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7] & & of
B g o [F1 (ATPase inhibitory factor 1)& $Hi-3le I3 o £ A58 2AEC A3 Aoz ¢
< AASHAIE W do] ¥ Ax FUld wE A4 2 =243 298 K E [F1E fFadEe® Fgaste
=Z43ke] o) B X858 ofst 24E 9 2Fo] #e Holr.
I
ZUARE 5T A9 dhgd o8| PN ZE2 o] 7 dol o AAH ey, o ZEE9
Aol Yelyd ol o] AFA A #oJdtE ZIAES dFAF AFH, HHoR IS v TE
AL Fd3ity, A Mgl FESTF WolRH IuFE Sl fllo] FHa, ol FH YIAHE =9t
23 T aHAE A 2 EAR dFHI e TS SR ogFE Zdo YA IUlshe F4
A Agtoln | FTAEE FEE FHo o] AAAY. FULEE b = wiAEk =x)ef wiaol ok o]
AARH D, 29 Fx, & WAE, AHEE FF, 57143 o2 & Y. Iuese 1A (9EA) =
gy 22 (524) FoEseR 2RHEY, A 2uesS 173 F auesy =04 IvEse=
vk, 224 FoEse 54 AHoy %, dE X3 Tol g8 I NI AAY Fade] Tt
E A At giEzl YRloeg xHRol: Fo, AAr|sAstE, Ay So] ATHNATIONAL

INSTITUTES OF HEALTH: Osteoporosis Prevention, Diagnosis, and Therapy NIH Consensus Statement 17, 1,
2000) .

A Srhas XAEAR AEEHT Y 2= o 2EZ A (estrogen), B3} 2EHZo]= 32 (androgenic
anabolic steroid), Zr& A|A, Q1A &4 AA, o=l &k (Ipriflavone), HIEFY D3 5o A}, o ~E

3l | ATPase inhibitory factor 1 (IF1)2 wEZZ=z]o} oA ATP synthesis ¥4 =
Faolut &49l FlFo ATP synthase (multi-subunit, membrane-bound assembly)ol Z3g&}o] ATP

o 2ZM ATP 4% (depletion)E =&ol wel AXEAFE (cell death)& AISh= A= 4HA At (6.
Kroemer, et al., Immunol. Today, 18(1), 44-51, 1997). <& &7 Ax A Eo= B-F1-ATPase (F1
catalytic subunit of this enzyme) &5t , = HEXT X ATPase’} EAtta B ¥ o] v} (Yonally,
S. K., & Capaldi, R. A., Mitochondrion, 6(6), 305-314, 2006). IFI—O‘ M ET| A B-F1-ATPaseo] ZE3sto
2R AZYW AZAAS Fdsta ols & AAWN-SS R, IF1> AlZ9 (plasma membrane)2] Fl-
ATPase subunit¥e] A3S F3] ATP 7FpadlE Aoz 7"4140 A EL] el ATP (extracellular
ATP, exATP) °okg S7MA71aL, oAl F7HE exATP= AERS] FHA FE&A S vheate] YA AsHdEs
a3 AR F&S AED REEE FEskA "k, =3 (bone turnover)olAME FHA Alsdge] Fagh

Aog A v} (Wang, Ning, et al., Molecular endocrinology 26.1 , 142-152, 2012).
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factor D& FaAAESE st =2%9 =S Alsshed AT

47 BAS GAsty] ste], ¥ 4y IF1 (ATPase inhibitory factor 1)& fFREARE SR sk 3
i = ARE ot 2AHES At

Bowkm e w3k [F1 (ATPase inhibitory factor 1)& FEAEORZ 3H3dl= FASe oW == /a8 2%
< Alggt

wge] aa

H o] wlE IF1 (ATPase inhibitory factor 1)& H|wto] fdty wpg- &
o] =4do] F7t, &7 W 9 4% T a%E JYedER, EusFs
SAZ - &3t

2 EQ 7

e Zee 49
12 IF1 AHPd 93 2TAEAA HESFS SHST Aoz, BAIMX] AUy Ax AEES 543 A
o]t}. % P < 0.05, #x p<0.01, sxx p<0.001 and s*x*

FH 1

p<0.0001 compared with each control group.

= 25 IF1 Age 93 A7 Az ATP WEE=E YEd Zolt}. = P < 0.05, *x p<0.01 compared with
each control group.

T 32 [F1 Aol 9gt 2zAxe] T2 9 F3527 gZAxd e adE vy ez, (A) AXFeH
Wal (B) Axse W, (0) A3)3st A=(Alizarind red S 9 ZAT)E Jepdt). = P < 0.05, ** p<0.01,
%% p<0.001, *x*x p<0.0001 compared with each control group normalized by body weight.

T 4% IF1 Al 93 vkg-x9 Fho] FI7FE Micro-CT E9goz A3 Aoz, (A) 5 hET 2o
(mm), (B) ¥ & AP (Anterior-posterior) Z7 (cm), (C) thEF ML (Medial-lateral) &4 (cm), (D) =
AZ 4ol (em), (E) A= AP AA (em), (F) A= ML A4 (em)& Yepdt. 4Z49] #e F &% (n=15)9Y
o+ SEFS YEH. = P < 0.05 compared with each control group normalized by body weight.

= 5% IF1 AHg vpg-29 Z4E 2D FF+Fe W= BMA (Bone microarchitecture analysis)E 3] #2493
Ao=, (A F HIF (mmg) (B) & 1wH (mmz), (C) Wy 914 ZAA (Endocortical perimeter) (mm),
(D) % %A (Total cross-sectional area) (mn)< UFERAITH zhzbe] e % 18(n=15)° B SEZHS o
B}, « P < 0.05 compared with each control group.

% 6€ MicroCTE ol§ake] IF1 Aelo] oI% vhgold ZF2 @ AF WaE 429 2oz, () 1A
of Wz % (B) AWl + IF1 Fof Adel W 247 2 guge HAd zlojt)

= 72 IF1 Aol o3 dAa dA 2d vpg-xo F4E 9 FFx9 WEE BMA (Bone microarchitecture
analysis)E& B3 4% o=z, (A) ’

BagE (mm), (B) & ©¥%4 (Total cross-sectional area) (mmz),
(C) Wy 92 ZAA (Endocortical perimeter) (mm), (D) A
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F(n=8)9 Hi SEFtS YEH. % P < 0.05 compared with each control group.

T 82 IF1 Ao Y3+ vpg-~9o FUE W3S BMA (Bone microarchitecture analysis)E E3] 43 RO
2, () vw 24 (B) dadA 29 vp$-o] BDY} cortical BD#S AFoz w3 3 ek, Zhz

o] Fe 7 i (MY Bd) (p=15), (d24A BF) (n=8) Ho SEFS YEd. * P < 0.05 compared

with each control group.

ro

Aoz, Zt aFH

= 9= IF1 o] 93 FAHE i ExE Safranin 0 & Fast green AL Eaf £33 A , 2

(Sham, GST =+, IF1 AdT) tE o X E e},

e Aow B e e&, B ogAAeld AleE BE 7%d 2 A8 gol5e B owdo] &8t %
Ropol A & AEAG ola BRdow oaHE A% SA NS 2T AwHon B a6l
AeE WEEe B oo ERolA 2 oA I3 BAM R ALEEHE AT

ATPase inhibitory factor 1 (©]3} IF1)& 847 ojm|:=Ato & o]Fo|Z 9.6-kDa basic T & oL, ATP5IFI
Aol &l o+ 3lEIt). ATPase: FO, F1 domain®} central, pheripheral stalk® TA% ™ o8 subunitl®
AREsheEth IF1E ATPase®] 7]5& Walste Fag didaa <A oA Adxow AAwo] wEZ=E]
olo] oJak ATP XA = EaE 2HI} gAo=zA Be A7t o]Fo)A4 Y}t (Campanella et al., Cell
Metab, 8:13-25, 2008). IF12] inhibition 2H-8-2 ATPase®] a subunit, [ subunit F¢jol Aoz 3|7
$=8 W)t A ZETh, IF1o] ME9 (plasma membrane)ol] 9%+ F1-ATPase subunit® Z3tsta, o]uj
F1-ATPase &4 ZFAH=Z ATP 7I5E&7F dAlg o= Qs AELMNe] ATP (extracellular ATP, exATP) S71&
Frate, exATP = Alxzwre] F34 FE&AS} e & FAUA AsATE T3 oy 7FA f& AEd v
oS FEsA =

stA Nk IF1Y] o] ¥ I % F7} B F% H3lel duEe )%

rlo

Hs g Wt gl

ojof], ¥ o r= vh9-2 [F1 A mRNA A<D (NCBI No. NM_007512.3)S ®I®O & GST-tagEs X
DNA data® 29SS Esto] AT dud (Adws 1) Astal, Az F1g vy vpgs 8w
(o]

A AA
-2 Bdlo] Fojste] [Flo] 93¢k HZe] ¥ 7% F7F BE 7% ¥l 59 Uil AxE Md a7
= Fol3t9it}t. =, ATPase inhibitory factor 1 (IF1)9 Z&% o 2L x5 73 2 Fhale] vl X &3
E YFse.

Houky ZAg e F ME 2 gZA
¥o] Edgog Qi foEHo FxFo HoE xHSAY e 2x24S d¥ste Uil A3E ordtt

A7) EAZ2 53] oo AgEA] gFort, %ﬂr%i(osteoporosw) A7) S8Rz, Fd, FRdY, ¥
AEW (Paget disease), XFd3%, FFH, IA3F, FTIYAH FHZF, 9 (rickets), =A==
(osteomalacia), ZHFZw5 (scoliosis), ZTWHHE  (pelvic deformlty), Frtel~A #E <A (rheumatoid

arthritis), ¥34471%5383= (hyperparathyroidism), A3 22 A Fo|dUZ, AFA A2F &2
g 2 A5 w Fedston FAE oA Add A 5= gl
2 Aol gof "IopFFtoldt, wo] ko] At WAl WstE

2l
R
TbsAel e FuE oushed, FxAF £ BaFFolNuE A

A

>

# el glejx
1

=
o
oA BrhEE ¥ SuA FUFES BT LISE o

=
>

0 F2 A AT oA EUEFoE Uiy XA eSS Alld FtE3(postmenopausal ) T}
A28 ZtFZ(senile osteoporosis) o2 FERETH A1Y FUFZFL #74 T JAEZAY AFo] FH ¥
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=2 ZAsAY. 12-well plated wWjUd8 AXEE 3577 E3buix] 2 njE3ujx el g7 “*‘ﬂﬂé egsiy &
A AT, Bsu Ao o] Folx EA A= 7+ PBS, GST, [F1& AME3Qith. E3E vlxl MEZE 49 3T EY
tglo]l =5 o] &8 AI o], alizarin red s £qo 2 AU, ZF 2FE AluE 100 A =USF

2e}o]l= (cetylpyridinium chloride) 898 AF&3|] 550nmoll A S74% SFEE &3l H|w3FT).

A, gz iy IF1 Aol A #oleAl S7hd A3stE AT

J

14
ﬂw

2

=
i)
%>

AAe 30wt

o

™
M\
=

o)k whg-2s Rl R C57BL/6] & AHESFlom, JOONGAH BIOSA 5F& <] whe-2 dombe] g Egwte} 15
X S % %=

7+ BEXO|E AFd HSANS ARG, AASSAoRE 18~24T, 50-60%Y FEE A FAE
HS F& S 24dsta, 487130 2 AU B AFHEAS oA
157 Hg7Izke] ¥ F, 379 aF5o2 Uy 47 ts 2 U= 6577 ARSI

Z 1
X (ND; Normal Diet) % azxuk2lo] (HFD; 40% High Fat Diet) AR
Ingredients ND (g) HFD (g)
corn starch 15 15
Casein 20 20
Sucrose 50 34
corn oil 5 3
Mineral mix 3.5 3.5
Vitamin mix 1 1
Cellulose
DL-methionine 0.3 0.3
choline bitartrate 0.2 0.2
Lard 17
Cholesterol 1
BHT 0.001 0.001
Total 100 (g) 100 (g)
179 AEg717ke] £ vhe-252 aARA ol 65 FF HIvhE fFeg T, IF1 o sk3iek

ZAglo] WAl E  dAEA RdS o]fdle] oJATERE AL F
zZshict.
2AA FE RYUEZE dadA 58 A% 858 (57BL/6J 16vE] S o), 15:3F HEA &

13T, AFSSH 0 2= 18~24C, 50~60%2] HEE A FAR e, 2HS B dFNE %
o |

shan, Mgk 2 AW WE AT ol dstalnh,
A

Fom el 47 g e 2oz Afsdr,
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ol
59

o

ol fEE 2RAY ves UL g vk

s

#Ade] wA= [F1e a8 A8 9 2z
& o DMM (Destabilization of the medial meniscus) 2 Sham

= |
2 RUlEE 1558 C57BL/6] 3 & Ab
Fes v 2ol skt
P A8 vpgae, dFdAnAd o agso] f2ds s, WA, WAE o] gt uhg-
= Aty A= %3‘43]”“17} ”}‘/P HAR2e] HHEES oF 3mm AT, =
S 24l (medial meniscus, MM)Z} <Ath (medial meniscotibal ligament,
oWl ”}X]‘%LQE %EL% Ae o] &3te FEFIE T, & THFAE HEF AS A
e
I

=2 AieE olF HAHS sl IR

e Fouhgat 177 08715 2k F, 57 2FOoR Uvlel 47 el ge 2aow AgsYt

=8 B4 & (capsule)

il
SE
il ©N, 4|
o
T
A

ru
)
2
5.:
ro
_I

% 10 A ¥21o)(HFD) Sham &+ (n=6)

I8 20 Aol (HFD) DMM =34 ¢ o =+ (n=R)

I8 30 Aol (HFD) DMM =34 ¢ o A3 (n=R)
I8 4: Aol (HFD) DMM =34 X8 &7 (n=R)
I8 5: Aol (HFD) DMM =34 ¢ x5 AT (n=R)

A6 4: IF1 Tolo] e 27o] 27

653 BIRFF=E R3E ngk 2d ule- 2= [F1 (5mg/kg BN S 45 &9 F9 43 H4FAF stk FAEA
nd uperol A= [F1 (5mg/kg BN)S 8F7F wjd EAFAL sgdcth. IF1S G
datas F249S S35t £, AAlste Az dds Yrsiict.

AAd 39 gk 9 HaEA vk Fe] [F1E Foshs 202 ey 2o (22 2 ® 3).

* 2
Hgk nd 2] F4 g
aF1 Y427 (0=10) 78711 (ND) GST
aF2 JF7 (n=15) A ¥k~ o] (HFD) GST
3§38 28T (n=15) 3] 1-2) o] (HFD) IF1 (5mg/kg BW)
* 3
G224 2d 2] F9 gud
381 W=7 (n=8) 312 %-2] o] (HFD) GST
82 A¥7 (n=8) 322 o] (HFD) IF1 (5mg/kg BW)

EL T2 EE 8 16A1F AAA7AL, ted $-dl® (urethane)
bg/mls B7FFAL Sl hdd] wpHAIAT. vhE oJFe g R vAEES B3 HEsisien, mHvt
o]FojXH Ql&d AJYA] (syringe)E &3l AUt AR Aoz A2 ZA] 8000rpme2 10=3F 4Cell
A AR s dAe Estal, Aol EEH s sEste] wEA ME HESeIt. EAldA 22
= Oxd AgE F3) EFE o], WEZ AP (Anterior-posterior) 27, thEZ ML (Medial-lateral)
A7, E=E ML (Medial-lateral) A7, A& Zeol, A= AP 274 2 A& M A4 13 dol54dS JYsA
o 9% AE3 SA4S 98] 12 A4 o]|F ] w= 106 F2TY S ZulE By nlolAE (T A4S

_&4

L)

ot
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I, 12k 54 R 22k S BRlA Aol R A o] tizdtel Hlsl IF1 Folol M =del7t S
oz AT (= 4). =, IF1o] 4] 7t a37} &S BolFe Aol

Aol mo]HE (Te o]u%|E BMA (Bone microarchitecture analysis)E Zsf] £X38to], &7

I Ay, IF1 FoJol A TV (Total volume; % ¥3]), BS (Bone surface; & 3%WA), Tt.Ar (Total cross-
sectional area; % ©'W3), Ec.Pm (Endocortical perimeter; W3] 3@ ZAW)o] FoltA Frletes AL
& ¢ ART (= 5). 53], IF19 AHEe iz vlaste] W 27 9@ gz a5 vehles As &<
stk (= 6). ol=ldk Tvel BS #el F7F 2 Tt.Ar e IFlo] Ztiitel FRFH oz 7]Tdds AL
el | wheb we] F R 2 375 S7RIgE AS AAE

WSk, cortical fraction®] 7%l Ct.Ar (Cortical area fraction)< J7lele AT H
(Endocortical perimeter)< IF1 Foldtold F9&A =718t¥tk. Ec.Pnd 7k &5+ 2 94
(periosteal) FHAT 72L& #BHo] e Aol 4#A o= (Hammond, M. A. et al., PloS one, 11(9),
e0163273, 2016), IF19] FAA Fgo] & Mxut F2o| spFA et AAste] FF5e o +x 2 74 ¥
shof & FarFol digk whgel o]FA e & F Ut
tteow  ZWU% (BMD, bone mineral density)el A%, ZF vl$29 AFox HAS A3, BMDS cortical
BMD gkel frelshAl S7tete RS #&Aste] IF19 X F7HE 13Tt (& 8A). AlEe] ATPY <t F+
LA WSl g grEYHoR ZEAM XS] &3} (Agrawal, A. er al., Bonme, 95: 91-101, 2017) ¥ =
|

%

FAEL F71317)F o] Fo|X+=d (Xing, Y. et al., PLoS One, 9(9), e108417, 2014), o] IFlel] &3k Zeo
do], F3 A% D R Fao] Frte] ARAoR Ay =vl, IF19] wo] s 2tgol= ZIAELE X335}
= AS Y U

daddAd sw B IF1E Fojste], dAld 5-19] ¥Hes 4= 4

i

T WsE Fesg.

a A3}, IF1 FoldtolA TV (Total volume; & 33]), Tt.Ar (Total cross—sectional area; & ©HZA),
Ec.pm (Endocortical per1meter, Wy 3]z ZAAH), Tb.Th (Trabecular thickness; A F7)7F 2l 31A
Z7hehe RS BEEGT (2 7). &, Al 5-1 ¥ Edy} sl R [Fle] W 37] 2 I3t ans

shelalglty.

=% (BMD, bone mineral density)®] A%, ZF vf$-29 AFo = HAS Ay BMDY cortical BMDZEe] ¢
sHAl F7tele AS TESAT (= 8B). wizZEAIR, AAle] 5-1 H|¥hE A npx7lx] 2 [Fle] 2H % F7HE

HED AN AT DM E olF o 853 vl GST B IFL 5355 AAsgith. 74 &4 ghe
7.5mg/kg BV=E 83}, IF1S GST-tag® E3H3E IF19] DNA datal 224 S E3lo] 28, AASte] AxF
Gl AS A
AAd 39 ZFAEYG nff-A aFe [F1E Fodes 24 g3 29 (£ 4)
* 4
ZTHHg 74 o] F¢ vz
181 Sham ZF (n=8) 322 o] (HFD) GST
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52 DM 99 dET (n=8)

aLA| "4 o] (HFD)

GST

IF2 DM A% 23T (n=8)

A
A4 o] (HFD)

IF1 (7.5mg/kg BW)

BE AY 9 ARSI R UH’*i—E AAld 40 71%E vk} o] FFEE ;. vk FHES wt
229 A9, FF Ay W AAE T 106 22D SHol| © nASAT. ¥ W= 10% EDTAS A}
f3to] 357 23 74S AZ ¥, Safranin 0 & Fast greens o83 B4 A3 Jr 2 vlolsgitt
a2 A3, [F1 Aol A GST & v MEZFY 27} 2 safranin 0 @M AE7} 27kt AL #2519
o (Z 9). &, [F1Y HA7F #d A el #oste= AS & 5 .
ojom E i g EAG FES A Vssdie v, @AY B AAS 7 A Al QlojA] o]
gt FAA Ve oA vighAe AA] e o, oo o3 2 we] ®STF AgEE Bo] ofd HE
Wk Aojvy, wEkx 2 el A R E HEE ATEET ALY FUHEC 9t FoHvia &
Zloltt,
=9
EH]
1.5+ NS
£ | |
= 1.0 1= -
=
=
L5
L]
2 05-
m
o
©
0.0- y T
Control 1Zh 24h 48h
Incubation time
EH2
MC3T3-E1 EX-ATP assay
1800,
=] ..
'35_‘ 1500 -
2 1200
b
3 %
£
E 600 4 -
5
- | 200 J
010s30s Wmomiom  3m  th

Time
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<220><223> Recombinant IF1

<400> 1

Val Ser Asp Ser Ser Asp Ser Met Asp Thr Gly Ala Gly Ser Ile Arg
1 5 10 15

Glu Ala Gly Gly Ala Phe Gly Lys Arg Glu Lys Ala Glu Glu Asp Arg

20 25 30
Tyr Phe Arg Glu Lys Thr Lys Glu Gln Leu Ala Ala Leu Arg Lys His
35 40 45
His Glu Asp Glu Ile Asp His His Ser Lys Glu Ile Glu Arg Leu Gln
50 55 60
Lys Gln Ile Glu Arg His Lys Lys Lys Ile Gln Gln Leu Lys Asn Asn
65 70 75 80
His
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