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TRNVFR—FEATHI b R T MBOS  A(mtDNA 5 2 b= FU 7 DNA ) 26F
ORIV INRE CTH Y, DHREBEEEVIETZ L TEELENIEL( I bar RITHAFI
TR )o ZHUTIEI by FU T OMEZET S Z & TIHERSREZFRET 2 &ERH Y | &M
Eg5ATE ( reactive oxygen species @ ROS )IZ X % mtDNA DRG0, TRENIME T L7Ein7a L
DOEREEL, T2, B VEMEREOR EICH R by R 7T OREREETHS &V H
REMEARIR SN CWD, O Einh, AF AN LT, WIS L HRDNRT R
BT ERNEETH S,

INET, T harRITHEAFTITRCEBDDZ TR EHEINTEY, @I
IZMitofusinl 331U 2( Mfnl, Mfn2 ) & Optic atrophy 1( Opal )23, 43ZUZi% dynamin related
protein 1( Drpl ) 3L U fission protein 1( Fisl ) 238> T5 Z &3mb s, =
NETIZ, BEEEES /7 B Th D Opal ORI E 7213 MEnl, Mfn2 OFFIZE Y, I b
2 R U 73 AL UMBESREIHE T35 2 & Sl S Q0 a @@ Fi- | Mfn2 OBEPEHRIC
Lo T bar FUTIIEHHME L, BB BT 5 2 L bbb TP,

EENDMAREDOHERE - BIEICE BN 5 Z LIZAMOEETH B, ZIUITEHHICRIT ST R
2y RYTHAF I AN LTS TREEISRB ST 5, Tabal Bk, REARZRIHE
(SR S 227 B ( MEnl/2, Opal )ASEINL, Sy%eES > /<7 B ( Drpl ) B3B8V 4%
TEEBERL, I by R T OMEIMBES WSR2 Far RUTA~LEBLIZZ &R
L0, LnLARRS, I hay R T ORERFHEOW T L Tl 59, %ié@f;ﬁ’ﬁux
M, FBHTI FEL R T ORI LEE LS TOADEINIRIREE TH 5,

—77. FRABBEBN 41 Drpl @ mRNA 23EINT5 & L3R ST B0 5@, Drpl D& L%
7 ESEBFE b L— =0 2 K D TTHES B AIREERE 2 BB, JOE., Drpl 2535
EXF LI H—ERRESI, TOAD =X L)EEIE L~V THL AL 2000529, 2

ko KU THMERTEDES 2 B F 2 Y /7—F T& 5 membrane-associated RING-CH ( MARCH ) -5
D)y I ETATE ST hay RYUTHREBFRINDY, Fz. MARCHS DL LT, Drpl
BAbLXFUALTAHZ LT, Dipl &7 077 V- A BATSETHML, TORRI b2 FY

S EEIE S T L AEEE ST B0, Zr LAHER B L. FAR R L—= e



&5 Drpl OWAMNTIZ MARCHS OEIINASEE. L TV A RIREMS H B,
PLEDZ ENDLAZED BHIL, REMEOBAR N L —=0 7N T s MEKGI har R 7

DIEHER LU OFREIR A G2 2B ER LN THZ L & LT,
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TR, RERLASED:, ARFRIZISU TR 26 AEEE I TR VR 40 JEMICEREL O | [k
DYRPREE 2o TEY . AN LR ZED 2 & DO TE D Th HEEFMOUEM KD
biILD, T, EERROEZEOT-OICBERSREDIR T2 X 2 L7oREE( nat7 4 7> Fa—
L SEENEERRE ) ICMaD Z & T, MRESBEL 2D ) AU BEED, BB AT OB
IR E . BHIRIONy P LA b FTREER S I A RMERMENC L > TERET 5
— T, BRI HZ L TIERT 5, £7o. BRHOI bar N TOERBIOMEEL, M
FB LM L > TET L, BRENT B2 LIk TEET S, LinLedisb, ZOAH=
ABZDOWTIERIEARIZREANRL, TE, I hay R TH@E & aREBRVIRTZE( I b
A RYTEAFTITRNCE>THEOREERZITO 2L T, X har FUTHREZMER L
TWBHZ EBHALMNE 0T, W ODDIFFEIZIRNT, BRI & - T2 b OlEERE
DEET 2 Z EIVNRIN TS, EERSCTIEL X b=y R TR M B3 2 FFAR) hL—
SUUM, S haY KU THAF I RCEX BRSNS 5 L R BIE LTITS b
Thd, LI TRETHE, ETHIDICI bay Y 7 OMIEN CORENZET 2 BEA1TV . &K
W2, 2 bRV RUTHEAF I RAERRET 2D A= ANIDONTOEBFLEEITH, S HIZ, EEHH
I bary R T OREEHICEX BRI ONWTINE TITHL N E 2o TND AIZDONTE
AEZATV, BRICARR G NEREE LD D,

B1E MRZIT DI har RY 7 o&El
(1) ATP 4

2 by R U T HIROEFHORERRIR 72T T /2= #(adenosine triphosphate :
ATP ) DAEFERS, TR b—ADOFRE, AN T bA T (Ca™ ) OREFRETR & &AT72 5 Ml
BETHDHO, MESIOWIRO —EEEEE L TRV, FMEE IR 0D A ~— R A fEfHzE,
MBS E Uz R =R A b U 7 R LY, PRBSIIHEMECRRA L2 U AT L TV B2,
ZDI hay NI T OFERBEENIATP AEETH D, ATP APEIL, ATP-CP R, R LT b=
v RU TR A ABERO T RNV —MIERICE D AEEIND, TBBRIL B ICcL>TT &
FLCoA T, FEfz, Za—REFRIATHMHEROEEY CHDLENELVERIL, ~ M) 7 ARME
DENE B ERERIC L > T, 7TEF/LCoA IS, 2 by KU 7RO TCA B~
END, BBV RTET 5 ATP SR HRE JUE HRERICE o T, BMER9 ) RS



FUATP 3ERLE 5,

@) C¥"ETHRPI—TA

i MEERIZRTE S 1L TV D Ca™ DSHIEEIPI A~ S 41, BACANC I OIHE FEET 2, £ D Ca™
PR/ BEL T D H/RE S L 7 5 ATP 7 — ( sarcoplasmic reticulum
Ca”-ATPase : SERCA ) %4t LT, MU HU STz Ca™ & REENAIZ Al INEfAN A~ D AT Z &
TSRS S, S HICESE, Ca"DEVIABIII ha v RUTHBIEL C15 EE2 BT
W5, I har R TIEHIED Ca® 2B IALERT 5 Z & C, = RF—AERE ORI
PTP BAHIC L AHIBE( 7R h—3 2 ) &BIERITWE, 7R =L 20T, ~ b v
ARND Ca® DT ERE, BB OMESR, BIOVEHEECOVICL T bar R 7SR
MBS FL( permeability transition pore : PTP )ABAATA Z LiCLk» T, T h— Rt
RT3 PTP X 0 MlEA~EHE & W@, i &z 7 7R b — AR MR RFE S
% IP3 MR EAELER L. /MaiEn 5 Ca” ORHIAMEES DY, 2 b OMFRRIZ LY /b
JEP O SN D CEDENEFIZER L, 7A M ABEERIIND, 20X, #
IHEPT AR h— AR EIZI by R TS LTV 3,

W2 I har RYTONEERE
(1) X a7 EEONEERLEEEL

I hay RYTIEEHB OB T ( mtDNA ) 28D, ZOEES ATP AU ERREN DT
RED LD KRR RTINS L, @A L HREITH 2 L THEOSEEEEITo T
5, 2 by RY TIERESREOKTIZ L D ROS ANERNCAERE S, xR EIBEE%0T 5,
FTH I b RY 7HKO ROS 12X Y mtDNA DIEEIAE T, mtDNA (&2 — R EHUT0 B RERES
BEEE n T DFBBRENME T2, ZORPFURE LT, mtDNA DHRENTIEEL T b= FUT
A0S L, BESNZEE ntDNA 24548 SETOEGHNE RS EHO0, Fiz, BB
DIETIC L > THHRBFFE IS,

DI bar R TEAFITRE, WL ODF LR BIZ X > TREBICHE STV D,
A ZRIEIL T2 & 7 EiL, SNEDOREIZAELR mitofusinl & 2( Mfnl, Mfn2 ), BLD
PIBEORASC Y U AT DTSRI EE: optic atrophy 1( Opal ) T 5", —J, SR
LTCWBZ L2, I oy Y THNERIED fission protein 1 ( Fisl ), BXUHIEE
JRAED dynamin-related protein 1 ( Drpl ) TH 5P, F7z, Drpl \TIHEHELL NEHENH



D, ENEILSer616 & Ser637 3 VML IND Z L THIEISNL TN E Y, I har R T &L
TRIREHMHSDH RO EONT O APET D LIZE T, X bay RY T ORENE
DD E N LV TH B L 2o T0E D, BB RENES X B Tdh D Opal DB,
W E T ML, Min2 OIIFNC LD, X bty RY 71 (L UMBSRSRE B IR T 5 9@, —F
T, Mfn2 OBRPEEUC L -T2 b= RU 730 L, EATAN 15 @,

2) fvMERzES I b=y R 7 OREEHR
Mfn2 {3/]MEfk ( endoplasmic reticulum: ER JICH/FEL, I b= KU 7= har RU 7D
AT TR, I bary RUT-ER OEFCHM<®, I har RY TR OEFA
( mitochondria-associated ER membrane : MAM ) |Zi3hk4 2B BR 03 B D = & HNEHE
HBNER2D o055, BilziE, Drpl 28 MAMIZEREL, I b Y 70OH8%8 X 49,
EBIZ, MM (XX by R T E/MEAED CHOHIEEDZTELY, d— 77 V=B D

Bex R B BT 5 Z LS B 220 D0 D,

(3) HiTc72KF T % MARCHS DA%EI
2 har FYTIREED 2 = X LPEERMIICB W THLNE 22D 20dh 5, T,

membrane — associated RING —= CH — 5 ( MARCHS )23 Ry KU 7 &4 F3I 7 RZBE- LT
DT & DRI GRS, MARCHS 1%, /ZUEEMESY 7 B TH B Drpl 2B X T AL
DL THML, ZORERI bar R THEBMMISNE9Y, E72, I barFITR
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A D L WMPIBLCL 78S by KU PIcBRLC, I b3y Y P HEEE A8 2R T
TEWRENTND®, MG EEN I hay RY T EA T I T R BE 5252 BX
USHIREDHTEMERES I b B U THEREDHERAICEHE TH D Z & )>5H, MARCHS 23FFAHY H L—
=N ESTET BEBEZ NS, L LAaRh, b FOBIUT v NP Ok Gl TR
FOF I EHEBR L TND I SIIHERIITO DD, FENEE, Ikn/s & OAEBERYS
k25 MARCHS | Z5- 2 2 58 % TR TR ZRI 3720,
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I L > TH X hay FU T OMEEENEHET 5 EAALNLRY5>0H D5, £I T,
&N BB I OBEFHEEL IV, R THUC K DT E R T 2k TOMFEZ LA TICE
L5,

(1) FoI7EBIOEETFRE

—EMEOIRRERFARGEENC X > T, EEREZICBO TG KON REOEBG PRI LU
ZAL LR DA 24 BRIHAICIV CTA DR FREN R4 59, Fi- hL—=0 298
ICEBLTADE, & MEBWCEREA V¥ — YL b L—= 0 7 OZRERET LIAFFECI
AARENE S L X B O MEn2 1 3ZME 2 Z L7 < HRRENES /7 B0 Drpl & Fisl 238
BIHIINT 29, E7-, BEFRERL-VVTE, 12 BEOBAR b L—=0212 85T, Opal
B L UDrpl 2SI 5 —75 T Ml B L UMEn2 [32E L@, =5Vl % AV AR Gl
T v MERAW-EBESHERC X5 7 BEIORKER7ZMESREEOFIHEIC & > T, G (Mfn2 & Opal )
DAL, 5% Drpl ) B3B3 5%, —h, FIEROMEIHER SN CODBESHIRIC &5,
Sy Fe WL P RAEZ A R L—= o BT, 4 B MAnl, Mfn2 3 XN Opal 238
AL, Drpl, Fisl I3Z{b L7t o7-9, DLEDZ Lhh, EBOHSRME, oz A I
A X > TRERITR2 D0, MU TEBRHDOI hay RUTEAFI 7 A2 M S EA I 3E
FOIRC LV PESH, S oy R TOMEEENERET 2 LB HND,

2 I bz RUTOREEL
BTG VT2 BRGMIRO I by N 7 olBiiEE 02 cE B L TEMN S 2
DR ONWTIRET LR, ~ U A AWEARERET VDR THY | [EliR — TR
AEFEBTIE, I b R T OREIELLZNS, Ll b ZOIaREET V&
AL TRY, EECE TSR TN &0, BT T 5 DA E CORFRD—E T
TRV,



AR AT NEA

EINRI 3 U TEA T I 7 ACER DB L CE LI NE TOMREDIEE AL
0B, Zo7EL LATBBETREL I TOLDOTHYD, TNOLDR-EFRELLI P RUT
DOIFREZAIZE B LT2fisE Picard HOSATIFEDHTHD, LLRAR D, ZOHSETERM
SN TWEBERSUIARETHY ., I bar N THRBFERIND L 5 REHET /L Cidk
Dole, T T CAIFETCIE, JeATHITE CRMLRBERIEIEDEINDS b L—= 78R e L GED D
., Frx OFARFBRCEBO T HLEBERZICI b2y R 7TOB A LEND Z L SR SILTND
EERPRE S LOWH O e ha—vE2 vz ‘/’:‘/ﬁ“%ﬁéﬁﬁ L. hL—=0 7 %R LT, Fiz,
I hay RUTHEAF I REHIET D872 72KF T 2 MARCHS OREEIH L L~V TH
e IRoTe i, EEMEORAR b L —=0 712K 5T MARCHS B E D X 9 IZEBT 2 D E1R
RO S oA AN

LLEDZ EinbARFED BENL, EFEORARI M L—=0 BTy M F=a B

7T OFRER L O OFRFIR T 52 D BELHONNCT L L & L,



F3E HM
AHFZED BENT, EFMHOEAR b L—=0 705w MBS hay RU TORRERB L0V
DOFEHIR A2 DEELASNITH L & L,
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HawE FERGE

HE SERERS L OB ST

ASEERILRK 27 SR ENER B RFRFPEA R — VR SRME LEa S (BAER) oY
IV FAWCHEM Uiz, AFFEOBREIL, Mk SpragueDawley ( SD ) 7w k32 L& L, 3
BRI AR SLC ERSAE( AAR ) D BEME SNz, 7288, FRA b L—=0 7N K 5B HHPIE
PREREET NVOMERE BRI E LTodlES » M &RV, 2B 23+1°C, 1R 5515%, 12 KefHlo
BABEY A 7 MCERET SNTERERFE S K 6% v L/ SANO AW R RRERE = CfE 17,
v MIBMWESA D7 — (17X 26X 37 em ) NIZTC, 2 L3 ofiE i, fHR L OVKIZE HHE
WCEDX 2T, £/o. B 1 BEAM N L—=0 7FRE B OFERIEREZRIE L, A
ST INER ERFFEREWMEE ST K> TGRS 7= (No. H27-03),

Fof FERERM(RT )

5 HREDOFREAEHRIOND 2 HEiZ, £7 v MR LYy FIV(RN-T3, BH
BUWERT, HA ) IZBILER 2720121 H 1020 HOBIL b L—=2 2 %AT o7, 0%, 4 Hilh
AT ST v b 2RSS REE( Control 5 CON, n=16 )B¥. AWK b L—=12"( Training ; TR,
n=16 ) BED 2 DOREZ T N—T01F Ule, £Te, BREOHFE(CONEE 5 n=8, TREE ; n=8) ITHFA
B | L= OB REET B o i B RRIBER ( V0, ) ORIESRAT 27—\ L
T BARDELRSCCE, SEADD T IHRHEICIU VT, V0, 75 CONEET 101, 543, 2 ml /kg/min,
TR BETIE 121, 3£5. I ml/kg/min & HE S, TREDNERICEEEZ R LZ &b, FL—=V
TINFRDFRD LT,

W3 AL —=027T 8 ha—L

TR BEERERIZ, 8 EMDFAL L —= 7%/ N F Ly RIWZT, 5 HOBEET
FhE Lz, Pl—=77m ha—uWd, BT AT D CS RN 91, 3%h 45 2 & 23RS
ER TV Dyck SHEZEDSNTUTo72®, F—=2 JBkERF(1IEE ) OEBFRE L 21m/min
TATVN5 I8 BT 31m/min (2725 & O I CHEZHE S 5 @ B> 6 8 3 B Okt D FTiE 31m/min
AT o7, FIEBFNT 138 E T30 5947V, 3EHEITIE 120 /31272 5 & O ITkkx 1T 2 & <
LTWE, 3EENS 8 HEDKDY £ T 120 5 T{To7, /NI h Ly RIVOERERE
1X8.5° & L7
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RN CERZIE U, BRSO —i 2 B TSRS MEE RN~ AR [EE
L, TORDIMEEE T 4CTHRIF LT, 7Y O, LR IR S TR S,
ST E T80 CTHURIRTT LT, 723, BBRk 3 IR DRER 2 e L7,

EHHT ETEEMENCL DI o RY THEEHE
1) Zabra—u
b7 A%, MHERICE FEMSEFEERL 2. 5%V Z VT 7 e R(TAAB, 303-1, UK) in
0.1M Uy 77— ) CREEETEEL., £O% 1%NURLA R IV LA TREE L, EE
SNIAERITTZ ) — A THAKLIRS N, Epok812 (SHIRESE, HA) CABEINZ, IR 2
TERR S, BHHEY 7 =V LU = U A C B S 7,

@) fEbriis
ORIBTEIZ IV T, B IS ( HT7700, ASiA T2/ uP—X, BAR ) AT

8, 000 {5 DML CTHIFWRHER ( intermyofibrillar ; IMF ) I b3 RU T &R Uiz, gt
& LT ffE ( Fig 1A ). B USHTITHV = CONBE( FiglB ) & TR BE( FiglC ) Ofil% Figl 12
RUTz, WIRE2~3 DL, 1VLd7=Y 3 KOHEDN Dat 898 ED X k=2 N 7 & JUREFEIE DSy
Pretge e UCRRA LTz, FBEg R BRI 0 - AEEIC L 2 X hay R T~ DR EL
B/NRICT 5728, 2 20 7 [RFEREAS 10um 525 15um B - ERTE TR KR E Lz, S
U Image] 7 b7 =7 ( version 1.49v, National Institutes of Health, Bethesda,
MD ) ~HX D AT, FETI by KU THMEE b L—X LTz, FERERRERIIL IO 3HE & Lz,

T ()

JEIPAR: (pm )

Feret MEAE( um ) : 2 AO—FRV FEEE

MIFEE; [47 X ( REAE/JARER® )]« LIGEVWNZEMR( 0-1 )

BEREE; [4X ( R /(n X BV ) @ LISIEWE EEERE( 0-1)

fEREEE; (R i/ ] - R X-iE

FEREINT- [ BB )/ ( 4n XKififg )] @ X by FU 7 OB5EE
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FeHT ARt
(1) Yo7
T v DY T AHE N0EREDORET A B— 3 /3y 7 7—[ RIPA Buffer ( Thermo, USA),
PhosSTOP EASY pack (Roche), 3340\ Halt Protease Inhibitor Cocktail( Thermo, USA )]JHIT
FE DT X UELAEEC 14, 000X g, 1045, 4C ) L, Syl LSRR Lz, 8 Biie s 8
2B OWEREEL, BCA™ Protein Assay Kit( Thermo, USA ) ZFIVNTHEIE L., JEEEAS 1. 5mg/ml 1273
5 X 912 Laenmli Sample Buffer [Laemmli Sample Buffer( BIO RAD, USA ) B X O}
2-Mercaptoethanol (sigma—aldrich, USA )] &R TCFREE Li-, #0#%, +XCOY T %w R
FA 71 7 73A (AS ONE, EB-603) Z FIV T 100°CT 5 23N L, 4347 T80 C TIRIEL 7=,

@ vxzRFTuyT4vT

BRI B OSHITIL, SDS Polyacrylamide Gel Electrophoresis( SDS-PAGE )y:% FHu /-,
Yo TMIE LV — BTV 10ul A L, 5 FE~——(Precision Plus Protein™ WesternC™,
BIORAD) & & 1T 50mA T 45 537KEh L7, PkEl&, HorizeBLOT 2M-R(ATTO, HA ) Z v T 306mA
T30 478 L. Polyvinylidene difluoride membrane ( PVDF & : Amersham Biosciences )IZ#x
BLI, £0%, 5%( w/v ) Skim milk/TTBS [EZTBS( ATTO, HZA )35X N0, 05%Tween20] F7-i3
5%BSA/TTBS Z FAVT 1 B0 7 1 v X v R A T o7z, 71 v 7%, 5%(w/v ) Skim
milk/TTBS F7-id 6%BSA/TIBS THMR Liz—fifl &, 2Hsf ( =R ) & L <3 18 K] ( 4°C )
OGS EETe, AWesiiRix, X har NI TEES X7 BOFEERGRFCTH D PGC-1 o
(1:5000, santa cruz biotechnology, USA), X b=t RU 7E&ICRE 5 Mfn2( 1:5000, Abcam,
K)., T bz RUTHECEP S Drpl( 1:1000, abcam, UK ), Drpl DOIFEMALETH S
phosphorylated 5°Drpl( 1:1000, Cell Signaling, USA ). Drpl D RIEMHALEI TH 5
phosphorylated ™Drpl ( 1:1000, Cell Signalving, USA ), Briz/a3 b=y KU 74558l &
23 BT D MARCHS ( 1:500 BUR TR HRHERHERIR X 0 535:%) ThoTe, —URBUAR
Jit%, TTBS T 10 43X 3 [Efe4 L, SR C 1 B “RFIARIG 21T o7z, ZIRGuArE, 5% (w/v)
Skimmilk/TTBS TR L7~ Anti—Rabbit IgG H&L (Abcam, UK ) % 7=1% Anti-mouse IgG Horseradish
Peroxidase-Linked Species-Specific Whole Antibody ( GE Healthcare, UK ) ZFHV iz, F7-,
SFET——ERHEIEBH7-DIT, precision protein strep tactin—HRP conjugate ( 1:20000,
BIORAD, USA) % iV /=, “RGUARRISHE T4, TTBS T 10 43X 3 [El4 L EzWestLumi plus (ATTO,
HA ) 2V TES T,
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BIET PCC-1a DX /Y EHEE
Fig. 2 LHEFAIY N L—=2 7956 T ATRCEIT 5. POC-L 0 D4 S EIERI 57 5%
RLIEBDTHD, CONBHILLA TR EET 135%DEIINDBIER STz,

Bofi X bar NUTOMEEEL
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FELER
Effect of endurance training on mitochondrial morphology and fission and fusion

proteins in rat skeletal muscle cells
Daiki Nakano

Abstract

BACKGROUND and PURPOSE:

In mammalian cells, mitochondria remodel their structural shapes via dynamic
fusion (maintaining functional mitochondria) and fission (removing dysfunctional
mitochondria) events to adapt to external exercise-associated stimuli and functional
needs. Therefore, we postulated that the dynamic events occurring in the
mitochondria in response to acute exercise differ in trained and sedentary skeletal
muscle cells (G.e., those with and without prior mitochondrial adaptations,
respectively). MARCHb5, a new mitochondrial dynamics-related protein, degrades
Drp1 via ubiquitination. The aim of this master's thesis was to determine the effect
of endurance training on the mitochondrial morphology and the amount of

mitochondrial dynamics-related proteins, including MARCHS.

METHODS: _

Female Sprague-Dawley rats (4 weeks old) were assigned to either endurance
training (80% VOgz max, 120 min/day, aﬁd 5 days/week) or a sedentary control
environment for 8 weeks. Approximately 900 intermyofibrillar mitochondria in the
soleus muscle were analyzed by transmission electron microscopy. The shapes and
sizes of sampled mitochondria using the Imaged software based on the
measurements of surface area, perimeter, aspect ratio, form factor, circularity, and

roundness were estimated.

RESULT:
After 8 weeks of endurance training, the protein level of PGC-1a was greater for
the trained rats than for the sedentary rats. Although endurance training did not
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change the amount of mitochondrial dynamics-related proteins, including MARCHS5,
the mitochondrial morphology became fragmented.

CONCLUSION:

Endurance training enhanced the mitochondrial fragmentation. No changes were
observed with respect to the amount of mitochondrial dynamics-related proteins,
including MARCHS.
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