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Major Urinary Protein MUP) 13, VALV 77 I U —cBL "2, £DE
72 PEAE MR T TIE 5 2 A28 TREL LGP s am S 39, Rkt S
NDESTFOZ LRI ETHD Y, VR Y 77 IV =T L3, BUkMERGES
WAL FFO8 DDA LTV RO SN DB LVEE & ) Il O E 2 A
LTWb, ZOWIEIZE->T, UARBY 77 I U —411E, BKEORS T
LAEO L, Bk RBUKMMEOX v V7 — L LTI . E2xbhT0n5 9 20
FHMUP I, vV RICBITA 7o OXy ) 7 —& LTI 2 NG X
NTNB720, MUP 1T~ 7 ADEERRG#RICE ST 5 &2 b Tns Y,

PR, D VAR Y 7 7 I U —43+Td % Retinol binding protein 4 (RBP4)
% Lipocalin 2 (LCN2) 1 Lo 7250728, BAMEMEDOXF vV 77— LT
DOFERE L1 IBNZ, #E - IEEABHORIEICE W TEERRKFTHL Z LB L N
& A, HERIFECIER & BE T AR ALK ki — P — & L TORH LW
S RIS T ZRA b HE S ME SN TND P2 MUPIZBWThH, %
DY T B AT D—2>Th5H MUPL BSIFIIC 31T 2 BT A & IR A Rk O R ET K 1
ELTEI 2 &2, F72 MUPL MBHRAHICE T 5 X b2 KU THEEDMEEEIC
XY =X —HE LMbEREA M LT 52 & 22 pREEIhi, 2hbeoZ &
5. MUP1 & RBP4 °LCN2 L Wo 72 URA U 77 I U —rf LRk, 7
THECOF Y VT —L LTCOMEITMZT, B - IEERFOHIEIC I T
O NOEENZHH 5 FTREME R S Tz,

S HIZMUPL I, REREISCIEBR T w7 7 A V&R T 2 ERHEIN
TW5, Mgz 2 MUPL OB &IZ, vl —flRICEk> TEHELIBA L
23,20 FBEHERT D Z L ICL o THEATH T, MRRICHEN A8
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BT 2L TEHELL ERTD 2 ZEeRRESN TS, BBV T
mlENI &% 3~5 M & W o mEHIRETRT % 2 & T MUP1 OZ8 &304
% 20 — 5T, EHMOMEIC LY ZORIABITFD T 20 Z LRRE ST
W5, DFE D, MUPL [ZFERFOMER & W o TEEBIRREZZ T Tid ., b
OFBICE D LRTORFBREBIZB T HHE - RERSICEELZ KET e ns
AbND, SHIT, HERIE - EERE~ 7 2 OREVMEMIC I 1T 2 MUPL OFEH
X, FREES VAR L TE L ZORBENENWZ L b @E SN TND
22,20, ZhbHDZ Lnb, MUPL Off - JREREIC T 25%&EIL, KERIEIC
KO ERD ARSI IS, LarL, §iik L7z MUPL O - lEEH~D
B G- A R 2 SEATHFARI L BE IR - B E T /L~ U A Tdh 2D db/ db ~ 7 RIZ

A NARY Z—T MUPL % JFlg72 R ER B L7 fat 20 0, K MUP1
BABERNRMICERE LBi 2 Tho, T0id, BRI - IEFRE L v o
TeRIBIZE D LURTO MUPL OB IIAAREE THLONBRTH 5,

L ZTAMETIZ, 2 TMUPL Z&RELTH NI AV =y I v T A%
MEWERL, ZORNT VAV 2=y IV ADFNT 24T 2 & T, FEIRIE
JETIREBICH 5 £ T MUP1 QAR EZRSCARNIZIS T 2EHMLIZET 2
Mt E1T o7,



PEIRIA - NETIRAE 2 5 LAATIZ 31T 2 MUPL OFf - TRE I

&
il

52 %58

&

—
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]5\@
il

BERI - IR EBICE 5 £ T MUPL O - JEERBENC BT %8 & s+
LI, PRI FUE~ Y AT 5 2 & 25t Lz, —RIICH D%
TE DAR T DBERE & AT T~ 2 T2 b DA B 72 TE D O & DI B 1 KBV %
Wb HERS D, L, MUP 77 2 U —347 /) A Rl L CfAEL, 7
A TRIOBEFRINIELE L TS, 207w, b7 44 7DH T
MUP1 72 &K LT~ 7 A& ET 5 2 L3R ICREECh D, & 2 TR
FTCIE. MUPL 2@E%BT5 NI AV 2=y 7~ U ARERT 5 2 L &5
L7z, £7c. MUP1 O FEREAF IR TIZH L b DD, 2HTHITLHZ
EDRHBNTEY | AL O OlER BT HHE - JREAEHOHIERK T &
L TCOZEEIZH S TWDHAREENZ X bIVD, TOTOARBKRFHIZEBWTIL, 7
& — 4% — & LT Cytomegalovirus early enhancer/ chicken B-actin (CAG) 7
nE—¥—%MH\T, 25T MUP1l 28%HT 5 7 AV =Y
(MUP1-TG) ~ 7 AD/ERZ1T\ . MUP1 OEREZ RN 5 = & ki,

S HIZER L7 MUP1-TG v~ 7 A2 HHWTC, lFE R Z B S 7=&0FITZ,
EEI R & A IRE R S 5 2 L1 X 0 RS R B & 2T TRRE TOMGHT o

WTHITHo 7,

52 8RB LUk



2-1  FEBRM B LUK

TRIzol reagent X Invitrogen (Carlsbad, CA, USA). ImProm-II Reverse
Transcriptase (72 2 4 (HA). QuantiTect SYBR Green PCR reagent (% Qiagen
(Valencia, CA, USA), GSTrap HP, Hi trap protein AHP, Glutathione Sepharose 4B,
ECL V= RAZ T uvyT 0 Til3iL GE ~VATT « Uy Xy (HE), AV
7 wa N — )b 7 mnu kLA Diethylpyrocarbonate (DEPC) ., Tris |
Ethylenediaminetetracetic acid (EDTA). Dimethyl sulfoxide (DMSO), 7' v 7 7 —
BA e X —H TN RIFVLEATLTE R, ¥y, v FP—~<h
XLV BT HIAT AT RE) AL ) = 82— VTR (GR).,
AU, NV ZUED R E-T A RN a—3REMEK (KBR), 41 %
RIiZ7 X0 (KBk), 73T 7 ¢ i3 v 415 (KBk). Quick Tag HS DyeMix
IXEEESS (OKRBY). IMMUNO SHOT Reagent 1322 A « /31 4 (BUR) LWEEAL
7=

2-2  Total RNA ol

< U ADKGERE ST, SK IV (73 v, HR) AV TR Ok %
{77z, TRIzol reagent % 1.0 mL /N 2. C 18G &+ V > ¥ (TERUMO, HK) %
HAWTEHZ 10 5[m@ L, 7/ 20U 21T o7, 7 ek bh% 02mL il T
L < R USIE TR MERE . 15,000 g, 4°C T 15 Sy L Lz, KE & B
DF 2 —7IZHY . TRIzol reagent 0.4 mL, 7 m /LA 0.2mL Z Nz CTHFRL
72. 15,000 g, 4°CT 10 mfliE L. KEEZMNOF 2 —7 120 | EEO 7 nn
ARV N Z TR, 15,000 g, 4°CT 5 ffEL Lz, &6, KEEHID
Fa—TICHY | EREOA Y TN — NV EMZTREM L7z, IR T 10 /M

FrE 4. 15,0009, 4°CT 10 oL L, B oiibEs 75% =% 7 —/1 1mL

-4 -



TUe ., REL SE 72, TREX % 20 pul o DEPC ALELKICIAfE L. -80°C TIRAfFE L
7,
2-3 Single strand cDNA DAk

3B AL7c Total RNA % 260 nm OWOEE Z2IE L7z, £ ® Total RNA 1 pg (2
10 uM mixed oligo dT primer (TP) % 2 uL iz, =25 uL (2725 L 512 DEPC
SRR AN Z 72, 70°CT 10 SR L7=#% . K ET&Hm L7z, 5x ImProm-II
buffer 4 uL, 20 mM MgCl; 2.4 uL, 10 mM dNTPmix 1 pL., ImProm-II Reverse
Transcriptase 1 uL Z 1%, @& 20 uL & L7=#%, 42°CT 60 /i =t
Single strand cDNA % &5k L 7=, TE buffer (10mM Tris, 1 mM EDTA, pH 8.0) 60 pL

Nz, #R LTz,

TP : 5-GCGAGTCGACCGTTTTTTTTTTTTTVN-3'

(V=AorCorG,N=AorCorGorT)

2-4 R B —DER

P L 7= cDNA % FH>T. Reverse transcriptase polymerase chain reaction
(RT-PCR) {£I2 XY MUPL 2R Z#iE L7z, 7272 L. Forward primer [T/
5-CAGACAGACAATCCTATTCCCTACC-3' = H V> . Reverse primer (Z (&
5'-GGATGCTGTATGGATAGGAAGGGATGATG-3'# v 7z, MUP1-TG v U X %
EfL3 % 728, pCAG-Cre-polyA ~X 7 % —7% EcoRI LRI L ¥ Cre #{x1-ZH Y
FrE . MUPL1 cDNA O R ZMAIANTE, 1ERL L T2~ T # —|T pCAG-MUP1 ~ 7~
S — L T2, £72. N KimlZ Glutathione S-transferase (GST) #Ff>VU a2 &
F v b MUPL EH'H (MUPL-GST) Z{ERIT 5728, pGEX-4T-1 <7 ¥ — (GE
SIVATT e VN HER) @ Not | LEERT 2 MUPL cDNA O£ F & /il 434

AT, VERLL 727 Z — (% pGEX-MUP1 & 4 f11) 7=, 723, pCAG-Cre-polyA -

-5-



7 B —TRICRE: FIE NS 5T - 2, E & Real-time RT-PCR |2
AWSB A Z 2 — ROERENZ, R LU7- cDNA ZHWT, Table 1 D7 T A ~—
ZHAWTHESEMETIZE W T, RT-PCR I X Y Quick Tag HS DyeMix % T 45i&

{5¥-Z B4R &4, pGEM-T Easy Vector (7' A 4, BUR) ([CHHISA AT,

25 T— 7 T RENT

Big Dye Terminator v1.1 Cycle Sequencing Kit (Applied Biosystems) %
MWCTHWEEFDOY— 7 = Az T o7z, L7772 F (300 ng
FHY) Z§EH L LT, Big Dye 4.0 pL. 5xSequencing Buffer 4 uL., 1 pmol/ L
primer 3.2 uL R L, EEN 20uL 725 L5 L7z, PCR X, 96°C T
2 SN S E 1%, 96°C,30 #, 50°C,15 ¥, 60°C,120 % 1 %A 71 & L
T, Ik 25 A 7 WATIR oo, ROSK T, OGS EEL 1.7 mL F=2—7
2B L. 70% =% /—)L 80 uL 2z T < JRFN L, 2806 T 10 sr M FRE L7,
ZOt% 15 25BhESL L (18,000 g, SiR). FIEZIY KR, WIZ 70% =4 /
—/L 100 pL ZNx T ik L7, 10 srfi.0 L (18,000 g, =ik), k&
BRSOV EICERRSIR BRWe, Fa—TNIZk T2 7 vz 5 45
\Z EJREZ L7, HiDi Formamide 20 pL (ZIEfE LT-, ¥ — 27 = AT 21T
72 9 WM, 100°C T 3 /3B L, BERIZAMT 52 LI2XK > TDNA 228X
B, V— 27 = AfEHT X ABI Prism 310 Genetic Analyzer (Applied

Biosystems) % 7z,



Table 1. Oligonucleotide primer sequences and PCR conditions for PCR cloning.

Gene Primer sequences PCR condition Product
(Accession No.) (35 cycles in all cases) Size (bp)
Sequence (5’ to 3°) Denaturation ~ Annealing  Elongation
MUP1 Forward CAGACAGACAAT
CCTATTCCCTACC 94 °C 60 °C 799¢
(NM_031188) Reverse ~ GGATGCTGTATGG 15 sec 30 sec 60 sec 648
ATAGGAAGGGAT
GATG-
PEPCK Forward GACAGACTCGCC
CTATGTG 94 °C 60 °C 72°C 551
(NM_011044) Reverse TTGTCTTCACTGA 15 sec 30 sec 30 sec
GGTGCCAG
G6Pase Forward GACTGGTTCAACC
TCGTCTTC 94 °C 60 °C 72°C 565
(NM_008061) Reverse ~ GTGTAGTGTCAAG 15 sec 30 sec 30 sec
GTGGACC
FAS Forward GGCTGCTGTTGGA
AGTCAG 94 °C 60 °C 72°C 557
(NM_007988) Reverse ~ AGAGGGGAATGT 15 sec 30 sec 30 sec
TACACCTTGC
Scdl Forward  ATCATACTGGTTC
CCTCCTGC 94 °C 60 °C 72°C 531
(NM_009127) Reverse ACTGTTCACCAGC 15 sec 30 sec 30 sec
CAGGTG
LPL Forward TCCAGAGTTTGAC
CGCCTTC 94 °C 62 °C 72°C 541
(NM_008509) Reverse =~ CCAGCTGGATCCA 15 sec 30 sec 30 sec
AACCAG
PPARYy Forward TGACCTGAAGCTC
CAAGAATACCA 94 °C 60 °C 72°C 529
(NM_001127330) Reverse GTCCGTTGTCTTT 15 sec 30 sec 30 sec
CCTGTCAAGAT
PPARS Forward TGCCAGGCACTTC
TGGAAG 94 °C 60 °C 72°C 548
(NM_011145) Reverse TCATAGCTCTGCC 15 sec 30 sec 30 sec
ACCATC
[B-actin Forward CCCTGAACCCTAA
GGCCAACCGTG
94 °C 62 °C 72°C
(NM_001101) Reverse ~ GGCATAGAGGTCT 560
15 sec 30 sec 30 sec
TTACGGATGTCAA
CG

MUP1, Major urinary protein 1; PEPCK, Phosphoenolpyruvate carboxykinase; G6Pase,
Glucose-6-phosphatase; FAS, Fatty acid synthase, Scdl, Stearoyl-CoA desaturase 1;
LPL, Lipoprotein lipase; PPAR, Peroxisome proliferator-activated receptor
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2-6  EHREY

MUPL-TG ~ v A DIERIT, FEEIRE FNEBNE AT TP Es (RIR) (2%
FEL72, pCAG-MUP1 X7 ¥ —% Sall/Pst | JLEE L, 5o n7=7 T 7 A v %
I BDF1 R~V ADRZE LV GO TEAEMZ N~ A 7Pz
3 B RV BIETEAEZITO, AR L2 ICR Rt~ 7 A~EBIEFEAL
T2k B LTz, BB FWENRY LT F~ 7 ADEYIT, F~ 7 2AD)R
Lo L7247 & DNA ZHW\W T, CAG 'rE—¥ — %%k T DR RN~
TA~—2H\T, PCRIEIZL VM Z T, 7272 L., Forward primer (21
5-GGCTTCTGGCGTGTGACCGGC-3' % fi \» . Reverse primer (T &
5-CAGAGGGAAAAAGATCTCAGTGG-3'%# i 7=, #5657 PCR EMIZ, T4
H—AF VK BRIKEG, =F v AT R A NI RE L TR LT,
TIEDT7 70—~ T ACBWTEBFEARHER I N, BAR
C57BL/6) #iffEi~ T A (HAF ¥ — XU N— Fiilk) ERFEL, £DHHO 3
D7 70 =<0 AZBNTE, REROIF~ T 203G 67, AREHS
BIF25 MUPL-TG ~ 7 A, o737 14 (Al-4,Al1-8,Al1-13) D HH Al-8
(2T, B CE7BLIB) Rt~ 7 A & R LA/ AT - 7= FT~F10 o~
A HHWTHRZ1T o7, ~ U AL, @& (MF; 13 Kcal%fat) £7-1%. &EN
£ (D12492; 60 Kcal%fat) Z#AE L7-, ~ 7 ZADfH L, 1B 23 + 2°C | LS
50% + 10%., 1) 12 IefEms ) 12 Ref O BIRS R T CRE L, K &L E B
BIE, AFRICBT 5T X TOBYERIL, NERERRKFBWEE - BiE
BMEES] & ERERRKEAS T —TTF 4 —KBE | OAREE-%, T
DIV BEE OBE T TIT o 72, e B MF 34 Y =2 X VR T3S OR
X)), D12492 i3V %—F ¥ A = bl (New Jersey, USA) L VIEA LT,



2-7 JE#E Real-time RT-PCR

~ U ZADA g Total RNA ZfiliH L, cDNA Z#i#d L7, 5517z cDNA
Z g% & L C. LightCycler (Roche Diagnostics, Mannheim, Germany) % H\>
T Real-time RT-PCR %17~ 7=, 723. Real-time RT-PCR (Z{%. QuantiTect SYBR

Green PCR reagent & Table 2 D77 A ~—%& HWTHELMETIZTITV, NEBEEYE

& L CB-actin Z W T, AHIEE A #E L7,



Table 2. Oligonucleotide primer sequences and PCR conditions for quantitative
real-time RT-PCR analysis.

Gene Primer sequences PCR condition Product
(Accession No.) (40 cycles in all cases) Size (bp)
Sequence (5’ to 3”) Denaturation ~ Annealing  Elongation
MUP1 Forward CAGACAGACAAT
CCTATTCCCTACC 94 °C 62 °C 799¢
(NM_031188) Reverse ~ GTCAGAGGCCAG 15 sec 30 sec 30 sec 108
GATAATAGTATGC
CATTC
PEPCK Forward GTCGAATGTGTGG
GCGATG 94 °C 62 °C 72°C 118
(NM_011044) Reverse TTGTCTTCACTGA 15 sec 30 sec 30 sec
GGTGCCAG
G6Pase Forward GACTGGTTCAACC
TCGTCTTC 94 °C 62 °C 72°C 181
(NM_008061) Reverse =~ CATAGTATACACC 15 sec 30 sec 30 sec
TGCTGCGC
FAS Forward GGCTGCTGTTGGA
AGTCAG 94 °C 62 °C 72°C 160
(NM_007988) Reverse ~ ACCATGCTGTAGC 15 sec 30 sec 30 sec
CCAGAAG
Scdl Forward  ATCATACTGGTTC
CCTCCTGC 94 °C 62 °C 72°C 126
(NM_009127) Reverse CCGTGCCTTGTAA 15 sec 30 sec 30 sec
GTTCTGTG
LPL Forward TCCAGAGTTTGAC
CGCCTTC 94 °C 62 °C 72°C 13
(NM_008509) Reverse =~ GTCCTCAGCTGTG 15 sec 30 sec 30 sec
TCTTCAG
PPARYy Forward TGACCTGAAGCTC
CAAGAATACCA 94 °C 62 °C 72°C 108
(NM_001127330) Reverse GAAGGTTCTTCAT 15 sec 30 sec 30 sec
GAGGCCTGTTGTA
PPARS Forward GTATGCGCATGGG
ACTCAC 94 °C 62 °C 72°C 109
(NM_011145) Reverse  TCATAGCTCTGCC 15 sec 30 sec 30 sec
ACCATC
[B-actin Forward CCCTGAACCCTAA
GGCCAACCGTG 94 °C 62 °C 72°C 113
(NM_001101) Reverse ~ GCCTGTGGTACGA 15 sec 30 sec 30 sec
CCAGAGGCATAC

-10 -



2-8 L MUPL HLiR o /ERL

U MUPL HUiRIT, pGEX-MUPL X7 ¥ —% R TV AT 4 —A— 3 L=k
%5 BL21/DE #/E L, ZORGEICEIVIER LY =5 b MUPL-GST
EHEZ U FITRE L THELAIULE X D 1ER L7,

KIGE X vEsn=Y a2 e s MUPL-GST & & X, GSTrap HP & H W
THH L 72, Wash binding buffer & L T PBS (140 mM NaCl, 2.7 mM KCl, 10
mM NasHPOy, 1.8 mM KH2PO4, (pH 7.3)). ¥ H buffer & L T 50 mM Tris-HC],
10 mM =50/ glutathione, (pH 8.0) ZFHH L7z, 7 7 A2 bmL EH T Y ¥
Z 4%t L. Wash binding buffer Z 5[F], 77 AR Y a—2&EBML T, ¥ U ¥
Vel WiHetTo ZEIicky, ket ole, YU I arerr
K MUP1-GST A ERIE 21N>V 1225 mLML, U oYL
77 NI A T2, #17 L% Wash binding buffer T5[Fl, 77 AR Y =2— A&
AWML T, YV DMLk Lz, 1T L% buffer T3E, 4T LR
Va—AE&ZHMLT, YU U2 LEEE Lz, BE Wash binding buffer
b5 E, HWTLRY2—LEBRMLT, YUV UL, WiEz2iTH 2 LICL
D, L EITY, ERROEMEEZR Y KL ORBER AT o T2,

K8l L7- GST-MUPL EH'E 42 7/ ~T NV KR v F V¥ R0 () ~DFEE
[Z TR L, BUiig & 57z,

5 57 PLImLIE X Hi trap protein AHP 2 W CHUAZ R L7 (Vo et
~ MUP1-GST & F'E OFEHL L [F4£), Wash Binding buffer & L T 20 mM Sodium
phosphate (pH 7.0). ¥ buffer & LT 0.1 M Glycine-HCI (pH 2.7). /% buffer
& LT 1MTris-HCI (pH 9.0)ZFA%L L 7=, 771 7 AN DR % 150> (30 #2100 g) 12T
Vi & k35 L7=, Wash binding buffer % 600 uL % il z.. =0 (30 # 100g) L.

WIRAZBRE LTz, 717 HTHUMIE 600 pL 2%, &Hx L7 4 3RS0 )

-11 -



FRU7=%, =0 (30 70 1009) L. @ik &xFrE L1z, # 7 A2 Wash binding buffer
600 uL N %, #=.0 (30 #0100 g) L7 . FFE Wash binding buffer 600 L %
Mz, =0 (30 #1009) &= LTH T L&MW Uiz, 7 LIZEAH buffer 400 pL
Nz T R FRNZH 1 buffer 2 30 uL #sJ0 L 7= Collection F = — 7127
Ly ML, =L 08 100g) LCHREZEL 2 EIT-72),

S BT, HLGST ik ZBr< 72, FF L 7-HifA% Glutathione Sepharose 4B %
FWT, GSTrap HP Z i@ L 73 Y sy 5t MUPL $Hitfk & L TH7-, Wash
binding buffer & L C 20 mM Y [ buffer (0.2 M NagHPOs3, 0.2 M NaH2POs3
(pH7.0) ZFHR L7=, 77 AHIC 5mL FEH U > P %855 L, Wash binding
buffer Z 5 B, 77 LRV 2—L&ERMLT, YU PE2ML, WiFE1To 2
Lok, Vb T T, VU DI L NI IR TES S P12 2.5 mL
WL, YU YEHLTHT LIMA T2, 77 L% Wash binding buffer % i#

LT, $t MUP1-HLiK & 157,

29 T AKX T ay

FFlgI LA T P F A X L fiEIL~ 7 2D Mgz &0 (30 #1000 g) 12 X 0 438
L7z, b, Mg~ 7 ZDRIZOWT, DMSO 2T 100X 7 =7
T—YA e X —H 7TV EFHE L TPBS (pH 7.3) 1 100 BRI TNz,
FHELL7- PBS AL S L CEAEY A AR L, AR LY 7,
15% sodium dodecyl sulphate—polyacrylamide #° /L% W CESIkEIZ2 L7,
Polyvinylidene difluoride f&~#55 L7z, #554% . PBS (pH 7.3) Ziafis L7z 5
w/iv % ECL Blocking Agent (2T 1 K7 = v % > 7 %47V, IMMUNO SHOT
Reagent 1 Z ¥4t & LU CHERL L 7251 MUPL Hifk (1000 f5#7R) % 1 kbifk s LT

4°C—Wafhists. IMMUNO SHOT Reagent 2 Z &1 & L C Peroxidase &% L 7251

-12 -



T 1gG Hiik (2000 A ER) A 2 kPiik L L CEIRIC T 1 RIS, ECL ¥

TRETa T 4 o TREEA TR RO EITo 7,

2-10 NN D IR PR RO 72 T REBL 42

NENIHAR D—EB 2 @A & » MZAIL, 4% /N T ARV LT VT B RRIZ TRIA
SEE LD A =R L ARISTE (—BE) 217272, £ LT, 70%
T %/ —) (30 47), 80% =% /— L (3043). 95% =& / —/L (30 47), MK~
&)= (—H), ¥ L2 B304 3[F), 11 FTL2/NT7 02 (30 7).
RTT7 42 (3047 2E) DIETRE L., BUAE - Bk - BREIT o7, WiZ, X
T4 ML, 270 b—AZHWT 14~18 um OFEEIGI A 2B Lz, 2T
A RH T ACMBRSEU %2 3B5CICT—BiA > Fa— kL7, TV
54y 21[E), 100% =% /—/L (5% 2[@]), 90% =% /—/L (147). 70% T
2 )= (L50). 788K (1057 2[E).~~ FF U 4K (10 43). 97K (10 47).
AR (BRP). 0.5% HElE70% — X / —/Vik (1, 2 [BHRT)., Wik (5 47). PBS
D). 0.1% 7 E=T K FF). =4 U 24)). 95% =% ) —/L (1
). 9% =X ) —)v (143), k= ) —) 14y 2E), FLv (B4 2
[1]) DIETHEBRIRDO A TZREHICTIRE L, ~~v FFRv U v od v o Qefa

fiof, ZOfk, A4 %y FICTHAL, IBU#ROBEREZ T,

2-11 iR R U 7Y &Y FREOREIE

FUALVRML EOEREIC I LG E Y U kY RE-T R b
U a—Z AWl EEICTRE L, IMIOBIRIC TRARKZHFHIE L, migic
150 fER EDF B Z M A T 37°C, 5 IS S, RIRHIIT OFEMER (77
U 312mg/dL b U A Lo 300mg/dL FHY) b EREICKIG S B, MERE

-13-



ERE L7=. 1L 595 nm D E4 A~ 7L — ) —Z— TRt L= 2,

2-12  FEEHLER

MEHLER X, SPSS 15.00 ¥ 7 k (IBM, Chicago, IL) % F\ T Student’s t #: E1Z

X 0iTV, p<0.05 2 HFE L LTz,

-14 -



53 HT EERER

3-1 MUPL-TG = 7 A DI & PR AT

45T MUPL 2 @389 5 MUPL-TG ~ 7 AD/ERIAZ{T-72 & 2 A TIED 7
TUOSHE =R T RAER[LIENTE, ZDO5H, 3 EDOT 7y F—< T A
(71 Al-4, AL-8, AL-13) IZBWTIL, IEFRBIEEENRO biff~ U X
LI ENTERLZ LN, 74 MBICEILT, £ TH, KIZ MUPL
DFEFEDEHNT A > AL-8 Dl BEEEFIZ 1T 5 MUPL mRNA I EOE
AT o Tz, fEF. MEME MUPL-TG (X8R~ 7 X L bhilg UC, iTlE, Bh&. 5l
Mk, 7E. ME Vo 2IEIRIZI VT MUPL mRNA BEENAEICE WD &8
RSN (Fig. 1A), F 7=/ MUPL-TG ~ 7 A2 2B W CIIFiE ¢ Z % MUP1
MRNA FELOBNIMGE CTE R o= b 0D, Bk, MK, A5, K5,
& Vo T TR WD TIERBLENAEICE W Z &R SN (Fig. 1A), &
HIZ, R, Pl Mg 5 MUPL BEHEEZ V=AY 7y MEICKD
FRMT 24T o 7=, A5 5 MERESLIZ MUPL-TG ~ &7 A [3Bp AR~ 7 R L bl L TR,
JFlig, IMmy&IZds iS5 MUPLEREEN&EWZ L3O 67 (Fig. 1B), YL LEd
FEREY, 25T MUPL &84 5 MUPL-TG ~ 7 ADIERIZKZh L7z, F
7=, BRI~ R Ll U2 BRICHEME MUPL-TG ~ 7 2 13Tl MUPL mRNA
REEPABICEN E1 6 5, MUPL OFf - IRERH BT 2% 2 RFT 2
ZiE, M~ 2ZH WD ETE Y MUPL OfREZ T o2 & TE b L
Ez o,

-15 -



A Female Male

250 A O wT 800 1
200 + B MUP1-TG (A1-8) 600 1
£ 150 - 400 A
&
< 100 ; 200 4
% 60 60 - .
\E 40 4 40
S %
§ 20 20
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Fig. 1. Analysis of MUP1 levels in line A1-8 MUP1-TG mice. At 10 weeks of age, F7
generation MUP1-TG mice and wild-type (WT) littermate mice were fasted overnight,
then euthanized for removal of liver, kidney, spleen, white adipose tissue (WAT), brain
and uterus (or testis), and urine and blood collection. (A) MUP1 mRNA levels of each
tissue in female and male mice were analyzed by quantitative real-time RT-PCR.
Results are expressed as means + 1 standard deviation (n=5-7). *p<0.05, compared with
WT mice. (B) MUP1 protein levels of urine sample (7.5 ug), liver extracts sample (75
ug) and serum sample (60 ug) were prepared and immunoblotted with anti-MUP1
antibody.
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3-2 EHAEERTICEITS MUPL O - IEERHNCE 2 D2

HEME db/ db ~ 7 R & W2 S TGRS BV T, MUPL (AR 35 1) 2 B Bt
A L RRIAER G R A2 IS5 2 & O - IRERE OB 1- & L TE< 2 &3
HENTWDE N, 22T, ARFHCBVTH MUPL OFF - IFERH#NC G2 5%
BEETT 572012, LY MUPL 2 &38L9 5 2 & 3 el S av7- i MUPL-TG
~ 7 A% HWT, MUPL O - IRECHHIC G 2 2 85 Gt LTc, W R 2B
S ETCHEME MUPL-TG ~ 7 A IBERRIC R L. R & iTIE. A=5EEE © o A als
Wik E BB W TIEB AR~ v 2 L ZBIIFRD bk o7 (Fig. 2), £ LT,
db/ do ~ 7 A& W SEATHFFEIC BV T MUPL 12 X 2 IS ER 23788 & V7= i
N DO BERT £ & RENIE G U B 53 5 B s 1O mRNA FBEEZHE Lz, R,
MUPL-TG ~ U ZZHE W TIE, BAR~ 7 2 & ik U CHIE L7285 F R BLEI

ZZITFRD LR o 7= (Table 3),
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Fig. 2. Body weight, liver weigh and white adipose tissue (WAT) mass of MUP1-TG
mice fed a standard chow diet. At 10 weeks of age, female MUP1-TG mice and
wild-type littermate mice were fasted overnight, then euthanized for removal of liver
and WAT. Results are expressed as means + 1 standard deviation (n=5-7).

Table 3. MUP1-overexpression has no effect on the mRNA expression of glucose or

lipid metabolism related genes in mice fed a standard chow diet.

Gene Organ WT MUP1-TG
Liver 0.57+0.62 1.21+1.36
PEPCK -
Kidney 1.44+1.34 1.35+1.13
Liver 0.10+0.11 0.23+0.23
G6Pase -
Kidney 0.22+0.21 0.27+0.20
EAS Liver 0.012+0.010 0.0036+0.0032
WAT 0.044+0.027 0.024+0.032
Scdl Liver 0.43+0.21 0.31+0.17
c
WAT 0.34+0.39 0.24+0.28
LpL Liver 0.0044+0.0033 0.0061+0.0076
WAT 0.096+0.012 0.096+0.069
Liver 0.0077+0.0045 0.016+0.015
PPARYy
WAT 0.096+0.14 0.050+0.062
WAT 0.0026+0.0048 0.0050+0.011
PPARS
Muscle 0.021+0.020 0.030+0.021

MRNA expression data were normalized to (3-actin expression.. Results are expressed as

mean + 1 standard deviation (n=5-7). WAT; White adipose tissue.
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3-3 MM EAEN B EUREIC T 5 MUPL OFF - IREHHC 5 % 5 2
B RZ R LI 0 % < 1%, 5, 6 » H 72 E ity R M EhY I & is i
BEBRSET, EMEREOBY Z M5 2 & THER RS TND %3,
— HARRRFHE, BERF - IERRARIC 2 LART O3 F R B OB 2 A TR RR IS 38
7% MUPL OFf - IEEAEHCB T 2 KB ZRaT+2 ZENHMTH LD, bt
BRI CH 5 8 I m eI & 2 E Il S & THE 21T 72,

4 38 s OWENE MUPL-TG ~ 7 A1 8 S RN & 2 I S 7o R, Pl &
IZBWTIEH AR~ T X & DOENBED Lo To—)7 T, miEEEEIC &

Pc

DAREHNNCK LT MUPL-TG ~ ¥ A% OIS 5 A B 23 235880 5
iz (Fig. 3A), & HICAGELRE Y O BAlEMFEMRIC W T @B BT X
% EEHEINCK LT MUPL-TG « 7 A XA B2 23380 b i, [ENERk O HE
BRIz TH , IEAE O ERA LA MUPL-TG ~ ¥ A28\ TIENH] & 41T
LD ENBIES T (Fig. 3A, B), 7=, MiGT U 7 Ut U NREZHIE L
i e, B~ w 2B WWCdlE SER S L CEIE AR I AE
IRHEINAFRD BTz — T, MUPL-TG « U7 A IZBW Tl A RSB I X 51
mAamEmdl S, mWET RV 7 U 'Y FRESEE REREEO L~ E T S
hi= (Fig. 3C),

W, BE - IREAENCRED 2 BIc FRABEORE 21T o7, KR, MUPL-TG
~ 7 ADNEM#LERIZ 35T % Peroxisome proliferator-activated receptor (PPAR) vy
MRNA FBHEENE AR~ 7 X L g L THEICE W LR 6 (Fig. 4), H
E T2 DOMOBEFRIEEIZOWTIX, MUPL-TG vV R LBpARI~w 7 R LD
MCTEITRD LN -7 (Table 4), =512, Ko EIELEEERIC
MUP1 mRNA DREHZECICOWTHRET 21T o Iofi i, BAER~ T 2 D5

17 % MUP1 mRNA BE E&ILESIEHEEIUC L0 8L, RrZIEERR I 31T
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HFEB BT BN EEEU LY 30 £ & BIRY 2B N2 HERR S fuiz (Fig. 5),
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Fig. 3. Female MUP1-TG mice were resistance to short-term high-fat diet
(HFD)-induced obesity. Female MUP1-TG mice and wild-type (WT) littermate mice
were fed a HFD from 4 weeks of age until 12 weeks of age, or fed a standard chow diet
(SCD) until 10 weeks of age. The mice were fasted overnight, then euthanized for
removal of liver and white adipose tissue (WAT), and blood collection. (A) Total body
weight, liver weight and WAT weight. Results are expressed as means + 1 standard
deviation (n=9-12). *p<0.05, compared with WT mice. (B) Histology of WAT in
MUP1-TG mice and WT mice. Sections from WAT were stained with H&E. Bars
indicate 200 pum. (C) Serum triglycerides concentrations were analyzed using
biochemical test kits (as described in the Materials and methods). The horizontal bars

represent the means (n=4-9). *p<0.05, compared with WT mice.
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Fig. 4. PPARY expression is increased in adipose tissue of female MUP1-TG mice
fed a high-fat diet (HFD). Female MUP1-TG mice and wild-type (WT) littermate mice
were fed a HFD from 4 weeks of age until 12 weeks of age, or fed a standard chow diet
(SCD) until 10 weeks of age. The mice were fasted overnight, then euthanized for
isolation of total RNA from white adipose tissue. PPARy were analyzed by quantitative
real-time RT-PCR. Results are expressed as means + 1 standard deviation (n=6-12).
*p<0.05, compared with wild-type mice.
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Table 4. The effect of MUP1 on the mRNA expression of glucose or lipid
metabolism related genes in mice fed a high-fat diet.

Gene Organ WT MUP1-TG
Liver 0.98 £1.59 2.50+3.28
PEPCK -
Kidney 0.893+0.916 1.62+1.63
Liver 0.025+0.042 0.035+0.044
G6Pase -
Kidney 0.022+0.039 0.027+0.035
FAS Liver 0.000072+0.000064 0.00016+0.00023
WAT 0.00028+0.00029 0.00026+0.00027
Scdl Liver 0.012+0.014 0.023+0.031
c
WAT 0.048+0.027 0.073+0.063
LpL Liver 0.0099+0.0095 0.022+0.033
WAT 0.40+0.41 0.43+0.49
Liver 0.046+0.036 0.063+0.063
PPARYy F
WAT 0.23+0.083 0.40+0.20
WAT 0.0028+0.0032 0.0080+0.0017
PPARS
Muscle 0.0058+0.051 0.024+0.034

MRNA expression data were normalized to B-actin expression.. Results are expressed as
mean + 1 standard deviation (n=5-7). Tp<0.05, compared with wild-type mice. WAT;
White adipose tissue.
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Fig. 5. The level of MUP1 in white adipose tissue (WAT) is increased by feeding a high-fat
diet (HFD). Female MUP1-TG mice and wild-type (WT) littermate mice were fed a HFD
from 4 weeks of age until 12 weeks of age, or fed a standard chow diet (SCD) until 10
weeks of age. The mice were fasted overnight, then euthanized for isolation of total
RNA from liver, kidney, WAT and skeletal muscle. MUP1 were analyzed by quantitative
real-time RT-PCR. Results are expressed as means + 1 standard deviation (n=3-12).
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A H

ABFHZ LV MUPL 228 TEFEHT S MUPL-TG ~ 7 ADERIZRT) L
(Fig. 1), & OMEM: MUPL-TG ~ 7 R |35 O @R & 558 ORI &/ A 1 ©
REEME MEF U 77U &) FRESEMCK L TRETH - 72 (Fig. 3), =
D LB MUPL IR OMGIR T & L TEIK Z L 2410 TRIHI Z &8
T&E7,

B - FREARENCBIT 2201, UIE LIZREIRIR - ERSE T LB 2 VT
M3fTbid, 055 d db v A X, BRKRLVELTHLLTTF U OZE
RERIT 22 LIChD ., WRICKDFPRIEN L sEL 23252200 2
FIREIRFCIE DT T NV~ 7 AL LTI TS, Zhou 51X Z @ do/ do ~
DARET T ) TANANRY X —F T MUPL ZHFlIR CEBH ST LA,
FFlZ 33 0 2 B AL & f= - (Phosphoenolpyruvate carboxykinase (PEPCK) |,
Glucose 6-phosphatase (G6Pase)) & fIEife & (2B %5 B ix+ (Fatty acid
synthase (FAS) , Stearoyl-CoA desaturase 1 (Scdl), PPARy) OFRELENEA T 5 Z
EERRHLE D, L LABRFICBOTIE, @A ERS - MUPL-TG =¥
R LB~ 2 L OMT, FigCHBIT 5 LELOBEFRERICEITRD bl
9 (Table 3), JBATHFZE L AR/ E LN, ZOZ L XD, MUPL [1HE -
TRERHM DR A A AL ¥ AR5 IR - T 80 BB - IR
BERIFSRV, b LITBELGFHRESE 2R & HBEZHEI L TV D WK
MUP1 ORBLE TR A G AL VA EHERFCE D A[REMENE 2 bz,

— 5 T MUPL IZEBIRBITIE U TEORBT 0 7 7 A VNEET 252 &bl
HINTWD, iz 5 MUPL oRE&IZ, T U —flfRIZE>TELL
Wb L2 2 F iR T A Z LI Lo THI T 5T, MAKICHE
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AT 22 TELS EAT522 ZEREINTND, 61T, FERRF
REMICED B TENEA SN Yoy 7R TH Y BE 295
TENMBNTVS tabw2 v 7 2 2D odbl db 7 2 ) Lo BRI - JIE
EFETNAYTACBNTH, FEICBIT 5 MUPL OFBLEITHAD 35 2 & B3l
SNTWD, —HABRF T, FERE - IEERRRIZE 2 LIRTO MUPL (28T %
HRERETT DO E IR TH 5 8 HmEBEZEIES Y, £0
il R, 1 R & bl U C 8 M o mi B BRI L 0 B AR < 7 2 D AT,
B, BRI ISIT D MUPL O3S BLEIE 2~4 SRR L, X OICHENERRIC
BT 5 MUPL OFBLEITH 30 fiF & ftlifize LV BTN L7, 202 LT
LV EHIH TdH 5 3~5 B O = a2 By O IR Z 31T 5 MUPL DFEH
B3 L<EMT 5 2 EREITEICBNTHLIESATND P, 2%, 4
[m 0 8 M DO E A AEIEROSMIE, dbf/ db ~ 7 272 E ORERE « BT T 1~
UALIXRRY | OBERIE - I & o TR R BB IS TR o TR W EE AT
WINPT RBERETH D Z ENEMIT O D &I, B - RERHICK TS
MUP1 O/ FEAUBERE IR FRIRAEIC K 0 5872 % I REMEAVRIR S L7z, & H 12, db/ db
~ 7 A% T SEATHRE TIE MUPL I3RS B A A I3 W THERE T 2 2 & 3k
HINTZHOD, ARFHIB W T 8 B O&EEEERIZ LY MUPL D3EE
BN <~ T 2 OEIHERIC B W TEEICHIN L, & 512 MUPL-TG v 7 R |2
BWTEBMEEIUC X 2 EEEOBEMImE & Eh ~ Y 7V kY FRED
HIHIA RO b Z LG BERPF - INERREICE 2 LARTO MUPL 1%, AT
g K 5 T U722 < NEMIMARIC B W CTIRIGE R O MBIIN F & L CTHsE S 2 &%
z b,
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2w RIS BRI SbIZEB T 5 MUPL D& E

BLHE FES

5 1 EORFHI LD  MUPL 2RI I W CHEN &R A I 92 2 & 234))
DTHGMNE o7z, RN I, BRI /HED T Z &b TR
D, BB THEA RELRTFRFEIND Z & THEMROSEDMEES LD,
HE A EIC BN T RBER AR~ A X — L F 2 L—F—Tdh 5 PPARy > ¥
IZ. CIEBPB. 8% %) L\ o =3 b DWIHIB P B\ THERE T BB EN 712 K -
THRBNFEIND, £ LT, FHEINT PPARYIC X o TIEN M/ b 2 12
4% CCAAT-enhancer-binding protein (C/EBP) o, Adipocyte protein 2 (aP2), CD36,
Glucose transporter 4 (GLUT4) & \W\» 7=flix OBEBR - RENFEIND Z &
THEMMIR LT EIT T A 2 6N TWD, £ 2T, BIHERICEIT 5
MUP1 O&EEIZRETT 2I12H72 0 ~ U ARAEMHE M (MEF) Z Mz in
vitro 7 v v A RABNL L, RGBT D MUPL D282 et LTz,

F 72, PPARYIFENEMOHIENZ B W T H LER AR 2B TTh D, mlEh
BHEEUC L D IEERB OB PPARYD 7 LV ARMEETH D  PPARYD~T
2RI K > TERIBMEEIUC L 2 ENEEOHEMTmEl s s 2 L AmE S
NTW5 O, 2 2 T MUPL DRSIAMRRIC I 1) 5 5B 2 it 512872 Y . PPARy
EDOREIZEH LIEREE1T 5 1201 PPARYRE~ 7 2 &2 AV THRE b &b

TITo7,

52 8RB LUk
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2-1 HEM B LUK

KU 72, Duibecco’s Modified Eagle’s Medium 4.5g/L. Glucose with
L-Glutamine and Sodium Pyruvate (DMEM). Penicillin - Streptomycin
Mixed Solution, 2- AV 4 7 h =& 7 —/v FENZAT I 7 B, L-Glutamine Stock
Solution, DMSO, OilRed O, A Y7 X) —MIF 74727 (), ¥
LB VEET R U T AL 3-isobutyl-1-methylxantin IBMX), 7 %4 % & ' 3 F0
SeiER (KBR). IEIREAIMmE (FCS) 1X Biowest (Nuaille, France), & b+ > AU
YEV TR vy F TNy OER), vV E Y 3T A~ I v

(Michigan, USA) X W A L 7=,

2-2  WIKEEFE MEF ORSE & NRINGHIE 0 Lahk

MEF §5#8k & L C, FEEIL L7z 10% FCS, 55 mM 2- A )V H 7 h =X ) —)L,
1mM ELVE RS R DA 100 uM FEXZET X /2, 2 mM-L-Glutamine
Stock Solution, 100 IU/mL: 100 mg/mL Penicillin - Streptomycin Mixed
Solution Z DMEM E5Hihn z . FA%L L7, MEF |%, MEMEEFAR C57BL/6) Rft~
U A LREME MUPL-TG v U A A ZRL S Y, 77 7 il Lok~ v 2 & VW T,
el 13.5 A 225 15.5 A O a1 2 EENRAEIC TR L7z, fi L7z afrid, B8
HEWNIEE R BREFES T2 LZ 01% R Y 7B X N053 mM EDTA 25
ie PBS (pH 7.4) (EDTA/ PBS) 500uL % Il 2. Tk % Hilkr L 7=, 5 mL EDTA/ PBS
&4 mL 0.25% h U 7o a2z THR#RE, 37°C 150min! T 20 oS 5 L
72 & 5126 mL EDTA/PBS & 4 mL 0.25% bV 7> o &Mz CHEE, 37C
150 min! T 20 3R E 5 L7, RE 5%, WAL THHRFREZRO 1T
15T, =0 (1043 100 @) L7z, O ICE B kI MEF &R % Iz,

37°C. 5% CO2 DM T CTh R LHERF L 7=,
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FER M EFEIE, ERROREERIC 0.5 mM IBMX, 1uM T4 2 %' 10
ug/mL B hA 22 100nM 17 Y 2 vk izmofbiksim e Uiz,

SHUERERE I, 2 A d6 S ITRTREZR I & AZH LT,

2-3  Oil Red O 4+t

Oil Red O YtailE. 3% Oil Red O % 60% A Y 7 1,3 — LT L THE
U7, RERMALEERE Lo oss 2 D frE . PBS T Lo, K
W UT- IR 4% XTIV LT AT Ra 2 mL/ well 00 L. 20 2y#kE L1z,
KA RO, PBS THEF L, 60% A Y 7 a3 —/LEERMLT 150 MEE
i L7z, WAEED PR 7214 Oil Red O Yok 2 s/ L C 20 /3 FRiE L7, A H
DR\, A4 Y TR — L THRE L, SHICPBS TR LT, ERTHR

WOl S HTZ,

2-4  FEEREW)

H1E 2 2-6 EREMWICHEL T,

7272 L. PPARy~T i R~ U ALk, BEURT  MlpZe4 % X v 518
&, RO AR~y X2t s L THEH LT,

2-5 “fE#H RT-PCR

MEF X ¥ Total RNA Z#fift] L .cDNA Z {E# L 72, Quick Tag HS DyeMix & Table
507 T4 ~—%HANWTEEETIZLY PCR 1T\, PCR EMET Tr—R
XV ERKEI%, =F v aT7av, NCXOREa L TR LE, £,
NERAZEHE & L CB-actin & V=,
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Table 5. Oligonucleotide primer sequences and PCR conditions for standard

RT-PCR analysis.
Gene Primer sequences PCR condition Product
(Accession No.) (35 cycles in all cases) Size (bp)
Sequence (5’ to 3°) Denaturation ~ Annealing  Elongation
MUP1 Forward CAGACAGACAAT
CCTATTCCCTACC 94 °C 58 °C 799¢
(NM_031188) Reverse =~ GTCAGAGGCCAG 15 sec 30 sec 30 sec 693
GATAATAGTATGC
CATTC
PPARY2 Forward GGTGAAACTCTG
GGAGATTC 94 °C 58 °C 72°C 268
(NM_011146.3) Reverse CAACCATTGGGTC 15 sec 30 sec 30 sec
AGCTCTTG
C/EBPS Forward ~AGCTGAGCGACG
AGTACAAG 94 °C 58 °C 72°C 199
(NM_009883) Reverse =~ GGCAGCTGCTTG 15 sec 30 sec 30 sec
AACAAGTTC
C/EBP3 Forward ACAGGAAGCTGC
AGCTTGG 94 °C 58 °C 72°C 536
(NM_007679) Reverse GTAGAGGCAACG 15 sec 30 sec 30 sec
AGGAATCAAG
B-actin Forward CCCTGAACCCTAA
GGCCAACCGTG 94 °C 58 °C 2290
(NM_001101) Reverse ~ GGCATAGAGGTCT 560
15 sec 30 sec 30 sec
TTACGGATGTCAA
CG

MUP1, Major urinary protein 1; PPARy2, Peroxisome proliferator-activated receptor y2;
C/EBP, CCAAT-enhancer-binding protein

2-6 &% Real-time RT-PCR

B1E F2H 2-7 TE Realtime RT-PCRICHEU 7=, 7272 L. aP2, CD36,
GLUT4, C/EBPa, C/EBPa, CIEBPa®d A % > & — RO/ERIL, Table 6 D77 A ~
— & BB TITV pGEM-T Easy Vector ICHLAAAATZ, HIEIZIX, Table 7 77

A~ —EBRMHEITLVITo T,

2-7 — 7 o AfEMT
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R LT=T T AI ROV —7 VRN EIT o T2, 728, FIEITFE 1E 5H 2

IH 25 L — T ARATICHELD 7=,

Table 6. Oligonucleotide primer sequences and PCR conditions for PCR cloning.

Gene Primer sequences PCR condition Product
(Accession No.) (35 cycles in all cases) Size (bp)
Sequence (5’ to 3°) Denaturation ~ Annealing  Elongation
aP2 Forward AAATGTGTGATGC
CTTTGTGGGA 94 °C 60 °C 72°C 417
(NM_024406) Reverse GGCCTCTTCCTTT 15 sec 30 sec 60 sec
GGCTCATG
CD36 Forward TTCATCACCAATG
GTCCCAG 94 °C 58 °C 72°C 559
(NM_001159558)  Reverse TCCGAACACAGC 15 sec 30 sec 30 sec
GTAGATAG
GLUT4 Forward CCAACAGCTCTCA
GGCATCAAT 94 °C 60 °C 72°C 550
(NM_009204) Reverse ~ TGAGATCTGGTCA 15 sec 30 sec 30 sec
AACGTCCG
C/EBPa Forward AAAGCCAAGAAG
TCGGTGGAC 94 °C 58 °C 72°C 645
(NM_007678) Reverse AGAGGAAGCAGG 15 sec 30 sec 30 sec
AATCCTCC
C/EBPp Forward AGCTGAGCGACG
AGTACAAG 94 °C 58 °C 72°C 505
(NM_009883) Reverse GGCTGACAGTTAC 15 sec 30 sec 30 sec
ACGTGTG
C/EBP3 Forward ACAGGAAGCTGC
AGCTTGG 94 °C 58 °C 72°C 36
(NM_007679) Reverse GTAGAGGCAACG 15 sec 30 sec 30 sec >
AGGAATCAAG

aP2, Adipocyte protein 2; GLUT4, Glucose transporter 4; C/EBP,
CCAAT-enhancer-binding protein
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Table 7. Oligonucleotide primer sequences and PCR conditions for quantitative
real-time RT-PCR analysis.

Gene Primer sequences PCR condition Product
(Accession No.) (40 cycles in all cases) Size (bp)
Sequence (5’ to 3”) Denaturation ~ Annealing  Elongation
aP2 Forward AAATGTGTGATGC
CTTTGTGGGA 94 °C 58 °C 72°C 125
(NM_024406) Reverse CCACTTTCCTTGT 15 sec 30 sec 60 sec
GGCAAAGCC
CD36 Forward GCCAAGCTATTGC
GACATG 94 °C 62 °C 72°C 108
(NM_001159558) Reverse ~ TCCGAACACAGC 15 sec 30 sec 30 sec
GTAGATAG
GLUT4 Forward TTCCAGTATGTTG
CGGATGCTAT 94 °C 58 °C 72°C 118
(NM_009204) Reverse TGAGATCTGGTCA 15 sec 30 sec 30 sec
AACGTCCG
C/EBPa Forward AAAGCCAAGAAG
TCGGTGGAC 94 °C 62 °C 72°C 181
(NM_007678) Reverse CTTTATCTCGGCT 15 sec 30 sec 30 sec
CTTGCGC
C/EBPS Forward AGCTGAGCGACG
AGTACAAG 94 °C 62 °C 72°C 160
(NM_009883) Reverse =~ ACAGCTGCTCCAC 15 sec 30 sec 30 sec
CTTCTTC
C/IEBPS Forward ACAGGAAGCTGC
AGCTTGG 94 °C 62 °C 72°C 126
(NM_007679) Reverse CATGCGCAGTCTC 15 sec 30 sec 30 sec
TTCCTC

2-8 IMIET Y 7 U &Y NREOHEIE

F2H 2-8 MiEHT FY 7 Uk FREOHIEICHE LT,

il

il

2-9  HrathLEt

F2H 2-12 FREHLBRIZHE L 7=,

il

F1
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53 HT EERER

3-1 JEWGMIR LI REIC 61T 5 MUPL O 52%E

B4R MEF & MUPL-TG @ MEF (TG-MEF) #ZnZh il L, IEi 0 LisE
FBREIT o7, 6T, & MEF 123175 MUPL mRNA #ELE 2 JIE L 72 f5R.
TG-MEF (X848 MEF & bh#i LT MUPL 2§ ICEFEHLL TV D Z & B3R T X
72 (Fig. 6), Iz, NERIAMRR 2 LERE 21T > 72BR D PPARy, C/EBPa., aP2, CD36,
GLUT4 ® mRNA FEL &4 HIE L7z, ORGSR, B sbiFE2 H, 4 H#
? TG-MEF (Z3(F % C/EBPa., aP2, CD36, GLUT4 J& &%, /4R MEF &
0 L CABEZRIH 2R 51, PPARYICOWT G 2 H# OFRBLEDNA EZ ICHH S
ALTWe (Fig. 7A), LU, AR b 4 A& UBEOA B FREEIT
TG-MEF & B4H MEF & O CEIZR® bivieh > 72 (Fig. 6).

I MUPL DR EREIC 5 2 5 50 A Bt 2 729012, MEF Z EN5#iia sy
{LFHE 10 H#IZ Oil Red O YutalZ K U RGO/ 24T - 7o 5 R B A7 MEF
IZRBWTERD B2 ARIAR OZBFEN TG-MEF (2B W TIEMH S CTnd 2 &3
Bl n7- (Fig. 7B),
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Fig. 6. The effect of MUP1-overexpression on adipocyte differentiation-related
gene expressions. Mouse embryonic fibroblasts from MUP1-TG mice (TG-MEF) and
wild-type mice (WT-MEF) were cultured in the presence of the differentiation medium,
and total RNA was isolated at the indicated time after induction. mMRNA expression of
MUP1, PPARy, C/EBPa, aP2, CD36 and GLUT4 genes were analyzed by quantitative
real-time RT-PCR. Results are expressed as means + 1 standard deviation (n=3-6).
*p<0.05, **p<0.01, compared with WT-MEF.
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Fig. 7. Overexpression of MUPL inhibits adipocyte differentiation in the early stage.
Mouse embryonic fibroblasts from MUP1-TG mice (TG-MEF) and wild-type mice
(WT-MEF) were cultured in the presence of the differentiation medium. (A) mRNA
expression of PPARy, C/EBPa, aP2, CD36 and GLUT4 genes at 2 days and 4 days after
induction. Total RNA was isolated from MEF at the indicated time after induction, and
MRNA expression of each gene was analyzed by quantitative real-time RT-PCR. Results
are expressed as means + 1 standard deviation (n=3-6). *p<0.05, compared with
WT-MEF. (B) Lipid droplet in TG-MEF and WT-MEF. At 10 days after induction of
differentiation, MEF were fixed with paraformaldehyde and stained with Oil Red O.
Arrowheads indicate lipid droplets (note that not all the droplets are marked).
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3-2 NEWiAIa b DB 23T 25 MUPL D52 %
HERARAE A L DRI EEFEIZ 31T D MUPL O EFNZ DWW THRET & 1T 5 72912,
HEWGARAE S L5381 24 REILIN & 4 A (8 H12I231F 5 MUPL OFBLEITIN %
PPARYD T A ) 7 4 — LD 5 BRI B0 /e BB & 572 PPARY2 %% 0
FEBLENZ DUV T MEF (ZAENMIIA L% 5 2 3 THRET 24T - 7o, i . TG-MEF
ZRT D MUPL X, BENIHIRE LB ERT2N D FISE W LV TRIL TV D 2
& WHERRTE 7= (Fig. 8A), FAM MEF (23517 % MUPL O38%, TENHMIE Y
{EF5E 6 IEflf: K 0 BB ER ST 18 FHZICRBLEO B — 27 3B H i,
D% —HREBNEAD Licb oo, JEViMabiFE 8 HERICHUTEELOHIN
RFRD BTz (Fig. 8A), —77. PPARy2 D3BLE, TG-MEF & #4:7 MEF 4k
NEWGARRE 3L 4 B S A1 THRIDFRD S (Fig. 8A), Z. NEWiAmIRsy
LY B FEIZ BV THREET D5 Z E BN TV DHERGR - Tdh 5 CIEBPB,
S MRNA RELEAWIE L7, fiH, &5 50 mRNAREEL, B4R MEF B X
O TG-MEF |23\ TR MR AFRYIC B BLE O ¥ O b vz, LrL TG-MEF
(ZIRWTIE, IENMI > (LFE S 18 et > CIEBPSIEE & 0O HE N AN A 5 Hf)
SN TEY ., TG-MEF |281F 5 CIEBPRORELFHEDENNBIZ iz (Fig. 8B),
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Fig. 8. Expression profiles of MUP1, PPARy2, C/EBPf and C/EBPS in the early
stage of adipocyte differentiation in TG-MEF and WT-MEF. Mouse embryonic

fib

roblasts from MUP1-TG mice (TG-MEF) and wild-type mice (WT-MEF) were

cultured in the presence of the differentiation medium, and total RNA was isolated at
the indicated time after induction. (A) RT-PCR analysis of MUP1, PPARy2, C/EBPf3
and C/EBPS in WT-MEF and TG-MEF. Expression plasmids for each gene were used as
positive controls (P.C.). Data are representative of at least two independent experiments.
N.C., negative control (B) mRNA expression of C/EBPJ and C/EBP& genes were
analyzed by quantitative real-time RT-PCR. Results are expressed as the mean + 1

sta

ndard deviation (n=4). *p<0.05, compared with WT-MEF.
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AT E TO MEF &\ = invitro 7 v & A SR1Z & > T, MUPL (ZAER5HEf />1b
OIFHIRT-L LTlE, ZOEAO—>2 & LTIV SEOWIHEM I
LHURFIR - CToh % CIEBPBOIBLZFHI 5 Z LI X 0 5 S 5 AlREME S R
I, F2H L EICBWTE, MUPL-TG ~ 7 A ZE M SR B R &
7z in vivo DRIZE - T, MUPLIZNENIEREOMGIER 23835 2 & 23 520
& 72 o 7= (Fig. 5), C/EBPBZ & Lo a 3k DM BEFEIZ FE BT D E DT &
Ao EVEL BRI b D~ A X — L F a2 L—HX —Th 25 PPARYDFEBLFHE T
42 Z L ko TR ot 2 89 5, >F 0, MUPL-TG ~
U ARV TR BT RS RN HIEM 23 . MUPL I & 2 IENG#RAa /b o )
B IC 31T D HR B K T ORI R T 5 D THALE, in vivo DRIZEBNT
tH MUPL 34727267 PPARy & DB 52 X o CRENIERGIER 2 %35 =
EMMEZBND, £ T, PPARYDFBLAET L7-FED MUPL D ERGE A HIH]
TERIZ G- 2 5528 % . PPARy R~ U A% W THET L7z, PPARyRERE~ T
ZIIBEBIETH D - OABFHI N D Z ENTERVAR %38 ppARy~T 11
KA (PPARy (+/-)) ~ 7 AT BN 22 £ 1235\ T PPARYDFEEL DI 73 fife
RINTEY, FEBEEEBEIC XD ENEREOEMIL PPARy~T 17 KIE72
TR SN D 2 ENMBITWND TS, ARFTTIL PPARY (+-)~ U A%
FUV MUPL-TG ~ 7 A DA L W MUPL (+)/ PPARY (+/-) ~ U AZ{ERLL Tha
FEIToT,

4 His OMENE~ 7 A2 8 I R 2B RS T2 L 25, MUPL-TG v 7 A
BT EABMAIERUC X 2T & AFHERE VD o Je U 5 oo 5 B 2338
b BHI=—J7. MUPL (+)/ PPARy (#/-) ~ 7 AIZEBWTCIE, B4R~ 7 R L& ik
U CIRE L AFHERE © OB E B OB ZITRO 5T MUPL IZ X H1F
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723 PPARy~7 & KHRIC L 0 5 S 47z (Fig. 9A, B), S B2, MR KU 7'
Y FREIZENTSH, MUPL-TG v 7 RIZEBWTAHRICHHI S — T,
MUP1 (+)/ PPARy (+/-) ~ T AZEWTIEEAM <D 2 L ik L CTHE R 2T

5T, MUPL OEF 2 PPARy~7 12 KH48IZ L 0 838 7= (Fig. 9C).
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Fig. 9. The potential relationship between MUP1 and PPARy in high-fat diet
(HFD)-induce obesity. MUP1 (+)/ PPARYy (+/-) mice were generated by intercrossing
MUP1-TG mice and heterozygous PPARy-deficient (PPARYy (+/-)) mice. Female mice
were fed a HFD from 4 weeks of age until 12 weeks of age. (A) Total body weight
change were monitored every week throughout the experiment. Results are expressed as
means * 1 standard deviation (n=7-10). *p<0.05, compared with MUP1-TG mice. (B)
Weight of liver and white adipose tissue (WAT). At 12 weeks of age, the mice were
fasted overnight, then euthanized for removal of liver and WAT. Results are expressed
as means = 1 standard deviation (n=7-10). *p<0.05, compared with WT mice. (C)
Serum triglycerides concentrations were analyzed using biochemical test kits (as
described in the Materials and methods). At 12 weeks of age, the mice were fasted
overnight, then euthanized for blood collection. The horizontal bars represent the means
(n=7-10). *p<0.05, compared with wild-type mice.
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MEF % H\ 7z invitro ORRFHZ BV T, MUPL % &3 819 % TG-MEF T, ¥
AT MEF & B U TGRSR OB R bz (Fig. 7B), F 72BN 5>
b &R+ 58 s 1T 5 CIEBPa, aP2, CD36, GLUT4 O¥ B &Ix, TG-MEF
(R W TR M 2 bFFE 2 B & 4 AR ICHH S 4, PPARyDFEEL& & 55
SrbEEE 2 A CIXAERIRINBIEZ S (Fig. 7TA), —J7. IR E 4 A
BLBRIZIB W TIE TG-MEF & B4R MEF & OICZE N 6 OB TR BLEIZ AT
WO Lo (Fig. 6), 2O Z & L0 MUPL IZAENMER S L O FiIlA -1 &
LTl 2 EnB o5 &I MUPL I X 2 ERIIARIGAIE /b o Hig i H
HNCRE SN D ATREMED R S LTc, & 2T, FENIAIRE b D W11 B S 1 7 B
WHEE S, MEBFEEOG &L R LRGN FTH D CIEBPB, 878 & DIEBLIZ
X% MUPL DRI DWW TR &Z T o 72, Jed. PIEITE MUPL 28 iE i 73
BIZIRCTED L O BREE T a7 7 A NV Z R T ONTReTT 270, BAER
MEF (23517 5 MUPL OFBLA MG L7z & 2 A, IENIMEFRERTIC IR BN
b7 hr o 72 MUPL L G Ia 2L ik 5 18 BFE 2 ICFEBLD ' — 7 1272 o 1244,
—HZOFRBLNFA L, ZO%BERBOEMINFE O btz (Fig. 8A),
PPARYD BNl R SN 72 T A Y 7+ — A Td % PPAR2D BRI MEF $517 5
FENT MR ML E 4 BN OEO bGD = (Fig. 8A) Z &5 MUP1
I PPARYEEET 2 LLRIA> B ARG AL O /3Ll 2 1T > T D ATREME DV RIR X
i, 124 MEF (2875 CIEBPB. SORBELAZTELIZLE Z A, WA
MUPL1 DIEHL " — 7 23 b T g i a s bak B 18iF M 2 kT, B R
MEF & Ebi L C TG-MEF (2351 % CIEBPB DR ELE NG B 72 i 23580 B iz,

ZDZ & XY MUPL L, CIEBPROFREGHELE A M4 5 Z £I1Z2X > T, PPARYy,
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C/EBPa72 £ DN/ b & ARt~ % B An 7 FBL A I 3~ 2 wIReME A R2 S h
7= (Fig. 10),

PPARy & CIEBPoE, &6 & & bR EIC I W T EEREEFR - TH Y |
Hex RBIEFRBEZHET S5 2 L35 2 LIk > TR b 2l 5 =
ENFHBNTNDHDD, CIEBPIAENIHIIL I LIZAHEAR R R TIHZRWNZ &M
W EN TS ¥ 8 —F5 PPARpICE W TR, MEIMIIAZ LIz W TREAR ]
RIPAF =L X2 L —H—ThHbDHI LI PPARYRIE~ T A% HW =i &
DIESH TS, FH13E 33HICBWT, EEHEERIC X 251 E R8N
(2% LT MUPL O RIEH A IHBNAEH T2 Z LRy, Z omlfE
72 PPARYDFEHNMGHI S5 Z LIS K » TRBE & L 2 BEIAIIL (L 302t
K4 2D THIIE, MUPL-TC v 7 A TRROONT=T = /) # A 713 PPARyDFEH
WIKFELTWD EEZXOND, £ TARFIIEWTIZ, W 29Dk T
PPARY DI HL &2 H L TV % PPARy (+-) ~ 7 % ¥ L MUPL-TG ~ 7 X % A
EH5Z LIV ERIL 72 MUPL (+)/ PPARy (+/-) ~ 7 2 &AW, EIFEREIC
BT 5 MUP1 & PPARyE DB HIZ W THFT 21T > 7=, [ PPARY (+/-) ~ 7
A & AN TZSEATHFFRIC BV T, PPARY (+/-) ~ 7 A1 15 #E O @ g & HUC
FOFHE SN ERERMC LT Th o7z b s T a2y, ik~
U A& AW ARFHZ B WL 8 BB o EIE & EECCIIMEr: PPARy (+/-) ~
U AL BAT 2 L ORICEEORERZTFED ST (Fig. 9A), JEITHF5E
IR DR L o7, ZORKE LTI, RO SR RERSM N %
TR L D bEBII T2 & &, M~ A2 AW Z LIC X oMEEED
BCh D AREMEDN S 2 b,

—J7 T, MUPL-TG ¥ 7V AW TIFE AR~ » X & Helg L TallEli & IS

X D IRESMOIHE 235880 H17225, MUPL (+)/ PPARY (+/-) ~ 7 A 2B W T
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B AR~ T 2 L ORICEREOZITRO b < 72572 (Fig. 9A), S BICAEIGE
mEEMEF NV 7V Y RREICOWTH, MUPL-TG ~ 7 A FHAER < X L
LR U CA B AR B IIEI 2358 8 H AL TU A4S, MUPL (+)/ PPARY (+/-) ~ 7 AT
BOWTIH AR~ X L ORICENRBD b < 72 o7z (Fig. 9B, C), 77205,
PPARYD B AT S5 Z LIZ LV MUPLIZ X 2 REHI & &% 1 5 REH i
Hl & Migsh Y 7 U Y RREOBIIMEIER R F ¥ o2 aini, ZofkR
XEDOEHERT 2 LD THY . MUPL OIEIEREIER X, PPARy % B
I Lz fEAMR M EoIfl L v BiESh b &5 2 bz (Fig. 10),
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Fig. 10. Possible models for the role of MUPL in adipocyte differentiation. MUP1
may inhibit C/EBPf, which induces the expression levels of PPARy and subsequently
induces PPARYy target genes. These pathways lead to the induction of adipogenic gene
expressions and subsequent adipocyte differentiation.
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ENL, HEE~ T ACBWTHRBRICRO DD D E R T OMERH D LB 2
bND, Z Z THEME MUPL-TG ~ 7 AT DWW THT - 7= I o s i T & Ak Br
Z JEME MUPL-TG = 7 Z{Z DWW T HATo Tz,

B % Wi iE DOBEAG T ORERE Z IRHT T 5 1= D IS8 n F R EEM 2 AV 5 Z &2
B THDHHR, MUP 7 7 2 U —3%7 ) & LIZHiFE L CHFEEL, V724 7o
BETESNIIEEIL TWAH D MUPLZ0 2 KRB Lo~ 7 AZERT 5 Z L i
FEFICWEETH D Z L3 1 Tk~ 7z, ZO—JF T, MUPL (T8I 72 7 o R
BT UINEBIR T THDL I END, FBERT RS U EARE TH OREE
B3 2 EHBFINT LY MUPLINENREEZFRIT 5 2 L TE L &&Z 2 b5,
FIHRENZ L2, BRI Lo THIEMAFFEI N D 2 & N BEICERIRAY 72 40
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Ra KM LT BB X DB 2555 LB 7 L OENLIA IR STV RN 2
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BLE HE2f 26 FEREMICHEL T,
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B, FMIA Y 7T T AR (L A A 4E) AW T, BMEEFICLY

1T-o77,

2-2 7E*= Real-time RT-PCR

i1 B2 2-7 T8 Real-time RT-PCR IZH#E U 7~

2-3 MiEH FY 7V Y R EENR, 7o —RREORIE

F1E F2f 2-11 myEHF RV 7 U BY MREOHIEICHE -, WEBEIEN
FRIZNEFA C—7 X b U a— (RO, KFR) 2 MW o Ak TRIE LT,
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SEOG SH T2, RIRFICIRAMT OBEHERR (A LA 8 ImEg/ L) b REARICEIG S,
Pt fER L7z, MIEIR, 570 nm DEREZ~A /77 L— U =& —|ZTH
HL/z, Zva—RF 7 va—& Cll—7 A FU a— (FoEHiER, KBR) & Hwv
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53 HT EERER

3-1 HEME MUPL-TG ~ w7 A 2B 2 B = HE N & A e il B
4 JA s OHEYE MUPL-TG ~ 7 2|2 8 RSN B2 B S E7o & 2 A, B4R
~ U A& U TEIBEERIC X D AE & A v ORI/ E &N o
BH2REHI AR bl (Fig. 11A,B), — 7, MigH R U 77Uk U RREIZDOW
TILHEME MUPL-TG ~ 7 A & BP A< 7 2 & ORIZZITFE O bivze - 7 (Fig.

11C),
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Fig. 11. Male MUP1-TG mice were resistance to short-term high-fat diet
(HFD)-induced adipose tissue mass but not lipidemia. Male MUP1-TG mice and
wild-type (WT) littermate mice were fed a HFD from 4 weeks of age until 12 weeks of
age. (A) Total body weight change were monitored every week throughout the
experiment. Results are expressed as means + 1 standard deviation (n=8-10). *p<0.05,
compared with wild-type mice. (B) Weight of liver and WAT. At 12 weeks of age, the
mice were fasted overnight, then euthanized for removal of liver and WAT. Results are
expressed as means + 1 standard deviation (n=8-10). *p<0.05, compared with wild-type
mice. (C) Serum triglycerides concentrations were analyzed using biochemical test kits
(as described in the Materials and methods). At 12 weeks of age, the mice were fasted
overnight, then euthanized for blood collection. The horizontal bars represent the means
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(n=6-8).
3-2 EBFNC L DIEMFE~ T AT T /L OIER
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BEE~OEELELRENE LTS 00, EEHEIZBWTERIC
LD IEMFHE AT O e OICH MR Th D L EX NS, &2 CARGTNCE
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W, REHT- D OFFIBERIZITESREO bven-o7- (Fig. 13), —HEERH
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IMEM 2RO i, S HICES~ U ZADOERESH T2 OIENTEEITA BRI
B (Fig. 13),

SHIZ, MiFH MY 7V Y R, EREEDRE, Jva—2REANELZE
A HE LT RTOME~Y—H—IZ2oW\WT, BFifi~r 2 &g L TEE
< 7 AZBWCHREREMNNEED b (Fig. 14), IR & IR OFE -
TEERHNCE ST 5 5B FRBEZRIE LR, BIRERICBE D 585
FRBBFBIIES~ T X LBFIN~ U ZADOMIZEITRD bigd -7z (Fig. 15A)
—J7. FFIEOREF AEMER 7 CH D G6Pase FHLEIL, BT~ A L L
TEB TR IBWTHEIZHEML TWD Z En@EO Livke (Fig. 15B), BLED
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Fig. 12. Effect of surgical castration on total body weight and food intake in mice.
Male C57BL6/ J mice were castrated (Cast) or sham-operated (Sham) at 9 weeks old
and fed a standard chow diet. Total body weight change and food intake were monitored
every week throughout the experiment. Results are expressed as means (n=12-14).
*p<0.05, compared with sham-operated mice.
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Fig. 13. An increase in white adipose tissue (WAT) and liver weight of castrated
mice. Male C57BL6/ J mice were castrated (Cast) or sham-operated (Sham) at 9 weeks
old and fed a standard chow diet. At 18 weeks of age, the mice were fasted overnight,
then euthanized for removal of WAT and liver. (A) Weight of WAT and liver. (B) The
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ratio of each organ weight to total body weight. Results are expressed as means * 1
standard deviation (n=12-14).
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Fig. 14. Hyperlipidemia and hyperglycemia induced by the castration. Male
C57BL6/ J mice were castrated (Cast) or sham-operated (Sham) at 9 weeks old and fed
a standard chow diet. At 18 weeks of age, the mice were fasted overnight and
euthanized for blood collection. Serum triglycerides, nonesterified fatty acids (NEFA),
and glucose concentrations were analyzed using biochemical test kits (as described in
the Materials and methods). The horizontal bars represent the means. (n=12-14)
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Fig. 15. Castration induces hepatic gluconeogenesis and decreases androgen
activity. Male C57BL6/ J mice were castrated (Cast) or sham-operated (Sham) at 9
weeks old and fed a standard chow diet. At 18 weeks of age, the mice were fasted
overnight, and euthanized for isolation of total RNA from liver and white adipose tissue
(WAT). mRNA expression of genes involved in (A) adipocyte lipid metabolism,
including HSL, LPL, FAS, and SCD-1; (B) hepatic gluconeogenesis, including G6Pase
and PEPCK; and (C) MUPL1 were analyzed by real-time RT-PCR. Results are expressed
as means = 1 standard deviation (n=12-14).
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RTHOBEIC LY . EBIC LD ERFEE~ U AT T VOMSLITEH LTz, F
ToMESL LT E8y~ 7 A TiL, MUPL O3EELAZE L <l STz, & 2 THE
IZE > THESNDIEMICR LT MUPLIZE D X 5 B % 5.2 2 E R
B2, BB LT MUPL-TG ~ 7 A IZOW TR 24T - 7=,

Je . MUPL ORBLEIZE 2 2 EBOXELRFT 57202, 9 Hiiso
MUPL-TG v 7 ZIZEBFIR 24T\ 9 MR E L, M+ MUPL & AVE &2 HIE
Lz, fiR, WA~ 2BV TE, EBICE D FEL < MUPL OFEIEN
D U= T, MUPL-TG ¥~ 7 AZR W TIEESZ LTH MUPL ZE W0 L~ULT
MEFRF 5 2 LR TE 72 (Fig. 16), AWEICHOWTIX, EHBLEBHAR T 2
EHEE L TEB L2 MUPL-TG ~ 7 AIZBWCTIREO A E 2 I 23 iR S vz
(Fig. 17), & HIZAETHARFE Y OREHEMAAEEIZ OV TS, FAR~ 7 22BN T
RO LN EEOHEMIT, MUPL-TG ~ 7 ABW TGl v, EEHE L BRI
BEE ORNCEITZRD b ho 7= (Fig. 17), £z, ME~—H—iZoW\TH,
15 BRI RRR E Z T BB X VML b DD MUPL-TG v ¥ AIZB1T
HMIEFH NV 7V 'Y Re T a—RRE, BB L BRI L ORIZZEIZ
b bivieino 7o (Fig. 18), & BIC ATHRIZI 1T % G6Pase DFEH E (L, MUPL-TG
< U ANZBWCIIEBRE & B TMEE L ORICEITR O b - 7= (Fig. 19),

Sham Cast Sham Cast

wWT MUP1-TG
Fig. 16. Male MUP1-TG mice maintain high expression levels of MUP1 after
castration. Male MUP1-TG mice and wild-type (WT) mice were castrated (Cast) or
sham-operated (Sham) at 9 weeks old and fed a standard chow diet. At 18 weeks of age,
the mice were fasted overnight, and euthanized for blood collection. Serum sample were
prepared and immunoblotted with anti-MUP1 antibody.
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Fig. 17. Male MUP1-TG mice were resistance to castration-induced obesity. Male
MUP1-TG mice and wild-type (WT) mice were castrated (Cast) or sham-operated
(Sham) at 9 weeks old and fed a standard chow diet. (A) Total body weight change were
monitored every week throughout the experiment. (B) Weight of white adipose tissue
(WAT) and the ratio of WAT weight to total body weight. At 18 weeks of age, the mice
were fasted overnight, then euthanized for removal of WAT. Results are expressed as
means * 1 standard deviation. (n=8-12).
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Fig. 18. Overexpression of MUPL inhibits increase of castration-induced serum
triglycerides and glucose concentrations. Male MUP1-TG mice and wild-type (WT)
mice were castrated (Cast) or sham-operated (Sham) at 9 weeks old and fed a standard
chow diet. At 18 weeks of age, the mice were fasted overnight, then euthanized for
blood collection. Serum triglycerides, nonesterified fatty acids (NEFA) and glucose
concentrations were analyzed using biochemical test kits (as described in the Materials
and methods). The horizontal bars represent the means (n=9-12).
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Fig. 19. Overexpression of MUPL inhibits increase of castration-induced hepatic
G6Pase expression. Male MUP1-TG mice and wild-type (WT) mice were castrated
(Cast) or sham-operated (Sham) at 9 weeks old and fed a standard chow diet. At 18
weeks of age, the mice were fasted overnight, then euthanized for isolation of total RNA
from liver. G6Pase were analyzed by real-time RT-PCR. Results are expressed as means
+ 1 standard deviation (n=9-12).
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BHTHDLN, AEOLEBY MUPL 721 2 KB LT~ T A Z{ERT 5 = L 139k
FICNEETH D, £ 2 TARIFZETIZ, MUPL 2BS#RIEG 72T v R a7 VR s 1
THHZEEMAL, EBFHICL Y MUPL IIfREZFFE S5 2 & ClElCE
7% MUPL OF - IEERHSR I T 5 B PREROMRIA 272, BEICERIR
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DO TEITEO bR D o7 (Fig. 15A),  —J7. AR IS1T D MR A& DO e
T D G6Pase & PEPCK DFREILEZAE LIzfii k. HFii~w X Ll LT
EB~ 7 ZDOIFIEIZF1T % GbPase FELED A B HMAFE O b7 (Fig. 15B),
MG~ — 7 — ORH T 7 0 o — AR OHMNNERD 5= (Fig. 14).
ZAUNTNE D G6Pase FELE DOH NN —FEIK L TW D AlReMEN B 2 v, iF
ligo> G6Pase (Z B84 % JeATHIZE & L Tldk, G6Pase DA mFEIFEHL T2 Z LI k- T,
HFlge Sk D 7 v o — A EA ZflRdE U, W10 2 BUPE R ICEI7o e 2 R4 2 &
PGS TGS B9 SF Y ABRFHICBWTH, BRSO ISR IC BT
L5 I T RENEEHTH L0 L, T LA G6Pase & & Te g BB A= 12 B &
X T & TMIEHR 7V a3 — RO & £ 5 JE A2 53 Lo nlRetE s S 2

-55 -



iz, I BT, BB~ U ZAOMRICEHIT D MUPL OFBLEIL, HBFii~ v X
R U CTHEREICHED LTz (Fig. 15C) Z & 236, MUPL T EBMT X 5 0T
DOFEIZHM OO %2 L TWAATEEENS 2 b,

Z 2T, EBIC Lo THEINDMEDNERE T /VIZH T D MUPL DFZEIZD
WCRBEAT O 72D, BENL L= 7 ' m b2 — L3 & | MUPL-TG v U AL
Fifrz i L CHiaT 21T o7z, e BEICEL D MUPL ORI EIZH 2 28I
DWTRF AT 728, MiE+ MUPL EREEZHEIE Lo, . B8 L7
AR~ 7 2O 31 5 MUPL mRNA B &3 L7=fER (Fig. 15C) %X
Bk LC, BAER~ T 2OMIEHR MUPL EABEEIIBFIN~ 7 A Ll L TEFL
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