-1c I L7=Iha RUT ~D

CSIEMEIIIRaL RUT A AT = R AIEHALDIREED—-DTHY | CRIZEDHIMAL RT3 A
F Y = R ADIEMAIL WAT FFERTh o7, CR IZEDINAL RUT A AT =1 AD LT
I% Pge-la X° Pge-1B., Erra ZEELDTUHEN FLHAL (Schreiber et., al., 2004; Scarpulla, 2011), =D H
T Pge-la WEEREEZFIZL TWDHEHRESIL TS (Anderson et. al., 2008), ZOHE I
JEHET, ARBFIEIZEY, CR 1F WAT B4RIIZ Srebp-1c (K171, B> Pge-la #/rL T, IhaRY
TNAF Y 2R A TLHEL TWBZEMBENIZ 5T,

ME-1 |ZL> TFEASILD pyruvate [Iha RUTHIZAD, TCA A7V OIEE L THIHS
HINARYT OIGEHEIIZEERILE THY, TCA Y27 /L Tl CS 2D citrate 72D igIHFE A Ak
(SN (Figure 1-11), 7=, TCA A7V DIEMALIZEY NADH 72 & WL S50 370 FLET
PEBIND, SHIZIRaRUTNT CS ICRVEALT citrate [TAIFENICEEIL | ACLY (25D
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oxaloacetic acid {2721, malate dehydrogenase (ZJdi¥) malate NPEAZILS (Figure 1-11), T D
malate/pyruvate/citrate/oxaloacetic acid £ Z[EI#& 13 pyruvate/malate [AIFEEFEITI TS, Fo & 13
7T — MEHTICED CRICED WAT (2B CT ORI BIE § 52 7B R BN 5
ZLaHEL, CR B WAT (327 /13— A%l =R — Mo @ ORI L ) 2 A
HLTWDAREMEAFERIL 7= (Okita et. al., 2012), F£7=, ACLY 7 citrate % oxaloacetic acid {2
BT BERIZ, FIRFIZ acetyl-CoA 23 PEAZILHD T, CR FFIZIX acetyl-CoA DPEA EITIINTHZ
ERTAEND, Acetyl-CoA (X7 BT NHMLEARE/2 5720 225G AITX L TEDT BF
IEDBERRLT L7 DI ENFNHIVTND (Pietrocola et al., 2015), L L7235, CR TIIMT &
FIALREFE THD Sirtuin DEPEILL TWDHZENG | EAR T2 F ARIZRR SO T OIEME
BIZIFRELFH L QRN EE 2 B, — 5T, acetyl-CoA X TCA YA 7 /VCfRE A RLIC
FHRFIREL THHBIN TS, WAT (23U T, CR FHTRFEREZ /L CIhas RU T INCTREAS
AU7= acetyl-CoA X pyruvate/malate [FI#82 4L CHEIERNCHENIER A BUICAE SN AZ &R HES
LTS (Valle et al., 2010), ABFFEIZIBNTEH, TCA HA 27 /VRfB B & NG ML L TV DD
LB, CR D WAT (37 /L3 —A% S0 =X — (O m ORISR L | IRE &2 2030
IR TEDINTVET VT S TWDIENRIBS LT,

B A RAEIZ 53 {E L 7= primary MEFs (28T, Sha RU 7 BE & 7 B R BLSC Pge-1a,
mRNA FEELIZ Srebp-1c BNEE THHZENLNNI/RST-, FFIZ, Srebp-1c 1 Pge-la D7 'BE—
H—ZHEERE AT DZEICED Ifa L RIT A AV = R AZ TUESE TN DI EA LN LT,

L EXY, Srebp-1c i% de novo FEWIEE G R DIEMEALE LB I, Pge-1o DR G2 EHAEMAL T 52
LIZED IR RYT AL F Y = R AE TUET DT ENRIB ST, Srebp-1c 73 de novo fENFE S
FREIRTURY T SA AT = 1 A% RIRFIZIEYEL T HZ &1, pyruvate/malate [RIFEOTEME LS
VIRIZBWTH A ThHEE BN,

1-4-3. CR B#IZ351F % Srebp-1c DER{L AR A~ B2

IRz RUTIEEEZ: ROS OFRAEPTHHD T (Halliwell and Gutteridge, 2007; Balaban et. al.,
2005), ShARUTARAF V22 AOTLHEL, IR RUTHEREDTE ML IS L TY ROS PEAEDTL

WL TR T D, TP A, CR ITHEIIPA R T AAF T =R ADTTHEIC LY, ROS FEAL N
FTHEHEREILD, — 7, CR IZL- TRAL AR AX WA THZENFHILTND (Gredilla and
Barja, 2005), S, WT <7 A0 WAT Tl CR IZEVERE AN AT INHIE 503, KO 7 ATl
MEE 2Tz, FREUTISNT, ROS FEAENTTET DX 97 m E4MF T T AR AHRFLEDIT
HERO S A3y D IEAR 3 15 S 4L TU%  (Boveris and Chance, 1973; Cypser et. al., 2002; Yanase et.
al., 1999; Turrens, 2003), £7-, CR B DFHH THHHEARIRIZEY ROS FEEADTTHET D (Conti
et al., 2006; Hosono et. al., 1982), &H12, FRHIZF T, 2-deoxy-D-glucose (22 i LA 2h 5
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I, PR LAIOALE 2L > T BIHS DSV E DR HD (Schulz et al., 2007), Z#ILHOMWEI
ROS FEEDD DAL AR ZADTAD | SHITFFAIERIZ A O <DIT TRV ZEERL T
(AN

NEFA X° 3-HB O 7 —#735, WT w7 A LT KO v A IHE RT3 L THETS ThHHI LR
XD, 7 FARIL acetoacetate, acetone 355N 3-HB O THY, I\ TREEASND,
R (13 3-HBE T b B R T2 720008 3 DO B Tieb AR D L3R, 90%1EE % 15D T
V% (Hansen and Freier, 1978; Li et al., 1980), #a &R M 4EH 3-HB #2 1% Srebp-1c KO (240
W L72, 3-HB IZPNTEMED histone deacetylases (HDACs) (X3 DL EZNEZFFD | FoxO3a O
FHEBLLHEZ T LT MnSOD X° catalase DR BLAZB IS LA 2D MHNIZFTF 535
(Shimazu et al., 2013), Z 4Lz, Srebp-1c ITHERIT3F T HIRGUIEE I 3-HB OFEA A I
TIE R TOMA AEARIRL TWD FTREMA RIE T2,

WAT (ZIBWTD I, Iba RUTNO NADYEAFHERL T & F W ALR%E TdbD SIRT3 Z2 /378
FEHLIL Srebp-lc KAFRICHI ML 7=, SIRT3 I RUTNICB T HHELN T THD
superoxide dismutase 2 (SOD2)& il 7t F AL L CIEMALTHZ LM E S TS (Qiu et. al.,
2010),

<~ AD WAT T, # GSH £I% CR (2XV Srebp-1c AFHNTHINL 7=, F£7=. MEFs (23T
H. 8 GSH &iT KO [ZHA~T WT THEICEN ST, Zhba B2 GbEbE, CRIZED WAT
(ZBIT DAL AN AN, Srebp-1c &I L=/ NATF AL FEADTLEICH D ERBIND, F

F, T NETF A A RROBGERESE THhD y-GCS mRNA FELEX WT Tid CR (2K EENME \ % 7R

L7273, KO TIEHEIME M 23 Ao ized 7=, LosL7en36, KO MEFs (2 mature form @ Srebp-1c
ZEIRARIE y-GCS mRNA FHAMRNTLI-EZA, BEIZEIE L2072, Tz, y-GCS
B T-FEBUL, Fasn X° Pge-la B T-EITERY | Srebp-1c IZHEEHIFEISH TWRNEEZ 2 BN
By — I T NATF AL DFRA{LIE LI T, glutathione peroxidase 13 %71 GSH & AL 7
ANFEESEDHIL T4 1D GSSG ICL B H Z i hSE5Z LT ROS #iE L, ROS A &t
TWAZERHESN TS (Lu, 2013), =7 A WAT TiE, GSSG 73 CR {28V Srebp-1c {KFAIIC
HIINL CWAZED G, glutathione peroxidase 23EPEILL TS ATEENES B 2 HivD, AT, Ak
L72591C CR IZ8I1F5H ME-1 OIEME(LIZEY, NADPH 38 & L7¢%, glutathione reductase |3
NADPH ZFJHL T GSSG 7°5 GSH ~DOFIEIL T HILNnD, ZOXIRM/NREET GSSG 725
GSH ~D & ITICAFIEE 2 B, £72, CR T SIRT3 &ML T 52T, IDH2 27 & T
JAEEFL, NADPH &4 H<°L . glutathione reductase %4735 GSSG D= ILIZBI G- L, FR{b Ak

AT D EIREZ R D HZ LN SV TUVD  (Someya et al., 2010),

LI S, CRICEBITDEEAR ADEIHIE ROS PEA DA IZLDE DT, Srebp-1c
TFHIC GSH DA LS SIRT3 OIEBUENN, ME-1 OFEBLEENZ S L7= NADPH O, S5
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TNEF A DIALETTOIEMALZ LT, PURILREATE ML 352828 D THHI LN IR
eshd,

1-4-4. CRIZ45 Srebp-1c 240 L7=F i d6 L OMRERE F36 D AEfih

A, FICHLEREER 235 B L T& 7=, Holliday (% CR OHTEAL - Ffiy il zh B Al
SO RIS T DU THHEF L= (Holliday, 1989), F7-, Masoro & Austad %, & D
(LS, CR OAD =X LEHEAGRIISL DL FOIDITFBI LTz, I I AT FE 4312720
IRFLZ L AR I R L — 2R D AEAFE D T2 D TRV X — TS 5, — 75, IEIRZ2 RIS
RO ALFL AR B L, RO #2% 783 (Masoro & Austad, 1996), CR 152D 57 tE N
Gy WESR DT % RIS %o HERTRIRZ 351 DR FE R, Srebp-1 TEME LA T L CHEIG &
FARAE  SORDNENIE 2 TTE T D IEDIEER Y AT A2 MEBSELZ LN mEINTND
(Takahashi et. al., 2013), Srebp-lc (FFEL THERIZIHB W TERIDISE L THRINTLEL , JENRE
A B R T AR AL 570, B S CITIBEE IV T O R KB E e B 2 b T
7= (Horton et al., 1998b; Sekiya et al., 2007; Matsuzaka et al., 2007), L2 L727255, Srebp-1c 13, &
WHARRRIZ B W TII AR AR XL T de novo NEMTER & &I RUTTEMEZ LS T 5281k
0. 7 Na—A% L0 T L — D @O IEER I ZE HAS T DHLERI RS T THY, CRIZE-T
EHELESNDEERK FDO—2>ThoHEEZHND,
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Figure 1-1

Normal Q-Q Plot Normal Q-Q Plot

140
180

120
160

140
e

120

o
@ Intercept = 122
Intercept = 100 &0 Slope = 27.8

Slope = 10

100

Poisson Distribution
100
Sample Quantiles

o

80

-4 -2 Q 2 4 2 E] o 1 2

Normal Distribution Theoretical Quantiles

Survival Curve

Normal Q-Q Plot

WTAL
100 ] : ——= WTCR
% . ] KOAL
7 II-I = == KOCR
¢ S '
- < 60 =5
: g 14-1 '3
S S & -l ]
o 5 40 1 =9
2 n " |
E -
20 t
i 1,
0
60 T T T " 0 T T T
-2.0 -1.0 0.0 1.0 2.0 0 50 100 150 200

Theoretical Quantiles

Figure 1-1 Survival curve of mice. (A) Comparison between quantiles of the normalization and
Poisson distribution (A = 100). Regression line was drawn by using the normal distribution
(N:0,1) with the indicated parameters: square root of the intercept coincided with the slope. (B)
Normal Quantile-quantile plot for longevity of mice studied. A straight relationship indicates
normality of the distribution. (C) 10-12 mice in four groups were maintained under pathogen-
free condition. To compare survival distributions of ad libitum (AL) and caloric restriction (CR)
mice, the log-rank test was applied. P values less than 0.05 were considered statistically
significant. (D) Survival curve. 8-11 mice in four groups were maintained under pathogen-free
condition. To compare survival distributions of AL and CR mice, the log-rank test was applied.

P values less than 0.05 were considered statistically significant.
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Figure 1-2 Time-course analysis of food consumption and body weight. Food
consumption
(A) and body weight (B) were measured every four weeks. Values shown in two panels are

means + SEM.
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Figure 1-3 Sterol regulatory element binding protein (Srebp)-1c was required for
caloric restriction (CR)-associated upregulation of proteins involved in fatty acid (FA)
biosynthesis in white adipose tissue (WAT) but not in liver.

(A-E) Liver, (F-J) WAT. Example of an immunoblot images showing expression of
proteins involved in FA biosynthesis in liver (A) and WAT (F) from eight groups of mice
(wild type (WT) ad libitum (AL)-fed, -fast, WTCR-fed, -fast, Srebp-1c knockout (KO) AL-
fed, -fast, KOCR-fed, -fast). Quantitative analysis of immunoblots was performed using a
chemiluminescence method. Results for levels of fatty acid synthase (Fasn) (B, G), acetyl-
CoA carboxylase (Acc) (C, H), ATP citrate lyase (Acly) (D, 1) and malic enzyme (Me)-1 (E,
J) are expressed as relative intensities of indicated protein/coomassie brilliant blue (CBB)
staining compared with in the WTAL fed group (n=4 per group). (K-M) Copy nhumbers of
Srebp-1a (K), Srebp-1c (L) and Srebp-2 (M) mRNAs in liver tissue from WTAL-fed, -fast,
WTCR-fed, -fast, KOAL-fed, -fast and KOCR-fed, -fast. (N-P) Copy numbers of Srebp-la
(N), Srebp-1c (O) and Srebp-2 (P) mRNAs in WAT samples from WTAL-fed, -fast, WTCR-
fed, -fast, KOAL-fed, -fast and KOCR-fed, -fast. Accordingly, eight groups of mice (WTAL-
fed, -fast, WTCR-fed, -fast, KOAL-fed, -fast, KOCR-fed, -fast) were euthanized at 8-10
months of age (n=3-6 per group). Values shown in all panels are means + SEM. *: p<0.05,
*x: n<0.01, ***: p<0.001 vs. AL, }: p<0.05, 1: p<0.01 and 11+: p<0.001 vs. WT, $: p<0.05
vs. fed, analyzed by Tukey’s t-test.
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Figure 1-4
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Figure 1-4 Effects of caloric restriction (CR) on expression of proteins involved in fatty
acid (FA) biosynthesis and mitochondria in kidney, quadriceps femoris muscles (QFM)
and heart of wild type (WT) and knockout (KO).

(A-D) Kidney, (E-1) QFM and (J-M) heart. Example of immunoblot images showing
expression of proteins involved in FA biosynthesis in kidney (A), QFM (E) and (J) from four
groups of fed mice (n=3-5 per group). Quantitative analysis was performed using
chemiluminescence method. Results of fatty acid synthase (Fasn) (F), acetyl-CoA
carboxylase (Acc) (B, G, K), ATP citrate lyase (Acly) (C, H, L) and malic enzyme (Me)-1
(D, I, M) are expressed as relative intensity of indicated protein / coomassie brilliant blue
(CBB) staining compared with WTAL. Values shown in all panels are means £ SEM with

analysis by Tukey’s t-test.
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Figure 1-5
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Figure 1-5 CS activity

(A) Citrate synthase (CS) activity in white adipose tissue (WAT) from four groups of fed mice
was measured spectrophotometrically at 412 nm. (B) CS activity in liver, heart, quadriceps
femoris muscles (QFM) and kidney from four groups of fed mice was measured
spectrophotometrically at 412 nm. Values shown in the panel are means + SEM with analysis

by Tukey’s t-test. **: p<0.01 vs. AL, T: p<0.05 vs. WT, analyzed by Tukey’s t-test.
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Figure 1-6 Sterol regulatory element binding protein (Srebp)-1c was required for caloric
restriction (CR)-associated upregulation of proteins involved in mitochondrial biogenesis
in white adipose tissue (WAT) but not in liver.

(A-D) Liver and (E-H) WAT. Example of an immunoblot images showing expression of
proteins involved in mitochondrial biogenesis in liver (A) and WAT (E) tissue samples from
eight groups of mice (wildtype (WT) ad libitum (AL)-fed, -fast, WTCR-fed, -fast, knockout
(KO) AL-fed, -fast, KOCR-fed, -fast). Quantitative analysis of immunoblots was performed
using a chemiluminescence method. Results for translocase of outer mitochondrial membrane
(Tom) 20 (B, F), cytochrome ¢ oxidase subunit 4 (Cox4) (C, G) and Sirt3 (D, H) are each
expressed as relative intensity of the indicated protein/ coomassie brilliant blue (CBB) staining
compared with values in the WTAL fed group (n=4 per group). Values in all panels are m eans

+ SEM. *: p<0.05 vs. AL analyzed by Tukey’s t-test.
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Figure 1-7 Effects of caloric restriction (CR) on expression of proteins involved in

mitochondria in kidney, quadriceps femoris muscles (QFM) and heart of wildtype (WT)

and knockout (KO).

(A-D) Kidney, (E-H) QFM and (I-L) heart. Example of immunoblot images showing

expression of proteins involved in mitochondria in kidney (A), QFM (E) and heart (I) from

four groups of fed mice (n=3-5 per group). Quantitative analysis was performed using

chemiluminescence method. Results of translocase of outer mitochondrial membrane (Tom)

20 (B, F, J), cytochrome ¢ oxidase subunit 4 (Cox4) (C, G, K) and Sirt3 (D, H, L) are

expressed as relative intensity of indicated protein / coomassie brilliant blue (CBB) staining

compared with WTAL. Values shown in all panels are means + SEM with analysis by

Tukey’s t-test.
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Figure 1-8
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Figure 1-8 Sterol regulatory element binding protein (Srebp)-1c was required for
caloric restriction (CR)-associated activation of mitochondrial biogenesis in white
adipose tissue (WAT).

(A, B) mRNA expression levels of mitochondrial-related genes, peroxisome proliferator
activated receptor gamma co-activator 1a (Pgc-1a) (A) and cytochrome c oxidase subunit 4
(Cox4) (B), in WAT from four groups of fed mice were analyzed by real-time RT-PCR. Data
were normalized against values for TATA box binding protein (Tbp) expression (n=3-5). (C)
Ratio of mitochondrial (COX2) vs. nuclear (3-globin) DNA in WAT from four groups of fed
mice were obtained by real-time PCR (n=4-6). Values in all panels are means + SEM. *:

p<0.05, **: p<0.01 vs. AL, T: p<0.05 and {7: p<0.01 vs. WT, analyzed by Tukey’s t-test.
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Figure 1-9 Sterol regulatory element binding protein (Srebp)-1c enhanced mitochondrial
biogenesis via transcriptional activation of peroxisome proliferator activated receptor
gamma co-activator 1a (Pgc-1a).

(A, B) mRNA expression levels of adipocyte differentiated-related genes, peroxisome
proliferator activated receptor gamma (Pparg) (A) and adiponectin (B), in white adipose
tissue (WAT) from four groups of fed mice were analyzed by real-time RT-PCR. Data were
normalized against values for TATA box binding protein (Tbp) expression (n=3). (C, D)
Example of an immunoblot images showing expression of proteins involved in fatty acid (FA)
biosynthesis (C) and mitochondria (D) during adipocyte differentiation in primary mouse
embryonic fibroblasts (MEFs) derived from wildtype (WT) and knockout (KO) mice,
respectively. (E) Representative gel image of RT-PCR showing expression of Pgc-/a genes in
primary MEFs. (F) citrate synthase (CS) activity in MEFs from WT and KO was measured
spectrophotometrically at 412 nm. (G) Ratio of mitochondrial (COX2) vs. nuclear (p-globin)
DNA in MEFs from WT and KO were obtained by real-time PCR (n=3). (H) Transfection of
the mature form of Srebp-1c expression vector in KO MEFs. The mRNA expression levels of
Fasn and Pgc-/a were analyzed by real-time RT-PCR. Data were normalized to values for
Rps-18 expression. Values are means + SEM (n=3). *: p<0.05 by Student’s t-test. (I) SREBP-
1c is occupied on Pgc-1 and Fasn promoters in MEFs. Representative gel image of chlomatin
immunoprecipitation (ChlP) assay for Srebp-1c enrichment on Pgc-1a and Fasn promoters.
PCRs for promoter of Pgc-1la, S-globin and Fasn genes were performed using DNA pulled
down with Srebp-1 antibody-transcription factor complexes in WT and KO MEFs. (J) ChIP

assay was performed by real-time PCR, using the same DNA-Srebp-1 antibody-transcription

factor complexes samples as for (I). Percent (%) Input was calculated using the formula: o

[1% of input]-Ct [ChIP]) . .
. For ChlIP assays, 1gG was used as a negative control. Experiments were each

run twice, with similar results.
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Figure 1-10
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Figure 1-10 Sterol regulatory element binding protein (Srebp)-1c was required for
caloric restriction (CR)-associated suppression of oxidative stress and prolongevity
effects but was not required for macrophage infiltration in white adipose tissue (WAT).
(A-D) Various biomarkers for oxidative stress, including aconitase activity (A), glutathione
disulfide (GSSG) to glutathione (GSH) ratio (B), total GSH (C) and expression level of y-
glutamyl-cysteine synthetase (y-Gcs) mMRNA (D) were measured in WAT from four groups of
fed mice (n=3-5 per group). (A) Aconitase activity was spectrophotometrically determined at
340 nm monitoring production of NADPH, generated by a coupled reaction of aconitase with
isocitric dehydrogenase. (B, C) GSSG to GSH ratio (B) and total GSH (C) were measured
spectrophotometrically at 412 nm by a 5,5'-dithio-bis(2-nitrobenzoic acid)-GSSG reductase
(DTNB-GSSG reductase) recycling assay. (D, F, G) mRNA expression levels of y-Gcs (D),
F4/80 (F) and Mcp-1 (G) in WAT from four groups of fed mice were analyzed by real-time
RT-PCR. Data were normalized to values for Tbp expression (n=3-5). (E) Transfection of the
mature form of Srebp-1c expression vector in knockout (KO) MEFs. The mRNA expression
level of y-Gcs was analyzed by real-time RT-PCR. Data were normalized to that for Rps-18
expression. Values are means + SEM (n=3). Values in all panels are means + SEM. **:

p<0.01, ***: p<0.001 vs. AL, {: p<0.05 vs. WT analyzed by Tukey’s t-test.
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Figure 1-11 Diagram of fatty acid synthesis and use of NAD(P)



Table 1-1: List of primers for Srebp cloning.

Forward

Reverse

full length
Srebp-1c

mature
Srebp-1c

5’-GTC GAC CAC CAT GGA ACA AAA ACT CAT

CTC AGA AGA GGATCT GGACTACAAAGA 5-GTCGACTTAGTG GTG GTG GTG GTG
CGA TGA CGA CAA GGG AGC CAT GGATTG GTG GCT GGA AGT GAC GGT GGT TC-3’
CAC ATT TGA AGA-3

5’-GTC GAC CAC CAT GGA ACA AAA ACT CAT

CTC AGA AGA GGA TCT GGACTACAAAGA 5-GTCGACTTAGTG GTG GTG GTG GTG
CGA TGA CGA CAA GGG AGC CAT GGATTG GTG CAG GGC CAG GCG GGA G-3

CAC ATT TGA AGA-3’

Table 1-2 List of primers for real-time RT-PCR.

Forward Reverse

Adiponectin

Cox IV

F4/80
Fasn
y-Ges
Mcp-1
Pparg
Ppargcla
Srebp-la
Srebp-1c
Srebp-2
Tbp

5-TGC CGA AGA TGA CGT TAC TAC AAC-3' 5-CTT CAGCTC CTG TCATTC CAAC-3'

5-CAT TTC TAC TTC GGT GTG CCT TC-3' 5’-CAC ATC AGG CAA GGG GTA GTC-3'

5-GGC CAA GAT TCT CTT CCT CAC-3’
5’-AGC AGG CAC ACA CAATGG AC-3'
5-CCA TCA TCA ATG GGA AGG AAG-3'
5’-CCA GCC AAC TCT CAC TGA AGC-3’
5-CAC AAT GCC ATC AGG TTT GG-3'
5’-AGA CGG ATT GCC CTC ATT TG-3'
5-GGC CGA GAT GTG CGA ACT-3'

5’-GGA GCC ATG GAT TGC ACA TT-3'
5-CGA TCA AGT CAG CAG CCA AG-3'
5-CAG TAC AGC AAT CAA CAT CTC AGC-3'

5-TCA CCACCT TCAGGT TTC TCAC-3
5’-GAA GAA GAA AGA GAG CCG GTT G-3'
5-TCC ACC TGG CAACAG TCATTA G-3'
5-CTT CTT TGG GAC ACC TGC TG-3’

5-CAG GGT TTG TTC TGA TCC TGT G-3'
5-TTG TTG ATG AGC TGG AGC ATG T-3'
5-GGC CCG GGA AGT CAC TGT-3'

5-AAT CCC ACA GAG TCC ACA AAA G-3'
5-CAA GTT TAC AGC CAA GAT TCA CG-3'

5'-GCG GGA AGG ACT TTATGT ATG AG-3'

Table 1-3 List of 1st antibody for Western blotting.

Name Immunolized Clonal Supplier Catalog Number
Acc rabbit polyclonal Cell Signaling, Boston, MA #3662

Acly rabbit EP704Y Epitomics, Burlingame, CA 1699-1

COX IV rabbit polyclonal Cell Signaling #4844

Fasn mouse 23 Becton, Dickinson, Franklin Lakes, NJ 610962

ME-1 rabbit polyclonal Sigma SAB4501853
Sirt3 rabbit D22A3 Cell Signaling #5490

Tom20 mouse 4F3 Sigma WHO0009804M1
Table 1-4 List of 2nd antibody for Western blotting.

Name Supplier (N:i:il:(fr

HRP-conjugated F(ab’)2 fragment of

goat anti-mouse 1gG

Jackson Immunological Research (West Grove, PA) 115-036-062

HRP-conjugated F(ab’)2 fragment of

goat anti-rabbit 1I9G

Jackson Immunological Research 111-036-045




Table 1-5 List of primers for COX Il and B-blobin.

Forward

Reverse

Cox Il
(Mt DNA)
-blobin
(genomic
DNA)

5-CCA TCC CAG GCC GAC TAA-3'

5’-ATC CAG GTT ACA AGG CAG CT-3'

5’-AAT TTC AGA GCA TTG GCC ATA GA-3'

5’-GGG AAA CAT AGA CAG GGG-3'

Table 1-6 List of primers for ChIP.

Forward

Reverse

Fasn
Pgc-1a
-globin

5-CCA GTG TGA CCA AGC ACG CC-3'
5-AGT GAC AGC CCAGCC TAC TTT-3/,

5-CCT GCC CTC TCT ATC CTG TG-3'

5-GCG CTG GAG CAC AAG GAA CG-3'
5-AGC CCC TTA CTG AGA GTG AAC-3'
5-GCA AAT GTG TTG CCA AAA AG-3'

Table 1-7 Body and tissue weight

KO
Body aqd tissue AL CR AL CR
weight

Body weight () 29.97 +0.89 21.78 £053 * 3727 +1.81 26.11 +0.87
Liver (9) 1.018 +0.035 0.821 +£0.024 1.358 +£0.073 1.038 +0.037 *t
WAT 9) 0.915 +0.105 0.230 £0.027 *  1.227 +0.152 0.327 £0.031 *
BAT (9) 0.099 =+ 0.008 0.078 =+ 0.006 0.155 +£0.025 0.086 +0.009 *
Heart 9) 0.146 =+ 0.004 0.119 +0.003 0.198 +0.010 0.150 £0.007 *t
Kidney (9) 0.197 *+=0.006 0.144 +=0.003 * 0.235 *=0.012 0.156 *=0.008 *
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Supplemental Figure 1-1

10% input 19G
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Supplemental Figure 1-1 ChIP assay in rat WAT

(A) CR increases Srebp-1 enrichment on Pgc-/o promoter in rat WAT. Representative gel
image of chromatin immunoprecipitation (ChIP) assay for Srebp-1c enrichment on Pgc-/a
promoter. PCRs for promoter of Pgc-/a genes were performed using the DNA pulled down
with the Srebp-1 antibody-transcription factor complexes in WAT. % Input was calculated

(Ct [1% of input]—Ct [ChIP])

using the formula: 2 . For ChlIP assays, 1gG was used as negative control.

Experiments were duplicated.
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Supplemental Figure 1-2
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Supplemental Figure 1-2 Effects of CR on oxidative stress in various tissues of WT and KO.
Various biomarkers for oxidative stress were measured in several tissues from four groups of fed
mice (n=3-6 per group). (A) Aconitase activity of liver was spectrophotometrically measured by
NADPH formation at 340 nm. (B) oxidized glutathione (GSSG) to glutathione (GSH) ratio was
measured spectrophotometrically at 412 nm by DTNB-GSSG reductase recycling assay. (C)
Thiobarbituric acid reactive substance (TBARS) level, as a lipid peroxidation marker, was
measured spectrophotometrically at 532 nm and normalized by protein content. Values shown in
all panels are means + SEM. *: p<(.05, ***: p<0.001 vs AL, 7: p<0.05, T§: p<0.01, T17: p<0.001
vs. WT analyzed by Tukey’s t-test.
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2-1. HaE

F—F ClX CR ITHIT D FEE s DR RE RA R LT, ZOHTh WAT IZ2H1253AL T
B, EHALIZE S TRRER BB EDRNONTWD, Bz, BB O & — 2 — /" — 3L T
WAT (sWAT) L 0% Pfik WAT (VWAT) D J5 20353 <, vWAT (X sWAT (Z LA RAZ L DR 57
FEHIVER 2321 F 12N EDV B TS (Engfeldt et al., 1988), SIS0 WA L7 ED 70>
TANGEIRSTEY EMIBILT TARKITF L BLOL T F o ORELL vWAT LY sWAT D
JiA3E (Fisher et al., 2002), ZALHDEWIAIRAETH BE L5 T I EE (ST DAX R v
TR —LYRTOFEIZBHEL TWDHEB 2 HIVTUND, EMIIBWT, vWAT 23881350
B 13 A 2 A ARG, 2 RUBE IR, R E SR ERT T m— LB IR VAE & B E L TUOD A8
(Carey et al., 1997; Wang et al., 2005; Nicklas et al., 2006; Ross et al., 2007), sWAT OFANZIHEK
RYPERER 1 3A o R R MO U, 2 BUBE RIS | B E RFIES L OT T m— MR REE LY A
I A5 L C % (Misra et al., 1997; Snijder et al., 2003; Tanko et al., 2003), &g & 5 E
PR~ A, LT T U ST VKRBT AR IO~ 2% & 8 ST T L CTld, WAT
DHTHRFIZ vWAT Z&EFEL , A AV ARPIMEIZ R DL HE S TUVD  (Rebuffe-Scrive et al.,
1993; Dubuc et al., 1976; Barzilai et al., 1998), 7=, ¥ AIZEWT sWAT ZEVENIZEET 52
ETURE, BiE, ME7 L a—2ABXOA AV NV E R FEE, E2F~T A TERA LAY
VIERMKES T T EATIROEA AV MR SGEL | Vv a— ZARIAB BRI T D280
HAESILTWD (Tran et al., 2008), ZAVHDEI FLIL sWAT & vWAT 2SAE N2 HZ 4R LT
(AN

PLEDOTEF LD, CR IZLD WAT ~DFFEN, WAT OISR DEE %7, 22T, B
CR DERPFFHND 6 7 AE CR L7z 9 ) H 7y b W, WIEIERT To D eWAT IZH1Z .
#% IR WAT (rWAT) & sWAT T, CRIZLDINEE R LT,
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2-2. MBHETGIA
2-2-1. EHZYMIONT

HARZL T &4 (Tokyo, Japan) 7> 5-7 it Wistar 527 M AL, BURERRL K385
EREN) KR SER PN SPF BREZ T, BARE VA2 1i% 12 BRI CAB L, AL BEIZIE CRF-1 (Oriental
Yeast, Tokyo, Japan) %+ &5 27, AL HEOEBREEZHEL ., CR BEZIZZED 70 &L 525
FEL, 1 FIZ1[E 70 %@OREE 5272, CR 1L 3 7 AlnkBisa L7, AL B, CR Bf, Th %

WZBAL T fed BE. fast BEATERIL 7=, fast BEZOWTIL, BT H @O CR BEAG EFRFIZEE A B BR
S EIRABE LT, 4 BFEZ 9 o H i CRERR L, 4 IEHE WAT . K5 LIRS P WAT, B2 T WAT %4
U7z, Mg L — AR L~V EE L, FRVITIRIRE R THRE %, -80 C7U—H—TRAFELI,
BRI U 7-1M% 1% EDTA Z0% ., 30 (2500 x g, 4 °C, 10 min) L CEEL7- Eig & migEs 7 e
L. -80 °C |[ZTIRAFLTZ,

FTARTOBYFERIT, HAER R FEIMERZBDICIOFEA. FRICEIDER AT, Ht
HRL R B R EREHAE TN T, £, T X COBB Az F2BIT, FURERR K
BAR T R L LT A RICIOHEE, FRICKDERER T, A R AR Tz
FBRFERHLANGE N TN,

2-2-2. AarEa—X—WiEHRE (Computed Tomography; CT)
AR CT A% v —TdH% Latheta LCT-200 (Hitachi-Alola, Tokyo, Japan) L, EET
1350 kV. &EifilE 0.5 mA O—EIRRECTWIEIRE 21778 o7, Ty M E A 120 mm OFRLVF —NH
[Z I, EEE 360°AliES -, 7 —XZWNEL, BFEHT-D 96 um OFRIEE — Kb 7-0 DOlE A
240 um, 1500 um FEIRE CHREZ A L7z, -550~-140 HU D% FE#FHZ WAT &L CREAL | fi#dT L 7=,
ZhOHEE X BRERIT 40 mSv R ICHERFL CHREZ 1772572,

2-2-3. F AR O kR AEAT

WAT % 10 %H PEREME AR /L~ V8 (10 % formaldehyde in PBS) (2 CHEEL, /377 1
. 5 um OJEST#HYIL . Hematoxylin-Eosin (HE) Y177, FEARITIEFBAMESE Eclipse 80i
BIOA 7 v a 2=k DS-File, DS-L2 (Nikon, Tokyo, Japan) % FVNTHERE 40 5 CTHIZE. |
BB BT DAL D B A e L. BHEAREEMEHNTY 7 FU =7 Imagel 1.4 (Wayne Rasband National
Institute of Health, Bethesda, MD) % V>, 2L Ry MERRIZ LD /A X% FrEw% . RRIHIRAO Y
AR % JELT,

2-2-4. Western blotting
FAE /1R A | 8 0> SDS sample buffer (50 mM Tris-HCI (pH 6.8), 2 % SDS, 3 M urea, 6 %
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glycerol) ZMAFEL = F AR, SHIY=r—ar L, Boiz74t—rE L (12000 x
g, 4°C, 30 min) L, ByEZEILL, 95°C T 5 A Fa—hLiz, Bohi- biFlicE $hos
/X8 8% BCA Protein Assay Kit (Thermo Fisher Scientific, 23225) % VW CHIZEL . SDS
sample buffer |25V 1 mg/mL DOEEICFHRL 7=, 271D 1/10 ED 025 % BPB/ 5 % 2-
mercaptoethanol = 1 : 1 {E#KZ N4, 95 °C T 5 sy ez Uiz, LA EOLBLTHRLNT- Y
7'V % SDS-PAGE {£(ZLVyk#E)#% . coomassie brilliant blue (CBB) Ytax 177z, PLtatk Do L
OVKENMEE LAS-3000 /L /A A= T FFA % — (Fujifilm, Tokyo, Japan) 2Tz L, fifdT/
Z7hU =7 Multi Gauge 3.1 (Fujifilm) ZHWTIX —IRIZeoTc 22 R E DY BA
Ny EEERL, YT NSRRI E AU, R UE L7227 L% SDS-PAGE £(C
TUKEIL, =haE/lm—2RA 7L (PALL, Port Washington, NY, 66485) |ZHRE L7z, HRE-1%
A7 blocking ¥ (2.5 % skim milk (WAKO, 190-12865) / 0.25 % BSA in TTBS (25
mM Tris-HCI (pH 7.4), 140 mM NaCl, 2.5 mM KCI (Wako, 163-03545), 0.1 % Tween 20) =1 : 1)
IZT=IRT 1 FEBES YT, £O%, —IRPUAZ S (Canget solution 1 (Toyobo, Osaka,
Japan, NKB-201) / blocking ¥&iZ =2 : 1) HIZIZ., 4 CIZTA T Lo —BrEizid B UGS
Wi, —IRPUR SR, A7 L% TTBS IZTHREL (5 49x2 BB LN 10 43%2 [A]), —kHLIK
% [ (Canget solution IT (Toyobo, NKB-101) / blocking %A% =2 : 1) Hichnz., 1 B =IE
[CTCA T L L RORS T, ZIRURSUGTR AT L% TTBS IZTHEEL (5 59x2 [ElR I
10 432 [A]), ImmunoStar® LD (WAKO, 290-69904) % F\ 7L % 24T\, LAS-3000 /L= /-
AA=T T FIAYP—IZTHRE L, Multi Gauge 3.1 ZHVWCTERL, LA T, Table 2-1 {Z—&H
{A&, Table 2-2 |2 “IRHUADE WAL LT,

2-2-5. Real-time RT-PCR

mRNA ZfHH L 43 Y& EEET NanoDrop 1000 (Thermo Fisher Scientific, Waltham, MA) % fu»
TIREARAE LT, 1 ug ® RNA % PrimeScript® RT reagent Kit (TaKaRa, RRO37A) (2Ll %
& cDNA #1572, HAEIEF 1%, SYBR® Premix Ex Tag™ (TaKaRa, RR041A) % FV T, Real-
time PCR A7 2 ABI PRISM®7300 (Applied Biosystems, Foster City, CA) (ZLVENTLT=, 7235,
FIEND SIS AT — DM D7 mha— /e TV L7771~ —% Table 2-
3ICRLHR LT,

2-2-6. MAEP T NVaA—R ARV T TARIF L D&

MAEHF DT Na—A ARV TTARRITF T NZ I LabAssay™ Glucose (Wako, 298-
65701), Rat Insulin ELISA Kit (U-E type) (AKRIN-130, Shibayagi , Gunma, Japan), Mouse/Rat
High Molecular Weight Adiponectin ELISA KIT (Shibayagi) #HW\\CE&ELT, 728, TLELD
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FOSIES A= =Nt 27 aba— i o7,

2-2-7. FEFHRIE

T AT HRRRERRE TR LT, 7 — ZOftat i E L, 2 FEM Tl Student’s t-test, ZHEM T
L IR E S BT 24T 72~ 72121 Tukey's t-test #1772 72, F7o, EERT LITHWVME ik
%, MR 5 1E D455 H £7213 Figure legends (ZFE#IL 7=,
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2-3. fER
2-3-1. BN IR L O

REBIOH AV (WAT) OEZEIZCRIVNCHEILDL, FHCEIEIARS (tWAT)
TEAFE T2 >7- (Table2-4), =2 CTH 4 I computed tomography (CT) % VT, FiFEIED EifEoss
B FECOBEEAE 10 %4530, WAT O A Zd B I #ATL 72 (Figure 2-1A), #& WAT fEIZ%IT %
Ik fE WAT SEOFIA 1358 2-4 TIXAEICEL, fEik 9 TIEA EIZm o7 (Figure 2-1B), &
OICHNIEIER (VWAT) LRz PRI (SWAT) (20 TRREHT L= &2 A, vWAT/H WAT [ X581k 2-4
TAHBEITIKL, sWAT (X583 3, 4,7, 9 THEIZE D ->7- (Figure 2-1C, D), ZNHDHIRIL CR T
SWAT L0, vWAT Tl L, FFIZ rWAT TR T 5285 Re LT,

2-3-2. AHARSEROMRNT

WRIZ, 3 DDEMLD WAT (NENERENG (fWAT), FEEJE PRGNS (eWAT), B2 FAENG (SWAT)) @
RERTHARQ S A XD o3 Ai A el 7=, AL TORERMIIED KESIE rWAT>eWAT>sWAT DJIEToH -
7z (Figure 2-2A, B), £7c, IR A X DOEL RBAE MR (< 5000pum?) OFIA1E, 2 2
KA BT I LD 3 DO TR TOFNL T CRICEVA B LTz, Fio, Wi/ 37 A—2— X rWAT
BLO eWAT Tid AL fed (ZH CR fed THEIZHA L (CEH; £ 0.5 £5. KL 0.05 £5).
rWAT T3 AL fast [~ CR fast (CRBWTHAEITHA LIz, —77 T, sWAT TIEWEERRET
LA BRI ol CF¥) 59 0.6 5, KA #9 0.1 fi%) (Figure 2-2C, D), ZHHOFEF 1%, CR

(X OIRIGRE T A R IXJR 253, rWAT>eWAT>sWAT DJIE TR/ LT W EE/RIBT 5,

2-3-3. 4% WAT [ZB T DNEWIER G plds LUV iR BE 22 L /S B D FEH

Fox 135 —FTRLIZEDIZ, eWAT THENIBE G RBES 7B DOFEBLAY CR IZEVITTHET S
ZEERLTWD, 2T, JENEE A R B EZ R 7E CTh% ATP citrate lyase (ACLY) BELW
malic enzyme (ME)-1 DR BAHELIZEZA, WT IO WAT (2B W THIAEEEIZ CR fed THREL
DA EITHINLTZ (Figure 2-3), — /7 C, CRZYMIIBBUNT, rWAT & eWAT Tl fast Ik#E T ACLY
BLO ME-1 OB LT03, sWAT TIXEEIL 7270272 (ACLY; tWAT: £ 0.5 {5, eWAT:
#90.3 fi5, SWAT: #J 0.5 {5, ME-1; rWAT, eWAT: #J 0.3~0.4 f%, sWAT: #J 0.9 %) (Figure 2-3),

fel T T BN o MR BRI & /X T %, hormone sensitive lipase (HSL), {1 CTdH25 HSL
pSer563, adipose triglyceride lipase (ATGL) ZH|E L7, ATGL IV § 410 WAT T% AL fast (Z
e~ CR fast THEIZEN 7= (Figure 3-4 A-C, M-0), —J7C, HSL OV Eg{kIT rWAT &
eWAT Ti& CR fed T, sWAT TlZ CR fast THEIZHEN>T2 (fed; rTWAT, eWAT: #J 3 £i7, sWAT:
#9 2 i, fast; TWAT: #J 1 1%, eWAT: £ 0.6 {5, sSWAT: #J 2.5 {%) (Figure 2-4A-L), ZIHD5E R
1%, CRIZEDIRIAIE A R OTEPELIZIL 3 D0 WAT TRENRWLOD | R/ iR B2 3
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%95 CR ORYEAD vIWAT (tWAT & eWAT) & sWAT THERDHIEZRL TN,

2-3-4. % WAT (2B DM RU T B S /B OFE B

el T, B —mEFARICIN 2 R T B K F T&H 5 sirtuin 3 (SIRT3), toranslocase of outer
mitochondrial membrane 20 (TOM20), cytochrome c oxidase subunit 4 (COXIV) D& /SX7'EFEH
ZRELTZEZA, WTHLD WAT IZBWTHIAIERIZ CR fed THRBLDA EITHEINL (1 2~3 £%).
CR fast C AL E[RIZEETWA LT (Figure 2-5),

2-3-5. & WAT IZBITHA LAY v 7 ) v
ZZFETORERTHE—EIeo>TUW 2 HSL OUUFRILIZA L AV 2 7 F I TR O 2%
FAHZENHBILTND (Berwick et al., 2002; Lampidonis et al., 2011), =ZC, % WAT (25175
REWi 53 R D AT = R LR D780 M7 L a—2ABB LAV RV & AR 7))L
DIEVEL A 779 WAT (235175 insulin receptor substrate 1 (IRS1) 3L pAKT ZH|EL 7=,
e 7 a— 28T CRICKVIAD L72h BARIRIEIC LD E #3787 o7 (Table 2-4), — 77,
HER A A BT fast IRAE TR T L QA3 CRICEDZEE727) -7 (Table 2-4),
IRS1 #> /3B &l X, vWAT (2~ sWAT T ->7- (data not shown), F72, rWAT TlE
CR fed T IRS1 #> /S B IR BIEENTIED o703, eWAT TAHEZRH NI LU sWAT “CHEINEL
Mz~ LTz (Figure 2-6A-F), &51Z, CR fed (23T, sSWAT TDH IRS1 O/SURR &oy 18
i~ 7K LTV (Figure 2-6A-C), vVWAT Tid, pAKT FL N total AKT Zo /X 7E 3B &%
\ZEDZEALD 2D o T= (Figure 2-6G, H, J, K, M, N, P, Q), L7 L. sWAT T, &L
T, CRIZEDY total AKT (3 L7c—5C, pAKT [T T 72728, pAKT/total AKT
XA EICHEINLT. (Figure 2-61, L, O, R), 7272L, CR 54 FIZEBWTIL pAKT 72 fed IREEIZLE
~ fast JREET, W 1D WAT THIE L7z (Figure 2-6D-F, J-L), ZNHOEIFLIZED Wi ho
WAT |23\ T CR & FTAL RIS 7 F LD 2 RER MBS NDIN, F T SWAT TA
A RER PENSE T DI EDRIRS T,

2-3-6. & WAT IZBUT DT T AR A L B s -3 B

. % WAT ([ZBITARBIMOEWEFARDIZD | TTARIA L THLT TARRIF L
TFATONTRR LT, MR T T 4R 3 F o Bix CR ICKOEIINL 723, EERRREIC DA
B3 727> 7= (Table 2-4), eWAT FL TN sWAT (23T, CR fed TT 7 AR K 7T 0 mRNA 3
BUXPAE (TN 7228, rWAT CTIXZ b L0 o7 (fWAT: £ 1.5 1%, eWAT: 92 £i%, sWAT: #J
2.5 fi%) (Figure 2-7A-C), £7=. W10 WAT (28 Th CR fed 12 CR fast ([ZHBWT, 75«
RRTZF D mRNA FEBNHE A L2 (Figure 2-7A-C), — 7T, L 7"F > mRNA FEHLiT
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L.

rWAT & eWAT (23 T CRIZEDIEA L7223, sWAT TIA L7sho72 (fed; rWAT: £ 0.5 %,
eWAT: #J 0.8 i, sWAT: #J 0.8 i, fast; rWAT: #J 0.3 35, eWAT: #J 0.4 i, sWAT: %9 0.7 %)
(Figure 2-7D-F), XHRAYIZ, 7T 0 mRNA FEHLX AL-CR EHHIZHBVVTE fed IRAEIZH A~
fasted IRFETH BB L= (Figure 2-7D-F), ZALHDHIRLIL, rtWAT, eWAT, sWAT Z1Z1C

TTARIA L FEBUXST5H CR DNED R D L2 T 5,

2-3-7. & WAT ICBIT o~ rn7 77— BEE R 53]

BRI, WAT IZBF5~rn 77 —UiMoO CRICEDNEER -, B~rnTy—VD~—
J1—"Td D F4/80 O mRNA FBLE rWAT & sWAT T CR IZEVBAE (T LI=723, eWAT CTIEA
{EL72 o7 (fed; tTWAT: 9 0.4 1%, eWAT: £ 0.6 35, sWAT: % 0.5 i, fast; rtWAT: %9 0.6 {i%,
eWAT: #J 1 1%, sWAT: #J 0.7 %) (Figure 2-8A-C), 2T WAT {ZBW T, Ml ~7u7 7 —UkE
B )~—Hh—Ths Cdllc ® mRNA 8L CR (ZLVEAZE 12 L= (Figure 2-8D-F), L)>L.
M2 ~vra”y— kR~ — 1 —TCh D Cd163 O mRNA FEHLIL F4/80 L[AIEEIZ rWAT & sWAT
T CRICEVIAE D LT3, eWAT TIXZEA b L7en o7z (fed; tWAT: £ 0.4 i, eWAT: £ 0.9
¥, sSWAT: %7 0.4 fi%., fast; 'WAT: £ 0.7 {5, eWAT: #J 1.2 fi5, sWAT: #J 0.6 {%) (Figure 2-8G-I),
F2 RIEVE A AL TS IL-6 & TNFa O mRNA FEHEHEZRLT-, IL-6 mRNA F 5%
rWAT & eWAT (23 T CRICEVIBD L7203, sWAT TIEib Liaho7- (fed; tWAT: 9 0.2 1,
eWAT: #9 0.3 %, sWAT: #J 1 f#. fast; rWAT: #J 0.1 {5, eWAT: #9 0.2 {5, sSWAT: #9J 0.1 i)
(Figure 2-8J-L), —J7C, TNFo mRNA FEBLI R &L EL7/20 -7 (Figure 2-8M-0),
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2-4. E%X
2-4-1.3 DD WAT (255115 CR ICELDARE T OE N

A BIDORFFETIL, rWAT, eWAT, sWAT (233175 CRISZ D ZZRIZBIL TREHT L 7=, Table 1 1275
FEOIZ, CR IO LS WAT BIERIICEEL  WAT O IE eWAT X° sWAT S0
rWAT (2B W CEVBE Tho7o, 2O AL CT f#fTIcL>T CR 7 M5 LD vWAT
DRFETR DL > THEM TSN, 7o, IRTOHE L —EL T AL © rWAT OJEI#0E 3
ZHMED WAT ORFHEAE YA KR K ZNZ LD (Mérin et al., 1992; Misra & Vikram, 2003),
ftho> WAT 0% rWAT T CR ICEDNENMINE YA XD DL T HEE 2 bz,

MR O R ESITHILO RN 7RI R G BITIKFT DO T, WAT ([ZRITDIREH, K2l
Wit & R ENEE 73R R IE T CR OB ARIT LT, B —HB LU B ORLIZOEFERIC

RIZED 3 2 WAT (28T, fBIIEE A kB & o R VS BLNE N U T, IR & o i BEsE A 1 ©
&5 HSL OV EREIL AKT 728 DAL A 27 F AZ I DI S 4L, protein kinase A (PKA) 72
EOTRU TV T F N> THRESNDZENHESIL TS (Ramakrishna & Benjamin,
1985; Potapova et al., 2000; Holm, 2003; Lampidonis et al., 2011), $£7= CR 734 AU @2 4% 7T
HESHDZEIFIAHIBILTUVD (Wojtaszewski et al., 2000), W<ONDHEIZIBNT, A AU
LB T- Al T IRST 2o /X E DA R @5 FANZ S 7528 REL TS (Sun et al.,
1992; Pederson et al., 2001; Ruiz-Alcaraz et al., 2005), J 7245, IRS1 X2 7B FA LAY
T F N OIEHEARIZE S TV b OO =D @ 1 B 78T 588 2 bivd, FEEEIC
IRS1 #2738 % CR fed O sWAT IZB W TOARFES TRINZT 7L T, E5IC, sWAT Tl
CR fed THAZ |2 pAKT/tAKT 723 <720 CR fast Tl 45—J5C. pHSL OB LW AR %~
LTCWAIZEND, sSWAT TliE CR IZEDA LAY T F NV DFEBZ TR Z T CWNDIENRIBE N
%o LI, TWAT & eWAT % pHSL & pAKT OEENEDOFBIZRL TWDTD AR
TINCE DB SN EZ X DI, DL, sWAT (flod WAT |ZHHRL T, CR LD A
Vo VI NDREARZ T HIENRIEISND, —J7, A2TD WAT (28T AL Tl fed/fast
DZEMALNIRNED D, CR fed 12~ CR fast THEIZ pAKT 23528035, CRIZEDA
VAN BGESIV TV D ZEDNRIBIID, B-T RV v 7 F1iE cAMP 241 L T PKA
ZiEMAE L, HSL 2V gt 52 & CHEE 73 /%755 79 % (Carmen and Victor, 2006; Jocken and
Blaak, 2008), 77—V 7 HRICED a, BEO B TRV TV 2 RO ESZ 1L sWAT (25
~ yWAT O 557255 < (Imbeault P et. al., 2000), B3 7R F U2 RO FEHLL ~L7)N sWAT (T
N YWAT OFRENERESH TS (Krief S et. al., 1993), FHE, 3 TRLF U ZHED
mRNA FE8 53 sSWAT [ZH~ eWAT D553 &\ \(Supplemental Figure 3-4), L2>L ., rWAT (23
5 Bs TR T U RO mRNA FEELE IR LD | RSO R B iR S T Al RerE
NH%, ZIHDOHFLEY rWAT LT eWAT @ CR fed FIZIEME(L 5 HSL U fg{bid PKA %



| 58

FUIETRUFU 2 T IV DR REMENE ZHILDD SORDFERMPULETHD, SHIZ, AR
7 F L ATGL mRNA B AAIZHIET 5203853 T 5 (Kim et al., 2006), Fasted
IREETIL 3 5D WAT T AL & CR TAL AU L ~YLIE RERZENRODICH DS, CR 7

YME AL Ty MTHAFEIZ ATGL Z 2/ ERBLPEINL TODZ L0 fasted REETIE CR
XA RV 7 VIII/ATGL 52 73 BN AN U CIRE o fifa AL Kb iR<aFE L T
WHZEDNRIBIND,

2-4-2.3 5D WAT (2815 CRIZEDT TARIAIEEDEN

5 7 Ao 3 2 Al CR L7e7v b eWAT Tidk M1 w/u77—U~—H—Th% Cdllc X
M2 wra7y—~—7—O Arginase-1 mRNA FELDJdA 32503, rWAT ° sWAT T2 kL
RNEHEZN TV (Rojas et al., 2016), ZAUHOH BLETTRFRAIZ, Fox OFEFRTIL CR IZXY
3 20 WAT T Cdllc mRNA FEHNBEO L, M2 ~7a7 7—V~—1—TihD Cdl63 mRNA %
BT rWAT <2 sWAT T L7273, eWAT TIEZ L L7l o7, E7o, A RIOR REFEL., Fox i
LLHT 6 A5 4.5~5.5 7 A ] CR L727 v h> eWAT (28T, Cd163 mRNA FEIUIE(L LA
HOD, F4/80 & Cdllc ® mRNA T T 52 L% AL TS (Chujoet. al., 2013), Fx D
gL Rojas HOFEFRDE L CR Z a7 R HICHH 2 5 Lo HERSEE DEWIC L AL D72 L
26D, — T, vUATIL, CRIZEY M1 v7/r77— Y~ —4—0 mRNA BB 3250
X7V hEFIERTHDLD, M2 v /a7 7 —U~—%—@ mRNA FEEBUTIFIZHINNT 5 (Fabbiano et
al., 2016), M2 ~27u 77— O sWAT (128172 F QIR0 G I BbDZ L0 vms
AUTW% (Hui et al., 2015), £72, CR (X WAT 26t b3 5L D513 %2 (Fabbiano etal., 2016),
LU A6, AEZYMIBWTIE CR IZEDBEIABIESN T vV RIZHATTI Y TIE
SWAT DHBEAEAEEZDINEE X BID, ZOJFRIKD—>LL T, 7T CR IZED M2 =7
077 — OREDNDINZERHIT HID,

W, RIE~—H—"TdD IL-6 X° Tnfoo ® mRNA FEH LR LIZEZ A, IL-6 15 rWAT & eWAT
[ZFBWT CRIZEVFA L TR, Trfo lZ W71 WAT IZB W THE A2 o7, ZiUT AL
IZBWTH 9 7 Al CIHIEEAERIENEE TORUNTZ0IZ, CR EDZEN RENR T, il
(PO RIEITFET IL-6 ORBUIENDBETT AR Tnfo FBELOH M FHEINLERETHE, AL

IZBWTH 9 7 HE Tl Tnfa DNBFEIILOFEDIRVRIENE EZ TVRWZDIZ, CR EDZEN L
BRIz, —fRIT sSWAT 1T ZAGICEE RIESCARL A vWAT SRV ZEREDITEY
(Rojas et al., 2016), Fx OHIRLEF JEL72WVS, 2O SICBEL LB SR RN T o0 RH D,

AAFFETIL, IWAT *eWAT *sWAT (235135 CR IZxT B0 EAR ek Uiz, 2 RN E NG
HIIARE RN 2 A2 ST T2, CR ST T AL T IR E iR A AU



| 59

TF T TARIA L ~RIEIL 3 2D WAT IZEBWTHRARDZEDRIBE NI, —J7, TR Gk
BB LU P RY T B R I BIL TRV T 410D WAT 12V Th [AERD b 2R L Tz,
ZhPz, H—FITBWTHL /572 Srebp-1c I LD ARIAEE A R BEE K 7- DR BRI L O
Pge-1 o 2T L7cIha R T BHE K FFE BLOHTRITV 7000 WAT 2BV THILEADIGE ThD
ZENRIBEIND, 41, WAT 1238\ T CR DISEMEICBIL CIRE i A AV 7 F T 5
ATRIIA L RIEZ DU THAT T DEITIE, f#AT 975 WAT OEMLAEEITRIR T 50N HDHT
&L — 07 B G R b RU T A BRI EIL Tk, WAT O & ED RS T IAFAT 7]
RETHHILEZZOND,



| 60

Figure 2-1

s X
Rl et v 4
I ™ d
Y <8

- N O & b © N~ ©

20 region WAT weight / total WAT weight
mAL aCR

WAT mass (%)

o

20 fegion VWAT weight / total WAT weight 20 fegion SWAT weight / total WAT weight

WAT mass (%)

(3

Figure 2-1 Body fat distribution

WAT depot size per whole slice was determined by computed tomography (CT) scan. (A) Whole body
x-ray image, (B) Regional white adipose tissue (WAT) volume / total WAT volume, (C) Regional
visceral WAT (vWAT) volume / total WAT volume, and (D) Regional subcutaneous WAT (sWAT)
volume / total WAT volume. Error bars represent SEM (n=4). CT image slices were taken from section

10, described in (A). *: p<0.05, **: p<0.01, ***: p<0.001 vs AL, analyzed by Student’s t-test.
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Figure 2-2 Histology of rWAT, eWAT and sWAT in AL and CR rats

(A) Representative histological sections of retroperitioneal WAT (rWAT), epididymal WAT (eWAT)
and subcutaneous WAT (sWAT) from ad libitum (AL) and caloric restriction (CR) rats (magnification:
x100, scale bar: 100 um). Sections were stained with hematoxylin and eosin. (B) Distribution of
adipocyte size in rWAT, eWAT and sWAT, measured using a quantitative morphometric method in
Image] 1.43u/ Javal.6.0 22 software. (C) Mean adipocyte size, and (D) Percentage of large

adipocytes (>5000 umz) in TWAT, eWAT and sWAT. Values are mean £ SEM (n=6). *: p<0.05, **:
p<0.01 vs AL, $: p<0.05 vs. fed, analyzed by Tukey’s t-test after 2-way ANOVA.
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Figure 2-3 Expression of proteins involved in lipogenesis in rWAT, eWAT and sWAT

Sample immunoblot images showing expression of proteins involved in lipogenesis in
retroperitioneal WAT (rWAT) (A), epididymal WAT (eWAT) (B) and subcutaneous WAT (sWAT) (C)
from the four groups (ad [libitum (AL)-fed, AL-fast, caloric restriction (CR)-fed, CR-fast).
Quantitative analysis of immunoblots was performed using a chemiluminescence method. Results
for total ATP citrate lyase (ACLY) (D-F) and malic enzyme (ME)-1 (G-I) are expressed as relative
intensity of the indicated protein / Coomassie Brilliant Blue staining, compared with values in the
AL-fed group (n=5-6 per group). Values are mean SEM *: p<0.05, **: p<0.01, ***: p<0.001 vs. AL,
$: p<0.05, $$: p<0.01, $33$: p<0.001 vs. fed, analyzed by Tukey’s t-test after 2-way ANOVA.
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Figure 2-4 Expresswn 0f proteins involved in llpolys1s in rWAT, eWAT and sWAT

Sample immunoblot images showing expression of proteins involved in lipolysis in retroperitioneal
WAT (rWAT) (A), epididymal WAT (eWAT) (B) and subcutanecous WAT (sWAT) (C), in the four
groups (ad libitum (AL)-fed, AL-fast, caloric restriction (CR)-fed, CR-fast). Quantitative analysis of
immunoblots was performed using a chemiluminescence method. Results for phospho-hormone
sensitive lipase (pHSL) (D-F), total hormone sensitive lipase (HSL) (G-I), pHSL / total HSL (J-L)
and adipose triglyceride lipase (ATGL) (M—O) are expressed as relative intensity of the indicated
protein / Coomassie Brilliant Blue (CBB) staining, compared with values in the AL-fed group (n=5—
6 per group). Values are mean + SEM *: p<0.05, **: p<0.01, ***: p<0.001 vs. AL, $$: p<0.01, $$$:
p<0.001 vs. fed, analyzed by Tukey’s t-test after 2-way ANOVA.
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Figure 2-5 Expression of proteins involved in mitochondria in rWAT, eWAT and sWAT
Sample immunoblot images showing expression of proteins involved in mitochondria in
retroperitioneal WAT (rWAT) (A), epididymal WAT (eWAT) (B) and subcutaneous WAT
(sWAT) (C), in the four (ad libitum (AL)-fed, AL-fast, caloric restriction (CR)-fed, CR-fast).
Quantitative analysis of immunoblots was performed using a chemiluminescence method.
Results for sirtuin 3 (SIRT3) (D-F), translocase of outer mitochondrial membrane 20 (TOM20)
(G-I) and cytochrome c oxidase subunit 4 (COXIV) (J-L) are expressed as relative intensity
of the indicated protein / Coomassie Brilliant Blue (CBB) staining, compared with values in
the AL-fed group (n=5-6 per group). Values are mean + SEM *: p<0.05, **: p<0.01, ***:
p<0.001 vs. AL, $: p<0.05, $$$: p<0.001 vs. fed, analyzed by Tukey’s t-test after 2-way
ANOVA.
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Figure 2-6 Expression of insulin signal proteins in rWAT, eWAT and sWAT

Sample immunoblot images showing expression of proteins involved in insulin signaling in
retroperitioneal WAT (rWAT) (A and G), epididymal WAT (eWAT) (B and H), and subcutaneous WAT
(sWAT) (C and I), from the four groups of rats (ad libitum (AL)-fed, AL-fast, caloric restriction (CR)-
fed, CR-fast). Quantitative analysis of immunoblots was performed using a chemiluminescence
method. Results for total insulin receptor substrate (IRS)1 (D-F), pAKT (J-L), total AKT (M-O), and
pAKT / total AKT (P—R) are respectively expressed as relative intensity of the indicated protein /
Coomassie Brilliant Blue (CBB) staining, compared with values in the AL-fed group (n = 5-6 per
group). Values are mean + SEM. **: p < 0.01 vs. AL, $: p < 0.05, $3$: p <0.01 vs. fed, analyzed by
Tukey’s t-test after 2-way ANOVA.
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Figure 2-7 Expression of adipocytokine genes in rWAT, eWAT and sWAT

mRNA expression of adiponectin (A—C) and leptin (D-F), in retroperitioneal WAT
(rWAT), epididymal WAT (eWAT) and subcutaneous WAT (sWAT) from the four
groups (ad libitum (AL)-fed, AL-fast, caloric restriction (CR)-fed, CR-fast) were
analyzed by real-time RT-PCR. All data were normalized to 7bp expression (n=5—
6). Values are mean = SEM. *: p<0.05, **: p<0.01, ***: p<0.001 vs. AL, $: p<0.05,
$8: p<0.01, $$3: p<0.001 vs. fed, analyzed by Tukey’s t-test after 2-way ANOVA.
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Figure 2-8 Expression of macrophage and inflammation genes in rWAT, eWAT and sWAT
mRNA expression of the macrophage genes F4/80 (A—C), Cdllc (D-F), and Cdi163 (G-I), in
retroperitioneal WAT (rWAT), epididymal WAT (eWAT) and subcutaneous WAT (sWAT) from the
four groups (ad libitum (AL)-fed, AL-fast, caloric restriction (CR)-fed, CR-fast) was analyzed by
real-time RT-PCR. mRNA expression of the inflammation genes /L-6 (J-L) and Tnfa (M—-0O), in
rWAT, eWAT and sWAT from the four groups was analyzed by real-time RT-PCR. All data were
normalized to 7bp expression (n=5-6). Values are mean + SEM. *: p<0.05, **: p<0.01, ***:
p<0.001 vs. AL, $: p<0.05, $$: p<0.01, $$$: p<0.001 vs. fed, analyzed by Tukey’s t-test after 2-
way ANOVA.
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Figure 2-9
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Table 2-1: List of 1st antibody for Western blotting.

Name Immunolized Clonal Supplier Catalog Number
ACLY rabbit EP704Y Epitomics, Burlingame, CA 1699-1
AKT rabbit polyclonal Cell Signaling, Boston, MA #9272
AKT pSer473  rabbit D9E Cell Signaling #4060
ATGL rabbit 30A4 Cell Signaling #2439
HSL rabbit polyclonal Cell Signaling #4107
HSL pSer563  rabbit polyclonal Cell Signaling #4139
IRS1 rabbit polyclonal EMD Millipore, Temecula, CA #06-248
ME-1 rabbit polyclonal Sigma SAB4501853
Table 2-2: List of 2nd antibody for Western blotting.
Name Supplier Catalog
Number
HRP-cqnjugated F(ab’)2 fragment of Jackson Immunological Research (West Grove, PA)  115-036-062
goat anti-mouse 1gG
HRP-conjugated F(ab’)2 fragment of .
Jackson Immunological Research 111-036-045

goat anti-rabbit 1I9G

Table2-3: List of primer pairs for real-time RT-PCR.

Forward

Reverse

Adiponectin
Cdllc
Cd163
F4/80

IL-6

Leptin

Thp

TNF-a

5-GGG AGACGC AGG TGT TCT TG-3
5'-AGC ACACGG GGAAGGTTG TC-3
5-ACAAAT ACGTGGCTC TTT CCT G-3'
5'-GGC CAAGAT TCT CTT CCT CAC-3
5-GCC TTC CCT ACT TCACAAGTC C-3

5-CCAGGATCAATGACATTT CAC ACAC-3

5-CAG TAC AGC AAT CAA CAT CTC AGC-3
5'-CCC TCACAC TCAGAT CATCTT CTC-3'

5-AGC CCT ACG CTG AAT GCT G-3

5'-CAG GTC AGT GCT GCC ATC TCT ATC-3
5-ATGGGATTT CTC CTC CAACC-3
5-TCACCACCTTCAGGT TTC TCAC-3
5'-CAG AAT TGC CAT TGC ACAAC-3
5-CAG GGAGCAGCT CTT GGA GAAG-3'
5-CAAGTT TAC AGC CAAGAT TCACG-3
5-GCC TTGTCC CTT GAAGAG AAC C-3
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Supplemental Figure 2-1 Time-course analysis of food consumption and body and fat weight
body weight (A) and Food consumption (B) were measured every two weeks. (C) Regional WAT
volume, (D) Regional vWAT volume and (E) Regional sSWAT volume. Values shown in panels are

means = SEM.



Supplemental Figure 2-2

A ADRB3 (rWAT) B ADRB3 (ewaT) C ADRB3 (sWAT)
fast effect p =0.9887 fed-fast effect p =0.0986 fed-fast effect p=0.1363
AL-CR effect p=0.2128 AL-CR effect p = 0.3960 AL-CR effect p=0.2663

150 interaction effect P = 0.9301 150 Jnteraction effect P =0.7959 ;54 interaction effect ~ P =0.2554
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Supplemental Figure 2-2 Expression of ADRB3 in rWAT, eWAT and sWAT
(A-C) mRNA expression of ADRB3 (- adrenergic receptor) in rwWAT, eWAT and sWAT from the
four groups were analyzed by real-time RT-PCR. (n = 5-6). Values are mean = SEM.
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db
H

1.

F— R T, GH/IGFL JEK 772 CR DEIER DS | Srebp-1c IKAFI7RZN R 1T WAT F7 5%
I CToHHZ LA R LTZ, WAT OEZEREAIINChLAAIENHIILIL, % IEEEZRVIAZL, &
B2 BRI CTHREZ T 20T, BN IRE DSy 7 7V TR 5, 2Dy 77
U TREREDMRZR O ND Z LTI o T TS B ¥ i 72 EFRNENHERRIZH TG LU TIRE A EFEL .
A AV ARPIER 2 T5 (Frayn, 2002), € D728, JEED /N7 7V 7 BEREMN LD @V VIO iR
IR . RELD IR KOG IERE M EM D7D IZ IV A ThHDHEE 2 biD,

FFEmICRULIZEDIZ, WAT 1 3EBEMME CHDLT T AR AA L % pEAE - 3 WL Tids 1 N
U — % MINZUWERE EL THER I TWS (Kershaw et al., 2004), 77 AR B A2 D I3HE -
FEEARH DA R ORMEIR £ LU THERL, 7T AR AL D WEREDZAL AN, B - A5 A
B &I, EUREE AL O Z( LB R B O ED — AL T\ 5 (Lago et. al., 2007;
Ouchi et. al., 2011), 7T ARAAL D—DTHDHL 7T F %, IR FH T BIRE I LI ]
L, TXLFX—H{EZTTETHRLETHY, LT F B LA BLOL 7 F o Z R IRE LTI
BREGTHTALZIEI ob/ob T AR LN db/db ~ 7 AL LT IR E 7 /W7o T
% (Ahima & Flier, 2000), ZD7=8, L7 F N34 ¥, FriBHDO 2 —7 v U THE B Sivens,
BEFMEREE 7 L~ 0 AR ME & CIIAEN O I B Tl R L 7' F R E B
B I T F oA E B L THOSE LW IEND, LT FURPHEOFENRBI TN D
(El-Haschimi et al., 2000; Heymsfield et al., 1999), — 5 C. ¥ERIF-CHREMINTZ M= CA O 205
S IE B I M L 7 F R ML LT T AR GBI ZERRE I LD R oL
AR AARPUECIEI T2 S BT 22 b A S TS (Ebihara et al., 2001; Ebihara et
al., 2007), 7=, L7 FUALERIE Srebp-1 F8XL N Fasn, Acly, Mel %5 te PR 72 &%
(Soukas et al., 2000), & —# CT/RL7ZEHIZ, CR 12D WAT TIINEIIER A S EMALL . &5
ra RUTHIEMALL TS, ZD7-, WAT Tl Srebp-lc ZM LT/ Va—R& LY R /LF—
BN RO BB EICEBL | TR LF—RERHIB W TR R —2 L T1DE
EMRIEES T, ST, CRIZEIE A S8 IR A X%/ ha< L, g7 7 1R 17
FUEAEINESE VT oA G E T O RIEMREE Y AN A &) S5 (Higami et al.,
2004, 2006b; Yamaza et al., 2007; Zhu et al., 2007),

INHOFRED | 34 1% Srebp-1c (IZEDIEMEE A ER O RIS IO WAT [281F57 T 4R A
a7 ANDEAEETRHIET I H, CR OF SBRIERADIZD O LIRS % R34
RE LT, RBFZETIL, CR ICEDREVE TV T DAI =R LEfFIAT 572012, Tvhod WAT
BLOWTFIRIC I T, CR BAER ORENER A FIZBIHE T2 mRNA BLOF B BLOZA L,
ZRRRFICT Tz, SHIT, WAT (28175 CR IZEDIRIFEE A RROTEHE(LIZL T F v 7 U
BAETFBE DI T D720, VT F U RDBEREL TR0 fa/fa Zucker 7 M N T,

s

3.
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[FREDIEMTHIT -7, 5 " FICBUWT Srebp-lc KIFRIZRIENEE & R DOTE AL B L O b= RY
TG RROIEMEACIE, F 5 A JE FRRG RS AL 1% IR DAk 5 L OV FARRGMAR IV T
MRS THOLZENTRENT- T2 RETIT WAT LU TR L HARJE RSN #EE (e WAT) A%
Mrii=,
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3-2. MEIETIE
3-2-1. fEHZYMZ2ONT

HARZL T &4 (Tokyo, Japan) 7> 5-7 it Wistar 527 M AL, BURERRL K385
EREN FEBRfERE N SPF BREE T, BEF A 2113 12 R CRIE L., AL BEIZIE MR TR Aby
(NOSAN, Yokohama, Japan) %4y &5-27-, AL BFEOEREEZHEL . CR BT T D 70% &%
HZ258EL, 2 BT 1A 140% RO REZ 5.2 7=, CRIL 3 7~ HlnLOBAsa LT, 2 BE% 3.5, 4. 5,
6.9 Nl CRER L. FH _LRE D WAT, J8 8 [H BAT L ONPIEA A H L7z, Dids i —8%
RN~UEEL, FEVILR IR E R CHAE% ., -80 C7U—H —TEHRAFLIZ, $RifL 7z Mmigix
EDTA 1%, 1L (2500x g, 4°C, 10 min) L CERL 7= EiEZEIMAEY 7 &L, -80°C 12 THR
FLiz,

AART AT LY —RA S FE (Hamamatsu, Japan) 2200 A L7248 #R O lean (+/+) 53X W obese
(fa/fa) Zucker 7k (Slc:Zucker) %, R RFIG A B P78 3k £ o & — LB 1= 774y
B EN LR IER N SPF BRSE T CRIE L7-, AL #£IZIE Charles River-LPF £ £H (Oriental Yeast
Co., Tsukuba, Japan) Z+/p & 5272, AL BHEOEREEEZHEL, CR FEZIZZD 70 %EE 52
HEEL, 2 HIZ 1A 140 % &EDORENE 5.2 72, CRIL 6 BlnLVBRMALTZ, 6 » Al T, &2 TDTy
REWTFIC LV RS ENHORER EIR WAT EfFIREfHL | kiR ZE R cRsifi S,
IIHTET-80 ‘CTRAFLTZ,

FTARTOBYERIL, AR R P RIFGRF OB FERE B R CLLEA, FRICEDK
REF T, HAUHER R P EBR IR e Tz, Fio, TR TOBIR LAz BRI
FOHR K P8 s T ERE2ZBRCLDHEE | FRICIDEREZE T, R K F
s Rz SRR R RN E MT T,

3-2-2. AEABHHERE O T 0T

WAT % 10 % MR E AL~ Y PRI (10 % formaldehyde in PBS) (ZCHEEL, /N7 7 ¢l
%, 5 um OEXTHEYIL | Hematoxylin-Eosin (HE) Y% 1T 57, FEAIT N FBATEL Eclipse 80i
B 7 ar =y DS-Filc, DS-L2 (Nikon, Tokyo, Japan) % IV NTHAR R 40 5 THIZE, 1
B & 7= DVEEA OB A U BHEFRAEMATY 7 hY =7 Imagel 1.4 (Wayne Rasband National
Institute of Health, Bethesda, MD) ZH\, 2R MERRIZED /A A &R E% . IRl OH
ARG MELT,

3-2-3. MHEH TG, FE= AT VBIER% (non-esterified fatty acid; NEFA) D iE &
MAEF D TG FBEOY NEFA [LZZ 4L LabAssay™ Triglyceride (Wako, 290-63701) X
LabAssay™ NEFA (Wako, 294-63601) Z MW CTEELT, 728, ZNEND KT A— T — 232
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57 aha— VT o7,

3-2-4. Western blotting

Ffk FE/ 1R A | 8 80> SDS sample buffer (50 mM Tris-HCI1 (pH 6.8), 2% SDS, 3 M urea, 6 %
glycerol) ZMAFET = AR, SHIZV=r—ar Lz, Boniz74t—rEL (12000 x
g, 4°C, 30 min) L, EIFZEIRL, 95°C T 5 A FaX—hLic, Bbivz LiFlIZEEnsdZ
> XJ'E &% BCA Protein Assay Kit (Thermo Fisher Scientific, 23225) % IV THIEL . SDS
sample buffer 1240 1 mg/mL ORFEITHML 7=, 271D 1/10 &ED 0.25 % BPB / 5 % 2-
mercaptoethanol = 1 : 1 {RiKZNZ ., 95 °C T 5 mrfE L E LTz, UL EOE TR
7 V% SDS-PAGE {£IZ X0 ikEN% . coomassie brilliant blue (CBB) Y:fa%4To7=, Bitatk D7 v
DUKEMEE LAS-3000 L2/ A A= T F A — (Fujifilm, Tokyo, Japan) ([ CHREL . fi#tr/
Z7hY7 =7 Multi Gauge 3.1 (Fujifilm) & AVWCTIX —RIZ/eoTo i RV E DYt nH
NI BEEEREL, VT INVRIOZ I E B Uz, LI L7271 % SDS-PAGE {£IZ
TYKEIL, =hrt/la—AA 7L (PALL, Port Washington, NY, 66485) (Z#z 5 L7-, #5544,
A 7L blocking YT (2.5 % skim milk (WAKO, 190-12865) / 0.25 % BSA in TTBS (25
mM Tris-HCI (pH 7.4), 140 mM NaCl, 2.5 mM KCI (Wako, 163-03545), 0.1 % Tween 20) = 1 : 1)
[CTEIRT | REES Y, £0%, —IRFULZBUGHK (Canget solution I (Toyobo, Osaka,
Japan, NKB-201) / blocking ¥&#Z =2:1) FUZMZ, 4CIZTA T Lo —BhE L B G S
o —IRPUARBUGTR, AT L% TTBS ISTHREL (5 43x2 BB XN 10 45x2 [l), kA%
S (Canget solution 1T (Toyobo, NKB-101) / blocking /&% =2 : 1) HIIhNx., 1 FEREI=EIRIC
TAV TV ERIGSE T, ZIRPURR S, A7 L% TTBS (S THREHL (5 =2 [mB LN 10
5yx2 [A]), ImmunoStar® LD (WAKO, 290-69904) % W 7=t FF %170, LAS-3000 /L2 /A
A—=TT AP —IZTHRE L. Multi Gauge 3.1 Z W CE &L, LA T, Table 3-1 (Z—R LA,
Table 3-2 |2 _IRHFUADHFMZFLH L7,

3-2-5. Real-time RT-PCR

mRNA ZHlH L. 53 Y66 FF NanoDrop 1000 (Thermo Fisher Scientific, Waltham, MA) % Fu»
TIREAMNELTZ, 1 ug O RNA % PrimeScript® RT reagent Kit (TaKaRa, RRO37A) (2L iH#A S
St cDNA %157, HH#JEIE 1%, SYBR® Premix Ex Taq™ (TaKaRa, RR041A) % H\ T, Real-
time PCR > A7 2 ABI PRISM®7300 (Applied Biosystems, Foster City, CA) (ZIOAEHTL 7=, 72355,
ENENDPURNEEA— T — B3R T 57 mha— /W TV fEFHL72 7T (4~ —% Table 3-
3 IZRCHk LT,
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3-2-6. HEAHRAE

T AT R TR LTS, 7 — 2 ORtaHUENL, 2 BERM Tl Student’s t-test, ZREH] T
IE Tukey's t-test 17727, 7z, EERZTLIZHWIMRE FIEIL, MR FIEO K THE 7203
Figure legends (ZFCEL7Z,
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3-3. MR
3-3-1. Wister rats D& & B R & - 5 7 07 7 A /L KB fiEHT
RE - R RE AR (WAT) HE & FRE &3 A fllbiz AL TIFEML7223, CR Tl
FFSL Qe (Figure 3-1A-C), @212, 5 # A oo AL IE CRICHAF BEIZH LoV, £
7=, MAEF O triglyceride (TG) (#J 0.3~0.5 £i%) <> non-esterified fatty acid (NEFA) (7 0.5~ 0.6 £i5)
ENTNOHIMICBWTEH AL 12 CR THREIZEA LT (Figure 3-1D-E),
REWRBA DY A XIE 4 7 A ETIZEAL LD o723, 5 7 AL T CR IZEE~, AL OfIEN
MR YA R 3K &L g o7 (Figure 3-2A-E), E7z, IRIMIALY A XD HhJuLfEiL 5 o A LIRS T AL
[ CR THEIZ/NEL 7257 (Figure 3-2F), [AERIZ, 5000pum? LL_EOAE AR A X DE|
AWCBLTH, 5 » HlisLAE T AL 12H3, CR DS RFELL D727 (Figure 3-2G), fFlgo
TG 1TV ORIV TH AL (2H~ CR TR L7- (Figure 3-1F),

3-3-2. Wister rats @ WAT EFN&IZ351F5 de novo NENGIE G Rk B & L X7 E D3 EL

CR BH1E1% O de novo NENiER & B B2 L /R VB S BLOMKIF RO EA LA DT 01T, 3.5, 4, 5, 6,
9 - Hilin®> AL 33X CR rats O fatty acid synthase (FASN), acetyl-CoA carboxylase (ACC), total
ATP citrate lyase (ACLY), pACLY. malic enzyme (ME)-1 DXV E R BlAfRNTLT-, AL BT
IXHERE 22 28I I o 72, — 5T CREETIZNT RO 78 3.5 7 A i DA B ISR
23 EFHLTWEAY (FASN: #9 30 1%, ACC: 9 8 i, ACLY: £ 20 fi%, pACLY: #9J 40 5, ME-1:
) 60 fi5), ZOFBL EHADBREIZTHESTNE, 5 7 AlZEal O ML (5 - H #n; FASN:
#1715, ACC: #9 4 fi%, ACLY: #9 6 fi5, pACLY: #J 10 fi5, ME-1: #J 4 fi¥. 9  H li; FASN: £ 40
. ACC: 910 fi#, ACLY: #J 30 f%, pACLY: #J 100 %, ME-1: #J 20 %) (Figure 3-3),

— 75, I CIE, ME-1 LISk & 23778 1% CR L Th R BT id el BRI 2 0h ) -
7o 72, ME-1 1% CR IZEoTHRIEDHEML, KT 5~6 » H i TIXAEITHBEDHE ML (K
2~4 fi%) (Figure 3-4),

3-3-3. Wister rats © WAT (235115 de novo HENEE A BB & T D3 H

WAT (23T de novo NEWGIE GBI S L R 7B1L 5 7 Al 5312 V P2 CRAKAFRYZ2HE N
ZLTZ, £Z2C, Bx 1% 3.5,.5,.9 7 HIIZERIT D WAT O de novo A5 HilEE A R BSE mRNA F 4
HIELTZ, CRIZEY 3.5, 9 7 Al Tld mRNA FEHLS 4DOLHITAH BITHIINLZA3, 5 7 H il Tl
Fasn & Accl DN BITHEINUTZ— 5T, Acly & Mel 138 BERBEINZ RSN -7 (3.5 » H in;
Fasn: %935 1%, Accl: 920 1%, Acly: 20 fi%, Mel: #9130 fi5. 5 » A #is; Fasn: 17 1%, Accl: 95
%, Acly: K92 fi%, Mel: %9 3.5 . 9 » Hifin; Fasn: £ 25 1%, Accl: 910 55, Acly: §97 1%, Mel:
%9 %) (Figure 3-5), &5HIZ, CRIZEBWT 5 7 AW TIX 4 DD de novo NENGEE G % BH# mRNA
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1% 3.5 7 HESZ BB L2 (Figure 3-5),

3-3-4. Wister rats ® WAT (2353175 SREBP1 3§l

— B THFLRL74KIZ, CR I sterol regulatory element-binding protein (SREBP)-1 %41 L T de
novo RERAEEA L BEE R -2 HEINSE 5, SREBP1 X Srebp-1a & Srebp-1c D —D>DT AV 74—
LBV, EH5E Srebpl En I —RE3 T 5, SREBP-1a & SREBP-1c (FilH (X 9 11
RIGEHEBLOFTBR IR L L CTH A RITIFAEL | /N C U 1T PR D sl A & 70> THENIC
¥179% (Osborne and Espenshade, 2009) , = Z T 4 I, de novo RENIEEA RBAEA 1D CR
TRRHEAF e V 527 —7 78 SREBP1 #r LT= 8% 3.5, 5. 9 »# Az AW Che o7, BN
SREBP1 # /"7EITWFHOWIIZIEN TS CR ICEVEEINLZ (Figure 3-6A), #Z T, KIZ
3.5. 5.9 » Al 31T % Srebp-1a & Srebp-1c @ mRNA FEBLAAHEHT L T2, Srebp-1a mRNA L%
CR THEGINL 727> >7= (Figure 3-6B), % HIIIZ, Srebp-1¢ mRNA FEELIWT IO HIHIZIUNT
t CRICEV A BEITHEINLIZAS, FRZ CRIZEBWTE 3.5 7 A Tt 5 » Alclx | AEIZE T
(3.5 7 Atlin; 97 1%. 5~9 » A, K92 £i%) (Figure 3-6C), ZUL, CRZITD Fasn., Accl. Acly.
Mel ® mRNA FEHLAS Srebp-1c (ZHL IS TWDZ EEIRIRT D,

3-3-5. Wister rats @ WAT (23517 % Srebp-1c¢ @ Lyl 27 F v

SREBP1 HHLUIAL AV 7 F /Lo THIBIS N TODZ LT EBN TN D, FEEICHHE
R IFIZ SREBP1 @ mRNA B~ EHBLA TS S (Horton et al.,, 1998a; Sekiya et al.,
2007), WL T T 7T OIEMEALIL SREBP1 X° Fasn, Acly, Mel Z& e Ny 7 V&l
9% (Soukas et al., 2000), =ZTH 4 L CR IZLD Srebp—]c DI T DH AT =X L%
fRIAT 2728 AL AV TN L T T T S A T,

CRIZWTNOHIMIZHB W TEH AKT DU UER{LL ~ V& 2 7ah 7= (Figure 3-7B, C), LML
ENOV U BR{E AKT 1X 3.5 » D CR IZE-> THEIZHE ML (Figure 3-7E), *FRJIZ, CR
([ZED, L7 F D mRNA FEBUL 5 7 Aline 9 7 Al Tl L, 2o "7 EFEBL 9 » Al CHE
\ZA&A> 72 (Figure 3-7A, B, D),

3-3-6. fa/fa Zucker rats ® WAT (23517 % de novo RENIWE A B BHEEAR 1- &5 B DFEBL

CR (ZX% de novo ENIRE I DTEVALICL 7 F 2 7T D RIET B BN D720
(2 VT F U BARRAR fa/fa Zucker rats (23175 de novo TENiER G R BIHES /37 D CRIZK
DNRAMRHT LT, AL rats TXEFRFEIZEE | fa/fa Zucker rats C de novo RENIEE G AR BREL & /3
FORBLNA B -7= (FASN: £ 15 f%, ACC: #J 1.5 f, ACLY: #9 8.5 fi%, pACLY: #J 1.5
¥, ME-1: #J 2 £i%) (Figure 3-8), F£7=. X Tl de novo RENIIE A R BE B (R T- I L UF /3
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VB DFEBLN CRIZEVEEIZHEINU 7225, fa/fa Zucker rats TIZHEMNU 727 >7= (&FFREE; FASN:
#120 1%, ACC: #9 3.5 fi%, ACLY: #J 25 %, pACLY: #J 3 fi%, ME-1: #J 5 fi. fa/fa; FASN: #J 1
T, ACC: #9 1.5 fi%, ACLY: #J 1.5 fi%, pACLY: #J 1 i, ME-1: J 1.5 i%) (Figure 3-8),
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3-4. HER

AREFETIE, WAT 125175 CR DENRDIBFET de novo fENiFE G k245 H L, CR BlAATRE DL
SOOI TR RBBND DA LT2, WAT (28T, de novo RIEE A RZEIHE mRNA 33
KOZ B FEBUT 3.5 7 Al CEAE (Z BRI 5 r HlnE TR L, £0% 9 7 H
i ETHIML 7=, de novo ENGEG RO EEFIHIA 7T SREBP-la BLU-1c F 41675
R BRI HUR S AT TERN 2 | SREBP-1 X0 VB FBUT 0§ DT L e o723 N
SREBP-1 &|Z/IZ Srenp-le-mRNA FEHL &S [FIEROMH WA RL7I2Z8, Fo, B—FTRLIZED
IZ Srebp-1c KO =7 AIZEBV T, WAT Tix CR ORYENEES /DT L0, WAT (2381 HREHE)
7N RAICEIL Th, Srebp-1c DOilAHINRVEE 2 HALT-, Srebp-1c 1T % ICHIEREZITOZEIC
FoTEBEBTHIENHEIITIY, EHIZ WAT JOHFIRIZ B W CZOBAILIRE ThDH LN
FIHHI TS (Horton et al., 1998a; Sekiya et al., 2007), L2>L7Z2235, CR TixW 7 iz
VWTh CRITED RS de novo HENAEE G A BAHS L/ B OFEBUIAFI CIEAR< WAT (28 To
Frmligotc, Fio, ZOFBUT fed/fasted (ZRHHOLTHENNL T 728D CRICKDFEBUFINITHE
BINEIZLDL D TRV ENRIZI T,

Srebp-1c DFEBLUTA L AV AZLVERBL ~L THIFIS L TNAZ LT LLEHILTND, pAKT O
Bl ARV T T MREDTEVALL ~ V2K, CR ZMIEA RV 2R TS EL08, 1~
AN Az M 5 D % (Yamaza et al., 2004; Higami et al, 2005) ., WAT @ Srebp-1c O#REIEMEALIZ
BIFLAL AV T FNDOFEEZROINIT 5720, pAKT OEALZRELTZ, EDOFER., N
pAKT (£ 3.5 » Hilin T CRIZEVEIL 723, 5+ Hilndls L V9 # H s Tl NI ohen o7,
ZAUZE, B CR IZBWTA LAYV F L% LT Srebp-1c DERBEZEHEL TNHI LA 7RIZ
T 5, EHTREZEIE, WAT 2R TIIWT IO HENZEBWTH pAKT EXZE(LL TR0,
3.5 MABMOAHEEN pAKT EENL THDZEND, 3.5 7 AR TiX CR IZEY pAKT DN
ITIMEHEL 7= 2 H37=, AKT (21 DNA binding domein &% 2 515 site NNV | H R
BHIFEIL TODZEITBALILY, L L AKT 13, B FoxO1 2V BRE3 22 & TN B
fa & ~FATL . FoxOl DERGIEMEZ I+ 5226 TS (Taniguchi et al., 2006;
Dharaneeswaran et al., 2014), &5(Z FoxO1 [ retinoid X receptor/liver X receptor {717 Srebp-
lc DEREZMHITHIENE (Kamei et al., 2008), pAKT (X Srebp-1c DEREZTEMHALTHEE 2
bD, Fio. AKT 1L, glycogen synthase kinase 3 8 (GSK3p) =V B 52 & THEMEAINH] 5
BHZEMWHBILTUND (Cross et al., 1995), &51Z GSK3B 12£%N SREBP-1¢ #VU (L3 HZLT
F-box and WD Repeat Domain-containing 7 « {285 FF 4L %S L7k SREBP-1¢ D43
ZHlEfZ 9 ZL0°5 (Shao and Espenshade, 2012; Kumadaki et al., 2011), pAKT |££ZN SREBP-
le DO RIS T 535, 7725, 3.5 7 A TlL CRIZEY pAKT OEENBATIMEET HZ
& T, Srebp-1c DEREALHEIZLDH NS SREBP-1¢ & LZ /LT, BN SREBP-1¢ 23 IL <



| 85

WHZENTRIBENT,

BT, 9 7 ARETO CRIZEITS de novo fENE G KD TLEE R T 5728, L7 FUIZE H
LTz, U7 F U ALERIE Srebp-1 3558 Fasn, Acly, Mel & & te TR+ 20 SELZENHES
NTW% (Soukas et al., 2000), Zidbz . CR IZLHNENIEEA BB E R o Z L /R HLD
NIV 7 F o DR TFIZEDDTIERWInEB 2 1o, THEEY, V7 TF U2 B IR a2 ie KRB LT
fa/fa Zucker rats TIE AL T CR THAENIEE G Ak BE I 7B BUTH I TTHEL THsY, CRIT
LDEORDRELOIENT ROl ZUHO X 9 » HlinETD CR TIEL T Frv s
FNAOARIEMEALZ ST LT Srebp-1c DFEELHIML | de novo NENIR A FLASTLHEL TWD RIHENES
RET 2,

FRAL AR ADHAMNE CR DA RN RICT G HEHERE FO— DL TELABI TS
(Sohal and Weindruch, 1996), £7-. NADPH (327 V&2 F AL RoF FLRF 8% & e hil(t s
AT BEIEMAL T AHEE THD (Oka et al., 2012), Sirt3 (255 isocitrate dehydrogenase 2 (IDH2)
DIEMEALIZIF = RY 7 W NADPH &2 NS | lRE AR AR SELTEDRIRSITND
(Someya et al., 2010), =5, CRICEVIETL EH-L7- MEL 1V TR A VAR 63 LA b % fid 5
L CEAEVERB L O'NADPH Z 42475 (Wise and Ball, 1964), Z#15H0, F 4 (X ME1 <° IDH2
%41 L7 NADPH FEADTTHER LOVE — B CRLICR I LA T4 BOBIMIZEY | CRIZER LA
R RZMT 5LE 2 72,

ARSI R BIOLIRTRESNZ21 7, (Bruss et al., 2010) XV, CR 12X5 de novo NGNS
FA A RLODIEMEAIE, IFIRED S WAT TEHE ChoHZ LA fmm LTz, BRI LT, WAT 128175
de novo NEMIFEG RLODTEMAKIL 5 7~ Al (CR #IfH 2 # H) TSI T 22L&~z SEIDOET
JAAZEWTIE, CR #I/H] 2 7 A ZBICRTEE = X — AR R IxT DS s 2 (B CR), %
L CRICEDH R ET I (EHICR) LB 2D, BiREFA AR o7 F L OIEMAL,
BRIV T F o7 T A OMBNZ Lo THIEIS N TOW D ATREME DS RS Tz, LTed > T, &R

R IZEDE RN RAEFHET HIOIIE, D7p<Ed 3 AL ED CR MMM THHEE 2
72,
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Figure 3-1
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Figure 3-1 CR-associated chronological alterations of body and organ weights, plasma lipid
profiles, and hepatic TG contents of Wistar rats.

(A—F) The body weights (A), epididymal white adipose tissue (WAT) weights (B), liver weights (C),
plasma triglyceride (TG) levels (D), plasma non-esterified fatty acid (NEFA) levels (E), and hepatic
TG contents (F) are shown. The values shown in the panels are means + SEM for 5-6 animals in each
group. *p < 0.05, **p < 0.01, ***p < 0.001 vs. age-matched AL rats by Tukey’s t-test. Values indicated
by the same double and triple superscripts differ significantly with age in the same dietary group at p <

0.01 and p < 0.001 by Tukey’s t-test, respectively.
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Figure 3-2 CR-associated chronological alterations of WAT morphology in Wistar rats.

(A-E) Representative histological sections of white adipose tissue (WAT) from ad libitum (AL) and
caloric restriction (CR) rats at 3.5 (A), 4 (B), 5 (C), 6 (D), and 9 (E) months of age (magnification:
x40; scale bars: 100 um). Sections were stained with hematoxylin and eosin (HE). (F,G) The sections
with HE staining were evaluated by a quantitative morphometric method using Imagel
1.43u/Javal.6.0_22 software. (F) Median adipocyte sizes inWAT. (G) Percentages of large adipocytes
(over 5000 umz). The values shown in the panels are means + SEM for 3 animals in each group. *p <
0.05, **p < 0.01, ***p < 0.001 vs. age-matched AL by Tukey’s t-test. Values indicated by the same
single superscripts differ significantly with age in the same dietary group at p < 0.05 by Tukey’s t-

test.
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Figure 3-3 CR-associated chronological alterations of protein expressions involved in de novo

Fatty acid (FA) biosynthesis in white adipose tissue (WAT) of Wistar rats. Protein samples were
extracted from WAT of ad libitum (AL) and caloric restriction (CR) rats at 3.5, 4, 5, 6, and 9 months
of age. Western blot analyses of total fatty acid synthase (FASN), acetyl-CoA carboxylase (ACC),
total ATP citrate lyase (tACLY), phospho-ACLY (pACLY), and malic enzyme (ME)1 were performed
using a chemiluminescence method. The antibody-bound proteins were visualized using an LAS3000
Image Analyzer. The intensity of Coomassie Brilliant Blue (CBB) staining was used as a normalization
control. The western blot analyses were performed in duplicate or triplicate for each sample with
biological repeats of n = 4 for each group. (A) Representative images of western blots and CBB
staining. (B-F) Densitometry data for FASN (B), ACC (C), tACLY (D), pACLY (E), and ME1 (F).
The values shown in the panels are means £ SEM for each group. *p < 0.05, **p < 0.01, ***p < 0.001,
vs. age-matched AL rats by Tukey's t-test. Values indicated by the same single and double superscripts
differ significantly with age in the same dietary group at p b 0.05 and p b 0.01 by Tukey’s t-test,

respectively.
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Figure 3-4 CR-associated chronological alterations of protein expressions involved in de novo

Fatty acid (FA) biosynthesis in the liver of Wister rats. Protein samples were extracted from the liver
of ad libitum (AL) and caloric restriction (CR) rats at 3.5, 4, 5, 6, and 9 months of age. Western blot
analyses of total fatty acid synthase (FASN), acetyl-CoA carboxylase (ACC), total ATP citrate lyase
(tACLY), phospho-ACLY (pACLY), and malic enzyme (ME)1 were performed using a

chemiluminescence method. The antibody-bound proteins were visualized using an LAS3000 Image

Analyzer. The intensity of Coomassie Brilliant Blue (CBB) staining was used as a normalization

control. The westernblot analyses were performed in duplicate or triplicate for each sample with

biological repeats of n = 4 for each group. (A) Representative images of western blots and CBB

staining. (B-F) Densitometry data for FASN (B), ACC (C), tACLY (D), pACLY (E), and ME1 (F).

The values shown in the panels are means £ SEM for each group. *p < 0.05, vs. age matched AL rats

by Tukey's t-test.
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Figure 3-5
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Figure 3-5 CR-associated chronological alterations of gene expressions involved in de novo FA
biosynthesis in WAT of Wistar rats.

Total RNA was extracted from white adipose tissue (WAT) of four to six ad libitum (AL) and caloric
restriction (CR) rats at 3.5, 5, and 9 months of age, and real-time quantitative RT-PCR was performed.
Transcripts of fatty acid synthase (Fasn), acetyl-CoA carboxylase (Acc)l, ATPcitrate lyase (Acly),
malic enzyme (Me)l, and TATA binding protein (Thp) were amplified. Thp was used for
normalization. (A-D) Data for Fasn (A), Accl (B), Acly (C), and Mel (D). The values shown in the
panels are means £ SEM for each group. **p < 0.01, ***p < 0.001, vs. age-matched AL rats by
Tukey's t-test. Values indicated by the same double and triple superscripts differ significantly with

age in the same dietary group at p b 0.01 and p < 0.001 by Tukey's t-test, respectively.
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Figure 3-6
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Figure 3-6 CR-associated chronological alterations of SREBP1 in WAT.

(A) Nuclear protein extracts were obtained from pooled white adipose tissue (WAT) samples of three ad
libitum (AL) and caloric restriction (CR) rats at 3.5, 5, and 9 months of age. Western blot analyses of sterol
regulatory element- binding protein (SREBP)1 and Histone H3 were performed using a
chemiluminescence method. The antibody-bound proteins were visualized using an LAS3000 image
analyzer. The intensity of Histone H3 was used as a normalization control. The western blot analyses were
performed intriplicate. Representative images of western blots are shown. (B,C) Total RNA was extracted
from WAT of four to six AL and CR rats at 3.5, 5, and 9months of age, and real-time quantitative RT-
PCR was performed. Transcripts of Srebpla, Srebplc, and TATA box binding protein (Tbp) were
amplified. Thp was used for normalization. Data for Srebpla (B) and Srebplc (C) are shown. The values
shown in the panels are means = SEM for each group. *p < 0.05, ***p < 0.001, vs. age-matched AL rats
by Tukey's test. Values indicated by the same single and double superscripts differ significantly with age

in the same dietary group at p < 0.05 and p < 0.01 by Tukey's t-test, respectively.
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Figure 3-7
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Figure 3-7 CR-associated chronological alterations of protein and gene expressions
involved in the signals regulating SREBP1.

(A) Total RNA was extracted from white adipose tissue (WAT) of four to six ad libitum (AL)
and caloric restriction (CR) rats at 3.5, 5, and 9 months of age, and real-time quantitative RT-
PCR was performed. Transcripts of Leptin and TATA box binding protein Thp were amplified.
Tbp was used for normalization. Data for Leptin are shown. (B-D) Protein samples were
extracted from WAT of AL and CR rats at 3.5, 5, and 9 months of age. Western blot analyses
of AKT, pAKT, and Leptin were performed using a chemiluminescence method. The antibody-
bound proteins were visualized using an LAS3000 Image Analyzer. The intensity of Coomassie
Brilliant Blue (CBB) staining was used as a normalization control. The western blot analyses
were performed in duplicate or triplicate for each sample with biological repeats of n =4 for
each group. Representative images ofwestern blots and CBB staining are shown (B).
Densitometry data for pAKT/AKT (C) and Leptin (D) are shown. (E) Nuclear protein extracts
were obtained from pooled WAT samples of three AL and CR rats at 3.5, 5, and 9 months of
age. Western blot analyses of pAKT and Histone H3 were performed using a
chemiluminescence method. The antibody-bound proteins were visualized using an LAS3000
Image Analyzer. The intensity of Histone H3 was used as a normalization control. The western
blot analyses were performed in triplicate. Representative images of western blots are shown.
The values shown in the panels are means + SEM for each group. ***p < 0.001, vs. age-matched
AL rats by Tukey's test. Values indicated by the same single and triple superscripts differ
significantly with age in the same dietary group at p < 0.05 and p < 0.001 by Tukey's t-test,

respectively.
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Figure 3-8
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Figure 3-8 CR-associated alterations of protein expressions involved in de novo FA biosynthesis in
WAT of fa/fa Zucker rats.

Protein samples were extracted from white adipose tissue (WAT) of ad libitum (AL) and caloric restriction
(CR) obese fa/fa and lean +/+ Zucker rats. Western blot analyses of total fatty acid synthase (FASN), acetyl-
CoA carboxylase (ACC), total ATP citrate lyase (tACLY), pACLY, and malic enzyme (ME)1 were
performed using a chemiluminescence method. The antibody-bound proteins were visualized using an
LAS3000 Image Analyzer. The intensity of Coomassie Brilliant Blue (CBB) staining was used as a
normalization control. The western blot analyses were performed in duplicate or triplicate for each sample
with biological repeats of n = 4-5 for each group. (A) Representative images of western blots and CBB
staining. (B—F) Densitometry data for FASN (B), ACC (C), tACLY (D), pACLY (E), and ME1 (F). The
values shown in the panels are means + SEM for each group. *p < 0.05, ***p < 0.001, vs. AL rats by Tukey's
test. Values indicated by the same triple superscripts differ significantly in the same dietary group at p <

0.001 by Tukey's t-test.
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Figure 3-9 Schematic overview of the regulation of caloric restriction-induced chronological

alteration of Srebp-1c.



Table 3-1: List of 1st antibody for Western blotting.

Name Immunolized Clonal Supplier Catalog Number
ACC rabbit polyclonal Cell Signaling, Boston, MA #3662
ACLY rabbit EP704Y Epitomics, Burlingame, CA 1699-1
ACLY pSer455 rabbit EP828Y Epitomics 1822-1
AKT rabbit polyclonal Cell Signaling #9272
AKT pSer473  rabbit D9E Cell Signaling #4060
FASN mouse 23 Becton, Dickinson, Franklin Lakes, NJ 610962
Histone H3 rabbit D1H2 Cell Signaling #4499
ME-1 rabbit polyclonal Sigma SAB4501853
SREBP1 rabbit H-160 Santa Cruz Biotechnology, Santa Cruz, CA  sc-8984
Table 3-2: List of 2nd antibody for Western blotting.

. Catalof
Name Supplier Num bgr

HRP-conjugated F(ab’)2 fragment of

goat anti-mouse IgG
HRP-conjugated F(ab’)2 fragment of

goat anti-rabbit IgG

Jackson Immunological Research (West Grove, PA)  115-036-062

Jackson Immunological Research 111-036-045

Table 3-3: List of primers for real-time RT-PCR.

Forward

Reverse

Accl
Acly
Fasn
Mel
Leptin
Srebp-la
Srebp-1c
Thp

5-TGG ATG AAC CAT CTC CGT TG-3
5'-TGATGG GAG AAG TTG GGA AG-3'

5-AGC AGG CAC ACACAATGG AC-3

5-TGC TTT GAG TAATCC GAC CAG-3'
5-CCAGGATCAATGACATTT CAC ACAC-3
5-CCG AGG TGT GCG AAATGG-3'

5-GGA GCC ATG GAT TGC ACATT-3

5'-CAG TAC AGC AAT CAA CAT CTC AGC-3

5-CAT GTG AAAGGC CAAACC-3

5'-TAA GGA GGA AGT TGG CAG TGT G-3'
5-GAA GAA GAA AGA GAG CCG GTT G-3
5'-TGG CCAGGAAAC AGAGTC C-3
5'-CAG GGAGCAGCT CTT GGA GAAG-3
5-TTG ATG AGC TGAAGC ATG TCT TC-3
5-GGC CCG GGAAGT CAC TGT-3
5-CAAGTT TAC AGC CAAGAT TCACG-3
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4-1. I3

H—FT CR OZNFIZIBUT Srebp-1c ZITLIZIba RU T OIEMHALNEE THLHI LZRL
7273, —J5C Srebp-lc (FABTHOH R 7L L THIHILTISY (Yahagi et al., 2002; Takahashi et al.,
2005), E7ZEmICEVIF R THEREIZR T 528086 TW % (Fernandez-Sanchez et al.,
2011),

ENHIIEDOIR U RUTIZIE, #1500 FEOD X2 7 EBFET D (Reinders et al., 2006), Jha
RUZIE A 15 RO o 707 AT T7VTORRICHKTHEEZ LN TEY, IE B L0
ARESERITMNEL TITOINa U R T 7 2% FD (Gray et al., 1999), LU, LD TIh=
YRUT BRI E A= N OBAR T DIFE AL IS ) MZa—RENLIINTR T, ZOREHR,
99 %LL EDIbA R T 2L R EFHE OUARY — b BT S, B ICIb A R 7IC
ks, —F4., 13 BEOZ ARIEOR BRI RIT S/ AMZE>Ta—RFanTnd
(Neupert et al., 2007),

URY = L TELIZI R RUTICHIES VDS o~V RTIAR DL, N RiilZIh=a R
TH=FTA T T T NVENEE T 5, 2OV F ARSI Ik RYTHME Eo TOM
(translocase of the outer membrane) A4 O > TIM (translocase of the inner membrane)
BERICERISNDZET, Ibar NI T Zo B IIIb a2 RYT NO#E B2 & T~ Lk S i
(Wiedemann and Pfanner, 2017), 1% t% 2 /L fid 51l 1% . MtSPases (mitochondrial signal
peptidases) (2827 0t Tz S OIWIS VD, SR RUT Z XTI B DR 70 Y%7 vt
T a T HEHEES L (Vogtle et al., 2009), ZO7 kL 7 Nog 7958, SharRUT XL 37
BITIEMERE 727 (Mossmann et al., 2012), MtSPases (2 DWW T < oAfFsES VTR0, > 7
IV RTFRYJWrIC B 54 % MPP (mitochondrial processing peptidase), IMP (inner membrane
peptidase) K OF Octl (Octapeptidyl aminopeptidase 1) %D FF7eEEFR 1, 1980 FARUCEEICIRE
S TS (Gakhetal., 2002), HFETIE 10 fELL_ED MtSPases DAFENH LS TND, BIFEE
TIZRIES T2 MtSPases 139X T, AZu, BUVEIIV AT A7 w7 7 —RBIZBL TWD, £
LT, BB s T HEREZ R Db O DTS 27 T VEFID 53 SAT+— VR ZiLE
T T EEZ T E o RIE DG HINa R T WEE 245 MtSPases HIF/ET D
(Quirds et al., 2015), F7-. IT4E, RiBRIAT 0L 72 &N TET- MtSPases 73, bRV
TR BEOHRHIEE, Iha R TURY — 2EA RO, BEOIa R T 052 - i
BHEO _EHOBREIZHIZELMESIVTND (Quirds et al., 2015), LL_E2E, MtSPases [EIh=1
RUT OFEREHERHC B R R B Z R LEZLND,

silence information regulator 2 (Sir2) i&fz 7-1. 1993 4EIZ7 0T | A AE R 1 EEfEER (HM
loci) B LR Y —=</L DNA (tDNA) fEIROV AL Lo v TR FF§ 40 /7 F LU CHZERER)
TH RSN (Braunstein etal., 1993), Sir2 IZFEZAMNOER AW £ CREICRAFSITEY,
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Sirtuin family EFFIERTUND, 1999 4EIC Kaeberlein 52k~ T, HZFEERED Sir2 i /s A8 RE
HLHLEHFMDAI 50 %IlZFMEL | Sir2 ZIMFIFBLSELLFMDI 30 %I 52 LB MESNT
(Kaeberlein et. al., 1999), SHITHR BT ay Vay /S22 T, Sir2 DREIZEY CR OFFM it
HERNERTHZ LD A S (Rogina and Helfand 2004; Wang and Tissenbaum, 2006), 244
FEZ B CTRIBROBENRSITNAIEND, RFEBB TEMHENDIIIC o7z, ENEE DT
FLEUZIZL SIRT1~SIRT7 @ 7 FEFAD Sirtuin 23{FE 7% (Haigis and Guarente, 2006), #3215
HAL CoDY—F 2A R AL OEFNLE EEIRAFS IV TODDS, LS OFRMEL & <172
VY, E72 SIRTI, SIRT6 33K TF SIRT7 [3EZMIZJHFEL TV, SIRT1 IFIEZEIZ, SIRT6 (I~T 07
a~F AR, SIRT7 (3% IMRIZJRFET %, SIRT2 (X ISHINEE I, SIRT3, SIRT4, SIRTS 1%
IR RUTIZRTET % (Finkel et al., 2009; Nakagawa and Guarente, 2011),

W FLEE TIE SIRTI~7 D955, SIRTI, 3, 6 BEALSLEMITH DD TNDEDOHERHD,
SIRT1 Z M4 AR RN R RSB 7o~ T ADFMAEM 52 LM ESIN TS (Satoh et al.,
2013), ¥7= SIRT3 DOEFIFEBUZLVF MBI LD 1T720 75, SIRT3 ZKIBLIZ~T A
(X, TR ICH PRI B REL . RN B AL DA AU ARG - B - FE T L=
— VPRI PERF 4 2 2 L9\ (Hirschey et al., 2011), F£7=, SIRT3 I% CR (2 X5 MM EEERE D
IHNZ B BAR T THHIENHRESI TS (Someya et al., 2010), FLERZEWZ &I, BEETS
PEDNRIEMRI L7275 SIRT3 278 (SNP: 1511246020) 13, AZRY ZIEMEREHRAE LA+ A2 M8
RSN CW% (Hirschey et al., 2011), SIRT6 ([ZBIL T, /77U h~D A3 E% 2~3 HETIX

WICRE 50, TOHKAMIC, K VM EOK T, BHEOK T, T, Vo Ekojd
7 EDFRWVEEZIEARIERZ 2L, £ 1 22 H THIZED (Mostoslavsky et. al., 2006), — . SIRT6
ZARREPE B L~ A X IGF-1 R E2ME N L TEY, Sirtuin Z @ FIFRELL7-MiFLEEL T
(D THEMMPEHTHZENHESN (Kanfi et al,, 2012), L L— 5T, BRABI O avy
AU /ANT|ZEWT Sir2 ZEEPEHLL THFHFMIFIEMLRNEWVI AL HY (Burnett et al., 2011),
F N I51F 5 Sirtuin OEENIRIZEROLZNEZATHD,

Fo PR RIT TR R AT — I DL LD F L RITERT BT LS TEY,
SIRT3 % KIS W72~ ATiE SIRT4 FBL O SIRTS 1F(E F CHLEL DIV R T JRfEX L 7 E
DT v F MENTCHET HZENME S TS (Lombard et. al., 2007), Ziudz, SIRT3 (k=
VRUTIZBITDEERPT B F ULEESE THHEE X BT, Fig. 4-1 T/RT L2, SIRT3
1%, BEEEST BT /L CoA AT 5 acetyl-CoA synthase 2 (AceCS2) <° B F&b. DB 4] D Bk s
% i35 acyl-Coenzyme A dehydrogenase, long-chain (Acadl) . Sh=> RUTRIZEIT LR
[K-f-® Manganese superoxide dismutase (MnSOD) 72& | Z DT BT WALIEMEE I L TR
DIEVEILIZESD (Schwer et al., 2006; Hirschey et al., 2010; Qiu et al., 2010), SIRT3 (%, WAT 3
KOG AR #fE (BAT; brown adipose tissue) (235U Tid CR (ZLVFEELAHEAIL (Shi et al.,
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2005), &IV TEH CR R ICKV BN EH 9% (Hallows et al., 2011; Hirschey et al.,
2010), 7=, SIRT3 KO ~ 7 2 TiXi&I2 L Y HMGCS2 (3-hydroxy-3-methylglutarylCoA
synthase2) OBT B F MALREZ 0D &7 b AROMAFEEINME F 2R~ 2 & 205, SIRT3 1X
MmO T FNVX — L2 D NARD A FRIZH B 5452 2% (Shimazu et al., 2010), CR Ff
|Z mitochondrial isocitrate dehydrogenase 2 (IDH2)% il 7 & F /AL 3 521280, NADPH &%
L, BRI NAT A a R T AR LS T BT AL B S V2T A oA T L
TELAR ZBOiREZ @O HZ &b A STV % (Someya et al., 2010), £iudz, CR 23
SIRT3 (Z&IT T2, S\ iz 5& CR 1245 SIRT3 {E AL 27 322 L 13D CTEET
0D,

T # 1T WAT (BT CRIZEY SIRT3 N7 uty o Va5 5 Al REME 298 AL TZ, R TIE,
ZDAN =R LEFRHTL, CR (LD WAT TOIRa RUTIEMEALIL, MtSPases D12 Tdhd
mitochondria intermediate peptidase (Mipep) 23 B THHIEE/RL, SHIZ Mipep iBfn K~
T RAZEAERILT,
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4-2. MEHETTIE
4-2-1. A~ ABL VWA HONT

Jackson Laboratory (Bar Harbor, ME, USA) XV AL 7= Srebplc’-~ ™7 A (B6;129S6-
Srebf1'™Mb/J Tiang et al., 2002) 7>5, ZZECIZXY Srebplct B LTz, HURCERRL R 2R 3R 22 ER )
W FEBREEX N specific-pathogen-free (SPF) BrEE ., BT A7 113 12 e CRIBE L., AL #EIC
I% CRF-1 (Oriental Yeast, Tokyo, Japan) %4y &5 %72, AL #EOERE &L HEL . CR BEIZITE
D T0%EZHAT AN G272, CRIE 3 7 HlnLVBIAAL , AL, CR Ot 2 BEZERLTZ, 8.5 7205 10
o s CLEHPES ARG RJE RG22 BRER L | IR % 3R S0 Ol B 12 -80°C (S TIRAFL T, %2
FFEIL CR REDAGEE 1-4 BF[EIHE LAREE 2-5 BFRIATIC 1T TITW, £ 2 fed BE, fast FEELTZ,
fast BEIZ DU TIL, FERAT H O CREFAG AR CAHZ B BREHARTEL LT, UL B AL fed, AL fast,
CR fed, CR fast DFt 4 FEAAERIUT-, F7o, SUERY: WA - HERIEEL &I % 4
NFEHEZEzLD 15 Hils Sirt3"* L0 Sirt3 -~ ADO KR E AN 2 5L T2 & | iR
FICT B #-80 °C IZTRAFEL T, T X TOEMY) EBRIL, BOTERR K P ERZ B
(CEDHA, FRICEDAR S T, AR RFEW EERIGEH A WM TN, Flo, +xT
DBInFHLA R ERRIT FO R KPR s R ERZ 2R B RCIDHF A, FRIZED
AGRZEAS T AR R SRR s A 2 S2BR I LRI CIEV T T,

4-2-2. Mipep KO mice D1

4-2-2-1. Targeting vector DYERIISION ES il ~DE A
FORBRRLR T A ER PR SUAT B B AR ST A — R d KON An A BY
OB BALERFERR B GEAT) O ZHEE 0L L, DT-A/conditional KO FW vector &0
targeting vector Z{ERLL 7=, Insert (5> arm, targeting arm, 3’ arm) /X RP23-142016 (Advanced
Geno Techs Co., Ibaraki, Japan)% template &L, Table 4-1 {Z7~L7= primer Z{# 1L T, KOD FX
Neo (TOYOBO) (ZXVH#EME L7z, 4%, 5° arm % Ascl 35T Notl, targeting arm % Pmel 33
W Sacll, 3° arm % Swal 33X Y Xhol THLFEL | NucleoSpin® Gel and PCR Clean-up (TaKaRa,
U0609B) %{# H L T #4412, DNA Ligation Kit <Mighty Mix> (TaKaRa, 6023) % {# H L Tl
BRI 32 JLEE 7% 70> DT-A/conditional KO FW vector (27 A% —ar Uiz, Zivk DH-5a (Zh7
AT F—A—=arsL, T e U AD LB B5HCE:# % | Pure Link™ HiPure Plasmid Midiprep
Kit (Invitrogen, K210005) %{#i L C. targeting vector Z {1 7=, Targeting vector % Xhol Tl
PREESRALEL 72, =L 7 brRL —y a2 dEa LT C5TBL/6N KO ES cells IZEALTZ,
i L7277 A ~—% Table 4-1 |2 L 7=,

4-2-2-2. Southern blotting
RP23-142016 % template &L, Table 4-1 (Z/RL7= primer %L T, KOD FX Neo 2V 3’
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probe ZHEMELT-, £ D%, targeting vector Z3E ALz ES cells L7 = /—)L -7V AET
genome DNA ZHfitHL . ApaLl CTALFREL 7=, L T, 0.8 % agarose gel |Z genome DNA 20 ug %7
TIAL KEVZIZT U LT av AR, R T 5, D%, AL (0.25 M HCl Z=iR
T 15 min {23%). HEFEALEE (0.5 M NaOH, 1.5 M NaCl 255 C 15 min {23%). FFAILE (0.5 M
Tris-HCI (pH 8.0), 1.5 M NaCl Z 22 C 20 min J=2:i%)DJIE TR T %, LB, 10X SSC (1.5 M
NaCl, 150 mM sodium citrate) DIZ&EEAZFIHL T, 7 A/H A7 1 (Gene Screen Plus, NEN
Research Products, Boston, MA) (Z#z5-L, 150 mJ @ UV T DNA 270X LT, 7aR) 7
# . 5 X SSCP (0.75 M NaCl, 75 mM sodium citrate, 50 mM NaH,PO4, 5 mM EDTA), 50 %
Formamide, 2 X Denhardt’s solution, 1 % SDS, 100 pg/mL salmon testis DNA % & &e/ N7 7—(Z
ZLT. 42 CTTLAATIEAB = a2 —BATV, 32P TIEK L 72 3 probe &3y 7 7 —HIC
RBE, 42 CTATIFAE—varz —BitTo7, TDR, Ny 77 —%&FRE, 2 XSSC,
0.1 %SDS ¥ NT 42 “CIZT 15 min YEIFL. 0.1 XSSC, 0.1 %SDS KN T 65 “CIZTC 15 min
X2 [P LTz, ZOA T LU ARSI TR, — B iE 12 FLA-7000 (FUJIFILM, Tokyo,
Japan) THz Lz,

4-2-2-3. =7 ADER

HHDOERNLIZ target allele 73 A->7= ES fifdz ICR mice @ 8 A DZFEIN IR, — Mk
% IR > TR I IR~ D AD T B ICBAEL . FAT~ D A& (BRI (7707
—arik), ¥ATVUARE BRIV TSIV LT C57BL/6IIcl ZZZEIL | flife7n
C57BL/6 mice ZAFRLTZ, BURERIRS: A EREHIFERT 54 R OBIEITIEERT BRERE
fF#d% LY CAG-FLPe mice Zfit 5L C\ 7272& (Kanki et al., 2006), /ESLL 7=~ AL 2RI,
flippase-FRT + A7 L& FIHL CTHA <A MtPERLS A HIBRL . MipepToVoX mice Z{EHRILT-,
ZOHK ., RIRCRS: R il —#X OKGEObE | FUTHR RS A EREIIEAT &
M E WA FFZEE M PR SRR LRS- LT 722 CAG-Cre mice & Mipep¥foX mice
ZAZHLL (Sakai and Miyazaki, 1997), Mipep KO mice Z{ESRIL 7=,

ETOEIYERT, FOTEA R I ERE B2 ICIDFRE, FRICEIDARE T,
BERF B EBRIEEH I T DAV, Fi2, R TOBS M2 B, B R R P 'E 1
FAHAR RERZ 2ZEBRITEIDEE . FRICEDKR R T BB KB R TRz R E
S AN IE TN,

4-2-3. ffads KOG £ 2%

~ A EFTERAEHIERE 3T3-L1 X JCRB (Japanese Collection of Research Bioresources) ¥
I AL . 10 % FBS (fetal bovine serum; Hyclone, Logan, UT), 100 U/mL P/S (penicillin-
streptomycin; Sigma, MO, USA) %5 7% DMEM -low glucose- (Wako, Osaka, Japan) (& & 5%
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H) THEEFEL. 0.25 ~ 2.5 x 10* cells/cm? DAMIREE FE CTHEFFL 72, F7o, LIRUA N ARy —T
7 #ife Plat E (Platinam-E Packaging Cell Line) (X H XK FERIFHFIEATO LA EREBER VT
FEHETEZ, 10 % FBS, 100 U/mL P/S, 1 pg/mL puromycin (Wako), 10 pg/mL blasticidin (Funakoshi,
Tokyo, Japan) %54 9% DMEM -high glucose- (Wako) TH;#EL ., 0.5 ~ 2.0 x 10° cells/cm? D#
el 8 = CHERF L 72,

4-2-4. PRI ~D LT E

3T3-L1 AR D/ EFHEIE 1.5%10* cells/cm? OFFFETHEREL , 2 H (2 100 %= 7 /b2 MT
PELT-IF % Day0 &L7-, Day0 25 2 HI[HIE 500 uM 3-isobutyl-1-methylxanthine (Sigma) & O}
1 uM dexamethasone (Sigma) % & TefERFE I TSR 3 A2 L CIRIFIAE ~D /3 LFFEZ1 TV,
Z D% 2 HEZIZ 10 ug/mL insulin (Wako) A U8 50 nM tri-iode thyronine (Sigma) % & {eHEFF
L TR 4 DT L THRUAIBIN Ml ~EFFE LT,

4-2-5. Sirt3 WRIFEBIL b A )L AR 2 —DEY

FLAG-SIRT3 %% H 4+ 5L hay ANV AR 2 —ZEfl4 570 Addgene LV mSIRT3-L
(Addgene plasmid 33309) #[E A L7, ZD~X7%—% EcoRI 2 ) Apal THIWTL ., EcoRI KO\ Apal
THIWT 70 pMXs-AMNN-puro L M7 A )L AR B— G A —a T HZETERILTZ,

4-2-6. Mipep /7 X DL by A VAR B —DERY

siDirect (Tokyo University) %\ T Mipep OFERIELSIZ R E LT (Figure 4-2), SHIZ Figure
4-2 \ R T EINTTTAIR DNA OZEME & O off-target 2 R A I T 579 sense SHIZHE D
HA ATz (Patzel et al., 2005; Miyagishi et al., 2004) , i% L7z 2 KDOAV=T DNA SHO AT
Operon Biotechnologies (Tokyo, Japan) (ZAKFEHL 7=, 2 KRDOA U= DNA $Hi3: annealing buffer (50
mM Tris-HCI pH 7.4, 100 mM NaCl, 5 mM MgCl,) %M, 100 ‘CIZELIRIBOHIZ AN TH
RIZEIRET T LHFICID T =— LS HT o, £DH#%, 37 CT 3 WFfH Pmel 2L 724212, 65°C
C 3 REfE] BstBI ALEEL | YIWTL 72 pMX-mU6-puro ~X7 % —L7 =—/ /L XH 7= DNA $H& 717 —
2> 7§ HZET pMX-mU6-shMipep-puro 7% —z{ERLL 7= (Fiure 4-2),

4-2-7. BInFEA

BR8N, NERL 7o R 2 — 5 BRI 5 3T3-L1 flark 2 1ERk 35729, plat-E %
WL by A VAL R DB B ANEETT o7, plat-E & 1.0x10° cells/cm? OAIRE 1272559
(ZHEFEL — b5 38 %% . FUGENE® 6 Transfection Reagent (Promega, Tokyo, Japan) Z H\TZ4L
ENDORY L —% plat-E MFIE AL, 16 FFHIEFER  FTLOETHIZAHAL | 61T 2 H LS
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LI, A2 I L7z, [BIUX L 7= 55 #1 % Millex-GV Filter (MILLIPORE, Billerica, MA,
SLGVIJ13SL) (2 CEitaf% . 4xPEG (32 % PEG (polyethylglycol 6000; Fluka, Tokyo, Japan, 81253),
0.4 M NaCl, 40 mM HEPES, pH 7.4) Z[alXL7=£5H110> 1/3 B A4 3000 rpm C 30 4y Ll
FIEEBRELIZHZEZHIT 3000 rpm T 5 4l LLTC, BiEEZ TELEITBRELZE, LEDIC
OPTI-MEM (Life Technologies Japan Ltd., Tokyo, Japan) % /lx CRR#L ., 3T3-L1 OFHEER:HC
INA TGS T, 7ok, Bl 7 v 2 —jfl 972 LRSI N OK BITT T o7, &3
24 WEfEI% 235 2 ug/mL @ puromycin AVDEEHIT 5 ~ 7 H [ selection Z1TV MESIL 7=~/ % —
ZREICRBLT S 3T3-L1 MifafkZ/ERL 7=, selection 21 0.4 ug/mL ¢ puromycin % & e
BE TR | MR LT,

4-2-8. FEAILER
7aT 7Y — AREAITHD MG132 (Wako) 1E, ALY 10 pM E722 DI RIS IR
L. 0,6, 12, 24, 48 Wk 4% @I USEAT L=,

4-2-9. i FEAEHE
FEEIL~ D 22 AV TV T o TIRLLUIZ  REFIREY Mz ER B L | Accu-Chek Aviva Blood
Glucose Meter (Roche, Basler, Switzerland) %\ CHIEL 7=,

4-2-10. Real-time RT-PCR

mRNA ZfHH L 43 Y& EEET NanoDrop 1000 (Thermo Fisher Scientific, Waltham, MA) % i\
TIREARE L=, 1 ug @ RNA % PrimeScript® RT reagent Kit (TaKaRa, RRO37A) (210 iilA %
& cDNA #1572, AREIE T 1%, SYBR® Premix Ex Tag™ (TaKaRa, RR041A) % iV T, Real-
time PCR A7 2 ABI PRISM®7300 (Applied Biosystems, Foster City, CA) (ZLVENTLT=, 7235,
ENENDFINTHEA— =DM 27 B ha— TV, L7 T 1A~ —% Table 4-
2 IZRLH L7z,

4-2-11. Western blotting

FRR E7- 1M % | @ &> SDS sample buffer (50 mM Tris-HCI (pH 6.8), 2 % SDS, 3 M urea, 6 %
glycerol) ZMAREY =T A X%, I/ = —Tar iz, o7 —rml (12000 x
g, 4°C,30 min) L, B{EZMEIULL, 95°C T 5 A rFaX—hLiz, bt BEIZEENLZ
/X7 §% BCA Protein Assay Kit (Thermo Fisher Scientific, 23225) % W CHIEL . SDS
sample buffer (250 1 mg/mL ORFEIZTARLI-, 70D 1/10 ED 0.25 % BPB / 5 % 2-
mercaptoethanol = 1 : 1 {E#KZ N4, 95 °C T 5 sy el a2 Uiz, UL LB TELT- T
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7' /V% SDS-PAGE A2 XV Ik EN#% ., coomassie brilliant blue (CBB) Yefaz1T-7-, Bifatk o7 L
DYKENGEZ LAS-3000 /LR /A A= T FZ A% — (Fujifilm, Tokyo, Japan) |2 THEZL | it
Zh7 =7 Multi Gauge 3.1 (Fujifilm) & HWTIX —RITIR ST RS R IE OGAETRE NS
Ny EERERL, PUTNROZ R E AUz, LB 727 L% SDS-PAGE £(C
TUKENL . =hrk/Lba—RA 7L (PALL, Port Washington, NY, 66485) (ZHiEL7=, #55.1%% .
A7 blocking ¥ (2.5 % skim milk (WAKO, 190-12865) / 0.25 % BSA in TTBS (25
mM Tris-HCI (pH 7.4), 140 mM NaCl, 2.5 mM KCI (Wako, 163-03545), 0.1 % Tween 20) =1 : 1)
IZT=IRT 1 FEMEES YTz, 201%, —IREUAZ S (Canget solution 1 (Toyobo, Osaka,
Japan, NKB-201) / blocking 7&#% =2 : 1) Iz, 4 CITTA T L E—BrE2 T B SS
B, —IRFURSIGE . A7 L% TTBS ISTHRIFL (5 402 BRI TN 10 43 %2 [7]), IR Fiik
% ISR (Canget solution 11 (Toyobo, NKB-101) / blocking &k =2 : 1) HIZhNZ., 1 R =R
ICTCAV T L RSS2, ZIRPUARIGH . A7 L% TTBS ICTHEFL (5 4rx2 [mlBLD
10 432 [A]), ImmunoStar® LD (WAKO, 290-69904) % F\ /={b5238 %17\ >, LAS-3000 /L3 /-
AA—=DT FIAYP—IZTHRE L, Multi Gauge 3.1 ZfVWCTERL, LA T, Table 4-3 (2K Hi
{A. Table 4-4 |2 " IRGUADE WAL LT,

4-2-12. FREHRE

T AT HRRERRGE TR LT, 7 — A Oftat i E 1L, 2 FEM Tl Student’s t-test, ZHEM T
X T ICEL E BT Z A T2 o 724412 Tukey's t-test 21772 o7, F7o, FEBRTLICHWME H1E
&, MR 5 3E D455 H £7213 Figure legends (ZRE#HIL 7=,
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4-3. fifiR
4-3-1. CRCEDATBRAL IS LUV SIRT3 50 /S E B~ D7

CR v AD AR (WAT) (238155 SIRT3 #> /G R BIA T2 A, ) 37kDa 3
LN 28 kDa DO/ N RGN, BRI L2, 28 kDa D/NURIEEE —FEOREREFERIZ CR
IZEDFBN EFHLTWDA, 37 kDa D3RI CRICEVREINME FL7-, (Figure 4-3A), Zhb
#)37kDa & 28 kDa /X R, SIRT3 KR~ AD WAT Tl SN2 o7, Thdz, Zh
5% SIRT3 KA 72U REE 2B (Figure 4-3B), CR I3 WAT (233115 Sirt3 mRNA J 8%
I DA ST (Shi et al., 2005), LXLZRNG, Fx O~<T7ATliE CR (128> T Sir3
mRNA FEHEUIEINL 7225 ~72 (Figure 4-3C), SIRT3 (FHIE (Z CRIBRE L= 1%, SR RUTIC
BATL T s o7&, BB L ONEE L T 52 L@ E S L Tuv% (Schwer et al., 2002), &
2T, CRIZSIRT3 #o ™\ VEDT i o 7 EL G T 2D TIIRWNEE X T,

4-3-2. CR IZ1% MIPEP % 8~ g4

SIRT3 X mitochondrial signal peptidases (MtSPases) ¢ — > T & % mitochondrial matrix
processing peptidase (MPP) (2L 7 0t v 7V SHZEMIMAE IV TS (Schwer et al., 2002),
ZZT CR ¥TUAD WAT (ZBWT, IharRITBATY 7 T VB &R 5% 7 2=y h Thd
MPPo 22 —R9% Pmpca 3 X OIS 7 2= N Céh2DH MPPB 2 =2—R 9% Pmpch ® mRNA
BAF T, LOLZR35, W10 mRNA HHEH CR IZKDHE(KITEE) 7= (Figure 4-4A, B),
CRZE-THINNG 5 MtSPases & [FITET 57260 Fox 15 CR 7~ WAT B2k DNA ~A 7w 7L
AZFHENTL72 (Gene Expression Omnibus, accession code: GSE30668) (Chujo et al., 2013), ## 5.
CR (ZL»>THHL EH-9°% MtSPase &L T mitochondrial intermediate peptidase (Mipep) % [FIEL
72o CR =7 A0 WAT T mRNA FEHEZMERRLIZL A, TRk CRICIVFEBEEIML T/
(Figure 4-4C), Cytochrome ¢ oxidase subunit 4 (COXIV) & malate dehydrogenase 2 (MDH2) I3,
WTHE MIPEP (28> T/ rbel v Va2 A2 L S Tnd (Vogtleetal., 2011), =2 T,
CR ¥ AD WAT THL/_IEIEBLIASRHTLT=LZ A MIPEP O#INICEH 72> T COXIV BED
MDH2 OFEBUIIE ML 7= (Figure 4-4D),

4-3-3 JENHEREIZ 35155 MIPEP @ SIRT3 ~0 5%

MIPEP %, MPP (Lo CH uR v T ENT-L L R VE RGN 5, T 70bb " EitHD 7t
T % MtSPase THAHZ LBV TS (Isayaetal., 1991), SIRT3 %> /X7’ 73 MIPEP
(Lo TEIrS DA RITBEA - PRIR - SR D 3 SOV RPBHER TELITTCThDH, Lol
~7AD WAT TILRIBRA (37 kDa) EREMAR (28 kDa) EHEESNA/NRULIMAER T DZEMNT
X7phho7- (Figure 4-2A, B), MPP ([Z7’ kv rani-th, EBHOTavs 7511 TUVR



1107

WIRa RU T VBT ey 7 EN5 A REMED 9D (Emmermann et al., 1993;
Vogtle et al., 2011), L7z23>C, HEA SIRT3 ZA4kH 9572, FLAG-SIRT3 Z %19 % 3T3-L1
ATBRAE SR IC 7 a7 7 — KB EAID MG132 ZALEEL 7=, ZOMEZLY, SIRT3 O REiHR{A-
A « IR L PRIESID 3 DO REBIEET HIETET2 (Figure 4-5A), SHIZ FLAG 1
K& AW THREBED SR &R T& 72 (Figure 4-5A), 2S5 13 SIRT3 23 BRI UI2%
WD EEFFT 5,

MIPEP 7% SIRT3 OIEMAUIZ A G950 7l 3572 3T3-L1 #ifdz Hv T Mipep D /> 7
Z L LTe& A, SIRT3-COXIV-MDH2 W ALIZ VT mRNA FEHUTEE T2 7 5
B LTe (Figure 4-5B, C), &HIT SIRT3 D7 B F ALIEMEZ T ~72LZ A, Mipep D/ > 7
Z72 280 SIRT3 O FE TdhD manganese superoxide dismutase (MnSOD)D 7 & F /LALL ~ L
D37 (Figure 4-5D),

4-3-4. Mipep KO ~ 7 AD{ERI

\ZH 2R 12 331F 5 Mipep O E|ZF 572912, Mipep KO ~7 A% E#IL 7=, Mipep D%
PEFL Zn OFEAEBALIL HEXXH BEd D35 exonl3 (Z23—RE TV (Chew et al., 1997), &
Pz, Cre-loxP T A7 LAOIERELZ exonl3 EL7- (Figure 4-6A), £ LT, loxP 2MERIEIALIZ
FHAINCWAZ L%, Southern blotting 35T PCR IZLV#EFRLT- (Figure 4-6B, C), Mipep™~
U AMERE% . Mipep™ < AR TARLSHTZAN, A 25 PEH Mipep” <7 AL 0 PLTH 722 &M
o (Mipep™*: 13 T, Mipep*: 12 PT, Mipep™: 0 L), 225 T? Mipep KO vV AR EBIETH
DAREMEDS EIV Y, — 5 Mipep™” ¥V AILIER I B LI, 12 D Mipep™ ~7 AL Mipep™ ~
JATHIRAE LA, REBIOMAEHEIC 2320 7= (Figure 4-6D),
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4-4. BE

ARFETIE, CR 1Z81FD SIRT3 &I LIz RUTTEMEALEEAE DWW TN L 72, CR 12D
Sirt3 mRNA FEHOZEAVIT7< ) 37 kDa OFIEFRANEA LK) 28 kDa AR ANEEIN 22 L7
5. VAL SIRT3 #8708 INE 7 vty o 7 IEHAL THHZENREE LT, SIRT3 (X
MtSPases D —->"Cd»% mitochondrial matrix processing peptidase (MPP) (Z&0 7 vt 7 &b
TERHESILUTCWDAY (Schwer et al., 2002), MPP D3 H1IZIE CR IZEAEEN I -T2, Lol
7235, MIPEP SN 52 L0, 207 at s v 7 OHGEEEPE 22> T DDA MIPEP THY |

R (28T MIPEP 238813 52 LI VAV SIRT3 AT 5B 2 biiz, 7 u7 7Y — A
PLEFNZ L - T SIRT3 OB - AR AL EZ 25D 3 KD SRR TELIEND,
FERC BSOS TN DT LIRS LD, Iba R T <Ry ZZRIZEB VLT MPP %D Y)
Wiz o> W57 a7 7 —BIXBIEDEZA MIPEP & ICP55 D 2 D&% 2 5T 53, Mipep 1%
N RO 72 T F R 5DI1Z% L, ICP55 137/ 1| Szl 20 HTHD
(Becker et al., 2012), Western blotting |Z55/3 RO 7 RORRENDHE 2 T, HRA SIRT3
MIPEP (ZX->THIWrSnLHEL TR JEL VY,

F7-. MIPEP 1%, FB5iEREHER 5 Complex (NUHM) & U Complex IV (COXK, COXM,
COXO, COXIV), &bV EE{k%4T5 Complex V (ATPA, ATPL, ATPM, ATPN, TPO, ATPR), &
HIZ MDH2 O et 72 b o EHESFLTVV% (Branda and Isaya, 1995; Vogtle et al., 2011),
A RIOFEFIZINTEH, COXIV BL U MDH2 #2373 8178 CR C MIPEP 22 /378 L [Alkk
([ZHEIML , 512 Mipep /w74 7 Tl Uiz, F720 N KEGRIEWIINar RUT 2L B o
WHAHIEZ L CIRa s R 7 OB IFHERF ST D728 MIPEP (X3 ha s RU 7 G PER A &
TR LU THAESILTWD (Vogtle et al., 2011), 2SO #H A S, CR ZhHIZFH0 T MIPEP
DEBEREHEZL TNDHEB LD,

PLEXY, CR TD Mipep (2857 0t 7 OIEMHAL TINa L RUT NITH L5 ST B S
L. EBIZ SIRT3 (ZE DML T B F ARIZ Z > TEME(L T 5287 CRIZEITDH WAT TOIM= N
UK T DE TN RAT DT R TNBZEARIRE T,

SHIT in vivo IZ3BVNT Mipep OREREZMENT T 572912, Mipep B8 KB~ A& /ERLL 7273,
ABEDRER Mo EBIE D FTREMEA B ZEMBISA 72572, UL, Mipep ~T R~ ATHE

WA FEE L, 12 HEORES IO B Z2Z03 720 o T, BUE, HEE /v 7T Uk~ 22
V=7 A (IMPC) (28 Th, Mipep KO F® targeting vector [Z{ERLS 41, ES flifid £ CTI/E
RSN TVDN, =T ZAOIERLETIIE > TR, 2072, Mipep KO~ ADF B4
DS IX I, — 5T, Mipep &RIAERD MtSPase O— > Tdhbd MPPB (GBEfs 144 ; Pmpeb) X
IMPC (2B W TN ED HIL TS, Pmpeb 28 RIBIZBAEBIETHY, ~Tr~TAIF 15
WE R R CTHREICEN RN = T ATERENRINATWD (2017 4 11 A BUHE,
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https://www.mousephenotype.org/data/genes/MGI:1920328#section-associations), 4 % . Mipep
THITAZBWT, BT — 22 EHL ., SORDMTE2ED TS T ETHD, £/,
Adiponectin-Cre % IV 72547 09 Mipep KIE~ 7 AZA/ERIL | WAT (23517 % Mipep D%
FRHTL T FRE Th D,

ENMZEBUWT, MPPa (GBA5 144 ; Pmpea) DZ BT EEDINa L RUTIRCIEMET T D /i
BIFEZ S ZHEZL (Jobling et al., 2015; Joshi et al., 2016), Jha L RUTNEX 7 E D7 v
BV ZICEER m-AAA T T — B O BT B AR R RS IE 12 BHE TS (Nolden et
al., 2005), £7c Mipep DZEEITFLLN RIZIT D0 EDOIEFHE, i BRIK TERB IO TS|
FEZFTZENHESIL TS (Eldomery et al., 2016), ZALHDIHIZ MtSPases D2 B3
BRRLEBRIEIZB DA T ENIT R ESNIAD TS, L LA D, RIZIZ MtSPases D25
(ZEDENMREAORBRIZEE T DT D720, SHREDIT, Hix Il 5172 Mipep K~
7 A% W T #2317 % Mipep D& FNZFEIIL T &L T, ka7 R L 00 BH )3
DM DHEE ZBND, A EER LT Mipep™¥iox mice |2 HIRBEMENT 5 L CH & B/ HE)
WMET NERDIEN IS LD,
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Figure 4-1
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Figure 4-1 Schematic overview of molecular targets of SIRT3 and the effects of metabolism in

mitochondria.
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Figure 4-2
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Figure 4-3
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Figure 4-3 CR upregulated the mature form of SIRT3 in mice WAT.

(A) Protein levels of Sirtuin 3 (SIRT3) from the fed and fasted group of both ad libitum (AL)
and caloric restriction (CR) mice were obtained by immunoblotting. The right panel is the
representative image. The left graphs are quantitative data. (B) SIRT3 protein levels of Sirt3
wild type (+/+) and deficient (-/-) mice were obtained by immunoblotting with high-density
gels. (C) mRNA levels of Sirt3 in AL and CR mice WAT were obtained by real-time RT-
PCR. Coomassie brilliant blue (CBB) stainning was used as a loading control in
immunoblotting. Thp was used as an internal control in real-time RT-PCR. Values shown in
all panels are means + S.E.M. (n=3-4 per group). *: p<0.05, ***: p<0.001, analyzed by

Student’s t-test or the Tukey’s t-test.
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Figure 4-4 CR upregulated MIPEP, one of MtSPases in mice WAT.

(A-C) mRNA levels of the mitochondrial signal peptidases (MtSPases), mitochondrial matrix
processing peptidase beta (Pmpcb) (A), mitochondrial matrix processing peptidase alpha
(Pmpca) (B), and mitochondrial intermediate peptidase (Mipep) (C) in ad libitum (AL) and
caloric restriction (CR) mice were obtained by real-time RT-PCR. (D) Protein levels of
MIPEP, cytochrome c¢ oxidase subunit 4 (COXIV), and malate dehydrogenase 2 (MDH2) in
white adipose tissue (WAT) from AL and CR mice were obtained by immunoblotting.
Coomassie brilliant blue (CBB) stainning was used as a loading control in immunoblotting.
TATA box binding protein (Tbp) was used as an internal control in real-time RT-PCR. Values
shown in all panels are means = S.E.M. (n=3-4 per group). *: p<0.05, **. p<0.01, ***:

p<0.001, analyzed by Student’s t-test.
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Figure 4-5
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Figure 4-5 Maturation of SIRT3 was dependent on MIPEP.

(A) Protein levels of Sirtuin 3 (SIRT3) in mock or FLAG-SIrt3 expressing 3T3-L1 cells were
obtained by immunablotting with high-density gel (15%). Cells were treated with or without 10uM
MG132 for 6, 12, 24, and 48 hours. Three arrows show each form of SIRT3. B-ACTIN was used as
a loading control. (B) Protein levels of mitochondrial intermediate peptidase (MIPEP), SIRT3,
cytochrome ¢ oxidase subunit 4 (COXIV), and malate dehydrogenase 2 (MDH2) in shMipep 3T3-
L1 cells were obtained by immunoblotting. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
was as a loading control. The lower panel is the quantitative data. (C) mRNA levels of Sirt3, CoxIV
and Mdh2 in shMipep 3T3-L1 cells were obtained by real-time RT-PCR. Ribosomal protein S18
(Rps18) was used as an internal control. (D) Expression levels of acetylated-manganese superoxide
dismutase (Ac-MnSOD) (K122 acetylated MnSOD) and total manganese superoxide dismutase
(MnSOD) proteins in shMipep 3T3-L1 cells were obtained by immunoblotting. A-TUBULIN was
used as a loading control. Values shown in all panels are means + S.E.M. (n=4-6 per group). *:

p<0.05, **: p<0.01, analyzed by Student’s t-test or the Tukey’s t-test.
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Figure 4-6 Generation of Mipep”' mice.

(A) Structure of the mouse Mipep locu

s (WT allele), the Mipep targeting construct (Targeting

vector), and the predicted mutated Mipep gene (Target, Neo deleted, and KO allele). Exons are

represented by white boxes. Xhol was

used for linearization. (B) The Mipep-target allele was

confirmed in the ApaL1-digested genome by Southern blot hybridization analysis using the prabe.

(C) The Mipep-flox allele and Mipep-deficient allele were confirmed by PCR. (D) Mipep+/+ and

Mipep'/' mice (12weeks old) were measu

red body weight (n=3) and blood glucose level (n=5).
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Figure 4-7
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Figure 4-7 Schematic overview of SIRT3 activation via MIPEP
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Table 4-1: List of primers for Mipep targeting vector cloning, southern blotting probe and genotyping primer

Forward

Reverse

short arm (5' arm)

5'-GTC GAG GCG CGC CGT AAG CCT CTC CCT GCT G-3'

medium arm (targeting arm;5-AGC TCG TTT AAA CCA GTT AGC TCA CAG CAT G-3'

long arm (3' arm)

5-GGC CGA TTT AAATCT TCT TCT GAA GTC CTC AGT TC-3'

5'-GAC GTG CGG CCG CGT AGC AGA ACA GCATCC AC-3'
5'-CGG ATC CGC GGG TAC AGC CAG GAA CCATG-3'
5'-CGA TCC TCG AGA GTT ACC ACT AAC ATA CAG GTA AGG-3'

Southern blotting probe

5'-ATG ATC TCC AGT CTC CAAACA C-3'

5'-TCA GCA GTC CCT TAT CCC TTG-3'

Mipep flox genotyping
Mipep KO genoyaping

5-GGC TGC TTC CTT CTA CAAA-3'
5-TTT GCC TGG TTC ATC TGT GG-3'

5'-CCT CCT GGT GAT GCT CTT TTG-3'
5'-CCT CCT GGT GAT GCT CTT TTG-3'

Table 4-2. List of primers for real-time RT-PCR.

Forward

Reverse

Mipep
Cox4
Mdh2
Sirt3

Pmpca

Pmpcb

Tbp

5-CAA AGG AGA GGT GTG GTG TAA TG-3'
5-CAT TTC TAC TTC GGT GTG CCT TC-3'
5-AGG TTG ACT TTC CCC AAG ACC-3'
5-CGT TGT GAA ACC CGA CAT TG-3'

5-AGT TTG GAC AAT TCT GTA CCG TAG G-3'

5-CAG TAC AGC AAT CAA CAT CTC AGC-3'

5-GGA AGA TTC AGC ATG AGA ACG AC-3'
5-CAC ATC AGG CAA GGG GTA GTC-3'
5-CAT AAG CCA TGG ACA GAG TGG-3'
5-TCC CCT AGC TGG ACC ACA TC-3'
5-TCG TCT TTG CTG TCA AAT CGA G-3'

5-ACA GTC TGC TCT CTG GAG GTA TAG

5-AAA ACT CTG GGC TCT CAA CGT G-3'

G-3'

5-CAA GTT TAC AGC CAA GAT TCA CG-3'

Table 4-3. List of primary antibody for Western blotting.

Name Immunolized Clonal Supplier Catalog Number
a-Tubulin mouse DM1A Sigma T6199
B-actin mouse AC-15 Sigma A1987
COX IV rabbit polyclonal Cell Signaling #4844
GAPDH mouse polyclonal Santa Cruz sCc-32233
MDH2 rabbit polyclonal Cell Signaling #8610
MIPEP rabbit polyclonal Santa Cruz sc-84203
SIRT3 rabbit D22A3 Cell Signaling #5490
TOM20 mouse 4F3 Sigma WHO0009804M1
Table 4-4: List of 2nd antibody for Western blotting.
. Catalo
Name Supplier Numbegr

HRP-conjugated F(ab’)2 fragment of

goat anti-mouse 1gG

HRP-conjugated F(ab’)2 fragment of

goat anti-rabbit IgG

Jackson Immunological Research

Jackson Immunological Research (West Grove, PA) 115-036-062

111-036-045
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ARBFFETIE, BALEMHIL, FMELEMHR TS CR DAD=ALIONT, FETUTOLEHL
ML,
B
1) CR 1% GH/IGF1 7} )VIERAFHINC Srebp-1c ML CHmA LM 2,
2) Srebp-1c HAFHI7 CR DI FIT WAT K RAITH D,
3) CR (2D Srebp-1c 24T L CHENIEE & ANE AL T 5,
4) CRIZJY Srebp-1c [XEFEE Pge-la ZHRGYREL  Iba RUT B RATEIEL T2,
B
5) CR (240 WAT HE &%, R vWAT (2B W T35,
6) CR DZNRIZEBNT, sSWAT 1FA L AV 7 F T LD MR vWAT 1A AU 7 u
LISMZ LD D T8/,
7) CR IZED M1 =o/m77—13320 WAT 2T TR T4, M2 ~7a77— 1L tWAT &
SWAT TOH 35,
8) CRIZEDNEMIIEA I KUM= RUT G B R F O F BRI, 3 5D WAT Hd7s
INETHD,
R
9) CR #ift] 2 7 A ZBEIZATHIT =L F — A RIS DS Z (B CR), £33 CRIZED
AHERRHVETV 7 (W CR) ThHHEBZLND,
10) eWAT (1235175 CR Zh DRI BN L, WIHIIA L AV 2 7 F L OTEMHAL, 8TV 75
T F IV OIMBNAAFT DA REMED B D,

AU

11) WAT |Z351F% CR 12L5 SIRT3 Z & e —H DOINaL RUT X 7B DR -TE MBI Mipep
KAFHITH D,

12)Mipep /v 7 & 7%, Iha RU T BIE#A 7-0O mRNA BEUIZ(LIE T, —FOIba R T
LR E R BT D,

13) fERLL 7228 Mipep KO ~V A IMBAEFIE THHZ D, JRVEFAIZI W TH Mipep (3478
K+ Tdho,

BT B~ ARBIR T U E~ T ADIFE RIS, GHIAGFL + 7 /v Ol F i
DI D FE/RNFTHHZENAGLNE > TS, £7- CR T GH/IGF1 > 7 /Vid S
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578, CRAZKDFFIEMITIT GHIGF1 O EE THDHTLITRIEW D2, FFIBIZ 31T
LT TARRI T ARRIHBL~T ANEFFThHD, Fl2, CR \ZEDT TARRI T U HELOHENIE
GH/IGF1 1K FKfFRY72 L5 &4 T 5 (Nilsson et al., 2005; Yamaza et al., 2007), CR (2857
TARFIF L BLOTLHEIL, CR DA =KX LDHE GH/IGF-1 {RIFHI7R AN = A LD 1 D ThD
EFEZBIVD, — T, Fex L GHIGF1 FEAKAFMEATI =X LE LT, Srebp-1c DIEVE(L, KRR
KA COIEHAL N EE ThHHZ LA HNNILT, Srebp-1c {KfFHI72 CR ORI D—D>THDHAR
EARHDIEVARIZ KRV T F oo 7 T VO RN BEE THL W REMEZ R LT, SbIZ, RFEZL
7§ FIRKO ~ 7 AX> CEBPR/B ~ 7 ADiERNG, BFEOT2OIZITNEMHRIZ 1T HIN=a R T
EEROIEHALEE CTHHEBZ X HNDLMN, Tz 1X CR A3 Srebp-1c IEMEILE L T Pge-la FH
ZILEL IR RUTAG I E LT HZEE DI LT, AT Pge-la 721 T AR
Mipep DIEMHALH EHE THHZ A~ L7= (Figure 5-1), Mipep |% CR 12D Srebp-1c {&AFHIE
72 Pge-la FEKAFHNT R BLTLEL TWOD RIEEMEN ® % (datanot shown), Z4Lp 2, CR IZXANE
Witk DI~ RUTTEMEARIZIX, Srebp-1c fillf#l FIZ Pge-la 38K T Mipep FEHLAS TS H5H A
FEETIIRODEE X TND,

TEBIOHE ZEORKRID. 9 r HEBIZEITSH CR IZED Srebp-1c DERBHIHEITPEAE
ERCTIRMI CRARDZENRIREND, EBLLDOETHNIBAENIZIW T, CR IZEVA R
FIDEBNIES LT F b L TNDZEMND, Srebp-1c DEEEHIEITL 7T o7 F iz
FbDTHHEEZEZOND, —FH . H _EOE FEIIZEWT, CRIZEVA LAY 27 FVIETE
PEALT 203, L TF oo 7 F VT L2 Z e 5, Srebp-1¢ DERBHIFHITA L AV 277Gz
FHLDTHHEE 2D, WTHUIL T Srebp-lc OERGME NN HIET T A 238800

EMEALL TWDZEMD, Srebp-l1c BL T O3 FHREICITR ERAENENEE 2 HNDH, 5% OfE
FHZBWTZOAICHBEETAULENDD, T4 1L CR DAH=ALDHE GHIGFE] JARFNEAT
= ALELT Srebp-1c DIEMALZLZ U=, K TR ENIRAEI TP Srebp-1c {HMEL AT
ZRXLDENINE DI T 2OMITREKIRNEZATHD,

BIfE, CR BRI BB T 2B ORE P THOITEY, CR LRI RAFHE T D <O
DILENRESNTND, BlZIE, TRUBREICEENDRI 7 =/ — /) O—FET SIRT1 154k
HITHHL AT ha— L (Baur et. al., 2006) | FERIFIAEIE T AMPK {EHEALAI THDH AR
> (Martin-Montalvo et.al. 2013) . mTORC Z#fi|LA—h7 72— Z1E M L3 25 2 Jfil T d
%7 /3~ A (Harrison et. al., 2009), 77 AR R 7 F U kE{EH %7~ 3 Adiponectin receptor
agonist CH5H7 T 47 (Okada-Iwabu et. al., 2013) 72ENZEIFH5, £72. Fortney Hix CR
DBARFFEET 07 7A/0 L 1,309 FEADHANS§ D MIIAD BRI H T 07 7 AL % ik
L7cLZAh, 14 FEOFHR S CR LHULIE TR T v 7 7 ANV EAiFE L2 mE L THY
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(Fortney et. al., 2012), ZD 14 DO HEANIL ARTRa—/L0T /3w A2 O BEMEDVRIBE
TS, ZOIINT, BRrA 2 FET CR BRI Z BT 2L EMITERR S TWDH3 CR DO —
O RERFLIALE LD RS TR, FRx 1d, ABFFEIC IV T CR BEEBR 7 D72
HIZ, Srebp-1c #illf#ll FIZ Pge-la 385N Mipep Z2{E ML T DN EE THLH Al REM: A LI LT,
A 1%21% Pge-1o =2 Mipep R~V AL HIL T, SORLMENTZHED | SHIZZNHLOWFEAFE RS
HHZLITEY | BB EG B R OB TRICET . DT milm b2 St Lo s
[E 23T LT DR EN I 1T 2 MM DL | LW OB EEFICH L TOE20,
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Figure 5-1
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Figure 5-1 Diagram demonstrating the proposed novel
molecular mechanism of CR-associated beneficial
metabolic remodeling in WAT and prolongevity effects.
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