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Quantitative regulation of skeletal muscle mitochondria 

by heat stress treatment 
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4-HNE: 4-hydroxy-2-nonenal 

4E-BP1: eukaryotic translation initiation factor 4E-binding protein 1 

ACC: acetyl CoA carboxylase 

ADP: adenosine diphosphate 

AMP: adenosine monophosphate 

AMPK: 5′-AMP-activated protein kinase  

ATF: activating transcription factor  

ATG: autophagy-related gene 

ATP: adenosine triphosphate 

ATP5A: ATP synthase, H+ transporting, mitochondrial F1 complex, alpha subunit 

BiP: binding immunoglobulin protein 

BSA: bovine serum albumin 

CaMK II: Ca2+/calmodulin-dependent protein kinase II  

CHOP: C/EBP homologous protein 

COX: cytochrome c oxidase  

CS: citrate synthase 

DNA: deoxyribonucleic acid 

Drp1: dynamin-related protein 1 

ELISA: enzyme-linked immunosorbent assay 

ERK: extracellular signal-regulated kinase 

ERRα: estrogen-related receptor alpha 

FAT/CD36: fatty acid translocase cluster of differentiation 36 
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Fis1: mitochondrial fission 1 

GAPDH: glyceraldehyde 3-phosphate dehydrogenase 

GLUT: glucose transporter 

GRP: glucose-regulated protein 

HSF1: heat shock factor 1 

HSP: heat shock protein 

ICR: institute for cancer research 

IRE-1α: inositol-requiring enzyme 1 alpha 

KAT: kynurenine aminotransferase 

LC3: microtubule-associated protein 1A/1B-light chain 3 

MAPK: mitogen-activated protein kinase 

MEF: myocyte enhancer factor 

Mfn: mitofusin 

MOTS-c: mitochondrial open reading frame of the 12S rRNA-c 

mTORC1: mammalian (mechanistic) target of rapamycin complex 1 

Mul1: mitochondrial E3 ubiquitin protein ligase 1 

NAD: nicotinamide adenine dinucleotide 

NDUFB8: NADH:ubiquinone oxidoreductase subunit B8 

NRF: nuclear respiratory factor 

Opa1: optic atrophy 1 

PCr: phosphocreatine 

PDH: pyruvate dehydrogenase 

PDK: pyruvate dehydrogenase lipoamide kinase 
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PGC-1α: peroxisome proliferator-activated receptor gamma coactivator 1-alpha 

PI3K: phosphoinositide 3-kinase 

PID: proportional-integral-derivative 

PINK1: PTEN-induced putative kinase 1 

PPAR: peroxisome proliferator-activated receptor  

PVDF: poly vinylidene difluoride 

RNA: ribonucleic acid 

ROS: reactive oxygen species 

SDS: sodium dodecyl sulfate 

SIRT1: sirtuin 1 

SQSTM: sequestosome 

TCA: tricarboxylic acid cycle 

TFAM: mitochondrial transcription factor A 

TIM: translocase of inner mitochondrial membranes 

TOM: translocase of outer mitochondrial membranes 

TRAP1: tumor necrosis factor receptor-associated protein 1 

TTBS: tris buffered saline with tween 20 

Ub: Ubiquitin 

UCP: uncoupling protein 

ULK1: Unc51-like kinase 1 

UPRmt: mitochondrial unfolded protein response 

VDAC: voltage-dependent anion channel 

YY1: Yin Yan 1
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Üţ�

� ��u¬�§fL!ż͞Z͞ϯ͗!Ĉ͞!��§�q{,]ɦǵ5`_"��u¬�§fKż͞

L!�¬�qΰF§¬͍ΰI\ADɦǵ5`D(_ШÒ ���Щ"ż͞IL Porin / VDACFŔM`_

͞Ϋϋ�¬�qΰ-ƥŧ6D+^!đƉϧ 5000Ð²K�¬�qΰLȋȨI\AD��u¬�§f

ĈQł^ρU`_Ш6Щ"\^ž.HđƉϧK�¬�qΰLǓυKϛȄ˛�¬�qΰπχɭɦI\A

D��u¬�§fĈQπχ5`_"��u¬�§fKż͞IL!��u¬�§fK�¬�qΰπχ!

��u¬�§fKǎǮźĬШͳŉ­đͻЩIϰb_�¬�qΰHG-ƥŧ6D(_"��u¬�§

fż͞L!Ɵ͋ÜFɦύ˛IƖȗ6D+^!Ɵ͋ÜI\_m¨yi�ʬǁĚǖZ͍͇Ϣπχcĳù

˛IĚǖ8_3F-˱Ś5`D(_"�

�

ţƗŠ�

� ͞ϯ͗FL!��u¬�§fKż͞FĈ͞FKϯK̂ϯcȎ8"±υKϋ^!��u¬�§fK
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KˁŶL̡͋ΰFŊ̋E'_F̀*]`D(_Ш6Щ"¯ȰE!УđƉϧK�¬�qΰL!ϛȄ˛I

��u¬�§fĈQπχ5`_>X<Kϵ^ELH("U>!͞ϯ͗IL!y�qª� C FŔM

`_ŅʥǠ���¬�qΰ-ƥŧ8_3FvʹǚE'_"y�qª� C L!ЄƉÕϖ̚Kɦǵ΄

̞E'^j�¨p®˃˂I+(Dϥ΄HǑġcɖ>8"U>!y�qª� C -!̡͋ΰQȥĐ5

`_F!f��®y{Ш�h� 
��ªr¦�̡͋ɳЩ-Λƞ5`_Ш46Щ"�

�

¸ţ�

� ż͞FŊɧI�¬�qΰF§¬͍ΰEɦǵ5`!͞ϥϧK 70-80%cķX_F̀*]`D(_"

��u¬�§fKĈ͞L!ż͞FLƚʳ˛I!͞KωϕǠ-Ú/hl¬cϋ5H("3`L!��

u¬�§fĈ͞Iƥŧ8_ Cardiolipin FŔM`_§¬͍ΰI\_Ш6Щ"��u¬�§fKĈ͞I

L!ATP ˃˂Iϰb_ŔŏϪ΁ŉÜ!͞ϯ͗,]��u¬�§f­��§�q{QKĿȰŌK�

¬�qΰπχÜ!��u¬�§fǎǮШͳŉ­đͻЩIϰb_�¬�qΰHG-ƥŧ8_"��u

¬�§fĈ͞L!N?ʺIĈòIā^ρd?ɦύcF_Ш134Щ"3KɦύL!q§{�FΑυ5`

_"3Kq§{�ɦύI\ADĈ͞K͹Љ̀-ŷž8_3F,]!ATP ŉǵ͌ĢK±ȵF(A>

Ęʯ-'_F̀*]`D(_"�

�

����s{�

� ��u¬�§f­��§�q{L!��u¬�§fKĈ͞IŢU`>ϞđcȎ8"��§�q{

ϞđIL!УʬǁHɽʥǠ�¬�qΰ-Ɗŧ6!��u¬�§fĂ�¬�qΰK 60-70%IˢǍ8

_F̀*]`D(_Ш6Щ"��§�q{L!TCA şθZ β ϢĬIϰb_ϡ̞Z!mtDNA!��u

¬�§fƥŧŬ§��®�Z tRNA!μĊŠƉ-Ɗŧ8_"�
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� Сɝ̌K��u¬�§fL!2BKˍH_ƥŧ-ʹǚ˛E'_"Сɝ̌K��u¬�§fL!̌

Ћ²ШSSЩ��u¬�§fF̌ĺ̰̫ϯШIMFЩ��u¬�§fIžė5`_ШÒ ��	ЩШ86Щ"Сɝ

̌��u¬�§fK)@!̌Ћ²��u¬�§fL̜ 20%cķX!̌ĺ̰̫ϯ��u¬�§fL

̜ 80%cķX_Ш86Щ"̌ Ћ²��u¬�§f+\Ǒĺ̰̫ϯ��u¬�§fLɭ͌ЉEKϗ(-

˱5`D(_"̌ĺ̰̫ϯ��u¬�§fL!̌Ћ²��u¬�§fFɺξ6D!ŔŏϪ΁ŉÜc

ɦǵ8_�¬�qΰK˙ʿϧ-Ž/!ƑϽIŔŏ͌Ģ-У(Ш54, 178Щ"3K\)Hʹǚ,]!̌ĺ

̰̫ϯ��u¬�§fL!Сɝ̌Ł̴Iǜ΄H ATPã̧IʹĬ6D(_F̀*]`D(_Ш182Щ"

¯ȰǨЋ²��u¬�§fL!̡̌͋͞Kɭ͌!̡͋ĈKǩŰÕϖc̫ȍ8_>XK ATPã̧

IʹĬ6D(_F̀*]`D(_Ш84, 182Щ"F3aE!ϓĩ�©®�¬rZСɝ̌K³ʐĩI\_

��u¬�§fϧKŷʝL!̌ĺ̰̫ϯ��u¬�§fFɺξ6D!̌Ћ²��u¬�§fKS)

-!У(Ǟ̍Ǡc˱83F-ȷ],FHAD(_Ш2, 21, 111Щ"H+!ɏ˫́EL!̌Ћ²��u¬�

§fF̌ĺ̰̫ϯ��u¬�§fc˂ĬƋ˛đɕI+(Dįė8_3FLšЂE'_>X!Сɝ̌

ĈK8RDK��u¬�§fcƚΧIđɕc͵A>"�

�

�

Fig. 2. Topological and morphological differences between subsarcolemmal (SS) and intermyofibrillar (IMF) mitochondria. A: scanning electron microscopy
(SEM) imaging of a freeze-fractured soleus muscle fiber sectioned in the cross-sectional plane with its cytoplasm exposed. The SS region is outlined where mostly
globular SS mitochondria are clustered. B: SEM of freeze-fractured muscle fiber cracked to expose the staircase-like sarcomere structure revealing the IMF
mitochondrial reticulum between each sarcomeric plane. C: diagram representing the two main planes—longitudinal and transverse (i.e., cross-section)—used
to quantify various aspects of mitochondrial morphology. D and E: confocal imaging of permeabilized muscle fibers labeled with Mitotracker Red showing SS
and IMF mitochondria and sarcomeric organization. F: schematic of experimental setting used for optical sectioning of Mitotracker-labeled muscle fibers in the
longitudinal (blue) and cross-sectional (green) planes. Below is a three-dimensional reconstruction of an oblique section across a myofiber, showing elongated
organelles (arrow). G: the longitudinal view in both confocal and electron microscopy reveals the pairwise arrangement of IMF mitochondria across Z-lines at
each sarcomeric plane (appearing as spherical organelles, arrows), whereas the transverse view reveals the actual tubular morphology of IMF mitochondria (H,
arrows).

1564 Acute Exercise and Mitochondrial Interactions • Picard M et al.

J Appl Physiol • doi:10.1152/japplphysiol.00819.2013 • www.jappl.org
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� ��u¬�§fL!ɧ#H˂ˀɭ͌cɉ8_̡͋ƟŞƏE'^!˂ŕʐĩK΄FΑυ5`_"3

3EL!��u¬�§fKÎ͹˛HǑġE'_!�j�¨p®˃˂!�f��®y{!�̡͋ĈK

Ca2+ʬǁKΠ̑!;Ĉđʉɭ͌IB(DɥΞ8_"�

�

o��r�Ĵĳ� �

���u¬�§fKɇžKǑġL!j�¨p®˃˂E'_"TCAşθ+\OŔŏϪ΁ŉÜKЄƉÕ

ϖ̚ШϢĬ˛§¬ϢĬЩI\^˂ŕʐĩIǜ΄Hj�¨p®cǕ_"<`=`Kj�¨p®˃˂ɭ

ɦIB(DÐ²Iɥˋc˱8"�

�

B20 wms�ШÒ ��
Щ�

� Ό̘̚I\^˂ǵ5`>ÎΣ˃ʸ�¨�¬ϢL!��u¬�§fKϡ̞E'_�¨�¬Ϣ͓ɽ̞

ϡ̞ШPDHЩI\ADf}�¨ CoAIźȚ5`_"¯ȰE!͍͇ϢL!βϢĬI\^f}�¨ CoA

IźȚ5`_"3K\)I!f}�¨ CoAL!ˍH_j�¨p®ʣK��E'^!TCAşθKů

ΰF6DĘ˄5`_"TCA şθI\^!1 đƉKf}�¨ CoA ,] 3 đƉK NADH +\OЫđ

ƉK FADH2-ɇ̢˛I˂ǵ5`_"H+!3`]¯ώKŀǞL!��u¬�§fK��§�q{

E͵b`_"H+!TCA whq¨L!1937 ƼI˂ĬƋ́ Krebs I\^˙΅5`>Ш110Щ"3Kǵ

ɖI\^!KrebsL 1951ƼI�®�¨˂ˀƋ­İƋίcŃί6>"�

�

ƑÅĻ��ƑÅШÒ ���Щ�

� TCAşθE˂ǵ5`> NADHF FADH2L!��u¬�§fĈ͞Iƥŧ8_ŔŏϪ΁ŉÜ IU

>L΁ŉÜ IIQЄƉcÕϖ8_"NADHU>L FADH2,]ЄƉcŃ1łA>΁ŉÜ I­IIL!¤

�o�¬QЄƉcÕϖ8_"<KǓ!΁ŉÜ III!y�qª� CЪ΁ŉÜ IVKЏIЄƉ-Õϖ5`
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_"ɇ̢˛IϢ̞IЄƉ-Õϖ5`ɽ-˂ǵ5`_"H+!΁ŉÜcЄƉ-̤ˆ8_ϽI H+-�

�u¬�§f­��§�q{,]��u¬�§f͞ϯ͗IȥĐ5`_Ш΁ŉÜ IIcϷ/Щ"͞ϯ͗I

ȥĐ5`> H+L�ª�¬ĪϟcĘ˄6D!ATPŉǵϡ̞c̤ˆ6ĉO��§�q{ĈIł^ρU

`_"<KϽI ATPŉǵϡ̞KПĩĢI\^ ADPF Pi,] ATP-ŉǵ5`_"H+!ϢĬ˛§

¬ϢĬKόǁL!̡͋ĈK ADPʬǁI\ADĚǖ5`_"ϢĬ˛§¬ϢĬI\_j�¨p®˃˂

ɭɦL!1930I EngelhardtI\^˙΅5`>Ш52Щ"�

�

ĬĴĳ�

� ��u¬�§fL!j�¨p®?1ELH/ʵc˃˂8_̡͋ƟŞƏF6D˨]`D(_"±υ

Kϋ^!��u¬�§fKĈ͞I H+KʬǁĪϟcǎǵ6!ɇ̢˛I ATP-ŉǵ5`_"ϋƹ!

H+ʬǁĪϟF ATPŉǵLƖIąǑ6D(_"6,6!H+KЄɼĬƋ˛ƳF6Dͯ̀6>ÞĠHj

�¨p®c˩̦˛IΌʖ8_ɭɦvõ*D(_"͞ ϯ͗Iͯ̀6> H+L!͓ ąǑ�¬�qΰШUCPЩ

FŔM`_��u¬�§fĈ͞ΫϋŬK�¬�qΰI\AD��u¬�§f­��§�q{IǸ5

`_Ш183Щ"H+ʬǁĪϟF6Dͯ̀6>j�¨p®L!ɇ̢˛IʵIźȚ5`ȥĐ5`_"UCPL!

5BKfh��k®�-ŊƐ5`D+^!Сɝ̌IL UCP2Z UCP3-˙ʿ6D(_Ш197Щ"H+!

UCPL!ƗċěʪZЗÀI\_�¨f�©�§¬đʉIǞ̍6DʐǠĬ8_Ш183Щ" 

 

k���y{Ʀ�m� 8���t��ŐŜğƧ� �

� f��®y{FL!˂ÜcñĂHʺǮIèȍ8_>XIǉ.β35`_!(b[_̡͋K͡ɷE

'_"˗Ĭ6>̡͋ZˍƹH̡͋L!f��®y{I\ADł^Ϸ,`D(_"f��®y{L!

±ʑK CaspaseШinitiator caspaseЩ-²ʑK CaspaseШeffector caspaseЩcĒȮШ�ʐǠĬЩ8_3

FEϺƩ˛IĚǖ5`D(_Ш27, 34Щ"��u¬�§fL!f��®y{KňÏųF6DKǑġcv

B"DNAKȝ÷Z!̡͋Ĉ­��u¬�§fĈK Ca2+ʬǁK±ȵIǞ̍6D!��u¬�§fK
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͞ϯ͗,]̡͋ΰQy�qª� C-ȥĐ5`_Ш46Щ"̡ ͋ΰIʧĐ6>y�qª� CIǞ̍6D!

Caspase9!Caspase3-ЏˌIĒȮШ�ʐǠĬЩ5`f��®y{-Λƞ5`_"3K\)I��

u¬�§fL!³̡ͧ͋cϷĻ8_3FE̡͋KǢƹǠ̫ȍÌɣ˛Iϰ´6D(_Ш74Щ"�

�

ŐŜ¸ 2F	�Īð]źō�

�̡͋ĈK Ca2+ʬǁKźĬL!ɧ#H̡͋Ǟ̍­ϙǞcǫβ8_yr�¨E'_"̡͋ĈK Ca2+

KʬǁL!̡͋ĈɇžK Ca2+άͰǃE'_Ɵ͋ÜI\ADĚǖ5`D(_Ш106Щ"6,6!��u

¬�§fv!¯Ȼ˛I Ca2+cάͰ8_3F-Ņ͌E'^!̡͋ĈK Ca2+ʬǁcźĬ5:_"��

u¬�§fL!Ɵ͋ÜFɺξ6DςόI Ca2+cł^ρs!ȥĐ8_3F-E._3F,]!̡͋

ĈK Ca2+ʬǁźĬḴͷĞF6DKǑġcvBШ43Щ"σƼEL!��u¬�§f�Ɵ͋ÜϯK Ca2+

ʬǁΠ̑ώȟK˭̭-Сɝ̴̌ͭKĺŠFH_Ņ͌Ǡv˱Ś5`D(_Ш55, 234Щ" 

�

¸»ġéÑâZmX]��u���k�

� ��u¬�§f-Ĉđʉɭ͌cɉ6D(_3F-ȷ],I5`BB'_"mtDNAK 12S rRNA

БŭIu®�5`D(_ȯΆ×��� MOTS-c -ŊƐ5`>Ш117Щ"MOTS-c L!��u¬�§f

đʉŬK�¨¡¬ɧʸΰШMitokineЩE!AMPKKʐǠĬ+\O PGC-13KŷģIΩʼ8_Ш117Щ"

H+!MOTS-cL!ʹIСɝ̌Eß˄6!У͍͇ЗI\_̘ÎΣˍƹcȀĚ8_3F-ŰŒ5`D

(_"5]I!MOTS-c L!ϬƛIϰb_F5`_ SIRT1 KʐǠ­˙ʿϧcɱIĚǖ8_3Fv

ŰŒ5`D(_Ш117Щ"U>!MOTS-c ϜÕƉIL!¯ŵůŽŬ-Ɗŧ6!ȳɏÈL{×h¬ÈF

ɺξ6D 14ˌˠKf��Ϣ�Ш1382-1384Щ-§z¬ШAAAЩ,]r§y¬ШCAAЩI̹Ț5`D(

_Ш61Щ"3KϜÕƉŽŬ-ȳɏÈKϬƛFϰώ8_Ņ͌Ǡv˱Ś5`D(_Ш61Щ"3`]KMOTS-c

Iϰb_˨΅L!̿ЦƋđϦI+1_ƋΞ$��u¬�§f-ƛŕcĚǖ8_%c˙Ʀ5:_Ņ͌

Ǡ-'^!ÉǓɄH_ˀΌ-ɋǒ5`D(_"�
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� ȍ¹˛ϓĩ͌ĢL!ž./ 2BKŠƉI\^ΆƐ5`_"ɇžϢ̞ȠłϧFСɝ̌K��u¬�

§fϧ­ɇžϢĬ͌ĢE'_Ш18Щ"ɇžϢ̞ȠłϧL!Ǜ͉ɭ͌ZϢ̞KϓȞ͌ĢI\^ʄƐ5`

_Ш18Щ"Ǜ͉ɭ͌ZϢ̞ϓȞ͌ĢKŌ±I\^!Сɝ̌-Ę˄E._Ϣ̞Kɇžƕϧ-ŷģ8_"

BU^!ɇžϢ̞ȠłϧKŷģL!ɇžϓĩ͌ĢKŌ±IΩʼ8_"H+!Сɝ̌K��u¬�§

fϧKŷģL!ɇžϢ̞ȠłϧK±ȵILSFdGΩʼ6H(F̀*]`D(_Ш83Щ"Сɝ̌K�

�u¬�§fϧKŷģL!W6aɇž²ϓĩȻKϓĩȍ̪ȻϯKǆϬIΩʼ8_F HolloszyF

CoyleL¸ǋ6D(_Ш83Щ"Сɝ̌Ł̴I\^!ATPZ PCr-Ę˄5`_F!̡͋ĈK ADPZ

AMP!Piʬǁ-±ȵ8_"ATPKЅ΄ϧL!ϓĩǌǁI\^ʄƐ5`_"ADPKʬǁK±ȵI

Ǟ̍6D!��u¬�§fKЄƉÕϖ̚I\_ ATPŉǵ-çϐ5`_"BU^!ATPZ ADP!

AMP!PiKʬǁL!ϓĩǌǁ+\O��u¬�§fϧEʄƐ5`_"¯ȰE!̡͋ĈK AMPZ

ADP!PiʬǁK±ȵL!Сɝ̌Kr§u®t¬đΌcçϐ6!ATPLСɝ̌Kr§u®t¬đΌ

cȀĚ8_3F-˨]`D(_"BU^!��u¬�§fϧKŷģL!ˢƚ˛HϓĩǌǁcÚ²5

:!ϓĩ¶Kɇvϥ΄Hj�¨p®ʣE'_r§u®t¬K̜̑IΩʼ8_"3K\)HɭƿI\

ADСɝ̌K��u¬�§fϧKŷģ-!ϓĩȍ̪ȻϯKǆϬIΩʼ8_"3K¸ǋcȣȍ8_\

)I!Сɝ̌K��u¬�§fϧFȍ¹˛ϓĩ͌Ģ!Сɝ̌K��u¬�§fϧFϓĩǓKСɝ

̌­̈́͟Kr§u®t¬ɴϧL!У(ˢϰϰæI'_3F-˱5`D(_Ш57Щ"�

�

ƥĘŋ�·ƃ]µñ`]žį�

� Сɝ̌K��u¬�§fϧK̫ȍL!Сɝ̌KñĂǁ̫ȍIFADϥ΄Hù.cȇ)3F-ȷ]

,I5`BB'_"â*M!��u¬�§fϧKʝƠL!Сɝ̴̌ͭKĺŠFH_3F-˱5`D

(_Ш23, 30, 168Щ"ĆÜ˛IL!�Сɝ̌³ʐĩI\ADСɝ̴̌ͭ-Λƞ5`_\^vĜI!��
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PGC-1αШǓυЩcСɝ̌EϕĠ˙ʿ5:_3FE!ǓͅǴūZŪС˵̤ĒϷI\_Сɝ̴̌ͭ-

ȀĚ5`_3F-ȏ2]`_Ш31, 189Щ"Сɝ̌K̴ͭL!ȳƹ˂ʐĩßIȣϾc.>6!ʹIμí

ZСȃK§{q±ȵ!̄͡ǠKÚ²HGɧ#H͠ƾ­˳ÔŜДI̶-_Ш186, 145Щ"� � �  

� ¯ȰE!��˂ÜɇžKÎΣŞƏF6DKСɝ̌Kù.Ivʌˠ8_ǜ΄-'_"Сɝ̌L!ǘ

ˁ¶Kr¨u®{K̜ 80%cÎΣ8_ɇžKr¨u®{ďˀŞƏE'_Ш45Щ"6>-AD!Сɝ̌

Kɭ͌³ĂZСɝ̌ϧKʝƠL!̘Ƥ˓K§{qcУX_F̀*]`_"ƑϽIˏƋΠɘI+(D

v!Сɝ̌ϧFh¬{§¬ȅȂǠKȎɩKϯIΨKˢϰϰæ-ΚX]`D(_Ш201Щ"U>!{�

©{ǠKȀ)BʸΰE'_o�©�¬-!Сɝ̌Ko�©�¬f��ůμ˼ϡ̞ШKATЩEđΌ5

`_3FvσƼȷ],I5`D(_Ш3Щ"BU^!Сɝ̌ϧcУ/èȍ8_3FL!ʩŧ˛IñĂ

H ¬�¨�¨{K̫ȍIvΩʼ8_Fɋǒ5`_" 

� 5]IσƼEL!ĈđʉŞƏF6DKСɝ̌Kù.-ʌˠK˛FHAD(_"Сɝ̌,]�¨¡

¬ɧKÚđƉ×���Ш�hlmh¬Щ-đʉ5`_3F-ȷ],I5`D(_"â*M!IrisinZ

Meteorin-like HGK�hlmh¬L!j�¨p®άͰŬK˚̷͍͇̣ͨIß˄6!j�¨p®Ę

˄ŬKǠɝcÍ´8_ШbrowningЯ�®z£ĬЩШ25, 174Щ"̷͍͇̣K�®z£ĬL!j�¨p®ʖή

ϧcŷž5:_3F,]!͆ʢ­̘Ƥ˓KȯΆʆ˖ɩ˛F6Dɋǒ5`D(_" 

� ±υK\)I!Сɝ̌L!ĵH_ϓĩŞF6D?1ELH/!ÎΣŞƏ­ĈđʉŞƏF6DĂκ

KǢƹǠ̫ȍIΩʼ8_"Сɝ̌I\_ñǄŷϐħɖKǣǥcɇžϵIŃ1_>XIL!ĵÙСɝ

̌'>^Kɭ͌Ō±Iģ*D!Сɝ̌ϧcУ/èB3F-ǜ΄E'_"6>-AD!Сɝ̌K��

u¬�§fKϧc̫ȍ8_3FL!Сɝ̌ϧ­ɭ͌K̫ȍF(A>Ίʯ,]У(͠ƾ˛Ǭ̼-'_" 

�
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��u���k]ƔĻ¾ú\Ƙhf»ß�q�|�� � � � � � � � � � � � � �

� ��u¬�§fKϧL!��u¬�§f˂ŉǵ+\O��u¬�§fđΌFK�¦¬{EʄƐ5

`_"33EL!��u¬�§fϧKĚǖɭɦIB(DɥΞ8_"�

�

��u���kĳÌā�

� ˫́đϦI+(D!��u¬�§fϧKŷģL!¯ͦI$��u¬�§f˂ŉǵШmitochondrial 

biogenesisЩ%FΑυ5`_"33EL!��u¬�§f˂ŉǵKϕ˽c!���u¬�§fϰώϜ

ÕƉKμĊĚǖ!���u¬�§fϰώϜÕƉK̾Γ­�¬�qΰŉǵɭɦ!�̾ΓǓêК­�ª

}�y¬rɶϺK 3BIđ1DɥΞ8_"�

�

��u���kƘƇƎªß]Ƅ¹¾ú�

� ��u¬�§fL!ʻ͡K DNAcèȍ6D(_"6,6!��u¬�§fK DNAIL!ЄƉ

Õϖ̚Iϰb_ 13 ëK DNA -u®�5`D(_KsE'_"¯ȰE!ɛ DNA IL!��u¬

�§fϡ̞ZμĊŠƉF(A>\^Ž/KϜÕƉ-u®�5`D(_"6>-AD!��u¬�§

fK˂ŉǵK>XIL!ɛF��u¬�§fKĳŊ˛HμĊĚǖ-ϥ΄FH_"�

�

� PGC-1αL!΂͍͇ͨI+1_ʵ˃˂ϰώϜÕƉK˙ʿcΠ̑8_�¬�qΰF6DŊƐ5`>

Ш169Щ"3K PGC-1αL!DNAIˡȗ̥ŉ8_μĊŠƉF6DKù.cȍ>9!��u¬�§fϰ

ώϜÕƉKμĊŠƉШâЮNRF1/NRF2!ERRα!PPARsЩF̥ŉ6μĊcçϐ8_μĊͿĤŠƉF6

Dɭ͌8_3F-ʹǚE'_"σƼEL!PGC-1αLϛȄ˛{�¦hy¬rcŃ1!΁ȩKfh�

�k®�-Ɗŧ8_3F-ŰŒ5`D(_Ш136Щ"ɏ˫́Eł^Ǽ) PGC-1α L!��u¬�§f

˂ŉǵIϰ´8_ PGC-1α1��Full-length; 797 amino acids	cȎ8"3`UEI!Сɝ̌K��u¬

�§fKμĊĚǖI+(Dv!μĊąǑŠƉE'_ PGC-1α-ϥ΄Hù.cȇ)3F-ȷ],I5



Ŋ � ŉ���¶ŧłň]bZc� 25 
 
`D.>"â*M!�PGC-1αcɮȝ6>�i{L!Ϧ˂Ŭ�i{Fɺξ6D!Сɝ̌��u¬�

§fKϧ-ƠH(3FШ119Щ!�Сɝ̌K PGC-1α cϕĠ˙ʿ8_F��u¬�§fKϧ-ŷģ8

_3F-ȷ],I5`D(_Ш124Щ"5]I!ȍ¹˛ϓĩI\AD PGC-1α -ʐǠĬ­ŷģ8_3

Fv˱5`D(_Ш164, 211Щ"3`]KŰŒI\^!ȍ¹˛ϓĩ­�©®�¬rI\_��u¬�§

fϙǞI+(D!PGC-1α-ϥ΄HǑġcȇAD(_3F-Ø*_"ϓĩHGI\AD PGC-1α-

ʐǠĬ8_F!̡͋ΰ,]ɛĈQ˼͵6!��u¬�§fϰώϜÕƉKμĊŠƉFĳù6D��u

¬�§fϜÕƉKμĊcçϐ8_Ш187Щ"5]I!ʐǠĬ6> PGC-1α Lɛ?1ELH/!��u

¬�§fQv˼͵8_3F-ȷ],I5`D(_Ш187Щ"��u¬�§fI˼͵6> PGC-1a L!

mtDNAIu®�5`D(_ϜÕƉKμĊŠƉE'_ TFAMF̥ŉ­ĳù6!μĊcçϐ8_Ш72, 

199Щ"6>-AD!>F*��u¬�§fK�¬�qΰ-!ɛ DNA +\O mtDNA KµȰIu®

�5`D(>F6Dv!PGC-1αKʐǠĬI\^ð^H/��u¬�§fKϜÕƉKμĊ-çϐ5

`_vKF̀*]`_"�

�

� PGC-1αI\_��u¬�§fϰώϜÕƉKμĊçϐL!PGC-1αK˙ʿϧ?1ELH/!§¬

ϢĬêКZ�¬�qΰKƍƐǠ!̡͋ĈƥŧHGK̾ΓǓKêКI\ADvΠ̑5`_Ш237Щ"3

3EL!PGC-1α K˙ʿϧ­ʐǠΠ̑Iϰb_̡͋ĈǩŰÕϖ̤θE'_ AMPK, p38 MAPK, 

mTORC1IB(DɥΞ8_ШÒ ��� �Ò ��
Щ"�

� �

� AMPKL!��ª°ϧÜШα!β!γw�¤���,]ɦǵЩK�¬�qΰo�®~E'_"AMPK

Kw�¤���IL!΁ȩKfh��k®�-ŊƐ5`D(_Шα1, α2, β1, β2, γ1, γ2, γ3Щ"Сɝ

̌Ł̴ȻL!̡͋ĈIͯ̀6> ADP Z AMP L!AMPK K γ w�¤���I̥ŉ6!AMPK K

̄ÜɦύcźĬ5:_"̪ (D!AMPKK αw�¤���-ІĐ­Thr172-§¬ϢĬШ�ʐǠĬЩ

5`_Ш233Щ"U>!r§u®t¬KάͰϧL!AMPK KΨKĚǖŠƉE'_Ņ͌Ǡ-˱Ś5`D
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(_"<KɜȊFH_ŰŒF6D!�AMPK K β w�¤���IL!r§u®t¬̥ŉϞÙ-Ɗ

ŧ8_3FZШ165Щ!�r§u®t¬­ª®�g¬rL!AICARШAMPKKʐǠĬĞЩZСɝ̌Ł̴

I\_ AMPKKʐǠĬcʝǊ5:_3F-ȏ2]`_Ш48, 227Щ"6>-AD!AMPZ ADPK±ȵ

Zr§u®t¬KÚ²I\ADʐǠĬ8_ʹǚ,]!AMPK LÚj�¨p®ʺǮcǭ˨8_}¬

w®F6DΑυ5`_3F-Ž("AMPKL!PGC-1αc§¬ϢĬШThr177­Ser538Щ5:_3F

EʐǠĬ5:_Ш94Щ"AMPKcͱˀ˛IʐǠĬ5:_F!PGC-1αKʐǠĬZ˙ʿϧŷģcÖAD!

��u¬�§fϧ-ŷģ8_3F-ŰŒ5`D(_Ш59, 203, 210Щ"5]I!σƼEL!ɛĈZ��u

¬�§fĈQ PGC-1α -˼͵8_>XIL!AMPK KʐǠĬ-ǜ΄E'_Ņ͌Ǡv˱Ś5`D(

_Ш199Щ" 

�

� PGC-1αKʐǠZ˙ʿL!̡͋Ĉ{�©{K}¬w®F6DKǑġcvB p38 MAPKI\AD

vĚǖ5`_"p38 MAPKL!đͻçϐŠƉʐǠĬ�¬�qΰo�®~ШMAPKЩIƧ6!̡͋K

đĬ!ʮ˔Ǟ̍HGɧ#H̡͋�ªr¦�cĚǖ8_"p38 MAPKL!4BKfh��k®�-˙

΅5`D(_Шα, β, γ, δЩШ175Щ"p38 MAPKL!ÌKMAPKFŊɧI!ʕωŦźĩ{�©{!ĢƋ

˛{�©{!ϢĬ{�©{K±ȵIǞ̍6D§¬ϢĬШ�ʐǠĬЩ8_3F-˨]`D(_Ш95Щ"

F3aE!Сɝ̌Ł̴IÖ)̡͋Ĉ Ca2+ʬǁK±ȵv PGC-1α KŷģZ��u¬�§fŷģIϰ

´8_3F-˱5`D(_Ш230Щ"6,6!3K Ca2+ͯ̀I\_ PGC-1α KŷģħɖL!̡͋ĈK

Ca2+K}¬w®E'_ CaMK II+\O p38 MAPKKʐǠĬcÊ8_3F-˱5`D(_Ш229Щ"

3`]K˨΅L!̡͋Ĉ Ca2+ʬǁK±ȵL!p38 MAPKcϯȗ˛IʐǠĬ5:_3Fc˱6D(

_"ʐǠĬ6>p38 MAPKL!μĊŠƉE'_ATF2+\OMEF2c§¬ϢĬ6!ʐǠĬ8_Ш238Щ"

ATF2+\OMEF2L!PGC-1αKμĊŠƉF6D!PGC-1αK˙ʿϧcɱIĚǖ8_"F3aE!

�¬�qΰKĲʝɋ- 2-3ȻϯE'_3F,]!PGC-1αLɺξ˛³ƍƐ­˩ƛŕH�¬�qΰE

'_F̀*]`D(_Ш184Щ"6,6!p38 MAPKI\AD PGC-1α-§¬ϢĬШThr262­Ser265­
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Thr298Щ5`_F!PGC-1αK�¬�qΰKƍƐǠ-Ō±8_Ш4, 169Щ"BU^!p38 MAPKL PGC-1α

K˙ʿϧŷģcΛƞ8_FŊȻI!PGC-1αK�¬�qΰKƍƐǠcŌ±5:_3FEv��u¬

�§f˂ŉǵIΩʼ8_F̀*]`_"ƑϽI!Сɝ̌E p38 MAPKcͱˀ˛­ϜÕƉưƋ˛I

³ʐǠĬ6>űŉ!PGC-1αKʐǠ+\O˙ʿϧ-ʝǊ8_3F-˱5`D(_Ш5Щ"�

�

� mTOR L!̡͋Ĉ­żKǩŰÕϖc̨ŉ8_�¬�qΰo�®~E'_"mTOR L!¸I̡͋

ÎΣZ̡͋ŷɵ!̡͋˂ƊIϰ´8_"mTOR Kŋ˻L!вTOR KϳƓͱШRapamycinЩKɩ˛

đƉF6D!̇ ΅5`>3FIˆɒ8_ШMammalian target of rapamycinЩ"6,6σƼEL!mTOR

KŽǏH˂ˀɭ͌K˙΅cŃ1D!Mechanistic target of rapamycinFΑυ5`_3Fv'_"

mTOR L!2 BK΁ŉÜШmTORC1­mTORC2Щcɦǵ8_3F-˨]`D(_Ш113Щ"33EL!

Сɝ̌I+1_˂ˀɭ͌-\^ɡΐ5`D(_ mTORC1IB(DɥΞ8_"mTORC1L!mTOR

cŎXD 5BK�¬�qΰ,]ɦǵ5`_΁ŉÜE'_Ш113Щ"mTORC1KʐǠĬL!�h¬{§

¬ZǵϬŠƉ!ǵϬ�¨¡¬I\^ PI3K/PDK1/AktcÊ6DʐǠĬ5`_̤θШ22, 88Щ!�ǜАf

��ϢKNFBE'_ªhy¬I\^ Sestrin2 cÊ6DʐǠĬ5`_̤θШ228Щ!�ĢƋ˛ΨͫI

\^ ERK1/2cÊ6DʐǠĬ5`_̤θШ141ЩI\^Λƞ5`_"3K\)Hʹǚ,]!mTORC1

L!©z{�¬{ϓĩ­�©®�¬rI\_�¬�qΰŉǵʐǠĬ­Сɝ̌͆žI¶Ǜ˛HǑġc

ɖ>8F̀*]`D(_Ш14, 158Щ"�

� ¯ȰE!σƼEL!mTORC1-��u¬�§fɭ͌­ϧIvǐЌc´*_3F-˱5`D(_"

â*M!mTORC1 cͱˀ˛IϳƓ8_F!��u¬�§fKɭ͌³ĂШ͞ЄÙK˭̭!Ϣ̞ʖήϧ

KÚ²!ATP˃˂͌ĢKÚ²Щ-Λƞ5`_3F-ȷ],I5`D(_Ш193Щ"5]I!mTORC1K

΁ŉÜɦǵ΄̞KNFBE'_ RaptorcСɝ̌Eɮȝ5:_FШ�mTORC1Kɭ͌³ĂЩ!��u

¬�§fϰώϜÕƉK mRNA K˙ʿ©�¨-Ú²8_3F-ŰŒ5`D(_Ш44Щ"¯ȰE!ϜÕ

ƉưƋ˛I mTORC1cʐǠĬ5:_F!PGC-1αK mRNA­�¬�qΰ˙ʿϧ-ŷģ6!��u
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¬�§fKϧ-ŷģ8_Ш44, 109Щ"U>!mTORC1cʐǠĬ5:_ŠƉE'_h¬{§¬cώ̪˛

Iǘˁ5:_3FE!Сɝ̌E PGC-1αKϜÕƉ˙ʿϧ-ŷģ8_3F-ŰŒ5`D(_Ш17Щ"6

>-AD!3`]K˫́L!mTORC1 -��u¬�§fKϧcμĊ©�¨EĚǖ6D(_3Fc

˱8vKE'_"mTORC1 I\_��u¬�§fϜÕƉKμĊĚǖKđƉ m�º�F6D!

mTORC1 L!μĊŠƉ YY-1 +\O PGC-1α Fĳù6D��u¬�§fϰώϜÕƉK˙ʿϧcĚ

ǖ8_3F-˱5`D(_Ш44Щ"�

�

� ±υK\)I!PGC-1α L!Сɝ̌K��u¬�§f˂ŉǵIϥ΄Hù.cȇ)3F,]!

PGC-1αKʐǠZ˙ʿKΠ̑ɭ͌IB(Dɧ#Hɡΐ-ϥJ]`D.>"6,6!PGC-1αcСɝ

̌Eɮȝ5:Dv!ȍ¹˛�©®�¬rI\_Сɝ̌��u¬�§fKŷģ-ƎĂIʖƁ8_b1

ELH(Ш119Щ"6>-AD!ȍ¹˛�©®�¬rI\_��u¬�§f˂ŉǵcɡΐ8_ϽIL!

PGC-1αÐżK̤θIB(DvʌǬcǻ)ǜ΄-'_"�

�
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��u���kƘƇƎªß]ŚŴ����sƀÌā�

� μĊ5`>��u¬�§fϰώϜÕƉL!ɭ͌˛H�¬�qΰIǵʴ6DL7XD˂ˀɭ͌cʽ

Ǖ8_"6,6!��u¬�§fϰώϜÕƉKμĊĚǖϕ˽K˨΅Fɺξ6D!��u¬�§fϰ

ώϜÕƉK̾Γ­�¬�qΰŉǵϕ˽LıđELH(Ш126Щ"Сɝ̌I+1_�¬�qΰŉǵK¶

ɛL±υK mTORC1 E'_"ʐǠĬ6> mTORC1 L!mTORC1 K²ʑđƉE'^̾ΓcĚǖ

8_ 4E-BP1+\O p70S6Kc§¬ϢĬ8_"͓ §¬ϢĬʺǮK 4E-BP1L mRNAF̥ŉ8_3

FE̾ΓcȀĚ6D(_"6,6!mTORC1 I\^§¬ϢĬ5`_F mRNA FK̥ŉ-Ό,`

̾Γ-ϮƆ5`_"¯ȰE p70S6KL!mTORC1I\^§¬ϢĬ5`_F!§��®�̻c§¬

ϢĬШThr308,�ʐǠĬЩ6!̾Γ-çϐ5`_"�

�

� ±υKϋ^!��u¬�§fϰώϜÕƉK̾Γ­�¬�qΰŉǵL!3`UEIıđH˨΅-Ǖ

]`D+]9!ʄƐ˛HĚǖŠƉLŊƐ5`D(H("þ͵˫́EL!��u¬�§f˂ŉǵI+

1_�¬�qΰŉǵϕ˽L!mTORC1-4E-BP1 K§¬ϢĬKĳΠI\ADĚǖ5`_3F-˱Ś

5`D(_Ш145Щ"U>!mTORC1cʐǠĬ5:_ŠƉE'_h¬{§¬cώ̪˛Iǘˁ5:_3

FE!��u¬�§fK�¬�qΰŉǵ-ŷǌ5`_3F-˱5`D(_Ш202Щ"3KŰŒL!�

�u¬�§fK�¬�qΰŉǵImTORC1K̤θ-ϥ΄Hù.cȇ)Ņ͌Ǡc˱Ś8_"̄ ȰE!

mTORC1 KϳƓͱL!ȍ¹˛ϓĩ­�©®�¬rI\_Сɝ̌­̌ĺ̰̫đˈK�¬�qΰŉǵ

cʝǊ5:_-!Сɝ ­̌��u¬�§fđˈK�¬�qΰŉǵL!ʝǊ6H(FKŰŒv'_Ш163Щ"

3`]Kþ͵˫́L!��u¬�§fK�¬�qΰŉǵϕ˽L!˂ˀɑÒI\ADˍH_ m�º

�ШâЮ��u¬�§fϰώϜÕƉK̾Γ­�¬�qΰŉǵI+1_ mTORC1KΩʼǁKźĬЩ-ϰ´8

_Ņ͌Ǡ-'^!ÉǓ\^Θ̡H m�º�KΌȷ-ǒ>`D(_"�

�

�
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ŚŴ�ÌālgT��u���kƘƇ���sƀ]³Ƣ���}�y�t�

� ɛK DNAIu®�5`D(_��u¬�§fϰώ�¬�qΰL!NɎ̆Iyr�¨×���-

Íģ5`!ȃ^>>U`D(H(��u¬�§f�¬�qΰĜПÜF6D̡͋ΰEŉǵ5`_"<

3E!ŉǵ5`>�¬�qΰL!ɱ6/��u¬�§fQπχ5`!ɱ6(̄Üɦύ-ǎǵ5`_

ǜ΄-'_"ŉǵ5`>�¬�qΰĜПÜL!HSP72 HGKđƉy¢×ª¬̥ŉ8_3FE!̡

͋ΰ,]��u¬�§f͞±Iπχ5`_Ш84Щ"HSP I\_πχL!��u¬�§fQ�¬�q

ΰĜПÜ-πχ5`_ĜI!ĎЀ8_3Fcϲ0Ǭ̼-'_F5`_"��u¬�§fż͞K͞ω

ϕɭɦ TOM40΁ŉÜcɦǵ8_ Tom20I\AD�¬�qΰĜПÜKyr�¨×���-ΚΤ­

̥ŉ5`_Ш84Щ"̪(D!đƉy¢×ª¬F�¬�qΰĜПÜK̥ŉ-Ό,`!�¬�qΰ-��

u¬�§f͞ϯ͗Iπχ5`_"��u¬�§fż͞cϋϕ6>�¬�qΰĜПÜL!��u¬�

§fĈ͞K͞ωϕɭɦ TIM22­TIM23΁ŉÜI\ADΚΤ5`!��u¬�§f­��§�q{

Ił^ρU`_"��u¬�§fIπχ5`>�¬�qΰĜПÜKyr�¨×���L!��§�

q{I+(D!ĒȮ5`_"<6D!��u¬�§fIƥŧ8_đƉy¢×ª¬I\AD!�¬�

qΰKУɯɦύ-ǎǵ5`_"ЄɼěʪI\_Сɝ̌Ł̴I\AD!Tom20Z HSPHG�¬�q

ΰK̾ΓǓ�ª}�y¬rIϰb_đƉ-ŷģ6!ƑϽI��u¬�§f�¬�qΰKπχ͌Ģ-

Ō±8_3F-˱5`D(_Ш205Щ"̄ ȰE!ŪС˵̤ĒϷI\_Сɝ̌K³ʐĩL!Tom20!Tim23!

HSPcʝƠ5:!��u¬�§fQK�¬�qΰπχ͌ĢcÚ²5:_3F-ŰŒ5`D(_Ш198Щ"

BU^!�©®�¬rZСɝ̌³ʐĩI\_�¬�qΰπχ͌ĢKϙǞL!��u¬�§fϧKź

ĬFУ(ȪŉǠ-'_"�

�

��u���k»Ű�

� � ��u¬�§fKϧL!��u¬�§f˂ŉǵF��u¬�§fđΌFK�¦¬{EʄƐ5`

_"σƼ!��u¬�§fKđΌɭɦIϰ6D!ťϽƋͶЀÔI+(Dvy¬�zi�-ȩŽ/Ϯ
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ö5`_HG!Сɝ̌˫́́KϰǛ-УUAD(_"��u¬�§fđΌɭɦL!˙Ʀϊ±K˫́

đϦE'^!��u¬�§f˂ŉǵIϰ8_˨΅Fɺξ6DıđHˀΌ-Ǖ]`D(_FL΍(Ђ

("�®��®{ШPubMedЩIάͰ5`D(_Đʷ΢ȫȩI+(Dv��u¬�§f˂ŉǵF�

�u¬�§fđΌLϼ>^-'_ШÒ ��+Щ"�

�

�

�

� 33EL!��u¬�§fđΌɭɦ-ɖ>8˂ˀ˛ǑġF��u¬�§fđΌɭɦKđƉɭƿI

B(DɥΞ8_ШÒ ��, �Ò ��-Щ"U>!ɏ˫́EL!�h��ez®K¶Evɇv̗Ģ˛I˫́

5`D(_ ParkinäƊǠ�h��ez®IB(Dł^Ǽ)"�

�

�����u���ki»Űofÿř�

� � ��u¬�§fKđΌL!³ͧ��u¬�§fKϷĻ+\O̡͋đĬF(A>˂ʸƋ˛ϕ˽I

ϥ΄HǑġcɖ>8"mtDNA źˍKͯ̀!͞ЄÙKÚ²F(A>��u¬�§fKɭ͌³ĂL!

ŽϧKʐǠϢ̞˾ШROSЩK˂ǵʣFH_Ш168Щ"ϕĠI˃˂5`> ROS L!̡͋KϢĬ{�©{

cͯ̀5:!̡͋ɹǠcΛƞ8_Ш167Щ"<3E!ɭ͌³ĂIϸA>��u¬�§fcϛȄ˛IΚ
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fL!l®��ez®K̤θcĘ˄6DđΌ5`_"ƑϽI!Сɝ̌K³ʐĩI\AD��u¬�

§fɭ͌³Ă-Λƞ5`_-!ŊȻI�h��ez®-ʐǠĬ5`_3F-˱5`D+^Ш217Щ!

˂ˀƋ˛ȪŉǠ-'_"�

� F3aE!Сɝ̌KŮЛ̡͋I+(D!ͱˀ˛I�h��ez®cϳƓ6>űŉ!̡̌ͩ͋,]

̡̌̐͋QKđĬ-ȀĚ5`_3F-˱5`D(_Ш100Щ"3`]K̥ɖL!ĵI��u¬�§f

Kŗΰ̐ˀKsH]9!��u¬�§fKđΌɭɦ-˂ʸƋ˛Iϥ΄HǑġcɖ>6D(_Ņ͌Ǡ

c˱Ś8_"�

�

��u���k»Ű]»ßĝîƪ»Űoah��u���k\ĽÈi§MfƋŇ�

� ��u¬�§fcđΌ8_ϕ˽L!�đΌ8R.��u¬�§fcΚΤ8_3F!�l®��e

z®K̤θcĘ˄6DƑϽIđΌ8_3FIžė5`_"�

� ͞ЄÙKÚ²Z!ϕĠHϢĬ{�©{Kͯ̀F(A>ɭ͌³ĂIϸA>��u¬�§fL!¸I

PINK1/Parkin KƈÊI\ADΚΤ5`_Ш91, 218Щ"ñĂH��u¬�§fEL!��u¬�§f

Kż͞Iƥŧ8_ PINK1L!��u¬�§fĈϞIπχ5`!Ɛƹ˛IđΌ5`_"6,6!ɭ

͌³ĂIϸA>��u¬�§fI+(DL!PINK1 K��u¬�§fĈϞQKπχ-ϳƓ5`!

ż͞IˊU_"PINK1L̪(D!��u¬�§fK E3¤�o�¬§n®~E'_ Parkinc̡͋

ΰ,]��u¬�§fż͞Q˼͵5:_"Parkin L!¸I��u¬�§fKż͞�¬�qΰIđ

Όyr�¨E'_�§¤�o�¬Ϫc̥ŉ5:_"̪(D!��u¬�§fK�¬�qΰI̥ŉ6

>�§¤�o�¬Ϫc P62/SQSTM1 -̥ŉ­ΚΤ8_"P62/SQSTM1 Ll®��ez®KđΌ

KűE'_l®��ev�®�K�¬�qΰ LC3 FK̥ŉwh�vɉ6D(_f���®�¬�

qΰE'_"UFX_F!ɭ͌³ĂIϸA>��u¬�§fL!$PINK1/Parkin�¤�o�¬Ĭ

�P62/SQSTM1%K¯ώKŀǞI\ADɱƹEđΌ8_ǜ΄-H(��u¬�§fFįė5`_"�
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��u���k»Ű]»ßĝîƪĽÈisMT��u���ki»ŰofƋŇ�

� đΌɩ˛F6DΚΤ5`>��u¬�§fL!l®��ez®K̤θI\ADđΌ5`_"l®

��ez®L!ɧ#H˂ʸ˾­̡͋͘EèƊ5`D(_¸΄H�¬�qΰđΌ̤θKNFBE'_

Ш142Щ"l®��ez®L!ИНȻKf��Ϣã̧+\O³ͧ�¬�qΰZϬŕ�¬�qΰKϷĻ

IΩʼ8_"ÌK�¬�qΰđΌ̚Fɺξ6D!\^Ž/Kf��ϢcǕ_3F-E._3F-ʹ

ǚE'_"ýɒ!l®��ez®L!¤�o�¬��ª�f�®�̚KƚʳF6D!ЈϛȄ˛H�

¬�qΰđΌɭɦF5`D.>"6,6ʿŧEL!±υK�h��ez®Ш��u¬�§fϛȄ˛Щ

Z!×o��ez®Ш×¨loy�®�ϛȄ˛Юĵ͞K̡͋ƟŞƏЩ!~��ez®Ш̡ͬϛȄ˛Щ!§

��ez®Ш͍͇ʦϛȄ˛ЩHGKϛȄ˛l®��ez®-˙΅5`D(_"l®��ev�®�

FŔM`_Áϥ͞I\AD̡͋ĈK�¬�qΰ-īȌ5`!ɇ̢˛I§��®�F̥ŉ6!§��

®�ĈK�¬�qΰđΌϡ̞I\ADđΌ5`_"l®��ez®L!30 ˾Жcδ*_l®��

ez®ϰώϜÕƉШATGЩI\ADΠ̑5`_Ш142Щ"l®��ez®KΛƞL¸I!�l®��e

z®ǫβϕ˽!�l®��ev�®�ǎǵϕ˽!�l®��ev�®�×Ϭϕ˽IđЖ5`_Ш142Щ"�

�

� �l®��ev�®�ǎǵcĚǖ8_ɇ±ʑL!ULK1E'_"ULK1L!ATG13+\O FIP200

F΁ŉÜcǎǵ8_3FEl®��ez®cɱIĚǖ8_"ULK1 L!AMPK I\AD§¬ϢĬ

ШSer555Щ5`_3FEʐǠĬ8_Ш135Щ"¯ȰE!mTORC1 I\AD§¬ϢĬШSer757Щ5`

_3FE³ʐǠĬ8_Ш35Щ"ʐǠĬ6> ULK1΁ŉÜL!Ɵ͋ÜI̥ŉ6!l®��ev�®�ǎ

ǵcΛƞ8_ǩŰc˙é8_"�

� �l®��ev�®�KǎǵϮƆɶϺL!q¦{ III PI3K΁ŉÜI\ADĚǖ5`_"q¦{

III PI3K΁ŉÜL!Beclin 1+\O!ATG14L!VPS34!VPS15I\ADɦǵ5`_"q¦{ III 

PI3K΁ŉÜKʐǠĬ5`_F!l®��ev�®�K͞ǵđE'_�{�e�z¨h�y�®¨

3§¬ϢШPtdIns3PЩ-˂ǵ5`!l®��ev�®�ǎǵ-ϮƆ5`_Ш142Щ"�
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� �l®��ev�®�K×ϬL!LC3-II+\O ATG5-ATG12-ATG16L΁ŉÜ-Ěǖ8_"LC3

L!ATG8 Kř½Ж�¡ªrE'^!l®��ev�®�̥͞ŉ�¬�qΰE'_"LC3 L!

Pro-LC3F6Dŉǵ5`!ĹǂI CɎ̆ 22ɴů-ĒȮ5` LC3-IFH_"ATG5-ATG12-ATG16L

΁ŉÜI\^!LC3-I K C Ɏ̆I�{�e�z¨j��®¨f�¬ШPEЩ-̥ŉ5`!l®��

ev�®�͞IƥŧĬ8_"H+!l®��ez®ϰώ�¬�qΰK¶EvʹI LC3-II L!l®

��ev�®�Iƥŧ6!l®��ev�®�͞FK̥ŉ-ƍƐE'_3F,]!l®��ev�

®�ϧK�®m®�¬�qΰF6Dƽ/Ę˄5`D(_Ш143Щ"�
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��u���k»Ű\«c��u���kõĀ]ÛÅ�

� ��u¬�§fL!ЈƹIʑĩ˛­ĩ˛H̡͋ƟŞƏE'^!ͳŉ­đͻc̡͋ĈˁŶIǞ7D

źĬ5:_"��u¬�§fKͳŉL!Mfn1/Mfn2Шż͞ͳŉЩ+\O Opa1ШĈ͞ͳŉЩI\AD

Ěǖ5`!��u¬�§fđͻL!Drp1+\O Fis1I\^Ěǖ5`D(_Ш130, 223Щ"��u¬�

§fKŗΰL!�h��ez®F��u¬�§fKǎǮźĬI\^̐ˀ5`_"â*M!Opa1I

\_Ĉ͞ͳŉL!��u¬�§fK͞ЄÙIäƊ8_3F-ȷ],FHAD(_Ш92Щ"͞ЄÙ-Ú

²6>��u¬�§fL!¯Ȼ˛I��u¬�§fͳŉwhq¨,]Ё`!đͻ8_"<KǓ!ɱ

ƹïUE͞ЄÙ-şǗ8`M!ĉOͳŉ6!��u¬�§f���«®qKǎǵIǗƸ8_"¯Ȱ

E!͞ЄÙKşǗI͢]H,A>��u¬�§fL!ĉOͳŉ5`_3FLH/!�h��ez®

I\_đΌKƚΧFH_"��u¬�§fđͻŠƉE'_ Drp1cɮȝ6>̡͋EL!��u¬�

§f-ͳŉ­̬ʺĬ8_3FE�h��ez®Kħʾ-ͮ6/Ú²6!ɏɒE'`MđΌ5`_L

9K��u¬�§f-̡͋ĈIͯ̀8_3F-ŰŒ5`D(_Ш71, 173Щ"BU^!��u¬�§f

cđΌ8_ϽI!ͳŉ6̬ʺĬ6>ʺǮ\^v!��u¬�§f-đͻ6ȮʶĬ6>ʺǮKS)-!

ħʾ˛­ħɖ˛Il®��ev�®�EīW3F-E._FΌϣ5`_"3K\)I!��u¬�

§fKŗΰc̫ȍ8_>XI!��u¬�§fL͡κKǎǮcđͻ5:!đΌIõ*D(_F̀*
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� ʟʵěʪKɲņLń("â*M!ńÎp§yfEL!��q¦�{-ſϹcĘ˄6>ʟʵ˖ʊc

͵A>Αϩ-'_Ш29Щ"U>ńÎª®�EL!ϓĩŞ˒ǧIƚ8_ʆ˖ʊF6D!wi�Z˪ʔ-

˄(]`>]6("Ƕ-ťI+(Dv!ʃǷȻÎIL!ñǄK>XIκÜcʟX_3F-ĥ͵5`

D(>Αϩ-'_"3K\)I!ʆ˖ħɖZñǄŷϐħɖcɋǒ6D!ʟʵěʪLń/,]ƽ/Ę

˄5`D(_"ʿÎ˳ÔI+(Dv!ʟʵěʪL!ȳɏKāʔZ�g¬¦¬�Kwi�ʔF(A>

ȳƹ˂ʐ̽ǱF6DƐ˥6D(_"5]Iİ˖ʿűI+(Dv!ʹIȪǎż˹KđϦEʸˀ˖ʊK

¯˾F6Dȳƹ˛IĘ˄5`D(_"6,6!ʟʵěʪ-˂ÜI´*_ǐЌL!ıđHˀΌI͢A

D(H("33EL!ʟʵěʪ-˂ÜI´*_ǐЌIB(D!��qª˂ˀƋKΊʯ,]!�̡͋­

đƉ˂ˀƋKΊʯ,]3`UEIȷ],I5`D(_˨΅cȪˀ6!ɥΞ8_"�

�

ĥĬ¿ĩ\dfĳıĻƍü�

�s�ĳıá]ůīfe�

� Сɝ̌ZЊƷ!͙ HGKϓĩŞKȝ÷Iƚ8_ʆ˖ʊF6Dʟʵěʪ-ɉħE'_F̀*]`D

(_Ш68, 194, 231Щ"<KɜȊF6D!̉¯Ị̷ʹʑϧKŷž-ȏ2]`D(_Ш195, 232Щ"3`L!

ʹʑϧ±ȵIÖ(!ȝ÷Сɝ̌KĉǇIǜ΄HϢ̞ZɚЛ̞KϓȞ-çϐ5`_FK̀*IůC/

Ш68Щ"U>!Сɝ̌Kʟǁ±ȵIÖ(!Сɝ̌K̖ǠȅȂ-Ú²6!ϰ̑ŅĩŭKȤŝ-ɋǒ5`

_3Fv͠ƾʿűEĘ˄5`D(_ˀˆE'_Ш152Щ"±υKħɖL!ˀƋ˖ʊŹZf{©�g�

q�©®�®KЛǵ�o{�HGIv¯ͦ˛IΑο5`D(_ĈƕE'_"6,6H-]!±υK

ˀ΢-!ʟʵěʪI\_ʆ˖ħɖZñǄŷϐħɖcɏǍIΞȷE._,ō,!ŠɖϰæLȷ],E
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ŐŜ�»ßĳıá]ůīfe�

� �qª˂ˀƋK˨΅Iģ*D!σƼEL!ʟʵěʪI\_̡͋­đƉ©�¨EK˂ˀ˛Ǟ̍­ϙ

ǞIB(Dv˨΅-ͯ̀5`BB'_"33EL!ʟʵěʪ-Сɝ̌I´*_ǐЌIB(D3`U

EǕ]`D(_˨΅cȪˀ6!ɥΞ8_"�

�

Ĭy��s���sƀƦ7IFU�TKQHM�RSQUILPT/�7A!Ƨ�

� ʟʵěʪI\_̡͋Ǟ̍KÎ͹âF6D!ʵy¥�q�¬�qΰШHSPЩK˙ʿϧ±ȵ-̉¯I

ȏ2]`_"HSPL 1962ƼIóʲ˙΅5`>�¬�qΰE'_"y¥iz¥i�jcϋƹKЙ͈

ˁŶK 25 ºC,] 35 ºCQɃІ6>ϽIШǢʟɨKΒƐʟǁKΝ^I\_Щ!śʗ͜ɗͨÜE DNA,

] RNAQKμĊ-ʐǠĬ8_3F-ȷ],FHA>Ш177Щ"3`L!ʵy¥�qI\ADʹˍ˛H

ϜÕƉ˙ʿ-Λƞ5`_3Fc˱6D(_"<KǓ!1974 ƼIʵy¥�qI\AD˙ʿ-Λƞ5

`_�¬�qΰ̻-ŊƐ5`>Ш212Щ"3K\)H˙΅K̤̲,] HSPFŕŋ5`D(_-!ʵ{

�©{?1ELH/!ɧ#H{�©{Ш̠ż̰!Ɨċěʪ!ϥϨƧɃІ!ʕωŦźĩHGЩI\ADv

˙ʿ-Λƞ5`_3F-ǓIȷ],I5`D(_Ш194Щ"3K\)Hʹǚ,]!HSP L!{�©{

�¬�qΰFΑυ5`_3Fv'_"HSP L!đƉϧZƥŧ!˂ˀɭ͌I\AD(/B,K�e

�§®IđЖ5`_"HSPK¶EvʹIСɝ̌EL HSP 72Ш̡͋ΰƥŧЩK˫́-˟dE'_"

<KˀˆF6D!�HSP72 L!̡͋èΦZ�¬�qΰKǢƹǠ̫ȍIʹIΩʼ8_F̀*]`D

(_3F!�ůǀʺǮKСɝ̌EL!HSP72 -SFdG˙ʿ6D(H(-!ϓĩZʟʵěʪI\

ADЕͮI˙ʿ-Λƞ5`_3FE'_"HSP L!đƉy¢×ª¬F6D!̡͋ĈKǢƹǠ̫ȍ

IΩʼ8_F̀*]`D(_"ĆÜ˛IL!ȝ÷6>�¬�qΰKêǗ­đΌZ!̡͋ĈK�¬�

qΰπχHGE'_Ш194Щ"H+!3`]K HSPL!�q�§f,]��I͢_UEèƊ5`D+

^!HSPI\_̡͋ĈKǢƹǠ̫ȍ-˂ʸIFADϥ΄HvKE'_3F-˱Ś5`_"�
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� ±υKϋ^!HSPL!ʟʵěʪcL7X!ɧ#H̡͋{�©{IǞ̍6D˙ʿ-Λƞ5`_Ш194Щ"

3K¯ώK˙ʿΛƞϕ˽L!¯ͦIʵy¥�qǞ̍FΑυ5`_"̡͋{�©{-ŷģ8_F!

HSP KμĊŠƉE'_ HSF1 -ĵϧÜ,]°ϧÜcǎǵ6!̡͋ΰ,]ɛĈQ˼͵8_"HSF1

L!DNA �ª¡®�®БŭKʵy¥�qj© ¬�FŔM`_ϟĔI̥ŉ6!�®t��ϜÕƉ

KμĊcçϐ8_Ш151Щ"ʵy¥�qj© ¬�FL!ʹƐKŵůϟĔШTTC ϟĔK̸^τ6ЩcȎ

6!Ž/K HSPϜÕƉK�ª¡®�®БŭIƊŧ8_"σƼK˫́EL!̡͋{�©{IǞ̍6

DHSF1-HSPϜÕƉKμĊcçϐ8_±ʑK̡͋ĈǩŰÕϖ̤θIB(Dv̗Ģ˛I˫́5`

D.>"â*M!�̡͋Kj�¨p®ʺǮK}¬w®E'_ AMPKK³ʐǠĬШ220ЩZ!��¬�

qΰŉǵK¶ɛF̀*]`D(_ mTORC1KʐǠĬШ39Щ!�̡͋{�©{K}¬w®F6DKǑ

ġcȇ) p38 MAPK KʐǠĬШ16Щ-!HSP72 ϜÕƉKμĊIΩʼ8_3F-˱5`D(_"3

`]K̡͋ĈǩŰÕϖ̤θL!��u¬�§fK˂ŉǵIvϰ´8_3F,]!̡͋K{�©{Ǟ

̍Fj�¨p®ÎΣ­��u¬�§fKϧ˛Ěǖ-ƖȗHϰæI'_3F-˱Ś5`_"�

�

ĥĬ¿ĩ\dfƥĘŋ]üŌ�ƍü�

� 3`UEI!ʟʵěʪ-Сɝ̌I´*_ǐЌL!¸IСɝ̌ȝ÷­ĉǇ!Сɝ̌K�¬�qΰŉ

ǵI´*_ǐЌIB(D¸Iɡΐ5`D.>"�

� ÀĜIШ12-48ȻϯĜЩ'_(L!ȝ÷ǓIʟʵěʪc´*_3FI\AD!Сɝ̌ȝ÷I\_С

ɝ̌ϥϧKÚ²+\OСɝ̰̫̌KɪȮЉ̀KÚ²-ȀĚ5`_3F(79, 107, 213)!5]IĉǇСɝ̌

KʹǚE'_¶ǛɛϹǠKСɝ̰̫̌-ŷģ8_3F-˱5`D(_Ш79Щ"U>!3`]KđƉɭ

ƿF6D!��qª®y{KȀĚIΩʼ8_q©f�¬§¬ϢKŷģШ65Щ!�Сɝ̌Kȯ˂­ǵʴ

Iϰb_�¬�qΰШMyoD, MyogeninЩZ!Сɝ̌ĉǇIΩʼ8_�¬�qΰKϹǠ̡͋ШPax7+, 

MyoD+Щ-ŷģ8_3FШ79, 107, 213Щ!�HSPKŷģI\_̡͋èΦß˄-˱5`D(_Ш213Щ"3`
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]KŰŒI\^!ȝ÷Сɝ̌KĉǇcçϐ8_ȰʊF6Dʟʵěʪ-ɉħE'_F(A>¸ǋ-!

̡͋­đƉ©�¨Eȣȍ5`_"�

� ¯ȰE!ʟʵěʪL!Сɝ̌ϧKΠ̑IvƃU6(ǐЌc´*_3F-˱5`D(_"ȳƹ˛H

ʟʵěʪL!Сɝ̌͆žcΛƞ8_3F-ŰŒ5`D(_Ш159, 216Щ"þ͵˫́EL!©z{�¬{

ϓĩI\_ mTORC1̤θKʐǠĬL!ϓĩ¶KʟʵěʪI\AD¯ƩÄϐ5`_3F-˱5`D

(_Ш98Щ"BU^!3`]K¯ώK˫́L!ʟʵěʪLСɝ̌K�¬�qΰŉǵcçϐ8_3Fc

˱8"U>!ÀĜI'_(LСɝ̌³ʐĩ¶Шp�{ŤƐ!ǓͅǴūЩIʟʵěʪc´*_3FE!

Сɝ̴̌ͭ-ȀĚ5`>3F-ŰŒ5`D(_Ш150, 196Щ"3`]K˫́L!ʟʵěʪL!ǅ˄Ǡ̌

̴ͭKȀĚIvɉħE'_3Fc˱8"¯ȰE!ʟʵěʪI\_Сɝ̴̌ͭȀĚħɖIϰb_đƉ

ɭƿLıđHΌȷI͢AD(H("ǍĕL!ʟʵěʪI\ADŷģ6> HSP72-!�ŉǵ5`>

�¬�qΰK̾ΓǓK�ª}�y¬rϕ˽cȤŝ8_3FZ!�̡͋ĈKǢƹǠ̫ȍIΩʼ8_3

F-! m�º�F6D̀*]`D.>"6,6!HSP72KŷģcÖbH(˽ǁKʟʵěʪEv!

Сɝ̴̌ͭKȀĚħɖ-˂7_3F,]!HSP72 ÐżK̤θvϰ´6>Ņ͌Ǡ-¸ǋ5`D(_

Ш151Щ"6>-AD!Сɝ̌ϧcΠ̑8_ m�º�cΌȷ8_3F-!ʟʵěʪK˫́đϦI+

(DÉǓϥ΄HΟДKNFBIH_F̀*]`_"�

�

ĥĬ¿ĩJo��r�¨ż\¢GföƟ�

� ±υKϋ^!3`UEIʟʵěʪIϰ8_˫́LСɝ̌KĉǇ­͆ž­̴ͭȀĚF(A>Сɝ̌

KǎǮIϰb_̤θIB(D̗Ģ˛Iɡΐ5`D.>"6,6!Сɝ̌cL7XF6>j�¨p®

ÎΣɭɦIB(DL!ıđHˀΌ-Ǖ]`D(H("33EL!3`UEIȷ],FHAD(_˨

΅IB(DɥΞ8_"ʟʵěʪ-j�¨p®ÎΣI´*_ǐЌL!ʟʵěʪI\_̘ÎΣˍƹ˔K

ȤŝF(A>Ίʯ,]ɡΐ5`D.>"ЬŬ̘Ƥ˓ǧ́c 3 ϏϯIb>^ȳƹ˛Iʟʔ5:_F!

h¬{§¬ȅȂǠ-Ȥŝ8_FŰŒ5`D(_Ш85Щ"5]I!У͍͇Зc´*>ƑРĩʸI+(D!
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h¬{§¬ȅȂǠcǫβ8_̡͋ĈǩŰÕϖ̤θШJNK̤θЩ-!ʟʵěʪI\ADɱƹĬ8_3

F-˱5`D(_Ш75Щ"3KʟʵěʪKħɖL!HSP72 KϳƓͱI\ADʖƁ8_3F-˱5`

D+^!ʟʵěʪI\_̘ÎΣˍƹ˔KȤŝħɖL!HSP72 IäƊ8_F̥΢C1]`D(_"

U>!2 Ŭ̘Ƥ˓ǧ́L!Сɝ̌K HSP72 K˙ʿϧ-Ú²6!h¬{§¬ȅȂǠFΨKˢϰϰæ

I'_3Fv˱5`D(_Ш40Щ"3K\)H͊Ⱦ,]!HSP72 ϧKŷģL̘ÎΣˍƹ˔Kʆ˖ɩ

˛FH_3F-ɋǒ5`D(_"ʿŧL HSP72 cɩ˛F6>̘Ƥ˓ʆ˖ͱ�BGP-15	vϮ˙5`!

ʿŧ͠ƾΖР-Ƒȱ5`D(_ШPhase 2CЩШ80Щ"¯ȰE!¦��KȡĐ̌cƚΧI!¯ϕǠKʟʵ

ěʪШHSP72 KŷģcÖbH(Щc´*_3FE!Сɝ̌Kr¨u®{Kł^ρsόǁ-±ȵ8_

3F-˱5`D(_Ш108Щ"3KŰŒL!ʟʵěʪI\_̘ÎΣˍƹ˔KȤŝħɖL HSP72ÐżK

̤θI\ADvΞȷ5`_3FcǬœ8_"3K\)I!̘ÎΣˍƹ˔Iƚ8_ʟʵěʪKʆ˖ħ

ɖL!΁ŉ˛H m�º�I\_F̀*]`_"�

� ¯ȰE!ϢĬ̚j�¨p®ÎΣK¶ɛE'_��u¬�§fIƚ6Dv!ʟʵěʪ-ǐЌc´*

_3F-σƼ˱5`D(_"�i{Сɝ̌ˆɒKŮЛ̡͋Iʟʵěʪc´*_F��u¬�§f˂

ŉǵIΩʼ8_̡͋ĈǩŰÕϖ̤θ AMPK-PGC-1α -ʐǠĬ6!��u¬�§f-ŷģ8_3F

-ŰŒ5`D(_Ш125Щ"6,6!˂ÜI+(Dvʟʵěʪ-��u¬�§fcŷģ5:_,ō,

IB(DL!ȷ],ELH("3Kʯcþ͵˫́KϵˉʯF6DˊǬ8_ǜ΄-'_"�

� �
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Ŋ � ŉ]bZc� � � � � � � � � � � � � � � � � � � � � � � � � � � �

� ̉ 1̅KĜĲEL!��u¬�§fKů˰˛ˀΌZ!��u¬�§fKϧ˛ĚǖɭɦIB(D3

`UEIǕ]`D(_˨΅IB(DȪˀ6ɥΞ6>"��u¬�§fϧcŷģ5:_3FL!f{

§®�Kȍ¹˛ϓĩ͌ĢKŌ±IΩʼ8_"U>!¯ͦÈI+(DvСɝ̌K��u¬�§fϧc

̫ȍ8_3FL!Сɝ̌KñĂǁZĂκKñǄcèȍ8_±Eϥ΄HǑġcɖ>8"��u¬�§

fKϧ˛ĚǖɭɦIϰ6D!��u¬�§f˂ŉǵIϰb_ PGC-1αIB(D3`UEI̗Ģ˛I

˫́5`D.>"6,6H-]!��u¬�§fKđΌIϰ8_˫́L˙Ʀϊ±E'^!3`UE

IıđHˀΌLǕ]`D(H("�

� ̉ 1̅KǓĲEL!ʟʵěʪIϰ8_3`UEIȷ],I5`>˨΅cȪˀ6ɥΞ6>"ʟʵě

ʪL!ȳƹ˂ʐZ͠ƾʿűI+(D!ƽ/˄(]`D(_-!ǜ96v˹Ƌ˛ɜȊLȷ],ELH

("σƼEL!ʟʵěʪ-Сɝ̌I´*_ǐЌ-̡͋­đƉ©�¨Eȷ],I5`BB'_-!j

�¨p®ÎΣɭɦKˀΌLıđELH("́ I!ʟʵěʪI\_��u¬�§fKϙǞIB(DL!

Сɝ̌KŮЛ̡͋cƚΧF6>˫́-Ɗŧ8_KsE'_"<3E!ʟʵěʪI\_˂ÜKСɝ̌

��u¬�§fKϧ˛źĬcȷ],I8_3F-E.`M!ʟʵěʪK\^ʘ(ˀΌIΩʼE._

F̀*]`_"
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ŗű�

­ĥźōĝŝiŃŕlp[bĥĬ¿ĩĊĢƖĺ]ûŬý�

� þ͵˫́EL!ɧ#HȰʊc˄(DƑРĩʸIʟʵěʪ-´*]`D.>"ĆÜ˛IL!�i{

Z¦��KǓͅcʟɽIʕ8ȰʊZ�¦¬±��EīWȰʊ!ɀʵˁŶQɃІ8_ȰʊE'_"þ

͵˫́I+1_ʟʵěʪȰʊKÎ͹âcÐ²K͹I˱8Шũ 	��Щ"�

�

£���� �º�ìùbÍ�>pa9RĞĜĪĎ��I�£ó�

ĭ�� �í¢À� ��� ÉŅĞRTS� ĴŁ�

Locke et al. (128) SD ��� Ćą��� 42 ������~a����o� (35 mg/kg ip) 

Chen et al. (37) SD ��� Ćą��� 42-42.5 v~�� (80 mg/kg ip) and sz�{� (10 mg/kg ip) 

Gupte et al. (75) Wistar ��� Ģąîç_xĦĜ 41-41.5 ������~a����o� (5 mg/100g ip) 

Gupte et al. (76) Fische ��� Ćą̶��v�� 41-41.5 ������~a����o� (5 mg/100g ip) 

Oishi et al. (160) Wistar ��� Ģąîç_xĦĜ 42 r����ĕp��(20%, 500 µl/100 g body wt) 

Joyeux et al. (96) Wistar ��� Ģąîç_xĦĜ 42 ������~a����o�(25 mg/kg ip) 

Frier et al. (60) SD ��� Ćą��� 42 “}���� (2-5% with 1 L O2/min) 

Kojima et al. (107) Wistar ��� Ģąîç_xĦĜ - Íĉvn 

Goto et al. (73) Wistar ��� Ģąîç_xĦĜ 41-42 ęġvn 

Oishi et al. (161) Wistar ��� Ģąîç_xĦĜb¦Ġxbc -42 ������~a����o� (50 mg/kg ip) 

Lee et al. (118) ICR �o” Ģąîç_xĦĜb¦Ġxbc 41 ������~a����o� (50 mg/kg ip) 

�

� ʟʵěʪ¶KХϠď̹L!ƑРĩʸKɱƹHÜʟΠ̑ɭ͌cϳƓ8_3F-þ͵˫́EȎȡ5`

D(_"â*M!ХϠď̹I\AD!ÜʟΠ̑ɭ͌cȇAD(_·ƾ²ϞKʟǁǭŃǠ�£®ª¬

K˙ʭГǁ-Ú²8_3FШ53ЩZ!ХϠď̹͡ÜI\_ÜʟKÚ²-ŜДʯF6DȎȡ5`D(
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_Ш121Щ"5]I!�i{Z¦��Lʂ͜-SFdGƊŧ6H(>X!ɀʵˁŶQɃІ6>ϽIL!

śʗcκÜQȨƵ8_3FEȥʵc͵)3F-˨]`D(_Ш120Щ"6,6!ХϠ²EKʟʵěʪ

ELǍʲH-]!3`]KɀʵˁŶIƚ8_͵ĩL˙ʿ6H("U>!ʟʵěʪL!Interleukin-6

F(A>j�¨p®ÎΣcźĩ5_Ņ͌Ǡ-'_wh�mh¬cđʉ8_3F-ȷ],I5`D

(_-Ш120, 122Щ!3`]Kwh�mh¬L!ХϠď̹͡ÜI\ADvđʉ5`D6U)3FvŜД

ʯE'_"ʟʵěʪ-j�¨p®ÎΣI´*_ǐЌcɡΐ8_3FZ!͠ƾQKɬʞ6˫́F6D

KòЉcϥ΄·6D(_ɏ˫́EL!ХϠď̹cá˄6>ʟʵěʪȰʊLƃU6/H(F̀*]`

_"6>-AD!ХϠď̹cǜ΄F6H(ʟʵěʪȰʊc̀ɞ­Ϯ˙8_ǜ΄-'_"�

� ̉ 2̅EL!ХϠď̹cǜ΄F6H(ʟʵěʪȰʊF6DɀʵˁŶQKɃІI\_ĂκǠKʟʵ

ěʪȰʊcȕ˄6>"ɏ̅EL!ʟʵěʪͼ̹K̀ɞ­Ϯ˙FʟʵěʪȰʊIB(DKƄǍǠKɡ

Δc͵A>"�

�

Ŋ 	ŉ]ĽĻ�

���ĥĬ¿ĩŪŘiśę�Ɩĺm@Þôý]Ěŵiŧc�

� 
��ʟʵěʪͼ̹K̀ɞ­Ϯ˙�

� (��ʟʵěʪȰʊKʟǁĚǖĚǁK˯Κ�

�

	��ČĬĲÙ`]čƝ\dfĥĬ¿ĩĊĢ]ÞôýiĚŵof�

� 
��ʟʵěʪL!˂ÜIıđIÕbAD(_,б�

� (��ʵ¶˔cő5H(,б�

� )���i{Kʐĩϧcŷģ5:H(,б�

� �
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ĚųŹơƨƪĥĬ¿ĩĊĢ]śę�Ɩĺ@Þôý]Ěŵ�

ĥĬ¿ĩŪŘ]śę�ū®�

� ɏ̅ELU9!ʟʵěʪȰʊc̀ɞ6Ϯ˙6>"ʟʵěʪͼ̹ɏÜL!ʁ˄Kfq§¨΀K±®

{KŸЉ+\OǀЉI¦�®�®�®ШMRHSF, Misumi-Vona, Tokyo, JapanЩcł^Í1_3FE

Ěß6>"�®�KɇžĐĢL 540 WE'_"ɏͼ̹KòЉ­ǀЉK�®�cϕʵ8_3FE!

ͼ̹ĈKˁŶʟǁc±ȵ5:_ËɧE'_"ɏ˫́Kʟʵěʪ¡�¨L!�i{KЙ͈±®zc<

KUUͼ̹ĈIā`_3FE!ɀʵˁŶQKɃІI\_ĂκǠKʟʵěʪE'_"�

� ʟǁL!ʟǁĚǖͼ̹ШʟǁĚǖͼ̹ɏÜЮE5EC-CX2ASM-000, Omron, Kyoto, Japan,�whq¨­

u¬�ª®¨­¤���ЮG32A-EA AC100-240, Omron,��«®­�§��­{�®�ЮG3PA-220B-VD 

DC5-24, OmronЩcá˄6!PID ĚǖШ{���Ǟ̍ʊFϵˉǭǁʊḲsŉb:I\^ PID ƐȩcΒ

ƐЯP:14.6 ºC, IЮ701 sec, DЮ119 secЩI\^Ěǖ6D(_"ʟǁ̐ˀL 0.1 ºCĵÙE͵A>"H+!

ɏ˫́E˄(_ʟʵěʪͼ̹EL!ʡǁK̐ˀL͵HAD(H("ʟʵěʪͼ̹K΀ßϕ˽­Ǝǵ

ŗ!Єɼşθţ!ʟǁĚǖͼ̹Kżǎţc˱8ШÒ 	��CÒ 	��Щ"�

� �
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ĥĬ¿ĩŪŘ]ĥð¾ú]ŎðiŶ°�

� ɏɡΐΟДEL!ʟʵěʪͼ̹KƄǍǠcɡΔ8_>XI!ʟʵěʪͼ̹KʟǁĚǖ̗ǁIB(

Dɡΐc͵A>"�

�

ĊĢ�

� ʟǁc 40 ºC IΒƐ6!60 đϯKʟʵěʪͼ̹ĈKʟǁcʠƐ6>"ʠƐ̎ǹL!ʟʵěʪĈ

KƱòШ±®zKϬƢ�Ʊ 1/3Щ­¶ƀШ±®zKϬƢ 1/2Щ­ŇòШ±®zKϬƢ�Ň 1/3ЩF6!ͼ̹ż

KʟǁvŊȻIʠƐ6>"(9`KʠƐ̎ǹv�i{KЙ͈±®zKǀЉ,] 2 cmKУ5EʠƐ

6>"ʟǁ}¬w®L!TC ʵЄƚШE52-CA20AY�D=3.2 4M, OmronЩcá˄6!�®�­ªn®

ШGL200-UM-801, Graphtec, Kanagawa, JapanЩIȗ̪6Αϩ6>"ʟǁKʠƐ+\OΑϩL 0.1 ºC

ĵÙE!w¬�§¬r­©®�L 1 HzF6>"�

�

Œĕ�

� 40 ºC IΒƐ6>ʟʵěʪͼ̹ĈK 60 đϯKƻũʟǁ0ɩʤðƳШɇÚ�ɇУЩL!¶ƀϞЮ

40.3±0.5  (38.9-41.3) ºC!ƱϞЮ39.8±0.6 (38.0-40.8) ºC!ŇϞЮ40.4±0.5 (38.9-41.3) ºCE'A>"

U>!ʟʵěʪͼ̹żKʟǁL!21.7±0.2 ºC (21.5-22.2)E'A>"60đϯKʟǁK̤ȻźĬ+\

Oͼ̹Ĉ¶ƀϞKʟǁđƵKr¦�c˱8ШÒ 	�� �Ò 	�
Щ"�
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bZc�

� ɏɡΐΟДEϮ˙6>ʟʵěʪͼ̹KʟǁĚǖ̗ǁcΕå6>"ʟʵěʪͼ̹ĈKʟǁc 40 ºC

IΒƐ6!ͼ̹ĈKʟǁcͼ̹ĈƱϞ­¶ƀϞ­ƱϞEʠƐ6>F3a!(9`KʠƐ̎ǹI+(

Dv 60đϯST 40 ºCcèB3F-˯ΚE.>"3`]K̥ɖL!ɏ˫́Kʟʵěʪͼ̹KƄǍ

ǠcèΔ8_vKE'_"�

� �
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ĚųŹơƩƪĥĬ¿ĩĊĢ]ÞôýĚŵ�

� ɏ˫́Eȕ˄6>ɀʵˁŶQKɃІI\_ĂκǠKʟʵěʪȰʊKƄǍǠcɡΔ8_>XI!ɏ

ɡΐΟДEL!�ʟʵěʪ-ıđIÕb_,б!�ʵ¶˔cő5H(,б!��i{KʐĩϧIǐ

Ќc´*H(,бIB(Dɡΐc͵A>"�

�

ĚŵƠĽ�

ĥĬ¿ĩJÆ»\ªhffƫ�

� ʟʵěʪIϰ8_þ͵˫́EL!ʟʵěʪIƚ8_˂ˀ˛Ǟ̍-Ǖ]`>,ō,K˂ˀƋ˛Ȏɩ

F6D!ˡ͚ʟKʠƐ-˄(]`D(_"ɀʵˁŶQKɃІI\_ʟʵěʪEL!ˡ͚ʟKęϖˠ

ɩc 40-42 ºCK̒ŢIΒƐ6D(_vK-Ž("�

� ¯ȰE!ʟʵěʪIƚ8_˂ˀ˛Ǟ̍-Ǖ]`>,ō,K˂ĬƋ˛ȎɩF6D!HSP K˙ʿϧ

KΕå-˄(]`D(_Ш151Щ"HSP L!ʮ˔ZÚϢ̞!ʵF(A>̡͋{�©{I\AD˙ʿ-

Λƞ5`!̡͋KèΦZêǗIΩʼ8_F̀*]`D(_Ш193Щ"ʹIđƉϧ- 72kD K HSP L!

ʵ{�©{Ǔ!όZ,IШ&48ȻϯЩ˙ʿϧ-ŷģ8_3F-ȷ],FHAD(_Ш160Щ"6>-A

D!HSP72 K�¬�qΰϧL!ʟʵěʪ-ÕbA>,ō,IB(DKȎɩF6Dɉ˄E'_F̀

*]`_"�

� ɏɡΐΟДEL!ʟʵěʪIƚ8_˂ˀ˛Ǟ̍-Ǖ]`>,ō,cɡΔ8_>XI!þ͵˫́I

ʤ7D!ˡ͚ʟF HSP72K�¬�qΰϧcΕå6>"�

�

Ĭ£ĹiÏl[bfƫ�

� ɏɡΐΟДEL!ʟʵěʪcȳƹ˛I͵)3Fc̀ǲ6D!ɏ˫́KʟʵěʪI\ADʵ¶˔c

ő5H(,бIB(DvɡΔc͵)">?6!þ͵˫́I+(DL!ʵ¶˔KƐ̼Lȷ˯ELH(

>X!ʵ¶˔Kþ͵˫́Iʤ7DɡΔc͵)"ĆÜ˛IL!ʵ¶˔cł^ǼA>þ͵˫́EL!42 
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ºCcδ*_ˡ͚ʟcˠɩF6D!�i{cɀʵˁŶQɃІ6D(_3FZШ120, 122Щ!ˡ͚ʟ- 41

&42 ºCI͢_ɑÒELʹ¶½Ϣʬǁ-Уïc˱83F-˱5`D(_Ш239Щ"�

� ɏ˫́KʟʵěʪI\AD!ʵ¶˔cő5H(,бIB(Dɡΐc͵)>XI!ˡ͚ʟ- 42 ºC

cγ*H(,бʹ¶½Ϣʬǁ-±ȵ6H(,бIB(Dɡΐc͵A>"�

�


��ĥĬ¿ĩ\drX@�n{]ģÄƔJÚÝm[bfƫ�

� ɏ˫́EL!±υKХϠď̹I\_ŜДcϝ1_>XI!ХϠď̹cá˄6H(ʟʵěʪȰʊc

ȕ˄6D(_"ХϠď̹cá˄6H(3FE!$ʟʵěʪ¶I�i{K͡˙ʐĩϧ-ŷģ6D6U

)KELH(,б%F(A>ϥžHǴǟ-˂7_"�i{K͡˙ʐĩϧKŷģШ�ϓĩ­�©®�¬

rЩL!Сɝ̌K��u¬�§fcŷģ5:_ěʪFH_"BU^!ʟʵěʪI\AD��u¬�

§f-ŷģ6>F6Dv!ɏǍIʟʵěʪI\AD��u¬�§f-ŷģ6>K,бϓĩKħɖ-

˙ʿ6>̥ɖ��u¬�§f-ŷģ6>K,бIB(DLįė8_3F-E.H("�

� <3E!ɏɡΐΟДEL!ɏ˫́Eȕ˄6>ʟʵěʪȰʊL!�i{K͡˙ʐĩϧIǐЌ8_,

ō,IB(Dɡΐc͵A>"�

�

� �
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ĊĢ�

äƤÄĭ�

� ɏƑРEL!ϿǠK 8ϏЦ ICR�i{ШCLEA Japan, Tokyo, JapanЩcƑРĩʸF6D˄(>"

�i{cЈʟʵěʪ̻U>Lʟʵěʪ̻IʱßʰIđ1>"ƑР�F6D!ʟʵěʪI\_ˡ͚ʟ

KʠƐ+\Oʹ¶½ϢʬǁKʠƐ!Сɝ̌K HSP72KʠƐc͵A>"ƑР�F6D!ʟʵěʪ-

͡˙ʐĩϧI´*_ǐЌcΕå6>"�i{L!23 ºCKˁŶʟǁEЙ͈6!ЙȬШMF��Oriental Yeast, 

Tokyo, JapanЩ+\OɽL͡ˆȠłF6>"�i{KЙ͈ƒL 12ȻϯKȷɂwhq¨F6!8RD

KƑРL!ɂɋШ�i{KʐĩɋЩI͵A>"�

�

äƤ�xm��

äƤXƪĥĬ¿ĩJľšĥed_Ŧ£¥ƑĪð@ƥĘŋ 7A!+	 ĺİ\¢GföƟ�

� �i{c�ƚʳ Ш̻ƚʳ,�n=6Щ!�ʟʵěʪˡǓ Ш̻0h; n=7Щ!�ʟʵěʪ 1ȻϯǓ Ш̻1h;�n=7Щ!

;ʟʵěʪ 3ȻϯǓ̻Ш3h; n=7Щ!�ʟʵěʪ 6ȻϯǓ̻Ш6h; n=7Щ!=ʟʵěʪ 12ȻϯǓ̻Ш12h; 

n=7ЩIʱßʰIđ1>"ʟʵěʪ̻K�i{L!40 ºCKɀʵˁŶI 30đϯɃІ6>"H+!ɽ

cʔO_͵ĩ-¿õƑРEΊƘ5`>>X!ɃІ¶L!М+\OɽcȠł5:D(H("ƚʳ̻L!

ʟʵěʪˡǓ̻FŊ�h�¬rEʠƐ­Вɠ͓ͤI\^ƍɤɳ5:Сɝ̌cȡĐ6>"ƑР�xh

¬KɥˋcÐ²KţE˱8ШÒ 	�+Щ"�

�

�

  

,���103�
�  
���  �
�

  	 �	 �	 �	 ��	�42
	�
�
�
�����

	�
�
�
�����

����� ����� ����� �����

ÿ ��� �ÉŅĞ1Ģ|ĸįĮ�13�9�� Ieym]æîrĂÅ@RBkI�í�
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äƤ<ƪĥĬ¿ĩJ�n{]ťĺģÄƔ\¢GföƟ�

� �i{cЈʟʵěʪ̻Шn=4ЩU>Lʟʵěʪ̻Шn=4ЩIʱßʰIđЖ6>"ʟʵěʪ̻K�i

{L!40 ºC KɀʵˁŶI 60 đϯШɏ˫́EƑϽIȕ˄6>�ª�u®¨K 2ìЩɃІ6>"Јʟʵ

ěʪ̻K�i{L!ʟʵěʪ˄K�¢¬�®c 23 ºCKϋƹЙ͈ˁŶʟǁIΒƐ6 60đϯɃІ6

>"ƑР�xh¬KɥˋcÐ²KţE˱8ШÒ 	�,Щ"�

�

�

�

�

ĦãĊĢ�

ľšĥ]Ħã�

� TCʵЄƚШE52-CA20AY D=3.2 4M, Omron, JAPANЩcʟǁ}¬w®F6D˄(D!ˡ͚ʟcʠ

Ɛ6>"ʟʵěʪc´*>ˡǓIh��¨¦¬c˄(D!�i{IХϠcȱ6>"ʟǁ}¬w®c

̓ϭ,]̜ 1.5 cmȑā6>"§f¨�h�Eʟǁ˯Κ6!ʟǁ-ƍƐ6>FĖȮ6D,] 10˺ϯ

Kƻũʟǁcˡ͚ʟF6DΑϩ6>"H+!�i{IХϠcȱ6D,]ˡ͚ʟʠƐ̢¾UEKǹ΄

ȻϯL!ɥJ 30˺ÐĈE'_"�

�

�3��04
������  �	�


3��0
�  ����  �	�


  �	�
 �  �	�


�
�,�2�

ÿ ��
 ���Î¢îĂÅIBkI�í�
�
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Ŧ£¥ƑĪð]Ħã�

� ʹ¶½ϢʬǁL!�®��¨ǈKʹ¶½ϢʬǁʠƐŞШLactate Pro, Arkray, JapanЩc˄(D

ƣϞKʹ̐\^ȕʹ6!ʠƐ6>"�

�

7A!+	 ]���sƀƔ]Ħã�

no{������]Tc]w���źū�

� ͖͛̌cđɕƚΧF6>"�ª�f®~+\O�{�e�®~KϳƓĞcŎd? Lysis buffer�

�pH 7.5, 1% Triton X-100, 50 mM Tris HCl, 1 mM EDTA, 1 mM EGTA, 50 mM NaF, 10 mM Sodium 

Beta-glycerol Phosphate, 5 mM Sodium Pyrophosphate, 2 mM DTT, 10 µg/ml Pepstatin A!10 µg/ml 

Aprotinin!10 µg/ml Leupeptin!1 mM Na Orthovanadate!1 mM Phenylmethylsulfonylfluoride	E!

�¡z�hx®c˄(Ḍ̷c̔ˬ6>"<KǓɾ±E 30 đϯh¬o£�®�!1500xG EϘǛ

đЁ6!<K±ʛcw¬�¨ʥʗF6>"w¬�¨ʥʗ¶K�¬�qΰKʬǁc!Bradford ʊc

˄(DʠƐ6!w¬�¨IŎU`_�¬�qΰʬǁ- 1 µg/µl FH_\)I Buffer 2Ш10 mM 

2-amino-2-hydroxymethyl-1, 3-propanediol, 1 mM EDTA, pH 7.4ЩEƶϣ6>"w¬�¨ʥʗ 100 µl

Iƚ6D!16%SDSʥʗc 30 µlģ*!100 ºCE 10đϯģʵ6ij{�¬�ª��˄Kw¬�¨

ʥʗF6>"�

�

no{�������

� ij{�¬�ª��ʊc˄(D!HSP72K�¬�qΰϧcʠƐ6>"���ª�gf¬ШBio Rad, 

USAЩc̣s̄D!<3I 10% SDS-polyacrylamide gelc˄(!w¬�¨ 10 µlcЄɼʍĩI\

AD�¬�qΰcđƉϧ4FIđЁ6>"ɯI!t¨,] PVDF  ¬�©¬ШHybond-P, Ge 

Healthcare Japan, Tokyo, JapanЩI�¬�qΰcμĊ6!BSA/TTBSШ3% BSA, 20 mM Tris Base, 137 

mM NaCl, 0.1 mM HCl, 0.1% Tween 20ЩE 1Ȼϯ�ª�o¬rc͵A>"HSP72K 1ɯȂÜL Enzo 
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Life Science˳΀ШADI-SPA-810-D; 1:3000ЩKvKc˄(!4 ºCE¯ȼh¬o£�®y¥¬6>"

1ɯȂÜŀǞǓ!TTBSШ20 mM Tris Base, 137 mM NaCl, 0.1 mM HCl, 0.1% Tween 20ЩE 10đϯ

23şʏʒ6>"2ɯȂÜL Goat Anti-mouse IgG (H+L)ШAmerican Qualex, CA, USAЩc˄(D 1

Ȼϯh¬o£�®y¥¬6>"2ɯȂÜŀǞǓ!TTBSШ20 mM Tris Base, 137 mM NaCl, 0.1 mM HCl, 

0.1% Tween 20ЩE10đϯ23şʏʒ6>"<KǓ!Pierce ECL�Western Blotting Substrate (Thermo 

Scientific, USA)I\^ĬƋ˙ÿ5:{o¢�®ШChemi Doc, Bio Rad, CA, USAЩEȢǐ6!�¬�

c·ΈĬ6>"�¬�qΰKƐϧL Quantity OneШVer. 4.5.2, Windows, Bio RadЩc˄(>"�

�

ģÄƔ]Ħã�

� �i{K͊¶K¶ƀϞIφη˄K�®o¬rc+3H(!ʟʵěʪͼ̹K±Ȱ,]��lm ¦

ШHDR-SR11, 30 fps, SONY, Tokyo, JapanЩEȢǐ6>"<KǓ!ĩßđɕ���ШKinovea, Ver. 0.8.15, 

WindowsЩc˄(D�i{K͊¶K�®m®K˼ĩζЁc̏Đ6!�i{KʐĩϧF6>"H+!

�i{KʐĩϧL 15đɸI˱6>"�

�

œŲºı�

� 8RDK�®�L!ƻũï0ɩʤΝƳE˱6>"l ͚ʟ!ʹ ¶½ϢʬǁL!ƚǞH6K TɡƐE!

Јʟʵěʪ Ш̻ƚʳ̻ЩFʟʵěʪ̻Eɺξ6>"HSP72K�¬�qΰϧL!Dunnetʊc˄(D!

ƚʳ̻Fɺξ6>"ʐĩϧL!Áýϟ̹đȨđɕШʟʵěʪ2ȻϯЩc͵A>"8RDK̨Ώďˀ

L JMPШVersion 9.0.1, Macintosh, SAS Institutes, NC, USAЩcá˄6>"�

� �
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Œĕ�

ĥĬ¿ĩJÆ»\ªhffƫ�

� ɏ˫́Kʟʵěʪ-ıđI˂ÜIÕbAD(_,ō,cɡΔ8_>XI!ʟʵěʪ-ˡ͚ʟ+\

OСɝ̌K HSP72�¬�qΰϧQ´*_ǐЌcɡΐ6>"�

�

ľšĥƦäƤXƧШÒ 	�-Щ�

� ʟʵěʪ̻Kˡ͚ʟL!Јʟʵěʪ̻Fɺξ6DɉǬIУ(ïc˱6>"�

�

7A!+	 ]���sƀƔƦäƤXƧШÒ 	�-Щ�

� ͖͛̌K HSP72 K�¬�qΰϧL!ƚʳ̻Fɺξ6D!ʟʵěʪ 3!6!12 ȻϯǓ̻EɉǬI

У(ïc˱6>"�

�

ĥĬ¿ĩJĬ£ĹiÏl[bfƫ�

� ɏ˫́KʟʵěʪEʵ¶˔cő5H(,ō,cɡΔ8_>XI!ʟʵěʪ-ʹ¶½ϢʬǁI´*

_ǐЌcɡΐ6>"�

�

Ŧ£¥ƑĪðƦäƤXƧШÒ 	���Щ�

� ʟʵěʪ̻Kʹ¶½ϢʬǁL!Јʟʵěʪ̻Fɺξ6D̨Ώ˛IɉǬHźĬcΚXH,A>"�

�

ĥĬ¿ĩ\drXģÄƔ^ÚÂm[bfƫ�

� ХϠcď̹6H(ʟʵěʪ-�i{K͡˙ʐĩϧI´*_ǐЌcɡΐ6>"�

�

�
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�n{]ťĺģÄƔƦäƤXƧШÒ 	���Щ�

� �i{͊ϞIʚÍ6>�®m®KƻЉ˼ĩζЁc�i{KʐĩϧF6>"ɃІȻϯI\_¸ħɖ

-ΚX]`>"¯ȰE!ʟʵěʪI\_̨Ώ˛IɉǬH¸ħɖLΚX]`H,A>"�

�

�
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śå�

äƤ���u���

� ɏ˫́EL!ͺРƚΧF6D ICR �i{c˄(>"ICR �i{cϛȄ6>ˀˆL!�i{K¶

Evɺξ˛žŬEıđHϧKСɝ̌cȡĐE._3F!ǹƧ˫́ƒĈżKþ͵˫́Eϓĩ­�©®

�¬rI\_��u¬�§fϙǞK�®�-ͯ̀5`D+^!ɧ#Hɺξɡΐ-E._3FE'_"�

� ʟʵěʪL!ɀʵˁŶQKɃІI\_ĂκǠKʟʵěʪcȕ˄6>"ɏ˫́EL!ICR�i{c

ɀʵˁŶQɃІ6> Lee]KȰʊШХϠ²E!40 ºCKɀʵˁŶI 60đϯɃІЩcļ̀I6>Ш118Щ"�

�

ĥĬ¿ĩJÆ»\ªhffƫ�

� ɏ˫́EL!ʟʵěʪIƚ8_˂ˀ˛Ǟ̍-Ǖ]`>,ō,KȎɩF6Dˡ͚ʟ!˂ĬƋ˛Ȏɩ

F6D͖͛̌KHSP72�¬�qΰϧcɡΐ6>"ɀʵˁŶQKɃІI\AD!l ͚ʟ-ƻũE 39.6 

ºCIUE±ȵ6>ШÒ 	�-Щ"þ͵˫́EL!l ͚ʟK±ȵˠɩc 40&42 ºCIΒƐ6D(_vK-

Ž/!ɏ˫́I+(DvŊɽʤIˡ͚ʟ-±ȵ6>FΌϣ5`_"5]I!Сɝ̌F6D͖͛̌I

+1_ HSP72 K�¬�qΰϧcɡΐ6>"͖͛̌K HSP72 �¬�qΰϧL!ʟʵěʪǓЭȻϯ

Ǔ,] 12ȻϯǓIb>AD̨Ώ˛IɉǬHŷģcΚX>ШÒ 	�-Щ"�

� 3`]K̥ɖL!ɏ˫́KʟʵěʪI\AD!˂ÜШʹI!ɏ˫́K¸HđɕƚΧE'_Сɝ̌ЩI

ʟʵěʪ-ıđIÕbAD(_3FcèΔ8_vKE'_"�

 

Ĭ£ĹiÏl[bfƫ�

� ɏƑРEL!ÉǓKƑРI+(Dȳƹ˛I�i{cɀʵˁŶQɃІ8_3Fc̀ǲ6D!�i{

-ʵ¶˔cő5H(,cɡΔ6>"H+!ʵ¶˔KƐ̼Lȷ˯ELH(>X!ʵ¶˔KȎɩL!ɏ

ƑРELʵ¶˔Iϰ8_þ͵˫́Iʤ7ΒƐ6>"ʵ¶˔Iϰ8_þ͵˫́EL!ˡ͚ʟ-ɥJ

42.0 1C Ð±FH_\)Iʟʵěʪc´*D(_Ш120, 122Щ"ɏƑРEL!ɀʵˁŶQKɃІI\A
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D!ɉǬHˡ͚ʟK±ȵcΚX>-!39.4&40.2 ºC K̒ŢI'^!42.0 ºC cγ*_âLH,A

>"U>!ʹ¶½ϢʬǁK±ȵvʵ¶˔KȎɩF6Dþ͵˫́E˄(]`D(_-Ш239Щ!ɏƑР

ELɀʵˁŶQKɃІI\ADʹ¶½Ϣʬǁ-±ȵ8_3FvH,A>ШÒ 	���Щ"3`]K̥ɖ

L!ʟʵěʪI\AD�i{-ʵ¶˔cő5H(3Fc˱8vKE'_"�

�

ĥĬ¿ĩ\drXģÄƔ^ÚÂm[bfƫ�

� ɏ˫́EL!±υKХϠď̹I\_ŜДcϝ1_>XI!ХϠď̹cá˄6H(ʟʵěʪȰʊc

ȕ˄6D(_"ХϠď̹cá˄6H(3FE!$ʟʵěʪ¶I�i{K͡˙ʐĩϧ-ŷģ6D6U

)KELH(,б%F(A>ϥžHǴǟ-˂7_"<3E!ɏ˫́EL!ʟʵěʪ-�i{K͡˙

ʐĩϧI´*_ǐЌcΕå6>"�

� <K̥ɖ!ɃІȻϯK¸ħɖ-ΚX]`!(9`KɑÒEvɃІĜĲKʐĩϧ-ɃІǓĲKʐĩ

ϧ\^vУ(3F-˱5`>ШÒ 	���Щ"3`L!(9`K̻vϋƹKЙ͈±®z,]ɃІ˄K±

®zI�i{c˼ĩ5:>>XI˂7>Ȗ̟͵ĩKǐЌE'_F̀*]`_"¯ȰE!ʟʵěʪK

¸ħɖLΚX]`H,A>ШÒ 	���Щ"3K̥ɖL!ɏ˫́KʟʵěʪI\ADʐĩϧLǐЌcŃ

1H(3FcǬœ8_"H+!ɏɡΐΟДEL!ɀʵˁŶQKɃІȻϯcƑϽK�ª�u®¨KЬ

ìIˢǍ8_ 60đϯUEǆϬ6Dɡΐ6D(_-!ʟʵěʪI\_ʐĩϧQKǐЌL΅Ń1]`

H("6>-AD!ÉǓK˫́I+(D!ʟʵěʪI\_��u¬�§fŷģħɖ-ΚX]`>F

6Dv!͡˙ʐĩϧKŷģШ�ϓĩ­�©®�¬rЩKħɖI\_vKELH(3F-èΔ5`_"�

�

� �



Ŋ 	 ŉ�:�ĥĬ¿ĩ���u��]Ɩĺ� 65 
 

Ŋ 	 ŉ]bZc�

� ʟʵěʪIϰ8_þ͵˫́KŽ/L!ƑРĩʸcХϠ²Eʟʵěʪc´*D(_"¯Ȱ!σƼE

L!ʟʵěʪ¶KХϠď̹LÜʟΠ̑ɭ͌cϳƓ8_FȎȡ-5`D+^!j�¨p®ÎΣIvǐ

Ќc´*_Ņ͌Ǡ-Ȏȡ5`D(_"<3Eɏ˫́EL!ʟʵěʪȰʊF6D!ХϠď̹cǜ΄F

6H(ɀʵˁŶQKɃІcȕ˄6!�ª�u®¨KϮ˙c͵A>"�

� ̉ ( ̅KĜĲEL!�i{cɀʵˁŶQɃІ8_>XKʟʵěʪͼ̹K̀ɞ­Ěßc͵A>"<

6D!ʟʵěʪͼ̹KʟǁĚǖK̗ǁcɡΐ6!ƄǍǠc˯Κ6>"�

� ̪(D̉ 2̅KǓĲEL!ɏ˫́KʟʵěʪȰʊKƄǍǠcɡΔ6>"ɏ˫́KɀʵˁŶQKɃ

ІI\_ʟʵěʪI\AD!�þ͵˫́FŊɧKʟʵěʪIƚ8_˂ˀ˛Ǟ̍­ϙǞ-Ǖ]`>3

F!�ʵ¶˔cő5H(3F!��i{KʐĩϧIǐЌc´*H(3Fc˯ΚE.>"�

� ɏ̅I\^!ɏ˫́E˄(_ʟʵěʪͼ̹+\OɀʵˁŶQKɃІI\_ʟʵěʪȰʊKƄǍǠ

-˱5`>"
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´ � İ�

ĞĜĪĎJ·ï�iwQky^emR
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ŗű� �

� � ̇Ǿ{�®�KУǁĬIÖ(!˹ Ƌ˛ɜȊIůC/ħɖ˛H�©®�¬rȰʊKЅ΄Lȳ#У

UAD(_"<KˀˆL!ħɖ˛­ħʾ˛H�©®�¬rȰʊL!l®�®¤®{I\_÷ƓK¿

ϲZ!�©®�¬rȻϯKĉϟđHG�©®�¬rĂÜKɇϙĬIΩʼ8_Fɋǒ5`_,]E'

_" 

� ɏ˫́EL!̇ǾĢIϰb_΄ŠF6DСɝ̌��u¬�§fKϧI˥ˠ6>"Сɝ̌��u¬

�§fKŷģL!ϓĩȻKj�¨p®ʣF6D!͍ΰKĘ˄ġŉcУX!̘ΰĘ˄c̜̑8_3F

E!ɇž²ϓĩȻI+1_ϓĩȍ̪ȻϯKǆϬIΩʼ8_Ш83Щ"�¦�¬Z͡μλ̇ǾHGKŽ/

Kȍ¹˛̇ǾKƑǮL!ɇž²ϓĩK̩̪E'^!Сɝ̌K��u¬�§fcŷģ5:_Ǭ̼Lž

.("¯ͦI!Сɝ̌��u¬�§fKϧcŷģ5:_>XIL!ϬȻϯ­УϓĩϧK�©®�¬

r-ǜ΄E'_F̀*]`D+^!ħɖ˛­ħʾ˛H�©®�¬rȰʊKϮ˙LУ(Ѕ΄-'_"

σƼEL!УǌǁKϯɮ˛ϓĩc͵)3FE!˩Ȼϯ­ÚϓĩϧE'ADvϬȻϯ­УϓĩϧFŊ

̋H��u¬�§fŷģħɖ-Ǖ]`_3F-ȷ],I5`_HG!̗Ģ˛I˫́5`D(_Ш28, 

67, 211Щ" 

� ɏ˫́EL!ʟʵěʪI\_Êā-!ȍ¹˛�©®�¬rI\_��u¬�§fKŷģħɖcŷ

ǌ5:_Ņ͌ǠI˥ˠ6>" <KƋͶ˛ɜȊL!$�i{Сɝ̌ˆɒKŮЛ̡͋Iʟʵěʪc´*

_F!��u¬�§fϜÕƉKμĊcçϐ8_ AMPK KʐǠĬcÖAD!��u¬�§f-ŷģ

8_3F%-ȷ],I5`D(_3FE'_Ш125Щ"6,6!ŮЛ̡͋EΚX]`>ʟʵěʪI\

_��u¬�§f˂ŉǵKΛƞ-˂ÜKСɝ̌Ev˂7_,ō,Lȷ],ELH("3Kʯcþ͵

˫́KϵˉF6DˊǬ8_ǜ΄-'_" 

�

đłň]ĽĻ�

� ɏ˫́EL!ȍ¹˛�©®�¬rI\_Сɝ̌��u¬�§fKŷģϙǞL!ʟʵěʪI\AD
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ˢģ˛U>Lˢ»˛Iŷǌ5`_,ō,cȷ],I8_3Fcˠ˛F6>"H+!ʟʵěʪc´*

_�h�¬rL!ϓĩǓF6>"<KˀˆL!ϓĩK��k®�¬{͡ÜIǐЌc´*H(>X!

ϓĩǓKÊā-!ϓĩĜZϓĩ¶\^vϙǍH�h�¬rE'_F̀*>,]E'_"ɏ˫́Kˠ

˛cϖǵ8_>XI!Ð²KɡΐΟДcɡΔ8_" 

�

1. ʟʵěʪL!˂ÜI+(Dv!Сɝ̌K��u¬�§fcŷģ5:_,ō,cȷ],I8_" 

 

2. Шʟʵěʪ-˂ÜKСɝ̌��u¬�§fcŷģ5:_KE'`MЩϓĩǓKʟʵěʪL!ȍ¹˛�

©®�¬rI\_��u¬�§fŷģϙǞcˢģ˛'_(Lˢ»˛Iŷǌ5:_,ō,cȷ]

,I8_" 

 

3. Шʟʵěʪ-!˂ÜKСɝ̌��u¬�§fcŷģ5:_KE'`MЩđƉ m�º�KΌȷK>X

I!��u¬�§fŷģIΩʼ8_̡͋ĈǩŰÕϖ̤θK)@!GK̤θ-ʟʵěʪI\AD

ʐǠĬ8_K,cȷ],I8_" 
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ĊĢ�

äƤÄĭ�  

� 6ϏЦKϿǠ ICR�i{ШCLEA JapanЩcͺРƚΧF6>"�i{L!23 ºC!12ȻϯKȷɂw

hq¨KˁŶE!1±®z'>^ 3-4ĮEЙ͈6>Ш±®zwhº 16.5 x 9.5 x 10.0 cmЩ"Й͈ɋϯ¶

L!ϋƹKЙȬШMF, Oriental YeastЩ+\Oɽc͡ˆIȠł5:>"2ȳϯKƑРˁŶQKЏĬǓ!

1 ȳKÓǤȳcΒ1D!3 ϏϯK�©®�¬rɋϯKϮƆF6>"ɏ˫́E͵A>΁ȩKƑРШˡ

͚ʟʠƐK>XK¯ϕǠƑР!��u¬�§fϙǞcΕå8_>XK 3ϏϯK�©®�¬rƑР!ʟʵěʪ

I\_̡͋ĈǩŰÕϖ̤θKǞ̍cΕå8_>XK¯ϕǠƑРЩLĂDʻ̄6>vKE'_"�

�

äƤ�xm��

äƤXƪľšĥ�­ƒĦã]Tc]�ƋýäƤ 

� ¯ϕǠKʟʵěʪ-ˡ͚ʟI´*_ǐЌcΕå8_>XKƑРc͵A>"�i{cƚʳ̻Шƚʳ; 

n=6Щ!ȍ¹˛ϓĩ̻Шϓĩ; n=6Щ!ʟʵěʪ̻Шʟʵ; n=6Щ!ȍ¹˛ϓĩǓIʟʵěʪc´*>̻Шϓ

ĩ+ʟʵ; n=6ЩIđ1>"<`=`ϓĩU>Lʟʵěʪ-̢¾6>ˡǓI!h��¨¦¬EХϠc

͵(ШƞāЮ4%��̫ȍЮ3%��ʑāόǁЮ0.5 ml/minЩ!ˡ͚ʟ+\OÜϥKʠƐ!ƣЇ͎,]ȕʹc

͵A>"5]I!Êā̢¾ 6ȻϯǓIÜϥcĉǁʠƐ6>"H+!ȍ¹˛ϓĩ+\Oʟʵěʪ!ˡ

͚ʟʠƐ!ȕʹKȰʊLǓυ8_"ƑР�xh¬KɥˋcÐ²KţE˱8ШÒ 
��Щ"�

�

�

�2�/0�$3
�	�����
  ������


(&)%
���+�  ������


5*

��

(&

���(&

0 30 390 

#4 �,'�
���������
�	

60 

�!+"
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�!+"�
6�

�!+"�
6�

�!+"�
6��2�/0�$3
�	�����
  ������


(&)%
���+�  ������


#4
6��,'�
��

ÿ ��� ��íŌOÉŅĞ1�¹ĝ�IBkI�Ô¬�í�



Ŋ 
 ŉ�:�ĥĬ¿ĩ^Ą¤Ļ�����t\dfƥĘŋ��u���k]ƍüiÚóoffƫ� 70 
 
äƤ<ƪ��u���kƍüiŶ°ofTc] 
 ƈƗ]�����täƤ� 

� 3ϏϯKȍ¹˛�©®�¬r­ʟʵěʪ-Сɝ̌K��u¬�§fI´*_ǐЌcΕå8_>X

KƑРc͵A>"�i{cƚʳ̻Шƚʳ; n=6Щ!ȍ¹˛�©®�¬r̻Ш�©; n=6Щ!ʟʵěʪ̻Шʟ

ʵ; n=6Щ!ȍ¹˛ϓĩǓIʟʵěʪc´*> Ш̻�©+ʟʵ; n=7ЩIđ1>"�©®�¬rɋϯ¶L!

Ϗ 5 şKГǁEȍ¹˛ϓĩZʟʵěʪI\_Êāc͵A>"ȍ¹˛�©®�¬r�ʟʵěʪ̻K�

i{IL!ȍ¹˛ϓĩ̢¾Ǔ!5˺ÐĈIʟʵěʪcϮƆ6>"ɇ̢K�©®�¬r}�y¥¬̢

¾ 40ȻϯǓKƍЇȻIВɠ͓ͤI\^�i{cƨɷ6!Сɝ̌F6D!ό̰̫̌üÙE'_εǀ

̌+\Oϒ̰̫̌üÙE'_�¦ ̌cȡĐ6>"ƑР�xh¬KɥˋcÐ²KţE˱8ШÒ 
�	Щ"�

�

�

�

�

äƤ=.ĥĬ¿ĩ\dfŐŜ¸þ×ªƌőƂ]üŌiŶ°ofTc]�ƋýäƤ�

� ʟʵěʪ-��u¬�§fŷģIΩʼ8_̡͋ĈǩŰÕϖ̤θI´*_ǐЌcΕå8_>XK

ƑРc͵A>"�i{cƚʳ̻Шƚʳ; n=6Щ!ȍ¹˛ϓĩ̻Шϓĩ; n=7Щ!ʟʵěʪ̻Шʟʵ; n=7Щ!

ȍ¹˛ϓĩǓIʟʵěʪc´*>̻Шϓĩ+ʟʵ; n=7ЩIđ1>"<`=`ϓĩU>Lʟʵěʪ-̢

¾6>ˡǓIВɠ͓ͤI\AD�i{cƨɷ6!Сɝ̌F6Dεǀ̌F�¦ ̌cȡĐ6>"ƑР

�xh¬KɥˋcÐ²KţE˱8ШÒ 
�
Щ"�

��������� 5'�
���

38'�
��/�


+	��
��
���
  
	������
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#!%�
����������
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�

�

�

Ą¤ĻƊÄ������t� 

� ȍ¹˛ϓĩF6D!�i{I�©���¨α͵c͵b:>"όǁL 25 m/minE!ȻϯL 30đ

ϯ!øȭL 0ºE'_"ƑР�KϬɋ˛H�©®�¬rƑРEL!±ΑFŊ̋KɑÒE!Ϗ 5ş!3

ϏϯKÊāc͵A>"�

�

ĥĬ¿ĩ 

� ̉ 2̅EϮ˙6>ʟʵěʪͼ̹c˄(D!40 ºCKɀʵˁŶQ 1ȳ 30đϯɃІ8_ĂκǠKʟ

ʵěʪcɏ˫́ELȕ˄6>"Јʟʵěʪ̻K�i{L!ʟʵěʪ˄K�¢¬�®c 23 ºCKϋƹ

Й͈ˁŶʟǁIΒƐ6 30đϯɃІ6>"H+!ɽcʔO_͵ĩ-¿õƑРEΊƘ5`>>X!Ƀ

І¶L!М+\OɽcȠł5:D(H("ƑР�KϬɋ˛H�©®�¬rƑРEL!±ΑFŊ̋K

ɑÒE!Ϗ 5ş!3ϏϯKÊāc͵A>"�

�

ľšĥ]Ħã 

� TCʵЄƚШE52-CA20AY D=3.2 4M, OmronЩcʟǁ}¬w®F6D˄(D!ˡ͚ʟcʠƐ6>"

ʟʵěʪc´*>ˡǓIh��¨¦¬c˄(D!�i{IХϠcȱ6>ШƞāЮ4%��̫ȍЮ3%��ʑ

āόǁЮ0.5 ml/minЩ"ʟǁ}¬w®c̓ϭ,]̜ 1.5 cmȑā6>"§f¨�h�Eʟǁ˯Κ6!ʟ

��������
���
  
	������
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ǁ-ƍƐ6>FĖȮ6D,] 10˺ϯKƻũʟǁcˡ͚ʟF6DΑϩ6>"H+!�i{IХϠc

ȱ6D,]ˡ͚ʟʠƐ̢¾UEKǹ΄ȻϯL!ɥJ 30˺ÐĈE'_"�

�

ŦĨu��u{���Īð]Ħã 

� ƑР�I+(D!ϓĩU>LʟʵěʪˡǓI!��§¬ďˀʜsK���q§��ɻ̡̐

Ш22-362-566, Thermo Fisher ScientificЩc˄(D!ƣЇ͎,]ȕʹc͵(!ϘǛđЁШ10,000 rpm, 

5minЩc͵)3FE���q§��ǵđFʹʨǵđIđ1>"H+!ɏ˫́Kȍ¹˛ϓĩ+\Oʟ

ʵěʪL!���q§��ïIǐЌc´*H,A>3Fc˯Κ6D(_"ʹʨw¬�¨L!u¨�

u{�ª¬ʬǁKđɕUE-80 ºCEè̐6>"ʹʨKu¨�u{�ª¬ʬǁL!ƴΪK ELISAo

��ШAssaymax Corticosterone ELISA Kit, Assaypro, MO, USAЩc˄(DʠƐ6>" 

�

no{������Ģ\df���sƀ]ĺİƔĦã 

no{������]Tc]w���źū�

� εǀ̌!�¦ ̌cđɕƚΧF6>"�ª�f®~F�{�e�®~KϳƓĞcŎd? Lysis 

buffer (pH 7.5, 1% Triton X-100, 50 mM Tris HCl, 1 mM EDTA, 1 mM EGTA, 50 mM NaF, 10 mM 

Sodium Beta-glycerol Phosphate, 5 mM Sodium Pyrophosphate, 2 mM DTT, 10 µg/ml Pepstatin A!10 

µg/ml Aprotinin!10-15 µg/ml Leupeptin!1 mM Na Orthovanadate!1 mM Phenylmethylsulfonylfluoride)

E!�¡z�hx®c˄(Ḍ̷c̔ˬ6>"<KǓɾ±E 30 đϯh¬o£�®�!1500xG E

ϘǛđЁ6!<K±ʛcw¬�¨ʥʗF6>"w¬�¨ʥʗ¶K�¬�qΰKʬǁc!Bradford

ʊc˄(DʠƐ6!w¬�¨IŎU`_�¬�qΰʬǁ- 1 µg/µl FH_\)I Buffer2Ш10mM 

2-amino-2-hydroxymethyl-1, 3-propanediol, 1mM EDTA, pH 7.4ЩEƶϣ6>"w¬�¨ʥʗ 100 µl

Iƚ6D!16%SDSʥʗc 30 µlģ*!100 ºCE 10đϯģʵ6ij{�¬�ª��˄Kw¬�¨

ʥʗF6>"�
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no{�������

�ij{�¬�ª��ʊc˄(D!�¬�qΰϧcʠƐ6>"���ª�gf¬ШBio RadЩc̣s

̄D!<3I 7.5-12% SDS-polyacrylamide gelc˄(!w¬�¨ 10 µlcЄɼʍĩI\AD�¬

�qΰcđƉϧ4FIđЁ6>"ɯI!t¨,] PVDF ¬�©¬ШHybond-P, Ge Healthcare JapanЩ

I�¬�qΰcμĊ6!BSA/TTBSШ3% BSA, 20 mM Tris Base, 137 mM NaCl, 0.1 mM HCl, 0.1% 

Tween 20ЩE 1Ȼϯ�ª�o¬rc͵A>"<KǓ 4 ºCE 1ɯȂÜc¯ȼh¬o£�®y¥¬6

>"á˄6>ЫɯȂÜL!ũ 
��IΑ8"1ɯȂÜŀǞǓ!TTBSШ20mM Tris Base, 137mM NaCl, 

0.1mM HCl, 0.1% Tween 20ЩE 10đϯ23şʏʒ6>"2ɯȂÜL Goat Anti-mouse IgG (H+L)

ШAmerican QualexЩU>L Goat Anti-rabbit IgG (H+L)ШAmerican QualexЩc˄(D 1Ȼϯh¬

o£�®y¥¬6>"2ɯȂÜŀǞǓ!TTBSШ20mM Tris Base, 137mM NaCl, 0.1mM HCl, 0.1% Tween 

20ЩE 10đϯ23şʏʒ6>"<KǓ!Pierce ECL Western Blotting Substrate (Thermo Scientific)

I\^ĬƋ˙ÿ5:{o¢�®ШChemi Doc, Bio RadЩEȢǐ6!�¬�c·ΈĬ6>"�¬�q

ΰKƐϧL Quantity OneШVer. 4.5.2, Windows, Bio RadЩc˄(D͵A>"�

�

so�ƑÌāƐŏƦ2AƧĎÝģý]Ħã 

w���źū�

 εǀ̌U>L�¦ ̌c!Homogenate Buffer (100 mM KH2PO4, 0.05% BSA, pH 7.3)E�¡z

�hº6Ш10 mg/mlЩ!w¬�¨ʥʗF6>"�

�

2A ĎÝģý]Ħã�

 CSKɇžʐǠL!SrereKȰʊc˄(Dđɕc͵A>Ш200Щ"37ºCIʟX>ΖͱШw¬�¨ʥʗЮ

10 µl!1 mM DTNBЮ15 µl!100 mM Tris-Hcl pH 7.3Ю290 µl!0.3 mM Acetyl CoAЮ20 µlЩco£��

�ĈEʙŉ6>"<KǓ!10 mM OxaloacetateЮ15 µlcģ*D!412 nmKŏÿǁKźĬc 3đ
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ϯʠƐ6>"�

�

œŲºı 

� 8RDK�®�L!ƻũï0ɩʤΝƳE˱6>"ȍ¹˛ϓĩШȍ¹˛�©®�¬rЩ+\Oʟʵ

ěʪKÁýϟ̹đȨđɕc͵A>"ÅÂß˄-ΚX]`>űŉL!Tukey-KramerKŽϥɺξɡƐ

c͵A>"̨Ώ˛HɉǬɽʤL P<0.05 F6!P<0.10 L!øŌF6Dł^ǼA>"8RDK̨Ώ

ďˀL!JMPШVersion 9.0.1, Macintosh, SAS InstituteЩc˄(>"H+!ɏ˫́E˄(>̨ΏΌɕ

̥ɖKΌϣâLÐ²KF+^E'_"�ɏ˫́ELȍ¹˛�©®�¬rFʟʵěʪKµȰK¸ħɖ

-ΚX]`>űŉ�-�ʟʵěʪ-ȍ¹˛�©®�¬rI\_��u¬�§fKϙǞc$ˢģ˛%I

ŷǌ6>"Я�ȍ¹˛�©®�¬rFʟʵěʪKϯIΨKÅÂß˄-ΚX]`>űŉ�-�ȍ¹˛�©

®�¬rFʟʵěʪI\_��u¬�§fKϙǞL!$ˢɷ5`_%Я�ȍ¹˛�©®�¬rFʟʵ

ěʪKϯIɱKÅÂß˄-ΚX]`>űŉ�-�ʟʵěʪ-!ȍ¹˛�©®�¬rI\_��u¬�

§fKϙǞc$ˢ»˛I%ŷǌ6>"�

� �
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Œĕ�

äƤ���]���l��ed_Þôý]Ěŵ�  

� ɏ˫́EL!ƑР¡�¨KƄǍǠcɡΔ8_>XI!�¯ϕǠKȍ¹˛ϓĩǓIʟʵěʪc´*

>ǓKˡ͚ʟ+\OÜϥKźĬ!�Ϭɋ˛Hʟʵěʪ- HSP60+\O HSP72K�¬�qΰϧI

´*_ǐЌcɡΐ6>"U>!ů˰˛H�®�F6D!Ϭɋ˛HʟʵěʪI\_ǎǮźĬШÜϥ­

̷͍͇̣ϥϧ­Сɝ̌ϥϧЩcɡΐ6>" 

 

ľšĥƦäƤXƧШÒ 
��Щ�

� ȍ¹˛ϓĩFʟʵěʪKϯIÅÂß˄-ΚX]`>"ŽϥɺξK̥ɖ!ȍ¹˛ϓĩ̻U>Lĵʻ

Kʟʵěʪ̻Kˡ͚ʟL!ƚʳ̻Fɺξ6DɉǬIУ(ïc˱6>"ȍ¹˛ϓĩǓIʟʵěʪc´

*>̻Kˡ͚ʟL!<KÌK 3̻Fɺξ6DɉǬIУ(ïc˱6>" 

�

ƊÄbT^ĥĬ¿ĩľøbT^ 
 ċƗø]­ƒƦäƤXƧШÒ 
��Щ�

� ȍ¹˛ϓĩU>LʟʵěʪˡǓI+(D!ȍ¹˛ϓĩFʟʵěʪKϯIÅÂß˄!ȍ¹˛ϓĩK

¸ħɖLΚX]`H,A>"¯Ȱ!ϓĩU>LʟʵěʪˡǓI+(D!ʟʵěʪI\_ΨK¸ħɖ

-ΚX]`>" 

� ϓĩU>Lʟʵěʪ 6ȻϯǓI+(DL!ȍ¹˛ϓĩFʟʵěʪKÅÂß˄+\O!ϓĩU>L

ʟʵěʪK¸ħɖLΚX]`H,A>" 

�

7A!
� ed_ 7A!+	 ]���sƀƔƦäƤ<ƧШÒ 
�
Щ�

� εǀ̌+\O�¦ ̌K HSP60F HSP72K�¬�qΰϧI+(D!ȍ¹˛ϓĩFʟʵěʪK

ϯIÅÂß˄LΚX]`H,A>"¯ȰE!εǀ̌+\O�¦ ̌K HSP60F HSP72K�¬�

qΰϧI+(D!ʟʵěʪKɱK¸ħɖ-ΚX]`>" 
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ƕĐĻ[ĥĬ¿ĩ\df�n{]õĀÛÅƦäƤ<ƧШÒ 
�+Щ�

� ÜϥI+(D!ȍ¹˛�©®�¬rFʟʵěʪKϯIÅÂß˄LΚX]`H,A>"¯ȰE!Ü

ϥI+(Dȍ¹˛�©®�¬rKΨK¸ħɖKøŌ!ʟʵěʪI\_ΨK¸ħɖ-ΚX]`>" 

� ̗Ư±Ü̷͍͇̣ϥϧI+(D!ȍ¹˛�©®�¬rFʟʵěʪKϯIÅÂß˄LΚX]`H,

A>"¯ȰE!̗Ư±Ü͍͇ϥϧI+(D!ȍ¹˛�©®�¬r+\OʟʵěʪI\_ΨK¸ħɖ

-ΚX]`>" 

� εǀ̌+\O�¦ ̌KϥϧL!ȍ¹˛�©®�¬r+\OʟʵěʪI\ADУ(ïc˱6>v

KK!̨Ώ˛HɉǬHÅÂß˄Z¸ħɖcΚX_IL͢]H,A>" 

�
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ĥĬ¿ĩ\dfƕĐĻ[ƥĘŋ��u���k]ƍü�  

� 3ϏϯKʟʵěʪI\_Сɝ̌��u¬�§fKϙǞcɡΔ8_>XI!þ͵˫́Iʤ7D��

�u¬�§fϧKȎɩKNFBE'_�u¬�§fŔŏϪ΁ŉÜcɦǵ8_ϡ̞ШNDUFB8, COX 

IV, ATP5AЩK�¬�qΰϧШ184Щ!�Сɝ̌KɇžϢĬ͌ĢKȎɩKNFBE'_��u¬�§f

Kqj¬Ϣŉǵϡ̞ШCSЩKɇžʐǠШ114Щcɡΐ6>" 

 

�3C51, ���sƀƔƦäƤ<ƧШÒ 
�,Щ�

� εǀ̌+\O�¦ ̌K NDUFB8K�¬�qΰϧI+(D!ȍ¹˛�©®�¬rFʟʵěʪK

ϯIÅÂß˄LΚX]`H,A>"¯ȰE!(9`KСɝ̌I+(Dvȍ¹˛�©®�¬rFʟʵ

ěʪKɱK¸ħɖ-ΚX]`>" 

�

2 E�8D ���sƀƔƦäƤ<ƧШÒ 
�,Щ�

� εǀ̌+\O�¦ ̌K COX IVK�¬�qΰϧI+(D!ȍ¹˛�©®�¬rFʟʵěʪKϯ

IÅÂß˄LΚX]`H,A>"εǀ̌I+(D!ȍ¹˛�©®�¬rFʟʵěʪKɱK¸ħɖ-

ΚX]`>"¯ȰE!�¦ ̌I+(DL!ȍ¹˛�©®�¬rKɱK¸ħɖ-ΚX]`!ʟʵě

ʪKɱK¸ħɖKøŌ-'A>"�

 

0B!�0 ���sƀƔƦäƤ<ƧШÒ 
�,Щ�

� εǀ̌+\O�¦ ̌K ATP5AK�¬�qΰϧI+(D!ȍ¹˛�©®�¬rFʟʵěʪKϯ

IÅÂß˄LΚX]`H,A>"¯ȰE!(9`KСɝ̌I+(Dv!ȍ¹˛�©®�¬rFʟʵ

ěʪKɱK¸ħɖ-ΚX]`>" 
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2A ĎÝģýƦäƤ<ƧШÒ 
�-Щ�

� εǀ̌+\O�¦ ̌K CSɇžʐǠI+(D!ȍ¹˛�©®�¬rFʟʵěʪKϯIÅÂß˄

LΚX]`H,A>"¯ȰE!(9`KСɝ̌I+(Dv!ȍ¹˛�©®�¬rFʟʵěʪKɱK

¸ħɖ-ΚX]`>" 
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�Ƌý]ĥĬ¿ĩJ��u���kĳÌāiŷèofŐŜ¸þ×ªƌőƂ\¢GföƟ�  

� ʟʵěʪI\_��u¬�§fϙǞKđƉ m�º�cΌȷ8_>XI!¯ϕǠKʟʵěʪ-!

��u¬�§f˂ŉǵcçϐ8_̡͋ĈǩŰÕϖ̤θШȍ¹˛ϓĩEʐǠĬ8_̤θЮAMPK­p38 

MAPKЩ+\O!<`]cΠ̑8_ŠƉI´*_ǐЌcɡΐ6>" 

 

0;!9ƦäƤ=ƧШÒ 
���Щ�

� ɏ˫́EL!AMPKKʐǠĬʺǮcΕå8_>XI!AMPKK̮˙ʿϧIƚ8_§¬ϢĬШʐ

ǠĬŬЩAMPKKġŉcɡΐ6>"U>!AMPKI\AD§¬ϢĬ5`_²ʑɩ˛E'_ ACCK

§¬ϢĬʺǮcɡΐ6>"ACCK§¬ϢĬʺǮL!AMPKKʐǠFУ(ˢϰϰæI'_3F-˱

5`D(_Ш38Щ"εǀ̌K AMPKK§¬ϢĬʺǮ+\O ACCK§¬ϢĬʺǮI+(D!ȍ¹˛ϓ

ĩFʟʵěʪKÅÂß˄LΚX]`H,A>"̄ ȰE!εǀ̌K AMPKK§¬ϢĬʺǮI+(D!
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� ̪(D!ʟʵěʪ-��u¬�§fϜÕƉKμĊ+\O̾ΓKçϐIϰb_ mTORC1K̤θI

´*_ǐЌcΕå6>"mTORC1KʐǠKȎɩF6D!mTORC1I\AD§¬ϢĬ5`_²ʑɩ

˛ p70S6KШ93, 192Щcɡΐ6>"U>!mTORC1cʐǠĬ5:_±ʑŠƉE'_ AktK§¬ϢĬ

ʺǮШ�ʐǠĬʺǮЩcΕå6>" 
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� εǀ̌EL!HSP72K˙ʿϧF��u¬�§fKϙǞШNDUFB8­COX IV­ATP5AK˙ʿϧ+\

O CSɇžʐǠЩKϯIɉǬHɱKˢϰϰæ-ΚX]`>"6,6!�¦ ̌I+(DL!ɉǬHˢ

ϰϰæcΚXH,A>" 
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� ɏ˫́Eȕ˄6>ȍ¹˛ϓĩ­�©®�¬rL!�©���¨α͵Ш25 m/min, 30 minЩE'_"

¿õ˛ɡΔI+(D!ɏ˫́E˄(> ICR�i{K½ϢßɢǠϱïL!20.8 m/minE'A>"U

>þ͵˫́EL!ICR�i{c 25 m/minEα͵5:>űŉ!90đ˽ǁEːĦšǳI͢_3F-

˱5`D(_(205)"6>-AD!ɏ˫́Eȕ˄6>ȍ¹˛ϓĩ­�©®�¬rШ25 m/min, 30 minЩ
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6>ˀˆL!�ϓĩǓKʟʵěʪI\_��u¬�§fϙǞKçϐħɖc!\^ΊƘE._ÞŨc

ɴ8>X!�{�®�ʿűI+(D!ıđH�©®�¬rcƑȱE.H(űЉEKǞ˄cǪƐ6>

>XE'_" 

� ɏ˫́EL!ȍ¹˛ϓĩˡǓIʟʵěʪc´*_ƑР¡�¨E'_"6>-AD!ϓĩǓIʟʵ

ěʪc´*_3FIB(D¯ƩKƄǍǠKɡΔZ˂ˀǞ̍IB(Dǿț8_ǜ΄-'_F̀*]

`>"ĵʻK¯ϕǠʟʵěʪI\AD!ˡ͚ʟ-̉ 2 ̅FŊɽʤUE±ȵ6>ШÒ 
��Щ"5]I!

ȍ¹˛ϓĩǓIʟʵěʪc´*_3FE!5]H_ˡ͚ʟK±ȵ-ΚX]`>"6,6!±ȵ6>

ˡ͚ʟL!ƻũE 40.5 ºCE'^!̉ 2̅Eʵ¶˔cƐ̼F6> 42.0 1Ccδ*_âvH/!˂ˀ

˛̒ŢĈE'_F̀*]`_"U>!ʟʵěʪI\AD͓ɽF̀*]`_ÜϥʝƠ-ΚX]`>-

ШÒ 
��Щ!̄ ϕ˛HvKE'^!ʟʵěʪǓ 6ȻϯǓIL!ƚʳ̻FŊɽʤIUEşǗ6>ШÒ 
��Щ"

6>-AD!ʟʵěʪcϓĩˡǓI´*>F6Dvʵ¶˔K˓ǮL˱5H(FΌϣ5`_"U>!

ɏ˫́I+(Dv!Сɝ̌Qʟʵěʪ-ÕbAD(_,ō,IB(DK˂ĬƋ˛ȎɩF6D!HSP

K�¬�qΰϧcɡΐ6>"<K̥ɖ!3ϏϯK�©®�¬rɋϯI+1_ȳƹ˛HʟʵěʪI\

ADεǀ̌+\O�¦ ̌I+1_ HSP60Ш��u¬�§fƥŧŬЩF HSP72Ш̡͋ΰƥŧŬЩK˙

ʿϧKŷģ-ΚX]`>ШʟʵěʪKɱK¸ħɖЩШÒ 
�
Щ"BU^!ɏ˫́KʟʵěʪL!ʵ¶˔

K˓Ǯc˱83FLH/!,BıđIСɝ̌Iʟʵěʪ-ÕbAD(_3Fc˱6!ɏ˫́¡�¨
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KƄǍǠ-èΔ5`_" 

 

ĥĬ¿ĩ\dfƥĘŋ��u���k]ƍü 

� ɏ˫́ELU9!ʟʵěʪI\_Сɝ̌��u¬�§fKϙǞF6D!��u¬�§fϧIB(

Dɡΐ6>"þ͵˫́Iʤ7DШ184Щ!��u¬�§fϧKȎɩKNFBF6D��u¬�§fŔ

ŏϪ΁ŉÜcɦǵ8_�¬�qΰШNDUFB8, COX IV, ATP5AЩKϧcΕå6>"<K̥ɖ!ȍ¹˛

�©®�¬r?1ELH/!ʟʵěʪI\_ɱK¸ħɖ-ΚX]`>ШÒ 
�,Щ"3K̥ɖL!ʟʵ

ěʪI\ADСɝ̌��u¬�§fKϧ-ŷģ6>Ņ͌Ǡc˱Ś8_"5]I!ϓĩǓKʟʵěʪ

Fȍ¹˛�©®�¬rKϯIΨKÅÂß˄LΚX]`H,A>ШÒ 
�,Щ"3K̥ɖL!ϓĩǓIʟ

ʵěʪc´*DvµÊāI\_��u¬�§fϧKŷģħɖLˢɷ5`H(3Fc˱8"ɏ˫́E

L!̪(DСɝ̌KɇžϢĬ͌ĢKȎɩKNFBШ114ЩF6D!��u¬�§fKqj¬Ϣŉǵϡ

̞ШCSЩKɇžʐǠcΕå6>"<K̥ɖ!��u¬�§fϧKϙǞFŊɧI!ȍ¹˛�©®�¬

r?1ELH/!ʟʵěʪI\ADv CS ɇžʐǠ-±ȵ8_3FШȍ¹˛�©®�¬r+\Oʟʵ

ěʪI\_ɱK¸ħɖЩШÒ 
�-Щ!ϓĩǓIʟʵěʪc´*DvµÊāI\_ CS ɇžʐǠK±ȵħ

ɖ-ˢɷ5`H(3F-ȷ],FHA>Шȍ¹˛�©®�¬rFʟʵěʪKϯIΨKÅÂß˄LΚX]

`H(ЩШÒ 
�-Щ"3`]K̥ɖL!ʟʵěʪI\AD��u¬�§fϧKŷģZСɝ̌KɇžϢĬ

͌ĢK±ȵF(A>��u¬�§fKϙǞ-Ǖ]`>Ņ͌Ǡc˱8"5]I!ϓĩǓKʟʵěʪL!

ȍ¹˛�©®�¬rI\_��u¬�§fKϙǞ-ˢģ˛Iŷǌ5`_3F-ȷ],FHA>"3

`]K̥ɖL!ɏ˫́KÑΞcȣȍ8_vKE'_" 

� ˂ÜKСɝ̌��u¬�§fKϧ-!ʟʵěʪI\ADŷģ8_3Fc˱6>ŰŒL!ɏ˫́-

ĕXDE'_"F3aE!ʟʵěʪI\_��u¬�§fKϙǞL!ƐǠ˛ILεǀ̌+\O�¦

 ̌Iϗ(LΚX]`H,A>"6,6ʟʵěʪI\_��u¬�§fKϙǞK˽ǁL!�¦ ̌

Fɺξ6Dεǀ̌Ež.,A>"εǀ̌F�¦ ̌L!Сɝ̰̫̣̌ǵШ32, 66ЩZϓĩĵÙKĩŘ
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ɧǈШ127Щ!ʹʑϟđШ115Щ-ˍH_"6>-AD!3`]KǠΰKϗ(-!ʟʵěʪI\_��u

¬�§fKϙǞK˽ǁKϗ(c˂75:>Ņ͌Ǡ-'_"þ͵˫́EL!У͍͇ЗI\ADСɝ̌

K��u¬�§fϧ-ŷģ8_3F-˱5`D(_Ш78Щ"6,6!У͍͇ЗI\_��u¬�§f

ϧKŷģħɖL!ʟʵěʪI\ADʖƁ8_3F-ŰŒ5`D(_Ш>?6!ϋƹЗȠł�i{QK

ʟʵěʪÊāħɖL!ɍɡΐE'_ЩШ75Щ"6>-AD!ʟʵěʪI\_ˢģ˛H��u¬�§fϧK

ŷģħɖLȽϔ˛HvKELH/!˂ÜĈˁŶIУ/äƊ8_Ņ͌Ǡ-˱Ś5`_" 

� ʟʵěʪI\ADŷģ6>��u¬�§f-ɭ͌˛E'_,ō,!U>!ʟʵěʪI\ADŷģ

6>��u¬�§fKǠΰIB(DLɡΐI͢AD+]9!ɏ˫́KϵˉʯKNFBE'_"6>

-AD!�ʟʵěʪI\_��u¬�§fKŷģ-!ƑϽIȍ¹˛��k®�¬{KŌ±ШâЮ�

�u¬�§fŷģIÖ)ȍ¹˛ϓĩ¶Kr§u®t¬Ę˄ġŉKÚ²ЩIΩʼ8_,ō,IB(D!

�ʟʵěʪI\ADŷģ6>��u¬�§fKǠΰIB(DɡΐcϥJ_ǜ΄-'_" 

 

ĥĬ¿ĩJ��u���kÚÂ\žįofŐŜ¸þ×ªƌőƂ\¢GföƟ� �

Ą¤ĻƊÄ\drXģýÅofőƂ\ŀĽmX�

� ɏ˫́EL!ʟʵěʪ-��u¬�§fcŷģ5:>đƉ m�º�KΌȷcˠȎ6D!¯ϕǠ

Kʟʵěʪ-!��u¬�§fKŷģIΩʼ8_̡͋ĈǩŰÕϖ̤θI´*_ǐЌIB(Dȷ],

I8_3Fcˠ˛F6Dɡΐc͵A>" 

� ȍ¹˛ϓĩ¶Kj�¨p®Ѕ΄KŷžZСɝ̌Kr§u®t¬KʝƠI\AD!AMP Z ADP

-̡͋ĈIͯ̀8_Шаj�¨p®ʺǮKÚ²Щ"AMP KŷģIǞ7D!AMPK FŔM`_j�¨

p®ʺǮK}¬w®F6DKǑġcȇ)đƉ-§¬ϢĬШ�ʐǠĬЩ8_Ш233Щ"¯ȰE!Сɝ̌

Ł̴IÖ)ĢƋ˛{�©{ZϢĬ{�©{!ʕωŦKźĩL!̡͋K{�©{cǫβ8_"3K\

)H̡͋{�©{I\AD p38 MAPKFŔM`_̡͋{�©{K}¬w®F6DKǑġcvBđ

Ɖ-§¬ϢĬШ�ʐǠĬЩ8_Ш95Щ"\ADɏ˫́EL!$ȍ¹˛ϓĩI\_ AMPK+\O p38 MAPK
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KʐǠĬc!ʟʵěʪ-ˢģ˛U>Lˢ»˛Içϐ6>KELH(,б%FÑΞcΒƐ6ɡΔc͵

A>" 

� ȍ¹˛ϓĩI\AD!AMPK K§¬ϢĬʺǮШ�AMPK KʐǠĬʺǮЩ+\O AMPK K²ʑɩ

˛đƉE'_ ACCK§¬ϢĬʺǮШAMPKʐǠKȎɩЩ-!εǀ̌+\O�¦ ̌E±ȵU>L±

ȵ8_øŌ-s]`>ШÒ 
���Щ"3`]K̥ɖL!þ͵˫́FŊɧI!ȍ¹˛ϓĩI\AD AMPK

-ʐǠĬ8_øŌI'_FΌϣ5`_"ɏ˫́Kȍ¹˛ϓĩE!AMPK KЕͮHʐǠĬ-ΚX]

`H,A>ˀˆF6D!ϓĩǌǁΒƐ-̀*]`_"þ͵˫́EL!ϓĩI\_ AMPK KʐǠĬ

L!ϓĩǌǁIУ/äƊ8_3F-˱5`D(_Ш50Щ"Сɝ̌KŮЛ̡͋cƚΧF6>þ͵˫́E

L!ʟʵěʪI\_��u¬�§f˂ŉǵL!AMPKKʐǠĬ-ϰ´8_3F-˱5`D(_Ш125Щ"

U>!¦��KȡĐ̌Iʟʵěʪc´*_F AMPK-ʐǠĬ8_3FvŰŒ5`D(_Ш108Щ"<

3Eɏ˫́ELǍĕ!˂ ÜI+(DvʟʵěʪI\_Сɝ̌K��u¬�§fϧKŷģL!AMPK

KʐǠĬ-ϰ´8_E'a)F¿ʠ6D(>"6,6!¿ʠIŀ6DʟʵěʪL!εǀ̌+\O�

¦ ̌K§¬ϢĬ AMPK+\O ACCcÚ²5:_3F-˱5`>ШÒ 
���Щ"3`]K�®�L!

ʟʵěʪL!AMPKc³ʐǠĬ5:>FΌϣ5`_ШÒ 
���Щ"Сɝ̌Iϵ]9!ʟʵěʪ-˂Ü

K AMPK ʐǠI´*_ǐЌcɡΐ6>˫́Lɏ˫́-ĕXDE'_"6>-AD!ɏ˫́EǕ]

`>̥ɖcÌKŰŒFˡȗ˛Iɺξ8_3FLE.H("6,6!��̈́͟-dˆɒKŮЛ̡͋

ШHepG2ЩcƚΧF6>˫́EL!ʟʵěʪ- AMPK c³ʐǠĬ5:_FŰŒ5`D(_Ш220Щ"

ͥœʘ(3FI!<KŰŒEL!ʟʵěʪI\_ AMPK K³ʐǠĬKĺŠL!j�¨p®ʺǮK

źĬELH/!̡͋͞ˆɒK§¬͍ΰ}¦��KŷģE'_F̥΢C1]`D(_Ш220Щ"6>-

AD!ɏ˫́EΚX]`>ʟʵěʪI\_ AMPKK³ʐǠĬL!�in vivoF in vitroKƳˍF(

)\^v!ʟʵěʪɑÒШʟǁ­ȻϯHGЩKƳˍIäƊ8_Ņ͌Ǡ-У(3F!��¨¡¬F(

A>ʗǠŠƉIäƊ6>Ņ͌ǠLÚ(3F!�j�¨p®ʺǮKźĬcŀȺ6D(H(Ņ͌Ǡv'

_3F-˱Ś5`_"ʟʵěʪI\_ AMPK KǞ̍c\^ʘ/ˀΌ8_>XIL!ƺƽ(ʟʵě
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ʪɑÒEKɡΐ-ǜ΄E'a)F̀*]`_" 

 

� ϓĩǓKʟʵěʪL!ϓĩI\_ p38 MAPKK§¬ϢĬʺǮШ�p38 MAPKKʐǠĬʺǮЩK±

ȵcεǀ̌ELˢ»˛I!�¦ ̌ELˢģ˛Iŷǌ5:_3F-ȷ],FHA>ШÒ 
���Щ"3

K̥ɖL!ʟʵěʪL!p38 MAPKcʐǠĬ5:>FΌϣ5`_" 

� F3aE!̡͋ĈK Ca2+ʬǁK±ȵL!CaMK IIcÊ6D p38 MAPKcʐǠĬ5:_3F-

˨]`D(_Ш228Щ"<3E!p38 MAPKKʐǠĬcΛƞ6>±ʑŠƉcɡΐ8_>XI!CaMK II

K§¬ϢĬʺǮШ�ʐǠĬʺǮЩcΕå6>"CaMK IIK§¬ϢĬʺǮL!ȍ¹˛ϓĩ+\Oʟʵ

ěʪI\ADźĬcΚXH,A>ШÒ 
��	Щ"þ͵˫́I\_F!CaMK IILУǌǁϓĩȻIЕͮ

HʐǠĬ-Λƞ5`_3FZШ50Щ!¶ǌǁϓĩE'`MϓĩϮƆ 10 đF(A>ϓĩĕɋIʐǠĬ

8_3F-˨]`D(_Ш179Щ"ɏƑРEȕ˄6>ȍ¹˛ϓĩL!¶˽ǁKǌǁE!ϓĩȻϯL 30

đϯE'A>>X!ɏƑРKȍ¹˛ϓĩ�ª�u®¨EL!CaMK II KʐǠĬ-ıđIΛƞ5`

H(!U>L CaMK II-ʐǠĬ6D(>F6DvʐǠĬcɡĐE.H,A>Ņ͌Ǡ-'_"Ŋɧ

I!ʟʵěʪv CaMK IIK§¬ϢĬʺǮIǐЌc´*H,A>ШÒ 
��	Щ"3K̥ɖL!ϓĩǓ'

_(LĵʻKĂκǠʟʵěʪL!̡͋ĈK Ca2+ĩǮIǐЌ6H(Ņ͌Ǡc˱Ś6!ʟʵěʪI\

_ p38 MAPKKʐǠĬL Ca2+-CaMK IIKÐżK̤θ-ϰ´6>Ņ͌Ǡc˱Ś8_vKE'_" 

 F3aE!p38MAPK L!�¨¡¬Zwh�mh¬HGKʗǠŠƉI\ADvʐǠĬ5`_3F

-˨]`D(_Ш169Щ"ʟʵěʪL!l ȗ˛Ȟʟ±ȵ?1ELH/!ʗǠŠƉKǞ̍cΛƞ8_Ш120Щ"

<3Eɏ˫́EL̪(D!ʟʵěʪI\_ p38 MAPKʐǠĬcΛƞ6>ÌK±ʑŠƉKîͿF6

DʗǠŠƉI˥ˠ6>"ʗǠŠƉK¶Evğ͕˝ΰ�¨¡¬E'_u¨�u{�ª¬L!p38 

MAPK cʐǠĬ5:_3F-˱5`D+^Ш123Щ!ɏ˫́KđɕƚΧF6>"ɏ˫́EL!ʹʨ¶

Ku¨�u{�ª¬ʬǁ-!ϓĩǓKʟʵěʪEˢ»˛I±ȵ8_3F-ȷ],FHA>ШÒ 
��
Щ"

6>-AD!ϓĩǓKʟʵěʪI\_ p38 MAPKKˢ»˛­ˢģ˛HʐǠĬL!ǘˁ¶Ku¨�
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u{�ª¬ʬǁK±ȵ-Ωʼ6>Ņ͌Ǡ-˱Ś5`_"3K˨΅L!ʟʵěʪI\_ p38 MAPK

ʐǠĬ m�º�cÉǓ\^Θ̡IȖ_>XIL!Сɝ̌Ḳ̷©�¨?1ELH/!ʗǠŠƉK

ǐЌHGĂκ©�¨I͢_UEƺƽ/ɡΐ8_ǜ΄Ǡc˱Ś8_vKE'_" 

�

���sƀÌā]£ėAOB #2�B]őƂ\ŀĽmX�

� ɏ˫́EL!��u¬�§fŷģIΩʼ6)_̤θF6D mTORC1Iv˥ˠ6>"mTORC1

L!��u¬�§fŷģcμĊ­̾ΓKµ©�¨EΠ̑8_3F,]Ш44, 146Щ!σƼʌˠcЀXD

(_̤θK¯BE'_"þ͵˫́EL!�ʟʵěʪ-Сɝ̌K�¬�qΰŉǵcУXСɝ̌c͆ž

5:_3FШ159, 216Щ!�mTORC1KʐǠL!AMPK-ΨIĚǖ6D(_3F-˱5`D(_Ш188, 101Щ"

5]I!ɏ˫́I+(D!ʟʵěʪI\_ AMPKK³ʐǠĬ-ΚX]`D(_"3`]K˨΅L!

ʟʵěʪ- mTORC1K̤θcʐǠĬ5:_Ņ͌Ǡc˱Ś8_"<3Eɏ˫́EL̪(D!ʟʵě

ʪI\_��u¬�§fŷģIϰb_ m�º�KΌȷcˠȎ6D!$ʟʵěʪI\AD mTORC1

-ʐǠĬ8_,ō,%IB(Dɡΐ6>"<K̥ɖ!εǀ̌+\O�¦ ̌I+(D mTORC1K

²ʑɩ˛đƉE'^!mTORC1ʐǠKȎɩE'_ p70S6KK§¬ϢĬʺǮ-!ʟʵěʪI\AD

±ȵ8_3F-ȷ],FHA>ШÒ 
���Щ"5]I!ʟʵěʪI\_ mTORC1KʐǠĬɭƿcʘ/

ˀΌ8_>XI!mTORC1cʐǠĬ5:_±ʑđƉE'_ AktIB(Dɡΐc͵A>"<K̥ɖ!

ʟʵěʪI\AD!AktK§¬ϢĬʺǮШSer473F Thr308K§¬ϢĬЩ-ʟʵěʪI\AD±ȵ6

>ШÒ 
���Щ"ʟʵěʪI\_ mTORC1KʐǠĬL!mTORC1ʐǠcɱIĚǖ8_ AktKʐǠĬ

F mTORC1ʐǠcΨIĚǖ8_ AMPKK³ʐǠĬKµȰEΞȷ5`_"ʟʵěʪI\_ AMPK

K³ʐǠĬKʩŧ˛HđƉɭƿL±υKF+^E'_"33EL!ʟʵěʪI\_ AktKʐǠĬ

Iϰb_ʩŧ˛HđƉɭƿIB(D΢℃8_" 

� ̘ÎΣZ�¬�qΰÎΣHGKɧ#H̡͋K�ª}{cĚǖ6D(_ AktL!§¬ϢĬ5`_

3FEʐǠĬ8_"AktL§¬ϢĬKwh�F6D Thr308F Ser473-'_"AktcɇžIʐǠ
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Ĭ5:_>XIL Thr308F Ser473KµȰK§¬ϢĬ-ǜ΄E'_F̀*]`D(_Ш7Щ"h¬{

§¬ZǵϬŠƉ!ǵϬ�¨¡¬L!PI3K/PDK1K̤θcÊ6D!AktK Thr308c§¬ϢĬ8_

3F-˨]`D(_-Ш7, 8Щ!AktK Ser473L!PI3K/mTORC2K̤θI\AD§¬ϢĬ5`_3

F-ȷ],I5`D(_vKKШ191Щ!ıđHˀΌIL͢AD(H("þ͵˫́Ev!ʟʵěʪI

\AD AktKʐǠĬ-Λƞ5`_3F-ȷ],FHAD(_Ш157, 236Щ"6,6!ʟʵěʪ- Akt

cʐǠĬ5:_Θ̡H m�º�Iϰ6DL³ȷHʯ-Ž/ɴ5`D(_" ƑРĩʸcƚΧF6

>þ͵˫́EL!ʟʵěʪI\_ AktK Ser473K§¬ϢĬL!ʟǁäƊ˛Iβ3_3F-ȷ],

I5`D(_Ш236Щ" U>!ŮЛ̡͋cƚΧF6>þ͵˫́EL!̡͋QK{�©{I\ADʐǠ

Ĭ8_ p38 MAPKcͱˀ˛U>LϜÕƉưƋ˛IϳƓ8_F!ʟʵěʪI\_ AktK Ser473K

§¬ϢĬ-ȀĚ5`_3F-ȷ],I5`D(_Ш16Щ"H+!ɏ˫́EL!p38 MAPKK§¬ϢĬ

ʺǮF AktK Ser473K§¬ϢĬʺǮFKϯIУ(ɱKˢϰϰæ-ΚX]`>ШÒ 
��+Щ"3`]

K̥ɖL!Сɝ̌Kʟǁ±ȵIÖ){�©{Kŷž-!p38 MAPKKʐǠĬcÊ6DAktK Ser473

K§¬ϢĬcΛƞ6>Ņ͌Ǡc˱Ś8_"¯Ȱ!ʟʵěʪI\_ AktK Thr308§¬ϢĬ-!ʟǁ

äƊ˛I˂7_,ō,!p38 MAPKKϳƓI\ADȀĚ5`_,ō,Lȷ],ELH("6,6

ɏƑРEL!AktK Thr308K§¬ϢĬʺǮF p38 MAPKK§¬ϢĬʺǮFKϯIvУ(ɱKˢ

ϰϰæ-ΚX]`>ШÒ 
��+Щ"3K̥ɖL!AktK Thr308K§¬ϢĬvСɝ̌Kʟǁ±ȵIÖ)

{�©{KŷžI\ADΛƞ5`>Ņ͌Ǡc˱Ś8_vKE'_">?6!ɏƑРEL!ƑРĩʸ

cƚΧI!ĂκǠKʟʵěʪcȕ˄6D(_>X!ĂκKǘˁcÊ6>ǐЌv̀ǲ6H1`MH]

H("ɏƑРEL!h¬{§¬ZǵϬŠƉ!ǵϬ�¨¡¬Kʬǁcɡΐ6D(H(>X!h¬{§

¬ZǵϬŠƉ!ǵϬ�¨¡¬Kđʉ- PI3K/PDK1cÊ6D AktK Thr308K§¬ϢĬcΛƞ6>

Ņ͌ǠvȔϷE.H("ƑϽI!ƑРĩʸcɀʵˁŶQɃІ8_F!ǵϬ�¨¡¬Kđʉ-ŷģ8

_3FvŰŒ5`D(_Ш42, 56Щ"6>-AD!ʟʵěʪI\AD Akt/mTORC1̤θ-ʐǠĬ6>

\^Θ̡H m�º�cȷ],I8_>XIL!h¬{§¬ZǵϬŠƉ!ǵϬ�¨¡¬KđʉF(
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A>ǘˁcÊ6>ǐЌIvʌǬcǻ)ǜ΄-'_F̀*]`_" 

 

��u���kĳÌā]�{��ƎªßA!62��VB\ŀĽmX�

� ±υKϋ^!ʟʵěʪL p38MAPKF mTORC1K̤θcʐǠĬ5:_3F-ȷ],FHA>"

p38 MAPK+\O mTORC1KʐǠĬL!PGC-13cʐǠĬ5:_3F-˨]`D(_Ш4, 169Щ"6

,6!PGC-13KʐǠĬZ˙ʿϧ±ȵ-!ʟʵěʪI\ADƑϽIΛƞ5`_,ō,L!ɏ˫́E

LɡΐI͢AD+]9!ÉǓɡΐc͵)R.ΟДK¯BE'_"Éş!ʟʵěʪI\_ PGC-13

KϙǞcΕåE.H,A>3FL!Ð²K 2BK͊ȾI\_"�þ͵˫́EL!ϓĩI\_ PGC-1

3KʐǠĬ­˙ʿϧŷģL!ϓĩˡǓELH/!ϓĩ̢¾ȩȻϯǓIΊƘ5`_3F-˱5`D(

_Шϓĩɧǈ­ǌǁ­ȻϯIäƊ8_ЩШ15, 187Щ"�ɏ˫́K¯ϕǠKƑРEL!ʟʵěʪˡǓK��

u¬�§f˂ŉǵIϰ´8_ŠƉKǞ̍cȷ],I8_3Fc¸ˠ˛F6Dɡΐc͵A>"PGC-1

3KʐǠĬcΕå8_>XIL!ϓĩZʟʵěʪǓ,]K̤ȻźĬcɡΐ8_3FEΌʄE._F

̀*]`_"F3aE!ÌK˫́r¨®�K�®�I\_F!ʟʵěʪ 3 ȻϯǓI PGC-13-С

ɝ̌KɛĈQ˼͵Ш�ʐǠĬЩ8_3FZ!��u¬�§fϰώϜÕƉK mRNAϧ-ŷģ8_3F

-ȷ],I5`D(_Ш103Щ"ɏ˫́FƚΧF6>ĩʸ˾ШC57BL/6JЩZʟʵěʪȰʊШ40 ºC Kɀ

ʵˁŶI 60đϯɃІЩLˍH_-!ɏ˫́KʟʵěʪI\ADv PGC-13KʐǠĬZμĊ©�¨E

K��u¬�§fϧKŷģǞ̍-Λƞ5`>Ņ͌ǠLУ(F̀*]`_" 

 

Heat Shock Protein \ŀĽmX�

� ɛK DNAIu®�5`D(_��u¬�§fK�¬�qΰZμĊŠƉL!̡͋ΰE̾Γ5`!

�¬�qΰĜПÜF6Dŉǵ5`_"ĜП�¬�qΰL!HSP60Z HSP72I\AD��u¬�

§fQπχ5`!�¬�qΰK̄Üɦύ-ɦ̓5`_"6>-AD!ʟʵěʪI\_ HSP60Z

HSP72KŷģL!̾ΓǓ©�¨I+(D��u¬�§f˂ŉǵcçϐ6>Ņ͌Ǡ-'_"ʹI!
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��u¬�§fK˂ŉǵI HSP72-ɖ>8Ǒġ-σƼʌˠ5`D(_"ͮ́]KŰŒШ208ЩFŊ

ȻɋI!Сɝ̌ʹˍ˛I HSP72cϕĠ˙ʿ5:_3FI\AD!PGC-13K˙ʿϧKźĬcÖb

9I!��u¬�§fϧ-ŷģ8_3F-ŰŒ5`D(_Ш81Щ"ɏ˫́I+(DL!εǀ̌K HSP72

K˙ʿϧF��u¬�§fKϙǞKϯIУ(ɱKˢϰϰæcΚXD(_ШÒ 
��
Щ"¯ȰE�¦ 

̌I+(DL!3K\)HɱKˢϰϰæcΚX]`H,A>"6>-AD!ɏ˫́I+(Dv!

HSP72-��u¬�§fϧKŷģIΩʼ6>F6Dv!<KΩʼǁLСɝ̌K˾I\ADˍH_

,v6`H("ʟʵěʪ-��u¬�§fcŷģ5:>F̀*]`_ m�º�KɥǟţcÒ
��,

I˱8" 
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Ŋ 
 ŉ]bZc� �

� ̉ 3̅KĜĲEL!ʟʵěʪcǞ˄6>ħɖ˛H�©®�¬rȰʊKŅ͌ǠcɡΔ8_>XI!

ʟʵěʪI\_Сɝ̌��u¬�§fKϙǞcɡΐ6>"<K̥ɖ!ʟʵěʪL!˂ ÜKСɝ Ш̌ε

ǀ ­̌�¦ ̌ЩK��u¬�§fϧKȎɩKNFBE'_��u¬�§fŔŏϪШNDUFB8, COX IV, 

ATP5AЩK�¬�qΰϧcŷģ5:!Сɝ̌KɇžϢĬ͌ĢKȎɩKNFBE'_��u¬�§f

Kϡ̞ʐǠШCSɇžʐǠЩc±ȵ5:_3F-ȷ],FHA>"5]I!ϓĩǓKʟʵěʪL!ȍ

¹˛�©®�¬rI\_Сɝ̌��u¬�§fKϙǞcˢģ˛Iŷǌ8_3F-ȷ],FHA>" 

� ̉ 3̅KǓĲEL!ʟʵěʪ-��u¬�§fKϙǞcΛƞ6>đƉ m�º�KΌȷcˠȎ6

D!¯ϕǠKʟʵěʪШĵʻ­ϓĩǓЩ-!��u¬�§fŷģIϰb_̡͋ĈǩŰÕϖ̤θI´

*_ǐЌcɡΐ6>"<K̥ɖ!���u¬�§fϜÕƉKμĊcçϐ8_ p38 MAPKKʐǠĬ

Шp38 MAPKK§¬ϢĬʺǮK±ȵЩ!���u¬�§fϜÕƉKμĊ­̾Γcçϐ8_ mTORC1

KʐǠĬШp70S6KK§¬ϢĬʺǮK±ȵЩ-ΚX]`>" 
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ŗű� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  

� Сɝ̌ϧZɭ͌L!˵̤ȣϟI\ADè>`D(_"6,6!͏Тȝ÷F(A>ż÷ǠK˵̤ȝ

÷Z!̘Ƥ˓Ǡ˵̤ϾƓ!̴̌ͭǠò̟ˮĬ˔HGKϓĩ˵̤K˒ǧL!Сɝ̌K͓˵̤ȣϟcǉ

.β38"Сɝ̌K͓˵̤ȣϟL!Сɝ̴̌ͭŽĢÚ²Zˑ˕!5]IL!СÎΣˍƹKĺŠF

H_Ш24Щ"Сɝ̌L!ϓĩŞF6D?1ELH/!ÎΣ­ĈđʉŞƏF6DĂκKñǄIʘ/ϰ´

8_3F-˨]`D+^Ш51Щ!͓˵̤ȣϟIÖ)Сɝ̴̌ͭZɭ͌³Ăcϲ03FL!˵̤ȝ÷ǧ

́K˂ʐKΰc̫ȍ8_±Eɉ˄E'_"6,6!͓˵̤ȣϟI\_Сɝ̴̌ͭQKħɖ˛Hʆ˖

ʊL!ɍ?˯̄6D(H(Ш209Щ"˓ˀ­˓ǮKΌȷZʆ˖ʊKϮ˙cˠȎ6D!ĩʸƑРc¶Ǜ

I͓˵̤ȣϟI\_Сɝ̌ɭ͌³ĂIϰb_đƉ­̡͋ɭƿKˀΌIł^̣U`D.>"�  

� ͓˵̤ȣϟL!Сɝ̴̌ͭ?1ELH/!��u¬�§fɹǠШâЮ��u¬�§fI\_ϕĠH

ʐǠϢ̞˾K˂ǵ!��u¬�§fϧKʝƠ!ϢĬ͌ĢKÚ²!̡ ͋Ĉ Ca2+ʬǁKˍƹЩvΛƞ8_Ш62, 129, 

156, 225Щ"σƼEL!��u¬�§fKɹǠL!Сɝ̴̌ͭIÎ͹5`_Сɝ̌Kɭ͌³ĂKĺŠF

H_3F-ȷ],I5`BB'_"<KɜȊF6D!�Сɝ̌K³ʐĩI\ADСɝ̴̌ͭ-Λƞ

5`_\^vĜI!��u¬�§f-ʝƠ6ɇžϢĬ͌Ģ-Ú²8_3FШ138Щ!���u¬�§

fcɩ˛F6>ȂϢĬĞc´*_3FE!Сɝ̴̌ͭ-ȀĚ5`_3FШ139Щ!���u¬�§f

đΌcĚǖ8_�¬�qΰШParkin Z Mul1ЩcСɝ̌Eɮȝ5:_3FE!ŪС˵̤ĒϷI\_

��u¬�§fʝƠ+\OСɝ̴̌ͭ-ȀĚ5`_3FШ62Щ!;��u¬�§f˂ŉǵK�{�®

ϜÕƉE'_ PGC-1αcСɝ̌EϕĠ˙ʿ5:_3FE!ǓͅǴūZŪС˵̤ĒϷI\_Сɝ̌ͭ

̴-ȀĚ5`_3F-ȏ2]`_Ш31, 189Щ"±υK��u¬�§fɹǠI\^Сɝ̴̌ͭIϰb_

μĊŠƉ̻ШFoxOsZ Nrf1Щ-ʐǠĬ­ŷģ8_3FZ!Сɝ̴̌ͭIϰb_�¬�qΰK˙ʿ-

çϐ5`_"3`]K˫́L!͓˵̤ȣϟI\_Сɝ̴̌ͭIƚ6D��u¬�§fϧcèȍ8_

3F-ȯ>Hʆ˖ȰʊFH_Ņ͌Ǡcǌ/˱Ś8_vKE'_" 

� ̉ 3̅EL!ʟʵěʪ-!Сɝ̌��u¬�§fϜÕƉKμĊcçϐ8_̡͋ĈǩŰÕϖ̤θc
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ʐǠĬ5:!ƑϽI��u¬�§fϧ-ŷģ8_3Fcȷ],I6>"5]I!Naito ]L!$Ǔ

ͅǴū%I\ADΛƞ5`>Сɝ̴̌ͭL!ʟʵěʪI\ADνʝ8_3Fcȷ],I6D(_

Ш150Щ"3`]K˫́L!ʟʵěʪ-!͓˵̤ȣϟI\_Сɝ̌��u¬�§fʝƠ+\OСɝ̌

̴ͭcȀĚ8_Ņ͌Ǡc˱Ś8_vKE'_" 

� ±υK\)I!͓ ˵̤ȣϟI\_Сɝ̌��u¬�§fʝƠ+\OСɝ̴̌ͭcȀĚ8_ǺɶF

6DʟʵěʪLɉĢHîͿE'_">?6!3`UEIЬBKϥ΄HŜД-ɍΌʄE'^!ÑΞK

ŭc͓6H("̉¯KŜДL!ʟʵěʪ-!ɏǍI$͓˵̤ȣϟ%I\_��u¬�§fʝƠ+\

OСɝ̴̌ͭvȀĚ8_,ō,L³ȷE'_3FE'_"<K͊ȾF6D!�͓˵̤ȣϟI\_С

ɝ̴̌ͭL!ǓͅǴūHGKÌKСɝ̴̌ͭ¡�¨Fɺξ6D!ʻʹH̡͋Ǟ̍c˱83FZШ87, 

209Щ!�p�{ŤƐEΛƞ5`>Сɝ̴̌ͭcȀĚ8_ͱĞ-!͓˵̤ȣϟI\_Сɝ̴̌ͭIL

ʆ˖ħɖc˱5H(3F-ȏ2]`_Ш132Щ"̉ÁKŜДL!͓˵̤ȣϟcŎX!³ʐĩʺǮKС

ɝ̌��u¬�§fIʟʵěʪ-´*_ǐЌL!3`UEI¯Ēɡΐ5`>â-H(3FE'_" 

 

đłň]ĽĻ�

 ɏ˫́EL!ʟʵěʪcĘ˄6>ħɖ˛H§��§�®y¥¬ȰʊKϮ˙cˠȎ6D!Ð²Kɡ

ΐΟДcΒƐ6!ɡΔc͵A>"H+!ɏ˫́EL!ƑР˛IСɝ̌K͓˵̤ȣϟcΛƞ8_Ȱʊ

F6D!ŪС˵̤cĒϷ8_Ȱʊcȕ˄6>"ɏ˫́ELÐϴ!ŖȫΙE¯ͦ˛IΑυ5`D(_

$Ϸ˵̤%F͹Α8_" 

 

1. ʟʵěʪL!Ϸ˵̤I\_Сɝ̴̌ͭcȀĚ8_,ō,cȷ],I8_" 

2. ʟʵěʪL!Ϸ˵̤I\_Сɝ̌��u¬�§fKʝƠcȀĚ8_,ō,cȷ],I8_" 
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3. Шʟʵěʪ-!͓ ˵̤ȣϟI\_Сɝ̌��u¬�§fKʝƠcȀĚ8_KE'`MЩđƉ m�º�

KΌȷK>XI!��u¬�§fKϧ˛ĚǖIϰb_��u¬�§f˂ŉǵɭɦ+\O��u

¬�§fđΌɭɦI!ʟʵěʪ-´*_ǐЌcȷ],I8_"�  



Ŋ � ŉ�:�ƚņő\dfƥĘŋ��u���k]ĤêiĥĬ¿ĩJĂ¾offƫ� 111 
 

ĊĢ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

äƤÄĭ�

� 8ϏЦKϿǠ ICR�i{ШCLEA JapanЩcͺРƚΧF6>"�i{L 23 ºC!12ȻϯKȷɂw

hq¨KˁŶE!ëėIЙ͈6>Ш±®zwhºЮ16.5 cm29.5 cm210.0 cmЩ"Й͈ɋϯ¶L!ϋƹ

KЙȬ+\Oɽc͡ˆIȠł5:>"�i{cЈʟʵěʪ̻U>Lʟʵěʪ̻IʱßʰIđ1>"

ĂDK�i{Iʶ͐KŪС˵̤ĒϷǺͶcȱ6>ШǓυЩ"ɏ˫́E͵A>΁ȩKƑРLĂDʻ̄

6>vKE'_ШǓυЩ"ɏ˫́EL!͖ ͛̌c¶ǛI˂ĬƋđɕc͵A>Шεǀ̌+\O�¦ ̌L!

Сɝ̌ϥϧʠƐF CS ɇžʐǠKʠƐKsЩ"<KˀˆL!˂ĬƋđɕШij{�¬�ª��ƑР­��

u¬�§fĵЁƑРЩEŽ/KСɝ̌ϥϧ-ǜ΄E'_,]E'_"�

�

äƤ�xm��

äƤXƪƚņőed_ĥĬ¿ĩ\df��u���ked_ƥĘŋƒƔ]ƍüiĚų�

� Ϸ˵̤+\Oȳƹ˛HʟʵěʪI\_��u¬�§fϧ+\OСɝ̌ϥϧI´*_ǐЌcɡΐ

8_>XKƑРc͵A>"�i{cЈʟʵěʪ̻U>Lʟʵěʪ̻IʱßʰIđ1>"ĂDK�i

{Iʶ͐KŪС˵̤ĒϷǺͶcȱ6>"Ϸ˵̤ǺͶ 3ȳǓ,] 9ȳǓШΏ 7şЩI,1Dʟʵěʪ

I\_Êāc͵A>"Ϸ˵̤ǺͶ 10ȳǓ,Bɇ̢Kʟʵěʪ,] 24ȻϯǓIh��¨¦¬ШƞāЮ

4%��̫ȍЮ3%��ʑāόǁЮ0.5 ml/minЩI\^ХϠď̹c͵A>Ǔ!͖͛̌cȡĐ6>"ƑР�xh

¬KɥˋcÐ²KţE˱8ШÒ ���Щ"�

�
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�

�

�

äƤ<ƪƚņőed_ĥĬ¿ĩ\df�m��jz�]ƍüiĚų�

� Ϸ˵̤+\Oȳƹ˛Hʟʵěʪ-!�h��ez®I´*_ǐЌcɡΐ8_>XKƑРc͵A>"

�i{cЈʟʵěʪ̻U>Lʟʵěʪ̻IʱßʰIđ1>"ĂDK�i{Iʶ͐KŪС˵̤ĒϷǺ

Ͷcȱ6>"Ϸ˵̤ǺͶ 3ȳǓ,] 9ȳǓШΏ 7şЩI,1DʟʵěʪI\_Êāc͵A>"Ϸ˵

̤ǺͶ 10ȳǓ,Bɇ̢Kʟʵěʪ,] 24ȻϯǓIh��¨¦¬ШƞāЮ4%��̫ȍЮ3%��ʑāόǁЮ

0.5 ml/minЩI\^ХϠď̹c͵A>Ǔ!͖͛̌cȡĐ6>"ȡĐ6>ȯФH͖͛̌,]!²ΑK

Ȱʊc˄(D��u¬�§fđˈcĵЁ6>"ƑР�xh¬KɥˋcÐ²KţE˱8ШÒ ��	Щ"�

�

�

�

�

äƤ=ƪƚņőed_ĥĬ¿ĩJ@�m��jz�ŷèƔ\¢GföƟiĚų�

� Ϸ˵̤+\Oʟʵěʪ-!�h���ez®ΛƞϧI´*_ǐЌcΕå8_>XKƑРc͵A>"
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�i{cЈʟʵěʪ̻U>L!ʟʵěʪ̻!Јʟʵěʪ�u¨��¬ȁ´̻!ʟʵěʪ�u¨��¬

ȁ´̻IʱßʰIđ1>"ĂDK�i{Iʶ͐KŪС˵̤ĒϷǺͶcȱ6>"ƑР�FŊɧHƑР

c͵(!̷̣ȡĐK 24 ȻϯĜI!u¨��¬ȁ´̻IL!u¨��¬c͛͗Ĉȁ´6>ШǓυЩ"

u¨��¬ȁ´ 24 ȻϯǓIh��¨¦¬ШƞāЮ4%��̫ȍЮ3%��ʑāόǁЮ0.5 ml/minЩI\^Х

Ϡď̹c͵A>Ǔ!͖͛̌cȡĐ6>"͖͛̌cȡĐǓ!ǓυKȰʊc˄(D͖͛̌,]��u¬

�§fđˈcĵЁ6>"ƑР�xh¬KɥˋcÐ²KţE˱8ШÒ ��
Щ"�

�

�

�

äƤ>ƪƚņőed_ĥĬ¿ĩJ@p���jz�ŷèƔ\¢GföƟiĚų�

� Ϸ˵̤+\Oʟʵěʪ-!l®��ez®ΛƞϧI´*_ǐЌcΕå8_>XKƑРc͵A>"

�i{cЈʟʵěʪ̻U>L!ʟʵěʪ̻!Јʟʵěʪ�u¨��¬ȁ´̻!ʟʵěʪ�u¨��¬

ȁ´̻IʱßʰIđ1>"ĂDK�i{Iʶ͐KŪС˵̤ĒϷǺͶcȱ6>"ƑР�FŊɧHƑР

c͵(!̷̣ȡĐK 24 ȻϯĜI!u¨��¬ȁ´̻IL!u¨��¬c͛͗Ĉȁ´6>ШǓυЩ"

u¨��¬ȁ´ 24 ȻϯǓIh��¨¦¬ШƞāЮ4%��̫ȍЮ3%��ʑāόǁЮ0.5 ml/minЩI\^Х

Ϡď̹c͵A>Ǔ!͖͛̌cȡĐ6>"ƑР�xh¬KɥˋcÐ²KţE˱8ШÒ ���Щ"�
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�

�

�

äƤ?ƪ�Ƌý]ĥĬ¿ĩJ@ƚņőƥĘŋ`¢GföƟ]Ŷ°�

� ʟʵěʪI\_¯ϕǠ̡͋Ǟ̍K̸^τ6-Ϸ˵̤Сɝ̌QǐЌc´*>Ņ͌Ǡcɡΐ8_>

XKƑРc͵A>"�i{cЈʟʵěʪ̻U>L!ʟʵěʪ̻IʱßʰIđ1>"ĂDK�i{I

ʶ͐KŪС˵̤ĒϷǺͶcȱ6>"ǺͶǓ 10ȳϯ!±®zĈEϋƹЙ͈ɑÒF6!ɇǓI¯ϕǠ

KʟʵěʪU>LЈʟʵěʪc´*>"30đϯKʟʵěʪKÊāˡǓIh��¨¦¬ШƞāЮ4%��

̫ȍЮ3%��ʑāόǁЮ0.5 ml/minЩI\^ХϠď̹c͵A>Ǔ!͖͛̌cȡĐ6>"ƑР�xh¬K

ɥˋcÐ²KţE˱8ШÒ ���Щ"�

�

�

�

�

�

 #"&!�����1	
�����������
�  	�


 #"&!%

1

30 60 *(�3�������	
2 83 4 5 6 7 9 10

*(�3��

0

(�$�-‐‑‒

#"&!�����1	
�����������
�  	�


#"&!%

1

*(�3�������	

2 83 4 5 6 7 9 10

*(�3��

0

(�$�-‐‑‒



��������'�
)+0�9



��������'�
)+0�9

���������
���
����  �	�


������

1

30 60 ! 0�13��  ���
2 83 4 5 6 7 9 10

! 0�13

0

��������
�  �
����  �	�


�����

1

! 0�13��  ���

2 83 4 5 6 7 9 10

! 0�13

0

 2�4,

 2�4,

ÿ 	�	 ��íŏOZQinVaQÚ¢rĂÅ@RBkI�í�
�

ÿ 	�
 ��íŐO�Ô¬IĞĜĪĎ=LąÊ¡ĬÏĤiá:RñûrĂÅ@RBkI�í�
�



Ŋ � ŉ�:�ƚņő\dfƥĘŋ��u���k]ĤêiĥĬ¿ĩJĂ¾offƫ� 115 
 
äƤĻ[ƥĘŋŞņőćƏ]ŷè�

� ɏ˫́EL!ƑР˛IСɝ̌K͓˵̤ȣϟШDenervationЩcΛƞ8_ȰʊF6D!�i{KŪС

˵̤cż˹˛IĒϷ8_ȰʊcϛȄ6>"3KȰʊL!þ͵˫́I+(D!͓˵̤ȣϟ¡�¨+\

OСɝ̴̌ͭ¡�¨F6Dƽ/ȕ˄5`D(_"ХϠ²K�i{KƱǓͅcĒϮ6Ш5 mmЩ!ŪС

˵̤,]͖С˵̤!͑ С˵̤Iđƪ8_ʯ,]!0.7-0.8 mmK̒ŢIʞADŪС˵̤cĒϷ6>"

H+!ŇǓͅLôǺͶͅF6D!ĒϮǓŪС˵̤cĒϷ:9I̳ŉ6>"�

�

ĥĬ¿ĩĊĢ�

� ɏ˫́EL!̉ 2̅­̉ 3̅FŊ̋HȰʊEʟʵěʪc´*>ШȰǈЮɀʵˁŶQKɃІ!ʟǁЮ

40 ºC!ȻϯЮ30đ�ȳЩ"10ȳϯKϷ˵̤ɋϯK)@!7şШ3&9ȳˠЩKÊāc͵A>"�i{c

ĵĮ˄KЙ͈±®z,]ʟʵěʪU>LЈʟʵěʪ˄K±®zШ16.529.5210.0 cmЯ3-4 ĮЩI˼

6>"Јʟʵěʪ̻K�i{IL!23 ºCKϋƹЙ͈ˁŶʟǁIΒƐ6>ʟʵěʪͼ̹ĈIɃІ6

>"ɃІ¶L!М+\OɽKȠłcĚϵ6>"�

�

ľšĥ]Ħã�

� � ˡ͚ʟL!TCʵЄƚШE52-CA20AY D=3.2 4M, OmronЩcʟǁ}¬w®F6DʠƐ6>"�i

{cèƐ6>Ǔ!ʟǁ}¬w®c̓ϭ,]̜ 1.5 cmȑā6>"§f¨�h�Eʟǁ˯Κ6!ʟǁ

-ƍƐ6>FĖȮ6D,] 10˺ϯKƻũʟǁcˡ͚ʟF6DΑϩ6>"H+!�i{cèƐϮƆ

,]ʠƐ̢¾UEKǹ΄ȻϯL!ɥJ 30˺ÐĈE'_"�

 

no{������Ċ\df���sƀ]ĺİƔĦã 

no{������]Tc]w���źū�

� č̥̔ˬ6!ũ¯IHA>͖͛̌đɕƚΧF6>"�ª�f®~+\O�{�e�®~KϳƓĞ



Ŋ � ŉ�:�ƚņő\dfƥĘŋ��u���k]ĤêiĥĬ¿ĩJĂ¾offƫ� 116 
 
cŎd? Lysis buffer (pH 7.5, 1% Triton X-100, 50 mM Tris HCl, 1 mM EDTA, 1 mM EGTA, 50 mM 

NaF, 10 mM Sodium Beta-glycerol Phosphate, 5 mM Sodium Pyrophosphate, 2 mM DTT, 10 µg/ml 

Pepstatin A! 10 µg/ml Aprotinin! 10 µg/ml Leupeptin! 1 mM Na Orthovanadate! 1 mM 

Phenylmethylsulfonylfluoride)E!�¡z�hx®c˄(Ḍ̷c̔ˬ6>"<KǓɾ±E 30 đϯ

h¬o£�®�!1500xGEϘǛđЁ6!<K±ʛcw¬�¨ʥʗF6>"w¬�¨ʥʗ¶K�¬

�qΰKʬǁc!Bradfordʊc˄(DʠƐ6!w¬�¨IŎU`_�¬�qΰʬǁ- 1 µg/µlFH

_\)I Buffer2Ш10mM 2-amino-2-hydroxymethyl-1, 3-propanediol, 1mM EDTA, pH 7.4ЩEƶϣ6

>"w¬�¨ʥʗ 100 µlIƚ6D!16%SDSʥʗc 30 µlģ*!100 ºCE 10đϯģʵ6ij{

�¬�ª��˄Kw¬�¨ʥʗF6>"�

�

no{�������

�ij{�¬�ª��ʊc˄(D!�¬�qΰK˙ʿϧcʠƐ6>"���ª�gf¬ШBio RadЩ

c̣s̄D!<3I 7.5-12% SDS-polyacrylamide gelc˄(!w¬�¨ 10 µlcЄɼʍĩI\A

D�¬�qΰcđƉϧ4FIđЁ6>"ɯI!t¨,] PVDF ¬�©¬ШHybond-P, Ge Healthcare 

JapanЩI�¬�qΰcμĊ6!BSA/TTBSШ3% BSA, 20 mM Tris Base, 137 mM NaCl, 0.1 mM HCl, 

0.1% Tween 20ЩE 1Ȼϯ�ª�o¬rc͵A>"<KǓ 4 ºCE 1ɯȂÜc¯ȼh¬o£�®y¥

¬6>"á˄6>ЫɯȂÜL!ũ ��� �ũ ��	"IΑ8"1ɯȂÜŀǞǓ!TTBSШ20mM Tris Base, 

137mM NaCl, 0.1mM HCl, 0.1% Tween 20ЩE 10đϯ23şʏʒ6>"2ɯȂÜL Goat Anti-mouse 

IgG (H+L)ШAmerican QualexЩU>L Goat Anti-rabbit IgG (H+L)ШAmerican QualexЩc˄(D 1

Ȼϯh¬o£�®y¥¬6>"2ɯȂÜŀǞǓ!TTBSШ20mM Tris Base, 137mM NaCl, 0.1mM HCl, 

0.1% Tween 20ЩE10đϯ23şʏʒ6>"<KǓ!Pierce ECL Western Blotting Substrate (Thermo 

Scientific)I\^ĬƋ˙ÿ5:{o¢�®ШChemi Doc, Bio RadЩEȢǐ6!�¬�c·ΈĬ6>"

�¬�qΰKƐϧL Quantity OneШVer. 4.5.2, Windows, Bio RadЩc˄(D͵A>"�
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2A ĎÝģý]Ħã 

w���źū�

 č̥̔ˬ6ũ¯IHA>͖͛̌!εǀ̌!�¦ ̌c!K Homogenate Buffer (100 mM KH2PO4, 

BSA, pH 7.3)E�¡z�hºШ10 mg/1 mlЩ6!w¬�¨ʥʗF6>"�

�

2A ĎÝģý]Ħã�

 CSKɇžʐǠL!SrereШ1969ЩKȰʊc˄(Dđɕc͵A>")+4IʟX>ΖͱШw¬�¨ʥʗЮ

10 µl!1 mM DTNBЮ15 µl!100 mM Tris-Hcl pH 7.3Ю290 µl!0.3 mM Acetyl CoAЮ20 µlЩco£��

�ĈEʙŉ6>"<KǓ!10 mM OxaloacetateЮ15 µlcģ*D!412 nmKŏÿǁKźĬc 3đ

ϯʠƐ6>"�

�

p���jz�ed_�m��jz�]ŷèƔ]Ŷ°�

� þ͵˫́Iʤ7DШ97, 137Щ!l®��ez®+\O�h��ez®-!GK˽ǁΛƞ5`>,

Шautophagic/mitophagic fluxЩcΕå8_>XI!u¨��¬c˄(D!l®��ev�®�Kɇ

̢˛HđΌcϚȮ6>"�i{I˂ˀЗŵɽU>Lu¨��¬Ш0.4 mg/kg/dayЩcɇ̢Kʟʵěʪ

ˡǓI͛͗Ĉȁ´6>"3KďˀI\^!Ϸ˵̤ 9ȳˠ,] 10ȳˠKϯIGK˽ǁl®��ez

®U>L�h��ez®-Λƞ5`>,cΕå8_3F-E._" 

�

��u���k»Ķ]ÇƜ�

� �h��ez®cΕå8_>XI!��u¬�§fcĵЁ6>"��u¬�§fđˈ

ШMitochondria-enriched/associated fractionЩc Safdar]KȰʊIǔ(͖͛̌,]ĵЁ6>Ш187Щ"

͖͛̌c��u¬�§fĵЁ˄K���e®Ш67 mM sucrose, 50 mM Tris, 50 mM KCl, 10 mM EDTA 

and 0.2% (w/v) fatty acid-free bovine serum albumin, pH 7.4ЩĈE�¡z�hx®c˄(D˭ˬ6>"
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Ǵʫʥʗc 700xG, 15 min, 4 ºCEϘǛđЁc͵(!±ʛcşŁ6>"5]I±ʛc 12000xG, 20 

min, 4 ºCEϘǛđЁ!±ʛc˭ɟ6!��u¬�§f­×©��cşŁ6>"şŁ6>��u¬

�§f­×©��L!ij{�¬�ª��˄K���e®IĉǴʫ6!Bradfordʊc˄(D�¬

�qΰϧcƐϧ6!ij{�¬�ª��˄Iw¬�¨cΠ΀6>"H+!��u¬�§fđˈ-ɱ

6/ȆĐ5`D(_3FKƄǍǠL!̡͋ΰK�®m®ШGAPDHЩ-ij{�¬�ª��EɡĐ

5`H(3F!��u¬�§fK�®m®ШCOX IVЩ-͖͛̌KĂ̡͋đˈ\^vУ(©�¨Ei

j{�¬�ª��I\ADɡĐ5`>3FE˯Κ6>ШÒ ��
Щ"�

�

�

�

�

œŲºı�

� 8RDK�®�L!ƻũï0ɩʤΝƳE˱6>"ǜ΄IǞ7D!ƚǞH6K TɡƐ!Áýϟ̹đ

Ȩđɕ!°ýϟ̹đȨđɕc͵A>"ÅÂß˄-ΚX]`>űŉL!Tukey-KramerKŽϥɺξɡ

Ɛc͵A>"ɉǬɽʤL P<0.05F6!P<0.10LøŌF6Dł^ǼA>"8RDK̨ΏďˀL!

JMPШVersion 9.0.1, Macintosh, SAS InstituteЩc˄(D͵A>"�

�

�

A��
�"!

A��
"!

���
�"!

���
"!

D%#������
��

D%#
� C��

D%#
� C��

��	��
 C�����

  ����

������
����

ÿ 	�� �ri_yjutčĀ�íIĻ¨¬¿Ë�
��w���m Øxy���y@Ýu�a�bL0,�-cxy���k�a�nqdxtfhAħěĊ±āĞ Øxy���y@
£�³Ç®ìÜÊªtþµnqdxtfhA�
�
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Œĕ�

äƤ���]���l��ed_ÞôýĚŵ� �

� Ϸ˵̤c͵A>�i{KСɝ̌Iƚ6Dv!ʟʵěʪ-ıđIÕbA>,ō,cɡΔ8_>XI!

10ȳϯKϷ˵̤ɋϯK)@!7şKʟʵěʪI\_Êā-͖͛̌K HSP60+\O HSP72˙ʿϧ

I´*_ǐЌcɡΐ6>"U>!ɏ˫́EđɕƚΧF6>l®��ez®ZСɝ̌KǎǮIʩŧ˛

IǐЌc´*_ŠƉcΕå8_>XI!Üϥ+\O̮Ƞłj�¨p®ϧcɡΐ6>" 

 

7A!
� ]���sƀƔƦäƤXƧШÒ ��+Щ�

� ͖͛̌K HSP60K�¬�qΰϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄LΚX]`H,A

>"¯ȰE!Ϸ˵̤KΨK¸ħɖ!ʟʵěʪKɱK¸ħɖ-ΚX]`>" 

 

7A!+	 ]���sƀĺİƔƦäƤXƧШÒ ��+Щ�

� ͖͛̌K HSP72K�¬�qΰϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄LΚX]`H,A

>"U>!Ϸ˵̤K¸ħɖLΚX]`H,A>-!ʟʵěʪKɱK¸ħɖ-ΚX]`>" 

 

­ƒƦäƤXƧШÒ ��,Щ�

� ʟʵěʪI\_ɉǬHźĬLΚX]`H,A>" 

 

ŖĆÊo��r�ƔƦäƤXƧШÒ ��,Щ�

� ʟʵěʪI\_ɉǬHźĬLΚX]`H,A>" 
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ƥĘŋƒƔ�

� ʟʵěʪ-!Ϸ˵̤I\_Сɝ̴̌ͭcȀĚ8_,ō,cɡΐ8_>XI!͖͛̌+\O!εǀ

̌!�¦ ̌KʡϥϧcΕå6>" 

 

şŢŋħƒƔƦäƤXƧШÒ ��-Щ�

� ͖͛̌KʡϥϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄LΚX]`H,A>"¯ȰE!Ϸ˵

̤I\_ΨK¸ħɖ!ʟʵěʪI\_ɱK¸ħɖ-ΚX]`>" 

 

ƁïŋħƒƔƦäƤXƧШÒ ��-Щ�

� εǀ̌KʡϥϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄LΚX]`H,A>"¯ȰE!Ϸ˵

̤I\_ΨK¸ħɖ!ʟʵěʪI\_ɱK¸ħɖ-ΚX]`>" 

 

���ŋħƒƔƦäƤXƧШÒ ��-Щ�

� �¦ ̌KʡϥϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄LΚX]`H,A>"¯ȰE!Ϸ

˵̤I\_ΨK¸ħɖ!ʟʵěʪI\_ɱK¸ħɖ-ΚX]`>" 
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ĥĬ¿ĩJƚņő\dfƥĘŋ��u���k]Ĥê\¢GföƟ 

� ʟʵěʪ-Ϸ˵̤I\_Сɝ̌��u¬�§fKϙǞcɡΔ8_>XI!���u¬�§fϧK

ȎɩKNFBF6D�u¬�§fŔŏϪ΁ŉÜcɦǵ8_ϡ̞ШNDUFB8, COX IV, ATP5AЩK�¬

�qΰϧ!�Сɝ̌KɇžϢĬ͌ĢKȎɩKNFBFH_��u¬�§fKqj¬Ϣŉǵϡ Ш̞CSЩ

KɇžʐǠ!���u¬�§fKɹǠ­ñĂǁKȎɩF6D!��u¬�§fđˈ+\OĂ̡͋đ

ˈI+1_ 4-HNE̥ŉ�¬�qΰϧШϢĬ{�©{�®m®Щcɡΐ6>" 

 

�3C51, ���sƀƔƦäƤXƧШÒ ����Щ�

� ͖͛̌K NDUFB8K�¬�qΰϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄LΚX]`H,

A>"¯ȰE!Ϸ˵̤I\_ΨK¸ħɖ!ʟʵěʪI\_ɱK¸ħɖ-ΚX]`>" 

 

2 E�8D ���sƀƔƦäƤXƧШÒ ����Щ�

� ͖͛̌K COX IVK�¬�qΰϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄LΚX]`H,A

>"¯ȰE!Ϸ˵̤I\_ΨK¸ħɖ!ʟʵěʪI\_ɱK¸ħɖ-ΚX]`>" 

 

C"2#2	 ���sƀƔƦäƤXƧШÒ ����Щ�

� ͖͛̌K UQCRC2K�¬�qΰϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄LΚX]`H,

A>"¯ȰE!Ϸ˵̤I\_ΨK¸ħɖ!ʟʵěʪI\_ɱK¸ħɖ-ΚX]`>" 

 

0B!�0 ���sƀĺİƔƦäƤXƧШÒ ����Щ�

� ͖͛̌K ATP5AK�¬�qΰϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄LΚX]`H,A

>"¯ȰE!Ϸ˵̤I\_ΨK¸ħɖ!ʟʵěʪI\_ɱK¸ħɖ-ΚX]`>" 

�
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2A ĎÝģýƦäƤXƧШÒ ����Щ�

� � ͖͛̌+\Oεǀ̌!�¦ ̌K CSɇžʐǠI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄L

ΚX]`H,A>"¯ȰE!Ϸ˵̤I\_ΨK¸ħɖ!ʟʵěʪI\_ɱK¸ħɖ-ΚX]`>" 

 

��7�4 ŒÌ���sƀƔƦäƤX�äƤ<ƧШÒ ���	Щ�

� ͖͛̌­Ă̡͋đˈK 4-HNE̥ŉ�¬�qΰϧШ25-150kDcƐϧ̒ŢF6>ЩI+(D!Ϸ˵̤

FʟʵěʪKϯIÅÂß˄LΚX]`H,A>"¯ȰE!Ϸ˵̤KɱK¸ħɖ!ʟʵěʪKΨK¸

ħɖ-ΚX]`>"͖͛̌­��u¬�§fđˈK 4-HNE̥ŉ�¬�qΰϧШ25-150kDcƐϧ̒

ŢF6>ЩI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄-ΚX]`>"ŽϥɺξK̥ɖ!Ϸ˵̤­

ЈʟʵěʪɑÒ-!ÌK 3ɑÒFɺξ6DɉǬIУ(ïc˱6>" 
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��u���kĳÌā\Ƙ¢ofőƂ�

� ʟʵěʪ-!��u¬�§fʝƠcȀĚ6> m�º�KΌȷIŌ1D!���u¬�§f˂ŉ

ǵcĚǖ8_�{�®ϜÕƉE'_ PGC-1αK�¬�qΰϧ!�PGC-1α-˙ʿϧcĚǖ8_²ʑ

ɩ˛E'_r¨u®{πχȇÜШGLUT4Щ+\O͍͇ϢπχȇÜШFAT/CD36ЩK�¬�qΰϧ!�

PGC-1αK�¬�qΰKƍƐǠIϰb_êКŠƉE'_§¬ϢĬŬШ�ʐǠĬŬЩp38 MAPK+\O

p38 MAPK K̮�¬�qΰϧcɡΐ6>"U>!¯ϕǠKʟʵěʪ-Ϸ˵̤Сɝ̌K§¬ϢĬŬ

p38 MAPK K˙ʿϧI´*_ǐЌcΕå6>"H+!§¬ϢĬŬK�¬�qΰϧcɡΐ8_ϽI

L!Ϸ˵̤I\AD̮�¬�qΰϧ-źĩ6D(_3F,]!<`=`ëėI�®�c˱8" 

 

!62��V]���sƀĺİƔƦäƤXƧШÒ ���
Щ�

� ͖͛̌K PGC-1αK�¬�qΰϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄LΚX]`H,A

>"¯ȰE!Ϸ˵̤KΨK¸ħɖ-ΚX]`>-!ʟʵěʪK¸ħɖLΚX]`H,A>" 

 

6:CB� ]���sƀƔƦäƤXƧШÒ ����Щ�

� ͖͛̌K GLUT4K�¬�qΰϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄LΚX]`H,A

>"¯ȰE!Ϸ˵̤KΨK¸ħɖ-ΚX]`>-!ʟʵěʪK¸ħɖLΚX]`H,A>" 

�

50B�23

 ]���sƀƔƦäƤXƧШÒ ����Щ�

� ͖͛̌K FAT/CD36K˙ʿϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄LΚX]`H,A>"

¯ȰE!Ϸ˵̤KΨK¸ħɖ-ΚX]`>-!ʟʵěʪK¸ħɖLΚX]`H,A>" 

 

��ƑÅƦģýÅÔƧed_ R
,�;0!9 ]Ŗ���sƀƔƦäƤXƧШÒ ����Щ�

� ͖͛̌K§¬ϢĬ p38 MAPK+\O p38 MAPKK̮�¬�qΰϧI+(D!Ϸ˵̤Fʟʵěʪ
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KϯIÅÂß˄LΚX]`H,A>"¯ȰE!Ϸ˵̤KΨK¸ħɖ-ΚX]`>-!ʟʵěʪK¸

ħɖLΚX]`H,A>" 

 

�Ƌý]ĥĬ¿ĩJ��ƑÅƦģýÅÔƧR
,�;0!9 ĺİƔ\¢GföƟƦäƤ?ƧШÒ ���
Щ�

� ͖͛̌K§¬ϢĬ p38 MAPK�¬�qΰϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄-ΚX

]`>"ŽϥɺξK̥ɖ!ôǺͶ­ʟʵěʪɑÒL!ÌK 3ɑÒFɺξ6DɉǬIУ(ïc˱6>" 
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�m��jz�ƘƇ���sƀ�

� ʟʵěʪ-!��u¬�§fʝƠcȀĚ6> m�º�KΌȷIŌ1D!l®��ez®äƊǠ

K��u¬�§fđΌɭɦШ�h��ez®ЩcĚǖ8_�¬�qΰШParkin, Ub ̥ŉ�¬�qΰ, 

p62/SQSTM1, LC3-IIЩKϧc͖͛̌��u¬�§fđˈШƑРɋϯ̢¾ǓKƊŧ8_��u¬�§fK

Ǡΰc˱8ЩEɡΐ6>" 

 

��u���k»Ķ\eMf !FSMLP ]���sƀƔƦäƤ<ƧШÒ ���+Щ�

� ͖͛̌��u¬�§fđˈK ParkinK�¬�qΰϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß

˄-ΚX]`>"ŽϥɺξK̥ɖ!Ϸ˵̤­ЈʟʵěʪɑÒL!ÌK 3ɑÒFɺξ6D!ɉǬIУ

(ïc˱6>" 

 

��u���k»Ķ\eMf CG ŒÌ]���sƀƔƦäƤ<ƧШÒ ���+Щ�

� ͖͛̌��u¬�§fđˈK Ub ̥ŉ�¬�qΰϧШ25-150kD cƐϧ̒ŢF6>ЩI+(D!Ϸ

˵̤FʟʵěʪKϯIÅÂß˄-ΚX]`H,A>"U>!Ϸ˵̤I\_̨Ώ˛IɉǬH¸ħɖL
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ev�®�Ш�h��ev�®�ЩKϧFУ(ˢϰϰæc˱83F,]!$GK˽ǁ�h��ev�

®�-Ɗŧ6D(_,б%KȎɩF6Dƽ/Ę˄5`D(_"ʟʵěʪ-!Ϸ˵̤I\_�h��
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Ⱥ6D(_K,б%$�h��ev�®�ǎǵǓKɇ̢˛HđΌϕ˽-çϐ5`>3FcŀȺ6D
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� �h��ez®L!l®��ez®IУ/äƊ6>��u¬�§fđΌɭɦE'_"<3E!ʟ

ʵěʪ-Ϸ˵̤I\_�h��ez®ʐǠĬcȀĚ6>đƉ m�º�c\^ʘ/ˀΌ8_>X

I!�l®��ev�®�ϧKȎɩF6DĂ̡͋đˈI+1_ LC3-II �¬�qΰϧ+\O!�l

®��ez®ΛƞϧKȎɩF6Du¨��¬ďˀɑÒ²I+(D!Ϸ˵̤+\Oʟʵěʪ-

LC3-IIK�¬�qΰϧI´*_ǐЌcɡΐ6>"�
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� ʟʵěʪ-Ϸ˵̤I\_l®��ez®ΛƞcȀĚ6>đƉ m�º�KΌȷcˠȎ6D!Ϸ˵

̤+\Oʟʵěʪ-l®��ez®ΛƞKĚǖɶϺI´*_ǐЌcɡΐ6>"H+!l®��ez

®ΛƞcĚǖ8_ɶϺKΕåȎɩF6D!þ͵˫́IH]AD!�l®��ez®KĕɋΛƞɶϺ

cĚǖ8_�¬�qΰШI.�çϐЮ§¬ϢĬŬ AMPK�¬�qΰϧ­AMPKK�¬�qΰϧ!AMPKʐǠ

KȎɩFH_ AMPKK²ʑɩ˛K§¬ϢĬŬ ACC�¬�qΰϧ­ACCK̮�¬�qΰϧ!Ser555K§¬

ϢĬŬ ULK1K�¬�qΰϧ+\O ULK1K̮�¬�qΰϧ!ATG13K˙ʿϧ!II.�ȀĚЮmTORC1ʐǠ

KȎɩFH_§¬ϢĬŬ p70S6KK�¬�qΰϧ­p70S6KK̮�¬�qΰϧ!Ser757K§¬ϢĬŬ ULK1

K�¬�qΰϧ!ATG13 K�¬�qΰϧЩ!�l®��ev�®�KǎǵɶϺcĚǖ8_�¬�qΰ

ШBeclin 1 K�¬�qΰϧ!ATG14L K�¬�qΰϧЩ!�l®��ev�®�K×ϬɶϺcĚǖ8_

�¬�qΰϧШATG5 K˙ʿϧ!ATG16L K˙ʿϧЩcΕå6>"H+!§¬ϢĬŬK�¬�qΰ˙

ʿϧcɡΐ8_ϽIL!Ϸ˵̤I\AD̮˙ʿϧ-źĩ6D(_3F,]!<`=`ëėI�®�

c˱8"U>!̉ 3 ̅FŊ7ʠƐЎˠШAMPK!ACC!Akt!p70S6K K§¬ϢĬŬ!̮�¬�qΰЩ

-'_-!ʠƐɑÒ-ˍH_Ш̉ 3̅Ю¯ϕǠKʟʵěʪˡǓ!̉ 4̅Юɇ̢Kʟʵěʪ,] (
 ȻϯǓЩ

3FIˊǬ5`>("�

�

��ƑÅÔ 0;!9 ed_ 0;!9 ]Ŗ���sƀƔ@��ƑÅÔ 022 ed_ 022 ]Ŗ���sƀƔƦä

ƤXƧШÒ ��	�Щ�

� AMPKL!l®��ez®Kǫβcçϐ8_"͖͛̌K§¬ϢĬŬ AMPK+\O AMPKK̮

�¬�qΰϧ!§¬ϢĬŬ ACCK�¬�qΰϧ!ACCK̮�¬�qΰϧI+(D!Ϸ˵̤Fʟʵ

ěʪKϯIÅÂß˄LΚX]`H,A>"¯ȰE!3`]KʠƐЎˠI+(D!Ϸ˵̤I\_ɱK

¸ħɖ-ΚX]`>"¯ȰE!ʟʵěʪI\_ǐЌLΚX]`H,A>"ACC K̮�¬�qΰϧ

I+(D!Ϸ˵̤U>LʟʵěʪK¸ħɖL!ΚX]`H,A>"�
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+\O p70S6KK̮�¬�qΰϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄LΚX]`H,A>"
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� mTORC1cĚǖ8_±ʑŠƉE'_͖͛̌K§¬ϢĬŬAktI�¬�qΰϧ+\OAktK̮�
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� ͖͛̌K Ser555§¬ϢĬŬ ULK1K�¬�qΰϧШl®��ez®ʐǠĬIΩʼЩ+\O Ser757

§¬ϢĬŬ ULK1 K�¬�qΰϧШl®��ez®³ʐǠĬIΩʼЩ!ULK1 K̮�¬�qΰϧШl

®��ez®ʐǠĬIΩʼЩI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄LΚX]`H,A>"¯Ȱ
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� ʟʵěʪ-!l®��ev�®�K×ϬIΩʼ8_�¬�qΰK˙ʿ±ȵcȀĚ6>đƉ m�

º�KîͿF6Dɏ˫́ELƟ͋Ü{�©{Ǟ̍-ɱƹĬ6>Ņ͌ǠI˥ˠ6>"Ɵ͋Ü{�©{

Ǟ̍KȎɩFH_�¬�qΰШIRE1α, CHOP, BiP/GRP78, ĒȮŬ Caspase-12ЩK˙ʿϧcɡΐ6>"�

�

8#4�V]���sƀƔƦäƤXƧШÒ ��	
Щ�

� ͖͛̌K IRE1α K�¬�qΰϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄LΚX]`H,A

>"¯ȰE!Ϸ˵̤KɱK¸ħɖ-ΚX]`>-!ʟʵěʪI\_ǐЌLΚX]`H,A>"�

�

27 ! ]���sƀƔƦäƤXƧШÒ ��	
Щ�

� ͖͛̌K CHOP K�¬�qΰϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄LΚX]`H,A

>"¯ȰE!Ϸ˵̤KɱK¸ħɖ-ΚX]`>-!ʟʵěʪI\_ǐЌLΚX]`H,A>"�

�

1L!�6#!+, ]���sƀƔƦäƤXƧШÒ ��	
Щ�

� ͖͛̌K BiP/GRP78K�¬�qΰϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄LΚX]`H

,A>"¯ȰE!Ϸ˵̤KɱK¸ħɖ-ΚX]`>-!ʟʵěʪI\_ǐЌLΚX]`H,A>"�

�

¼ĉÔ 2FTRFTI��	 ]���sƀƔƦäƤXƧШÒ ��	
Щ�

� ͖͛̌KĒȮŬШ�ʐǠĬŬЩCaspase-12K�¬�qΰϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅ

Âß˄LΚX]`H,A>"¯ȰE!Ϸ˵̤KɱK¸ħɖ-ΚX]`>-!ʟʵěʪI\_ǐЌL

ΚX]`H,A>"�
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��u���k��m��s{�

� þ͵˫́EL!�h��ez®KΛƞʺǮF��u¬�§fKđͻʺǮLУ(ˢϰǠcvB3F

-˱5`D(_"ɏ˫́EL̪(D!ʟʵěʪI\_�h��ez®ϙǞc\^ʘ/ˀΌ8_>X

I!��u¬�§fKͳŉШMfn2 +\O Opa1Щ+\O��u¬�§fKđͻШFis1 +\O Drp1Щ

cĚǖ8_�¬�qΰK˙ʿϧIʟʵěʪ-´*_ǐЌcɡΐ6>"�

 

;-P	 ]���sƀƔƦäƤXƧШÒ ��	+Щ�

� ͖͛̌KMfn2K�¬�qΰϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄-ΚX]`>" 

ŽϥɺξK̥ɖ!ôǺͶ­ʟʵěʪɑÒ-ÌKɑÒFɺξ6DɉǬIУ(ïc˱6>"U>!Ϸ˵

̤­ЈʟʵěʪɑÒ+\OϷ˵̤­ʟʵěʪɑÒL!ÌK 2 ɑÒШôǺͶЩFɺξ6D!ɉǬIÚ

(ïc˱6>" 

 

 RF� ]���sƀƔƦäƤXƧШÒ ��	+Щ�

� ͖͛̌K Opa1K�¬�qΰϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄-ΚX]`>"�

ŽϥɺξK̥ɖ!ôǺͶ­ʟʵěʪɑÒ-ôǺͶ­ЈʟʵěʪɑÒFɺξ6DУ(ïc˱8øŌ-

s]`>"U>!Ϸ˵̤­ЈʟʵěʪɑÒL!ôǺͶ­ЈʟʵěʪɑÒFɺξ6D!Ú(ïc˱8

øŌI'A>"Ϸ˵̤­ʟʵěʪɑÒL!ôǺͶ­ЈʟʵěʪɑÒFɺξ6D!ɉǬIÚ(ïc˱

6>" 

 

5LT� ]���sƀƔƦäƤXƧШÒ ��	+Щ�

� ͖͛̌K Fis1K�¬�qΰϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄LΚX]`H,A>"

¯ȰE!Ϸ˵̤KɱK¸ħɖ-ΚX]`>-!ʟʵěʪI\_ǐЌLΚX]`H,A>"�

�
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3SR� ]���sƀƔƦäƤXƧШÒ ��	+Щ�

� ͖͛̌KDrp1K�¬�qΰϧI+(D!Ϸ˵̤FʟʵěʪKϯIÅÂß˄LΚX]`H,A>"

U>!Ϸ˵̤U>LʟʵěʪK¸ħɖvΚX]`H,A>"�
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śå�

äƤ���]���l��ed_ÞôýĚŵ� �

� ɏ˫́EL!Сɝ̌K͓˵̤ȣϟ¡�¨F6D!ʶòKŪС˵̤cż˹˛IĒϷ6!v)¯ȰK

ͅILôǺͶcȱ8Ȱʊcȕ˄6>"3KȰʊLƽ/ȕ˄5`D(_ƑР¡�¨E'_">?6!

Ϸ˵̤L!ÌKСɝ̴̌ͭ¡�¨ШâЮǓͅǴūZp�{ŤƐ¡�¨ЩFɺRD!ʻʹH̡͋Ǟ̍c

˱83F-˨]`D(_"¯ͦI!Сɝ̴̌ͭɑÒEL!mTORC1K³ʐǠĬI\_�¬�qΰ

ŉǵKÚ²F�¬�qΰđΌKÄϐ-ΊƘ5`_"6,6!Ϸ˵̤I\_Сɝ̴̌ͭ¡�¨EL!

W6a mTORC1-ʐǠĬ6!�¬�qΰŉǵ-УU_3F-ȷ],I5`D(_Ш87, 132, 209Щ"U

>!�l{��¬KϳƓͱL!p�{ŤƐI\_Сɝ̴̌ͭcȀĚ8_-!Ϸ˵̤I\_Сɝ̌ͭ

̴cȀĚ6H(3F-ȷ],FHAD(_Ш132Щ"6>-AD!ɏ˫́EǕ]`>˨΅cΌϣZ¯

ͦĬ8_I'>AD!3K\)HƑР¡�¨KʹǚILıđIʌǬcǻ)ǜ΄-'_F̀*]`_"�

� ʶòKŪС˵̤ĒϷI\^Сɝ̴̌ͭcΛƞ6>űŉI!ôǺͶͅKÎû˛HСɝ̌ϙǞ-˂7

_Ņ͌Ǡ-Ǵǟ5`>"BU^!ŪС˵̤ĒϷI\_Сɝ̌��u¬�§fKʝƠZСɝ̴̌ͭK

˽ǁcϕžIΕå6D6U)ǡ`-'_"<3Eɏ˫́EL!¿õ˛ɡΔF6D!ϋƹЙ͈ɑÒ�

i{ШôǺͶv³ƑȱЩFʶ͐Ϸ˵̤¡�¨�i{KСɝ̌ϥϧ+\O CSɇžʐǠcɺξ6>Шϋ

ƹЙ͈�i{KСɝ̌�/.�
	 ȳϯKôǺͶСɝ̌Щ"<K̥ɖ!(9`KʠƐЎˠI+(Dv̻ϯIƳ

LΚX]`H,A>"3`]K̥ɖL!ɏ˫́Eȕ˄6>ʶ͐ŪС˵̤ĒϷ¡�¨L!ôǺͶͅI

Îû˛HϙǞcǉ.β35H(3Fc˱8"U>!ǺͶKǐЌI\^!ȠМϧ+\OÜϥKÚ²H

GIźĬLΚX]`D(H(3Fc¿õ˛HƑРE˯,XD(_"6>-AD!ɏ˫́Eȕ˄6>

$ʶ͐KŪС˵̤ĒϷ%L!ƑР¡�¨F6DƄǍE'_F̀*]`_"H+!ɏ˫́EL!ƑР

ɋϯc 10ȳϯIΒƐ6>"3KˀˆL!�þ͵˫́I+(D!10ȳϯKϷ˵̤LıđIСɝ̌�

�u¬�§fKʝƠ+\OСɝ̴̌ͭcΛƞ8_3FШ26, 105Щ!�Ϸ˵̤I\_��u¬�§fʝ
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Ơ+\OСɝ̴̌ͭIϰb_Ǟ̍­ϙǞ-!ıđIΛƞ5`D(_E'_�h�¬rE'_3FE

'_Ш26, 62Щ"�

� ɏ˫́L!Ϸ˵̤I\_��u¬�§fʝƠcʟʵěʪ-ȀĚ8_,ō,cȷ],I8_3F-

ˠ˛E'A>"6>-AD!��u¬�§f-ʝƠ8_ĜKʟʵěʪШpre-conditioningЩ-!��

u¬�§fϧKŷģIΩʼ6>Ņ͌ǠcȔϷ8_3F-ɊU6(F̀*]`>"þ͵˫́EL!Ϸ

˵̤ǺͶ 3ȳˠ,]��u¬�§fKʝƠ-˯Κ5`_3F-˱5`D(_"<3Eɏ˫́EL!

10ȳϯKϷ˵̤ɋϯK)@!Ϸ˵̤ǺͶK 3ȳǓ,]ʟʵěʪI\_Êāc͵)3F-ϙǍE'

_F̀*>"ʟʵěʪI\AD˙ʿ-Λƞ5`_ HSP72F HSP60K�¬�qΰϧ-͖͛̌I+

(Dŷģ-ΚX]`>ШÒ ��+Щ"3`]K̥ɖL!˂ĬƋ˛Ίʯ,]!ɏ˫́Kʟʵěʪ-!ıđ

IСɝ̌QÕbAD(_3Fc˱8vKE'_"U>!ɏ˫́EΕåc͵)Сɝ̌ϥϧZ!��u

¬�§fϧ!l®��ez®L!j�¨p®ȠłϧKʝƠZÜϥKźĬI\ADǐЌ5`_Ņ͌Ǡ

-'_"6,6!ɏ˫́KʟʵěʪL!�i{KÜϥFƑРɋϯ¶K̮j�¨p®ȠłϧIǐЌc

´*H,A>ШÒ ��,Щ"þ͵˫́ϋ^!10ȳϯKϷ˵̤L!͖͛̌+\Oεǀ̌!�¦ ̌Kϥ

ϧc̜ 4	%ʝƠ5:>ШÒ ��-Щ"¯ȰE!ʟʵěʪL!²͝Сɝ̌K̴ͭc̜ 15Чνʝ5:_3

F-˱5`>ШÒ ��-Щ"3K̥ɖL!͓˵̤ȣϟI\_Сɝ̴̌ͭL!ÌKСɝ̴̌ͭ¡�¨F̡

͋Ǟ̍-ˍHAD(>F6Dv!ʟʵěʪI\_Сɝ̌ȀĚħɖ-ΚX]`_FΌϣ5`_"H+!

Ϸ˵̤I\_Сɝ̴̌ͭ-ʟʵěʪI\ADȀĚ5`_3FL!ͮ́]KŰŒǓШ207ЩI!ÌK˫

́r¨®�I\ADvĉʿ5`D(_Ш240Щ"3`]K̥ɖL!ʟʵěʪ-!Ϸ˵̤Сɝ̌K��

u¬�§fI´*_ǐЌc̪(DΕå8_3F-ϙǍHƑРɑÒE'_3Fc˱8"�

�

��u���k]ƍü�

� ��u¬�§fKϙǞF6D!̉ ¯I��u¬�§fϧKȎɩKNFBE'_��u¬�§fϡ

̞K�¬�qΰϧШNDUFB8, UQCRC2, COX IV, ATP5AЩcɡΐ6>"<K̥ɖ!Ϸ˵̤L!��
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u¬�§fϧcʝƠ5:_-!ʟʵěʪI\AD<KʝƠLνʝ5`_Ņ͌Ǡ-˱5`>ШÒ ����Щ"�

� 5]Iɏ˫́EL̪(D!Сɝ̌KɇžϢĬ͌ĢKȎɩKNFBE'_��u¬�§fKɇžϡ

̞ʐǠШCSЩcΕå6>"<K̥ɖ!��u¬�§fϧKȎɩFŊɧI!ʟʵěʪL!Ϸ˵̤I\

_͖͛̌!εǀ̌!�¦ ̌Kɇžϡ̞ʐǠKÚ²cȀĚ8_Ņ͌Ǡ-ȷ],FHA>ШÒ ����Щ"�

� ɭ͌³ĂIϸA>��u¬�§fL!ϕĠIʐǠϢ̞˾c˃˂6!��u¬�§fZ̡͋IϢĬ

{�©{cͯ̀5:_3F-˨]`D(_Ш139, 149Щ"5]I!ϢĬ{�©{Kͯ̀L!5]H_�

�u¬�§fɹǠ­ɭ͌³ĂKĺŠFvH^!Ǩǘˁcǎǵ8_3F-ȷ],FHAD(_Ш220Щ"

6>-AD!ϢĬ{�©{Kͯ̀L!��u¬�§fKñĂǁ­ɹǠKħɖ˛HȎɩKNFBF6

D̀*]`D(_Ш33, 222Щ"Ϸ˵̤L!Ă̡͋đˈ+\O��u¬�§fđˈШƑРɋϯ̢¾ǓIƊ

ŧ8_��u¬�§fKǠΰc˱8ЩI+1_ 4-HNE̥ŉ�¬�qΰШϢĬ{�©{KȎɩK¯BЩc

ŷģ5:>ШÒ ���	Щ"¯ȰE!ʟʵěʪL!Ϸ˵̤I\_ 4-HNE̥ŉ�¬�qΰKͯ̀cνʝ8

_3F-ȷ],FHA>ШÒ ���	Щ"3`]K̥ɖL!Ϸ˵̤I\_��u¬�§fKñĂǁKÚ

²cʟʵěʪ-Ȥŝ6>FΌϣ5`_"� �

� UFX_F!ʟʵěʪL!Ϸ˵̤I\_��u¬�§fʝƠZɇžϢĬ͌ĢKÚ²cȀĚ8_Ņ

͌Ǡ-˱5`>"3`]K̥ɖL!ɏ˫́KÑΞcȣȍ8_vKE'_"5]I!ʟʵěʪI\A

DʝƠ-ȀĚ5`>��u¬�§fKǠΰL!³ñǄH͹ʿǎc˱5H,A>"�

�

��u���kĳÌā\Ƙ¢ofőƂ�

� ̪(D!ʟʵěʪ-Ϸ˵̤I\_��u¬�§fʝƠcȀĚ6> m�º�KΌȷIł^̣d?"

Ϸ˵̤L!��u¬�§f˂ŉǵcĚǖ8_�{�®ϜÕƉE'_ PGC-1αcʝƠ5:_3F-ȷ

],I5`D(_Ш26Щ"Ϸ˵̤I\_ PGC-1αKʝƠcͱˀ˛U>LϜÕƉưƋ˛IȀĚ8_F!

��u¬�§fʝƠZСɝ̴̌ͭ-ȀĚ5`_FvŰŒ5`D(_Ш26, 189Щ"<3Eɏ˫́EL!

ÑΞ$ʟʵěʪ-Ϸ˵̤I\_ PGC-1αKʝƠcȀĚ6>%cΒƐ6!ÑΞKɱǍǠcɡΔ6>"
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<K̥ɖ!þ͵˫́ϋ^!PGC-1αLϷ˵̤I\ADʝƠ8_3F-ΚX]`>ШÒ ���
Щ"6,

6H-]!ÑΞIŀ6DʟʵěʪLϷ˵̤I\_ PGC-1αKʝƠcȀĚ6H,A>ШÒ ���
Щ"3

`UEI!Ϸ˵̤I\AD PGC-1αK˙ʿϧ-ʝƠ8_đƉ m�º�LŊƐ5`D(H("ɏ˫

́EL!§¬ϢĬШʐǠĬŬЩp38 MAPK+\O p38 MAPKK̮˙ʿϧ-Ϸ˵̤I\ADʝƠ8

_3FcΚXD(_ШÒ ����Щ"þ͵˫́I+(D!p38 MAPKI\_ PGC-1αK§¬ϢĬL!

PGC-1αK�¬�qΰKƍƐǠIϥ΄Hù.cȇ)3F-˱5`D(_Ш4, 169Щ"6>-AD!Ϸ˵

̤I\AD p38 MAPKˆɒKǩŰÕϖ-ʝǊ6>3F- PGC-1αK�¬�qΰ˙ʿϧ-ʝƠ6>

 m�º�cΞȷ8_¯ŠE'_F̀*]`_"¯ȰE!¯ͦI PGC-1αKʐǠ­˙ʿϧcɱIĚ

ǖ8_±ʑđƉE'_F̀*]`D(_ AMPK+\O mTORC1L!Ϸ˵̤I\^ʐǠĬcΚX

D(_ШÒ ��	� �Ò ��		Щ"BU^!Ϸ˵̤Сɝ̌I+(DL!AMPK+\O mTORC1KʐǠĬ

ʺǮF PGC-1αK˙ʿϧLȪŉ6H("6>-AD!Ϸ˵̤Сɝ̌I+(DL!AMPK+\O

mTORC1L!PGC-1αKʐǠZ˙ʿIϰ´6H(Ņ͌ǠZ!ϰ´6D(>F6DvΩʼǁ-Ú(

F̀*]`_"�

� ̉ 3̅EL!ʟʵěʪL!¯ϕ˛H p38 MAPKKʐǠĬc̸^τ83FE!PGC-1αKʐǠĬ

cÊ6D��u¬�§fŷģ-Λƞ5`>Ņ͌Ǡ-˱5`>"<3E!10ȳϯKϷ˵̤ɋϯcΒ

1>'F!¯ϕǠKʟʵěʪ-§¬ϢĬŬШ�ʐǠĬŬЩp38 MAPKI´*_ƑРc͵A>"<K

̥ɖ!ôǺͶͅEL̉ 3̅FŊɧI!ʟʵěʪI\^§¬ϢĬ p38 MAPKK±ȵ-ΚX]`>ШÒ

���
Щ"¯ȰE!Ϸ˵̤ͅEL!ʟʵěʪc´*DvôǺͶͅSG§¬ϢĬ p38�MAPKK±ȵcΚ

XH,A>ШÒ ���
Щ"3K̥ɖv!Ϸ˵̤I\_̮ p38 MAPKK˙ʿϧÚ²cŀȺ6D(_vK

F̀*]`_"3K\)I!ʟʵěʪI\_¯ϕǠK̡͋Ǟ̍KΊʯ,]v!Ϸ˵̤Сɝ̌EL

PGC-1αKʐǠĬIϰb_ĕɋǞ̍-ıđIΛƞ5`H(Ņ͌Ǡ-У(3F-Ø*_"�

� ±υK PGC-1α+\Oϰώ8_±ʑŠƉK̥ɖKƄǍǠ­ɱǍǠc\^ɡΔ8_>XI!��u

¬�§fÐżE PGC-1α-Ěǖ8_�¬�qΰK˙ʿϧcΕå8_ǜ΄-'_F̀*>"<3E!
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PGC-1αI\ADΠ̑5`D(_3F-˨]`D(_r¨u®{πχȇÜШGLUT4Щ+\O͍͇Ϣ

πχȇÜШFAT/CD36ЩK�¬�qΰϧKđɕc͵A>Ш20Щ"<K̥ɖ!Ϸ˵̤L!PGC-1αFŊɧ

I GLUT4Z FAT/CD36cʝƠ5:>-!ʟʵěʪI\_ħɖLΚX]`H,A>ШÒ ����Щ"3

`]K¯ώK̥ɖL!ʟʵěʪ-Ϸ˵̤I\_��u¬�§fʝƠcȀĚ6> m�º�F6D

PGC-1αÐżK̤θ-ϰ´6>Ņ͌Ǡc˱Ś8_"�

�F3aE!ôǺͶͅK͖͛̌I+(D!ʟʵěʪI\_ PGC-1αKŷģLΚX]`H,A>"�ɏ

˫́I+(D!ôǺͶͅI+(D PGC-1αKŷģ-ΚX]`H,A>F6Dv!Ð²Kˀˆ,]̉

3̅EK¸ǋF˦ˣ8_vKELH(F̀*]`_"̉ ¯I!ʟʵěʪI\_PGC-1αKʐǠĬL!

¯ϕǠE'_3F-ͮ́ZÌK˫́r¨®�K̥ɖ,]˱Ś5`D(_3F-ȏ2]`_"U>!�

PGC-1αK�¬�qΰKĲʝɋL!2-3ȻϯFɺξ˛˩/!ɇ̢Kʟʵěʪ,] 24Ȼϯ̤ϕ6>ɏ

ƑРɑÒEL!ŷģ6D(>F6Dv!<KŷģcɡĐE.>Ņ͌ǠLÚ,A>F̀*]`_"�

�

��u���k»Ű\Ƙ¢ofőƂ�

� ��u¬�§fKϧL!��u¬�§f˂ŉǵ?1ELH/��u¬�§fđΌFK�¦¬{E

ʄƐ5`_"��u¬�§fKŗΰcèȍ8_>XI!ɭ͌³ĂIϸA>��u¬�§fL!��

u¬�§fϛȄ˛l®��ez®Ш�h��ez®ЩI\ADđΌ5`_"�h��ez®K¶E

vʹI ParkinäƊǠK�h��ez®-ɇvʐ˙I˫́5`D(_"ParkinäƊǠK�h��e

z®K{���c²IΑ8ШÒ ��	,Щ"�

�

�
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�

�

�σƼK˫́EL!͓˵̤ȣϟLСɝ̌K�h��ez®cȍ̪˛IʐǠĬ5:_3F-˱5`D

(_Ш156, 215Щ"3`]Kþ͵˫́L!Ϸ˵̤I\_�h��ez®KʐǠĬcʟʵěʪ-ȀĚ6>

Ņ͌Ǡc˱Ś8_"ɏ˫́EL̪(D!3KŅ͌ǠKɱǍǠIB(DɡΔc͵)>XI!
	 ȳϯ

KϷ˵̤ɋϯǓIСɝ̌IƊŧ8_��u¬�§fKǠΰcΕå6>ШϷ˵̤ 
	 ȳǓI͖͛̌,]

��u¬�§fđˈcȆĐ6!�h��ez®ϰώ�¬�qΰKϧcΕåЩ"<K̥ɖ!Ϸ˵̤L!͖͛

̌��u¬�§fđˈI+1_ ParkinZ Ub̥ŉ�¬�qΰ!p62/SQSTM1!LC3-IIK�¬�q

ΰϧKŷģ-6>ШÒ ���+ �Ò ���,Щ"3`]K̥ɖL!þ͵˫́ϋ^!Ϸ˵̤I\ADđΌ8R

.��u¬�§fIˠĸcÍ1_ϕ˽+\O!ƑϽKđΌ5`_űE'_�h��ev�®�-ŷ

ģ6D(_3FcǬœ8_"¯ȰE!Ϸ˵̤ɋϯ¶KʟʵěʪL!Ϸ˵̤I\_3`]K�h��

ez®ϰώ�¬�qΰK˙ʿϧŷģcȀĚ6>ШÒ ���+ �Ò ���,Щ"3`]K̥ɖL!ʟʵěʪ-

Ϸ˵̤I\_đΌ8R.��u¬�§fIˠĸcB1_ϕ˽+\O!�h��ev�®�KƊŧc

ôǺͶͅKɽʤUEʝƠ5:>FΌϣ5`_"�

� ��u¬�§fđˈI+1_ LC3-IIK�¬�qΰϧL!��u¬�§fcīȌ6D(_l®�

�ev�®�Ш�h��ev�®�ЩKϧFУ(ˢϰϰæc˱83F,]!$GK˽ǁ�h��ev

Parkin�

Ub� P62 LC3-II�

�� �  

�� �

ÿ 	��
 �9"HDCF ģý¬ri_yjut�Ĩ�ZQinVaQRquinVaQS�
Ĩ� āĞæif Ëo`k��w���mZ :#PI+Lb8+5MB*MLCP+#-�5*�!A+OS+5+L�-+)#QDcMè³ohA�

ĩ� :#PI+L y@Ãlx��w���m»ģ~��tæZ��s��b!AckÈ±mphA�

Ī� ��s��MÈ±nq��w���mk 1,)	<�<=8( MÌ÷ohA�

ī� ��s��he^ 1,) MÈ±nq��w���my@�3*�66 uü]ih�ara~��tækòcÎÁģãêx¯Ğbqa��

� � �§x}a�cZersĝji¶Ú©Z�}}a�Zers ËmihA�

�
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�®�-Ɗŧ6D(_,б%IB(Dɡΐ8_3F-E._Ш143Щ"¯ȰE!�h��ez®cŎ

Xl®��ez®LЈƹI�h���qH�¬�qđΌɭɦE'_"6>-AD!ʟʵěʪI\_

��u¬�§f LC3-IIKʝƠШ�h��ev�®�KʝƠЩ-!$�h��ez®KΛƞϕ˽-ȀĚ

5`>3FcŀȺ6D(_K,б%$�h��ev�®�ǎǵǓKɇ̢˛HđΌϕ˽-çϐ5`>

3FcŀȺ6D(_K,б%IB(DL!̥΢Í1_3F-E.H("<3Eɏ˫́EL!3KŜ

ДcΌʄ8_>XI!�h��ev�®�Kɇ̢˛HđΌcϳƓ8_ͱĞE'_u¨��¬c˄(

>φΖc͵A>Ш97, 144Щ"<K̥ɖ!u¨��¬KɉʱIϰb]9!Ϸ˵̤I\_��u¬�§f

đˈK LC3-IIKŷģL!ʟʵěʪI\ADȀĚ5`_3F-ȷ],FHA>ШÒ ���-Щ"3K̥ɖ

L!ʟʵěʪI\_�h��ev�®�ϧKʝƠL!�h��ev�®�KđΌ-çϐ5`>̥ɖ

ELH/!�h��ev�®�ǎǵ-ȀĚ5`>̥ɖE'_F̥΢Í1]`_"v6�h��ev

�®�Kɇ̢˛HđΌçϐI\AD!�h��ev�®�Kϧ-ʝƠ6>KE'`M!u¨��¬

I\AD�h��ev�®�KđΌcϳƓ6>űŉ!ʟʵěʪKħɖLʖƁ8_F̀*]`_,]

E'_"�

�

ĥĬ¿ĩ\dfp���jz�]Ă¾�

� �h��ez®L!l®��ez®IУ/äƊ6>��u¬�§fđΌɭɦE'_"<3E!ʟ

ʵěʪ-Ϸ˵̤I\_�h��ez®ʐǠĬcȀĚ6>đƉ m�º�c\^ʘ/ˀΌ8_>X

I!l®��ez®KĚǖɭɦIB(Dvɡΐc͵A>"u¨��¬c˄(>ɡΐI\^!ʟʵě

ʪL!Ϸ˵̤I\_l®��ez®KΛƞvȀĚ8_3F-˱5`>ШÒ ��	�Щ"l®��ez®

L!30cδ*_l®��ez®ϰώϜÕƉI\ADĚǖ5`D(_Ш142Щ"H+!l®��ez®

KΛƞL!�l®��ez®KĕɋΛƞϕ˽!�l®��ev�®�Kǎǵϕ˽!�l®��ev

�®�K×Ϭϕ˽K 3BKɶϺIđ1]`_"ɏ˫́EL!ɧ#Hl®��ez®ϰώ�¬�qΰ

K˙ʿ-Ϸ˵̤I\AD±ȵ6>3FcΚXD(_ШÒ ��	� �Ò ��	
CÒ ��	�Щ"Ϸ˵̤I\_l®
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��ez®ϰώ�¬�qΰKŷģK)@!l®��ez®KΛƞϕ˽ШȀĚ˛IĚǖ8_đƉvŎX

DЩZl®��ev�®�Kǎǵϕ˽L!ʟʵěʪI\_ǐЌcŃ1H,A>"¯ȰE!ͥœʘ(

3FI!ʟʵěʪL!l®��ev�®�K×ϬIΩʼ8_ ATG5+\O ATG16LK�¬�qΰ

ϧKŷģKscôǺͶͅKɽʤQşǗ5:>ШÒ ��	�Щ"l®��ez®Λƞěʪ²E ATG5!

ATG16LK˙ʿ±ȵc siRNAZ shRNAEϳƓ8_F!ıđIl®��ez®-Λƞ5`H(3

F-ɧ#H̡͋˾EΚX]`D(_Ш77, 154, 219Щ"6>-AD!ʟʵěʪ-!Ϸ˵̤I\_l®��

ez®KʐǠĬcȀĚ6>đƉɭƿL!ATG5!ATG12!ATG16LK˙ʿ±ȵȀĚI\ADΞȷ5

`_F̀*]`_"H;!ʟʵěʪ-l®��ev�®�K×ϬIΩʼ8_�¬�qΰKs˙ʿ±

ȵcȀĚ6>K,бIB(DL!ɏ˫́EL m�º�KŊƐI͢AD(H("ATG5Z ATG16L

L!ATF4Z ATF6FŔM`_μĊŠƉI\AD!˙ʿ-Λƞ5`_Ш13Щ"3`] ATF4Z ATF6

L!ˍƹ�¬�qΰKƟ͋Üͯ̀Iƚ8_{�©{Ǟ̍ШƟ͋Ü{�©{Ǟ̍ЩF6D˙ʿ-ŷģ8

_Ш13Щ"Ɵ͋ÜL!̾Γ5`>�¬�qΰK�ª}�y¬rKűE'^!̘ϪêКZȃ^>>sH

G-͵b`_"Ɵ͋ÜK�¬�qΰ�ª}�y¬r͌Ģc±ş_ϕĠH�¬�qΰ-Ɵ͋ÜIʑā

6>űŉZ!Ɵ͋ÜKɭ͌³ĂI\^!Ɵ͋ÜI³ͧ�¬�qΰ-ͯ̀8_Ш47Щ"Ɵ͋ÜĈK³ͧ

�¬�qΰKͯ̀L!̡͋ɹǠc˱6!3KʺʇcƟ͋Ü{�©{F¯ͦIΑυ5`_"þ͵˫́

EL!͓˵̤ȣϟL!Сɝ̌KƟ͋Ü{�©{Ǟ̍cΛƞ8_3F-ŰŒ5`D(_Ш155Щ"<3

E!$ʟʵěʪI\_ ATG5Z ATG16LK˙ʿϧŷģKȀĚL!Ɵ͋Ü{�©{Ǟ̍KνʝcÊ6

D(_KELH(,%FÑΞcΒƐ6>"ɡΔK̥ɖ!þ͵˫́ϋ^!Ϸ˵̤I\ADСɝ̌KƟ

͋Ü{�©{-Λƞ5`>vKK!ʟʵěʪL!Ɵ͋Ü{�©{Ǟ̍cνʝ6H,A>ШÒ ��	
Щ"

6>-AD!ʟʵěʪI\_ ATG5!ATG16LK˙ʿϧŷģKȀĚ!5]I!l®��ez®Λƞ

ʐǠĬKȀĚL!Ɵ͋Ü{�©{Ǟ̍ÐżK̤θcÊ6D(_Ņ͌Ǡ-˱Ś5`_"3KŅ͌ǠK

ƄǍǠ!ɱǍǠc\^˯,X_>XI!ATG5Z ATG16LK˙ʿΠ̑ɭɦcμĊ­̾Γ­̾ΓǓ

êК©�¨IđЖ6!\^Θ̡Iɡΐ8_3F-ÉǓKΟДK¯BFH_"�
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�

��u���k��m��s{�

� ��u¬�§fL!̡͋KʺǮIǞ7DđͻZͳŉc̸^τ8ɣXDĩ˛HƟŞƏE'_"��

u¬�§fKŗΰL!�h��ez®KsH]9!3K��u¬�§fĩǮźĬFĳù6D̫ȍ5

`_"þ͵˫́EL!�h��ez®KΛƞK>XI!��u¬�§fKđͻ-Ö)À-˱5`D

(_Ш172Щ"3`L!ƲžH��u¬�§fL!ʸˀ˛Il®��ev�®�-Ţ)3F-E.H

(>XF̀*]`D(_"U>!σƼEL!��u¬�§fđͻKçϐ͡Ü-!Сɝ̴̌ͭKĺŠ

FH_3Fvȷ],I5`D(_Ш37, 181Щ"ʟʵěʪI\_��u¬�§fKŗΰ̐ˀɭɦKϙǞ

cʘ/ˀΌ8_>XI!Ϸ˵̤+\Oʟʵěʪ-!��u¬�§fǎǮKĚǖ�¬�qΰI´*_

ǐЌcɡΐ6>"<K̥ɖ!Ϸ˵̤L!��u¬�§fͳŉcçϐ8_�¬�qΰШOpa1+\O

Mfn2ЩcʝƠ5:!��u¬�§fđͻcçϐ8_�¬�qΰШFis1Щcŷģ5:>ШÒ ��	+Щ"3

`]K̥ɖL!Ϸ˵̤L!��u¬�§fcđͻK͹ʿǎI˼͵5:_Ņ͌Ǡc˱Ś8_"H+!

3K̥ɖL!Ϸ˵̤-�h��ez®cʐǠĬ5:D(_3F,]˂ˀ˛IȪŉǠ-'_"�

� ʟʵěʪL!ôǺͶͅK͖͛̌I+(D!Mfn2cŷģ5:!Opa1cŷģ5:_øŌI'A>

ШÒ ��	+Щ"3`]K̥ɖL!ôǺͶͅI+(DL!ʟʵěʪ-��u¬�§fKͳŉ-çϐ5`

_Ņ͌Ǡc˱Ś8_"¯Ȱ!Ϸ˵̤ͅEL!��u¬�§fͳŉ+\OđͻcĚǖ8_�¬�qΰ

LʟʵěʪI\_ǐЌcŃ1H,A>ШÒ ��	+Щ"BU^!ʟʵěʪL!Ϸ˵̤I\_�h��e

z®KʐǠĬcȀĚ6>Ivϰb]9!��u¬�§fđͻIΩʼ8_F̀*]`_�¬�qΰK

ϙǞL̫ȍ5`>UUE'A>ШÒ ��	+Щ"þ͵˫́EL!�h��ez®KʐǠF��u¬�§

fđͻKʺǮL!¯ͣ8_3F-¸ǋ5`D(_"6,6H-]ɏ˫́EL!ǜ96v¯ͣ6H(

Ņ͌Ǡ-˱5`>"ɏ˫́EL!H;ʟʵěʪKÊāI\AD!�h��ez®KʐǠĬKsȀĚ

5`>K,б<KˀˆIB(DLʹƐI͢AD+]9!ÉǓɡΐ8_ÞŨ-'_"ɏ˫́EL!�

�u¬�§fKͳŉ­đͻcĚǖ8_�¬�qΰK˙ʿϧKsKɡΐIFGUAD(_"ÉǓ!α
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�h��ez®KʐǠĬL!ʟʵěʪI\ADôǺͶͅKɽʤUEʝƠ8_3F-ȷ],FHA>

ШÒ ���+CÒ ���-Щ"U>!��u¬�§fɹǠKĺŠE'^̥ɖEv'_ϢĬ{�©{-Ϸ˵̤

I\ADͯ̀6>-!ʟʵěʪI\ADνʝ6>ШÒ ���	Щ"3K̥ɖL!ʟʵěʪL!�h��

ez®KɭɦcˡȗȀĚ6>KELH/!��u¬�§fKñĂǁc̫ȍ6!��u¬�§fcđ

Ό5:_ǜ΄Ǡcνʝ5:>3FcŀȺ6D(_F̀*]`_"3K̀*L!²ΑKЭBK˨΅I

\ADvȣȍ5`_"�Сɝ̌K�h��ez®ϰώϜÕƉcɮȝ5:_F!Ϸ˵̤I\_ϢĬ{

�©{Kͯ̀Lŷž8_Ш³ͧ��u¬�§f-đΌE.9!\^��u¬�§fɹǠ-ŷǌ5`_>XЩ

Ш62, 129Щ"�v6!ʟʵěʪ-ˡȗ�h��ez®KɭɦcȀĚ6>KE'`M!Ϸ˵̤I\_Ϣ

Ĭ{�©{Kͯ̀L!ʟʵěʪI\ADŷž8_F̀*]`_-!ƑϽLʝƠ6>ШÒ ���	Щ"�

ôǺͶͅI+(DL!�h��ez®KʐǠZ�h��ez®ϰώ�¬�qΰK˙ʿϧIʟʵěʪ

I\_ǐЌLΚX]`H,A>ШÒ ���+CÒ ���-Щ"EL!GK\)I6DϷ˵̤Сɝ̌K��u

¬�§fɭ͌³Ă­ɹǠcʟʵěʪ-Ȥŝ6>K,бǪƐ5`_ m�º�cɯ̅EƝɒ˛HƦɊ

vŎXD΢℃8_"�

�

đłň]ƙķīZƘƇłň»Ɠ`]ŅÐ�

� ±υKϋ^!ɏ˫́ELƑРɋϯc 10ȳϯIΒƐ6>"3KˀˆL!�þ͵˫́I+(D!10

ȳϯKϷ˵̤L!ıđIСɝ̌��u¬�§fKʝƠ+\OСɝ̴̌ͭcΛƞ8_3FШ26, 105Щ!

�Ϸ˵̤I\_��u¬�§fʝƠ+\OСɝ̴̌ͭIϰb_Ǟ̍­ϙǞ-!ıđIΛƞ5`D(
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�§fʝƠZСɝ̴̌ͭ-ϐ͵6D(_ϽI!ʟʵěʪI\_Êāc͵AD(_3FIvˊǬ8_

ǜ΄-'_"ȲIϐ͵6>��u¬�§fʝƠZСɝ̴̌ͭIƚ6DvʟʵěʪI\_Êā-ɉħ

E'_,ō,IB(DLɏ˫́ELΌȷI͢AD(H("ÉǓ!3KŜДcȷ],I8_3F-E
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� ɏ˫́EL!$Ϸ˵̤+\OʟʵěʪI\_��u¬�§fKϧ˛Ěǖ%-¸>_˫́ƚΧE'

A>>X!Сɝ̌ϧKĚǖɭɦIB(DL!ıđHɡΐI͢AD(H("ɏ˫́EL!ʟʵěʪ-

Ϸ˵̤I\_��u¬�§fʝƠcȀĚ6> m�º�cɡΐ8_±El®��ez®K̤θv

Εå6>"l®��ez®KϕĠHʐǠĬL!Сɝ̴̌ͭcΛƞ8_3F-˨]`D(_"ɏ˫́

EL!ʟʵěʪL!l®��ev�®�K×ϬIϰ´8_�¬�qΰK˙ʿϧcɱƹĬ5:!l®

��ez®KΛƞcȀĚ8_3F-ȷ],FHA>"6>-AD!ʟʵěʪ-Ϸ˵̤I\_Сɝ̌

̴ͭcȀĚ6>ʩŧ˛H m�º�F6D!l®��ez®KɱƹĬ-ȏ2]`_"þ͵˫́EL!

ParkinäƊǠ�h��ez®KʐǠĬZ!��u¬�§fʝƠIÖ)Сɝ̴̌ͭL!μĊŠƉ

NFE2L1�Nrf1Шnuclear factor, erythroid 2 like 1; 7nuclear respiratory factor 1ЩKʐǠĬШ̡͋ΰ,

]ɛQK˼͵Щ-ϰ´8_3F-˱5`D(_Ш62Щ"NFE2L1/Nrf1L!�¬�qΰđΌcȇ)�ª

�f�®�­w�¤���K˙ʿcΛƞ8_μĊŠƉE'_"ɏ˫́EL!Ϸ˵̤I\_ Parkin

äƊǠ�h��ez®+\O��u¬�§fKʝƠcʟʵěʪ-ȀĚ6>"6,6!ʟʵěʪ-Ϸ

˵̤I\_NFE2L1/Nrf1KʐǠĬZ�ª�f�®�K˙ʿϧŷģcȀĚ8_,ō,LɍΌȷE'

^!ÉǓɡΐ8_ÞŨ-'_"ʟʵěʪ-!Сɝ̴̌ͭcȀĚ8_3Fc˱6>ŰŒL΁ȩ'_-!

3`UEIʄƐ˛H m�º�LŊƐ5`D(H("ɏ˫́EǕ]`>˨΅+\O!ɏ˫́I\^

˱Ś5`_ƦɊL!ʟʵěʪI\_Сɝ̴̌ͭKȀĚħɖIB(D! m�º�c\^Θ̡IΌȷ
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�̉ 4̅KĜĲEL!Сɝ̌K͓˵̤ȣϟIƚ8_§��§�®y¥¬ȰʊKϮ˙cˠȎ8F(A

>Ίʯ,]!ʟʵěʪKɉħǠKɡΔc͵A>"<K̥ɖ!ƑР˛H͓˵̤ȣϟШŪС˵̤ĒϷ��Ϸ

˵̤ЩI\_Сɝ̌��u¬�§fKʝƠШNDUFB8, UQCRC2, COX IV, ATP5AK�¬�qΰϧЩ+
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�̉ 4̅KǓĲEL!ʟʵěʪ-Ϸ˵̤I\_Сɝ̌��u¬�§fKʝƠZ��u¬�§fϡ̞

ʐǠKÚ²cȀĚ6> m�º�KΌȷcˠȎ6Dɡΐc͵A>"<K̥ɖ!Ϸ˵̤I\_��u

¬�§fKđΌɭɦШ��u¬�§fϛȄ˛l®��ez®ЩKʐǠĬ-!ʟʵěʪI\^ôǺͶͅ

KɽʤUEÚ²8_3F-ȷ],FHA>Ш��u¬�§fđˈI+1_ LC3-IIЩ"5]I!�đΌ

8R.��u¬�§fIˠĸcÍ1_ϕ˽Iϰb_�¬�qΰШ��u¬�§fđˈI+1_ Parkin, 

Ub̥ŉ�¬�qΰ, p62/SQSTM1Щ+\O!�đΌ8R.��u¬�§fcƑϽIđΌ8_ϕ˽Iϰ

b_�¬�qΰШATG5, ATG16LЩ-!ʟʵěʪI\^ôǺͶͅKɽʤUEʝƠ8_3Fvȷ],

FHA>"�
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� ɏ˫́K¸ˠ˛L!ħɖ˛H�©®�¬rȰʊZ§��§�®y¥¬ȰʊKϮ˙cˠȎ6D!˂

ÜKСɝ̌��u¬�§fc̫ȍ­ŷģ5:_ǺɶF6Dʟʵěʪ-ɉħE'_,ō,cȷ],I

8_3FE'A>"Ð²Iɏ˫́EǕ]`>˨΅cUFX_" 

�

Ŋ � ŉ 

� ̉ 1̅EL!��u¬�§fKϧ˛ĚǖIϰb_ɭɦZʟʵěʪI\_Сɝ̌KϙǞIB(D3

`UEIȷ],I5`>˨΅ZΟДcUFX!ɥΞ6>"�

�

Ŋ 	 ŉ 

� ʟʵěʪIϰ8_þ͵˫́KŽ/L!ƑРĩʸcХϠ²Eʟʵěʪc´*D(_"¯Ȱ!σƼE

L!ʟʵěʪ¶KХϠď̹LÜʟΠ̑ɭ͌cϳƓ8_FȎȡ-5`D+^!j�¨p®ÎΣIvǐ

Ќc´*_Ņ͌Ǡ-Ȏȡ5`D(_"<3Eɏ˫́EL!ʟʵěʪȰʊF6D!ХϠď̹cǜ΄F

6H(ɀʵˁŶQKɃІcȕ˄6!�ª�u®¨KϮ˙c͵A>"�

� ̉ 2̅KĜĲEL!�i{cɀʵˁŶQɃІ8_>XKʟʵěʪͼ̹K̀ɞ­Ěßc͵A>"<

6D!ʟʵěʪͼ̹KʟǁĚǖK̗ǁcɡΐ6!ƄǍǠc˯Κ6>"�

� ̪(D̉ 2̅KǓĲEL!ɏ˫́KʟʵěʪȰʊKƄǍǠcɡΔ6>"ɏ˫́KɀʵˁŶQKɃ

ІI\_ʟʵěʪI\AD!�þ͵˫́FŊɧKʟʵěʪIƚ8_˂ˀ˛Ǟ̍­ϙǞ-Ǖ]`>3

F!�ʵ¶˔cő5H(3F!��i{KʐĩϧIǐЌc´*H(3Fc˯Κ6>"
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� ̉ 3̅KĜĲEL!ʟʵěʪcǞ˄6>ħɖ˛H�©®�¬rȰʊKŅ͌ǠcɡΔ8_>XI!

ʟʵěʪI\_Сɝ̌��u¬�§fKϙǞcɡΐ6>"<K̥ɖ!ʟʵěʪL!˂ ÜKСɝ Ш̌ε

ǀ ­̌�¦ ̌ЩK��u¬�§fϧKȎɩKNFBE'_��u¬�§fŔŏϪШNDUFB8, COX IV, 

ATP5AЩK�¬�qΰϧcŷģ5:!Сɝ̌KɇžϢĬ͌ĢKȎɩKNFBE'_��u¬�§f

Kϡ̞ʐǠШCSɇžʐǠЩc±ȵ5:_3F-ȷ],FHA>"5]I!ϓĩǓKʟʵěʪL!ȍ

¹˛�©®�¬rI\_Сɝ̌��u¬�§fKϙǞcˢģ˛Iŷǌ8_3F-ȷ],FHA>" 

� ̉ 3̅KǓĲEL!ʟʵěʪ-��u¬�§fKϙǞcΛƞ6>đƉ m�º�KΌȷcˠȎ6

D!¯ϕǠKʟʵěʪШĵʻ­ϓĩǓЩ-!��u¬�§fŷģIϰb_̡͋ĈǩŰÕϖ̤θI´

*_ǐЌcɡΐ6>"<K̥ɖ!���u¬�§fϜÕƉKμĊcçϐ8_ p38 MAPKKʐǠĬ

Шp38 MAPKK§¬ϢĬʺǮK±ȵЩ!���u¬�§fϜÕƉKμĊ­̾Γcçϐ8_ mTORC1

KʐǠĬШp70S6KK§¬ϢĬʺǮK±ȵЩ-ΚX]`>" 
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̉ 4̅KĜĲEL!Сɝ̌K͓˵̤ȣϟIƚ8_§��§�®y¥¬ȰʊKϮ˙cˠȎ8F(A>

Ίʯ,]!ʟʵěʪKɉħǠKɡΔc͵A>"<K̥ɖ!ƑР˛H͓˵̤ȣϟШŪС˵̤ĒϷ��Ϸ˵

̤ЩI\_Сɝ̌��u¬�§fKʝƠШNDUFB8, UQCRC2, COX IV, ATP5AK�¬�qΰϧЩ+\

OСɝ̴̌ͭ-!ʟʵěʪI\ADȀĚ5`_Ņ͌Ǡc˱6>" 

�̉ 4̅KǓĲEL!ʟʵěʪ-Ϸ˵̤I\_Сɝ̌��u¬�§fKʝƠZ��u¬�§fϡ̞

ʐǠKÚ²cȀĚ6> m�º�KΌȷcˠȎ6Dɡΐc͵A>"<K̥ɖ!Ϸ˵̤I\_��u

¬�§fKđΌɭɦШ��u¬�§fϛȄ˛l®��ez®ЩKʐǠĬ-!ʟʵěʪI\^ôǺͶͅ

KɽʤUEÚ²8_3F-ȷ],FHA>Ш��u¬�§fđˈI+1_ LC3-IIЩ"5]I!�đΌ

8R.��u¬�§fIˠĸcÍ1_ϕ˽Iϰb_�¬�qΰШ��u¬�§fđˈI+1_ Parkin, 
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Ub̥ŉ�¬�qΰ, p62/SQSTM1Щ+\O!�đΌ8R.��u¬�§fcƑϽIđΌ8_ϕ˽Iϰ

b_�¬�qΰШATG5, ATG16LЩ-!ʟʵěʪI\^ôǺͶͅKɽʤUEʝƠ8_3Fvȷ],
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đłň]áŨĻ¬ŘtM���ĥĬ¿ĩ]łňZmX�

� ʟʵěʪIϰ8_˫́L!Сɝ̌Kǅ˄Ǡ̴ͭcȀĚ8_3FZ!ȝ÷6>Сɝ̌KĉǇcçϐ

8_3Fc¶ǛIΌȷ5`!3`UEI˙Ʀ6D.>"6,6!ʟʵěʪ-j�¨p®ÎΣ!ʹI

��u¬�§fQ´*_ǐЌLSFdGˀΌ5`D(H,A>"33EL!ɏ˫́EǕ]`>˨΅

-!ʟʵěʪK˫́đϦI+(D!GK\)H̄űI'_,c�ŮЛ̡͋K˨΅c˂ÜQ˙Ʀ!�

ʟʵěʪI\_Сɝ̌KϙǞKΊʯ,]΢℃8_" 

 

ÕƣŐŜ]Łŭiĳ­`ĺì� �

� ɏ˫́EL!ŮЛ̡͋cƚΧF6>þ͵˫́,]˥ǪcǕD!˂ÜKСɝ̌I+(Dvʟʵěʪ

-��u¬�§fIǐЌc´*_,ō,cɡΐ6>"ɏ˫́L!�ĵʻKʟʵěʪ!�ϓĩǓKʟ

ʵěʪ!�Ϸ˵̤Сɝ̌QKʟʵěʪ-!˂ ÜKСɝ̌��u¬�§fKϧcɱIĚǖ8_3FZ!

��u¬�§fKŗΰcȤŝ5:_Ņ͌Ǡcȷ],I6>"ɏ˫́L!ŮЛ̡͋EǕ]`>˨΅-

˂ÜKСɝ̌Evĉʿ5`_3FcĵI˯Κ6>?1ELH("<KˀˆL!ϓĩ­�©®�¬r

ZϷ˵̤Сɝ̌I\_��u¬�§fKϧ˛źĬIʟʵěʪ-´*_ǐЌL!ŮЛ̡͋ELɡΔ8

_3FLE.H(,]E'_"˂ÜcƚΧF6>ʟʵěʪ�ª�u®¨c˯̄6!ʟʵěʪI\_

Сɝ̌��u¬�§fKϙǞcɡΐ6>ɏ˫́L!ŮЛ̡͋cƚΧF6>˫́,]Ǖ]`>ů˰˛

˨΅c͠ƾQɬʞ68_>XK˙Ʀ˛­Ƒι˛Hů˰˫́F6DÙ̹C1]`_" 
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��u¬�§fʝƠ+\OСɝ̴̌ͭcƻ͵6DȀĚ6>ШÒ ��- �Ò ����Щ"ʟʵěʪ-!Сɝ̌

̴ͭcȀĚ8_3Fc˱6>ŰŒL΁ȩ'_-!� m�º�Lɍ?IŊƐ5`D(H(3F!�

��u¬�§fQKǐЌcɡΐ6>âL3`UEIƊŧ6H,A>3F-ΟДE'A>"Сɝ̌ͭ

̴¡�¨Kϗ(cˊǬ8_ǜ΄L'_-!ɏ˫́EǕ]`>˨΅L!ʟʵěʪI\_Сɝ̴̌ͭK

ȀĚħɖIϰb_ m�º�K¯ϞF6D!��u¬�§fϧK̫ȍ-Ωʼ6>Ņ͌Ǡc˱Ś8_"

ŊɧI!ʟʵěʪI\_Сɝ̌ĉǇKçϐv!��u¬�§fKǢƹǠ̫ȍEΞȷE._Ņ͌Ǡ-

'_"6>-AD!ÉǓ!ʟʵěʪ-ȝ÷­ĉǇСɝ̌K��u¬�§fϧ˛­ΰ˛ǢƹǠI´*

_Ņ͌ǠcɡΔ8_Ǭ̼LУ(F̀*]`_"ɏ˫́E!ʟʵěʪI\_˂ÜKСɝ̌��u¬�

§fKϙǞZ<KĚǖɭɦKǞ̍­ϙǞcɡΐ6>3FE!3`UEIʟʵěʪK˫́EǕ]`D

(_˨΅-̨ŉ5`_Ņ͌ǠZ!3`UEI³ıđE'A>ʟʵěʪI\_Сɝ̌ϙǞIϰ8_ 
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<K m�º�L!˂ˀɑÒI\ADˍH_Ņ͌Ǡ-˱Ś5`_"33EL!��u¬�§fϧK

ŷģc!��u¬�§f˂ŉǵKçϐ+\O��u¬�§fđΌKȀĚKP>BK΄̞IđЖ6!

ʟʵěʪI\_ϙǞc΢℃8_" 
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à˄ɑÒE'`M!ʟʵěʪI\_��u¬�§f˂ŉǵ-çϐ5`_FΌϣ5`_" 

� 6,6H-]!ʟʵěʪI\_��u¬�§f˂ŉǵKçϐL!ǜ96vΚX]`_FLϵ]H

("ɏ˫́K̉ 4̅EL!̉ 3̅K̥ɖcŃ1D!Ϸ˵̤I\_ PGC-1αKʝƠKȀĚcÊ6D!

��u¬�§fKʝƠ-νʝ5`_E'a)F¿Ǫ6D(>"6,6!Ϸ˵̤Сɝ̌I+(DL!

ʟʵěʪI\AD��u¬�§fʝƠ-ȀĚ5`>vKKШÒ ����Щ!PGC-1α KʝƠcȀĚ6H

,A>ШÒ ���
Щ"U>!ʟʵěʪI\_¯ϕǠK̡͋Ǟ̍KΊʯ,]v!Ϸ˵̤Сɝ̌EL PGC-1α

KʐǠĬIϰb_ĕɋǞ̍Шp38 MAPK KʐǠĬЩ-ıđIΛƞ5`H(Ņ͌Ǡv˱Ś5`>"Ì

K˫́r¨®�I\AD!У͍͇ЗȠłI\_Сɝ̌K��u¬�§fϧKŷģħɖL!ʟʵěʪ

I\ADʖƁ8_3F-ŰŒ5`D(_Ш75Щ"3`]K˨΅L!ʟʵěʪI\_��u¬�§f˂

ŉǵKçϐħɖ-Ǖ]`_,ō,L!˂ÜĈˁŶIУ/äƊ8_Ņ͌Ǡc˱Ś8_" 

 

ĥĬ¿ĩ\df��u���kĳÌā�q�|�^@ƊÄ������tZÍnfƫ�

� ϓĩ­�©®�¬rI\_ PGC-1α KʐǠĬZ��u¬�§fŷģcĚǖ8_±ʑŠƉF6D

AMPK KʐǠĬ-ȏ2]`_"ɏ˫́EL!ŮЛ̡͋ZȡĐ̌cƚΧF6>þ͵˫́,]!ʟʵ

ěʪI\_��u¬�§fŷģL!AMPK KʐǠĬEΞȷ5`_E'a)FǪƐ6D(>"6,

6¿ǪIŀ6D!ɏ˫́EL!ʟʵěʪLAMPKcW6a³ʐǠĬ5:_3F-˱5`>ШÒ
���Щ"

F3aE!Єɼěʪc˄(DСɝ̌cŁ̴5:_3FE! Ϸ˵̤I\_ PGC-1αZ��u¬�§
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fKʝƠ-ȀĚ5`_3F-þ͵˫́Eȷ],I5`D(_Ш1, 162, 231Щ"6,6!ʟʵěʪL!Ϸ

˵̤I\_��u¬�§fKʝƠcȀĚ6>-!PGC-1α KʝƠcȀĚ6H,A>ШÒ ���
Щ"3

`]K˨΅I\^!ʟʵěʪI\_Сɝ̌��u¬�§f˂ŉǵKΛƞL!ϓĩ­�©®�¬rF

ˍH_ m�º�cÊ6D(_Ņ͌Ǡ-˱Ś5`_" 

� ¯ȰE!p38 MAPKKʐǠĬZ HSP72Kŷģv��u¬�§fcŷģ5:_±ʑŠƉE'_"

ȍ¹˛ϓĩ­�©®�¬r+\OʟʵěʪL!(9`v p38 MAPKcʐǠĬ5:!HSP72cŷģ

5:_"6,6!ʟʵěʪI\_3`]K˂ˀ˛Ǟ̍­ϙǞL!ȍ¹˛ϓĩ­�©®�¬rFɺξ

6DЕͮE'A>ШÒ 
�
 �Ò 
���Щ"6>-AD!ʟʵěʪI\_Сɝ̌��u¬�§f˂ŉǵK

ΛƞL!ϓĩ­�©®�¬rFąϋK̤θ-ϰ´6D(>F6Dv!<KΩʼǁ-ˍH_Ņ͌Ǡ-

˱Ś5`_" 

�  

ĥĬ¿ĩ\drX��u���kiÚÂlpfĳıáĻÿř�

� ʟʵěʪI\^��u¬�§f˂ŉǵ-Λƞ5`_˂ˀ˛Ǭ̼Lǜ96vȷ],ELH("̡ ͋

{�©{cł^ǼA>þ͵˫́EL!{�©{I\^�¬�qΰKźǠHG-Λƞ5`_FźǠ�

¬�qΰKêǗZ³Ņψ˛HźǠ�¬�qΰLđΌ5`_"3KϽI!Ž/K ATP-ǜ΄E'^!

��u¬�§fcŷģ5:_ǜ΄-'_FK¸ǋ-'_Ш222Щ"¯ȰE!{�©{I\_��u¬

�§f˂ŉǵL!{�ªh�ŉǵ͌cèȍ6!̡͋ĈKǢƹǠc̫ȍ8_Ǭ̼-'_FK¸ǋv'

_Ш63Щ"U>!̡͋K{�©{Ǟ̍F6DćŬ˛H HSP72 K˙ʿΛƞF��u¬�§fKϰώϜ

ÕƉKμĊcΛƞ8_̡͋ĈǩŰÕϖ̤θШmTORC1+\O p38 MAPKЩLϞđ˛Iąϋ6D(_

Ш16, 39Щ"5]IσƼEL!HSPsKμĊŠƉE'_ HSF1- PGC-1αKμĊcçϐ8_3Fvȷ]

,I5`>Ш131Щ"6>-AD!ʟʵěʪI\_ HSPK˙ʿΛƞFŊΠ6D!��u¬�§f-ŷ

ģ8_3FL!˂ˀ˛­đƉ˂ʸƋ˛IȪŉǠ-'_F̀*]`_"ÉǓ!ʟʵěʪI\AD��

u¬�§f-ŷģ8_\^Θ̡H m�º�Z��u¬�§fKǠΰcΌȷE.`M!˂ ˀƋ˛Ǭ
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̼KˀΌvʘU_Fɋǒ5`_" 

 

ĥĬ¿ĩ\df��u���k]»Ű]Ă¾ 

� ʟʵěʪ-!��u¬�§fKđΌɭɦШ�h��ez®ЩI´*_ǐЌL!̉ 4̅Eɡΐ6>"

�h��ez®K̉¯KǬ̼L!³ͧ��u¬�§fKϷĻE'_"<K̥ɖ!Ϸ˵̤I\_�h

��ez®KʐǠĬL!ʟʵěʪI\ADôǺͶͅKɽʤIÚ²8_3F-ȷ],FHA>ШÒ

���+CÒ ���-Щ"U>!��u¬�§fɹǠKĺŠE'^̥ɖEv'_ϢĬ{�©{-Ϸ˵̤I\A

Dͯ̀6>-!ʟʵěʪI\ADÚ²6>ШÒ ���	Щ"3K̥ɖL!ʟʵěʪL!�h��ez®

KɭɦcˡȗȀĚ6>KELH/!��u¬�§fKñĂǁc̫ȍ6!��u¬�§fcđΌ5:

_ǜ΄Ǡcνʝ5:>3FcŀȺ6D(_F̀*]`_"3K̀*L!²ΑKЭBK˨΅I\^ȣ

ȍ5`_"�Сɝ̌K�h��ez®ϰώϜÕƉcɮȝ5:_F!Ϸ˵̤I\_ϢĬ{�©{Kͯ

̀Lŷž8_Ш³ͧ��u¬�§f-đΌE.9!\^��u¬�§fɹǠ-ŷǌ5`_>XЩШ62, 129Щ"

�v6!ʟʵěʪ-ˡȗ�h��ez®KɭɦcȀĚ6>KE'`M!Ϸ˵̤I\_ϢĬ{�©{

Kͯ̀L!ʟʵěʪI\ADŷž8_F̀*]`_-!ƑϽLȤŝ6>ШÒ ���	Щ"�ôǺͶͅI

+(DL!�h��ez®KʐǠZ�h��ez®ϰώ�¬�qΰK˙ʿϧIʟʵěʪI\_ǐЌ

LΚX]`H,A>ШÒ ���+CÒ ���-Щ"6>-AD!̉ 3 ̅EL!ĵʻU>LϓĩǓKʟʵěʪ

L!��u¬�§fϧcŷģ5:>-!<K m�º�F6D!��u¬�§fđΌKȀĚ-ϰ´

6>Ņ͌Ǡ-Ú(F̀*]`_"EL!GK\)I6DϷ˵̤Сɝ̌K��u¬�§fɭ͌³Ă­

ɹǠcʟʵěʪ-Ȥŝ6>K,бǪƐ5`_ m�º�ZƝɒ˛HƦɊcɯI΢℃8_"�

�

�

çē]ìďƪ��u���k]ƔĻ¾úfeƀĻ¾ú`�

� ɏ˫́L!��u¬�§fKϧ˛ĚǖcƚΧIʟʵěʪKħɖcɡΔ6D.>"σƼ!˫́đϦ
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I+(D!��u¬�§fKϧ˛ĚǖFŊɧIΰ˛ĚǖШǠΰ­ǎǮ!ɭ͌HGKĚǖЩv̡͋ĈK

ǢƹǠ̫ȍIϥ΄Hù.cvB3F-˱Ś5`_\)IHAD.>"±υKF+^!ʟʵěʪL!

��u¬�§fKɭ͌³ĂKȤŝZΰ˛ĚǖIvΩʼ8_Ņ͌Ǡ-У("33EL!Ɲɒ˛HƦɊ

F6DʟʵěʪI\_��u¬�§fKΰ˛ĚǖKŅ͌Ǡc!���u¬�§f­�h��q{!

���u¬�§f{�©{Ǟ̍KΊʯ,]΢7_" 

�

��u���k��m��s{ 

� ��u¬�§fL!�h���qH̡͋ƟŞƏE'^!̡͋ĈˁŶIǞ7Dͳŉ­đͻc̸^τ

8"σƼEL!3K��u¬�§fKǎǮźĬ-��u¬�§fKΰc̀ɣ˛I̫ȍ6!��u¬

�§fKɭ͌cźĬ5:_ɭɦE'_3F-˱5`BB'_Ш49Щ"Сɝ̌K��u¬�§fI+(

DL!đͻ\^vͳŉK͹ʿǎc˱8Ȱ-!̡͋ĈˁŶ̫ȍU>LϓĩKϑ͵IɉĘE'_Ņ͌Ǡ

-˱Ś5`D(_Ш69Щ"<KɜȊF6D!���u¬�§fKͳŉIϰb_ϜÕƉcɮȝ6>Сɝ

̌EL!mtDNA Ĩʲźˍ-ͯ̀6!Сɝ̌-̴ͭ8_3FШ37Щ!�Ϸ˵̤/ģЦ/˒˓ʺǮKС

ɝ̌EL!��u¬�§fđͻ-üÙE'_3FШ140, 226Щ!�ȍ¹˛�©®�¬rǓKСɝ̌L!

��u¬�§fͳŉ-üÙE'_3FE'_Ш102Щ" 

� ��u¬�§fKϧ˛źĬIϰ8_˫́Fɺξ6D!��u¬�§fKǎǮźĬIϰ8_˫́L!

˙Ʀϊ±E'_"6,6!σƼEL!��u¬�§fǎǮźĬL!˓˛źĬKsH]9Сɝ̌K˂

ˀ˛ϙǞIvϰώ8_3F-̗Ģ˛I˫́5`D(_"â*M!©z{�¬{�©®�¬rL!С

ɝ̌��u¬�§fϧIЕͮHźĬcĽT5H(F̀*]`D.>Ш185Щ"6,6!��u¬�§

fKɭ͌ШŔŏ͌ĢЩL!©z{�¬{�©®�¬rI\ADŌ±8_3F-˱5`D(_Ш166Щ"

3`]KŰŒL!��u¬�§fKŗΰ­ɭ͌-©z{�¬{�©®�¬rI\ADŌ±6>FΌ

ϣ5`_"3K¸ǋcͽÍ1_\)I!Kitaoka]L!©z{�¬{�©®�¬rI\AD��u

¬�§fKͳŉcĚǖ8_�¬�qΰ̻-ŷģ8_3FcσƼŰŒ6D(_Ш104Щ"6>-AD!
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��u¬�§fKϙǞZ˂ˀɭ͌cɱ6/ˀΌ8_>XIL!��u¬�§fKϧ˛ĚǖKΊʯI

ģ*D��u¬�§fKǎǮźĬIvʌǬcǻ)3F-Ɲɒ˛Iϥ΄·5`_F̀*]`_" 

� ̉ 4̅EL!ôǺͶͅKСɝ̌I+(Dʟʵěʪ-��u¬�§fKͳŉIϰώ8_�¬�qΰ

cŷģ5:_3F-˱5`D(_ШÒ ��	+Щ"BU^!ʟʵěʪL!��u¬�§fKϧ?1EL

H/!ΰvУX_Ņ͌Ǡ-'_"ʟʵěʪI\AD��u¬�§fKͳŉ-çϐ5`_KE'`M!

ϓĩ­�©®�¬rI\_˂ˀ˛ϙǞKçϐZģЦZ˒ǧK¿ϲ­ʆ˖IΩʼE._,v6`H("

>?6!Ϸ˵̤Сɝ̌I+(DL!��u¬�§fͳŉ­đͻcĚǖ8_�¬�qΰL!ʟʵěʪ

I\ADǐЌ5`H,A>3FIˊǬ8_ǜ΄-'_ШÒ ��	+Щ"ôǺͶͅFϷ˵̤ͅKϯEˍH

_ϙǞ-ΊƘ5`>ˀˆKNFBF6D!��u¬�§fͳŉIϰ´8_�¬�qΰL!PGC-1

3I\AD˙ʿϧ-Ěǖ5`D(_3F-ȏ2]`_"6>-AD!ʟʵěʪ-��u¬�§fK

ͳŉcçϐ8_Ņ͌ǠL!Сɝ̌K˂ˀɑÒШʹI PGC-13K˙ʿϧ­ʐǠЩIǌ/äƊ8_Ņ͌Ǡ

-У(F̀*]`_"6>-AD!ʟʵěʪI\AD��u¬�§fKǎǮźĬ-Λƞ5`_ō,

L!ÉǓɧ#H˂ˀɑÒEëėIɡΔ8_ǜ΄-'_F̀*]`_" 

 

Mitochondrial unfolded protein response: UPRmt 

� ɭ͌³ĂIϸA>��u¬�§fL!ɏ˫́E˥ˠ6>�h��ez®I\ADƟŞƏ©�¨E

đΌ5`!̡͋ĈKǢƹǠ-èȍ5`_"¯ȰE!ɭ͌³ĂIϸA>��u¬�§fL!��u¬

�§fƥŧŬ�ª�f®~+\O��u¬�§fƥŧŬy¢×ª¬ШmtHSPsЩI\ADđƉ©�

¨EđΌ­êǗ5`_3Fvȷ],FHAD(_Ш58, 172Щ"��u¬�§fƥŧŬK�ª�f®~

Z mtHSPL!ɛ DNAIu®�5`D(_"ɭ͌³ĂIϸA>��u¬�§fL!ɛQψ͵yr

�¨cÕϖ6!��u¬�§fƥŧŬK�ª�f®~Z mtHSPK˙ʿcΛƞ8_"3K¯ώKɭ

ɦL!mitochondrial unfolded protein responses (UPRmt)FΑυ5`!σƼʌˠ5`D(_��u

¬�§fKŗΰ̐ˀɭɦKNFBE'_"þ͵˫́I+(D!��u¬�§fKɭ͌³ĂZÍϻ8
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_ϢĬ{�©{Kͯ̀KĺŠF6D!�¬�qΰKπχ³ĂZȃ^>>s³ĂHGK�¬�qΰK

̾ΓǓK�ª}�y¬r-ñĂIϑ͵5`D(H(3F-ȏ2]`D(_Ш168Щ"��u¬�§f

I+1_�¬�qΰǢƹǠK˭̭L!Ɵ͋ÜHGKÌK̡͋ƟŞƏKɭ͌³Ăvȉ.!Сɝ̌Ks

H]9͔Z̈́͟HGK˓ˀźĬKĺŠFH_3F-σƼ˱5`D(_Ш12, 11, 64Щ"6>-AD!�ª

�f®~Z mtHSPs cϙĒIŷģ5:!³ͧ�¬�qΰKêǗ8_3FZϷĻ8_3FL!��

u¬�§fIģ*D̡͋ĂÜKǢƹǠcèBǺɶF6DɉħE'_Fɋǒ5`_"ƑϽI!ŮЛ̡

͋cƚΧF6>˫́EL!mtHSP E'_ HSP10 Z HSP60!TRAP1 (mtHSP90)L!ϢĬ{�©

{KȀĚIΩʼ8_3F-˱5`D(_Ш9, 99, 190Щ" 

� ±υKϋ^!̉ 4̅I+(D!Ϸ˵̤I\AD�h��ez®-ȀĚ5`>͊ȾIL!��u¬

�§fŗΰKȤŝ-'_F̀*]`_"6,6H-]!ʟʵěʪK$Ý%-��u¬�§fKŗΰ

̐ˀIΩʼ6>K,IB(D!ɏ˫́ELΌȷI͢AD(H("6,6!îͿF6D mtHSPs -

Ωʼ6>Ņ͌ǠLУ(F̊́L̀*D(_"<KɜȊL!ɏ˫́Zͮ́Kϰώ˫́I+(D!ʟʵ

ěʪL mtHSPscŷģ5:_ıđHǺʊE'_3F-˱5`D(_,]E'_ШÒ 
�
 �Ò ��+Щ"

mtHSPsF��u¬�§fKŗΰ­ϧKϰæIB(DÉǓɡΐcϥJ_3FE!˂ ÜKСɝ̌ɏ˫

́Eɴ5`>ΟДcΌʄE._F̀*]`_" 

 

�

{���İØed_ŤíİØ`]üĵ�ÿř 

� ɏ˫́L!ƑРĩʸcƚΧF6>ɡΐE'^!��QKǞ˄IŌ1D!ͺРƚΧK˂ʸƋ˛Hϗ

(cˀΌ8_3FZÉǓɄH_˫́K˙Ʀ-ǜ΄E'_"�i{L��Fąϋ6>ÜʟΠ̑ɭ͌c

žϞđEɉ6D(_3F,]!ÜʟΠ̑K˫́I+(DГ̵I˄(]`_ƑРĩʸE'_"¯ȰE

�i{L!Üϥ'>^KÜ͹Љ̀-��Fɺξ6D 10ìÐ±ž.(F(A>ǎǮƋ˛Hϗ(-'

_"8Hb@!�i{cɀʵˁŶQɃІ6>ϽIL!��Fɺξ6D\^ƕȸIʟʵěʪ-˂ÜI

Õb_F̀*]`_"U>!�i{Lʂ͜-SFdGƊŧ:9!śʗcκÜIȨƵ8_͵ĩI\^!
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ÜʟΠ̑c͵HAD(_3FvʹǚE'_"{�®�ʿűZ͠ƾQKɬʞ6cˠȎ8ϽIL!±υ

K��F�i{KʟʵěʪIƚ8_˂ˀǞ̍Kϗ(IB(DǎǮ˛!Όĝ˂ˀ˛Hϗ(,]Iǿț

6D+/3F-ϥ΄E'_F̀*]`_" 

� ��cƚΧF6>ʟʵěʪȰʊF6DL!ʟʔZ�hqªʋ-ȏ2]`_"þ͵˫́EL!45 4

KʟɽI 1 Ȼϯ²ͅcāʔ5:_3FI\AĎʟ- 35.9 4,] 39.5 4I±ȵ6>F()ŰŒ

-'_Ш147Щ"U>!�hqªʋcĘ˄8_F!ģʟϮƆ,] 20đĚʟ- 41 4Iϖ6!HSP72

K˙ʿϧ-ŷģ8_FŰŒ5`D(_Ш89Щ"3K\)I!��KСɝ̌cƚΧIʟʵěʪc´*_

3FL!Ȱʊ˛IЂ6(vKELH("��cƚΧF6>ʟʵěʪK˫́LƠȩEL'_-!ɇσ

EL!�hqªʋI\_ʟʵěʪL!©z{�¬{ϓĩI\_ Akt/mTORC1/p70S6KK̤θKʐ

ǠĬc¯ƩÄϐ8_3F-ȷ],FHAD+^Ш98Щ!ƑРĩʸcƚΧF6>þ͵˫́-!��cƚ

ΧF6DvɉħE'_3F-ȷ],FH^BB'_"6>-AD!ƑРĩʸcƚΧF6>ɏ˫́K

ǵɖ-!��I+(DvŊɧHǵɖ-Ǖ]`_Ņ͌ǠLıđÌ*]`_" 

� {�®�İ˹ƋKȎƞɅZ{�®�ȎƞKʿűEL!{�®�ż÷ˡǓZϓĩǓL!ʮ˔Kνʝ

ZːĦşǗ!�©®�¬rKħɖcУX_>XIfhy¬rc͵)\)IȎƞ5`!ÉZƹΤF6

D̀*]`D(_"6,6!fhy¬rKħɖv!̤Р˛I˯,X]`>vK-Ž/!ǜ96v˹

Ƌ˛ɜȊ-ȷ],ELH("ϓĩǓKfhy¬rZƗċɃІL!AMPKF p38 MAPKKʐǠĬc

Ê6D��u¬�§fKŷģϙǞcçϐ8_FKŰŒ-'_Ш90Щ"BU^!ʟʵěʪFŊ̋Hħɖ

-Ǖ]`_F̀*]`_-!<K m�º�LʟʵěʪFfhy¬rELˍH_,v6`H("¯

ȰE!ɇσEL!{�®�ʿűKƹΤIŀ6D!Сɝ̌ȝ÷ǓKfhy¬rL!,*AĎKʆ˘

cϒǆ5:_3FZШ204Щ!©z{�¬{ϓĩǓKfhy¬rL!Сɝ̌͆žyr�¨Ǟ̍+\O

ɇ̢˛HСɝ̌͆žħɖcʖƁ5:_3F-ȷ],I5`D(_Ш180Щ"6>-AD!̨ŉ˛H·

ʯ,]s`M!ϓĩǓKʸˀ˖ʊL!fhy¬r\^vʟʵěʪKS)-ƃU6(F̀*]`_"

>?6!{�®�ʿűEKǞ˄KϽIL!ʟʵěʪI\_ΨKħɖ-˂7_ʩŧ˛HŅ͌Ǡvıđ
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