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L6 el =4 (MEWE 3)9 Bk, A v Rk, 25 A skl o gt
A 75 & Aol Bl vk B ‘*‘Oﬂﬁ (A) A=, (B) A 2] Bl &, (C)
o5 22 v &E& Ao tlxat Bl w gk A 7ot (*p value<0.05 compared

to control),

E172 S g el 2 (HEH T 7)o HIRE, 23 A Bk, 25 A Sl o
gk A f<ﬂ Neg 2 B Rhf- 5 k-2 2o A (A) AT, (B) AW 22 Bl &,
(©) 5 2 W& S SAste] =2 A A5 dlolB & nlalgh dafoltt (p

value<(.05 compared to control).

.

1se 2ol 22 (A 14)9] N7, 2a vk 28 A8 fa
WA 75& 24 S A vhg-2 ZEo A (A) i]%, (B) A =2 vl&, ()
5 22 8], (D) 8 & S48t dix a1 v gk A g o] T} (*p value<0.05

compared to each group).
T 192 By B (MDA 14, 159 BIRE, A4 vl gk oAl 2 g
of et A 7]5& Aol Het = vk Ws AALE AHe) S5}
sk 4 3} o] T} (*p value<0.05 compared to control).

21 Bt g NAC

520 2 W] £ (4 AUS 29l G ek 25 A8 1 FY 5ol
Sk A 75 WE A el vhes mae) o ot e Aa 45t o
Zt 3} Bl gk A 7ol T} (*p value<0.05 compared to control).
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[93] T21L By o] A (A I F 2)9 Al A3 )
A Aol wp9-2 WA Y T F2S A o)z v gk A
15} (*p value<0.05 compared to control).
wge AAE N B A
[94] ol sl st o] o] Ao & A A& Fate] Bk AAlEkA g gt
= Ao = Bt o] ] A ol B o A A o2 A EtY] 918 2
o /if17F ol & AAlofol] gH4 1= A2 ot

R
o

[95]
[96] AN 1: 2 A AT AZ] AL FF A AL HF
[97] o]:/\gz‘si ATPIF1 D}—Hﬂ ] (}ﬂ(‘ﬂ}ﬂi 8) 2 1) o]/] = ) (~
A wEY] el s A S 29t A
& A < SHuffleol] 82 ASA A Y2k
o) A 37°C 271 © % 2412k W] R T. o) W] A o] o] 43 2 -p-D-E] 9 A e
3] &} = A| = (isopropyl-p-D-thiogalactopyranoside, IPTG)% 1
kst kol v i AR B =star, thd Al 25 Al E 9t
3 (sonication) A I YA E & F& -84 FE E&A FEo
At ZF =g A F-Elo g Ry A3 E 7k GRS 3
QAT MEHE 1,2,3,7,13, 14 2 159] @92 Protein A resin; A EH S 4
2 62| A Sepharose resin).
[98] e, A7 ol o Elaho] F kg ol A ARG S 1ol =5 A &kl
[99] OHH ¥ 139 3% 200 ¥ g ol ARERE g9 T A ) efo] = AT, o] o] A
= Aesidth 2t o2 AR 59 B 2 3 914 ] Bl o] 5= His tag
Human ATPIF1 (4] € & 5)3} Human ATPIF1 (A &
[100] 3t1]

Ot

4%
r@

% nﬂo

_1

AMERT

o

(2

o

1>

9& n_(.[n
N

>,

=

i

E,

BN
t
e
A
i,

1 A

[\
2
BN
t
e
A
i,

[e]
A -Fc &3 (mutant 7} &)
=

Ak 7R e &2 (1-60; G20S, F34M
hH-HHE3 & A -Fe 83 (mutant 7l &)

(F'%)
Sy
BN
o
uy
it
i)
(g 0
W
o
ki o
H,

t
uv
it
i)

GST tag-°FA 3 &2 (1-81)

W
)

His tag-oF & =2 (1-81)

BN RN
t
e
A
i,

t
uv
it
i)

GST tag- 953 &2 (1-60)
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[101]

36 4 fEtol= W= 22 (8-35) obv| Ak Ala X 3 (32)
37 4 fEtol= Y= 22 (8-35) o1 Ak Ala X 3F (33)
38 4 fEtol= W= 22(8-35) obv| Ak Ala X 3F (34)
39 4 fEtol= W= 22 (8-35) obv| Ak Ala X 3 (35)
40 - w53 g7
41 - L
42 Fc A1 <€ (mutant 7| &)
43 - Fc A<
44 - GLP1 A4
45 - GLP1 ¥ #
46 - @53 ol A Tl B
1-60; G208, F34M ¥ o] 1<)
[3%2]

Ak

GSDQSENVDRGAGSIREAGGAFGKREQAEEERYFRAQSREQLAALKKHH
EEEIVHHKKEIGGGGSEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS
TYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQ
VYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG
K

GSDQSENVDRGAGSIREAGGAFGKREQAEEERYFRAQSREQLAALKKHH
EEEIVHHKKEIGGGGSGGGGSGGGGSEPKSCDKTHTCPPCPAPEAAGGPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH
YTQKSLSLSPGK

GSDQSENVDRGAGSIREAGSAFGKREQAEEERYMRAQSREQLAALKKH
HEEEIVHHKKEIGGGGSGGGGSGGGGSEPKSCDKTHTCPPCPAPEAAGGP
SVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNA
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KTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI
SKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH
YTQKSLSLSPGK

SPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGDKWRNKKFELGL
EFPNLPYYIDGDVKLTQSMAIIRYIADKHNMLGGCPKERAEISMLEGAVL
DIRYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDRLCHKTYLNGDHVT
HPDFMLYDALDVVLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYI
AWPLQGWQATFGGGDHPPKSDLVPRGSGSDQSENVDRGAGSIREAGGA
FGKREQAEEERYFRAQSREQLAALKKHHEEEIVHHKKEIERLQKEIERHK
QKIKMLKHDD

MGSHHHHHHSSGLVPRGSHMGSDQSENVDRGAGSIREAGGAFGKREQA
EEERYFRAQSREQLAALKKHHEEEIVHHKKEIERLQKEIERHKQKIKMLK
HDD

SPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGDKWRNKKFELGL
EFPNLPYYIDGDVKLTQSMAIIRYIADKHNMLGGCPKERAEISMLEGAVL
DIRYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDRLCHKTYLNGDHVT
HPDFMLYDALDVVLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYI
AWPLQGWQATFGGGDHPPKSDLVPRGSGSDQSENVDRGAGSIREAGGA
FGKREQAEEERYFRAQSREQLAALKKHHEEEIVHHKKEI

GSDQSENVDRGAGSIREAGGAFGKREQAEEERYFRAQSREQLAALKKHH
EEEIVHHKKEIGGGGSGGGGSGGGGSHGEGTFTSDVSSYLEEQAAKEFIA
WLVKGGGGGGGSGGGGSGGGGSAESKYGPPCPPCPAPEFLGGPS VFLFP
PKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPRE
EQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQ
PREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKS
LSLSLGK

GSDQSENVDRGAGSIREAGGAFGKREQAEEERYFRAQSREQLAALKKHH
EEEIVHHKKEIERLQKEIERHKQKIKMLKHDD

GSDQSENVDRGAGSIREAGGAFGKREQAEEERYFRAQSREQLAALKKHH
EEEIVHHKKEI

10

GSDQSENVDRGAGSIREAGGAFGKREQAEEERYFRAQSREQLAALKK

11

RGAGSIREAGGAFGKREQAEEERYFRAQSREQLAALKKHK

12

VDRGAGSIREAGGAFGKREQAEEERYFR
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13

GSDQSENVDRGAGSIREAGGAFGKREQAEEERYFRAQSREQLAALKKHH
EEEIVHHKKEIERLQKEIERHKQKIKMLKHDDGGGGSEPKSQDKTHTCPP
CPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY
VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSD
TAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVESC
SVMHEALHNHYTQKSLSLSPG

14

GSDQSENVDRGAGSIREAGGAFGKREQAEEERYFRAQSREQLAALKKHH
EEEIVHHKKEIGGGGSEPKSQDKTHTCPPCPAPELLGGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS
TYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQ
VYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG

15

GSDQSENVDRGAGSIREAGGAFGKREQAEEERYFRAQSREQLAALKKGG
GGSEPKSQDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVV
VDVSHEDPEVKFENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKN
QVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG

16

ADRGAGSIREAGGAFGKREQAEEERYFR

17

VARGAGSIREAGGAFGKREQAEEERYFR

18

VDAGAGSIREAGGAFGKREQAEEERYFR

19

VDRAAGSIREAGGAFGKREQAEEERYFR

20

VDRGAASIREAGGAFGKREQAEEERYFR

21

VDRGAGAIREAGGAFGKREQAEEERYFR

22

VDRGAGSAREAGGAFGKREQAEEERYFR

23

VDRGAGSIAEAGGAFGKREQAEEERYFR

24

VDRGAGSIRAAGGAFGKREQAEEERYFR

25

VDRGAGSIREAAGAFGKREQAEEERYFR

26

VDRGAGSIREAGAAFGKREQAEEERYFR

27

VDRGAGSIREAGGAAGKREQAEEERYFR

28

VDRGAGSIREAGGAFAKREQAEEERYFR

29

VDRGAGSIREAGGAFGAREQAEEERYFR
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[102]
[103]
[104]

[105]

30

14

VDRGAGSIREAGGAFGKAEQAEEERYFR

31

VDRGAGSIREAGGAFGKRAQAEEERYFR

32

VDRGAGSIREAGGAFGKREAAEEERYFR

33

VDRGAGSIREAGGAFGKREQAAEERYFR

34

VDRGAGSIREAGGAFGKREQAEAERYFR

35

VDRGAGSIREAGGAFGKREQAEEARYFR

36

VDRGAGSIREAGGAFGKREQAEEEAYFR

37

VDRGAGSIREAGGAFGKREQAEEERAFR

38

VDRGAGSIREAGGAFGKREQAEEERYAR

39

VDRGAGSIREAGGAFGKREQAEEERYFA

40

GGGGS

41

GGGGSGGGGSGGGGS

42

EPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDV
SHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDK
SRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

43

ESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE

DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNG

KEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSR
WQEGNVFSCSVMHEALHNHYTQKSLSLSLGK

44

HGEGTFTSDVSSYLEEQAAKEFIAWLVKGGG

45

GGGGSGGGGSGGGGSA

46

GSDQSENVDRGAGSIREAGSAFGKREQAEEERYMRAQSREQLAALKKH
HEEEIVHHKKEI

AA el 2: F G YA Al 25 W kG A HIL

A Aol 1ol A A
3} ol H7bet e} s

SHP—14 XJALNO

_‘

<)

§3 gl A o] ok & o 2 A A ol A A F=A] u}%
3 7Felli= C57BL/6 AlE-2] 105° % mH%-225 A& aL, m
L 12/12A] 1F Wyt 7] 2 A gl AR AR Al ol A 417

MF

254 | R

e 5 Aol A-E-s 3T
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[106]
[107]

[108]

[109]
[110]

[111]

[112]

[113]
[114]

[115]

15

o320 G4 A EFol = (AN E 8% 8 DA (HANE 13) 24742 2.5
mg/kg F 52 FU8EaL, 799 0,0.5, 2, 4, 24X {F o)) NG A FH AT A FH g
s didEgsta Ao 4 (plasma)S B4 AT of W], A bl 24
Ak etz 28 &2 -2 AFA o] Dylight 680 Near-Infrared dye (NIR)= 2 3t
AA T o, FHE A FH ¥ A M52 SpectraMax i3 microplate reader 7|
712 FFN3E HEsto] A d s st lﬁﬂr A HEfol= (A
% 8)%& 1.6A1 vV & Ve &= b {3 dild (M I S 13)2 18.94]
kol WEZL71 & Koo vEh7| 7} <F 11.84) S 7Fsh Zi% Q’L 53T (£ 3). o] # %
A= G5 Aol A A Al 2Elo A ek Al o] U] & b= AL 9u gt}

[3£3]

Alg E3 Llxdod
g FEfol = (M EHE ) 1.6 A3k
T @ (HEHE 13) 18.9 Al gk

3
St e el vy & 7R S 83T C5TBL6/ H} 2o Zh Al B
mg/kg &5 =2 I8 FAE F AP R JA S skl

¥ 8 AT 29" 96-2 Zelol Bl W-a) g d 5 H7FetaL, PBS (phosphate
buffered saline) = 7t 42 33] A #3}3i ). 2k Lol A& 8 N-& F 718}l 450 nm

ol A L apghg ¢lol WA stk 4 23 ATPIFL A8 A& AR & A<
A28, AW 139 Avt (3R 3)ef vlalste] A (el e |, Mas
2 2 AT 3)9] ¥EEHV]7F 21 39.6, 45.6, 747 AP 2 FoiE Als F<lEkS

o} (I 4).
[324]
23 Elxd o
g3 ga (A ) 39.6 A%k
S aud (492 45.6 23t
S e (44 3) 747 A%

7 ¢l A 34 (Plasma protein binding test, PPB)S =

)
Aol F7b2 glsiit. @4 @ (& Fof, Sz Agshd @
Bl AR WE Yo BEWAL 277k F7kste] MFo] ol
A4 02 Gol ] 523 A|gbe] ZF7hulo] wkiY] EF Fohe .

| &
np9-2o] I} G A (I S 13), E=His tag-oFA 8 =2 (1-81) (A
5 E 37°Co A 4413 Qg o] A Al ZA T}, o] 3 100 kD
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[116]
[117]
[118]
[119]

[120]
[121]

[122]

[123]

[124]

53 Ed (M EHE 13)S D A 3 74%9] AdtE-S Bool= ¥ His
tag-oFA 3 =2 (1-81) (A EHT 59 432 5% 14 B o] g3 v

AA e 3: 53 D F o AF A (in vitro) B4 = H7}
o ol M Azt g5 o] Zefje] @AY Ao Ve T
Sh=A] ZRIst Al Al E Al Eo A & A EE a3} Hlalsk gl

(mouse myoblast cell line) == Z 02 #3177} hm @ M EFo ZhA|g &2
& Attt A E529] ¥ (myotube) & 2 o] F-3hi= vl ¥
(Horse serum)= 5 7F, 2 o] 3 A 22 v A & n A4 8F= A
o a5ttt

n st = 3 Al 2T Al =24 gt e E (IS 1,2,3,7, 14 2
15)-5 100 nM (Control: PBS A 2] ") & 5= & 2A|7F 59F A 2] 5} T} o] & S A]
PBS® M| X E 13] A% 3}aL RIPA ¥ 3 (Radioimmunoprecipitation assay buffer) =
AEE FAAT 12E EX R Akt E $69] AL (91413}, p-Akt/p-S6)E
skt Ake Q1AESHE 2 G X M EAN T AR A AR, G-
o gt FefAl Hx1 3 25 A 3 & 25 A2 o2 a9 E YE =
A Folth mzk7EA 2 86 Q14 8= 2 ¢l X mTOR &4 &= 2] w7 2241, mTOR
o] A 3l= 5 A I thekek Al ¥ NS 25 e = A ot

w3 A E ol A Akt B 69| 2 el A g3 Tl d (HEWME 1,2,3,7,
14 2 15)©] control & His tag-°FA & E2(1-81) (A EHE SR} A A 3] =& ¢

AL E UEd = Al S et (= 22‘5—! #5,6).
[3E5]
3 A = (Control ¥ F7} %)
] & 35} 3}
Akt S6 Akt S6
AMEHs 5 165% 207% 248% 262%
MAHS 2 269% 257% 360% 469%
AMEHE 3 421% 302% 463% 587%
MEdHE 7 377% 513% 411% 446%
AMEis 1 314% 294% 231% 486%
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[125]
[126]

[127]
[128]
[129]

[130]

[131]
[132]

[133]

[134]
[135]
[136]

17
[3%6]
3 A = (Control ¥ F7} %)
Akt S6
Az dld (M-I S5) g3 254% 217%
S AR (MEHT 14) 2 601% 247%
A (AMEHT 15) 2 548% 232%

3-2. A

U}& 9 % MDA-MB-231 45 &4 8¢ Al 325 (triple-negative breast cancer
cell line)ll A3l &A1 3 @l d (HEWME1,2,3,7,14,15) H S5 A<
(AL 39,10, 11, 12)= 1 uM (Control: PBS) &5 & 48] 7k FoF A 2] 3 ¢
o] 3 PBSE A X E 13] M &8l Al X5 F8 A B 3 (serum-free buffer)ol] & E-A|
71T}, o] 71oll MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) &
A& 0.5 mg/ml= F7Este] 37°Cel A 241 Q15 o] A A ZA T, o] - PBSE 13]
A2 e, DMSOR 1533 A2 E SeiAF T 22 S0 ER &5 ol &
AlZ]1aL mtol A2 Ed ol E gt 7] & 590 nmoll A 5355 S48t

=4 A3}, Control, GST tag-©FA & 22 (1-81) (A EH S 4) Y His tag-FAJ &

=A1-81) (A EH 35 57 vlasto] g3 B d (AU 1,2,3,7, 14, 15) =
S5 MG (AIUE9, 10,11, 12)& A AL 0 AE AYE50] AA 3
e AT (5= 3). ol 3 A= oY 2418 (M EHMZ 4, 5)= E}
2 XA FRATIY At AL AL g0l e Beka & AT S
HAeS ol gkt

LR oF Al AME)] F 23 TS Fi= A A TS dolH T 951
MDA-MB-231 A| 3£520]] Z} A] ¢ &322 | uM (Control: PBS) & 5= & 24A| 7} FoF
A2t T o] & A ¥ E DCF-DAR A &}a1 1 8 33718 485/535 nmol| A

B AT s R

1 A3, A A FA] Control 2 His tag-oFA S &2 (DWW S 5) iy &3
ol (IS 1,2,3,7,13, 14, 15) R G5 A<D (M9, 10, 11) A & 2ol A
U2 Wol A ¥ = A& Flstglth (= 4).

33 A A X

B3 e A of AL I 7] e A S B RS AL 3T3-L1 k-2 A A
| 3£ 5= (mouse pre-adipocyte cell line)E Al XX AFA| (W] 1-3}) S-& XA X2
W-IAA ARSI T A A 2 9] ¥-3}3= 3T3-L1 4| £ 5 DMEM, 10% FBS,

_>\:
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[137]

[138]
[139]

[140]
[141]

[142
[143
[144
[145

—t e e e

[146]

[147]

18

10 ug/ml 1= ¥, 0.5 mM IBMX (3-Isobutyl-1-methylxanthine), 1 uM B A} ] E} <=
(dexamethasone)S ¥ 3F8hi= v Aol A 2 3¢ 1A} 315 F58tar, Y A] 4L 3k
DMEM, 10% FBS, 10 ug/ml 15 & X3 0| x| &2 23} ¥-3}5 f-%=31e] 78319
o} = §}7}9}EP4 A WA A = ]Q 542 304K &< 100 nM FEE A
= (Control: PBS)%t & 7} Aol 28

A
6
Kl hYA
1

g

g
) 32

UCP-1 (uncoupling protein 1) <= %ﬂ% A (thermogenesis) ¥ Hlo] Q. v}
AR, A A o] Z A A3 o) AL 84 85 Ve 83 v
el o 8 UCP-1 mRNA 2 ¥hld whdl Wil fhasl7] 98 2 Agled e
7 2] gk Al ol A mRNA 2} vhi & —E—FJ%}O% RT-PCR¥} Y| =W E32 38t

m'ii_mﬁsﬁ
rBLAL%

St 8 ‘A3 UCP-12] mRNA o] §8 dula (IS 13) A el 9 3
A A 3] F7ekE A 3‘2‘013}214 (5= 5). Ol A= g3 gl (HEHE 13)9]
A A 32| oA 24 V] 5& 7HR S 9w g

A AN & égs}oq ] ¥ 37] 1 A AS f"d%}S’iE}.l Az gt
(AW E 8, 13) A o] o) AT 7], AT F A, A G o) AT
A7 o] §roul 3 S0 = Fhashiz A4S 2% AT (5 6)

o =, At R ol x| thAfel] 7o sh= A e = Ad=4 <] cAMP
(cyclic AMP)2] ¥ 3} & v -3} XA o A H7FSEA T}, ]3] Al 3E o) 30% &
¢t A1 ¥ &2 -& 100 nM (Control: PBS) -5 5= 0.5 mM IBMX <} 4| A €] 5} 31t}
©] ¥ hTRF (Homogeneous Time Resolved Fluorescence) 7| W] & & cAMP2| &
718} 31t} (cAMP Gs dynamic kit from Cisbio -8). 4 A3}, t) 2+ (Control)
2 His tag-oFA1 3 22 (1-81) (A L HE 5) tha] 3 9ol d (M AHF 1,2,3,7,
13, 14, 15) 2 @3 A (A< 9,10, 11) H 2]l A cAMPL] FF-&0] U2 =2

% ol sttt (% 7).

3-4. AN A X

T AN A] NAES #4754 S v ol gt

SH-SY5Y %3714 217 Al 35+ (dopaminergic neuron cell line)l] 54 &2 <1
ZH|+= (rotenone) 1 uMI} 2+ Al & B2 100 nM& & Aol A 2] sF T 2441 3F &
MTT A E A& F7F 52 24504 24 535 sl

- Aa, ZE ol o8] f- =¥ =4 E7 o A Control (Rotenone W =] ¢
) e S A (LN E 1,2,3,7) 2 HdE AL (HEHS 9 10 11) A 2
ol A A E AEES Fov et FrFetal (5 8), 234 A A ]0}74]
AAE S & 5 AN (5 9); &= 8 & 90l A XZFol] 7] A} "Control"> /«1 3=
ARk A2 gk A o] a1, "+Rotenone"-> EEH| = Al EAEE o] A2 g A O]E}

1

r mfk
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[148]
[149]

[150]

[151]
[152]
[153]

[154]

19
5.4 3 gw AY V)E
Aol Al = ol WA 28 R F71 9 Eﬁrﬂ A=A vt 2o
! S

2l

o 3

A o fl9lo] ¥z Fu) 24 ) B Al o] Fes st

U By Z7hE ek wkw § 5o ¢li=x] Bl o)

g A 3ze) ZF A3 24 100 nM (control: PBS)S 24A] 71 %<t %] 2] 8} 31, MTT

ol® M X T2 A=E sttt 7L A3 Control ¥ H] 53} His tag-©F

A ZA1-8) (MLHE 5), S d (D HE 13, 15) Aol AE A

&5 l Frojul et S7HE & & 5 AT 53], g7 @A A 9] k-2 His tag-
HEAA-8) AT EG MAE NE F2 S5 a5 HoldR X7 &

I5 A8 T 10).

3-6. 2% 37}
Al 23 75 k7ol diall H71sl7] #1311, SPR (surface plasma resonance)
Alg g skt A4 A o2 CMS F o] o} 7l-"A 3} (amine-conjugation) 2. =

ATP5B Wt A8 AN 71 T {22 50 ul/i 2700 A 2 A1g 249 A=

L

Zrelar, 1 = AR E SASS Y o] F ZF A 3§45 (binding unit)S 3HAFSEe] A

e vl HIEE AT A EH S 17-409] L2 A DT 169 T3 A Lol A
7} opn] Ak 7] & B2 A ofn| Akl debd 0 ' x| $hs }oq Aol v x| =
ofu] Ak 27| o] 7o B HrbE St Ad s 10% o] A X3kl A4 A
ol &g 1A= Z o= 7FE A
Hrb A9 iz 35 Ad (HEHZ 12) ] ZF A E (A2 E 16-39)9] 243
S5 AEERE ), AL HT 16 thH] 2350 10% ©) 4 ZHAad LU 25,
26 2 329] A& A 2]staL o] 9] ]9 oful Ak X3 558 &1t} (3
7.
[3£7]
Sk A3 (%) S.D CV (%)
12 100.0 0.0 0.0
16 101.4 6.4 6.3
17 91.6 12.0 13.1
18 104.2 12.7 12.2
19 100.0 0.0 0.0
20 98.5 13.4 13.6
21 98.8 2.1 22
22 99.3 4.8 4.9
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23 97.0 2.9 3.0
24 168.7 15.5 9.2
25 89.6 6.3 7.0
26 68.0 21.1 31.0
27 94.0 21.9 233
28 102.3 2.0 1.9
29 100.5 11.8 11.8
30 85.2 3.3 3.9
31 94.1 10.2 10.9
32 89.5 11.2 12.5
33 96.7 3.1 3.3
34 94.0 7.8 8.3
35 157.9 21.2 13.4
36 426.0 156.8 36.8
37 145.8 18.3 12.6
38 92.1 6.1 6.6
39 109.6 43.2 39.4
oledt Atz AR oAt S debd o2 X3 e Flepol =]
AR A H AL, fEpol =9 *ﬂxﬂLﬂﬂ R A e Sl es @

AA ] 4: § FiA o] A (in vivo) B4 = H 7}
¥ %

AA e 4-1: 2% 28 55 Grh-vp2= A B

(HENR R 7

L.

ekl of :§‘_jr/]_x4 o] 7]: 3] 7} 7}:gpx] g}ol 5} 317} m}-o-
3 ThA
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[166]

[167]

[168]

[169]
[170]
[171]

[172]

[173]

[174]
[175]
[176]

[177]
[178]
[179]

| ¥ A8 & (Control-PBS; 2 &
oS 5.0 mg/kg %Efﬁ 9 5ot 5= 63] |32 TAFSFS U (Control: n=8,
No.13: n=9, No.14: n=9, No.15: n=8).
T4 A B Al B Fo] 47kl Xd A AW A VR SA S A
(DXA assay), <+ 7|5 WA &3 o= (grip strength) & &7 310 H] 1L3}HS]
AN, FE T S5 SHFo] AT R Ao AR EA A &
G ] tHEael A Zashs v, g9k e (M d 13, 14, 15) Fo

ol M= ZEEel FEHA FUHE A& FlE AT (= 11A). A &
ol Hl AEo A% tha the] 3 villd Folato A & Az as a3
sto], & 75 ol AR e el (= 11B).

[l o] % %% (Duchenne muscular dystrophy, DMD)]

.I_z

ST dojubs S5 Ao S AE =4 2 E FAE HYE §
3 Xy 2 E3tE dov|= Fa 2ol Fs nh-2 ¥l (C57BL/10ScSn-
Dmdmdx/D)ell A 3 7}aF s o)

A7) nh$-2 298 Control# A 8] - 0 &2 L H-31 9T} Controlll = PBS, 4! 3

= =
2 HENE DS S mgke SRR T 6314 352 M52 )

P

o= g v
stATE 35 o HAES Jdste] g3 b d (MEdiE 2)0] 25 H3=
doji}i= 275 AFHE WA sE=A] 2189 T} (Control: n=9, No.2: n=8).

2ol A}, Control ¥ B] W&} o] F-3F vhal 2l B of tof| A oF& o] f-2u] &} A 7l
A e gt g3 dAe] 275 A 53 E o 5 Y (= 12).

an

AA e 4-2: 4 AE Fr7)-vpex A nd
W oA 3] BALB/c F= vF-$-2:0] MDA-MB-231 A| =& A} 8ta, 1579 Fot
FTEE GAANA olF ol (xenograft) TF ZAE THSATE Fdol 4 E
npg-2 8 29 2 ol 2o A Yo 08 U441 (Control: n=8, No.14: n=7), th&
wolli= PBS, Aol 3 @A (MAUE 14)E& 5 63 Y5t AL T 6
T3 7.5 mg/kg O 2 FAS AT 6571 B = Al Al M HFE FF A7 E ¥
A, S d A Foltol A woln| g o A A s Fged ¢ 3
o (5 13). o] Aohz ¥ o] g3 gulo] A A gl el d B B E
2 ehe BolE

O

32 ot

u

Aol 4-3: 0 R G AR AR B Yo -vhe s AR 2

ERERREE
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[180]

[181]
[182]
[183]

[184]

[185]

[186]

[187]
[188]

[189]

[190]

[191]
[192]

B2k 2 ol rp 27k vl ko] whE g3t A o] A

at7] flatol, 4 OV Bl ko g nlg-2of A3 F 8 APt TR
C5TBL/6NS Abg, 1525t BE 2 o] & Al g sto] 457|3H& 713 ol % A&
oW, A EHA © ;ch 18~24°C, 50~60%2] &5 §-x], 22 7|7F 2 28 7|7k
KL AbRSF Zoll AFRE 5 218 o] ]

— o2
Q‘L
32
2
N
oL
o

A 3
718 A2 P AR e ol oho
DI12492)2 E3) 8] 7S 45 519)

EREREE
Bl T 527} 9
n=6, No.2: n=6),

ﬂ]}_iloﬂ PBS, & 3 :rloﬂ =
ZF 5 mg/kg S 2 5 63

%1-
) &pFA o] 2&3%%;}6}%‘
& AL v wsk 23 Controld} H] . 3te] §3 @l A Fof Lo A G2 3t
TFTEoE AT 17.%&%1% gl 5= AL (= 14A), 3 £ A H A e &
A& = AT (= 14B

Control ¥} H] ul 3} %%L WAl o ol A Ik A Akl AV ‘?r/]
= P

sl ol & 3L (5= 140),
AR-S FAP S o A 2AFEE fon| e T AE Eo& o (% 14D) ase
& §A T} (% 14E). o] ¢ ek A S-S E3 vl wk WEo) A g A o) o
§h atu Rk g ko) s A ol FoiAkel A A TR, AR A S BEskl

[2]0] A B ek 2l ol 5 )

B9k 27t A E = o Fo), g3 vhld o] v gk o wba}ar, vl vk

LT 671k & stAbSte] T B =
skl o (Control n=11, No.14: n=9).

H & A5 8]l A3, Control# H| 53] §¢F @A Fof ol A f-o| 1] gk =
TOo R HRFH 0 2 Qg A5 F7H A o2 oA EH e g 5 AT

(34.6142.33 vs 32.9942.55 g; Control vs -§ 5 THol 2 Fo] o),

DXA AALE 5739 Adighks &<l st 2 7} Control 7} B nl ko] 53 Tl 4
F-of o A AF A o2 F7FsF AL (18.57 + 1.26 vs 20.46 + 2,71 g; Control vs &
Skl Al BEol ) A A E] foju| sk M (AR A 88 A S 22 H &
Z7h (% 15A, B)%E F918 5 9lgith thol 7k Alg 24 o] 55atel) obe] ]
EZ g A3 275 IA A" A Fle o (5 150).

[ 0] ul - 29 91 1]
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[193]

[194]

[195]
[196]
[197]

[198]
[199]
[200]

[201]

[202]

[203]
[204]
[205]

23

H 9 /-5 7F b5 9 v~ 5 Control ¥ 4§ 7 © &2 L4531 (Control: n=8, No.3:
n=7), 2%} Controlol = PBS, A g ™ol = 83 W d (AL H T 3)S Smgkgl
2 F 63 -43}‘21*/\}3}04 185 #Eskait

H & A =-& vl 754 Control ¥} H| nls}o] g3 @l Fo] o)l A §-2] gt
sl e 4 2190w (5 16a), A4 e el ¢

E i
ﬂ@%&ﬁﬂ%@i@%zam Z7h (% 168, O)F 3 ste] §3 dua

i

jus)

[2]0] A B ehf- 5= 2 91V

H 9k F 57 S vh$-2 (No.7: n=7)°l 1047t &
5mg/kgl R T 63] 9] 5FALE 0] Fo] ATR 1 §%5S vl AEASATE A
A I} E paired t-test T A -4 0.2 B0 A3} §-2] 3 5207 A Fo] AaE S

t
e
A
i,
>
e
3
fol
~J
o

AT 4= AR (5 17A), SAloll #2380 A Sol 49l 7ha &

-1 s
A HE RS2 B E $7h (2178, 0% Baee] 1 REE

2371 1577 At ‘j}‘r——% 4 “13 & 2 YAl (Control: n=7, Al M= FE| =
(Semaglutide) (30 nmol/kg): n=7, Al "}=FE] = (30 nmol/kg) + No.14: n=6), 4 42|
o| & A|&3hH 1071t Controlol| &= PBS, Z Al & 70| = A v} 2 F B = == Alq}
FFE g3 A (DA T 14)S 5 mg/kg 02 2 13] ¥ a5ALele] 1 &

HE A 5L 9| w3 A3 Control ThH] F2J 3 =50 &
T Ao (2 18A), 53] AAES B¢ HEFA 1
this 5o thul et M & U ol v &k W3} (A A=A 9k 7
(% 18B,O)& #Este] 1 a5& sl volrt e HAEE X183k 2
T AA AAE A S g3 T} (5 18D).

[e]
%E% A eholch wE }0%/] AV 37 0 7 18~24°C, 50~60% 9] 5B
A AR e, A7 R AR F 5 7| B A w4 ol ekl

. 15:5ke] A§ V] E vzl 3 npg-220] GAN 2] ©] & (Gubra Amylin NASH diet)
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385 Hok AT ool ML T AWEE fEsklh 4] AF L AT Y-S
olel ¥ 87 2.

[206] [3%8]

40 kecal% A HF (FH YY)
20 kcal% T E5E 2~

2% Fd| 2~H =

AHzke]l HFug w25 g2 (n=7) 2 AT (n=6) 22 F S
o

=
6ﬂ 57 <t uﬁ R K
4 slar, A3k AANOT, PT, Cholesterol, TG), =2 A (n}£= A2 (Masson's
trichrome))% Syl v AbA A2 o) 1l 4 F-(collagen fiber) = 7 A, Al
Ao ZJ}\U xﬂ}: Qﬁﬂz\ﬂoi?g}\_qo}mi;q L7\E1§]_oﬂ/\1 31:_7]./\4

Foke] A1l FehAl 4 Aok dFo] AU WA M FE A F (inflammatory

[209] 3 A3t thH] Aol A /o d Al o] A W A 22 o] A,
Ar el WE oA F7ke) e S AT B, B2 o
H] A3 o A = g 22 o] &40l RE-g-3to] A% 5] = OT (GOT, AST (aspartate
aminotransferase)), PT (GPT, ALT (alanine aminotransferase))2] 5=%| 7} -2] 3} 7|
Hashs A0 @5 Lol 2uBol folohl Zastn FAA BTG 2o

=g BAsre] AR AL Ake] AR FHA T Fele 5 YY) Ea,
mhg: AbA A Mo A elA A A E ) s AL Bolste] (3 9) X g Y
A4 oA Aol TE gAY G52 AEHA
[210] [3£9]
No. ANEFE 121 Bty AE T
1 BW (g + SD) 35.64 £3.07 30.53 £4.62
2 Liver (g + SD) 1.64 +0.20 1.59 £ 0.11
3 Epididymal Fat depot (g + SD) 2.62 +0.67 1.50 £ 0.72
4 OT (U/L + SD) 285.66 + 46.95 196.70 + 38.38
5 PT (U/L £ SD) 138.46 +29.03 94.07 £36.03
6 Cholesterol (mg/dl + SD) 128.57 £ 21.32 102.30 = 16.69
7 TG (mg/dl £ SD) 13.14 £9.58 10.27 £2.80
8 Collagen Area (% + SD) 7.08 £ 3.81 5.67£3.01

[211]
[212]  AA 4 5.5 FOAL AR FIE- w2 AR R
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[213]  [2olA vR 5 s ol AE 2l A
[214]  WHZT Aol Z2E BE 3LV 9lsf Ao BREO R np-2a0]
friehs 271 AlEs
it HE Aol & Alg st 4 AR o] F A3 0111
18~24°C, 50~60 % 2] 57525 #4, A o717 A A7k 5 A}
T Aol 7he @ A Al ol dstsl
2]
=

[215] 1T7P,] A 9_7]

[216] [3£10
Ingredients HFD (g)
Corn Starch 15
Casein 20
Sucrose 34
Corn oil 3
Mineral mix 3.5
Vitamin mix 1
Cellulose 5
DL-methionine 0.3
Choline bitartrate 0.2
Lard 17
Cholesterol 1
BHT 0.001
Total 100
[217]
[218] H|7Fo] ¥ w9225 control (&4 W& n=14)3 A7 (83 @82 A
AW T 14, 15¥; No.14: n=9, No.15: n=9) 2. & L}-*F 21 8A| 7+ 5ok A2 A Z ], o]
< control®l| = PBS, A g ol = dl ek 3 d WA & 5.0 mgkg 52 5o
ShaL, 1417E Foll 20% EE G §1S BAFALSh 7 ARTE R A P tol
MR R

[219] A 7éﬂr F%L vl B OFLQ AVJOH w2 g W3 E AE
E =)

[220]
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[221]
[222]

[223]

[224]

[225]
[226]

[227]
[228]
[229]

[230]

-
U

Aol & FEste], Wds Aol &
db/db H}%i =]

=g P

=)
(C57BLKS/J-db/db)-& E-8-3} 1} A -57] 1
AT (FE EA A E 2;
S 4557k control®l] s= PBS, A & 70| = &

ub
1l
*
r o
f

63] IlstFALSHe] 1 5 5S TESHA T
A, G Qs Wb A AR HelH A A Aol g3 dE &
o2 M A EA B & D A/AS2A bE S7HE S S - AJT GE 1D
ol7l ofd gl A~EE Jadk Au 275 AA] 725k MA" A S el
(% 20).
[3E11]
No. ANEFE =+ AEFE
1 A W22 1] 8 (% + SD) 5241 +3.43 50.10 + 3.26
2 25 %A B8 (% + SD) 47.59 + 3.43 49.90 + 3.26
E3}ato], Bodbrd o] F-ohuh A o A A A] AE] o) A o] =& ot A T A E
A" AFE NAE A EE ue o2 oS a3490 =2 75 437}
b Ao ® AAZI T

(C57BLKS/J-db/db)-& #8313t} control (n=9)3}
AT (FF @A AEHE 2; n=7)2 2 YA} H}%Jﬂ] A Aol & Al
3l 11523t control®l] = PBS, A gl ol = dl @8t 83 @2 & 5 mgkg o2
T 63] stAlete] 1 s dEEIT

A F g Qs okl

levelyol &3 oAl Fof 2 folshsl pashis 4l
3
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