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ARKILIZBWTIE, LTOKEEZH W, 2B, B X mRNA 3142V vy o, X
VORI IRERER Z A )V CHEE LT,

PPARY: peroxisome proliferator-activated receptor vy
RXR: retinoid X receptor

FSP27: fat-specific protein 27

CIDE: cell death-inducing DNA fragmentation factor 45-like effector
LPD1: liver PPARy-dependent 1

TG: triglyceride

AST: aspartate transaminase

ALT: alanine transaminase

36B4: acidic ribosomal phosphoprotein PO

aP2: adipocyte fatty acid-binding protein

CD36: cluster of differentiation 36

FAS: fatty acid synthase

SREBPIc: sterol regulatory element-binding transcription factor lc
PEPCK: phosphoenolpyruvate carboxykinase

STZ: streptozotocin

RGZ: rosiglitazone

G6Pase: glucose 6-phosphatase

WAT: white adipose tissue

BAT: brown adipose tissue

LacZ: B-galactosidase

Nuc: nucleolus

Mt: mitochondria

Ms: microsome

Cyt: cytosol

COXIV: cytochrome oxidase subunit IV

Cal: calreticulin

GAPDH: glyceraldehyde-3-phosphate dehydrogenase
Vim: Vimentin

Cavl: caveolin 1

GM1: GM1 ganglioside receptor

shRNA: short hairpin RNA

2DG: 2-deoxy-D-glucose

Wort: wortmannin

PM: plasma membrane

AKT/PKB: v-akt murine thymoma viral oncogene/protein kinase-B
MOI: Multiplicity of Infection
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Peroxisome proliferator-activated receptor y (PPARY) (%, ENZEKTHY ., U T Kk
EVEDHREIR 7T 5D, PPARy BT 25 PPAR 7 7 2 U —IZITHAEE TIZ a. p©O) LW
YO 3OV T HATOFERHFALNZINTND, WTIhOY T XA 74, FRRITEN
SRR TH D retinoid X receptor & ~T B X A v —E R L, BB O aE—H —
WZAF/ET % PPAR JEEESNCFE RIS T 5 Z & THREZHIET 5 (1-3).

PPARy 1. FEMMRICHR B BRI L TV DN, K, BEAL O~ 07 7 — V%
HRELDFRD B D (1-4), PPARy OAEHEEEIZ BT 2T~ 5 . PPARy [FAENHMIARIC S
WCHHEFEIZMWAERR T THDHZ L (5, 6). IRMMIIZINTA R Y T
NWNELTHDITTAREI T O_EAZRIRET D Z & (7). KEBEORIELIHIT 5 Z &
(8,9 (L. MKT 23 (10, 11) HIFEIE). BTV T Na' OFRINZE LIFIHED Y
A7 &mbb Il 4) kOB~ rr77—2IlB0WTalb X7 — Lot zRET 25 2
E(12) ERHLNIZENTWDS, £, A A UBPIESGER ThHLIEAS 7 ) &V v
(RHIES) HDWIn T VXS (T IAIRTTAL) ZEOF 7V P UiFElR
IX. PPARy OEBFEY o RELTHLNTWD (13),

W3 . PPARy IXIEH~T7 ZADOFECTIXIE & A ERILL TR (14), L L7
B, HBRENZ &2 2 BERIFET L TH D oblob ~ U ADIFETIL, PPARy OFETIN
EH~T ZADOFFEIZHE R TELL EHLTWAD Z E2VRENT (15, 16), Oblob < AL
VIFURBIGFICERN DY . BERIHIEFEOREEZAT 2LV T TF U aEETE RN, £0
728, oblob ~ U AL L DN, ML, SAEMIED 2 WIEA o XU SHEGUEE O
JWREE A L, FFICHIE T, HFEEMIE~OZED N 7)) ROZERIC X BEZE
WD STV D, IR S (17) 1X. oblob ~ 7 ADRENIFIZE B35 PPARy D4
FHERE A B ST D 72012, crefloxP 3 AT L2 X 0 FIgEF A9 PPARy 28 K4E L 7=
ob/ob <~ 7 A&AERL 7=, PPARy % KIE X772 oblob ~ 7 ADRFIE TliL. PPARy BpATY
ob/ob ~ U AR LN L EERIENITFREBIMICEE SN, Z® PPARy OXKHBIZLD
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NEMIIT DX, PPARy ORENIITEEA~ORAL 2\ HERSEL 6D Th o7z, LarL,
HREK 1 CTd D PPARy NEIENEMIITFEAICE G LT 5 & 13E 2 #< . PPARy (2K D3
BHIE S DB 2R =7 = 7 ¥ —H O ER PR SN,

MEGIZ, ZOx=7 =7 X —R1ZHEET 572912 PPARy B4 K O PPARy KB
ob/ob ¥~ U ADIF mRNA ZH WY T ANT Vv a v A7 ) —=0 T w1 {Tolz, TORE
H.PPARy AR ob/ob ~ 7 ADRRIFIZE W CTEFEILL TV 528, PPARy KB ob/ob
~ U7 ZADRFITIEFEE L TW AR WIS TR A 2 85+ & L T fat-specific protein 27
(FSP27) BinTOHBEICHEE L7z (18), BifE, FSP27 % L /X7 (% cell death-inducing DNA
fragmentation factor 45-like effector (CIDE) 77 I UV —DO—HTHYH, 2O 7 7 I U —ITI1L 3
FEFED T A Y 7 4+ —2 CIDEA, CIDEB MUY CIDEC/FSP27 (CIDEC (¥~ 7 A FSP27 Dt
NREB ) OFENM LTS, FSP27 B 11, BRI ELT 5851
ELTHRLIDBIHAIIN TN, BRHIZOEKEEILH 6 TldZe -7 (19),

A, IRRARERIZFEBLL TV D FSP27 1%, IEMGIM ORI RTE L. FEIT O IERAL 2 {2
HLTWD Z ENRHE S (20, 21), S HIZ, FSP27 OfEK L~L L BFERE % fifiH 5
H71-9IZ, FSP27 KB~ 7 AMMER S 7=, FSP27 K~ U ATk, HEAMRMHEOEE
W LB L, MR AgE S M e 5 2 & CEEMEOIRITEATER SN D Z & A3
mEANTE (22,23), — . MR BIL FSP27 N THRILL T\ % PPARy O EBEZIEN) &
B THY ., FSP27 # 37 BIFMIRICEIT S MY 70D ROZEEEME L., JEViEOHE
IR RALZ T Z E 2 LM Lz (18), ZAUH OEIFIL, FSP27 # > /37 /3 PPARy K
AR RIC BT 2 =7 = 7 # — K7 & L CHEREHZH > TND 2 & 2Rl
HHDThD,

NEWIIFIC 31T 5 FSP27 A FIBLOFE AT REALNENIER > 7 T )V DB AFAE
LTWLZEaRBRTLHEDOTHD, LinL, ZOT 7 F L FSP2T OHA TR ST
WD HD TR, ZRERRFPEMCEET 28GR b0 L HEN SN, £ 2 THF
JLETIL, MOFBMER Y 7T VICEE T 285 % BB+ 2729, PPARy KM
ob/ob ~ 7 ADJFHE % FV 7= GeneChip (2 X 2 M8FEMEL TARNT 2 1T72 o 72, T DFER.



ob/ob ~ U ADJFIRIZHEEL L T % PPARy X, MU fRERELER T O AR DT, %
BED IR STV < OFESRERANE(R T ORBLZHIF L T\ 25 Z & I LN
7pode, BUE, SHFIEE TIXE N OBRERMBIZ T DOF T PPARy 12XV FH L HEEMN
2SS liver PPARy-dependent 1 (LPDI) 85 1-12% H L@ OFFE LT > T\ 5,

AT, BB R R 08 a 1 & L CHBES Lz FSP27 } O GeneChip 12XV /-
(CHBES 72 LPDI BRI 7 4 —B AL, 1) BRIAFFIIE DRI OE N FSP27 OFBL
(BT 20 EHLMCTDH I E (B—%). 2) LPD] BIG ORI KLY LPD1 Z /87
DEFERAMAT 2L B, = WUE) 2BNET2H0THLH, UUF, ZbH0
OO BT DHFERGEIZ DWW TR GRIR 35,



B—F REROBRRIEHFCEIT S FSP27 B+ DRBMEN

B SR

IR ~_7= X 512, MAFFEE TILTTIC FSP27 OFEN, IBEET L Th D oblob
~ U ADAENIRFIZIHE W T PPARy IKFAIIZHEE SN D Z L 2B LML TS, Lol
D5 oblob ~ T AL RN D72 D JENIFC I T % FSP27 OFREBUL I E THL N
TV, 2 2 CORETIX RO R D I5IFIC T 5 FSP27 ORBLAIT L (5
TR, SBICA U RY T LD FSP27 OFBHIE AL ST H T B ) BB
L L7,

EFB_®H HEFFET A~ ZORFBIZBIT S FSP27 OREBEME

£, oblob ~ T ADEIIFICIIT D FSP27 O3B/, PPARy K OMENGIFHAFER) T
bHZEH VT INEA L PCRIBIZE VNPT, RERTIX, UTD 4 EO~D A%
iz, IEH~ 7 A0 PPARy B4 (OB/OB-PPARYWT) K OVIFH#4F ) PPARy KiEAY
(OB/OB-PPARYKO). ob/ob ~ 7 A @ PPARy EF/ERL (0b/ob-PPARYWT) K ONFfik 4 5 1)
PPARy K% (0b/ob-PPARYKO) TH 5, = DfEHR, FSP27 OF3BUL, IR &Rk L T
W5 0b/ob-PPARYWT ODRFI&IZFV T, OB/OB-PPARYWT DFigiZtb~_T 5 5L LD
ENGED BT, NERGATF 2 S S iz 0b/ob-PPARYKO DTG TIFK L ~L &R L 7=
(Figure 1A), —J7. ob/ob-PPARYWT ODIFgIZI51T 5 PPARy OFELX, FSP27 OXBl%HE
1T 5 X 512 OB/OB-PPARYWT ODFEIZ L THI 3.5 fFOFBENRD B v, T DIBUL,
0b/ob-PPARYKO 2BV TH LWME T35 b7z (Figure 1B),

WIZ., oblob ~ T A LITRRDERDIEWINFET NV~ T ZZAE- L, 2 b OfRIIFIC
BT 5 FSP27 O3Bla ) 72 A L PCR IEIZTHMT LTz, lEWIIFET L~ D 213, B

EF N (db/db). ENEMI AW (HF), 74 23— LA (AL), X F 4= -
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2 ) URABEAALEL (MCD) K O R ALEE (Fasting) ~ 7 AT D, 728, db/db <~ AL L
TFUZEERICERND ) EFRRVTTFUSKEBEEINIRWZH, BEICX VI
fFZFiE L CTW5, £72, HF ~ 7 X ILENENEEIOFGEE, AL ~ U 237 v = — V4G
JFET VL LTx2F ) =Nz GOk, MCD ~ 7 RIIRAEZ £ 9 J5iIT (NASH)
EFETNELTATF A= - a ) URIBROKGEE, R~ Y AT 24 FFFOMEEICZED . W
THOIENIFEZRIET 5 Z EDBALNIR S TWVD, RERTIEZ, 2D~ T AN 0E
JFERIEL TWD Z L 2R T 2720z, gD Y 7Yk K (TG) BEEZM~NI, £
DOFER, WTHOET L~ AL, TG @M/ ha—AD 2 FLETHY . BN
RIS TWD Z & &8 L7 (Table 1), £72, MCD vV AL, Wk~—HI—ThH27T
ANRTHXUBETI ) N TF AT 2T —FE (AST), 77=7 I/ "7V AR T7=2T7—F
(ALT) 232> b —/UZlE_THEIZHE TH -7 (Table 1),

L OEMIFET Vv~ ADFgIZISIT D FSP27, PPARy M UMRFEAI7: PPARy
EEH)ER 7 & LTI BILTWD adipocyte fatty acid- binding protein (aP2) O cluster of
differentiation 36 (CD36) Bin DBl A a2 ha— L~ AL LTz, ZORER., FSP27
DOFEBUT I Fo—L LT, db/db; ) 13 . HF; £ 6 fi5. MCD; # 7 54 O,
80 LI EDZE LWiFE NS H iz (Figure 2A, B, Dand E), —J7. AL ~ 7 ZDfEHATIC
BIF D FSP27 ORIFHIIROOLNT, ar bo—L L _RTHEIE T Lz (Figure
2C), PPARy OFBLIX. db/db, HF KON AL ~ U ADOfEFIZBW\W Tz b —Zktx

TWTN LA ERFBENED bz (Figure 2A-C), —J7. MCD K OMERIEFICK T 5
PPARy OFBFHIIRDOONT o bur—/L & X THEIZKT L7 (Figure 2D and E),
aP2 kO CD36 OFBUZL, db/db. HF, AL M ONMERAEMIITICIHEWT, 23 br—L ek
N THERFEDNFRD LA, MCD B CIEFFEE S/ h - 72 (Figure 2A-E),

FSP27 D38BT, MCD K ONEEAEMAFIZE W T PPARy OREL L IEOMBE %2R S 72
W EBHABLNTR T, 22T, ZTNODIENIFIZEIT S FSP27 OFEBLIZ, PPARy 73
B 5- L CW DS & IFFF D) PPARy KAEBIIEHR ~ 7 A (OB/OB-PPARYKO) % F\CTHa

L7, Biko L 512 FSP27 ®%BLiZ MCD-OB/OB-PPARYWT (2B W T



(A) FSP27

(B) PPARy
6 " _
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Relative FSP27 mRNA
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Relative PPARy mRNA
'
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O—j _____ - __________ l 0" T'T -------------------- I_.,._I

PPARy WT KO WT KO PPARy WT KO WT KO
OB/OB ob/ob OB/OB ob/ob

Figure 1. The expression of F'SP27 mRNA depends on the hepatic PPARy expression and fatty
liver formation.

QPCR analyses of (A) FSP27 and (B) PPARy mRNAs were performed using liver samples from
each genotyped mouse. Expression was normalized to 3684 mRNA, and each bar represents the
average £ S.E.M. of 3 individual experiments. OB/OB, normal genetic background mice; ob/ob,
leptin-deficient mice; WT, PPARy wild-type mice liver; KO, PPARYKO mice liver; FSP27,
fat-specific protein 27; PPARy, peroxisome proliferator-activated receptor y. Note:
ob/ob-PPARYWT mice have fatty liver, whereas 0ob/0b-PPARYKO mice are normal or have much
less fat. Significant differences from PPARYWT liver: * p<0.01, ** p<0.001.
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Table 1. Biochemical parameters of each fatty liver model mouse.

Parameters Cont (db/db) db/db Cont (HF) HF Cont (AL) AL Cont (MCD) MCD Cont (Fasting)  Fasting
Body weight (g) 2340.1 55+0.8 7 22403 38+3.3 " 30+0.3 24+1.5* 21+0.7 13+0.0 25+2.1 22+14
Liver weight (g) 1.1£0.0 2.7+0.1° 0.98+0.0 1.4+0.2 1.1+£0.0 1.240.1 0.87+0.0 0.38£0.0"**  1.2+0.1 1.0£0.0
Liver TG (mg/g liver) 2.4+0.1 6.0£0.9 " 6.6+0.7 14+2.0" 11£1.0 22+5.1% 4.0+0.2 11+£2.1% 6.3+0.1 12+40.3 **
AST (IU/L) 554+3.9 70412 N.D. N.D. N.D. N.D. 29+0.7 48+6.1" N.D. N.D.
ALT (IU/L) 14+4.2 24+1.3 N.D. N.D. N.D. N.D. 2.9+0.3 8.241.1** N.D. N.D.

Each group contains 3-4 mice. Cont, db/m mice for db/db or the diet of cont groups except db/db were described in Materials and methods; TG, triglyceride; AST, aspartate
aminotransferase activity; ALT, alanine aminotransferase activity; N.D., not determined. Each value represents the average + S.E.M. Significant differences from Cont:

p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 2. F'SP27 mRNA expression in fatty liver developed by different methods.

QPCR analyses of FSP27, PPARy, aP2 and CD36 mRNAs were performed using liver samples
from each group. Expression of each mRNA was examined in (A) genetically modified leptin
receptor-mutated mice (db/db), as well as (B) high fat diet (HF), (C) alcohol diet (AL), (D) lacking
methionine and choline diet (MCD) and (E) 24 hr-fasted mice (Fasting). Expression was normalized
to 36B4 mRNA, and each bar represents the average + S.E.M. of 3 individual experiments. Cont,
db/m mice for db/db or the diet of cont groups except db/db were described in Material and
methods; aP2, adipocyte fatty acid-binding protein; CD36, cluster of differentiation 36. Significant
differences from Cont: *p<0.05, ** p<0.01, *** p<0.001.
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FZLLFEEIND N, £ DORBIT MCD-OB/OB-PPARYKO IZBWTHERE TR D i
7= (Figure 3A), —Ji. #RIEVFICEB W CHEE Sz FSP27 O J BllX, Fasting—
OB/OB-PPARYKO (28T, FHBUL F 23580 Hiv7ed - 7= (Figure 3B),

MCD K ONa &I FIZ BT PPARY-FSP27 & 7', IGIFEREIC & ORRERH L
TWLPHALMNZT 5720, MCD K UHERLEE L7 PPARy RE~ TV ZADIF TG & &
PRIz, ZORER, MAHNEMIIFICEWTHES N TG & &L, OB/OB-PPARYWT KT}
OB/OB-PPARYKO DTl & A EEDFRD Hiv7e - 7= (Figure 4A and B), & 512 MCD
REMIFIC B W TIX, IBE L OWERHICE G T % fatty acid synthase (FAS).
sterol regulatory element-binding transcription factor Ic (SREBPIc), aP2 KO
phosphoenolpyruvate carboxykinase (PEPCK) 8in 1 DFBLZFH~7-, MCD REIIFIZEIT 5
FAS D¥%Hl1Z., MCD-OB/OB-PPARYKO |23 T, MCD-OB/OB-PPARYWT & T
BARIKTLELDD, SREBPIc, CD36 KN PEPCK O3BlLX, Wi~ U A TIZEAL
IR o 7= (Figure 5),

LI EDRERE O . FSP27 13, ob/ob, db/db, HF, MCD K UNMERAGNIATIZ IV THFER
IZHEEINSN., AL lEUIFCIEBE SN2V ERB LT/ »7-, £7-. PPARy KiE
<~ ATOFFEL Y, MCD BT D FSP27 DO3BFEE T PPARY IKIFHI CTH - 7=
2. FMEEIEMIITIZIH W TIL PPARY FHKFRITH D Z L AP L NIRRT,

EB=E ARV T KD FSP27 ORBHIE

AIETOFE RN S . MERIEIIFICRB T 5 FSP27 O3 BIFHEIZI1X, PPARy 23885 L T\
RN EDRHALMNI ST, R~ T AX, BA L RY RETHD Z &b, FSP27 @
FEBMNZ A > AV OG- RHERI Sz, £ 2 TREITIX, FSP27 34 AU 2 XY
FEHLHIE S A2 D E DN DN TRE LT,

F9. MR IIHEERLE (Refeeding) ~ v A DTl M O E @G IHMSE 2 FHVC
FSP27 OFRBLEMANT Liz, 7ok, MELE~ T XX 24 FHoREZ &5 LT,
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(A) FSP27 in MCD Liver (B) FSP27 in Fasting Liver
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Figure 3. Induction of FSP27 mRNA in MCD fatty liver is potentially regulated by hepatic
PPARY but not Fasting fatty liver.

QPCR analysis of F'SP27 mRNA was performed using liver samples from each genotyped mouse.
Expression of each mRNA was examined in (A) MCD and (B) Fasting. Cont, normal diet.
Expression was normalized to 3684 mRNA, and each bar represents the average = S.E.M. of 3

individual experiments. Significant differences from PPARYWT liver: * p<0.001.
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(A) MCD Liver TG (B) Fasting Liver TG
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Figure 4. Hepatic TG content in MCD and Fasting fatty liver is independent of PPARY levels.
Hepatic triglyceride (TG) content in PPARYWT and PPARYKO mice by (A) a MCD diet
(B) Fasting. Each bar represents the average + S.E.M. of 3 individual experiments.
N.S., not significant.
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Figure 5. Effects of PPARy deficiency on hepatic gene expression in MCD fatty liver.

QPCR analyses of FAS, SREBPIc, aP2, and PEPCK mRNAs were performed using liver samples
for each genotyped mouse. Expression was normalized to 3684 mRNA, and each bar represents the
average + S.E.M. of 3 individual experiments. FAS, fatty acid synthase; SREBP1c, sterol regulatory
element-binding transcription factor 1c; PEPCK, phosphoenolpyruvate carboxykinase. Significant
differences from PPARYWT liver (MCD): *p < 0.05.
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FERANE~ 7 2% 24 FEOMAR, SOICEHAZ u—2A 8% 24 FEE#EESE 5 2 &
TIERL LT (24), MBI D FSP27 OFHIZ, = ha—Ld 20 B EOEL
WHENED O, ZORBIIHERLUHICIVa L be— L RIBEETERTLE
(Figure 6A), —J5. & AGARIIRCIIT D FSP27 OFRBLL, =2 b — L L TH
ERFEBETARO b, ZORT L RBUTHERLMIC LY 22 br—L L RREE
ThE L7 (Figure 6B), F7-. #RFIKIZISIT D PPARy Bin T ORBUX, =2 ha—b
CHRTHEREBUKTARD O, TORBUIFHELE~ TV AOMEE LTI EAERE
BT (Figure 6A), #ME HEAAENHEMRIZI T D PPARy OFBLULX, = hu—/L b
HRTHERBBULTRRO b, TORBUIFHERIZEY a2 e —/ L L [FRRE £ TH
# L7= (Figure 6B), 2> hur— Lia1 & LCTHW: FAS O3B, 3 Clzgssn<T
WD RER L RERIC, MR IPi & OV ARk IV Ta sy b e — MR THEICIR T
L. FEELIIC LY AERFENFED b/ (Figure 6A and B),

Il FSP27 OFBUL, KA AU RETH HHEE~ 7 ADTETHE S 4L, A
VAU RETHLHEREYY ADOMTHABIET L, £2 T, A2 b
NDOFELWKR T2 & 29 1 BUBERFEET /L streptozotocic ZLER (STZ) ~ 7 A DTl
ZBIFD FSP27 OFHlE, VT VH A A PCRIBEICE VN DT, 788, T STZ v v
ADMPHERA =2 hr— <~ ZZH_TELL EF LTS Z &2 L TW% (data
not shown), STZ H&IZF 1T 5 FSP27 OFBLUL, 2 hr—AD 5 {FU EOFE LWFE
B BT (Figure 7A), LML 5. STZ RFIgIZIT D PPARy O3BlIX, FSP27 @
L IIRRY v bhar—n T EAEED L7 (Figure 7B),

FSP27 OFELUZL, MR N O STZ g (KA AU R 2B W THE L~ L Tho Tt
ZED, EORBUIA AT NIV IHI STV D AR S H, £ 2T, R
IC X VFE ST FSP27 ORBMN, A LAY UG, £ 0a—2 51854 A
U2 LUV OBINE X VAR T3 2B 0DV TR Lz, ARFEBR T, 24 BRI A <&
e AR LTA R vy FRIEZ A a— R EREERICES L, 10 4. 30 45, 1 B
M, 8 WEMI &R 24 KEMZICEIT D FSP27 KON FAS OXRBLA AT LT, HRIFRIC
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Figure 6. Induction of FSP27 mRNA in fasting liver is suppressed by refeeding.

QPCR analyses of FSP27, PPARy and FAS mRNAs were performed using (A) liver or (B) WAT
samples from each treated mouse. Expression was normalized to 36B4 mRNA, and each bar
represents the average + S.E.M. of 3 individual experiments. Cont, ad libitum-fed mice; Fasting,
24 hr-fasted mice; Refeeding, refed mice after 24 hr-fasting. Significant differences from Cont:
Tp <0.05, 7T p <0.01. Significant differences from Fasting: * p < 0.05, ** p <0.01, *** p <0.001.
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Figure 7. Hepatic expression of FSP27 mRNA is induced by STZ treatment.

QPCR analyses of (A) FSP27 and (B) PPARy mRNAs were performed using liver samples from
non-treated mice (Cont) and streptozotocin-injected mice (STZ). Expression was normalized to
36B4 mRNA, and each bar represents the average + S.E.M. of 3 individual experiments. Significant
differences from Cont: * p <0.001.
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BUFD FSP27 OFRBUX, A AV &5 30 KO 1 FEFZICEB W THEREBEEL L L
DIRT2FRO AL, 24 BZICBWTEA VA U EGRIORBLL ~L L RIRE Th -7z
(Figure 8A), — i, ZNVva—Az&xE LIERFEICISIT D FSP27 OFEBLIX, &5 30 4
PAREIZ W THRERIFGEIT AR 5 FEBL L~V OIK T 35388 HiL7e (Figure 8B), T CIZHE 41
TWB LI, FAS 13A v A v/ va—2anf5ic L) FRERGEICEE Y 88 L
VD LR O BV (Figure 8A and B), LA EDOFERNG | IFlgICIIT 5 FSP27 OHEL
31 AV AT Ko THEMH SN TNWD Z BRI, L EORRNG, FSP27 1%
HEWIFRIE DRLIR DFEVIZ LV | EDOFBIMEDN KR E S B2 L Z LW LN oo, £,

I 315 D FSP27 FBLOF -2 HilHK 1- & LT, A v AU AT X 2 RBUMHI 237k &
e,

B Eg

ARFEIZIBNT, FSP27 1% oblob, db/db, HF, MCD K T® ffifs~ v ZDRIAFIZEH T
FRRICHFEIND Z L BH LN o7z GEAED. o, R~ v ZADMEMFIZEWT
HEIND FSP27 13A VAV XTIl S d 2 EMA LT o T2 (55 =Hi),

MHFFEE TILT T, IBMET LV THD oblob ~ 7 ADRIMINFICE TS FSP27 D%
i3, PPARy IKTFHITHH Z E LML TN D (18), MBAFIRICISIT 5 FSP27 D%
BiFFE L, PPARy ORIE L EICMHE L TE 5 (Figure 2E), PPARy KiE~ 7 A D EBR
726 PPARy FEIKFR 72758 Cdh -~ 7= (Figure 3B), T DHEFRIX. AIEIHIFICEIT D FSP27
DOFEBIHIENZ PPARy LA DOINFNEE L TWDHZ L EERL TW5, T4, RO
gz BT FSP27 OFRBLZ HlfH 3 2435 K- & LT cAMP response element binding
protein (CREB) & &7= (25), FSP27 O 7 m & — X —fEEIZITHEEEN) 72 CREB &
BHISFAET D (25), Tz, #if~ 7 ADONENIITIZEIT 5 FSP27 OFBLFHEITIL,

PPARy TiX72< CREB DORHNEz LD,
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Figure 8. Induction of F'SP27 mRNA in fasting liver is suppressed by insulin or glucose injection.
QPCR analyses of FSP27 and FAS mRNAs were performed using liver samples from (A) insulin-
or (B) glucose-treated mouse. Expression was normalized to 3684 mRNA, and each bar represents
the average + S.E.M. of 3 individual experiments. 24 hr-fasted mice (Fasting) were sacrificed
10 min, 30 min, 1 hr, 8 hr and 24 hr after intraperitoneal injection with insulin (8 munits/g of body
weight) or glucose (5 mg/g of body weight). Cont, ad libitum-fed mice. Significant differences from
Fasting: * p <0.05, ** p <0.01, *** p <0.001.
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CREB (2 L2 #tf - HERKOENBLRFOIEMEAL - RIEMHEAIZA 2 U EW
NHTRRESEGELTEY  LTORRRA D= XLPEHRESINLTND (26), 1) #fiy
IZBWT, MmHfA R LU PMETR L, ZA S FEIC 5 & protein kinase A 73
HMHEE4 CREB #V Vb3 %, 2) 8852377 7 FX—4%—"Tk 5 CREB-binding
protein (CBP) <> CREB-regulated transcription coactivator 2 (CRTC2) 73, U > f&{t. CREB |Z
6 L TENBIR FOBE 2 RET 2, 3) FERRICHENT, A 2 Y U LULRE
Wiz EH3 % & salt-inducible kinase 2 |X, CBP X° CRTC2 %V V(b3 5%, 4) U (b
CBP =° CRTC2 (X, CREB & DOFHAAEMNE5E Y . CREB 7> bl L GedE 235 117

Be TNHDRA T =R NE, AZE T ~7- PPARy FERFH iR iTlgic BT 5 FSP27 @
RHFHE, KOOI ZHHAT 20 TH 5, BIREWC Lo, AalETifRRE
IZBT DM ERFD FSP27 ORHBLIX., I & 38272 VKT L7z (Figure 6B), L > T Lt
A J) = X LIIHTFIER S T o D Al RetED |, 7236, MR L7z FSP27 O3BLE, A
VA UEE 8 MBI BWD CTHIAMOICE LWEENEO BT (Figure 8A)., Z DJi
KIZHOWTITA G TR FERPLE L B TN D,

MCD KN AL ¥ U ZADFERIEZ, KT 5D TH -7 (Figure 2C and D), 3725,
FSP27 #BLiX, PPARy DFEIN TS AL vV RZBWTIEFEEI NN T2D3,
PPARy DOFFENFED ALY MCD IZBWCIIiFE S vz, —JF . PPARy OFER)ELE T
ELTHBND aP2 KUY CD36 O3HL, PPARy OFFiE L —FH LT AL ~ 7 A {ZBW
TIHFE I, MCD IZB W TIEFHE S eholz, 2L DMK T HRERD A 1 =X A
IXBUIR CIIRMEIACTH 5, FSP27 O3BLIX, B 5 < Bk L7= CREB @ X 512 PPARy
PAMZH L ODRFIZE D HIE S TEB Y | oAy 72 PPARy EERIEAR T D78 B 1#
CITRe L Z LTINS,

Ob/ob ~ U ZADREMIFICEIT D FSP27 /7 v 7 X o ik, EiFOdGEE 76 LT
(18), L2>L7eA 5. MCD EAFIZEIT D PPARYy DRIBIZ L W | FSP27 ORIUIAEIC
BFLEZb00, If TG &%, 2 har—n I3t A EED LM -> 7= (Figures 3A and

4A), VTHED FSP27 DOFEGEICEE T 2 & IC L 5 &, FSP27 1TNEERICREE S 5 LM
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TR B—=VADOFHE (27) HDHVITEEHIE 28) ZENRH V. b OERELX G ® MCD &

WilFlZB1F 5 FSP27 OEREIC W TIIAS B OMETH 5,
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BTE  PPARy ko THI SN D LPDI BIsF DRBEEN

B SR

LI TIX. oblob ~ U ZADREWINTF HHERERFITH D LPDI AR T D HBEIZ R
L7z, RELEFITE D RO D PPARy 12 X DIEMFIIEICRE 5 L T2 ATREMEAS
B\, KFETIL, LPD] EinfDFBL PPARY IKFHITH D Z & &N, & 512 LPDI
H g OAPSREZBHET 572012, v~ U ASMEMEZ I LD LT D8c Y 7Tkt

L CEEf7y LPDI mRNA DOISEMEMT 21T > 7=,

F_8 PPARy RE~TVRDOFFIRIZEBIT S LPDI DRI

TTIATON TWIEREHB R OREDRER (29) KT —FX—Z NCBI
(http://www.ncbi.nlm.nih.gov/) (& X DM 6. LPDI IZIZ=F% Y 1 OReD 3 DON
U7 > NOFERHL NI o T2, ZRHDO/NRY T > MIZNZEI LPDla, 1b LY Ic &
finds STz (Figure 9), LPDIb MO le OHEE LOFHERBIIG K O Ah 132 < [/ —TH 1 |
B O SFRREMIIF — LB D (%), ¥V A LPDla, Ib KT Ic 1%, 10 &R
C2 fIRIZa— RSN TEY, vV R LPDla \[ZHYM 95k b hLPDI 1,12 FYAIK q22
ikl — REh Vb,

LPDI ® 3 DD TV IRET =) ZA Ty ZAOBEMIFIZENTED X 9 723
B NRE — B m T U TV A L PCR IEIZ K VEEND T, AREEBRTIX, Figure 1 THW
7= 4 FE¥ED~ 7 AT Z, PPARy OFFBRM2 D T RThbH a7 ) 2 U ABREE G fif
Hrite, ZDRER. ob/ob-PPARYWT DFFEIZIIT D LPDla OFBUL, ROLE K w27
U &2 RO W IIZIBWT S OB/OB-PPARYWT DFFIEIZ R TH) 2 fF0FEn
RO LIV, N6 OFBLE, PPARy OXIBIZE W HEIZIKT L7z (Figure 10B), ARALEED

ob/ob-PPARYWT DFfgilzd1F % LPDIb 1%, OB/OB-PPARYWT D IffigilZ bb-~T
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LPD1 genome structure
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Alternative exon1 variants LPD1b |Exon 1b
(cDNA)

Figure 9. Genomic structure of the liver PPARy-dependent gene 1 (LPDI) gene in mouse.
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K10 FEOFELWFENRO bz, ZOFBUI V7Y 2 B X VK 9 5O
72 FHE T H AL, PPARy OXKRIBIZ LY AERIK RO b7z (Figure 10C), LPDIc
DFEBIL, LPDIb D FEIBANZ — 2 EHE L TWIE A LPDIb (T R D
ob/ob-PPARYWT DFRIZIH W TR L~V Th 5 Z & DN FH#AI TH > 7= (Figure 10D), LA E
DFRERLE Y, LPDI @ 3 DO/ T 2 MIWTILE oblob ~ T ADMFEIZE VT PPARy

KFERRBEER LR Z E RPN o T,

T KSEVERFETA~~TROFBRIZBIT S LPDI &EF+OREEMKE

AIEIDREIR KV | oblob ~ T ADRNINTIZIIT %5 3 T8> LPDI 2NV 7 > ME, Wih
b OFBLUHIENZ PPARy 2B E L TWD Z ERREBI L, 26 OFBUIAENIF K &
EOMHBZRT ZERHALMNCR o7, £ 2T, AEITIX, oblob ~ 7 ALSDRENIITF
T~ T ADKIRICEIT D LPDla, 1b KON lc ORBNEEMNT L=, 7ok, H\iz
7V, Figure2 TR SN DOZEH L7,

LPDla OB, a2 bua—~ T ZDOREIZ A~ 7 v 3 — VAL (AL) JENIATIC
BWTH 1.7 FOFERFENRD b (Figure 11B), LPDIb OFRBIL, A F A=
a2 U URIEARME (MCD) JEIFICE W TR 2 5. K ONMERALEE (Fasting) AEIAATIZE W
THI 3 [BEOBEBERFENERD S/ (Figure 11C and D), LPDIc DZ38L%. AL JEIATFIC
BWTK 12 5, MBOBIEMIFICE W TN 2.7 (FOEBERFENRD L/ (Figure
11Band D), 2N HDFEFR LW . LPDI NV 7 v MINEVFRIEDRRIAN DOENC LY . £ D
FHMENRRE SRR D EDNPHLMNI o7z, £72. LPDIb KT Ie OFREB/ Y — 134
NEMIFFET VI THEEIL TE Y, LPDla O/3% — Lidiie oz,

LPDIb O Ic 1%, #RAHEMIITFIZB W TEEEI Nz, £ 2T, MM isiTIC
BFD LPDIb Y Ic DFEBLUZ PPARy NG L TWENENEHONIT H72HIT
Figure 5 THIW /= PPARy KIE~ T A& H L=, 728, AFEBR T, HEFFOFHIZHB W
THEH I BB EFEINLTWVDIEHFEOREERE Cb D
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Figure 10. The expression of LPDI/ mRNA depends on the hepatic PPARy expression and fatty
liver formation.

QPCR analyses of (A) PPARy, (B) LPDI1a, (C) 1b and (D) /c mRNAs were performed using liver
samples from each genotyped mouse. Expression was normalized to 3684 mRNA, and each bar
represents the average = S.E.M. of 3 individual experiments. Cont, diet without rosiglitazone; RGZ,
diet containing rosiglitazone; N.D., not detected. Significant differences from PPARYWT liver:
* p<0.05, ** p<0.01, *** p<0.001.
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Figure 11. LPDla, 1b and Ic gene expression in fatty livers developed by different methods.

QPCR analyses of PPARYy, LPDla, 1b and Ic mRNAs were performed using liver samples from
each group. Expression of each mRNA was examined in (A) high fat diet (HF), as well as (B)
alcohol diet (AL), (C) lacking methionine and choline diet (MCD) and (D) 24 hr-fasted mice
(Fasting). Expression was normalized to 36B4 mRNA, and each bar represents the average + S.E.M.
of 3 individual experiments. Significant differences from Cont: * p<0.05, ** p<0.01, *** p<0.001.
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phosphoenolpyruvate carboxykinase (PEPCK) }® glucose 6-phosphatase (G6Pase) % KT
473y hr—VEETFLE LTHWE 30), TTICHESNTVNS L DIZ, PPARYWT +
U ANZEIT D PEPCK KN G6Pase DFBLIT, MBIz LV = b — UFlRIC A~ T
BREIRFENRD b (Figure 12A and B), £72. PPARYWT ~ 7 ZADRFIRICIH T 5
PEPCK $8llZ, PPARy OKRIBIZEWNTHZALNRTRO b7 Tony, BRI &I
G6Pase |\ TITAERIKTFTARFRD L7z, PPARYWT ~ 7 A28 % LPDla DIEBLIT
HRAMFIC LV BENRD LN, & 5T PPARYy ORBIZEWTH L Lo T2
(Figure 12C), —J7. PPARYWT ~ D AT} 5 LPDIb KON Ic ORI, WIN bt
WPZ LY 3y b — A FRIC R THERFENR D b, MBIEFORIFEIX
PPARy DOKABIZ X W AERIKTAF8D 507z (Figure 12D and E), LA EOFER IV | Huf
WLEE -~ 7 ZDAEMRFIZE1T D LPDIb KON Ic OFRBFHEIZIL, IF PPARy AR5 LT\ 5%
DRGNP o T,

LPDIb KT Ic FBUL, KA 2V ARETH DHEELBTIRIC BN TE L FHFE S
Nz, Tz, TNOLOEMLBTORIICIE FSP27 LRFEICA LAY D
BENE X b, 22T, BERE (BA AV ) KO STZ LB (KA >R v) v v
A DI (Figures 6 and 7) (28T 5 LPDIb KON Ic ORBEMHER L, FEAND STZ
BTN IC 31T D PPARy O%BUX, WIhbar he— L ~UXDFEEIFEALEED
0 72/nodz, LPDla OFBUIFEALIIC LY 2 b — UFRIC R THE 2K T 2358
D HAL, STZ AEERFIIZ BV Tk, A&7 RS S 7z (Figure 13A and B), LPD1b @
HBUX, LPDla EHERIL TR Y FERAIEIC L RHARATRE/R RO LWEBUK TR0
Hiv, STZ WEIZBWTE EFMEM Th o7, LPDIc DIFEHIL, FHELZLHEL T STZ AL
HIZED WL AERIKTARD 57z (Figure 13A and B), UL EDOFER S, LPDIa K&
W 1b OFEHUT FSP27 LRARICA VAV AZ KV IHI S TNWD Z &R E Tz,
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Figure 12. Induction of LPD1b and /¢ mRNAs in fasting liver is regulated by hepatic PPARy.
QPCR analyses of (A) PEPCK, (B) G6Pase, (C) LPDla, (D) 1b and (E) Ic mRNAs were
performed using liver samples from each genotyped mouse. Expression was normalized to 36B4
mRNA, and each bar represents the average £ S.E.M. of 3 individual experiments. Cont,
ad libitum-fed mice; Fasting, 24 hr-fasted mice; G6Pase, glucose 6-phosphatase. Significant
differences from PPARYWT liver: *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 13. Effect of higher or lower serum insulin on the expression of LPD/ mRNAs in liver.
QPCR analyses of PPARYy, LPDla, 1b and Ic mRNAs were performed using liver samples from
each group. Expression of each mRNA was examined in (A) refed mice after 24 hr-fasting
(Refeeding) as higher insulin condition and (B) streptozotocin-injected mice (STZ) as lower insulin
condition. Expression was normalized to 3684 mRNA, and each bar represents the average + S.E.M.
of 3 individual experiments. N.D., not detected. Significant differences from Cont: * p<0.05,
** p<0.01, *** p<0.001.
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EUE 2 BERBET AT RCEITS LPDI O

INETORFHITXTFAE HW=bDTHY , LPD1 NU T > NOFEL, oblob
~ U ZDREMFUANORFE THRILL THD 02O TIEB 622 TliEZevy, £2 T, AHiT
I% oblob ~ T ADEKKKICI T D LPDIla, 1b KON Ic OFBLEMENT Lz, AWz
UL, IR, L DB KA. AR AR OWAiENER Ch H, TTICHEI T
% £ 91T PPARy 3BT, AKX OBENENMMEIZIB W TR L~V Th o7 (Figure 14A)
(31)o LPDI NV T ¥ MZBEBWTHIEL Y b A ERERBIFE O b kX, LPD1a: ik,
O, B O EIRIA. LPDIb: X, Uik, K. AKX OBEIEVEME. LPDIc:
ik, KBS, AGKOEEOISHAR TH -7 (Figure 14B-D), Wb (A& OB A
HRICB W TERILL TRV, PPARy DFBLE IEIZFRE L Tz, BBRZGENZ &2 LPDI /N
U7 > b3, PPARy 2ME & A ERIBLL TWORWINLDRIZ IV T AL 2388
LTWDZ EBRHALMNIR T,

EHE  RREVEMMEICEBIT S LPDI ORRBLH

LPDIb KF Ic &, LPDIa \ZHAJENIT X 0 S IENHARIC W TEE TSR EL L TW
5D LB BN/ 572, PPARY 1X.3T3-L1 EENMIIZBWTHERBLL TW5 (32),
3T3-L1 AEEAR MG I XA IRHE SRR ORI T 523, EFFEA] IDX (1 v AU > +
TXYALS + 3- A TTFIVATF XY T ) 180 ERMla A~ k35 2 &2
HHNTWD (16), PPARY 1 Z DAHMEICBWTHAERKFTH Y . S LITEW BN GHE
ENDTEMHMBILTWD (32), AHITIX, 3T3-L1 miBRAEIGMIE, kBN MIE &k OV e
I AR LT BRI 3510 D LPDIa, 1b KON le DFBLEfENT LT
(Figure 15), 7235, ARZFEERTIX, 3T3L-1 AISEAGHIMIE D & BN ML ~D kI 5 7%
ENEAE STV D PPARy R ORIED FSP27 # KRV T 47 a3y bo— LBt e LT

EH L7z (19),
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Figure 14. Tissue distribution of LPDIa, 1b and Ic mRNAs in ob/ob mice.

QPCR analyses of (A) PPARy, (B) LPDla, (C) 1b and (D) Ic mRNAs were performed using each
tissue samples from ob/ob mouse. Expression was normalized to 3684 mRNA, and each bar
represents the average £ S.E.M. of 3 individual experiments. WAT, white adipose tissue; BAT,

brown adipose tissue. Significant differences from liver: *p < 0.05, **p < 0.01, ***p < 0.001.
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ROT 47 ary ba— L ThHHHEGE ORI, ESNTWIREREFEETHY
(16). AWM biBE s AT AN EYNCHERE L TV D 2 & 23R S 7z (Figure 15), LPDIb
KOY Ie DOFBUL, ARGV IB W THREARATRERIZER LV TH o772, lAVE
JAHIIEA~OMEICEVFEE S L, SDI, vY 7 U Y UBRIZ X0 I LS FE
INDHZ ENBE BN o7 (Figure 15), —Ji. LPDIa 1X. LPDIb T Ic O3B L& b
W35 & AEEIETIIZ BV T H B B R B BLAGE D B AL, MBI~ 53 kic &
DZORBANEFATIH2H00, a7 2 BRI X B RBGHEEIXK) - 7= (Figure 15),
U LEDO#R LY, LPDIa. 1b XY Ic OFEHIL, W HIEVMIAO MBI HEN BRI S
ZERH LMo T, Flo, LPDIb KON e OFBUE LPDIa £V, FSP27 OB/ \H

— A BIL T,

BAHE B

AREEIZBWTC, LPDIa, 1b O Ic X oblob ~ 7 ADEHFFIZE VT PPARY K17
BHEBLERL, ZOHH LPDIb KT Ic 1%, LPDIa IZH~ PPARy (T K 2 5BLFHE RN
W ENHABLNI 2o 7= (BB 0. LPDIb KON Ie O3IT, MCD KON LG IS
BT oblob ~ 7 ADAENINT & LS PTFFERE = 2R3 Z ERH LN -T2,
—J5. LPDla X, AL IEIAFICEE SN SN 2 SONRY 7o b B3 2 -7 (8
=ff), LPDIa, 1b KX Ic OFBUL, WTFILHIEMMERICBWTEBI L TNWD Z &,
3T3-L1 BRNENTHIIEA~D I ENGEE SN D Z & LT o7 GBI, 1),

PPARy L, ob/ob ~ 7 ZADIRMIIFIERIC MBI TH D (17), L L7235 PPARy
H S ITER G 1 CTd 572, PPARy 12 K 0 FEBUHIHE S AR A R 59 2 =7 =
I B =B NI PFIELTNDIET THD, £DO—oL LT, UHZEETIET TITATED
FSP27 %5 L T35 (18), LPDla, 1Ib KON lc b E/-FDZ T =7 X —H /37 L LT
BEEEL TV D72 BI1E, £ TIEI 5 OEIE 72 PPARy DIEFEE - TH D Z & 2T

DMEND D,
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Figure 15. Expression of LPDIa, 1b and /¢ mRNAs is markedly induced by full differentiation and

RGZ treatment.

QPCR analyses of PPARy, LPDla, 1b, Ic and FSP27 mRNAs were performed using total RNA
from each cell sample. Expression was normalized to 3684 mRNA, and each bar represents the
average £ S.E.M. of 3 individual experiments. The experimental conditions for differentiation to
adipocytes were described in Materials and methods. Pre-adipocytes, 3T3-L1 cells before
differentiation treatment; Adipocytes, fully differentiated 3T3-L1 adipocytes; RGZ-adipocytes,
differentiated 3T3-L1 adipocytes treated by 1 uM rosiglitazone; N.S, not significant; N.D.,
not detected. Significant differences from RGZ-adipocytes: *p < 0.05, **p < 0.01, ***p < 0.001.
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ARE|ZIBWT, LPDla, 1b KN Ic OFRBLUL, WIS IFIRICEH W T PPARy OKIE
(X VKT L (Figure 10), £ 5 OFBLUL, PPARy OFFERW U T R Thor a7 Y X
VATKOFHEEES N, D invivo OFEFHIEY LPDI XY T 2 MIWT LS EDF
BUZ PPARy 2’5 L TWAHZ EBHLMNTH D, HUWFILETIETT CTIZ LPDIb O 0 E
— X — TR IT o TR Y, KB TO7 1T —¥ —|ZIIHERN 7 PPAR #5A KL% (PPRE)
PIFELTVWD ZEZFEH L TWD CRAT —4), £ 2, UWFE=TIL LPDI /N
T ho9b, A&y LPDIb 1%, D7 0E—% —fHE D PPRE |2 PPARy MfiEad
%L TRAMEE SN D ERM A PPARYy OEMELFTHD EHEEL TS, HL,
% LPD1 NV 7T 2 h~® PPARy DEAG-OREX, ZTNEHONY T MLV R D D
&L 72 PPARy ME L~ ULRRMRDIBIC BB L TWD Z EENDL, WTho ) 7 b
IZBWWTH PPARy LISNDORFIZ L D FBLHIEH A 7 = X AOFEITEE TE R0,

LPDIb OFWBUIHEA K N STZ A2 XY EF L, BEESLMHE TR T Lz, 203
PR —E, RBIED FSP27 CEHEPILIZbOTHY , REEFHLELA LAY LD FE
BN S TW D ATREMED E N, FSP27 LR 7p %8 8 U TIHRELERIZ K %5 LPDIb OFHL
L, IF PPARYy D% 573K & /v- 7= (Figure 3B vs Figure 12), fafLHIZ L HK A1 > A
UL FT PPARy 2N L, ED L IR A B =X LT LPDIb OFRBGFENE L D DMNIZO
TITFEFICHERN S OO, BURTIIHA LTIV, F72, LPDIb KDY le OFBLNF
— I BT TNV BWTIHEFICEBLIZ D TH o7z, LNL2R2B S, LPDIb KT lc
OFFREWIIF—CTH D0, ThENT BT —% —@BIRIIR L 5720, WEE 1 O3B
ENIRRD1TTTHD CRABT — %), H9%, STZ A~ v R 2T 5 WEIn 1 DRI
%, LPDIb O3B LA, LPDIc MET & L THE—HHIT D RBINF — &R LT
(Figure 13B),

WO LPDI NY T 2 MU IENHARICm L L T D 2 &1, PPARy M ENHERRIC
BRI LTWAHI L E—FLTWD, LPDI NV 72 MRERBLL TV 5 EE ek, 5
FRRIZ, B2 E 00T HIRNICENZEE L T0D Z ENaDR M TH D,

BRI Z &2, —#RA9IZ PPARY OFEBLMEW VML DVIMRICB W T H W v LPDI N
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U7 2 FOREAPBEDLNTEY ., ZORBENDH PPARy FEKITH 722 R BLHI AR O 17
EDRREBIND, L, ITFEFR, M, SR THO=2—1 /23 EBL$ 5 PPARy TR
oA AV EZVECBE S LT 5 L ORERDIE SN2 (33), ZOHED X O ITHAK
BEE L TORIEIIMES T (KRG E), Mk 2 MR L TV D
PPARy (2K VY LPDI NV T > FOFBNMEES N TV D A[EEERH 5,
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W=  LPD1 ¥ /N7 ORBEONREEN

B SR

ATEEOFER LD . LPDI AU 7 > M, WS RIS RN E RS U ARk
BWTHEHLLTho72Z &0, LPD1 # 37 OAEBERE & L CTHIRE B~ BT 5-23
RREND, LNLRNEL, LPDl ¥ 287 OAEFRBEEEIIBUR TIXE< ORMIATH Y |
YIFIEE TIEAR Y X7 OAFREOMAZ REHRNE LTS, AT, LPDI ¥~
R DEBERE R AT 5 720Ic, £ LPD1 & 2% OFBURNT (581 LK OWIIEA
JOTEMEDENT (55—, =) Z11-7,

B PPARy RE~ UV XDFEE T 3T3-L1 IEMiMRIZIT B
LPD1 ¥ > X7 OFRBMKE

% FED Figure 9 [IZ TR L7ZE 912, LPDI Bl 2%V 1 O8R5 3 OO
NUYT v NDMFET D, Figure 16 X, LPD1 % > /37 O & O LPD1 FUEAOERIZ
BT F ROBGEEEZ R LD TH D, LPDIa cDNA OHEE EOBRc= R
(ATG) 1T=F% V> 1 [ZIFET DM, LPDIb ¥ Ic cDNA @ ATG (3= 2 (Z
FET 5 LHEN S 7z (Figure 16), £7-. #&4ha K (TGA) X, WTFho U7 R
TV 4 (TIE(EL TV (Figure 16), &> T LPDIb KT Ic cDNA (X[Rl—D % %7
Za— RKLTEY, LPDla # > /37X, LPDIb KW\ lc # > /37 @ N K&l 31 72/
e S22y LHERIE D, 3 D0 LPDI NU TV hOT 2 JBRINLHEE SN
%%y f-#l%, LPDla; 54 kDa, LPD1b &N Ic; 50 kDa T2, LPDl ¥ 37 DT X /g
FEANC B W THURMEDmWT X BRIEEHIZHEL . 2 TORNT T U 2 TE 08912
N Kiaily O_X7F R&= LR L (Figure 16), Jifkz=ER L7-, fEfLL7= LPDI1 Fifkix, &
NG R g fa Bk HEK293A ICHI BB &7 LPDla, 1b KXW 1c # /"7 %
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(cDNA)

LPD1a
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Figure 16. Synthesized peptide region for preparing antibody against mouse LPDI.




PR E U CHRIEMICERT D2 2= A 7 vy METHERS L7z (data not shown),

Table 2 ([ZKAWFEIZIITDH LPDL NY T > b2 X707 X 7 BRELHIOFE RN %
TR, ¥UA LPDla (X, B F:95%., 7> b:RB%, BT T77 4 v =2:66% KOT 7V 70
VATV 59% OFERIMEZ R LIZZ &22h, LPDla O 7 X/ Bl H I3 fERH] 28 2 T <
REEINTWDLZ ERHLNTR o7, FilkL72E 51T T A LPDIb XY 1c T X/
FefdsiX, ~ 7 A LPDla @ N K¥i 31 7 I /JBERNCHDOTHY | LUFOBEFIEAL
Fl—Thd, £l 7—F—_"—RZX LMK BT, MOEHREIZIB T~ X LPDIb
KOY le (BT DX "7 2 /T2 LidTEhnol,

BEORREIY, LPDI NV T 2 MEEFORBIL, WTIhbro s U Z Y
ob/ob ~ U ZADREMFIZHE W TEFEBL L TWe, 1ER LSRR NIEMED LPDL % /N2
EIRHTEX 0G0 END H7-DIZ, LPDL filkE Wiy =227 my MEIZKDY
nY 7Y BB oblob v U AT R — MIBITH LPDI NY T 2 F Ok AR
T, ZORER, HFARETR— B (whole) #HWzU =A% 7wy hTiX, LPD1 NV
7 v N TCE Do 7 (data not shown), & ZC. Figure 17 (T~ 9 H{ET, /X b=
> KU 75 Nue/Mt), 27 1Y —AME4 (Ms) KOVHIIREE Sy (Cyt) @ 3 DO %
PR L7z, 2D OHES % HWT LPDL NU T v b Z X ORBL AP D=L A, &
278y —ABEFZICBWTHEINDI D TEOMEIL 2 KONy RBRD LI
(Figure 18A), 723, LPDla [, LPDIb KN lc (2T N RN 31 7 2 /B3
ENTEbDOTHLHED, BEHENT 2 KOV RO 5 HEsS 7l () 23 LPDla | K4
] (F) 3 LPDIb K O® 1c TH» 5 (Figure 18A), Z DM/ WTId/Mak~—h —
calreticulin O/N KRR O LN TS HDOD, X b= K 7~ —7%— cytochrome oxidase
subunit IV (COXIV) K OllfE ~— % — glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) O/ RHOH BT, F_F CTHW OB/OB-PPARYWT, L7 U XYV 3k
ALER & ALER D 0b/ob-PPARYWT KON 0b/ob-PPARYKO @ 5 FE DO~ AN I 71y
— AWy, ZhENDOI 7 v Y — AW S LPDL N Tk OFEBL & D>

Wiz (Figure 18B), ZDOf5H., LPDIb &K' 1c ®FBLIX OB/OB-PPARYWT KW
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Table 2. Characteristics of LPD1 proteins.

Speci Protei Number of Protein molecular Amino acid
pecls roteins amino acid Weights (kDa) homology (%)
LPDla, 477 54 100
Mouse
LPDI1b, LPDlc 446 50 -
Human hLPDla 477 54 95
Rat rLPDla 477 54 98
Zebra fish zLPDla 476 53 66
African aLPDla 509 57 59

clawed frog

* Amino acid homology was shown as percentage (%) against mouse LPDla. The amino acid

sequence of LPD1b and LPDlc, which are equally lacking N-terminal 31 amino acid residues of

LPD1a are completely the same.
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Homogenate
[whole cell lysate]

4°C, 9,000xg, 30 min

l l

Pellet Supernatant

[nuclear and mitochondrial fraction (Nuc/Mt)]

4°C, 105,000xg, 60 min

l l

Pellet Supernatant
[microsomal fraction (Ms)] [cytosolic fraction (Cyt)]

!

The pellets were incubated in the absence (No Triton X-100) or
presence of 1% Triton X-100 for 30 min at 4°C

4°C, 105,000xg, 30 min

l l

Pellet Supernatant
[insoluble fraction (Insol)] [soluble fraction (Sol)]

Figure 17. Scheme to prepare each organelle fraction.
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ob/ob-PPARYWT ODJEIZ 31T 2 RN CITFE LB NN oD a7 ) 2
RLBRIZ L0 & L <FFEZH PPARy ORIBIZ L VIZITFERITIHAR LT (Figure 18B), £72,
ob/ob-PPARYWT ODJflc317 % LPDla OFBUL, v 7 U Z Y UV RME TR bil, &
TN HY BRI K o TENIFFEE S LT (Figure 18B), 2L 50 LPDla, 1b KON Ic
DFHLNZ — L, WF b Figure 10 (28175 LPDla, 1b KN Ic mRNA OFEHL/ N Z
—VEHBILT, LEORERX Y, ER L7 LPDI HUKIZ 7 1 Y — AW THRIEMED
LPDl NUT v FEBHTE, BROERIHEMETH L Z LA HRINT,

RIZ, H B THWZ 3T3-L1 JENMilaICIF 5 LPD1 N U 7 2 F OB Z N DT,
LPDIb KO 1c OFHLUT, HIBEARIMIL TR ST, BRI~ MEIZ VG
BEXN, ZORBUIa DT Y Z Y U XD W HFEE RO bz (Figure 18C),
J7. LPDla OFBLG BAENMIIE L e 7Y & > L ALBiiifa TRl e b v, miBRIENG#EE
IZHHENTRBLL TV DR LPDIb KON 1c &3R8 -> Tz, 26O LPDla, 1b &
W 1c OFBLK — 03, WLy Figure 15 (28175 LPDla, 1b Y Ic mRNA D%
Bl — I UTz, 3T3-L1 AENIMIICIIT D LPDL N U 7 > F OFEBLL ob/ob
~ T ADIFRE TR | 270 Y — A~ & LB L BT A AR TR AT RE
o7z, 3T3-L1 RRANENMIED LPD1 NU T b 7w Y — AHISICHBLT 50 A 1
MDI=E Z A, oblob FEMIMFOFER L RFRICI 7 1 Y — AEISICTEER2 N RPBRIE T

7z (Figure 18D),

w8 LPD1 #2237 OHIBANRIENE

fERI S 7= LPD1 Uik % 34l L 7= Riffilcds <, WTEMED LPDL U 7> MiE, EIC
2B = AT D T EBH LN o7, £ TAREITIEX, LPDI AN 72 b
DOHIBINJGEMEIZ DWW T, LPD1b EGFP filie & o /37 il 5 BLMife & O 3T3-L1 BB
MINICIS1T % LPD1 DIEEL 2 S e ta T ISR EMIC G L7,

Figure 19A (%, LPD1b & EGFP D& ¥ > /37 &~ 7 ARFHEMEE AML-12 |2
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(A) Liver (B) Liver
\\o\ Q\Q\ \S
S N S R )
(IgG) . Control RGZ
LPD1 P —— <«—LPD1a 0B/OB ob/ob ob/ob
e “Spptb PPARy WT WT KO WT KO
and 1c (1gG) < LPD1
- a
o — }
LPD1 - <Lron
and 1c
GAPDH S e
(C) Adipocytes (D) Adipocytes
0\0 Gﬁ\ X
@2 2 NN N~
& @ (19G)
M o 2 LPD1 e <—LPD1a
g X / ,
@ Pg,\? <@ ' “ ppib
(19G) <«—LPD1a and e
LPD1 —_ “Looib COXIV % s s
and 1c

B-actin .V s e L R

Cal — - —

GAPDH “--

Figure 18. Determination of subcellular localization of LPD1 using crude organelle fraction.

(A) LPDla, 1b and lc proteins are mainly localized in the microsomal fraction of RGZ-treated
ob/ob mouse liver. Preparation of three organell fractions is shown in Figure 17. The three fractions
were analyzed by Western blotting using anti-LPD1 or organelle-marker protein IgGs. The IgGs for
each organelle-marker protein were as followed; COXIV, cytochrome oxidase subunit IV as
mitochondrial marker; Cal, Calreticulin as endoplasmic reticulum marker; GAPDH,
glyceraldehyde-3-phosphate dehydrogenase as cytosolic marker. (B) The expression of LPDla, 1b
and lc proteins in each genotyped mouse liver microsomal fractions were analyzed by Western
blotting using anti-LPD1 IgG. (C) The expression of LPDla, 1b and Ic proteins in 3T3-L1
pre-adipocytes, mature adipocytes and RGZ-treated adipocytes were analyzed by Western blotting
using anti-LPD1 and anti-B-actin IgGs. The expression of f-actin was shown as loading control.
(D) LPDla, 1b and lc¢ proteins are localized in the microsomal fraction of 3T3-L1 adipocytes.
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SR FEH S, AL — Y —BMEEIC L 0 BB L 2R R TH D, £%I3. Hoechest 33342 (2
L0 HFEIZY LT, LPDIb-EGFP Fl& & v /37 g kD Jeix, D8V 2> b AR
2T TR BAEL TWD K 9 7 iifaf 23 @les iz, Figure 19B 1%, 3T3-L1 AKEAIEN A
ZFEBL L TWDTEME LPDL ANU T > P 2 aOt e LCfER TH D, 1 Itk & L
T LPD1 HUiA, 2 kPR L LT CY3 #i%k (JRfh) FU rabbit IgG Hulkz H 72, 3T3-L1 jk
BN IE2S A4 2 56T 1% Lipid Tox Green (2 & W fkaicYeta L7z, WLEM: LPD1 NV
TV N BRI IR OENIE, R OB & B < MRS ICEE D b vz (Figure 19B), =
NHOFRER LY, LPDI NY T2 ME, 27 &bk, BB & OB 4 b < v 77 %
FIRET D 2 LB E N,

FiEN Figure 18 OfEH2 5, LPDIL 1237 1 Y — AN EEIZRIEL TV, 27
1Y — NS aR, MR, Mg LRI T DR T 7 NS T SRR
INTWD, —BIZRHEE LT, 27 a Y —AESgEIEA AT MR miEER 1% Triton
X-100 THRELT L & AN TR ZIT LS, MIEHCIEE 7 7 MNA_F 7O 4L
R T IIARENE T ORISR 5, £ 2T, 1% Triton X-100 THLEE% O LPD1 O JRJTE
ZIRETT D720, oblob ~ U ZADREWINF KON 3T3-L1 BEEIMAaD X 7 v Y — L@ Sy
% Figure 17 \Z> T 1% Triton X-100 FI¥EPEE S (Sol) K UVREEMEE ST (Insol) (2471
L7z, /Mafk~—%— calreticulin IZ, Triton X-100 ARZLF (No Triton X-100) (2B Tix
AREEMEE 53 TR HILTZH3, 1% Triton X-100 KLBRIZ XV /NEARERAS FI A L S AU R MEm 4y
~BAT L7z (Figure 20A), Ob/ob ~ U ADFEIZI T2 LPD1 NV 7 kX, 1% Triton
X-100 RAE KL LD WF U TN T S AEMEE IO HivTz (Figure 20A), 72,
3T3-L1 BCHVIENGMIIE T H . AT R & FARIC LPDL 2N U 7 > ~E 1% Triton X-100 A
VMERAPICERD Bz, &5, ZOBESICBT BB M B AR 2 o 737 DT B D
Dic & T A, 1% Triton X-100 NAEVERS IR T 4 7 A NOWR Y /37 Th D
vimentin D JHTENFR®D B L7 (Figure 20B),

LPD1 NV 7 > R AR HiTz 1% Triton X-100 AIAEVEEI /1L, AL E# O A7 59

fBEZ 7 b/ IR_ETTNFEET D, BET 7 MNARTZIIEI Z7a KA AL L O—FT,

45



(A)

(B)

Nucleus LPD1b-EGFP

Nucleus

Figure 19. Determination of subcellular localization of LPD1 protein by fluorescence imaging.

(A) Subcellular localization of the LPD1b-EGFP fusion protein in AML-12 cell. The AML-12 cells were transfected with pLPD1b-EGFP vector.

Nucleus was stained with Hoechst 33342 (Blue). (B) Subcellular localization of the constitutive LPD1 protein in 3T3-L1 adipocytes. The LPD1
isoform was reacted with anti-LPD1 IgG followed by CY3-conjugated secondary antibody (Red). Lipid dropleds in adipocytes were stained with
Lipid Tox Green (Green).
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A7 AR a L AT —)uZ AR EORFE DR TH D, Z OfEBIIES
NIBHDHIENEBAITT DX RV BEER L, BEE N Loy 7T RE, MESY
A VA DG, MlEE & 2 WIS NMaiE, S IR AR 2 A
THHLDELTHLILTWD (34,35), —RIIIZHEE 7 7 NI ~_AZ L, Opti-Prep & H\>
B AR EDIEIC I D ETE L2 ERMHNTWD (36), LPD1I NU T b 1%
Triton X-100 RAEMHEIICBIT DIEE T 7 NIRRT ZIZRIEL TW LD EFEND DT80
3T3-L1 ANENTHINE 2 HREE T 7 N1 _F T D532 il ATz,

AREBRTIX, BEIRE 1% Triton X-100 ZLEE L7- 3T3-L1 ARG 0O 2 s iz
WRIZ%E LC, Figure 21 (239 HFIEICHE S T Opti-prep (2 K 2% BE AR L 2TV, Bof&Hy
29 7T a ML, INHDT T aAlBiFS LPDL N T Uk ERE
Z 7 NHRA T D~ —H— caveolin 1 (Cavl) KT GMI ganglioside receptor (GM1) D JF7E
e L7, lBE 7 7 NIRRT T O~—h—F, BIREET7Z7 7 a> 3,4 K5 (Z
BWTHRWAY RBRRD bl /Mafk~—F — calreticulin 1%, FIZ77 273 a2 8 K&

9 IZBWTH® LNz, LPD1 AU 7> ME Cavl KON GMI &d 820 | X0 mEE
757 ay T ICBWTHRVLY R3ER0H b7 (Figure 22A),

FRL7=E S ITHRE T 7 NI RATIE 1% Triton X-100 (ZxF L TEREEMTH 5 03,
saponin ([Z XV, NEE T 7 MNIXT IR D a LV AT e — L xRESTDH L TR
T& %, RIZ LPD1 NUT Y EBRE T 7 MNIRXETIRIET 572 51X, saponin LEE|Z
£V caveolin 1 KT GM1 & [AED RTEELRRD HNDHILT TH D, 5% saponin LLEE
ZAT o= Y 7V (5% saponin) & VT, LPD1 DRFEZ L Z A, /IMafk~—h —
calreticulin (X, EIZ7 T 7 a> 8 KN 9 IZBWTRD LIVARLELY v 7L LR TH
ol lFET 7 MNARET~v—H— Cavl KON GM1 (X, KA T~ EEE

Z773ar 5 kN6 H3Z7 LT, Saponin ZEEY 7T EIT S LPDI ANU T
M, REUBEOY TV ERERIZTZ 77 v ay T IZBW TN Y REARD L
(Figure 22B), LPD1 # > /)7 R S LD E01E, Cavl KON GMIL & —F Lol 2

&L &N saponin ABRIZ KV Cavl KUY GMI [ TEEEMICEE LI-0lox L
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(A) Liver
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Figure 20. LPD1 is localized in the Triton X-100 insoluble fraction.

Microsomal fraction (Ms) was prepared from (A) the liver of ob/ob mouse treated with RGZ or
(B) RGZ-adipocytes. The Ms pellets were incubated for 30 min at 4°C in the absence (No Triton
X-100) or presence of 1% Triton X-100 and centrifuged at 105,000 x g. After centrifugation, the
contents in tube were separated as soluble (Sol) and insoluble (Insol) fractions. The detail

experimental procedure was described in the legend of Figure 17. Vim, Vimentin.
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Figure 21. Opti-prep (Iodixanol) density gradient centrifugation to prepare lipid raft/caveolae

fractions. The detail experimental condition was described in Materials and methods.
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LPDl Z %7 3Bk Lo l=Z &6, LPDL IFNEE T 7 N AO_XAZIZIER/IEL T
W Z EDRH BN o T,

FIE LPD1 #2732 @ Triton X-100 REEME KA AL > OWRE

RITETOFERIND . oblob ~ 7 ADREWINF A 3T3-L1 Rz 5 LPDI /3
U7 v M. 1% Triton X-100 RNEMEEISICRIET 5 2 LR LN o7, AEITIE
LPD1 NU T > bOT X/ BREHIFICAFEN TR SIS Triton X-100 REEHEME 57 ~D 5
ERAAL L OPREERAT, RERTIE, LPDIb-HA TV —v 3 VBT ¥ —% b M
VR AR HEK293FT IZ h T A7 =7 v a v L, EOMBIEMRR % 1% Triton X-100
JLERT% . Figure 17 (2> T 1% Triton X-100 R¥EME K OVRVAMER 2y 2508 L7, & 5IC
IR DESICK L HA HikE WS- 22 7 0y MENT 24TV LPDIb-HA 7 ) —
va v Uy ORTEEPDITZ, ERL LT LPDIb-HA 7V — 3 > % 237X, LPDI1b
72/ BEFIO N Kimfl 5 KB SHE7 NI, N2 LT N3, C Kl 6 KBS
Cl, C2, C3, C4 KO C5, EHICMRImE R SHE7 NC1 TH D (Figure 23B),

HEK293FT M|l 28l X ¢ 724% LPDIb-HA TV — 3 X 37, Wind
7R BEAIDDHEE SN A TR EIZIEF—E L (Figure 23A), LPDIb O&EE*HT 5
LPD1b-HA Full |, Z#E TOFER L FERIC 1% Triton X-100 RNEEPEEI S IZFE O H LTz,
LPDIb-HA TV —>a X 7d5 5 NI & N2 [, £72 C4 & C5 XU I [TR
VRVETE 3 5 B FIRTEE 7y ~ DA TRIZZEN RO b 7= (Figure 23B, right), ¥ 7=, LPD1b-HA
Full #2787 L DIENCEBN T, ClL IENCRIENER 45 7> B AR 43~ D JR{EZE L3
2 BiL7e (Figure 23B, right), & - T, LPD1b-HA % > /X7 |25 % Triton X-100 Ay
W ~DRTE R A A %, D &7 I /8 95-139 (RO FEIR; Insol 1) LT 360-446
(RE.DFEIR; Insol 2) IIFELTWD Z EAURIEEINT-, ESNT- Insol 1 KON 2 OFL
FNZkE L TF — & —~—Z (http://pfam.xfam.org/search) (2 X 5 KA A B EAT 7278,

RS 7B D R A A 3 S oo, BIEREWNZ 212, Insol 1 OATHER IS
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Figure 22. LPD1 does not localize in lipid raft/caveolae fraction of 3T3-L1 adipocytes.

3T3-L1 adipocytes were incubated in 1% Triton X-100 lysis buffer (A) without (No saponin) or
(B) with 5% saponin. The lysates were fractionated by Opti-Prep density gradient centrifugation as
described in Figure 21. Nine fractions were collected from the top of the gradient tube and analyzed
by Western blotting or dot blot (GMI1 protein). W, whole cell lysate; Cavl, caveolin 1.
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NCI1 (% Triton X-100 RIEVEBDIZRET D & PR L, EICIEERDIC/E L

(Figure 23B, right),

BILE B

ARBEIZBIT DI L LT, obob ~ U ZADAGMIMTF AN 3T3-L1 AR M8 5
LPDla, 1b KON lc ®FHUL, mRNA OBRR LT R 7 BN THEa 7Y XY AL
HICE D FLLFEI N, BUVFIZEBWTIE PPARYy ODXRIBIZE VIR T T2 Z E2H S

27 o7 (8 T #fi), £7-. LPDla, 1b KON 1c X J§E T 7 N _A T TiE7V 1% Triton
X-100 NEAEMERICRET D 2 & (B=H). MK LPDIb (i Triton X-100 AEEMEES)
NDRIERAA 3P L 2 rFHHET 2 2 & bW LN T2 CBIUE),

ARFETIL, BIED LPDI 2NV 7 v MBS OERE LV OFEBLER & 135872 0 | LPDI
NYT U RNDR NI LAV DIEBIVEIZ T +— T A LTz, LPD1 Z /37 OFEBLFER % %
T 2T 2OITITIARS X7k T DHUROERIZVHADORETH o 72, T D72 445
EETIX, H1DIZ LPD1 NU T v MIxPT 27 F RHUEZER L7, 441X LPDla &
LPDI1b/lc Z ERNZFR#RT 2 HUAIERIZ FHE L TV ey, ZhEno Z 37 123k L TR
PO W T X BEY 2 R Z N TE o7z, ERESNEIERIEIFAE X

— MZEBWT LPDI N7 2 b TERholey, 278 Y —LAEGICBWT, 1EF
LPDla & LPDIb/lc @ 2 /N2 FOHZRH L, ORI R3FEER O bz
Mole, EloARFURIIARREIC TR SN X9 ICREE AW THLEHAFRTH Y |
AREOHMD 1 5 Th-o7= LPD1L AU 7 v N OMBEHNRIEDOIEZ -+ TREZR & D
Th-ol,

BEREARTN & /37 OMENRTEDRIET, £ OEHEREZEHET 5 L TMied THET
&%, LPD1 /NU T M, oblob ~ U AORRWINT RO 3T3-L1 AR MWV T 2
7 a Y — AESCEICEE LW, 278 Y — AN, M, IRET 7 N
NATEOBEBH M OMBEEEPNEFRLTVWLIE S THDL, TD I DL
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Figure 23. Determination of domain of LPD1 localized in Triton X-100 insoluble fraction.

(A) Preparation of deletion mutants of LPD1. The LPD1b-HA full length protein (Full), LPD1b-HA
N-terminal deletion proteins (N1, N2 and N3), LPD1b-HA C-terminal deletion proteins (C1, C2, C3,
C4 and C5) and both terminal deletion protein (NC1) vectors were transfected into HEK293FT cells.
At 24 hr after transfection, the expression of each deleted protein were confirmed by Western
blotting using anti-HA antibody. (B-left figure) Schematic representation of full and different
truncated forms of LPDI-HA. The predicted Triton X-100-insoluble localization domains are
indicated as aa 95-139 (Insol 1) and aa 273-446 (Insol 2). (B-right figure) Localization to Triton
X-100 insoluble fraction of each deletion mutant. The Triton X-100 insoluble localization of each

deleted protein was confirmed by Western blotting using anti-HA IgG. aa, amino acids.
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RE T 7 NI~ 7 GalA bR < /MaR, MRS O EE 53 1% Triton X-100 AAFRIZ L0 Al
fbEi, NEMONRE T 7 NN T oMl E kS & 3B T& 2, Triton X-100 ZALH I 7
7Y —ABFIZEBWT, LPD1L AN T 2 MIAREPEES IS S vz, £72. HE AR
DEZFWT LPDL AU T > MBIEE T 7 NI _F T8I RIE L TWRWT & EFE
L7, £z, LPD1 NU 7 v MIFICHIREKEZZ < G T 2WIZREL TWD
T EWRBEND, ABFFETIL, HRAKMINC LPD1 X 287 BAREMEE O LD X 5 e A
TR ZIZTEL TND DN LI TERN ST, OB EEIZE £ 5 M
RDL NI EREER L THD G L7, 72, Z OREMEEZ3ICIL insulin receptor
substrate 1 (IRS-1) 22D X /87 HFHIELTWVWD Z ERHESINTEY (37). TN HHaE
B CATIEBIR D X Lo EOMEEH. H D WIEMEICIRIE L T Do AV H 3 T2
ELTWAAREELEE TR, RAZ LT DORIEFLVH R TICONTITS 752
B BUNETH D, B, T—F—_X—RZLDHETF—T7MRITLD, LPDl ¥ X7
H & DA E R ORERL S > /%7 T D alHEMEIX RV EHERR S D,

AR, 2 X7 OMBARNEEZRET DL LTRMZ 37 & GFP Z 2 7 Ld
a2 T DR, &2 WIEHHREZ AW a0t e BiENZ I STV 5, RIFZEIC
BWTHMAEEZMEH LT LPDl ¥ 237 ORIFEREZRA TN, AR RN G D
noTo, —MRANCHER S LD £ 912 GFP fle & v /37 OBl FEBLRIL, M T GFP @t
BE R DEENETSLT NI L, BHDHWIE GFP LB X X7 Ok B
VORI DARDFAEMEDREA L T LE S ZEFOMERARHLH, RETIII N O ORER
HEBRT D760, 3T3-L1 G AIIEIZ 351 2 NFEME LPD1 4 v /37 OS5 st yeta
1o 7203, RN O E R 2R IEIAT S O EIC X W EFEEOH DEERDGE LN oTo, 4
B ORRFHI I TIX, THFEDIL LPD1 % 237 OJRTEA N T 3T % PRI E T X 72
Mot DD, Al &b LPD1 N 72 MIBEBIIC XV B S 2 MW "TRE 22 ARG . £
& 2 WL JRTE L TR WERFE T & 7,

LPDIb/Ic i, Triton X-100 AEEMEE 3 ~DJHE R A A > Insol 1 ¥ 2 #HLTW5H

MM 5T, AREBRTIZ, LPDIb/lc DTV — g X X7 WA, W R
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AA % LPDla IZBWTHAAELTEY ., FAORIERAA & LTHREL TS LA
b, £T UV —a X7 D 1% Triton X-100 RIEPEE Sy 2> 5 FIETEE 5 ~DBAT
KOG | Insol 1 N EERREMEE 3 ~DJRHIE R A A L%, [FE S/ Insol
1 BV 22X LT, T—F—_X—RIZLD NAAL VDR EAT 1203, BEAOFHEN 72 K
AL NI TE R o T2, ZTOFERIL LPD1 X X0 BWRFED A VT 1T ~DJHE R A
A > Z&FF=F, Insol 1 KUY 2 A LT Triton X-100 RIEVEE Sy Do & 2 /%7 % L FRH
ERHLTWAZEEZEWRLTWDE L, ARFEBRIZEBUW T, Insol 1 FHIKD A (NCI)
ERBLIEIL A, FPRICK L TRNAMERICRTE LTz, ZORMIE, Insol 1 fEELAAR
EPER 3 ~DJRTE R A A & U THERET 5 721212, Insol 2 FEINZ W16 & 4 5 fh D fEl %
B ISRREE DS LB & TR LTV D,
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BINE  REIEGMEICEIT S LPD1 # N7 OMEEMRT

B SR

BEBORERG, LPD1 ¥ 371X, oblob ~ 7 ADARIARFLASMZ S 3T3-L1 HibRAR
AR & ARG A~ D L DR ICEB W TEHE LLFEINDL Z ENHLMNTR -T2,
LPD1 % > /37 OABRFERE A MR ATIZHW T in vivo LUV T LN 5 2 I3RS
DERMEAZZENTH L0, ETITEEBE FEASCKRIERMNENRES TH D in vitro FlR T
DIEBEMT N AR & 5 2 7=, KETIZ, LPDIb & > /37 OFRHIFEHA 3T3-L1 sREVIEH
B~ CFEEIC G 2 DR (9 80, LPD1 X230 D) v 7 X728 3T3-L1 g
MR ~D LB EIC 5 2 58 (5 =), XU LPDl # > "I D/ v 7 XN

3T3-L1 AKEVENGHIIOMEDEL Y AT H- 2 552 (GBI 12 OWTHRE L7,

B LPD1 ¥ U7 ORBIRBAPRBIEHMEOSEHFRICE X DRE

55 =D Figure 18 DOfERN 5, LPDla, 1b KN 1c NU T2 FOFRBLUX, WThd
3T3-L1 AiERAGIGHINE > & s NTHIIE A~ D (b ORI W THE SN D Z &3P 5
(272 o7z, KXo TH LPDI N U 7 M, BB M~/ bEFR I ) THERE L TV
2 FREMEDS O, AREITIL, 3T3-L1 AIBEAENIHIIEIZ & & 7 U iiifi| 8l S ¥ 7= LPDIb #
NI D, ENEN RN~ D EEE B G 2 D 5B A e D T,

£, 3T3-L1 FISEAGHIMALIZ LPD1b BB L v A L 2H LN Ta s e —L
& L C humanized renilla green fluorescent protein (hrGFP) FEL L k1 7 A )L R ZJifkGet% . 7
A B ERFE | & 52 bFFEA% 10 B B ISP & L C &R e Y
O 2 F T RS |2 CHESE L7 (Figure 24), 723, £%1%. Hoechest 33342 2L » T
Bz, JENAEIX Lipid Tox Red (2 XV aRtAIZYE Lz, ZORER, mMild O ER e tHE

& LT LPDIb BHEMIIL, 2> o — /U LR T AT BB A % < . K
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BCHRRAL U 7= B D IR I % & ToMila 2 2568 9 Hiv7- (Figure 24), ¥KIZ, LPDIb %
BB 2 EMME O St~ — A — &5 CCAAT-enhancer-binding protein f3
(C/EBPP). C/EBPa, PPARy . aP2, FSP27. perilipinl J2 (¥ FAS D3H% U 7 /L% A I PCR
IEIZ LV D DT (Figure 25), LPDI1b FEEBMINEIZ I 25 B+ DIRBUL, 0bihE% 3
HHEUEE, Wb ay be— gl b _XTHEZ EAPED 5z (Figur 25A-G), &
NOHDOFRER IV LPDIb # > /37 IXRTEENENHINE 2> & B ENTHIIE ~D b # 5k V2
(ZAEDIENTE DO RERALDREEIZEI G- L T\ 5 Z &R S iz,

FB=ZM LPD1L #7007 XU URRBIBHMROSGILEEIZE X 2R

AR CHWEZHZ VX7 OFRFIFEE AT LI ) v 7 X0 v 27 MiX, BEiE
FENTICBEA SN D FEETH D, AEITIE, LPDI X2 X0 D) v 7 BTV AT KR
L. LPD1 / v 7 # v 7y 3T3-L1 NENIMI O bih I b 2 % 508 2 it LT,

LPD] B IZx4 % shRNA ElFIX, LPDIa, 1b &Y Ic mRNA [Z3@T 5 =%
VEIERE LT, T —# —~—2 (https://raidesigner.lifetechnologies.com/raiexpress/) (Z &
» LPDI1-shRNAI1, LPD1-shRNA2 /&% " LPD1-shRNA3 @ 3 Fi¥a% #%7t L7- (Figure 26A),
LPD1-shRNAIL, 2, 3 £ x A7 472 ha—/,L& LT scram-shRNA (LPDI 8x1-Bd
Yl %G E e WES) BB Y X —% LPDIb-HA FHIX7 & — L [AFRFIZ HEK293FT ffifig
IZhT AT =g L, 48 W ICHIIE 2 BN U7, (B U 72 Ml e oD B ik L2 ek L T
LPDI F721% HA PilAz vz = A% 7 vy %17V, LPDI-shRNAL, 2 KO 3 fd
FNZ & D LPD1 Z X7 BELOMEIZ R Z ik U7z, ZOfE%, 3 FEHO shRNA Bld o
9B, LPD1-shRNA1 EiF3 e b IRAYIC LPD1 & /X7 OFHEMEI L=/, LIk o
FEHR CTIIARBLS A2 L72 (Figure 26B),

L FUANANRY Z—(F, 3T3-L1 BRI L CRRICBIG FEATE 5
TENHE SN TWD (38), AFEBRTIL, 3T3-L1 FilkASIGHIIZIZ LPD1-shRNA FEH 1

FIOANAHAINNIXTT 72 ha—)Le LT LacZ-shRNA HEH L o F I A IV A%
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Figure 24. Overexpressed LPD1b induces lipid accumulation in 3T3-L1 adipocytes.

Pre-adipocytes were infected with recombinant retrovirus expressing hrGFP or LPD1b. At 7 days
after infection, the cells were differentiated into mature adipocytes. The cells were fixed and
permeabilized, and the lipids were stained with Lipid Tox Red (Red). Nucleus were stained with
Hoechst 33342 (Blue).
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Figure 25. Overexpressed LPDIb induces the expression of adipocyte-specific genes during
differentiation of 3T3-L1 adipocytes.

Pre-adipocytes were infected with recombinant retrovirus expressing hrGFP or LPD1b. At 7 days
after infection, the cells were differentiated into mature adipocytes for 0, 1, 3, or 10 days. QPCR
analyses of (A) C/EBPp, (B) C/EBPa, (C) PPARy, (D) aP2, (E) FSP27, (F) perilipinl and (G) FAS
mRNAs were performed by using total RNA from each cell sample. Expression was normalized to
36B4 mRNA, and each bar represents the average + S.E.M. of 3 individual experiments.
C/EBP@ and o, CCAAT-enhancer-binding protein § and a. Significant differences from hrGFP:
* p<0.05, ** p<0.01, *** p<0.001.
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Y%, 4 H BSOS AT 5 7, RIS, S EaFE et o, 3, 7. 10 XY 13 H
H QPCR (2&% LPDI mRNA OFEHJEL VIV AL Ty MILVY LPDI #1237
DIBLZRAT LT, Z DR, LPD1-shRNA FBUMIIZISIT 5 LPDI Bis 1 O%BLX,
FThbar br— il & T E%R 0 HE2HHK 80% LI Ll #h R 7558
HiL, 2@ LPDI1-shRNA (Z X2 MIzhRITAD 72 < &b /biFE#% 13 HE E
THife L7= (Figure 27A-C), £7=. LPDI-shRNA FEIAMIICB W TIiE, MBIV GFE S
L5 LPD1 & 2737 OFEBLAFIT 22T S 47z (Figure 27D), 7235, AREBRIZIHB W T
A HT 47 a2 ba—Lt LT LacZ-shRNA % 7273, scram-shRNA % VT
LacZ-shRNA OA L RIEEORERTH D = & 2R LT % (data not shown),
{E#L L 7= LPD1-shRNA HHL o F 7 AL A2 LD LPD]l /v 7 X7 A, =2
b — VIR & BT, A bR 3 H BICB W T2 R OTEREZAL DN 58D &
Mo 7203, 14 B BIZE W CIRBESRIC X 0 RIATE OM /N O & A3 2 fliadms
72K DI A T- (data not shown), & ZC. HIEAYZREAEE Tl 7 < EEAITHENIR O HE
DORRE 2 WA S 272912, 3T3-L1 BB O NG /A L, Ml O & % 5
FEL DA SND FSP27 MO perilipinl 3&fn 1 DI BL &M LT-, obiFE LB
3 XU* 14 A H® LPDI-shRNA JHMfLIZI51T 5 LPDIb BinFD3RBUIL =2 be—b
FIIZ T 80% LA LEDTAE 22 2h B3 iR Hi7- (Figure 28A and B), 3Lk LE
% 3 HH® LPDI-shRNA FEEMALICIIT D FSP27 &N perilipinl OFHLIX, =2 hr
— AR ENEE AV EEDL RS Teb DD, pEFEELEE 14 HEO  FSP27 KX

perilipinl OFBLUL, =22 b —/VHIRIZ LR THERIK T33O bt/ (Figure 28B),
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Figure 26. Determination of LPD1-shRNA sequence for efficient knockdown of LPDI.

(A) Target regions for LPDI-shRNAs. (B) Knockdown of forced LPDI expression by
LPDI1-shRNA1, 2 and 3 vectors. LPD1-shRNA1, 2, 3 and scram-shRNA expression vectors were
co-transfected with LPD1b-HA expression vector into HEK293FT cells. At 48 hr after transfection,
Western blotting was performed on cell lysates using anti-LPD1, anti-HA or anti-B-actin IgG. The
expression of 3-actin was shown as loading control.
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Figure 27. Knockdown of constitutive LPD1a, 1b and 1c by LPD1-shRNA.
Pre-adipocytes were infected with recombinant lentivirus expressing LacZ-shRNA or
LPDI1-shRNA. At 4 days after infection, the cells were differentiated into mature adipocytes. QPCR
analyses of (A) LPDIa, (B) 1b and (C) /¢ mRNAs were performed using total RNA from 3T3-L1
adipocytes. Expression was normalized to 3684 mRNA, and each bar represents the average
+ S.E.M. of 3 individual experiments. Significant differences from LacZ-shRNA: *p < 0.001.
(D) Western blotting was performed on cell lysates using anti-LPD1 or anti-B-actin IgG.
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Figure 28. Effect of LPD1 knockdown on the expression of lipid droplet-localized FSP27 and
perilipinl genes in 3T3-L1 adipocytes.

Pre-adipocytes were infected with recombinant lentivirus expressing LacZ-shRNA or
LPDI-shRNA. At 4 days after infection, the cells were differentiated into mature adipocytes for
(A) 3 or (B) 14 days. QPCR analyses of LPDI1b, FSP27 and perilipin] mRNAs were performed
using total RNA from 3T3-L1 adipocytes. Expression was normalized to 36534 mRNA, and each bar
represents the average + S.E.M. of 3 individual experiments. Significant differences from
LacZ-shRNA: *p <0.05, **p < 0.01, ***p < 0.001.
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EUE LPD1 Z o X2 D) v B BNRBANEMBRIZEBIT 5
BOWRYIARIZE X B RE

ATETCAEZE L7 3T3-L1 ARAENIMIRICE TS LPDl / v 7 X0 v v AT A
T, YWFFEE TIX T E TN RS 72 & 37 OFEBIROMERTENE S~ LPD1
WY T FOREEEZRE L, TARRIBRETOBEMET LPD1 ANU T2 b EFEOERY A & DR
P2 PRI E LR/ GO NI, £ T, AHiTlE, LPDl / v 7 #7285 3T3-L1
ARG AR OFE DBV IAFT - 2 2 5B A it LTz,

AREBRTIX, LPDl / v 7 X v 3T3-L1 BEENAIZIZI1T 5 2-deoxy-D-glucose
(2DG) OHY IAZRIDOWT, 2DG WD FH, 2DG+ A A U AL, KT 2DG+ 1 A
Vo + 7aLF v (Fra—A T AR—F—LER) LM CHNT LTZ, —#&AIZ
RENGHIIIZ BN THE, A A U URIFIIC 7 v a— A kT AR —H — 4 (GLUT4) |
PERIVIAEND Z ERHMBILTND (39), TPz, A AU LI KD FEDOIRY A
TMEEF L, Z2OA 2 AMAKAFZRBEO I JATMT T v LF AL X0 BT 2137
Tohd, 72k, LPDl / v 7 ¥ U Milldickil 5 LPD1 OFHLIZ, =2 v — Ll
[ZHARTH LTSI SN TWD Z & 2 T O LTz (Figure 29), R 7 U & U RKEHN
(No RGZ) KOs (RGD) £5#1Co LPD1 / w7 X v (LPD1-shRNA) fifgizisiF 5
2DG OEY AR T DA AV VDO FEIZOWTIHNT, TO/RER, v 7Y &
VRIIMEHTIE, A AU B LTS WM T o 2DG DOELY IAZEITIE & A EZENR
RN - 7208 (Figure 29A), 1Y 7 U X Y ViR CIX LPDL / v 7 27 Al d
2DG HU VD iAH L, 22> b r—/L#lfid (LacZ-shRNA) [ZHE_TAHEIZHE A L= (Figure
29B),

HERGMIREIC 1T DA o AV ARIFRI IR FEDO I AT, —fKAIIZA VAV — A v
A2 Y K — insulin receptor substrate — phosphoinositide 3-kinase (PI3K) —
3-phoshoinositide-dependent kinase 1 — protein kinase B (AKT/PKB) ® VU &bl A r— K

ZA LT, GLUT4 PHIREICBIT T2 2L TAELDIZ ENMBLATWVD (40),
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Figure 29. Effect of LPD1 knockdown on glucose uptake in 3T3-L1 adipocytes.

Pre-adipocytes were infected with recombinant lentivirus expressing LacZ-shRNA or
LPDI-shRNA. At 4 days after infection, the cells were differentiated into adipocytes for 14 days.
The condition of glucose uptake assay was described in Materials and methods. Each bar represents
the average + S.E.M. of 3 individual experiments. N.S, not significant. Significant differences from
2DG + insulin (LacZ-shRNA): *p < 0.05, **p < 0.01.
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LPDl / v 7 BN K VBEDOR Y IAHENBD T DA N = AL ERENTT D720
LPDl / v 7 X0 HEIZE T D GLUT4 OE~OBITR N AKT/PKB Serd73 @ U [
b2 fifdT L7z,

HACFEEALEL. 14 HEO LPD1 /v 7 X o ARkt LC, Figure 30 (ZHE > CHllia
S 5y (PM Hi4y) ZFH8 L, VA X T ay NafTolz, MH SNV RORIIX
Alphalmager Systems % W CERAL L, P-actin ([T CTHIE L7, ROUEE 1 L Lzt X
DOMRE TR LI, = b —/b (LacZ-shRNA) ¥ Y LPD1 / v 7 X v #ilja
(LPD1-shRNA) (2817 %5 GLUT4 DIE~OFATIZ, ROAFUZHEASA 2 Y LRI LD |
FNEI 1.6 LY 2.1 fEFFE X, AKT/PKB Serd73 @ U U ER{EIZI W TIXZENLZER 5.7
KON 8.4 fEFFE I L7 (Figure 31), 7035, MMfRICHIT 514 AV O#E (GLUT4 @
JEA~DFAT LY AKT/PKB Serd73 @ U LN 1%, £ b6 D EFiIAIE S S PI3K
DIFERTH L VANV F~ =2 (Wort) TrRAICHH S D Z & 28 L7z (Figure 31) .
UEDOFERNBIX, LPD1 / v 7 Z U filldlicB T 5 GLUT4 DIE~D AT KW
AKT/PKB Serd73 OFREN 2 b m— Lififd & b~ R Td v | Figure 29 @ LPD1 /
v 7T R B W THEO IR D AL &R BT R R A CE o7, —J5, 1EH
JTARERE LT LPDL /v 7 #y filaicds i) o Milak oo GLUT4 RBl&IX, = hr
— VIR HE 3 L <RTR L7z,

BLE B

AREZBWT, LPDIb # /37 Zifiifi| L S 72 3T3-L1 sAVIENGMIEIE, S bisE
10 AHIZBW T Hfb~—H—Tdh D C/EBPB. C/EBPa. PPARy. aP2, FSP27 KO
perilipinl BiRT OFRBLNFHE S v, JBRE OIR KL RO Sl (58 _#i), £72.LPD1 /
v 7 Z T HIIBIZE T D ESP27 KON perilipinl i&Ia1O3BL, LiFE 14 HBRICE
WTHEICMRl SN GB=H), 512, LPD1 / v 7 Z v Aildid, Ml o GLUT4
EOMNH S v, AR~ OBER Y AL B INH] SAvic (YD),

LPDI1b % giEEAEI A 50 R S e DB OMIEIE, JETE DT ZRD b7 )
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Homogenate

[whole cell lysate]

4°C, 12,000xg, 20 min

Pellet Supernatant

0

] Pellet in TES buffer

] Sucrose Cushion buffer

\_/

4°C, 105,000xg, 60 min

4°C, 31,000xg, 60 min

Pellet
[plasma membranes (PM)]

Figure 30. Preparation of plasma membranes fraction for GLUT4 detection.

The detail experimental conditions were described in Materials and methods.
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Figure 31. Effect of LPD1 knockdown on GLUT4 translocation in 3T3-L1 adipocytes.

Pre-adipocytes were infected with recombinant lentivirus expressing LacZ-shRNA or
LPDI-shRNA. At 4 days after infection, the cells were differentiated into adipocytes for 14 days.
The cells were maintained in serum-free DMEM for 24 hr and then stimulated by 1 uM insulin
alone, or 1 uM insulin and 1 uM wortmannin (Wort) for 20 min. The cells were homogenized and
fractionated by ultracentrifugation into whole cell lysate and PM fractions as described in Figure 30.
Western blotting was performed on each fraction using anti-GLUT4, anti-AKT/PKB pSer473,
anti-LPD1 and anti-f-actin IgGs. No tre, No treatment; GLUT4; glucose transporter type 4,
AKT/PKB, v-akt murine thymoma viral oncogene/protein kinase-B. Quantitation of the bands was
performed using the Alphalmager Systems and are expressed as the fold change, after correction for

[B-actin levels, relative to No tre.
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72 (date not shown), —J7, LPD1b Z HISEAGHIAIILIZ & & 7 U ool 58 S, /0bihE
SEoMalE = o b e — i He TR D IERAL K OVt~ — U — 8 s 7 D FEHL L
FNERH B Z LD (Figures 24 and 25). LPDI1b (3L AT DHEREE A
THIENRBEINT, b~ —H—TH D perilipinl LT FSP27 (X, Wb ARG IC
JRAE L. BENHE OIERAE KL OHPEREMI OFERICE S L T D Z EnmbiTng (21, 22,
41), Fihwz, LPDIb FEMAEIZIS T D R OIERIIX, perilipinl }2 OV FSP27 &ix
T OB L ~LO EHIZER L TWD Z ENEXHND (Figures 24 and 25), F7-. LPDI
)Xy SEEMEICET S FSP27 KO perilipinl 8T OFRBUL, a2 ha—
JVHIBEIZ B TOMEERE 14 H BBV Tfl & 723, 2baFiE 3 B B3 T
EN7ano 7= (Figure 28), T DFERNS . LPD1 X, b B#HTH S 3 HEIZBWTIX
FRI R L OMEHEIZIXIE & A EBE L TR BT, RITHboB Iz W TR &
BYLICEE LTS LEX BND, BURTIL, LPD1I A ED X 72 A 71 = X A CHENHfE
SEZEARE L T D NI L TIEZR WA, 272 < &b LPDL [FZIZIZRIE L TR
ST NG, b~ — I —BE T ORE A EHENICHIET 5B E R 7 ClER N2 RN T
X5 (Figure 19),

LPD1 / v 7 Z 7 i (LPD1-shRNA) (X, =¥ b2 —/Lffifld (LacZ-shRNA) [Tt~
THIFRREE o> GLUT4 &2ME T L, AN ~OFEEL Y A A 33| 4172 (Figures 29 and 31),
ZOFERN G, LPD1 # 237, Ml Lo GLUT4 &% L5 S®5 2 & T, Mg~
DFER D IAHZART Z LRI S N7z, BUR T, LPD1 (I K HMflafE = GLUT4 & |
A-H3, GLUT4 DE~OBITED EFICL D00, £721% GLUT4 DML L~/LTDH
BRED EFICEDbONICONWTIIAATH S, ZORHREZHAL NI 572012, LPDI
J oy 7T RO SRBERRIRIZ IS 1T H GLUTS # /N7 OFsBLE, 25X GLUT4
mRNA OFEHEZLZ 2 bu—/Llila s ik 2 658 H 5, £72. GLUT4 X, 5
DI G- BB N+ TéH 5 Krippel-like factor 15 (KLF15) (2 X > CTHIUHIE &,
KLF15 &2 EOBBIZBE W THEIND Z LR HEINTWVWD (42), LPD1 23571k
FRICHIT D KLFIS ORBFEICHES L TV 0EHA L TiEnss, SEIEH L
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LPDI 2 X 2 bMREMERIC L Y KLF15 &Y GLUT4 ORBITWIFnbFEIn 015
AIREMED N B 5

a7 URINEETCEEE L. LPD1 /) v 7 X o il e = b e — Liia &
DOETIE, A2V B K DBV IABBICHERENRBDO NN, v 7 2
VRSB TR L-miafic v it AERENRD Liv/eh -7z (Figure 29),
ZOFNELT, v s Z Y U BIZ KD LPDI ORBLEFRIZEIY, LPDI /v 7 XY
Vil L = b e —/Lfifd & Do LPD1 RELEICENR &, T ORRE L THEEY A&
BICHERENE LB X BN D (Figures 18C and 29B),

AN~ A ENZBHIT, RO R LX—JFE LTHA SRS, REIORT
REWC 228 SR ICE A BN D Z ERF BTV D, WX IZ, LPD1 (T X DHEEY A
FOEHEIL, LPD1b FHELMIZ B W TRD b TZEME ORI KRELS HFEHE L TWDH Z
PR E LD (Figures 24 and 29), 70, REWGHIRIC 31T D HERIN ~DFEE Y iA L,
24 VA ARIFENCHIRAEA~EATT 5 GLUT4 (2L » THIE S L2 23, FFAaN~kE
BV IATZE, FIZA R Y KRNI H/ET 5 GLUT2 (2L - CHilfiflah s 2
ERFBENTND, LML, obob =T ADAEIZB W T, KL~ LTiEdH 5728 GLUT4
DREBLTCND EOWENH D7 (43). LPD1 I X 2ffaE o GLUT4 &0 EHIC X
DHEEL D AL PMEES N TWND B2 D,

Ob/ob ~ 7 Z DT/, =2 bIENMIRD X 5122 < O 2% 2. TENiH

b~ —Hh—& LTSS PPARy, aP2 JxOY FSP27 72 8 OB T RENFEIND
ZEPRESNTND (17), 16> T, AWFZEICR W TRD b7z LPD1 (2 X D IENG#la sy
{EZARTHERE I, (T 5D B THHIIIC I T DS HEICE G- L Tnb B2 b b,
$7z, ARSI L7z LPDL I K DR OIE R kIZ, LPD1 & RENMIATI AL & o B
R DERE U CREBERGE, 5%, LPD1 ORI S~ DE R 72 B 52 1 5

(ZF D7D, W D REAIRERRIT 21T 7 O WEDN D D,
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BLE WG

ABFFRIZ I TR, NRWIITICRR RAYIC R BT 288 PPARy FEAVIE(R T OREMEE D fig
WraiTol=, FIdIZ, FEIFRERA 08T & U CHBES Lz FSP27 s 123 kR o B
ROMEMIIZ RN T ED L 9 2 R8BI 2 /=T DT L7z, IRIZ. GeneChip (2 XV #i7zIC
Bt SAVTZHERER NI CTd D LPDI A5 FDOFBIMEKR Y LPD1 & /X7 OREREMRIT 217 > 7,
LIFIZ, AR TR OB RZEH L ORT,

1) FSP27 BInTD3BUX, FREVIFET VD 5 6| oblob, db/db, &R, A TF A=
2 ) U RBRR MR~ T ZAOIEHFICE O TREMICHEE S LA, T3 —/Li
H~ 7 2OV CIXdE s i o T,

2) FSP27 BIntOMT-2BEMGINFE LT, A2V &2 /AL,

3) LPDI BIa1IZiX, =%V 1 O8RS 3 DO/NY T~ LPDla, 1b X1 Ic Bix
TINGFIEL, ZNEDOBE MO X7 OFBUL, WTIh oblob ~ 7 AD A
J O 3T3-L1 BV fAEIZ 35T PPARy {KAFHTH -7z,

4) LPDI Y 7T v MEEFIX, BTN WT RS A, BEiEHE BV TEZ
LTz,

5) LPD1 NUT > &7 iF, EICMIERZ FZEITEHT Triton X-100 ANEEHEHE 532
JRTE LTz,

6) LPDI1b il FE BRI ~D 3 bak Sz et L, MilaPNONENE Rz e LT,

7) LPDl NUT U NERXT D)y ZT %, MilaE EO GLUT4 &4~ SH, M
NN ~DHE D HL Y AT B % i) S H 7z,

PLEDRERIN G FSP27 B FI3EFBIEO KK OEFEVIZ LD . ZORBIMEN KX
SBRDZ EBRHOENIIRoTz, Fl2, LPDI NY T2 MBI FIE, WTRL L HTH PPARy
EREL T THDL I ENHLMMI -T2, 6T, LPDL NU T > " & X7 O FERE
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& LT, IR ONENGZEFE K& OBEDEL Y IAZEENE A 23R S 47z, IAEARE O B X

LSHBOHETH LN, D7ty LPDL NU T v ME o7 2 X ANENEREOEHEIT.

FSP27 & [FIERIZ PPARy (KAFHIZe BT AR 9] < BEH- L T2 AIREMEAS @V,

BUE, AEEEHOAREEIT, HRASETHEML TR, 4% bHN0o—i@zil%
ZENTHRIND, Fw ., AIEEEIRICOME T DR 2 AR RTT D BRI 2R K
DFIFIIRBEOMETH 5, AFFROE R L5 EIT, NI 2 5 Lo AT EEIS O RIZEBH 38

(L RLAERZ BT 6TZ ERIfFsh D,
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[EBR D]

1. #%E

FERL 9 2 LA ORIKIL, T T4 7 A 7RSS D WDITFYEMSE T3S0 5
A LT Frfkdn 2 L, £/~ 0 2%, Uik S oA U7, 3EE0FRIZIE Elix
3 fliAKEEE S AT A Millipore) 12 & 2 WisB sk 2 H L7z,

2. EERBY

L7 F VIEH (OB/OB) K OVKAE (oblob) DIiEfnTs F % b - T IFdds 572 PPARy K
B RE, KL (17) X TERENE L OEER Lz, 708, A~ U AL, PPARy
BIRTOTFX Y 2 % loxP Bl TEEAISEE FEZ R D, RO T VT I v
JuE—4—%F> CRE Varv i —E&%El45,

JEET Vv CH D db/db ~ v A%, 8 llin C57BL/Ks)-leprdb HftE~ T 2 (HAZ L
7Yy Wi, £, ar b=~ X THD db/m (L. db ~7T 1 C5TBL/6) Mt~ v
A (AARZ VT ZHWE,

AR &L (HF) ~ v 2id, ®mIENiE e F2HFD2 (4 U = Z VR
Z 8 WD C5TBL/6) MEME~ 7 2 (LB EAh) 12 2 » HRHREET 5 2 L2 X v 1Rl
Lz, ¥ b=~ R, —#M7% MF fikl 4V 2 X VBRI AS ) & R
e e L7z,

TV a— LALE (AL) ~ 7 AiX, F2LEW filkl (4 VU = v Z VEERERR S ) 12
50g D 99% =X —/)LEAIRIMNL, BEZIE/KT 1000ml & L7222 8 Wi o
C57BL/6) Mt~ A2 2 » AMKET A Z LICE 0 ER L, 2 ba—n~T R,
F2LEW figl (4 U = o X VEERE) ICIRE K D B 2R E U TR CRIEARIAGEF L 7=,

AFF=r a3l RERE (MCD) vV R L, AF A= - 2V U RELEHEE
F2MCDD (4 U = Z VEERE) & 8 il CSTBL/6T Mk~ 22 1 » ARI#REET 25 2
EICEVIERI LT, a2 ba— b~ T RTF—BY78 CE-2 ikt (AARZ V7)) %R
FRER L7z,

o ALFE (Fasting) ~ 7 A1, 10 iz CSTBL/6) Mt~ 2% 24 FR#fa4 252 &
L DAERL U 7=, FE AL (Refeeding) ~ 7 A1, 24 FEfi#i&%% . high sucrose diet (CE-2
Akl :sucrose=1:1 TRE) % 24 KEGEET 22 SIC X VERIL, =2 br—< T
Al CE-2 filktz 48 WRfFGEE L7-,

1 BUBEPRISE TV (STZ AL ~ 7 A, 8 #lMine> CSTBL/6) MEE~ 7 A% 4 iRl A
#%. 1 H 1 [A] 50 mg/kg streptozotocin (Sigma-Aldrich)/ 7 = > FRIEHE % MEIPEN $¢ -3 5 LB
A S AT ZEICEVER L7, 2 br— <D R, e LTHWZ
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T PRI D B % AR B - Uz, S2BIRT D, MO~ 7 213 MF ik 2 #G e L7z,
Y7 H Y AL, mY ) Z (Enzo Life Sciences) & fEFHIZ 0.02% (w/w)
ORFETRFML 2 HEFEGET L7z,

3. EEMME

~ U AHIBEAE MG 3T3-L1 KO MR EE Mgk HEK293FT (X, 10% 7 ikl
i & (FBS; BioWest) % & %¢ Dulbecco’s Modified Eagle’s Medium (DMEM; Life
Technologies) 15Hi1|Z ., antibiotic-antimycotic solution (Life Technologies) % 100 %A fRIZ 72
D EIITIZ, 5% COy 37C DERMT THEE LT,

~ 7 AJFH R aRE AML-12 1%, 10% FBS % % ¢» Dulbecco’s Modified Eagle’s Medium
nutrient mixture F-12 ham (DMEM/F-12; Life Technologies) 55 H1|Z . antibiotic-antimycotic
solution M OV insulin-transferrin-selenium A (Life Technologies) % Z 141 100 AR & 72
BHEITMZ, S HITHRHKIEE 0.1 uM IZ72D K 9127 F % A%V (Sigma-Aldrich) % 1
Z. 5%C0,, 37C DT TH#E LI,

4. 3T3-L1 miBRAGMAMERA D S ERIEFHIBE~ DS ELFEE

B+ 2 LIAME, 90% =27 vy o> 3T3-L1 RBRAGNAMAGIC, s basEHRl & LT
AL 10 ug/ml A > A U > (Life Technologies), 1 uM 7 % X % > (Sigma-Aldrich),
0.5 mM 3-+A YV 7 F )L AF )XW F > (Sigma-Aldrich) XX 1uM 727 U Z > (Enzo
Life Sciences) % 10% FBS &4 DMEM H:HUZHII L, 3 ARMEE Lz, =0k, Miaix
IASTEEE 10 ug/ml A > AU U EZFRIM LT 10% FBS &4 DMEM Rz T, /e b
10 AL LT,

5. PUS YR FOAIE

~ U ZADMED S OJFE O 21X, Bligh-Dyer 35 (44) Z AW/, ffli& 0.1 g I
0.IMKCl1ml Mz, |RICTHRETR— L7, ZOBEKK 50ul (2, 0.1 MKC150 ul
Mz TR L, 270 100wl 2L FOREMEICHW, 20370 (100 ul) (12,
JuauR)V AL ) —v (BEL 1:22)375u ZINZ,EIRT 3 oA FaX—RFLT7,
AU Fa_X—  MEDRIRIZ, 7k /bs 125ul KOVK 125wl Mz, =FiRIZT 12,000
pm T 10 7oELODBEL., 2O TR (ZFreuhrLi@) 2ioFa—7 2oLz, T
@B o EEls, O aadbs 100wl ENZ, FIRIZST 12,000 pm T 10 4y
DOBEL-%. TEEZSDERL, RICoBLEZ7oakLra@eabtl-, Al 2o R
L—#— (SAVANT) |2 CHzlE L, ZRiEicA Y 7 a) ) —L 200ul 2z, Y=/r—3
VICKVREBIIBEIE, 209b0 2w 2, NV Z7URY RREOREM L E
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LT L, 2. U ZU®Y FREOHIEICIZZ AV Y= b TG (BAKAT 4 Jv
ARt 2T,

6. AST RU ALT il

~ U AMIEFD AST O ALT OMEIZIE, T AT IF—8 CI-T A ha—U
(Fnefids) =M=, £7°. 96 well plate @ 2 >® well |Z 7K (blank) 2 ul, AST JE#E
W 2wl & 4ul F£7201L ALT KRR 2ul & 4ul 2123 2O well (ZiFMiE (sample)
2ul ZINz 7=, &51Z, sample & blank @ well (& AST &KUY ALT FIREE:RE A 50 ul
ToM%x, 37C T 5 A ¥ aX— MM&, well IZFHAEEZ 50ul $OMZ 7=, AST %
7o0E ALT OXEMERRD A -7 well 1ITIX, EHFH AST F£721% ALT HEEERESRKZ 50
ul Fo01%.37C T 20 A > FaX—h L1z, TDH . BEDOASTZL2TO well IZ
FOME1E#E 150 wl 952012, 540 nm D& TWIEE 2 HIE LT,

1. 4AYRAYYRVTLA—ADEEIZL ZMmBEED T
A AV > (8 munits/g body weight) F72(%27 /L2 —2Z (5 mg/g body weight) % &L &
) IZFHEE L7 PBS400 ul 2~ U AEENICE G L, £7c14 2 o FRIE, &5 10
30 4. 1 KgfH], 8 BRI ON 24 FEZICHIBHEZRIET 2 Z I K VEHl L7z, fE
EOREIX, ~VAORENOLERI LMK 5w ZRERY T vEL, ZAT A MY
P— (ZFUEFRIERT) 2 VT T2 72,

A
a3

8. AVNNHIDEE

&Ry BEOREIEICIE,. PIERCE BCA Protein Assay Kit (Bio-Rad) & /=, £,
Kit H'® Reagent A, ReagentB % 50:1 OFH|E THEA L. working reagent Z{ERL L 7=, &
(Z. BSA (1.37 mg/ml, Bio-Rad) 7>5., 1.5ml F=—7IZJFiK, 2 FaARIKR. 4 EaRik%E
ERIL ., Z U\ IR E Lz, ed, WET D9 7 WEKT 10 AR LIS D2 fE
M L7z, 96 well plate |Z 3 DD X 3 IIFEHER K OK GHRE) Wz onWTh, 2 DD
well (2 10 pl FoMz 7=, TRV T ICHONTIE, 3 DD well (2 10 pl TOMZ 7=,
5N B IR R O Y o 7L & N2 7 well & working reagent 200 pl 1%, 37°C
T 30 /A v Fax—hLl, £O%, 562 nm O E THLEZHIE LT,

9. #HilAR~D 2DG MYRAAEBDEER

HAN~ 2-deoxy-D-glucose (2DG; Sigma-Aldrich) Ht ¥ A& D EEIX, Saito & (45)
Dz L L= FiEIC L viTo 7,
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<2DG DHELY A F>

BRI 21T 5 24 FERIRTIZ, 24 well plate [ZHE L7z 3T3-L1 REVENMiL % . PBS
500 ul T 3 [EVEE L7215, I DMEM EiH 500 ul (2A3H#a U7z, 23 ERRETE. Al A
PBS 500 ul T 3 [H]#EF L. 2% BSA-KRPH buffer (20 mM Hepes pH 7.4, 5 mM KH,PO,, | mM
MgS0O,, 1 mM CaCl,, 136 mM NaCl, 4.7 mM KC1) 250 ul %#/12.37°C T 40 A > F =
NR— |k L7z, TDOH%, BEKEE 1uM A > AU U &2ETr 2% BSA-KRPH buffer 250 ul (258
il 37CITT 20 oA A Y VA T > 7=, 728, 7 v LF > (Sigma-Aldrich) % 4L
Y 581203, BRE 1 mM TiTo7e, A RUEHLWEA R e Tn
LT HLER 20 4 @é 1 mM 2DG &4 2% BSA-KRPH buffer 250 ul #z. & 52 20 4
WA v Fa_X— kL7, H&EIZ, 200uM 71 LF % ETe PBS 500 ul C 3 [0 4%
W52 & CTRUGEEIE L, MIEIX 10 mM Tris-HCI (pH 8.1) 500 ul % FVCEIIL L 7=,
<2DG BV IAZ B ORI E>

AFRALERA RN U 7o M i, SRR 4 3 [k VR 2 & TR A RE L7z, WIZ.
80°C T 15 ZpfHlA v F=2~X— K L, 4C, 15000 rpm, 20 ZyfilE.0 L7ctk, EiEERIOTF

— VW LT, ZO R 2 ul 12 10 mM Tris-HCI (pH 8.1) 43 ul MBI L., I 512
mix A [10 mM Tris-HCI pH 8.1, 315 uM nicotinamide adenine dinucleotide (NAD"), 2.1 mM
ethylenediaminetetraacetic acid (EDTA). 1.8 U/ml glucose-6-phosphate dehydrogenase (G6PDH).
2.1 U/ul phosphoglucose] 40 ul Mz, 37°C T 1 FfflA o F2_— kK L7z, ZOBHKIC 1
MHCISw 1z T, 37C T 1 Bl > F 2= T 252 L TRIGEEILE, 51T
50 mM Tris-HCI/IM NaOH 5 wl #/Nx CTHHEIZRE L, mix B [10 mM Tris-HCI pH 8.1, 200
uM nicotinamide adenine dinucleotide phosphate (NADP"), 40 mM EDTA. 860 U/ml G6PDH] 5
ul ZIRAML, 37C T 1 BEfilA v F=2_X—h L7z, ZOEWKIZ, 1.5SMNaOH 5wl Zhlx
70C T 1 Bl A v FaX—=F 322 L TH N ZEM L%, 50 mM Tris-HCI
pH8.1/1.5 MHCI5 ul ZINZ CTHEIZ LTz,

T a2 — T NOWHK%Z 96 well plate (ZF L, =R T 10 77L& L. cyclin reagent [10
mM Tris-HCI pH 8.1, 20 mM glucose-6-phosphate (G6P), 40 uM L-glutathione oxidized (GSSG;
Sigma-Aldrich), 4 mM EDTA. 80 U/ml G6PDH. 1U/ul glutathione reductase (GR).5 mM
5,5-dithiobis-2-nitrobenzoic acid (DTNB; Sigma-Aldrich)] 90 ul Z/ix., 37°C T 40 71
YF 2= MR, 420 nm DR TUOLEZIE Lz, £/ MERIERDOIZO DR Z 2
— RIZ. 2-deoxy-D-glucose 6-phosphate sodium salt (2-DG6P; BioVision) % i/ L 7=,

10. Western blot &% U Dot blot
< Western blot>
HEK293FT #f@iL. urea cell lysis buffer (50 mM Tris-HCI pH 7.5, 6 M urea, 1% Triton
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X-100, 5mM EDTA, 7'r 77 —BHER T 7 7 ) TRIFE LTz, 3T3-L1 ARG #iAD
¥, RIPA buffer (20 mM Tris-HCI pH7.4, 150 mM NaCl, 2 mM EDTA, 1% Nonidet P-40, 1% Na-
deoxycholate, 0.1% SDS, 7'u 7 7 —Y[HEAIL 7 7 /v) TAIFL L=, BB, Mk~
2 FFig MR 43 B2 13, TES buffer (20 mM Tris-HCI pH 7.4, 1 mM EDTA, 254 mM sucrose) %
Hnie, &7 nid, oy a2 —EIlHHET SDS WU T 27 VAT I RFMZT
TTA4 L, 150V OFEEETERIKEZITo72, ZOTNVNHE /37 % PVDF A7 7
> (MILLIPORE) (ZHEE L7=%%. 5% (W/v) A% L2027 /0.1% TBST (150 mM NaCl, 20 mM
Tris-HCI pH 8.0, 0.1% Tween20) FIZCE=EIRICT 1 FFffl7 m v 7 &1To 72,

— RO IRGUR D ARG R N ORIS S 2 LU TR,

— Pk & LT, Ht LPDI rabbit IgG (Medical&Biological Laboratories), fi. COXIV rabbit
IgG (Cell signaling), #L calreticulin rabbit IgG (Cell signaling), HT caveolin-1 rabbit IgG
(Sigma-Aldrich), $i PKBpSer473 rabbit IgG (Sigma-Aldrich) Z V72354515, 0.1% TBST T
10,000 f5FA R L., 4C T 24 B A > F =2 _X— F L, ZRPUEKISICIE,
peroxidase-labeled T rabbit IgG Hif& (Santa Cruz) % 0.1% TBST T 10,000 f#IZA R L7
HLOEHW, 4C T 12 FfEA > F a2 _X—h L7,

— PR & LT, i GAPDH mouse IgG (Sigma-Aldrich), HT B-actin mouse IgG
(Sigma-Aldrich), $iT HA-7 mouse IgG (Sigma-Aldrich), I GLUT4 mouse IgG (Cell signaling),
ZHWIZEAE, 0.1% TBST T 5,000 5L, 4°C T 12 KA v Fa—F L7, —
WHURSSZ I peroxidase-labeled T mouse 1gG HUA (GE Healthcare) % 0.1% TBST T
5000 FHCAR L2 D&MV, EET 1 KA oFa~—F LT,

— Wik & LT, $T vimentin chicken IgG (Novus) Z MW 724 1%. 0.1% TBST T
10,000 fEAM L., IR T 1 KA v F=aX— L7k, F. ZRIEKRICIE
peroxidase-labeled T chicken IgG Hif&A (Novus) % 0.1% TBST T 20,000 f#IZARML7Z D
DE AV, F|IRT | ReEHE Lz,

(L3N D FPE 121, SuperSignal west dura extended duration substrate (PIERCE) % F >
7o
< Dot blot >

Dot blot AICHHH L7=H > 7 1 ul &, = kaElu—RA A7 5 (MILLIPORE)
(I N L7c#%, R ST, 7eds, dot blot DT TLFEIEIL, “16. MK E (1%
Triton X-100 REHEHE 5. IBE T 7 b/ B XA T E L) PITiL#H LT\ D,

(L3N D FPE 121, SuperSignal west dura extended duration substrate (PIERCE) % F >
7o
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11. Total RNA D #iH
< BRI >

H AR 5 D total RNA DfiH %, RNeasy Lipid Tissue Midi Kit (QIAGEN) % fifi
AL TiTo 7=, HEE#H% % QIAzol Lysis Reagent Sml CT{AfiE L. 7 v udk/L A 1mL %
Mz, 4C, 5,000Xg T 15 /pfELpBEL7-, EEZROFT =2 —7125H L, 710% =%
J =)V 3ml EiEF# . RNA easy Midi spin 7 7 AIZHAL, 5,000Xg T 5 o Lz,
L&D H T AT Buffer RWL 4ml Zh1%, 5,000Xg T 5 pflEi Lz, @m0k, &5
\ZZDH T AT Buffer RPE2.5ml M1z, 5,000Xg T 5 /pfilELo L, ZOo#ELZE H—
VIR L%, BT LEFOF 2—7 128 L. RNase free water (GE Healthcare) 100 ul %
Mz, 20°C, 5,000xXg T 1 4pffiErd 252 & T total RNA Z¥H L7=,
< B EARIIHEAR LS D i >

H R TR LLAL O R M OSAE 2> 5 D total RNA O 1%, illustra RNAspin Mini
RNA Isolation Kit (GE Healthcare) D~ = = 7 JV|ZFEH SV TWD kA —HAEE L TiT-
72, HM#kE 72I13TMla% TRIzol (Life Technologies) 1 ml TIHEME L, 7 v wk/L A 300 ul %
Mz, 4C, 15,000Xg T 15 fffEO0DHE L7z, BIGZIOF 2 —712h|L, 710% =%
J =)L 500 ul &iEFt%. RNAspin Mini % 7 & (GE Healthcare) (Z¥RIIL . 4°C. 8,000Xg T
30 FOREE O U7z, 0% D A1 7 212 Buffer MDB (GE Healthcare) 350 ul % /i1 2., 4°C. 11,000
Xg T 1 iz L7z, D7 A2 DNA Working Solutions (GE Healthcare) 10 ul &
DNase reaction buffer 90 ul OIREW 95ul 2z, 15 oA v F=2X— L, I HI(Z
Buffer RA2 (GE Healthcare) 200 ul Z/lz. 4°C, 11,000Xg T 1 @D Lz, @mOEO
717 12, Buffer RA3 (GE Healthcare) 600 ul Z /1%, 4°C, 11,000Xg T 1 srfilEl Lz,
FFOY Buffer RA3 250 ul & 47 Az, 4°C, 11,000Xg T 2 i@ Lz, BT L%&5]
DF 2 —71Z#% L. RNase free water (GE Healthcare) 100 ul %/l 2, 4°C, 11,000Xg T 1 55
M09 5 Z & T total RNA ZIRH L7,

12. cDNA O &R
< H RN >

H s 5 D ¢cDNA OffHIZ1X, QuantiTect Reverse Transcription (QIAGEN) %
v 7=, 7XgDNA Wipeout Buffer 2 ul %% 1 ug @ total RNA ZJEE#. RNase-free water
TEEZ 14 ul ITHAMLEZLOEZRIGHK A L LT, ZORIGHK A % 42°C T 2 A
»F 2~— kK L, & 5IZ Quantiscript Reverse Transcriptase 1 ul, 5 X Quantiscript RT Buffer 4 ul,
RT Primer Mix 1 ul #0012 CTRISHK B (&& 20ul) 28 L7, ZORMKE B & 42°C T
15 73fH. E5H12 95C T 3 A v FaX—hF25ZLI2kY cDNA G L7z,
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< B EEIHARR LS DR >

H AR LA 22 5 D cDNA D& AflE, AffinityScript QPCR ¢DNA Synthesis Kit
(Agient Technologies) D~ == 7 /UIZFLE SNV TN D HiEZ —HZAH L TIT o 72, KOS,
cDNA Synthesis Master Mix 10 ul, AffinityScript RT/RNase Block Enzyme Mixture 1 ul, Oligo
(dT) primer 1.7 ul, Random primers 0.4 ul %% 1 ug @ total RNA % &A% . RNase-free H,0
TREZL 20 pl (SRR L, ZORIGKE 25C T 5 f, 42°C T 15 . 512,
95C T 5 ZpfilA »FaX—=hF52LICLY cDNA ZEM LT,

13. Real-time PCR
Real-time PCR (3R 2 W7 E RIEIC K VITo72, £3, PCR KUSIKIX,

2 XBrilliant Il Fast SYBR Green QPCR Master Mix (Agilent Technologies) 5 ul, 1 mM reference
dye (Agilent Technologies) 0.001 ul, 5 uM HEIFFRENLR T T A ~—7 0.8 ul, LKW
cDNA 1ul ZEFML, KTEREZL 10ul IR L7, RIZ, ZORIGHEZ Mx3005P QPCR
System (Agilent Technologies) Z M\ T 95C T 3 #pfilA > F a2 _X—FL72%,.95C T 15
], 55C T 15 BH. 72°C T 30 BEOY A 7 L& 40 BRI L, SOEHRE 2 HIE
L7co Flo. MEBRIERDOTZOD AL o F— Rid, v~ A5/ & DNA Z g L7 PCR
PEMZAER LT, 723, £7 74 ~—OHIERSNE, “22. =Y = DNA BEFIE K" (25
L5,

14. LPD1-EGFP B2 UV AV -REMRN

LPD1-EGFP RHI~X7 % — lug & 150mM NaCl50 ul % F = —7IZIMZIRE LTz, 5l
(Z. JetPEI DNA in vitro transfection reagent (polyplus-transfection) 2 ul & 150 mM NaCl 50 ul
EF a2—TIZIMARE L, 556D DNA DA-TeF 2—T7(26bE e, ERT 30 5 HBE
%. ZDOIRENH % 4 well chamber slide (DB Falcon) (Z CTH:# L7= AML-12 filaiZinz 7=,
24 FEfT% . MIfEZ PBS 500 ul T 3 [Elf U721, 4% /XT RV ALT VT B R/PBS R 250
ul 2z, S|IRT 10 o, BE L7z, ZORE LZ#MIa% 10 mM glycine/PBS ¥iZ 500
ul C 3 [EIYEE L7-7%%. Hoechst 33342 &% (PBS T 200 fA78R) 250 ul Zhx., BEATIZT
HIRT 30 A ¥ 2 _X— b L7, BEATICTHIMZ PBS 500 ul T 3 [EeEFL7=%. #
@iz ProLong Gold antifade reagent (Life Technologies) 1 {M#sIN L, E A L7z, WEEETT 24
BPH A E %, HWER L —Y — 2% v VBARMEE (ZEISS) 12 THiBi L 7=,

15. REEHE LPD1 2 oV DENABRESRE
4 well chamber slide THF#E L7z 3T3-L1 pREMENIAIAEZ . PBS 500 ul T 3 [RIBEF L7
%, 4% /NTEHENLLT VT B R/PBS AR 250 ul 21z, =|IERT 10 o, EE Lz, &
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2L EE L7z L7l % 10 mM glycine/PBS ##& 500 ul T 3 [BIPEF L721.0.1% BSA %
Eie 0.1% saponin/PBS AWK 250 ul 1%, IR T 1 Bffl7 v v 7/ Lz, S5, M
fdz 0.1% BSA/PBS &#Z 500 ul T 3 [FIPEH L7 . HT LPDI rabbit IgG (0.1% BSA/PBS
T 1000 f5A7R) 250 ul 202, IR T 1 K], —RPURRISZ1T72 o 72, ZOHMIEEZ 0.1%
BSA/PBS ik 500 ul T 3 [EIPEH L7-1%. CY3 labeled Hi rabbit IgG Hi{A (Sigma-Aldrich)
(0.1% BSA/PBS T 1000 {5#A7H0) 250 ul &N, BEATIZ TR T 1 Wi, ZIRBUARIGS 21T
Rote, BEFTIC CHIIMA PBS 500 ul © 3 [E¥E#H L7 . Lipid TOX Green (Life
Technologies) ¥A#Z (PBS T 200 {47 H) 250 wl 2z, 30 A v Fax—hrT52 &
THEM#Z LB Lz, 612, BEETICCHMla%Z PBS 500 ul © 3 [AIPEy% L7-1%. Hoechst
33342 & (PBS T 200 f54R) 250 wl 2Nz, 30 A v FaX— 452 &L TEE G
B L7z, BT CHEREZ PBS 500 ml T 3 [AIPEF L7=# . #AEIC ProLong Gold antifade
reagent & 1 L., HA L7, GEFTT 24 FfffER ., HESL—F— 2% v A
PRERT TR L 7=

16. #ila 5B (1% Triton X-100 FFEES . BES I M/ HRFTSES)
<1% TritonX-100 A FEH: ] 53 0 FH L >

Ob/ob <~ 7 A bfgH L7l 025 ¢ 2. v 77 —EHEFER D 7 71 %25 TES
buffer (20 mM Tris-HCI pH 7.4, 1 mM EDTA, 254 mM sucrose) 1200 ul (20 %, 4> & —BI7R
£ VF A ¥ — (MS-STIRRER, Tokyo Rikakikai) |2 & 0 iFREY 3 — b EfERILT-, F7=.
RS HIRIZ DWW T FEEICERE L . ATV R — FEERL7-, FFE - I3/ A £
VX — & LE (Figure 17) I2ED . B 2 b2 FUTES (Nue/Mt), 71—
LHESy (Ms) KOV E 27y (Cyt) ([C0E Lz, B« L har RUTHESERI 71 Y —
LEGy DLy ML, T aT T —BHAIED 7 TV &G T TES buffer 500 ul (28 L 7=,
20— AEFIZONTIE, BREBEN 1% &725 K 91T Triton X-100 22 7%, &
G U CTHRIKIBEN 5% & 725 K 51T saponin &A1 % 7=, Triton X-100 ALEEI 7 1 >/ —
LsyiE, 4°C, 30 A FaX—hLTo, A rFaX—MEOI 7Y —Lljsyaid
ELEET S Z Bk, AEMEmE Sy (Sol) & ANIEMEMISY (Insol) (Z43iE L 7= (Figure 17),
AW X, e T 7 —EBERIL 7 7 V&G Te TES buffer 100 ul (28 L 7=,
<HNGEZ 7 N H_F T E 5 OFHE>

BE 7 7 NI A 7 W5 Of%E, Caveolae/Rafts Isolation Kit (Sigma-Aldrich) % —
WE LT HFIEIZ L V1772 o 7=, Western blot ] & Dot blot OV > 7 VO G1EE LT
(2R,
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= Western blot fH> 7 /L OFH =

10 cm dish (2553 L7 3T3-L1 REVENHIIEORZ 1uM v 7Y 2> 2 (10 ug/ml
A > A Y | 1% antibiotic-antimycotic solution & T® 10% FBS % &% DMEM }:Hi 4 ml (Z
L 24 WiH#%, Mla4 PBSSml T 3 BHIBEH L7z, BEE# OMIEIZ 7 v T 7 —BHEA
H 7T NVEETe 1% Triton X-100 lysis buffer 300 ul (288 S w72, X512, HEG U T
FEIREEDS 5% & 7272 & 912 10% saponin % & Te lysis buffer ZA01%, 4°C, 30 sfl1 > %
a_X— |k L7z, RIZ, Kit D=2 T /VIZHE-> T Opti-prep HE ARG L FR L, KL
Bdiz 021772 o 72 (Figure 17 ), 0%, Ta—7 O E2GJEIZ, 420u §29%27 77
vary 1~8 ELTEIXL, I vuTr 7 —EBER S 7 TV E2ETe 1% Triton X-100
lysis buffer 210 ul (Z5&#E L 7=,
=Dotblot ¥ > 7 /L DOFHEL =

Western blot fH > 7 /L OFIELOEE & [FFRIZ, 10 cm dish (2553 L7 3T3-L1 G
IR O RE Az 4 24 BE# ., MifRZ PBS Sml T 3 [A¥EF L. PBS T 1000 {47 R L 7=
CTB-HRP &ifi%z Sml Iz, 4C, 1 FFffA o F=2_X—hL72, A rFaX— 4k, Hil
Z PBS S ml T 3 L., Yur7—BHERD 7 T LEETe 1% Triton X-100 lysis
buffer 300 wl (28 S 72, S50, BEICE U THREREN 5% 722589512 10%
saponin % & 1¢ lysis buffer Z/x. 4°C, 30 /pfilA > F =~X— h L7z, WIZ. Western blot
RAOY o 7 Vo4 L RIEEIC Opti-prep 2 AW T-BEAREOEZITWT T 7 ar | ~
8 LA, uTr T —EBHEN 7 T EE T 1% Triton X-100 lysis buffer 210 ul (2%
WL, B L7z,

17.LPD1b-HA T — 3 VR VNI EBRRH 3 —DESH
AREECHU-4 LPDIb-HA T VU —3 3 X7 Z— L. E IR LN N A v &
—WE Ot Lo s X7,

18. Triton X-100 RAMEBE R DR/BE F A 4 VEH

aF—4 v a—hk&R7 60 mm dish (& HEK293FT iz 2X10°cells OMIfu%L CTH
L, 12 FREEEE L7ofia 2z Huvz,

LPD1 7V —>a »r Z RT3 Z— Sug KT 150 mM NaCl 250 ul % F = —7
IZIRA L7z, BIIZ, jetPEI DNA in vitro transfection reagent (polyplus-transfection) 10 ul & 150
mM NaCl250 ul #F =—7 TIRE L. 60D DNA D A->7=F 2—7ICHbET, RIRIZT
30 SrREAE R, Z OIRGIRE MR Uiz, 024 Kefft%, MigZ PBS 1ml C 3 [A]
Wi L., Va7 7 —BWERS 7 T & ETe TES buffer 450 wl CEIUL L7=, [ L 7= #l e
SRERIE . 10% Triton X-100 50 ul Zh1%., 4°C T 30 o L7=1%. 4°C. 105,000Xg T
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1 BEfE O Lz, S 6hiz EiE% 1% Triton X-100 A[¥AVERE %Y (Sol) L. ILEXIE 1% Triton
X-100 REMEFE 4y (Insol) & LW T4 d 1% Triton X-100 & 77 7 —VLERI L 7 71
Z & te TES buffer 100 ul [Z8E L 72,

19.LPD1b R L FOY 1)L X KR LPD1-shRNA HEHL U F 91 ILDES
AKEBRTHW LPDIb B L Fa AL A KT LPDI-shRNA HH L > F 7 A4 L&
X, ERNTIRBEEEE LN N A v iR —fE - L v k5 ST,

20 LFADAMILRRUPLYFIOSILRADER
<l b oAV ADRKYL >

4 well chamber slide & %V E 24 well plate (2, 3T3-L1 #laE well H7=0 2.5Xx10*
cells THEFE L., 12 HEffE:#E#% . & well TOKR Y 7 L2 (Sigma-Aldrich) #2728 8 ug/ml 12
RBHEDICHHR LI b A VAR 200 Wl BAIZ., S DHIC 11 Wb E L, BEEtk.
AEY 500ul (12725 X912 10% FBS &7 DMEM Rz iz R ICHEH L7,
<L T A IV AD Y >

24 well plate (2, 3T3-L1 fla% well 729 0.5X10° cells THERE L. 12 BfEjE5#1%,
well TORY 7L PREEN 8 ug/ml (2785 £ 5 IZFH% L7z 100 MOI/ml DMEM (10% BSA
) DL UFIA AR 200wl A1 BEEREEE L, £ 0%, 11 BEEREERIC well
DEEN 500w (2725 XK 912 10%FBS &A@ DMEM H:ihz Nz SZERICHEH L7z, 723,
BARF OFBUENT LY GLUT4 DIE~DORATEMEHTIZ, 10 em dish 2 W TIT>72, 10 cm
dish DAL, 3T3-L1 % dish H7-0 3X10°cells/dish THERE L. LU O#FR{EIL, 24
well plate DE & [FIERITAT > 72,

21. GLUT4 OEBE~DBT

10 cm dish TH;#8 L7= 3T3-L1 ACEVIENGHENEIZ, PBS Sml C 3 [mIfed L7, Ml ik
DMEM 4 ml E5HIZAZH U 7=, BEHiASHL 23 WRfilf:. fliE% PBS 500 ul T 3 [EIVEE L,
2% BSA-KRPH buffer 4 ml Z#/x . 40 mpRHBEELL, "B, VL h~v =V
(Sigma-Aldrich) % A 5#4 1%, 2% BSA-KRPH buffer (2 1 uM V4V b~r =2 %%
2o 40 5%, BHCIEE 1uM A VAV KRN TuM A > AV + luM U4 /b b~ =
v EENTENET 2% BSA-KRPH buffer 5 ml [ZAZ# L. 20 Z3IkE L7z, 4°C ([2HPL
72 PBS5ml ([ZCHiAZ 3 B L, 7T 7 —BR 0T 4+ A7 7 X —FBHERIH 7 T L
Z & te TES buffer 500 ul [ZHRE S B2, Z OB SE7-/0T, EHICRy ¥ —RRey
FAF =T X0 L, > 2 B AR OE (Figure 30) 21T VARIEIE (PM) i 4y % 3 8
LTz, 72k, BEARREEDR T & LT Sucrose Cushion buffer (1.12 M sucrose, 20 mM
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Tris-HCI pH 7.4, ImM EDTA) % H\ 7z,

22. ') 3 DNA B &R
AIFFENCBNTIX, T4 T =V X ThHlSNT 74 ~—%HEH LT,
RSN TIORT B TH D,

<Real-time PCR >

23.

FSP27-forward:
FSP27-reverse:

PPARy-forward:
PPARy-reverse:

aP2-forward:

aP2-reverse:

CD36-forward:
CD36-reverse:

FAS-forward:

FAS-reverse:

SREBP]c-forward:
SREBP]c-reverse:

PEPCK-forward:
PEPCK-reverse:

G6Pase-forward:

G6Pase -reverse:

perilipini-forward:

perilipinl-reverse:

36B4-forward:
36B4-reverse:

fEt BT

N7 2 BEM O EEZIZIE student’s t-test 2 AV,

5’-ATGAAGTCTCTCAGCCTCCTG-3’
5’-AAGCTGTGAGCCATGATGC-3’

5’-ACATCCCCACAGCAAGGCAC-3’
5’-CATGGCCATTGAGTGCCGAGT-3’

5’-GATGCCTTTGTGGGAACCTG-3’
5’-GAATTCCACGCCCAGTTTGA-3’

5’-GATGACGTGGCAAAGAACAG-3’
5’-TCCTCGGGGTCCTGAGTTAT-3’

5’-GGAGGTGGTGATAGCCGGTAT-3’
5’-TGGGTAATCCATAGAGCCCAG-3’

5’-GGAGGTGGTGATAGCCGGTAT-3’
5’-ACTGTCTTGGTTGTTGATGAGCTGGAGCAT-3’

5’-CATATGCTGATCCTGGGCATAAC-3’
5’-CAAACTTCATCCAGGCAATGTC-3’

5’-AACGCCTTCTATGTCCTCTTTC-3’
5’-GTTGCTGTAGTAGTCGGTGTCC-3”

5’- TGCTGGATGGAGACCTC-3’
5’- ACCGGCTCCATGCTCCA-3’

5’-AAACTGCTGCCTCACATCCG-3’
5’-TGGTGCCTCTGGAGATTTTCG-3’

83

Z DM

BKYE 5% DITHEHEERESE LTZ,



10.

11.

12.

51 F TR

Green S, and Wahli W. Peroxisome proliferator-activated receptors: finding the orphan a
home. Mol Cell Endocrinol. 1994;100(1-2):149-53.

Hihi AK, Michalik L, and Wahli W. PPARs: transcriptional effectors of fatty acids and their
derivatives. Cell Mol Life Sci. 2002;59(5):790-8.

Mangelsdorf DJ, Thummel C, Beato M, Herrlich P, Schutz G, Umesono K, Blumberg B,
Kastner P, Mark M, Chambon P, and Evans RM. The nuclear receptor superfamily: the
second decade. Cell. 1995;83(6):835-9.

Endo Y, Suzuki M, Yamada H, Horita S, Kunimi M, Yamazaki O, Shirai A, Nakamura M,
Iso ON, Li Y, Hara M, Tsukamoto K, Moriyama N, Kudo A, Kawakami H, Yamauchi T,
Kubota N, Kadowaki T, Kume H, Enomoto Y, Homma Y, Seki G, and Fujita T.
Thiazolidinediones enhance sodium-coupled bicarbonate absorption from renal proximal
tubules via PPARgamma-dependent nongenomic signaling. Cell Metab. 2011;13(5):550-61.
Rosen ED. The transcriptional basis of adipocyte development. Prostaglandins Leukot
Essent Fatty Acids. 2005;73(1):31-4.

Rosen ED, Hsu CH, Wang X, Sakai S, Freeman MW, Gonzalez FJ, and Spiegelman BM.
C/EBPalpha induces adipogenesis through PPARgamma: a unified pathway. Genes Dev.
2002;16(1):22-6.

Iwaki M, Matsuda M, Maeda N, Funahashi T, Matsuzawa Y, Makishima M, and
Shimomura I. Induction of adiponectin, a fat-derived antidiabetic and antiatherogenic factor,
by nuclear receptors. Diabetes. 2003;52(7):1655-63.

Cesario RM, Stone J, Yen WC, Bissonnette RP, and Lamph WW. Differentiation and
growth inhibition mediated via the RXR:PPARgamma heterodimer in colon cancer. Cancer
Lett. 2006;240(2):225-33.

Sarraf P, Mueller E, Jones D, King FJ, DeAngelo DJ, Partridge JB, Holden SA, Chen LB,
Singer S, Fletcher C, and Spiegelman BM. Differentiation and reversal of malignant
changes in colon cancer through PPARgamma. Nat Med. 1998;4(9):1046-52.

Lefebvre AM, Chen I, Desreumaux P, Najib J, Fruchart JC, Geboes K, Briggs M, Heyman
R, and Auwerx J. Activation of the peroxisome proliferator-activated receptor gamma
promotes the development of colon tumors in C57BL/6J-APCMin/+ mice. Nat Med.
1998;4(9):1053-7.

Yang K, Fan KH, Lamprecht SA, Edelmann W, Kopelovich L, Kucherlapati R, and Lipkin
M. Peroxisome proliferator-activated receptor gamma agonist troglitazone induces colon
tumors in normal C57BL/6J mice and enhances colonic carcinogenesis in Apc1638 N/+
MIh1+/- double mutant mice. Int J Cancer. 2005;116(4):495-9.

Akiyama TE, Sakai S, Lambert G, Nicol CJ, Matsusue K, Pimprale S, Lee YH, Ricote M,
Glass CK, Brewer HB, Jr., and Gonzalez FJ. Conditional disruption of the peroxisome

proliferator-activated receptor gamma gene in mice results in lowered expression of ABCAL,
84



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

ABCG], and apoE in macrophages and reduced cholesterol efflux. Mol Cell Biol.
2002;22(8):2607-19.
Lehmann JM, Moore LB, Smith-Oliver TA, Wilkison WO, Willson TM, and Kliewer SA.
An antidiabetic thiazolidinedione is a high affinity ligand for peroxisome
proliferator-activated receptor gamma (PPAR gamma). J Biol Chem. 1995;270(22):12953-6.
Tontonoz P, Hu E, Graves RA, Budavari Al, and Spiegelman BM. mPPAR gamma 2:
tissue-specific regulator of an adipocyte enhancer. Genes Dev. 1994;8(10):1224-34.
Memon RA, Tecott LH, Nonogaki K, Beigneux A, Moser AH, Grunfeld C, and Feingold
KR. Up-regulation of peroxisome proliferator-activated receptors (PPAR-alpha) and
PPAR-gamma messenger ribonucleic acid expression in the liver in murine obesity:
troglitazone induces expression of PPAR-gamma-responsive adipose tissue-specific genes
in the liver of obese diabetic mice. Endocrinology. 2000;141(11):4021-31.
Rubin CS, Hirsch A, Fung C, and Rosen OM. Development of hormone receptors and
hormonal responsiveness in vitro. Insulin receptors and insulin sensitivity in the
preadipocyte and adipocyte forms of 3T3-L1 cells. J Biol Chem. 1978;253(20):7570-8.
Matsusue K, Haluzik M, Lambert G, Yim SH, Gavrilova O, Ward JM, Brewer B, Jr.,
Reitman ML, and Gonzalez FJ. Liver-specific disruption of PPARgamma in leptin-deficient
mice improves fatty liver but aggravates diabetic phenotypes. J Clin Invest.
2003;111(5):737-47.
Matsusue K, Kusakabe T, Noguchi T, Takiguchi S, Suzuki T, Yamano S, and Gonzalez FJ.
Hepatic steatosis in leptin-deficient mice is promoted by the PPARgamma target gene Fsp27.
Cell Metab. 2008;7(4):302-11.
Danesch U, Hoeck W, and Ringold GM. Cloning and transcriptional regulation of a novel
adipocyte-specific gene, FSP27. CAAT-enhancer-binding protein (C/EBP) and C/EBP-like
proteins interact with sequences required for differentiation-dependent expression. J Biol
Chem. 1992;267(10):7185-93.
Keller P, Petrie JT, De Rose P, Gerin I, Wright WS, Chiang SH, Nielsen AR, Fischer CP,
Pedersen BK, and MacDougald OA. Fat-specific protein 27 regulates storage of
triacylglycerol. J Biol Chem. 2008;283(21):14355-65.
Puri V, Konda S, Ranjit S, Aouadi M, Chawla A, Chouinard M, Chakladar A, and Czech
MP. Fat-specific protein 27, a novel lipid droplet protein that enhances triglyceride storage.
J Biol Chem. 2007;282(47):34213-8.
Nishino N, Tamori Y, Tateya S, Kawaguchi T, Shibakusa T, Mizunoya W, Inoue K,
Kitazawa R, Kitazawa S, Matsuki Y, Hiramatsu R, Masubuchi S, Omachi A, Kimura K,
Saito M, Amo T, Ohta S, Yamaguchi T, Osumi T, Cheng J, Fujimoto T, Nakao H, Nakao K,
Aiba A, Okamura H, Fushiki T, and Kasuga M. FSP27 contributes to efficient energy
storage in murine white adipocytes by promoting the formation of unilocular lipid droplets.
J Clin Invest. 2008;118(8):2808-21.
Toh SY, Gong J, Du G, LiJZ, Yang S, Ye J, Yao H, Zhang Y, Xue B, Li Q, Yang H, Wen Z,
and Li P. Up-regulation of mitochondrial activity and acquirement of brown adipose

85



24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

tissue-like property in the white adipose tissue of fsp27 deficient mice. PLoS One.
2008;3(8):e2890.
Shimano H, Yahagi N, Amemiya-Kudo M, Hasty AH, Osuga J, Tamura Y, Shionoiri F,
lizuka Y, Ohashi K, Harada K, Gotoda T, Ishibashi S, and Yamada N. Sterol regulatory
element-binding protein-1 as a key transcription factor for nutritional induction of lipogenic
enzyme genes. J Biol Chem. 1999;274(50):35832-9.
Vila-Brau A, De Sousa-Coelho AL, Goncalves JF, Haro D, and Marrero PF. Fsp27/CIDEC
is a CREB target gene induced during early fasting in liver and regulated by FA oxidation
rate. J Lipid Res. 2013;54(3):592-601.
He L, Sabet A, Djedjos S, Miller R, Sun X, Hussain MA, Radovick S, and Wondisford FE.
Metformin and insulin suppress hepatic gluconeogenesis through phosphorylation of CREB
binding protein. Cell. 2009;137(4):635-46.
Kim JY, Liu K, Zhou S, Tillison K, Wu Y, and Smas CM. Assessment of fat-specific
protein 27 in the adipocyte lineage suggests a dual role for FSP27 in adipocyte metabolism
and cell death. Am J Physiol Endocrinol Metab. 2008;294(4):E654-67.
Singh M, Kaur R, Lee MJ, Pickering RT, Sharma VM, Puri V, and Kandror KV.
Fat-specific protein 27 inhibits lipolysis by facilitating the inhibitory effect of transcription
factor Egrl on transcription of adipose triglyceride lipase. J Biol Chem.
2014;289(21):14481-7.
Yamanaka K. 2008: Article of master degree.
Zhang EE, Liu Y, Dentin R, Pongsawakul PY, Liu AC, Hirota T, Nusinow DA, Sun X,
Landais S, Kodama Y, Brenner DA, Montminy M, and Kay SA. Cryptochrome mediates
circadian regulation of cAMP signaling and hepatic gluconeogenesis. Nat Med.
2010;16(10):1152-6.
Virtue S, Masoodi M, Velagapudi V, Tan CY, Dale M, Suorti T, Slawik M, Blount M,
Burling K, Campbell M, Eguchi N, Medina-Gomez G, Sethi JK, Oresic M, Urade Y, Griffin
JL, and Vidal-Puig A. Lipocalin prostaglandin D synthase and PPARgamma2 coordinate to
regulate carbohydrate and lipid metabolism in vivo. PLoS One. 2012;7(7):¢39512.
Chawla A, Schwarz EJ, Dimaculangan DD, and Lazar MA. Peroxisome
proliferator-activated receptor (PPAR) gamma: adipose-predominant expression and
induction early in adipocyte differentiation. Endocrinology. 1994;135(2):798-800.
Lu M, Sarruf DA, Talukdar S, Sharma S, Li P, Bandyopadhyay G, Nalbandian S, Fan W,
Gayen JR, Mahata SK, Webster NJ, Schwartz MW, and Olefsky JM. Brain PPAR-gamma
promotes obesity and is required for the insulin-sensitizing effect of thiazolidinediones. Nat
Med. 2011;17(5):618-22.
Simons K, and Gerl MJ. Revitalizing membrane rafts: new tools and insights. Nat Rev Mol
Cell Biol. 2010;11(10):688-99.
Simons K, and Ikonen E. Functional rafts in cell membranes. Nature.
1997;387(6633):569-72.
Graham JM. Purification of lipid rafts from cultured cells. ScientificWorldJournal.

86



37.

38.

39.

40.

41.

42.

43.

44,

45.

2002;2:1662-6.

VanRenterghem B, Morin M, Czech MP, and Heller-Harrison RA. Interaction of insulin
receptor substrate-1 with the sigma3A subunit of the adaptor protein complex-3 in cultured
adipocytes. J Biol Chem. 1998;273(45):29942-9.

Carlotti F, Bazuine M, Kekarainen T, Seppen J, Pognonec P, Maassen JA, and Hoeben RC.
Lentiviral vectors efficiently transduce quiescent mature 3T3-L1 adipocytes. Mol Ther.
2004;9(2):209-17.

Leto D, and Saltiel AR. Regulation of glucose transport by insulin: traffic control of GLUTA4.
Nat Rev Mol Cell Biol. 2012;13(6):383-96.

Watson RT, and Pessin JE. Intracellular organization of insulin signaling and GLUT4
translocation. Recent Prog Horm Res. 2001;56:175-93.

Brasaemle DL, Rubin B, Harten IA, Gruia-Gray J, Kimmel AR, and Londos C. Perilipin A
increases triacylglycerol storage by decreasing the rate of triacylglycerol hydrolysis. J Bio/
Chem. 2000;275(49):38486-93.

Gray S, Feinberg MW, Hull S, Kuo CT, Watanabe M, Sen-Banerjee S, DePina A, Haspel R,
and Jain MK. The Kruppel-like factor KLF15 regulates the insulin-sensitive glucose
transporter GLUTA4. J Biol Chem. 2002;277(37):34322-8.

Kim S, Jung J, Kim H, Heo RW, Yi CO, Lee JE, Jeon BT, Kim WH, Hahm JR, and Roh GS.
Exendin-4 Improves Nonalcoholic Fatty Liver Disease by Regulating Glucose Transporter 4
Expression in ob/ob Mice. Korean J Physiol Pharmacol. 2014;18(4):333-9.

Bligh EG, and Dyer W1J. A rapid method of total lipid extraction and purification. Can J

Biochem Physiol. 1959;37(8):911-7.

Saito K, Lee S, Shiuchi T, Toda C, Kamijo M, Inagaki-Ohara K, Okamoto S, and
Minokoshi Y. An enzymatic photometric assay for 2-deoxyglucose uptake in
insulin-responsive tissues and 3T3-L1 adipocytes. Anal Biochem. 2011;412(1):9-17.

87



o i

AWFFEIT, @ [ R A LA LS % BAROKMEED O & DBV EEE
LR L L ITITIE L, BEATEHOEELZRLET,

AR ZAT DD T2 0 | KAREIZREE B E L Hih 2 15 0 £ U 7o f@ i R 3 i A
LFEE MR N2 WERIRER DHEEZR LET,

HEZICOF, KL E2HBE W7 E E LmiidRFPEPBAENTEHE KAH F—HP
HEZEZ TR < G B L £ 97,

AWFFENC T2V 2 < OFRREINE LM /1 2 THE £ U2 E SRR LN 2 At v
2 —RERBF TR o TIRRTIEEE B0 e — |BRICEEHE L 7, £, fficsn,
e L ORI % 5 2 TS 72 S WE LI R IRF AT HE 5% Fi BhBUTE
IEGHELL £, £70. RFRERFFE R T KRE2ILL0 LT 5FEFEHEDTF
BT M ORI EZTOICHTEY ZHIHIWTETEEE L2 TOH A2 IR E#HELET,

ZLTHREZIC, ZNETHRERNS BT hE LTS NEHERIT O L VELE L L
FET

88



