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A & ATAENT S ERICER LIZRRETH Y | =L X —EIREN = L F
—HEEL LRLZLICEoTHEL D, A XUV TR IR b — Ay 22 A
RETHY, METHEINTNWD RO 35O 1 BEHTHD LRES LT
% [Edney, 1974; Yamakita et al., 2010], ARV IXHF EELL EORIZE <, EBOAR
EFIITNERNVE L DT A LIFEVEICEST L5 Z LIk o TEWO Y 27
NS5 [Kawasumi et al., 2014; Sonnenschin et al., 1991], — &8 R FEIZAE
WAL N LNEFAINTRENTEY . HO5HE TIIIERIZZR D LTV &
LTI777 K=l LRINR=RF I RAT b E=T)b Y=y hT
Reo—7 R 7, FxRNUT, FUU G—Ivx— - FTVUT, F— LA
EMZET LTV % [Edney & Smith, 1986; Corbee, 2012; Mankowska et al.,
2015], dnAEDIEHIIAF £ L& S D TBE Z RO ERE L2 NIkl S
52 EICEDTeD, FEDBARTRINRE D SIEICERE L TV D araerEss &
W, HFE NAOWERBSFREE, HOMOMBRER L, FEDORMEICHIET
LEHBITE S < BT % [Faller et al. 2016; Voorbij et al., 2015],

B L7 R CIR AR LmRE, BSEE, &ilEN»S < 2 BTN~
DU AT PEmE->TEY . EFEATONAIEIC LUTFEam bR 5 2 L 23
53TV % [Brown et al., 1996; Hess et al., 1999; Kealy et al., 2002; Perez et al.,
2015; Sims et al., 2016; Verkest et al., 2012; Xenoulis&Steiner, 2010], A%, FIE
BEFP I L o TIHRIEMEART & ZIRMEAETGIC KB S LD, 12738 130T 5 2> FErE R R
DZWRHEL LT T 256 TH Y | fiE X202 TORMTH
5o WRMEmIIVWDbD S g L DEIAE] IZK2EmTHY . &

BB KK 2 & B LIRNEHMVEER & bFHEN TV, L, BisEF
EBREINF A LTEL L T OEMAINERH LN 51250, ZOAF



TFEMAFZOM TIZLEWEDN R 2o TE T, WIHITITEEN =% —E
(RO R B R AR O A D = X LM > TB Y, 2OV AT KDMHE L
T Z 2 JEFEVEETG 130k U CTHG R JE L IR0 o TH 5,

BT LoV TO BRI, 1995 0 L7 F v OF LA L L TEEIC
R L7z, BEEOMEICE > TEHE LW A 27 2 oblob v 7 A DJFRK B+
WRY Y afNra—= ZEIC L o TRE SV, BRI CTREA S5 43
BEA, B LT FUREORIKTHL Z EnW LIS, V7 F U
RTERIC/ER Uil P 2 i L, BRA KT S5 & & bITARehRe 2 #
WML CRE TS5, RIBMIEREINT 2 & LT F o005 bEny 2o
T, XV BRWEEMGIR R 2T LM HSE 5, b, ADT 4 — KA
v 712 X DIRIEIE R OHMEFHERE MBI TV D DT TH D, Bk oblob ~ 7 A
TV T UVBBETFO—HNER L CERRERLEETE R > TEY
ZOOBEATHZHE CE RN LN EEIERORRK TH -7 [Leeetal.,
2015], B L7zt h IR L7 F UREIXERIE A B X THEINL, Bosh
REFFEL TWRNWI ERMOBILTNDR, ZOHRGUIL T F URGE & X
LT % [Frederich et al., 1995. Singh et al., 2015],

A XZBNTH, WHBEEELE A OHIIERA NS OlES TS, V7T
NIAXTHEIEF 7 v —= 72 Thil, B b~ U R & ERRICIE#EAE T
PEAE SIS S ivd 2 EMB L IZ STV 5 [Balogh et al., 2012; Di
Loria et al., 2014; de Godoy et al., 2013; Iwase et al., 2000], 4Bk % v iz
ELISA THIEET % L IER R TIX L 7 F o O MR E L& % 7~ L [Ishioka,
2002; Ishioka, 2006], t k E[AERL I F U BPitE L o TVWD Z ERHERIND
[Park et al., 2015; Platt et al., 2016; Verkest et al., 2011], & K CTiZ L7 F U BsF
DHEFNZ X0 B A2 R RGN HE STV DR, A XIZBWTREEDO#H

BHIXEDEZARIINTW RN,



AT ) a)LF v AR (melanocortin 4 receptor, MC4R) 1%, fE FELT
BETEZMET2EE RS THY ., b FTIHER FERNSEBERILE & B
BAEET D2 ENHE SN TS [Bradnova et al., 2015], ¥T4-, MC4R D2 R
& A X DREDBIRZEFHNR LTS3 #iE S 4U [Zeng et al., 2014],
MC4R 75 A X 2B T b B REEE IS 7D —>Th L alREME R R S h T
Do TZIZL ZOMGETIIRIAL L L THRENERICHEDON TR Y . B I3
W IZ DWW TR b2 Dl TR,

A2 B8 (uncoupling protein, UCP) 1% k=22 KU 7 INIRIZAEE T 5 Zh
PEAESYFTH Y. b FTIHRECHZREBRENIREL KETT 2 EnmbitTn
He A XDUCPIXL3DT A Y T7H—LNIa—=7 &} [Ishiokaetal .,
2002], ZAE & D@\ WHIEMECIEEL L 7 AR B M 3 D O b T\ D, I
L A XUZTBNTSH UCP2 & UCP3 ORISR AIHA S 4L, —H DL RN
ERHENCE ST 2 AREME VR STV 5 [Udagawa et al., 2014], —#%A9IZ
UCPIFIETD Y A7 RFTHD & & bIBRDTZODZ—7 v by & LThH
EH X5 [Boss et al., 1998; Clapham et al., 2000; Ricquier & Bouillaud, 2000], 1
AT, A X TITEBRIIC S M A faMIE Rz % < @R FENEF T T UCP3 @
I AN S5 Z L [Ishiokaetal., 2002], B3 7 K L U L2 &K DRIRAE
Y A AR T UCPL O RATHER B AR Z L2 ERdliEShTEY,
INHIEWT LU A %6395 [Brodani et al., 2014; Nakamura et al.,
2001; Omachi et al., 2007; Sasaki et al., 1998],

BT DI IL, =XV F—EBREZERTIEL0, b LUTHERZEINS
EL0OWTNNC LD, BHEORRITHEIRIEN & 528, DR ESCEETR R
7 E YR TITEBNZ O b OB WNEEZR 7 — 2AG1 6 D7 < avy, BRRAIIZIE, IE
TR TP X FIC R FRIEC L > TN D, MEFEZIRD 572D DG

BIX, REN S LR 2L X —FRE (resting energy requirement, RER) % 3K



B, FIUCHEE 2R AENT CTE LN L BY ) =L —ER & (daily
energy requirement, DER) 23S\ T3, LasL., ERIFFETHONTE
RER (TITRE RRAENFEL, BRI K- TE T DTS &) 2
ENEZ D, ZDOEI BRIV TOTRLF—ZREDEWT, AHHTE
BT HBIETF LUV TOEWCELZ D EEZOND, FHE, B M TIHBEZW
S ONDEETFZHRMBIER ) A7 IZEET 22 nmbnTiy . JEHHMS
RCEHFANCBEFHRELZT> TENL DRI FRIZF~, BFHE L ORFHL
NNV EIET =2 L LTRIHT 2 Z EMThb TS, BlZIE, UCP &1,
VITF ORI, VT URBEREIR T, B2 T FLTF U AR

(adrenoceptor beta 2, ADRB2) Eist. B3 7 NLJ U 555K (adrenoceptor
beta 3, ADRB3) H{x 172 E23FIH TV 5 [Baturin et al., 2012; Daghestani et
al., 2012; lwasa et al., 2000; Ohshiro et al., 2000; Sahin et al. 2013], ERER CTIZ £/
Z ZETOFMIAIT O TV 2RV, REEH LT —42 & L THRMEIR
b DLEEZOLND,

ARBFFECIE, EFER 25D TS GPR120 &, LIRIT L W £ < OFFEATTH
N TE7Z ADRB3 &9 2 SOMRBEEIEFIZHFH L. TOZRDBA XD
fiig ) A7 L BEGRT D PTREMEIC DWW TRREE L 72, GPR120 (I #H38 KX O BHAENG
fez V) A RETHIENEEZ A TH Y [Hirasawa et al., 2005; Ichimura et al.,
2012; Katsuma et al., 2015]. Arg270His DRIt MIBWTIEM U A7 @&
HLEND, —FH. ADRB3ZT FLF U 2RO —FTHY . EITTENHM

(ZHEBL L TR 0 R AR HERIIZ/E 9% [Skeberdis, 2004], & M ZEWT
ADRB3 @ Trp64Arg D78 B |32 & 2 200-220 keal /b &8, i U A

BT S, ChODOBIETICEEN S LM (single nucleotide
polymorphism, SNP) 73 X D it & BIFR ™2 Z & 8B B2 duiE, a5
BEROLDOREMET—2 L LTAMTHY . FERNICITBEFREEB & L



TOMMABIFF SN D,



A

#18E (X GPRI20 DEE 7 u—=1 7 LI RICEBIT 5 27

Fr XX

AR, B TV RCBT L7 MR OMRE LT, <04 =77
v G X Ry IR K (G protein coupling receptor, GPCR, GPR) 3% i,
INTWD, £, ZENLE2RRIATONTZ Y T FRBORR, NI & &
& L TR b SN D e AP EER RN S, —2OZEE7 7 I
—ZERR LTS ZERH LN > TE Tz, #lZI1E, GPR4L & GPR43 |34
SRR A & LT, GPR84 [T ARz A & LT, GPR40 I3 EHIEN;
RIS KON RIRE i IR & L THRE L. BRAx R EBNEENICRA G425 Z &2
WA &N T3 [Fukunaga et al., 2006], fENAAEDS B Egfb D=L F—JR E LT
TR, v 7 e LTEL OMBEREICE S92 Z L ITLIAT & v 40
HIL TV 7z [Chawlaetal., 2001], L 7> LABHIFES AR DOREER AR SATIZ D0
TIFROLSAHDEET, 20 LEN & LIZERIRIIZE & Ehil XN EE TH -
Too VW2 FERFRICE Y R DN AR 5 —HO GPR 3 F 3 A S h
722 LT BHEZ OB ONZEITAEICHER L>>%H %5 [Moran etal., 2016],

GPR120 (%, FIEDOZAART 7 IV —IGEND DT L LTIV ARE bO
Mo 7 v —=2 7 SNIEENERZ BIRDO—>T, KENENERE X O faf
ReMAfE DNIRPEY B2 K E &5 [Milligan et al., 2015], fafnfisiife (C14-
18) oAfAFnfENIEE (C16-22) 24k > TiHME b S 4172 GPR120 1L Gy # v /37 &
AU, Mgk 7 Vs —F  (Extracellular signal-regulated kinase,
ERK) Z{EMi b9 5 2 & THlltkrE DB 2 e ¥, FlxiX. GPR120 i3t H<°
~ U A TIIREHRRICERBE L, 2122 &= (cholecystokinin, CCK) =

TN 2 UKETF R (Glucagon-like peptide, GLP) -1 72 E¥E{LE R /LT D5y



WICEES- 5 Z LA LN EN TV [Richards et al., 2015; Tanaka et al.,
2008], AENIDIEAIT X o TH U fENiERIL CCK /il z it L. WA 53 Tk 2 il
T2, =, GLP-LIZA 7 VF AAEMZRE L TA 2 ) o pibzfe L, fE
Wi aE e+ 5, BlH GPR120 &, HENDIENRERIZ L > TSI SN D
D OEIIEEY Z AT D& EIE R o T D, GPR120 1L kERIC b 5 H
BB, IRERENCERS BS54 %, 3T3-L1 Mifa% v 7z invitro OAF5ET
%, GPR120 23 EAMIAE D 3 LIT/RERNCE < = & A/RE TV % [Gotoh et
al., 2007; MacDougald et al., 1995], GPR120 i&{x K~ 7 A @5 &% 5 2
TR TlE, BAR D X L L THERA A Y ARG, AREHE
& =X —HEEORT, TEIHHIEDIERAL 2 iR S 417 [Suckow et al.
2014], X512, E MZEBUT D GPR120 Bin 1O LRUEATHHA Tl IEHEIZH
WT2I0FHDT AX =R ATV UATER (Arg270His) L CWDHEE NG
< MG Y A7 TS T 5 2 EBEFRICRENTWD, ZOEROEEIZS
WCHIZE B3R &2 O T T L7z invitro OAFZEIC LuE, B RE CIIIILEE 2
e Lic e EOMBRNY 7 F R ENBT AR TR T 5 Z L0 HND 6
AU TV % [Bonnefond et al., 2015], HlH. GPR120 (Xt MW CiEmBIEES
FTHY ., Arg270His T D U A7 LR BERThHDH EEZ NS,

A XA RN T IR X B B e A RBSREFA I N 7 C b 5 23, IEIAEE=
FIROBIFRITERE IR TI3th £ - 7213000 TH 5, T4, F =30 GPR40 &
GPR120 {IZ DWW TR -7 v —= 7 ZAT o TGRS DN Sl s, 4 XD
GPR I TIZOWTOWHIIE LR SN TEL T, BANERLAHTHD
[Habara et al., 2015], - X235\ T GPR120 (2528 F 3 Ao AR U
A7V ET LN DY . BinFREERE & LTARNbB R,

ARETIE, £94 XD GPRI20EETD I v—=2 7 %17\, GPR120 /3 A

RICBWTHREL TWDHH, ok Fov U X EHBIVEOSWEEZ A LT



WD OWTHA L7, KIZ, A X GPR120 O#AFRBIF BL A 2 0, &
RNEWHAk 7 & 2 E TSR b hfE & [k Dlifias TREDS LoD 0%
MR LTz, mRICINOABE R, BKHYS T ULEHORNLELNTZT /A
DNA Z#f8tL L TERFHE 21TV, A XITII1T D SNP DR & Fli L7z,

SNP R HOM o 7oA. KD E OB FHE, BLOIEMEDCHEIRETH S
RT 4 a5 43 aA=27 (body condition score, BCS) & MEFEIZ DUV THE

FHINZFEAT LT,



gL Ttk

1. £/ XGPRI20 D7 v —=vF

fi D FEER D 7= DI R DO EIGHEAE D & FhiHH 41, -80°C THARAFE S LTV
Total RNA {ig A4 kE L LT L7z, MR S A7z Total RNA FRIZIOEEE 260 nm
B LV 280 nm THEARER LOWEZHIE LcE, W5 PCR (Reverse
transcription polymerase chain reaction, RT-PCR) (ZfffH L7=, F£9°. cDNA %{E
4 5 72 Total RNA % RNAtemplate & L CHV>T Quantiscript reverse
transcriptase (Qiagen, Germany) (2 X D2 HRG 21T -7, BlIH 2 ul @ 7xgDNA
Wipeout Buffer & 8 ul ™ RNAtemplate (50ng/ul) . 4 ul @ RNase free water % &
AL, 42C /10 B TA v Fax—F LT, £DO%, A FaX— kLG
PEH) 14 ul & 1 pl @ Quanstiscript Reverse Transcriptase, 4 pl ¢ 5xQuantiscript RT
Buffer. 1 ul @ RT Primer Mix Zi&& L., 42 C/30 7rfil& 95 C/3 43 CA &~
FaX— kL7, WIZ, EHRLZDNA ZERIE L, 7 AT —H_X—R LD
A X GPR120 AR HIEH A b L 12 5°-3 L OV 3 -FERRREEIRICRR A L= 7 7 4
~—xf (5 1-1, ORF-Fwd & ORF-Rev) % FJ\»T PCR %47\, A X GPR120 #H
FRAEE & HEWE L7 (B4 1-1),  PCR {Z PrimeSTAR HS DNA Polymerase (TaKaRa,
Japan) Z AT, 2 Step #I2 X 0 98.0°C/10 R, 70°C/90 FVMH]. 30 cycle MD4&
R C N L7z,

BONT-PCREMATT VU LT u~A R LI 15%7 H o— 24 )L
THESKIKEI L, 365nm O T THIE LTz, THREINDI D FIA A THD
1,193 bp FHTIZ/ N RINR B2 0 & e L (X1 2), PCR Purification Kit

(QIAGEN, Germany) #% fV T PCR MEM & RERL U 7e, ARSI OMNTIX, s+

#8Z7E  (Eurofins Genomics, Japan) (2 C 3k L 7=,



2. 4 X GPR120 DABREFEH. /A0 AT

A X GPR120 ORI BT 2 T 9~ D 728, AkkE LCThf, B, + 48
W, 225, [N, A, ATDE. BhE. MM, SR TE. MRS, Frib. o, B
. &, NG 16 #fkd> 1 X Total RNA (AMS Biotechnology, UK) Z{# ] L
oo WHREF L UM X GPR120 {5 - PCR HlRILATR D 7 m—=2 2 LA L
S CEM LT, F£7-. Mo o — & LTA X B-actin @ PCR H4ilig & [F]
FEIZIT o 72 (3% 1-2, B-actin-Fwd & Rev), fEXykEhE N2 RBIEIZ, 7 r—=

7 LR U7k CHM LT,

3. BB IS X Nk OB

2012 FEH2 5 2013 £RIZM T T H ARBREAEm PR A BB ER o 2 — OR
FAEREURE ) d6 L OER A mEmEET () NIRGHEE) 12kBE L7 K 141
58 (6 » An-14 5%, KE 69 SAME 72 54, 21 RFE) Zxf4e e Lo, &EKDT—4
& LT, HFfin, PR, R, BCS F & atdk L7z,

4. %77 2 DNA O

A 1 ml ZEEE, BEbiceF Lo YT 2 CUERE (EDTA) F2—712%
L CHUEEE LR A 1TV, Flexi Gene DNAKIit (Qigen, Japan) % JAWTH / A
DNA ZHii L7z, Bl6. 15 ml i30T = — 7 IR mEiEPEA % & ¢ Buffer FG 1 %
25ml LifiEaE 1m R LT, EFIC5 BHEEREM%E. 2,000 9/21°CT5 4R
Lz, REEZT 7Y U OERBRRO BIZTF 2 — 7 &t 2 M iE
L. DNA & ¥ "7 Ex Gy MafETz, IZ0.5ml @ Buffer FG 2 &
Qiagen Protease IR ARIZ TH LN Ly MEFERE L, Bz v M3
—fbS 2% £ THIRZ, 65°C/10 3l A v FaX—FLT, ZosE, BU—
WORHIED & BV NREMDEAE LT25E 121, 30 pul @ Buffer FG 2 %

10



WINUFERE L CA v FaX—hLiz, VT hD XGRS
o, BRRNOA ) —7 @B LT 2 & &R, 0.5ml @ 100% ¥ 7 /8
J—=VERMLUTERICMUSIEEZL, 7/ A DNA ZHiH L7z, 2,0009/3 43
WCcmite, EIFE#E T, HERRKRO RICEE Lz, 7/ L5 DNA 230535
728, 0.5ml D 70%T X / —/LAFIN LT 5 BRI L, 2,000 g/3 43 Tl
%, EEZECOERAARO BICES LTS5 SREE Lz, To%, Wiknses
2T T HE T, DNA & 5 pfZEKEc S, IRIKDZAF%, Buffer FG 3
Z 300l Nz, KEETS5 BB L, 65°C/ NS —BiAf > F2X— kL
THE® L7-, [\ L7=4 7 2 DNA % Nano Drop (Thermo Fisher Scientific,
USA) Z MW THROBEE 2 MIE L, WL 260 nm 36 KT8 280 nm THEHRE R X
OIS 2 I E L 72,

5. 4 X GPR120 Bf&F DHiE & KR

T BT =N A PIZER STV S A X GPR120 AL T

(NC_006610.3) @, 3 ->® Exon flskzkte L DTG L7 T A4 ~—xf (K
1, Exon 1-3) Z#MHWTPCR %177 (X 3), PCR (Zi% Mighty Amp DNA
Polymerase (TaKaRa, Japan) % V>, Exon 113 98.0°C/10 #[#. 72.0°C/90 Ff#
% 30 cycle D A7 v 7Y T, Exon 2 35 X TN Exon 3 13 98.0°C/10 #fH. 66°C/15
FORE], 72°C/90 FDREI D 30 cycle THEii L 7=,

BONT-PCREMATT VU LT u~A REifI L 1.5%7 H o— 2 4 )L

THESIKEI L, 365 nm OFEIET THIE LTz, THREIND 51T A AN
v RBR O 5 &R L. PCR Purification Kit (QIAGEN, Japan) % FHuC
PCR EMZRER L7z, BIH, 1.5ml F=—7TPCR ¥ 7/l 20 ul & Buffer
PBI (#&&/3y 7 7—) 100 ul ZiEM%, DNAKEGDIZOIZ T T 2%ty ML

2mloarvyyarFa—TICE2ET 774 L, 13,000 rpm/1 5y s DEE

11



L7z, mO#%, BREZECCR LT 2a—7 LI 7 252FE Y L, 250 ul
@ Buffer PE (Peif/N v 7 7 —) Z &AL T 13,000 rpm/ 30 F0FE 0D 4 Tz Lt
fEL7ce HLWwibml Fa—7IZh T L%y ML, 20 ul @ Buffer EB (/3
v 77 =)eH T AOFRIZHEM LT 1 sy MlEE%. 13,000 rpm/1 53 Ty
BREL . K% DNA Z[EI L7z,

6. 4 X GPR120 B|f= T DEAELFIAFHT

A X GPR120 i&{n+ D FLE ST 7= 8. Big Dye Terminator v 1.1 Cycle
Sequencing Kit (Applied Biosystems, Japan) % H\»CH% DNA @ 1 A$5 PCR %
Tolz, Exon #0 Z2E T 5 KO ICRGEH L2307 T4 ~—2 AL, Kd
R 10 pl FOMMABUFILL D@ Y & L7z, PCR F =— 7T Ultra Pure Water % 5.5
ul, 774 ~— (1.6 pmol/ul) % 1.0 ul. 5 x Big Dye Sequence Buffer % 1.5 pl,
Big Dye Terminator % 1.0 ul i L7z, BUGSRIFIAG O 96°C/L 43fH]. £ D%
96°C/10 [, 50°C/5 #bf#. 60°C/4 43fEl% 35cycle VK L, 1% IZ 4°C THiE
Ff L7z, MRS OfENTIX, 7 v —=1 7 L RFRIZINEZRE (Eurofins

Genomics, Japan) T3k L7,

7. 4 X GPR120 O&fxFERfRNT
141 BEO RO A bt L7z~ 7 2 DNA BIR &5 EHZ A X GPR120 g 5
BB 2 ffr L, 7 AT —H X=X RICFEE STV A A X GPR120 #fs5 1
(NC_006610.3) DIFHALH & bl L7z, SNP 23 2o o 7256 13508k L, 4
SNP D5 T-HEE & KFER], F 7213 BCS BINCH H L, bk L7 featidric
B A ZRBE E Nz

12



# 1-1 A X GPR120 i&fn 1 DENTIZ AW 7' F A ~ — DX IFL S

G2% HEHRFES (5°-3°) PCR FEY) (bp)
ORF-Fwd GGCATGTCCCCTGAGTGCG 1,193
ORF-Rev GGCTACATTGATGTCATGCACCTGG

Exon1-Fwd ~ AGGTGTCGCAACCGCCTC 810
Exon1-Rev  ACAGCGACACAGCGGGCA

Exon 2-Fwd  AGCCAGAGCCAAACAAGCA 223
Exon2-Rev  GCTGATTCCAAGCCTAAGTGG

Exon3-Fwd  TAGCTGCTTTGCTCCTCCAA 502

Exon 3-Rev  ATCATGGCTTTCCAGAGGGT

B-actin-Fwd ~ GCCAACCGTGAGAAGATGACT 90

B-actin-Rev CCCAGAGTCCATGACAATACCAG

Fwd : EJRfl. Rev : FHifil
ORF : Open reading frame (FHRRAHIEL) 7% HAE
Exon 1-3 : 1A X GPR120 @ 3 -5 Exon % g

13



5!

5!

X 1-1 A X GPR120 i&{x1 g

ORF-Fwd
-
Exon 1 Exon 2 Exon 3
.‘_
ORF-Rev
Exon 1-Fwd Exon 2-Fwd Exon 3-Fwd
—  d —
Exon 1 Exon 2 Exon 3
o . o
Exon 1-Rev Exon 2-Rev Exon 3-Rev

W=7 T A ~— DR ETE

3!

3!

A:cDNAZ a—=0 7DD 7 7 A ~—x% (ORF-Fwd,Rev) X, A7 7 A

T2 T % ORI A P &5

oA v hay BIZRE L7, B: 4/ 2 DNA £

MED7=8 D7 T A4 ~—xF (Exonl,23-Fwd,Rev) I%. % Exon ® it e FidA >

ke BIZEREF L. 3 2D Exon Z{E %51

HHALA & PRSI D PCR EM DY A A13# 1-1 IR LT,

14
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Ladder Product

1,500 bp P>
1,000 bp P>

500 bp P

1-2 A X GPR120 FlFRaE D cDNA 7 v —=>7
A XZEAG B L 72 mRNA 72> 5 iR G i TYESE L 72 cDNA #8585 & L
T. A X GPR120 B 1 OFIRRMEE & & TefEik & B L 7=, SBEXIKEIORE R,

TAEIND 1,193 bp fFEICH— N R fiEd L7,

15



wE R

1. A X GPR120 »4y T

A XA Bl L 72 RNA 2448 LT RT-PCR £ T GPR120 E{s 1
DCDNA 7 n—= T %4To7c& 2 A, PCREMIITHE IS 1,193 bp i
[CH— NV REAR L (X 1-1), 20 PCR EY & A58 U CHE AR % fiEhT
L. 7/ L7 =82 _"—2 LORSI & el L72fE R A X GPR120 Ein 723
BINTND I ENHERTE T,

A X GPR120 OFHFRMEMKIT 1,086 bp 225721, 361 {HOT X /a2 — R
LTWDZ ENHALMNEZ-7- (DNA Data Bank of Japan, LC019015), & DI
EBFNIe b, v TR Ty b XA, Uv, TH r s <R EMoEY
i & 84-95%DFHFMEZ R D, T OH T b mWHRIMZ R Lc@8ifiidr =
T95%, mHEWHHFEIMEZRLIZDIZT v F T8N Th -7, 73/ ids
TH LI2GE . hoBWFE & OMEMEIL 78-96% TH V. Z O F THIEM:A
RHEWVOIXFR I TI%, RHLEVDITT Y b T8 TH-7- (XK1-3, £

1'2) o

2. A X GPR120 DAHRE RIS

A X GPR120 OHMIFEHLI AT DV T, RT-PCRIEZ HAWTHIT LT, 1 X
GPR120 @ mRNA [3fifi. Z2f5. BIG. #ls. K THE. M. el B, &
J& . NENHERE CRIL RS S, FRITHIIG TIZsRW A RO bz, HHL
NHERTE Do 7eDiX, B, 8, . B, DK, B Td o
2o — 7. BtEa s ho— L& UCHEME L 7= B-actin 134 T DR TR I HERR
Inre (H1-4),
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3. A X GPR120 OE&=TEE 54

141 BHO R D GPR120 BIn & T L7 & 2 A, AT 9 FHD SNP 23R
SN, D> B SFHITT I VBAERDENFRER TH VD  ZEIBLIT ¢.252C>G,
€.282C>G. c.702A>G. C.726G>A. ¢.984T>C TH o7z, —F. VY 4 FIHILT 2
JENEET HIEFREBRTH VD | LRI c.287T>G (LeudbArg) . ¢.307G>A

(Ala103Thr) . c.446G>C (Glyl49Ala). ¢.595C>A (Pro199Thr) Toh o7z, &i&
PRI RO N BB FHEOFEMIL, R 18R L, £72. FEFREE
WD B O NI LS Z R IR O m i T DA E ORI, K 15 1R L
72

4 SOIFFRFEHLD R ST ABEREZ RFEINZEF LI L ZASNP T 212
SRFEI 2 A R STz, ¢.287T>G (Leu96Arg) 1 21 RFEF E— 7 LD AT
Ao, E=7ABERT D EFEOS T OERZ A L Tz, ¢.307G>A

(Ala103Thr) |Z2EHF T 7 « 2 —1 BHTOAMER I, €O 1 BH b B
II~T B TH-o72, c.446G>C (Glyl49Ala) 1T 5 FHD K CHEFR S, T DOWNFRIL
R=F a7 Fy AT ML (RE), ALY A28 (WFiuba~TR) R
—H— a3 =28 (WTiLb~T ) Tholo, ¢595C>A (Prol99Thr) X, 4
DOIEFFELLO P ClIHR b < 141 FHT 15 KFE 40 TR S v, Bi5 74
120191 Tholz (F1-4),

4. A X GPR120 oD e B Bl 2 R R AT
4 T OIEFFELLD 5 B, ¢.595C>A (Prol99Thr) (I 141 §H 40 56 Ched
S, WERHEAT I 2 D BIEG B 72728, BCS BN IBAR B 2 5 Hig
L7z, ZOfEFE, N 4 759 BCS=5/5 {E{ARE T ORI 7ML 0.312, #AH
% 7~ BCS=4/5 {E{KHE T DB s FHHE L 0.324, J#IE4 <3 BCS=3/5 OffE{AHE
AR A1 0.175, IR & 7”3 BCS=2/5 OEARE T OB T4 I

17



0.000 Toh>7z, BCS=4/5F5 L N5/5 DA ZILFZOIGRE & 62, bt
THEHT 2 L& HEE1X0.320 £ 720, SNPC.595C>A BT 5 C & A DiEls
FHEEE R O LLER, BERHARHT OFE R B EARRE (BCS=3/5) & ki L CHESEAE

(BCS=4/5+5/5) IZBWTHEILE P> (p=0.022, * 1-5),

18



Dog 1 MSPECAQAPGAGSPRSLERANRTRFPFFSDVKGDHRLVLTAVETVVLALIFAVSLLGNVC 60

Cat 1 cecesass A.Teeene ceeseccseccssscssssecsesesescsessssesssesss e 60
Pig l] celeeeeeBACTePAcceeSccscscscssccssscssesSTecscesceseVeseaseas 60
Human 1 seeisisie R.A.DAPL.:ccQececcsccccocscocscsces e 60
Mouse L serasereveie TT.P.PSHT.DQV...Heceeeeoeeocannn SVeeeTeeGeoeVeeeeoann 60

61 ALVLVARRRRRGTTACLVLNLFCADLLFTSAIPPVRAVRWTEAWLLGPVACHLLFYVMSL 120

61 ccceeeee AGTeccectocsossscscccsscssscscscncsscsscssscssncscscscssscssce 120
6l ccceeccceeGereeSercrccccccccscesceleliocccececeeeSeaceeensss.Te 120
6l cececsccncne S s A Y T. 120
L R AieSecrtercccccscccncns L.LVevteeeceaonns Visswraereis o TM 120

121 SGSVTILTLAAVSLERVVCIVRLQRGARGLGRRARAALLALVWGYSALAALPLCVFFHVV 180
121 ccceececscccnass Mecoeooooos Veeoosoesesoosns ITiceeeeececcnnns QCC 180
121 cccececcvcvcccseMecscscsceVeiePeceooescosslessescescsesleeRes 180
121 cceeseccsscncessMicseHesseViePessos oVesesTleoeseVeseseseoasRee 180
2T wovrereneis v enunesevesere v o M.eeoooo R..LS.PeeTQecewe FLsrevevece s sisieraars IL.R.. 180

181 PORLPGRDQEILICTLAWPSVAGEISWDVSFVTLNFLVPGLLIVISYSKILQITKASRKR 240

181 cceeSeeense PoveeSeeeleeeeeenneannanns Meceooosososoosssosnnnns 240
181 .ceFeeBAeecsness eeslecececcccnans cesccesccssccecscnas T R. 240
181 e AceeeSeeeeleeTIPeccccscsscscscsscses Veesoetsssosososssosses 240
181 ceeeeeGeeeePeceeDeeNRIcoeswne eFeceoseeseseeViceosescesescssces 240

241 LTVNLAYSESHHIRVSQQDFRLFRTLFLLMISFFIMWSOIIITILLILIQNFKQDLVIWP 300

241 ...... S S S P 300
241 ..MS.ccce0 Qeceoces Veeeooooosooocosssososscsssssossssscsscs Neeooo 300
241 ...Sccecens Qececccvscncssnnnss Veeeeasosososssacsscsassssassas 300
241 ..LSececces Qisre 5 wvareve Yiis o o eraonovne Veeooosososessssscscss | 300

301 SLFFWVVAFTFANSALNPILYNMSLFRNEWRKIFHCFFYPEKGAMFTDTSVRRNDLSIIYS 361

301 ceosiossssinneisesssissississesavsesesseieesessssisenesssssesioess V.SN 361
301 e Meceooooo Veeereoeoseaaneaens Fo.oouo Fececeooaoonnnnnnsne V.S. 361
301 cccceccccececcnccnnnnns T.C....K...C..WF..... IL..... Keceoowo SG 361
301 cceccececcacoccsccncscssssccscscnas CeeeFovee Teceeeeeennene V.s. 361

1-3 A X GPR120 75+ D —RIEiE I L UMb o Eh i & o Ebik

A XD GPR120 (X 361 fHD T X VNG 0 D H D & @R Z 7R
L7, s BEBCA X7 X 7 BEeS % 1 CFERL T, 2 BBUNEIxR=, 74,
t b, ST RADOEFINA XD D E R HEFTICONWTENEILR LT,
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GPR120

GPR120

f actin

1-4 A X GPR120 O#AfEF I3 A

16 FED A X AR F51F D GPR120 AT DHBLO A M4 | RT-PCR 1EIZ THEAT
L7, B 20, |G, + 6. #il. WG, N, B, . SUR TR, i
5. R, B8, O, RO, IBRRICR T 2R En R, FEIC
(3. BBPERTIR L U UHERIC 3510 % B-actin DRBLZ R LT,
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# 1-2 A4 X GPR120 D4y T IZ 31T D hEFE & oFa[E1E

e A Accession

x = 95% 96% XM_003994220.2
vuy< 93% 94% XM_008696357.1
7 H 90% 89% NM_001204766.1
Ass 89% 86% XM_001500867.2
t 89% 84% BC_101175.2

~ A 84% 85% NM_181748.2

7 v b 84% 83% NM_001047088.1

# 1-3. A X GPR120 ZAUfidT CHeth S 7285 128 (n=141)

75 FHIK
BT T ~Tu RE B THEE
EESEE €.252C>G - 10 9 0.099
€.282C>G - 9 4 0.060
c.702A>G - 0 1 0.007
C.726G>A - 6 3 0.043
.984T>C - 40 19 0.277
FEFEERH  c.287T>G Leu96Arg 11 9 0.103
¢.370G>A Alal03Thr 1 0 0.004
.446G>C Gly149Ala 5 0 0.010
c.595C>A Pro199Thr 28 12 0.191
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X] 1-5 4 X GPR120 ZRAKIZIIT 27 I/ B2 BT
A X GPR120 5T+ CROMN ST 4 DOIERBEHIZ L DT I O FE
Sz ZRAKOEAIZ Fizx L7, Alal03Thr & Prol99Thr 30 ia 4 fE e .

Leu96Arg 1T E @A, Glyl49Ala IFMIfENGEIRIZ E N EIULE LT\ 5D,
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# 1-5 A X GPR120 D FE[F FE #a ¢.595C>A (Pro199Thr) oD ALt FE Bl i {4

BCS SHEL clc cla ala a DIBAR T
4 BIO5 25 13 8 4 0.320*

3 103 75 20 8 0.175

2 13 13 0 0 0.000

*, p=0.022 vs BCS=3
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BE

A7 v—=2 7 LA X GPR120 & i TR D ARSI NZ, 7 7
—ZNR—RAEWME LT E A, A XDHF 28 FYaK (NC_006610.3) (23 £
52 ENHER SN, 30Dy Y U OFIL. FiZ£ 4 Exonl (chromosome
7801713-7802280, 568 bp) . Exon 2 (chromosome 7812752-7812876, 125bp) . Exon
3 (chromosome 7819629-7819989, 420bp) Td>7-, ¥ At F D GPR120 (T
AT BEUKIET 2 BROIFAEL S E W 7 DO E@E X, 1 X GPR120 T
HIRIESILTUW T (4445, 73-98, 113-137, 156-177, 209-225, 266-289, 296-
36 FHDOT I VEEDHY), ZDOZ D, A4 X GPRI20 (I~ T ALE hD Y
O L kR, 7TEREBEOSHETH D Z L AHEE SN D, £72. GPR OiHE
(IERALE LTRSS 2 2D N-7° U S AL CBEBHATINERAL) . BNH N R
21 FH & CRMI22FHDOT AT XIS A X GPR120 TIEfRAFE S
Tz, A X GPR120 DHEHALHF L OV < /7 BRELAI L th O 4 FE
GPR120 & EWWRIAMENGRD B, fRlcraerr s <72 EFR CARAH

(= H) O L OHEMERFEI>T, 2D X, A XORHEHEF ED
MESITEZZDOEERMLTWNDLEDEEZ LD,

R B A OFEF S, GPR120 (Xt R0~ w7 A D FEHERFIE D #E R & Ak,
A XZBNTHERA A THBEL L TWA Z ERH LN E o7z, THEERRIC
BOTIEZER, B, #EBIZEHV T GPR120 @ mMRNA FHLHERS Jiu, FRIC
MBI B8 R gRVMEm 2R LTz, — . [/ CIHEE 6 B0+ 6 hics
WL GPR120 DR BUTRER SR o Tz, D Z Ehvh, A X GPR120 1% T
HEETEZS BB L TWDH EEX LI, 122 LARE, E& PCRIZHEM L T
WRNWD T, N RPHERTERDP ST THRIANBENLE SWOILZ &21ET

X720, GPR120 i%, & R~ 7 ADHFIE TIT/NHIZI T D CCK X2 GLP-1 D4y
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BG4 5 Z EHE SN TWNDD, A4 X GPR120 THIFEERIZ, ZH & DML
BARNVE L OFIEIZEE S LTV D ATREMED R SO BFERE R, A XDA 7
LF U ARIVE DM R BRI TV 5 [Odaetal., 2014],

GPR120 I3 XIZHR W T, MEHCKRINZR &R RICHIBL L T\, 5
TiEn-3 (03) ZMAEFIIEER S FEIE O RICHEL KIE L, —EOBEEIC
XLTHERTHD Z ENMBI TS [Oulhajetal., 2016], Al ARELFINE A D
SRETHD GPRI20 DERIT, b DRED U R 7 LM tafnfs i 4
W IR BB L KT T b AR, ~ T AIZBWT GPR120 [LH
Ke~v o7y —UTRIALTEY, BIBOKAEIZED B-7 LAF U 2 #RiK
W2 LD RIEMER NS ST b [Ohetal., 2010; Wellhauser & Belsham, 2014].,
PE- T, A XITEBWT S AFIAEMERIC L D2 HiRIEEH D GPR120 (K AFHIIZH]
T ZENDREMNH 0 [Bauer, 2011], GPR120 D28 BIZRIEMIRABD Y A 7
K+Lb720 52500 LR,

t hOWFIEIZIBT Arg270His OZRINEGZ TL Y <RI TS Z
&L BROHIRRIEBLR Z 2 invitro OBFFERER D . 2 O&E(s 14 RO EE
DY AT Z@HDZ ERHEEINTWD, SREIOMIETA XD GPR120 #Eis+

AR L ZAV MMM EORTORKIZBWT 210 FHO T XV BRIZT V¥ =2
Thy, b bERBROERIIMR SN o1, —F, &3R5 O [F
FEML 4 FEOKRZBEBRDER SN, 20 4 SO EFRFZERIL, ZEE
D EPAEIEIZF T ¢.307G>A (Alal03Thr) & ¢.595C>A (Prol99Thr) 234k
THIE, ¢.287T>G (Leu96Arg) 73K E@TEIE, c.446G>C (Glyl49Ala) 7 #ifiE PNHE
BWIUZZENENALE T D EHEE ST, RIFREBRTIET IV BALER LW,
KB A~OEBILTREMEMEV (7272 LEEG R 0@ W24 U 5 alREME £ Tl
BETERYY), T TAETIE, HERFEEBROZINEH L TUBRDOEE L

1T-77,
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EFHNCRK Y LT WDRFEOFEDAN N TND Z &b, FFE O KFEIZ B
BREEE TSR L TV D AR OWTETRE LZ, SRR -7 4 5
@ SNP OH1ClE, ¢.287T>G (Leu96Arg) 72 MNFEEDRFE (B —27 L) (ZHEH
LTRONE, BE—=Z/MIEFRICIERE LTV E SN TWHRETH Y | RfE
FR A 2 B EER - TH D Wi nE 2 b d, L, E—=Z O TIE
Tt B & DEAGR 2T~ 2 720 OFIEIIHER TE R 2 72D T, FIEZEL L TH
BREEZED D Z EBNTELE X bz, ¢.307G>A (Alal03Thr) & ¢.446G>C

(Gly149Ala) X, WF v h oo AN D7 i 2D 5 Z E N TE 72
Moz, 7272 L. c.446G>C (Glyl49Ala) (X 141 BHHIZ 3BT D LME N T
WA A LR —=F—eaJ—DFENLN 2T ONE D0 > TNWHDT,
2D 2 REORAERDEWATREEN TSI D, 4% I D 2 REIZHOWTHIE
IO L, KM 21T o MMES H D b D EF X b,

GPR120 DM EE AL E 9~ % HE A FEE R ¢.595C>A (Pro199Thr) I3, R
(2R E OETANE R S 30720 - 7223 141 BEH 40 88 & Fr KO EIR CTRERR S 7=,
Z D SNP IZ DWW TR FHEMT I 2 5 7200 OB AMSE b= T, 572 % BCS
IN—TZLICEGFHEZEB L, TOKEI T2, TORE, ZOERD
AR THEEE L BCS=4/5 & 5/5 % AR L7 I REEIZ 3 C BCS-3/5 D fdi Rt
FVABICEL, ZOSNPIFERY 27 ((ROIKT) 1ICB5 LT\ 25 ATkem:
MRS le, 72, 2O SNP [ IZ ARG O T b Mias a8l & T 24
BThHiZ D, VAY FEORAREDIK TOMA2 EOMREE L~ 8
HEZLNDN AR TITZFREREL O b DITHNTE ST, ORI
TEBRF LM RFROER 2 E S EISERRER NG END, LrL, 4F
Ao 7-A4 X GPR120 @ ¢.595C>A (Pro199Thr) 134 X DBV A 712815

AN & LTRLEEEZE X bILD, ZORMEZMMRT 5121F, L0 < DER %
KR E UTE P AT O 0>, E 2 ITHIRIEELR & V72 in vitro OBFZE Tl
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WAL T AEHHESS ERK OIEMZ IHig L, ZBIHERE~ DB 2 ffr 45 2 &
DLETHAS 9, 20 SNP 1L, FHERMIZEMLE TR L OffK L )L TOREE

LR EEBICA B RAETHE & LT O RSB S D,
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IINGE

A X O G R A AR - —2 & LT, GPR120 M5 112D\ T AU fET
ATV, B & OBIfR A E 4L LT, GPR120 X8 E L R SHIEMIEE 2 VU A R
ETDENBZREO—FETHY . & MIBWTIIFFEDERE IR U A
7LD IENRENTND,

F9. 4 X GPR120 DEE 17 v —=2 7 %47\, ARG T 2/ BRESIA
EROYTADOLDEEWVHEMEEZFE LTINS Z &, B RO U R LRI
DRI Z T ZE LML, ZRHDOFERLY . A4 XD GPR120
DM OBNFE & [FIRE ORERE 2 0 > TV B ATREME D R STz,

WIZ, 141 BHODO K% %G GPR120 O HFELH DMt 24T -7 & Z A, 5 FMA
ORIFZELR L 4 BEOFFRFZERZFERL LI, FRAZERO —D>THD
c.287T>G (Leu96Arg) 1Z & — 27 /L DOIRTRDON -T2 LD RFEFE Ry 728 B
THhDHAREMN R E Tz, £/, ¢595C>A (Prol199Thr) % BCS=4 £7-1% 5 DJE
TRFIZ 3V T BCS=3 DT REL D BIn FHENAEICE S, A X O Y A2
(ZBE 59 2 TREME D R ST, S BITREHED D 2 & T A X OERR & PR
~OIS ARSI D,
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T2E A XP3T FLF U UZRIEELGFOREMRIZEBIT S

W
e
%LEH
mx

Fr XX

B3 7 KL F VU 545K (Adrenoceptor beta 3, ADRB3) 1%, 1989 E|Z b F=o#g
WML/ —= T INET Rv PV SR IEOY T2 A4 T7O—2Th b
[Dibetal.,, 1995], & h® ADRB3 (X Bl 7 K17 VU »Z &K (Adrenoceptor beta 1,
ADRB1) X°B2 7 KLV 5%k (Adrenoceptor beta2, ADRB2) L ¥ % C K
o7 I BN D ZNENICK LT 51%E 46%DFHEIM: 2 £F> [Belfer et
al., 2005], ADRB3 |Z 5 MM IZIZIRIFHNCFEBL L, NEWG /0 I AR rg 1 {8 <
TENHEINTWD, ZREERODIE LT G X U XV EREZRIEDO 1 ETH
V. 2 0 28MHDT I/ BETHAIND 7 OOBEE@EREE L | Miastis LT
RN ZNZEI 3 DD —THiEZ A LT %, & N ADRB3 OEREMFAT
WRZETIE, M 2, B3I NL—T1XV T FEGB X O L7 2 —fEHEIC, &
BoafaikIZznZn Y o FiEa & GsiEtEls, S HITHIfaNL—7 D —E8IE G
BRI EORERICEE T T = — 7 7 —EOE%ICEE LTS, /
T R T Vo7 R U U ZOZFRICHEGT 2 & THAE O 5 )
FHEINT Y e — /L L ENEE A U 2R CTEPEANE Z 5, ADRB3 OFf#
AIEENSE A2 W oA O HIAEN T, IERTERIRIE DO —> L L THEH A LD TV D

AITE TREAT L 72 GPR120 & I35 RIS, D U A 7 [A+ & LT ADRB3 (2D
WTIEE < D BEE A R ifiEN 72 & TV % [Genelhu et al., 2010; Kuo et al., 2014;
Kurokawa 2011], 1995 4, K[ET U V' HNZEET L E~Y - A 7 4 7 2B
T ADRB3 O I At AZEENH A S iz, Z OZ BSEVE AR HE 0 B R
(EIZAIBAENL) . A 2 U ARG, BEPRIA O FHIFIE L FHEA 5 2 & 3

HEINTZ, FE B F ADRB3 IZOWTITEk & BB+ ME STV D08,
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H HWFFEHR T LAUT Trp64Arg DB R THEE 1L —MRMIIZ 12% TH 525, &K
WROEMIZERT 5L 438% & LV EWEIGTRALTWD Z EAHILT
V% [Yamakitaetal.,, 2010], & ~ ADRB3 #Efx 1123\ CRIRMEEK D 189 FH ®
WIERF I oMby by B R (€189T>C) §5 & ZAKEREMR T 2 MaN
RO LN —T R T 264 FHOT I VBRN) T 77 b T ¥ =
NER (TrpedArg) L., BAERIOE FEY 1 BY72 0 OZLFRREED 200-
220 keal I3 % Z & BWEBRINZHED O HILTW D, BID | BRI B~ TR
R F—ZARNEN & L THTD 0T < JBMCHEIRIF DY A7 RTF-L 75 2
EMREIN TV D [lemitsu et al., 2014; Mirrakhimov et al., 2011; Yoshida, 2006], i
£, BARANDKI 353D 1IN ZOERZRAT LI ENMbATEY, HMOE
Wbk CIIRFEREOKMET — 4 & LT ADRB3 OEE-HRANEE I T
Do

A X® ADRB3 BEIZFIXTClrr—=073nTEY, FREEOEEN
1218bp THHZ &, 2 o027 V2 (1,196 bp ® Exon1 & 22bp ® Exon2) 7>
SHRL SN TWD Z LR ENMBA TV [Dib et al., 1995], 1 X ADRB3 (&
FOH O EFEE, FICEHHRICEELL Cb, 3, CL316,243 X° AJ9677 45
> ADRB3 #rEAVFENIEZ RIZEMER T 5 & B fA sl & 2 S o
WERIERS AR E 23 3C 2 595 [Granneman et al., 2005; Lee et al., 2015], =
DEHIZA X ADRB3 & A XDEWHRIRED X —7y My F L LTE B RTWE
TEEICW < O0d D | BTd O R REEENE 2 RWIHIT 59403 A Al itk
Dttt (73— Y o fifafb) #&E L, Bt EAE (uncoupling protein,
UCP) 1 DRATMEFEIZ L > TRV F—1HE 2 m ., PUEEEZRET 5 2
E LA TS [Spaethling et al., 2016], ZAUH D HEEIL, A4 XOF LWE
TR FES L L CTHZHEIN TV D

—J5 . B0 U 2 7 A+ & LTOHA X ADRB3 DT LRIFENTIZ, ZHET
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T TZ o 7=, & h® ADRB3 ® X 5124 X ADRB3 D=L ) ME
ORF L~ S HITIINER Y 2271532576, b b EFERRICEE FBRED
KIGIHE LD 5 D[RR H 5,

ARETIE, KB T 160 BEHO RN HE BT/ 5 DNA ZEHE LTA
X ADRB3 D ZRIFGHAE 24TV, A XIZHIT D SNP OPRFE A F2hi L7z, SNP 23 AL
Do leElE, REZ L OBEFHE, BIORMEDRHRIETHLRT 1 =
> 4 a A2 (body condition score, BCS) & M EHHIZ DU TR AR

MrL7=,
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gL Ttk

1. #RABYR L IR OB

2012 £E72 B 2015 £RI2 T T H ARBREA MBI AR AT BB ER - 2 — (R

SUEEERE ) 6 L O A mEimle (2R HNIRGFERCHT) 1 2okBe L 72K 160
H (19 RFE) #xt% e Lic, &EEOT—% & LT, Fln, MR, K, BCS %

Rk L7,

2. &/ 5 DNA OHH
A 1 ml B, BEHlICoF Lo YT I UNERE (EDTA) Fa—7 108
THUGEEALEL 41TV, Flexi Gene DNAKIt (QIAGEN, Germany) % HWC/4» ./
A DNA ZHiH L7z, NS 15 ml @0 T = — 7 I FmiE Al % & Te Buffer FG 1
Z25ml EifiRE 1ml @MU, EFIC5 EEEIRFI%, 2,000 g/21°C/5 43
O Lz, BEET I N UOERRRO BT 2 — 7 Z st 2 4 HifE
L. DNA & &% RV EE G~V y M &ET-, KIZ0.5ml @ Buffer FG 2 &
Qiagen Protease IR A HRIC TR LAV~ L Yy N FRRE L, Hiflic~L v MY
—{b&ah b £ THIP%, 65C/10 A v Fax—hLi, ZoLx, BU—
WORETAYED & D~ L > NREWPFE L2561, 30 ul @ Buffer FG 2 %
WIMUBERPE LA v FaX— LTz, FUTIVHOH T ERRS
A BRRNOA Y =T EIZEL LT 2 & Z2ERt4g, 0.5ml @ 100% -1 Y 7’1
N =N EBRMLUTETFICELLERE L, 7/ A DNA Z#it L7-, 2,000 g/3
oy L%, BiEEEC. RO LICERE LT-, 7/ & DNA 2%
B, 0.5ml D 70%= % /) —/L&RIL T 5 FREH L, 2,000 9/3 43 Tz
D, FiEZ2 TR LICEEE L C5 R Lz, 0%k, kikns

BIZHAIET HE T, DNA & 5 /e cict S 87, WRIKDZ3E% . Buffer FG



3% 300l Nz, (K T5 ML, 65°C/1 FFE Db —MiAf o F 2 X— |k

L CH& % L7z, B L7=%"/ 2 DNA i Nano Drop (Thermo Fisher Scientific,

USA) ZHW TR ZHIE L, WoOtEE 260 nm 35 L1280 nm TE AR R X
Ol 2 IE L7z,

3. 4 X ADRB3 &5 T DHIE & FEHR

FHH L7- DNA Z§5% & L, X ADRB3 E{s1OFFRE Z & e Exon1 @k
It & Exon2 O FIRICERE LI 7 T A ~—xt (F 2-1, ¥ 2-1) ZH\W\TPCR L%
Fehtn U7 SOGHE S0 ul HOFAIILL T oy & Lz, ElG, #78 DNA % 2 ul,
2xMightyAmp™ Buffer % 25 ul, MightyAmp™ DNAPolymerase % 1ul, 774 <
— % ZFH 1 ul, UltraPure Water % 20 ul iR L7=, PCR X2 A7 v k% H
WTCAT o 7o BUGRIHITAR OBV E % 98 CIL /3], = D% BN % 98 C/10
B, 7=—0 v 7 L mERIEEADETT0 ‘Cl2 4330 7% 26 cycle # v i
L7z, PCREMOMEZ =D 5720, 55N 72 PCREMZFHH L LTS HICW
BNZREFT L7727 T 4 ~—%xf (F2-1, K 2-1) 12X % PCR %, RIS TEML
7z (nested PCR), 2 J£H® PCR T 67 PCR MEWZ 15%TF V7 A7 0~
A FESINT A v — 27 TERIKE %, 365 nm OISR T TR LI, BRID
BOADNMENE C & 72854, 2,186 bp fHTIC/ Ny REMERTHZ LN TE iz (K 2-
2),

HBYBLE O BEE % el L 7-t% . PCR Purification Kit (QIAGEN, Germany) % f >
T PCR EMEERIL-, +72bb, 1.5m F=2—7TPCR ¥ 7L 20l &
Buffer PBI (543> 7 7 —)100 ul Z{EFf1#% . DNAFKSGDTDIZh 7 LEE > K
Lie2mloav s yarFa—7Z8287 774 L, 13,000 rpm/1 4y O
ELTz, m, BREECRILFa—7 L7 22HE LY ML, 250u @

Buffer PE (¥ 3> 7 7 —) Z¥HI L. 13,000 rom/30 bR EfE L7z, #iL

34



W1sml F=2—71Ch T L%y ML, 20ul @ BufferEB (A Ny 7 7—) %
T ORI L, 1 S REE% . 13,000 rpm/1 53Rl O ERE L, F5 DNA

Z A L7,

4. 7 7 DAV A X ADRB3 &5 T O EEFIENT

4 X ADRB3 &1n 7 OIEFEELY OfENT D 7= 12, Big Dye Terminator v 1.1 Cycle
Sequencing Kit (Applied Biosystems, Japam) % f\»T Exon fi0&RK % 1 /3—7 %
LT rhD7 T4 ~—%mEt L (£ 2-2), 3 DNA 28 L LT 1 A
PCR 1T > 7, RUGHR 10 pl FOFAUFLL FDi@ Y & L7z, PCR F = — 7T Ultra
Pure Water % 5.5 ul, "7 4 ~— (1.6 pmol/ul) % 1.0 ul, 5 x Big Dye Sequence
Buffer 2 1.5 ul. Big Dye Terminator z 1.0 pul ¥ L7z, BUSSRAEIZAE DI 96°C/L

o, =0t 96°C/10 FUfE]. 50°C/5 FbfE]. 60°C/4 43 % 35cycle VK L, #x
%IC ACTHER LTz, ARSI OMHTIZ, GPR120 & [AERIZAMIZERE (Eurofins

Genomics, Japan) T3k L7,

5. 4 X ADRB3 &5 T DZEUEHT

160 O RO A b4 L7z /7 2 DNA BiR & EHZ A X ADRB3 DKk
BB & ffr L, 7 AT — 2 _X— R RICFEE STV 5 A X ADRB3 Ef5 1D
HEHELH & beig L 7= (NM_001003377.1), SNP SO - 7eGG 13508k L, &
SNP DR T-HEE & KFER], F7-1X BCSBNCHH L, i Lz, #EHiric
(IH A e E & Nz,
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#2-1 A X ADRB3 &{s 1 DOfiEfric H

W2 T T A ~— O RS

3!

Gayi) R RAA] (5°-3°) PCR J£% (bp)
First-Fwd CGGCTCGGTGAGACTATTGG 2,496
First-Rev TCGGAGTCCCCATTAGCTTT
Nest-Fwd CTCCTCGGGAAGATGGCTCA 2.186
Nest-Rev GAGCAGGCTGCTGGGTACTT
Fwd : E#ifHl. Rev : Tifal
First : 1 B H PCR H. Nest : nested PCR H
First-Fwd
—
Nest-Fwd
—
52 Exon 1 Exon 2
.‘—
Nest-Rev
.‘—
First-Rev

%] 2-1 A X ADRB3 &{zs T HilgE!

W75 A4 ~— DRI E

1B H O PCRIZEEH T 577 A4 ~—xf (First-Fwd,Rev) 1%, A7 74 7

& ORIFRBEI Z Pt & 5
A ~—%} (Nest-Fwd,Rev)
IZEREF L, 2 DD Exon & ZNHITEREND A > b a A —

Ee Lic, 774 ~— DR &

RLUT,
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IZA >~ hrur BIZE&GFL72, Nested PCR D72O D75
X, FhEh First 77 A4 ~—ORMIOA > hr vk
FEITHRE S DD
THEND PCR EMDI A X3 2-1 12



Ladder Product

2,000 bp P

1,000 bp P

2-2  Nested PCR (2 J > T L 7= X ADRB3 ® PCR W)

A X2 (FifER) 2o L7757 A DNA 2§ L LT, 4 X ADRB3
AT OEFREEEZ & 2 2O 7 v Bk A nested PCR IEIZ L - THETE L
2o BRIKBIORER, TSNS 2,186 bp (fUTICH— > REMR LZ (Hin
7z L— > OukENG 2 HFE0) .
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# 2-2 A X ADRB3 i&fn —A&$H PCR 77 A ~— DIE FHL S
RIS Ha LRSI (5°-37)

Exon 1 CGGCTCGGTGAGACTATTGG, GAGCATCACCAGAAGCGGAA
ACCCCACCTTATCCTACCGA, CGTCTCCAACCCCACCTTAT

GGCCACGATGACCAGCAGGT, TGGCCAGCGACGTCACGAAC
Exon 2 AAAGCTAATGGGGACTCCGA
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wE R

1. A4 X ADRB3 &{&F DEIsFHENT

160 SHD K% %4212 ADRB3 BAn D ZMMEHT 21T\, 15 b - ER S %
NCBI 7 —# X—2 DA X ADRB3 BinFIHFH & i Lz, ZDORE, 73/
A B OMENFFEEHS S E 7 2/ AR A0k 5 JERZE RN 7 EHOA
Ft 12 FRED SNP SR S iz, FB R 280 R & - SOl AR T O
AR 2-310, =7 Y U EOFERNLOMIE 2 X 2-3 ICENEIUR LT, &
72. B R ADRB3 IZHBWTHBNE Y A7 & L CEI S LD Trp64Arg (ZAHY 72 Fir
X, AEFRE L2 TOBERCYUZBOT X/ BEIX Arg TH O | ITHEA &
FHTE hOEHA LR U Thotz (K2-4),

[FFEHROLE R T T NZFh c.39G>T, ¢.81G>A. c.432C>G, ¢.759C>G,

c.853C>T, FERIFEH DAL FILZN TN ¢.110T>G (Val37Gly) . ¢.220G>A

(Val74Met) . ¢.511G>A (Alal71Thr). ¢.749C>T (Ser250Phe). ¢.758C>G

(Ala253Gly) ., ¢.1121C>G (Pro374Arg). ¢.1184C>A (Pro395GIn) THh -7,
AER 2o SNP IE, 2T Exon-1 BITfiE LTz, 73 JEREED
RV FRFRE I Z F BRI Lo, DIgIE 7 FEOIER R E I

H LTt 21T -7,

2. A X ADRB3 E&{nFZ8 DO REIEYT
B O RFEICHFE D SNP NEFE L TV A ATREME 2T 5720, RFEERNICE
At el L7z (R 2-4ab), £ OFEE, ¢.110T>G (Val37Gly) & ¢.220G>A
(Val7d4Met) MR SN RFRIZENENA Ty a » Ay « A=
WA= — e al) —1HTOTHT N RE[EAERTH Y B FHEIT 0.006

ThoTz, c511G>A (Alal71Thr) PR INTRMEIITF VT L —X—Th
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D AREEEDS 280, ~T 2B 1B CER THEE L 0.016 THo T,
C.749C>T (Ser250Phe) [IHLATFHICIER LT We b3 —27 v — T U
TRI=ZT a7 Xy A7 b, B AR EEEFL 8 RETHRITISN, &
OWFRIZAEMEAED 12 BLT~T v i3 48 81, RO EIR THHE 1T 0.194 T
b7z, c.758C>G (Ala253Gly) 1% 4 RFETHER S, AEMEAEN 3T, ~7
AR A 2 BE CRIROER FHEEIL 0.025 TH -7, €1121C>G (Pro374Arg)
135 RFECHER S AL, AEREIK 1L, ~7 v fE{K 5 B CRIKDBIZ 1ML T
0.053 TH - 7=,

c.1184C>A (Pro395GIn) OAERIZF ¥y NV T LT 7 » 2 —%fR< 17 RFET
fERd S, AT 104 85, ~7 vl 15 55 & A RIFHA 725 TR 7 Bl ofE ik

THER SN, BERDOBFHEEIL 0697 TH -7,

3. A X ADRB3 B{x¥ D B BB S RUARAT

AR B ML SNP (2T HE 2 5 72 €.749C>T (Ser250Phe) . ¢.1121C>G

(Pro374Arg) @ 2 FE¥E SNP (2% H L C, BCS BN EmFHEE 2R, Hilg
L7z, c.749C>T (Ser250Phe) DEA=F-#HEIL, BCS=2 DRIAEHE T 0.066,
BCS=3 O fdt KT 0.175, BCS=4 F7=1% 5 O E#E T 0.405 &, BCS D
M TR FHEEN L E <. SNPC.749C>T ICB1T 5 C & T Ol s 4R
DR, FERHIRITIC & 0 R RE & LR MICAE B (p=0.0001) 2MFE LT

(#£ 2-5), —J, ¢.1121C>G (Pro374Arg) D& THEEE L, BCS=2 O{LIKERE
T 0.300, fEHEET0.072, AEHEET 0.048 &, BCS DKW Tilfs T4 M
L0 E<, SNPC1121C>G 2RI D C & T Oiftfn FHEERM O bl FaHAEITIC
KRR AR EREOMICAEZ (p<0.0001) MFELTZ (K 2-6),
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7 2-3. A X ADRB3 ZAUfiEHr TR S 7z B s 128 (n=160)
A GIEE
R T ~NT O RE B HEE
EESE c.39G>T - 0 1 0.006
c.81G>A - 0 1 0.006
c.432C>G - 0 6 0.038
C.759C>G - 0 1 0.006
C.853C>T - 0 10 0.063
FEFFER  c110T>G Val37Gly 0 1 0.006
.220G>A Val74Met 0 1 0.006
c.511G>A Alal71Thr 1 2 0.016
C.749C>T Ser250Phe 48 12 0.194
C.758C>G Ala253Gly 2 3 0.025
€.1121C>G Pro374Arg 5 11 0.055
.1184C>A Pro395Gin 15 104 0.697
c.39G=T c.B lleA c.4‘3 2C=G c.?Sr'EJC}G c.SS_BC::-T
L — Exonl Fxon 2 | 3’
c.lli}:l.'.bc c.zzﬂij}a c.Sll:G:-A c.?-;EJC}T c.-‘,:';EC::-G c.i;.ﬁlch 4;:11.;.84C>A
(Val37Gly) || (Val74Met) ||(Alal71Thr) || (Ser250Phe) || (Ala253Gly) || (Pro374Arg) || (Pro395Gin)

2-3 4 X ADRB3 ZAlfiEtr il SN ER o=y Vv EONE

160 SHO RN D BoM-oTz 5 A RZRER (EE) & 7 FEHOIEFRZE MR

(FB) D=2 Vv EOFERN 2 TR Lz,
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7 X/ # No. 62 63 64 65 66

t ~ (WT) — | ATC GCC TGG ACT CCG | —
lle Ala Trp Thr Pro

t k (OB) — | ATC GCC CGG ACT CCG | —
lle Ala Arg Thr Pro

A4 X (WT) — | ATC GCT CGG ACG CCA | —
lle Ala Arg Thr Pro

2-5 ADRB3 —¥##i&IcE17 25 64 FH O T I BEOFERF ML
b R Y 2 72595 & &b ADRB3 O Trp64Arg 28 B IZ DUV T,
A X ADRB3 2T D44 EL 2RItz O 7T X /L & HITRT (WT, wild type ;

By /=7 OB, obese ; AEHTY)
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72 2-5 A X ADRB3 D IE[RIFEE A ¢.749C>T (Ser250Phe) D At i & Bl Ax 1A

BCS FIEE clc c/t t/t t DR TAHE
4B L5 42 15 20 7 0.405*

3 103 72 26 5 0.175

2 15 13 2 0 0.066

*, p<0.0001 vs BCS=3

# 2-6 A X ADRB3 D[R EHA ¢.1121C>G (Pro374Arg) D AL FE B & n -

BCS GIERe clc c/g a/g g DB S HEE
4B L5 42 39 2 1 0.048

3 103 95 1 7 0.072

2 15 10 1 4 0.300*

*, p<0.0001 vs BCS=3
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BE

ADRB3 /Xt MO Y A7 B L LTEZELSEDBEISALNTND D
DDO—=DTHY, TNETELDOFRERH D, LirL, A XD ADRB3 &
BFITONTIEG Y A7 &0 S R TIT ORI T, v R Tl
ADRB3 @ Trp64Arg D E DAL GE 122 < KoL, MIRuFEER A V72 invitro
DERT =260 2O SNP BEED U 27 Z@mdH Z EBPHEEI TV D,
AR DOHFZETA X ADRB3 BT D% U Z i ~72 & Z A, 160 EHOETD
BEURIZBWT A FZEHDOT X VBRIITNAXF=THD . b MIBIT AR
YT 5 EDREND BN, BRAIIET, U~ UV REBIRTT —#
—ATHARLNDIEEAEDOHIIETZOENLOT 2 ) BRIZT AT =720
T, B MZBWTHOARRBARIT A= THY, NI T T 7o diE
B DTF 3% 0> B4 Ul ATREMED |/,

AlEl, A X @ ADRB3 5 IR W T 5 FHD R E L & 7 FEOIER R E
BRI, FRERTIIT IV BAERLR2NWTD, RIJE~DEIT
ATREPE MRV, & 2 TANIFE T, FHERZBEBROZANER L TR OMR &
iTo7z, A X ADRB3 &I FDEIUMFMNTIZ L o> THR L7z 7 DD IR ZEEH
3. ZREROEIREEIZB VT ¢.110T>G (Val37Gly) . ¢.220G>A (Val74Met) .
c511G>A (Alal71Thr) 7SEEEN@AEEL, ¢.749C>T (Ser250Phe) . c.758C>G
(Ala253Gly) . ¢.1121C>G (Pro374Arg). c.1184C>A (Pro395GIn) 723HHfENGE
A Z I ENANLE T D EHEE SvTc, FALICIR S 3 IR B E TR B
THAREMEN B DN, b MMIBIT D Trp6dArg 2B ITHaNERcH 2D = & %
AREHIZE T, MaPEEE D SNP 25N & 7 T B 2 KIF L. IR B
Bt D AN E VNS LRV, 7 OOIEFRZEBERDO 5 5, 4 FEEHO SNP |2
7 X BBOMMEZEEDHEE S, 5RO 3T TIIHE I N o7, BB,
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C.511G>A (Alal71Thr) TIEIEMRMED B ARME (FHE) (2, c.749C>T

(Ser250Phe) Tl (FFtE) 2~ HIEMMEIZ, ¢.1121C>G (Pro374Arg) Tl
FRPEDS HARE (HEEME) 12, ¢.1184C>A (Pro395GIn) ClddEmtED b AE (Hh
M) ICENENEL L Tz, Z o7 B OEREEE I I3mrEN R 59 5 7
O, MRHEZEEAHEE S D ERITE RS A A b &, REICRET 5 AhE
PEDSE, FE, FEOMmIEZE(LIX e N ADRB3 &5 10 Trp64Arg DZEFIZE
WTHROOLND, o, AEIEDN-7Z12FD SNP OFIZ R TP g~
BHR ATV FFEY IVUEENTOER) 1242, NT A=V gy

BE (YN Y IV, FEEEY IS LY L A~DER) 128

/71

GENTWE, ISR TPy a v BROFNVLVEI VLT VEEND
N, A XADRB3IZEWTIEI T U ANRN—Ya VERANR NIV a VERD
2 [EAF(E L, B FHEE DRI E A o 72 ¢.749C>T (Ser250Phe) & ¢.1184C>A
(Pro395GIn) IV b T U ANR—=Y g VERTH-T-, DI 12 FED
SNP TOMFITH V| FREOFIHE B BN, BRZRERIYD Zh 60

2 AFET D ERIT, —HD SNP ITHREM B R DBFET H 2 & ZHFIOR L
TWD0E LitZewny,

AT GPR120 & [RIFRIZ, A X ADRB3 ({2 DWW T D RFEIZFFE D SNP
MEE L TWDAEEMEIZ DWW TG L7z, 97, ¢.110T>G (Val37Gly) .
C.220G>A (Val74Met) . c511G>A (Alal7iThr) @ 3 SDZEHE T, WFh b 1-2
NS LOROD > TELTERKMNERICOVWTHRFT 2 Z LIXTE o
72 RIZ. c.749C>T (Ser250Phe) % 8 Kfd, c.758C>G (Ala253Gly) %4 K
fii, €.1121C>G (Pro374Arg) (%6 KFi/N D ZNENHD0 > TWND R, FFED
RAECHRAEENEVEAITFESLA RO LTV, b BEFREER R
/o7 c.1184C>A (Pro395GIn) 1, R =F a7 « X v I ATV hoE—2 L

Vx)bva s A—FXF =R FIEOLNRKEOK) 355D 2 OERND Boho
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TW5, LrLeEToOREZEOERNICET 2 RARBIZITFRKERO T,
INHEORMBIIZLSEENTVNDEDITTIERESZEITHD, L, ZOLRE
XTI VBT 8HHF BEHATMNOLAE L LTADN S TWADT, FUY
ICHEFRIZER L TV D ATREIEE 2 b b,

A X ADRB3 £ & By fE & DBEfRIL, c.749C>T (Ser250Phe) & ¢.1121C>G
(Pro374Arg) @ 2 -2 SNP THIFIHENTE TITO 2L N TE T, TORE,
C.749C>T (Ser250Phe) Diftfm {-#EIE (X BCS=4/5 & 5/5 # & L7 IERHEC BV
TBCS-3/5 OfEFHE L AEICE S, U 27 ((HOIET) 25T 5w
REMEARIB ST, —J7, ¢.1121C>G (Pro374Arg) OiEfs 41X BCS=2 M
IRAREHEIC IV T BCS-3/5 OEHHE L W AEIZE < WITGHOTTHEICE 53
DA REMEDNV R ST, R 1T 2 OBE CITIEmEDEER 7 OALE-S T & 72 5
N, BIEFRENTT =0 ThOEEREZEEICE RN, EABny bbb
TN Y ATZKFELEDBRDIEHETED, BRAIZID 220D SNP IE,
DLV ORBRFHIE N T TS AIRANSEIRICAIE T D R T A= g >
BRTHY, 7 BOWEELELE-> Tz,

. ARETERZELITT I/ BOEE RS ROREBTITZE L

WHLDE L TEREED TET, LLERS, B MIBW T LT FUiEBT
DRI FEE RN & FHB L TV B 610383 & Ty % [Ovsyannikova et al.,
2014], ZAUE. ED SNP NWEBEMREEZ R < THHERRICEET 550
SNP LHEHL TV AT EEBEZLNTND, A XITBWTHLA K, RIFEEH)
BIr~v—H— L LCOBREAT D ATREMEIZ OV TRE 21T 2 MifEiExdH 2 6 D
EEZ BT,

AREFETITA X ADRB3 BT DEZIEMNT 217V, 5 MSHDRIZER & 7 FlMH
DIFFFEHR AR R Lz, RELDOERICONWTERLIZL Z A, c.1184C>A
(Pro395GIn) 73 F U UIZERICERB L TWD ATREENRH DS L DD, DI,
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FrERFEICEPIIICRAOND Z EidahoT-, F-. IBEE & OBRIZ OV T
PR & Z A, ¢749C>T (Ser250Phe) 73EMAE T, ¢.1121C>G (Pro374Arg) 73
RIAER T, TN ENELTHENARIZE T2, 20 250 SNP [TAETH U
27 DFAERT L E 2 DB N, EEOEYONRBIIEEE F USSR ER
EER ESE S ERRERNTFAEEND, B NOWETITON L O 72 fikadg
BIRNZ X % invitro DK T2 A RHERED IR A 1TV, REBLA~DOEEZ SN T

MDD Z LM BELEEZ BT,
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IINGE

A X O G R A s - —-> & LT, ADRB3 D E5 12O\ TE AU fENT
ATV, B & OBREEE LT, ADRB3 LT KL+ U UZR/RIKOYT X AT
D—>TH Y | NENTHIRIZFEEL L TR 3 RICARER @ < Z &, B MZBWNT
Trp64Arg ZENER Y A7 70D Z EENRSNTV D,

160 5D R % %}5:1Z ADRB3 DI EBSN DT 21T o7& Z A, 5 I D[FFE
L 7 O ERFEREZ B L, FERZERLO—DOTH D c.1184C>A
(Pro395GIn) (X, FU VIZEFBIZEBL TV D AR RZ S, Fio,
C.749C>T (Ser250Phe) 7Z3EV#HE T, ¢.1121C>G (Pro374Arg) NMEIKERET,
NENEIEAHENEEICELS, 20250 SNP 134 XOE Y A 7 (53
% A REPEAN R STz, S BRI EHED D 2 L T, A X ORISR E EL A~ I

BRSNS,
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FTIE MBEEBRIZEDAX B3 T FLF U UZBEEREOBEEMRIT

Fr XX

H1ELE2EZDONRICLY ., 4 XD 2 FEOBIEFITOWTIERE L&
72 B 2 73 SNP 2N BRERERS S 4v7c, T AU D O ZE BRI 9 L A i 38
BB LTAZEEBZAONDN, 7T —ZITIZB W TE % 0#EIc s T
HREFCEE R EAEREOEVPRFHINTE LT, £ FT 208
TOEBOEBELERITE R, T OBBTEEN L L TRAB~DOE
BAfE O DT, MFFEBLR Z FH 2 invitro OWFZE08 LB TH 5

FE2ECTHFLIZADRB3 X, 7 RLF U/ VT KLt Yvpy BT K
LU U BRROEBIRIC L > TEE S D, IEVMRE EICiE T 2
ADRB3 %, T L OEEENFEET L EMBENTT 7= —rv 7 7 —F

(adenylate cyclase, AC) & & ME(L L i&ME(L L7z AC 1Z ATP % 73 L TERIR AMP

(cyclic AMP, cAMP) %49 %, cAMP ITHIIIN A vt Uy —& LTI,
S F S ERMIRE D FEEICEE 53 %, B AT, NENIAIE TR | &2 Y
N—BEIEHEL L, IR L CW DRI Z 0 L C Y 7 U &) K LR
Witz AT 5, A4 XIZEBNTH 235 OIEEFED B 512 X - T+ o
WEBERENIERIR EE S BR300 T, B R~ U X L[AERIC ADRB3 @ Fifi Tl AC
(2D cAMP DEARENMBN TN Db D EEZBND,

t ~ ADRB3 s+ ® Trp6dArg B FARIZBWTIX, ZOEBFEEL S
TRBIR Y X — % O CHIIICZE 24 0> ADRB3 & R 81 S & 2 K IREEE & fEpT
L7-#F9Eh3 8 % [Vrydagetal., 2009], BiE, 2R R 2B S - fifjaz 7 N
Voo T RuF U /g EAFEEE TR L. IRHEY TH S5 cAMP DAERLE

EHET D Z L TRIEFORENZEEROREIC LT T RBRLMELIZLOT
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b5, TOREE, Trp6sArg DEERZ RS F ADRB3 (% cAMP OAERRREN KT
LTWDZERHLNIEN, EFET =N LV THitshTnbd b
T THD, ZOFEIMOEBMEIZBICHTREZR DO TH Y, Fx IR LA
X ADRB3 ZRAKDEEREMEITIZ B W T H AR & B 2 b vz,

AREETIL, 5 2 T4 X ADRB3 B&IZ 3B T & OBRIEFRIITR S
iz 2 ORI, BIH ¢.749C>T (Ser250Phe) & ¢.1121C>G (Pro374Arg) . ¥
FO—HORFEICEFIZER L TV D AR RSNz 1 DOERE, A6
.1184C>A (Pro395GIn) (ZfEm %Y T, MlaRIR 2z W2 RBRAZ1T-> T, Zh

D DRERBAIZZE I DWW TR L 72,
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gL Ttk

1. A X ADRB3 ZE&&{xF DR

5% 2 B IR & OBLENHEL S 71 X ADRB3 £ RAKOHEREMAT 21T O 7=
O, ETRBANT X —OHLERE 7p DKL RIKOFRRAE & i L7, BpAER
(wild type, WT) 3 X T8 ¢.749C>T (Ser250Phe) . ¢.1121C>G (Pro374Arg) . c.1184C>A
(Pro395GIn) @ 3 SOERZZNZNHM TEHLRNOHIH L7277 2 DNA
Z8A L L C, ADRB3 i#fn 1% PCRICTHIE LT, 77 4 ~— 3B 2R
aiel L HIT, RIANZIEL Xhol OFIREEFRELS], T HfllZiX Exon-2 O 4k
Hl| & EcoR1 Dl BREERELANZASINL . % OIEHETHIREEZRIC L 5800 HLAYA]
REZR L D ICRRE LTz (£ 3-1), B2ARRIT ki 4 DDA X ADRB3 s HAil 5]
F. TS ZD2ODHIRERERY A N2 EERWI LA FANIHR L TWD,

PCR (% 98.0°C/10 #[#] . 70.0°C/120 [ % 30 cycle DIR/ETITV, BEAIKEIC

THIIE N R Lz (¥3-1),

2. BEBITHEENDOTAZu—=7

TAZ r—=2 7Dz, PCREW~OT T = (AR %4757, {E
F L 7253K13% 10xA-attachment MIX (TOYOBO, Japan) T, 60°C/20 4[] CTHi& &
Wiz, AfIINt#. pGEM T-Easy Vector (TOYOBO, Japan) ~D T A 7 — a3 U %
1To72 (K3-2), A, 1% oEFRF y MOE 5 2xRapid buffer %
5ul & PCRE® % 2 ul, pGEM T-Easy Vector % 1 ul. T4 DNA Ligase % 1 ul, 1%
BUKZ 1 pl TIRFIL, <X v B 7 LT 1 BESE TG SEE, RIZ, %
TA 7= a VEMENOTRBEORERG#R AT 7, KETar 7k
/L (DH5a, TaKaRa, Japan) % 1.5ml F=—7(210pul ¥23FE L, 74 7 —

2 VEMET 2 — 72 2u Mz 30 SRR BIZTHE Lz, IRICT +—F —/3 A
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T 42.0°C/ 30 BPIEIINE L. FEOK T2 oM#E L,

WEEHRO%, T = — 712 3TCTHE L TV 7= SOC Medium % 100 ul 3
SWIML 1 BRHREGSE 1T 72, 1 BT B2 U VRN LB ZE R
(ZHEE LT E A BN L, BRI IRT 72, 36.5°C/18 Bl CT Bk L
7-t%. pGEM T-Easy (& £41 5 M13 EFI D Primer xf & W TA > —FF = v
7 EAT o7, BRIKENTA v — MZ LB\ REMERLT-£IZ, 0.001%7 > &
U ERIN LB AR EE H 5 ml (2T — BRI SR TR A AT o T2

% L7 R 2> & | FastGene Plasmid DNAmini kit (A A = %7 ¢ 7 2k
&4k, Japan) ZHW T2 23 R DNA Zfhid L7z, BlS, 552K % 10,000 rpm/2
SETEO LIEZIC BEEZBREL, 77 A ROy MImPL % 200 ul iz
THRNT v 7 A&7, mP2 % 200 pl Iz THEREREFI L. 2 oMEE L721%IC
mP3 % 300 ul J 2 72, 13,000 rpm/5 Z3 [ Cils L7232 BIEE 0T A~ L
13,000 rpm/30 FPRE]Cizls L7z, BEIR 2 B2 L mP4 % 400 pl /i 2. T 13,000 rpm/30
M CiEl Lz, BERERZRZE L. mP5 % 600 ul A2 C 13,000 rpm/30 FH[E <
LU, b9 —EREIRZZE L, 13,000 rpm/2 23R Tl LTH 7 A0 b K5y
EEAICRRE LT, KB mP6 2 100 pl Mz, =R T 2 /MEE L%,
13,000 rpm/2 31T L7 7 A X FDNA R AZRIL L7z, it L7277 2 3
K DNA % S5 0KENC THERR L, AMEIC THEISECS 2 il LA BLECH O Ff A % T
L7,

3. REHARY F—DER

KIGHE SR L7 BRI T- 25T 4 O 77 A3 N DNA % HlfREESR
T 5 Xhol 33 L TNExoRL THIWr L7z, A%, 278 2 L (2 10xHi Buffer % 4 ul &
DNA % 20 pl, Xhol %z 1 pl, EcoR1 % 1 pl, ¥5HK%Z 14 pl TIEFIL, 37.0°C/2

I CROG S ETZRICEXIKENC THIO AN FEfERR L, U1 L 21T o7,
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By L%, HA ¥ 7R WTRBIR 7 2 —Tdh %5 pMACS-HA-(C) (Miltenyl
Biotech, Germany) ~7 A4 77— a2 L (X3-3), TAZ n—=27 L [EROFIHE
TRIGE~DIERH 21T - 7=, 36.5C/18 W[ T —WrkssE L7=1% . M13 4D
TIA~—kEHNNTA oY= Fxzy 7 ETo72 (R 3-1), BXIKENZTA
VY — MR SN an =—OHE % 0.001%7 > B Y RN LB IR 5
miZHAE L, 1 RpEIRZER AR 21T o 72, eV Tl 0.001%7 > B3 U N LB K
REGHIZ 100 ml 2 30N L7235 500 ml =48 7 F 2 22, RGRE LI asin s
100 pl WD L CT—MRiRE S L 7=, 5528 L7 KIBHE A> 5 . Nucleo bond plasmid Midi

(Macherey Nagel, Germany) %z fVNTHBIH 77 A I K DNA ZHhiH B L=,
BN, B2k 2 50 ml =02 L 6,0009/10 3Tl LT A KL vy |k
ZElY, N> 77 —RES+RNase A Z 8 ml IR L CAHRNLT v 7 T, XL v
AR Lo, RIS/Ny 77 —LYS % 8 ml BRI 2 T 5 [RIERENEF L |

ER TS5 DA FaXx—rLT, WT7LBIOITLT4NE—% Ny T 7
—EQU 12 mI T LU= v N L, EIRIZ/ Ny 7 7 —NEU % 8 ml Iz T 15 [A]
RERFI L, BT D7 4 —~EIN LTz, BB H T b % i@l LT D & iR
LTy Z77—EQUZSMIMNZ, BT LBLXONT LT 4 VF—Z WL
oo ATLTA4NE—ZFEFE LNy 77 —WASH Z 8ml X CTH T L& L
7=, DNA[EAIZH LW 50 ml s LEICH T L%y L, Sy ~77—ELU %
5mlz~7Z7 A FDNA ZisH L7z, B L7277 T X X FEKRIZ 99.5% 1 V7
a2 —E35mlzx, RVT v 7 ALTEH%IZ2 FE=|IETA vFa2—F
L. &51215,0000/30 s Tl LC REIGZRE LT, Ly MTT0%= % /
—/LZ&ANZ. 15,000 g/5 Zrf Tl LT EEEBRE L, UPW TXL v &R
fR LT Z 2 X R DNA & L, HERS 2R L CERMNEE T ianZ &
Ze e L7,

55



4. A X ADRB3 % > /X7 BOHIKREE

A X ADRB3 ¥ UV EEFHBIE LT, MHBEART X —DOFi#E 217>
7=, B15 . Opti-MEM £%# (Thermo-Fisher Scientific, USA) 200 pl (2% L C FUGENE
HD (Promega, Japan) % 16ul, 7 A X K DNA % 100ng @i L, 8<% v B
7 LTtk 156 pEErE Uiz, MRS ARY ¥ —% a7z NI L b
Jies V2R AL R e (HEK) 293T MEARIZ N %, 48 IpRiEE 2R L 7= IC ks RIE & b2,
PBS |Z CHEAZ [FIX L 7=, [FIX L 7-#ifah> & RIPABuffer (Nacalai Tesque, Japan)
ERHWTH NI E R L=, BlE, 137125 % 10xRIPAIB % 15ul &
10xSDS-EDTA % 15 pl, K8k % 120 ul TEFI L. M4 PBS T 2 ¥4 L7-
BAK B E LT, e L7245 well (Z RIPA IB % 150 pl Nz, Hif %2 55 L
T15ml Fa—7~B Lz, KETIL055MA > F2~— kL, 4C/15300 g/10

SITTEL LTz, EEEZREIRL, Z o\ 7 EskE Lz,

5. A X ADRB3 % /37 B DRBIRNT

FEBLMAE D SR L7z ADRB3 % v /32 B & fgHT 9 5 728, TGS Buffer IZi= L
72 SDS PAGE O % well iIhHiH L7=# > /)78 % 10 ng Wi L, 200 V T 40 45 ]
KEh L7z, i 7 L— kb4 L Transfer buffer (27C 10 70 REHER S &7 00
& XY G B EE LTz, Blotting buffer (22 L7z A7 VN7 757 —K (A
7 L) & PVDF Z VT, 018 A Kl DR T 30 T AT LAz s v
WRIBEEE LT, A7 L% IXTBS-1%TWEEN ~2i& S E/-%ic 7 m v %
VIR T 1 RRIIR%E L7z, 15 ml iR T 0.1% U ¥R Y 7 v —F /L ADRB3
P& (Abbiotec, Japan) 3 LU~ 7 A€ / 7 v —7 /L HA §iifk (Abboptec, Japan)
DGR Z Z N THERLL, A > 7 L v % IXTBS-1 WTWEEN T4 12 Hiik X
JSRIZIR L, 4CIZT—BEEE Lc, BUSHE, ¥R Y 7 m—J /1 ADRB3 it
RISk LTI - Fidoihilcz, ~ v A€/ 7 v—7 v HA HURICH L
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TIFHL~ U APUREOEHURO SOSIKIZIR LT 1 KRS S, WGy 7 b
WCTHE NI BEOBREEAToTe, BT ZAT T2 2 N7 BT BT Z— 28 A
L 7= Mock, #4781 ADRB3 % J8 8l =t 72 WT, Ser250Phe, Pro374Arg, Pro395GIn
D% ADRB3 Z R KZ J B S - MldDFH S A Th o7, Eio, BatExtg e L
TETORKIZEBWT B-actin ¥ > %7 O EIT-> 7=, BIZiZ~ T AR 7

7 —J /L B-actin ik (Abbiotec, Japan) #f#EH L7z,

6. A X ADRB3 BIZTFERIC & 5 AR REANT

A X ADRB3 DZ BNZRINEREIC 52 DR B A fRNT T 2728 B BRARZ B
SHETAMIEEEE DT T =2 F TR L, cAMP OPEA % Al — A EDEF R
P & U THIE LT, MICA 2 R B2 S5 £ TOFIEIT, /iE
LR U ETIT o 1o, BEREMRIT 21T 5 120 DT RIZ, 227 X — A2 LT [A
Pz hr—sL (Mock)., WT, Ser250Phe, Pro374Arg. Pro395GIn @ 5 %##t L L
1= ZRMEAERBR SN E T 1xPBS T 2 [EYei L 7= £ (C M 1g B okl i e
BNy 7 7 —TdH D Opti-MEM % 2ml 32 %, 37°C/5%CO,./1 K TA >3 =
~_R— |k L7z, Opti-MEM Z[E4h L7212 1xHBSS (2 T L. A& [mle L=,
AR 0.05 % 7 “1fyf 7 /v 7 X EHD 5 mmol /L HEPES THHEE L 7=,

R L LT, FERIRWT LU U B EKT T=A N THDHT KLt
¥ (Adr) A7 R+ U (NAdr), #iREJ ADRB3 7 2 =X N Th 5
CL316,234, [ty hr— LB EDTDRAR Y ZAT 7 —EHEEKTH D
IBMX ¥ L O RO20-1724 % 2N EIVEKEIREDS 1 mM & 72 5 1 9 ISl i ik

(10,000 fE/well/50 ul) D2z, =R C 30 /ML Sz, Kk, Cyclic
AMP Select EIA Kit (Cayman Chemical Company, USA) % F T cAMP DR %

HE LT,
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# 3-1 A X ADRB3 BREMATERERICH W=7 T A ~— DI EEELS
G2% HEHFELS (5°-3°) PCR FEY) (bp)
PMACS-Fwd CGGCTCGGTGAGACTATTGG 1,228
PMACS -Rev  CCCAGCGCTCGACGGCGTCAGCGGGAATTCAAA
PMACS-HA-F GACATCGATTCGCGTACGC
T7 AATACGACTCACTATAGGG

Fwd : Eyifdl, Rev : Fifdl

Ladder Product

1,500 bp P

1,000 bp P>

3-1 BB X —1ERH T T A ~—THitE L7=1 X ADRB3 ® PCR ¥

4 X ADRB3 &1z 1 O2FHFRE % | Wism HlREER TN 2 &5t 7 7 7 A K
&L CHENE L7z, SBRIKEIORER, PHREIND 1,226 bp T2 REfER L
Yl
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5’ = Xhol — ADRB3 — EcoR1— 3’

3-2 HIEEEHEAI LA X ADRB3 Bz FOTAZ u—=17
4 X ADRB3 BlFRfEL D 5° 1l Xhol, 3’MIlZ EcoR1 OHIREEZE N 2 F 2

AL, TA 7 o —=> 27127 pGEM T-Easy X7 # —|ZHfi A L 7=,
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5" =— Xhol —

— EcoR1— 3’

pMACS-HA(C)

3-3 A X ADRB3 &5 FDREAR T X —~DFf A

I BREE SR AL 2 500 L 7= A X ADRB3 i1 Fl% %2 pGEM X7 # —n i

Xhol 33 L TVECORL Z{Efl SHTHIV (HL, RV ¥ —ThH % pMACS-HA O

T BREEZENLIZHR A L7z, pMACS-HA (21X HA % 7 )3 & £, ADRB3 # L/

ZIEHA ZfM L 72 TRET 2,
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wE R

1. vzRFr7uy MEILXDHEY V7 BEOKRE

FHLARDEUNIIHRE L TWDH Z & 2O 5D, Mock, WT, ¢.749C>T

(Ser250Phe) . ¢.1121C>G (Pro374Arg) . c.1184C>A (Pro395GIn) @ 5 > Diflifia
RN OHH L2 2 R BN, V=22 7 my b a SR LTz (X 3-
4), TOFER, <~ AE /7 n—J) /L HA-tag HLik % 7= 4T Ti% ADRB3 &
BT &R 2 —~flAIAE 2275 72 Mock Offifiafty) 2%, ADRB3 #{s 1
g F—~HABIATZ WT BLO 3 FEOZERE R4 TIZEWT ADRB3 D4y

T THIYS S B 37 kDa AEIC AR A N RS ST, — . TR S
17— L ADRB3 #iLifk % FW 2T Tk, Mock 2 & 1o TDORTH A XD
I DNEIZTEDNY RPRHER SN TR TH -7, BHEXRSRTH 5 p-actin 1
ETORFICEBNTHRIE ST,

2. A4 X ADRB3 BIEFERNZABMEEICKITTRE

AR (WT) B8 L OEBERA DA X ADRB3 ¥ /37 B & R Bl S W7 Hifaic,
7 RLvFUr (Adr), /v 7 R U > (NAdr), CL316,243, IBMX, RO 20-1724
EER SHE-L &0 cAMP BEEAEZ I L= (X 3-5),

FORER, FPTERT X —2EeEMEa Y ha—/1® Mock D& T, &£ TO
FIIZ BT cAMP DPEAEITHER SR Do 72, RIS, FYZ WL TH720
blank ¥ X O cAMP EEAEIZHNH Z2 23 =it > b v —/v > IBMX & RO20-1724
AT CTH, 2 TOMNTR T CAMP OREADHER S Lo Tz,

A X ADRB3 %5l L T\ 2 fifdz Adr (1mM) THIFET 2 &, &2 TOMIET
CAMP DBEE R S 1u7z, BIFEMEIX WT 23 22.6 pmol/ul, ¢.749C>T (Ser250Phe)

723 16.2 pmol/ul, ¢.1121C>G (Pro374Arg) 75 24.1 pmol/ul, ¢.1184C>A (Pro395GIn)
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23 10.8 pmol/ul TH - 7=,

A X ADRB3 Z# %8 L T\ 2 fifdz NAdr (1mM) THEET 2 &, &2 ToH
T CAMP D FEA D HERS S 307, JIEMEIT WT A3 21.9 pmol/ul, ¢.749C>T (Ser250Phe)
2% 17.2 pmol/pl, ¢.1121C>G (Pro374Arg) 7% 23.2 pmol/ul, ¢.1184C>A (Pro395GIn)
25 13.0 pmol/ul TH -7z,

A X ADRB3 Z %8l L T\ A ffifld Z CL316,243 (1mM) THIET 5 &, &2TD
AL T cAMP D PEAEDHERE SNz, FEMEIT WT 23 21.9 pmol/pl, c.749C>T

(Ser250Phe) 73 16.3 pmol/ul, ¢.1121C>G (Pro374Arg) 7% 23.2 pmol/pl, ¢.1184C>A

(Pro395GIn) 7% 14.6 pmol/ul TH - 7=,
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A

ADRB3

Mock

WT c.749C>T  ¢.1121C>G  ¢c.1184C>A
(Ser250Phe) (Pro374Arg) (Pro395Gln)

B-actin b - e é‘

B-actin

3-4 TxRARH Ty MEIZE DA X ADRB3 ¥ LR T B OR BT

HEK?293T sfiful

78~y % — (Mock) F7-1% HA-tag # {4l L 7=+ X ADRB3

B2 aORET 2 —2H AL, ELESNZ 7 il HA HUE

(A) FE/-idhi~7 A ADRB3 Hifk (B) TR L7z, FEIXGMHE= Fr—1

ELTHRHELIEB-TI7F DN RTHD,
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Ll
=

Adrenalin

b2
=

[a—
=

cAMP (pmol/ul)

U _

Noradrenalin

b2
=

[a—
=

cAMP (pmol/pl)

CL316,243

b2
=

[a—
=

cAMP (pmol/ul)

c.749C=T c.1121C=G c. 1184C=4
WT (Ser250Phe)  (Pro374Arg)  (Pro395Gin) Mock
3-5 £ X ADRB3 ZEAKDT N LTV ANEBNERKIZ 64 2 B fEMT

HEK293T #lifuiZ 1 X ADRB3 i#fs¥ (WT BLOVERIK 3 Fl) 2 & Te B~
7 Z—%E AL TCADRB3 #¥H &, 7KLV AmM), /7 KL

Y (I1mM), CL316,243 (I1mM) THIFL L 7= & & D cAMP FEEAEZ RT,
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BE

ATE F TIZH R L7 A X ADRB3 15 D4 BARIZ DT A5 3R & (R
L CHIBAFEBR 24T, SNP 2 & OERERIZSEIC OV TR L7Z, £9°. ADRB3
DIEBLL TWD D EREDD D72, Milafiti#a ikt e Lico =227y
N % i U7, M IZIEARSk, B4 X ADRB3 HLiR & H W - AT 3L BT d 5 73,
SEFAMRRTENAFTE RN o770, R E 2T AL Ebil 5 H
P THRET L7, £, liffio ADRB3 IZxiT 28k E LT, UHFRY 7o —
FV ADRB3 Hifk%x HW-Rit&1T o072, ZOFUKIZE b, ~T A, Ty kD
ADRB3 ~DJBMENREN TN DA, ZOHURTIL ADRB3 &1 AR EAR 25
MEIZZSHEWANY RRELNTEDOHRT, 2EX7 2 —28ALTEEa e
—UZBWTHRE U RPBI S iz, 7E- T, S oz Ny RIZIERR RN 72
e ThHY, £ X ADRB3 ¥ U ™IV ERBOFEZL RT T — 23G9
Iz WIT, =TV AE/ 7 v—T /b HA-tag Hiikz FIW o Biat 217 o 72, ARBFEIS
i L7236 8L~ 7 # —pMACS-HA-(C)IZ 1T fn 4 AFML O K BIZ HA-tag DL
FIMEENTEY  FH LY N7 HIZIT HAtag BMfHInEnTng, U= A
27 my NOFER, BRI 2 —FEA LA (Mock) Tix/ Ny R3S
9, A X ADRB3 Z 8L S W7 Ml CIXAE TRV S RV LTz, Z ORER
N, ZOH HAtag HLRDR BB Y B ORBICHESIChHhHZ &, T LTH
[mI/ERL L 72 X ADRB3 DFEHRANEUNIMERE L TW D Z LR STz, A X
KRR ADGFAEMFHINETIZ, B FRO~ U X & BV U R HUED AFEHRR
IR D72 T, SRELNT-T — XX, ZOHt HAtag Hifk»3 ADRB3
IR ST Z DT Z— 72 VT B To = =Y LIZHH A EETH D
AREEZ R LTV D,

VERL L 7= MR B2 2 Adr. NAdr. CL316,234. IBMX, R0O20-1724 @ 5 ffid
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DY) THIE LT AER, METIEH D03 cAMP FEAKEZ E D252 ENRTE
7o T, Mock TIEWTHOEY TR L7 & & b cAMP M TE Zpno 7o
DT, MUSHELNTZ R TIERIY 87 ) AC BEREICE S LT\ D iR X
N, £72. IBMX & RO20-1724 [3HK AR TR F 5 —FPIHEHEKTH Y . cAMP
DFEEZMEI T H1EH NS 5 [Corradini et al., 2015; Kaneda et al., 2015], & L =
O OEYORIFE T T cAMP 23 S TWiUE, A BEIOFEAM R 23 IERF R 72 8L
ZEME L TWDL RN S L3, ERFERICE D EWTh s cAMP IR IR
AR THY, TOARBETEETE DB LN,

ADRB3 DFEN3E L U CTIEM T % Adr, NAdr 35 X Tf CL316,243 X, Wb
ADRB3 AL IV T cAMP OEAMIGZFHE Lz, /2. T DOERD cAMP
PEAE BT, W N OEBIEKIC IV T HARK T L ITIZIFRBR OB Th - 72, Al
B, WT &l LC ¢.749C>T (Ser250Phe) 1349 2 e 3 ElOJ M A % |
€.1121C>G (Pro374Arg) (203N D38 DU NE I < ) e B AR % | ¢.1184C>A

(Pro395GIn) 13#7 3 &6 5 BN ZZhEhr Lz, CL316,243 (X
ADRB3 OFFEAEERIFETH 223, NIRRT TIER < B S NI ALFE R O
T AEHIZOWTITEEZEZBE L 2T 6700, L, ZHLE TOMEIC
FHIFA XU CL316,243 A G 57 2 & REMI DS S Av. iR b o Jliepe
ReMhfess BSR4 25 Z L mb N T % [Sasakietal., 1998], F7=. 4 XITEHI
CH A E 545 LRI B Al (F 7213 — 2 = Hifgfk) LT UCPL O3 EL
WFEIN, FUEHIREZ 6T 2 EbHMESN TS, ZNUHDHAND
CL316,243 1372 < & b A XD ADRB3IZxF LTU H> & L THERT % L BIfE
TEZEZA N TWD, ZOFHRIT. RGN ETFE LR,

CAMP D PEAEINRI DN R & TR EKD 5 5| ¢.749C>T (Ser250Phe) 1%, %5 2 =

IZBW TR CBE THENA BEIEN>T- SNP Th b, Fiz, Aikd L)
122 OZEFITHIANFIRICALE L TR Y . 7 X BROMIEEL b o T\ D, Of
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BTERDLE, ZOEEN AC OTEMEICHRRAIRE A KT L THIlam A » &
Uy —Tbhb CAMP OFEAREZIKT S, B fREEICHET D 2 & CTHEmM Y
AT RO TNDEWVWIRRESL THZENTED, —FH, #H 2 BBV UK
(KEM CEFHEENAEICE - 72 €1121C>G (Pro374Arg) 1%, cAMP pEA

BIIZE A EREL RIS o7z, BRIREFET Y 7 A XH/hSWD T
ZHBIZOWTIERBE~OEEL T Z L3 L < Bbh, &2, FUU
THREEDPEBSFHEORFIZLIVZSEBL TV D AIEENEDALT
¢.1184C>A (Pro395GIn) i%, fix % cCAMP PEE BBV R WEER TH o7, 2D SNP
(ZOWTIIRI DI ML NS, SBEFINRT —Z 2B L, & BICHGEEZ 1
HHZENKEE b, £z, AR S UL D cAMP OZEE 3B
REISET 20OV, EERZEIFAHTHS, LarL, B~ ADRB3 @
Trp64Arg ZFIZHBWTEH cAMP BEEABDOZEIIMETH L Z b, 4 XITBW
TH A EIOMERZBMERZ & O LT SIS A2 5 2 T 2 REME X
FFIEZBIND, 1272 L RBFEDRERIZHOWTEFE — R TOERRE S 51
BEIEATV, BBIMELZ R T 5 & & BITHAIFRHME AT O 2 N BEEE X
b7z,
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IINGE

B U A 7 ~O R E-BHER S35 A X ADRB3 OZ BARIZ DWW T, MR HiLR
Z Tz invitro DEBRZ 1T o TR AR LTI L, &2 ETHRONTETT
— PG F LIV O BIZEET 20 EREE LT, £7, BT ¥ —F HN T
A X ADRB3 DOEFAR (WT) L3 SO RKEZ HEK293T I Js S &
Too 2D OMINLRIEA L7ZA X ADRB3 Bin 12 RHE L TNDH I &y = A
ZrTay MECL > THED D, ERICHEATE 2 Z L 2R L, KRIZ, 20
Migz7 KLF Uy, 27 R F Uy CL316243 70 E X £ FE 7 KLU
VERBEBEETHEE L L EOMNT T =L — kv 2y T—BIHREICOW T,
PEA SIS cAMP & FEMEIZHHM L7z, = OfEHR, WT (2T ¢.1121C>G

(Pro374Arg) & c.1184C>A (Pro395GIn) “C cAMP D pEA B3 B/ 3 2 [ 358
DO, THOERKIIERNTHZEREEEL KT ST 5 AREERD Y |
F2ETHWHINEE T — 22 —HEMFTH2HDOTHD B X B,
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s

AR XA XACHB N Tl b — AR Th v | ERCmR MLE, BIR
BOY A7 @ L2 Th<FmbEMIELRE, ZLDOEFERMBLIATY
%o MBI DGR T BT LR B FLDOHRRNSATON L0, A XORFH L~
TR ENKE L REFH LOREEL L7206 LT 5, o ERZEE £ 2 H
LTV DITBEHEZHEEZEZ D0, Y A7 ~OB5 N EEIOR S
NIZBEMERIIS DL ZAMbN TR, b LEEDEG TFERNA XD
ARG RET 570 5, TOT — X IIRBEEFH EAR TH Y | E7fRISE
B REOFMIER & L CHHAFETH D, AL TIE, 2 2OBEFIZHEH L
TA XOEHEBERR & L CORREMEZ £ FRICHHA L, IR ICBfRT
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SUMMARY

Introduction

Obesity is a condition that the energy intake exceed energy expenditure, and excessive
fat is accumulated to white adipose tissues. Two kinds of factors are related to obesity,
such as environmental and genetic factors. Environmental factors includes daily lifestyle
such as dietary habits and exercise quantity. Genetic factors depend on genetic
polymorphism which influences the metabolism. As obesity-related genes in human
beings, uncoupling proteins (UCPS), leptin, leptin receptors, beta-2 and beta-3 adrenergic
receptors (ADRB3) genes have been reported. Recent years, G protein-coupling receptor
120 (GPR120) has been added to the list.

GPR120 is a fatty acid receptor relating to hormonal secretory functions such as
glucagon-like peptide-1 and cholecystokinin. Gene polymorphisms are reported in human
GPR120, especially the His270Arg mutant is functionally related to obesity. GPR120 is
expressed in the lung, jejunum, ileum, colon, hypothalamus, hippocampus, spinal cord,
bone marrow, skin and white adipose tissue in rodents and humans.

ADRB3 is a subtype of adrenergic receptors, which is expressed mainly in adipocytes.
When adipocytes were stimulated with adrenergic agonists, acyl-glycerol would be
broken down into glycerol and fatty acids, then causes heat production. In humans with
Trp64Arg mutated ADRB3, the resting metabolism decrease by 200-220 kcal compared
to wildtype people, and that increases risks of obesity and diabetes.

In veterinary medicine, obesity is the most common nutritional disorder as in human
medicine. Epidemiological studies have revealed that one third or fourth of dogs are
overweight or obese in developed countries. Furthermore, Obesity is a risk factor of
pancreatitis, hyperlipidemia and arthritis in dogs. However, there is no report
investigating obesity-related genes in dogs. In the present study, we focused on two
candidate genes, such as GPR120 and ADRB3, and analyzed the relationship between
their genetic polymorphism and body condition scores in dogs.

We have searched for SNPs of GPR120 (chapter 1) and ADRB3 (chapter 2) in client-
owned dogs, and investigated the relationship between their gene frequency and body
condition scores. In Chapter 3, we have developed a cell expression system which
expresses ADRB3 mutants, and compared their molecular functions.
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Chapter 1: Analyses of canine GPR120, a possible obesity-related gene in dogs.

GPR120 is a member of the free fatty acid receptor family, which assumes long chain
and unsaturated fatty acids as ligands. Fatty acids are not only energy source as substrates
of beta-oxidation, but also signaling molecules in various cellular functions. It is reported
that GPR120-deficient mice have developed obesity with fatty liver and insulin
intolerance following a high fat diet feeding. In human GPR120 studies, higher gene
frequency of the Arg270His mutant is detected in obese people, and the signaling function
is attenuated, so this mutant is thought to be a risk factor of obesity.

In this chapter, we have cloned canine GPR120 cDNA and revealed the molecular
nature. We have explored single nucleotide polymorphisms (SNPs) of GPR120 in 141
patient dogs’ genome DNA, and investigated the relationship with obesity. Focus is on
finding the candidate obesity-related genetic variations of cGPR120.

Cloned canine GPR120 consisted of 1,086 bases including ORF. Furthermore, canine
GPR120 was 84-95 % identical to those of the human, mouse, rat, cat, horse, pig, and
white bear. They were comprised of 361 amino acids, and the homology of the amino
acid sequences were 78-96%. The highest identity was found to cats, and the lowest to
rats. Tissue distribution analysis revealed that canine GPR120 was expressed in the lung,
jejunum, ileum, large intestine, hypothalamus, ippocampus, spinal cord, bone marrow,
skin, and adipose tissue.

We have analyzed GPR120 genomic sequences of 141 dogs, and found 5 synonymous
and 4 non-synonymous SNPs. Gene frequencies of ¢.287T>G (Leu96Arg) variant was
0.125 in all dogs (n=141) and 0.500 in beagle dogs (n=36). The variant c.595C>A
(Pro199Thr) was detected in 40 of 141 dogs tested, and the gene frequency was
significantly higher in overweight and obese dogs than that in normal dogs (p=0.022).

The purpose of this chapter was to discover the genetic variants of canine GPR120 as
candidate obesity-related genes. We have cloned canine GPR120 cDNA, and revealed the
tissue distribution according to rodents and human studies. We have found 4 non-
synonymous SNPs, especially the gene frequency of ¢.595C>A (Pro199Thr) was
significantly higher in overweight and obese dogs suggestive of that the variant is a
candidate obesity-related gene in dogs.
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Chapter 2: Analyses of canine ADRB3, a possible obesity-related gene in dogs.

Beta 3-adrenergic receptor (ADRB3) is a subtype of adrenergic receptors, which has a
seven times transmembrane structure and G protein-coupling structure expressed mainly
in the white adipose tissue. When adipocytes were stimulated with adrenergic agonists,
acyl-glycerol would be broken down into glycerol and fatty acids, then causes heat
production. In human beings, when the 189th base of the ADRB3 gene mutates from
thymine to cytosine, the 64th amino acid constituting ADRB3 mutates from tryptophan
to arginine. In this mutant, the resting metabolism decrease by 200-220 kcal compared to
wildtype people, and that increases risks of obesity and diabetes.

In this chapter, we have explored single nucleotide polymorphisms (SNPs) of ADRB3
in 160 patient dogs’ genome DNA, and investigated the relationship with obesity. Focus
is on finding the candidate obesity-related genetic variations of ADRB3.

We have analyzed ADRB3 genomic sequences of 160 dogs, and found 5 synonymous
and 7 non-synonymous SNPs. Gene frequency of ¢.749C>T (Ser150Phe) was 0.194,
detected in 13 dog breeds including Yorkshire terrier and Miniature dachshund which are
reported easy to grow fat, and it was significantly higher in overweight and obese dogs
than that in normal dogs (p=0.0001). Gene frequency of ¢.1121C>G (Pro374Arg) was
0.053, detected in 7 dog breeds including Yorkshire terrier and Miniature dachshund, and
it was significantly higher in underweight dogs than that in normal dogs (p=0.0001). Gene
frequency of ¢.1121C>G (Pro374Arg) and ¢.1184A>C (Pro395GIn) were 0.053 and 0.697,
detected in 7 and 17 dog breeds, respectively.

The purpose of this chapter was to discover the genetic variants of canine cCADRB3 as
candidate obesity-related genes. We hve found 7 non-synonymous SNPs, especially the
gene frequency of ¢.749C>T (Ser150Phe) was significantly higher in overweight and
obese dogs, and that of ¢.1121C>G (Pro374Arg) was significantly higher in underweight
dogs, respectively. It was suggested that these variants are candidate obesity-related genes
in dogs.
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Chapter 3: Development of a cell expression system of canine ADRB3 variants, and
their functional analyses.

In chapter 2 and 3, we have discovered candidate obesity-related variants in canine
GPR120 and ADRB3 genes, but the data depend on epidemiological research and
functions of the receptors have not ever been demonstrated. In human ADRBS3, in vitro
studies using a cell expression system of Trp64Arg variants have been performed and it
was revealed that this mutation induces attenuated intracellular cyclic AMP production.
Moreover, metabolic rates in humans with this mutation decreased by 200 kcal compared
to those with wild type (WT) variants based on in vivo studies. Also in the present study,
it is the next step to analyze functions of these mutants if they cause changes in
metabolism

In this chapter, we have developed a cell expression system of ADRB3 variants (WT,
Serl50Phe, Pro374Arg, Pro395GIn and empty) with HA-tags and demonstrated
functional analyses by reference to human studies. Western blotting analyses using anti
HA tag antibody detected ADRB3 proteins in 4 mutants (WT, Ser150Phe, Pro374Arg,
Pro395GlIn), but not in the mock one.

Subsequently, we have stimulated these cells with adrenergic agonists (adrenaline,

noradrenaline, CL316,234, IBMX and R020-1724) for 30 minutes and measured
intracellular cAMP concentrations. Adrenaline, noradrenaline and CL316,234 induced
cAMP production in the cells expressing ADRB3, but not in the mock mutants. Amounts
of produced cAMP were tended to be lower in the Ser150Phe and Pro395GIn mutants
compared to WT, but not in the Pro374Arg mutant.

The purpose of this chapter was to develop a cell expression system of ADRB3 variants,
and analyze the difference in their functions. The Ser150Phe and Pro395GIn variants
showed attenuated intracellular cAMP production when they were stimulated with
adrenergic agonists, suggestive of that these mutations may decrease metabolic rates and
increase the risk of obesity in dogs.

88



Conclusion

We have analyzed GPR120 and ADRB3 as candidate obesity-related genes in dogs.
Gene frequency of ¢.595C>A (Pro199Thr) variant of GPR120 was significantly higher in
overweight and obese dogs than that in normal dogs. Gene frequency of c.749C>T
(Ser150Phe) variant of ADRB3 was significantly higher in overweight and obese dogs,
and that of ¢.1121C>G (Pro374Arg) was significantly higher in underweight dogs than
that in normal dogs. Cell expression studies of ADRB3 variants have revealed that
Serl50Phe and Pro395GIn mutants caused decrease in adrenergic agonists-induced
intracellular cAMP production. These variants may be obesity-related mutations.
Considering these variants as gene test items and utilizing the results for nutritional
management, it, may be helpful for treatment and prevention of obesity in dogs
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Abstract

Obesity is a condition that the energy intake exceeds energy expenditure, and
excessive fat is accumulated in white adipose tissues. Many kinds of genes are reported
as obesity-related genes in rodents and human beings, however, there is no report about
that in dogs. In the present study, we focused on the G-protein coupled receptor (GPR)
120 and beta-3 adrenergic receptor (ADRB3) as representative ones, and analyzed the
relationship between their genetic polymorphism and body condition scores in dogs.

In chapter 1, we cloned canine GPR120 cDNA and revealed the tissue distribution.
We have analyzed GPR120 genomic sequences of 141 dogs, and found 5 synonymous
and 4 non-synonymous SNPs. Gene frequency of ¢.595C>A (Pro199Thr) was
significantly higher in overweight and obese dogs than that in normal dogs.

In chapter 2, We have analyzed ADRB3 genomic sequences of 160 dogs, and found 5
synonymous and 7 non-synonymous SNPs. Gene frequency of ¢.749C>T (Ser150Phe)
was significantly higher in overweight and obese dogs than that in normal dogs.
Furthermore, gene frequency of ¢.1121C>G (Pro374Arg) was significantly higher in
underweight dogs than that in normal dogs.

In chapter 3, we have developed a cell expression system of the cCADRB3 mutants.
Three kinds of mutants (Ser150Phe, Pro374Arg, Pro395GIn) and wild type (WT)
CADRB3 were expressed on HEK239 cells. These cells were stimulated with adrenergic
agonists (adrenaline, noradrenaline, CL316,243, IBMX and RO20-1274) and
intracellular cyclic-AMP (cCAMP) concentrations were measured after 2 hours-
incubation. Adrenaline, noradrenaline and CL316,243 raised intracellular cAMP, but
other agonists did not. The raise of CAMP in the cells expressing Ser150Phe or
Pro395GIn mutants tended to be lower than that with WT.

These mutants may be related to obesity in dogs. In particular, ¢.749C>T (Ser150Phe)
mutant of ADRB3 showed higher frequency in obese dogs epidemiologically, and lower
cAMP production in vitro study suggestive of that the dogs with this mutation are easy
to get weight when compared to dogs without them. They are available for gene

screening items for treatment and prevention of obesity in dogs.
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