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Abstract

A major research challenge in modern neuroscience is to understand the molecular and
cellular changes that occur within the vertebrate brain as a result of memory formation.
Visually naive domestic chicks come to recognize an object by being exposed to it. This learning
process is known as visual imprinting.

The advantages of visual imprinting in chicks as a model for the study of the mechanism
of memory are as follows: (i) a region of the chick forebrain has been identified as being of
crucial importance for the learning process of filial imprinting and is the intermediate and
medial mesopallium (IMM), (ii) the possibility to measure the strength of learning and memory
(preference score -PS) and thus correlate the molecular measure of changes with the PS; (iii)
before learning, no previous visual experience has made its mark on the brain facilitating the
detection and analysis of learning-related changes in the brain.

By exploiting the above advantages it has been possible to demonstrate a number of
learning-related molecular changes. Some of them are time-dependent and most clearly
expressed for the proteins of mitochondrial-plasma membrane fractions of the left IMM. It is
necessary to study learning-related changes in these proteins more comprehensively. Two-
dimensional gel electrophoresis and mass-spectrometry were used to identify proteins in
mitochondrial-membrane fractions whose levels in the IMM were changed 24 h after
learning. The following proteins were identified: (i) membrane cognin; (ii) a protein
resembling the P-32 subunit of splicing factor SF2 (P-32) ; (iii) voltage-dependent anionic
channel-1; (iv) dynaminl; (v) heterogeneous nuclear ribonucleoprotein A2/Bl. We then
enquired whether amounts of these proteins in the IMM and a control region are correlated
with a behavioral estimate of memory for the imprinting stimulus and have shown that for
all of them significant and positive correlations are observed with PS in the left IMM; the
changes are region-specific and belong to learning-related changes.

The learning-related increase in mitochondrial proteins raises the question whether
the number of mitochondria increases.The critical analysis of obtained data for changes in
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mitochondrial transcription factors and copy of mitochondrial-DNA do not support the
possibility of the increase in the number of mitochondria.

Obtained results indicate that the molecular processes involved in learning and
memory of imprinting cover a wide range of cellular activities, including stabilization of
protein structures, increased mRNA trafficking, synaptic vesicle recycling and specific

changes in the mitochondrial proteome.

Key words: Imprinting, Learning, Proteomioc
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McCabe 2015), o0vd3s sbsgwo 3mbs gmggwmgol sbagn d9300mbgqdl Foedmddbob!

0836063 0baoll MMl saowo  5d3l Moo  Fowm3zsbo Mgz gdols
@oLHogolsmzol  13930R03MNO  ToBJOSL. g (33eoEgdgdo  bdoMs  OHMbY
©59M 30009099 BILOSML 5EHIMYOL. goblsgMMgdom 33390005 M0 ILHogErolsmz0L
1393083039960 (33¢°0¢90900 2odM3e9boo 3¢sHIME-JddMbME BMoJ305d0 (Solomonia
and McCabe 2015), ®53 98 gM5J300L 3OMEIMIOL GoGmm  olid@odosbo  dglfogarol

39300093 Md5Hg 09009dL S o LoEoLYMEHOE0M BodMMAoE 53 Bsgombl gdmabgds.



2.2 @ro@gmo@uycol dodmbogngs
os30 1

dodmgeabo®ool k3980 ©s Byblzomdo

0@ ™Mgmb®05 5M0L Ims356Mm0 9bEMA7adMb IO LoLEBYTs 9M3sMOMEHIE
X 0930. 35U 5936 MbsG0 S@B sHoMBMML s dosfirrml Lbodzom xo33U.

30@MJmb®0s5 {o®dm0ddbs 2 dorombo {erobl job msbsdgtmmgg, gm3sMom@Gmwo
w90l HobsdmMdgdo  segms  3OMGHIMIsIGHIO00L  Fmsbmddol  Fgwgoc.
90@Mdmb®0sL d9bsMBMbqdME0o 543l MmMTsg0 39ddMHBIAOLO 1530930603900 BMEOAOLYSH.
dolo  gmOm>  ©  YXOIOMWO  2obsfogds  MOO3OMMO®©  FJOEZIWS MM
3963530mdsd0  ©@s 9godobs  sdM30  ITsEHId0oMO  BbJz0s  MxMgdo. 9dg@glo
3969303160 Fdbos  SEBs  3OIMGHIMO5JBHIM00LYRD 503565 LGSR 96 gos300
d0MmM3M aqgbmddo (Gabaldon et al., 2004). d30Gm»3MeE 296M3Mb FgsMgd0m, doe0sb
3®GS 900l dodmdmbo®momwo 496mdol fowo. s©s30sbols do@mdmbotmomwoygbmdo
53m@OMgdL 13 (30eol, GMmIgms  dmOobss JoBmdmbMools  Lmbomgdzol  xsF30l
30d3egduo I-IV -ob bydgMmngyegdo. ol do@mdmbo®ools dos 39ddMsbsdos hsdgbgdo.
35¢®0gdudo BbJ30mboMgdL 3M9dLOL (303w0. LYBbmMI30L X9F30 Jdbol gargdEHBmjodomn®
3050096@L,5562050L  d9Hy30gdmo  9Egd@®MbgdolysIEbom ©@s  3OHMEHM™bgdOL
AObL3MOGH0MGd0m  Fo@GMmoglbool FJos 89FdMB0EIL oty  99gddMBM  LogmEgdo.
99gGH™mdodomcmo 3m39b3oswo 6oL 39059(Y3930 do@mgdmbo®os®o
53bd30mbo®gdolbmgol (Baughman et al., 2011; De Stefani et al., 2011).056599006™39
90@Mdmb®0s 990039ds osbErmgdoom 1000 30¢obsh, GMmIwgdog bsFoMmMms MY MILOo
@5 Jumz0wl3dg30x03MM0  BMbdgombomgdolbsmgols (Pagliarini et al.,, 2008; Forner et
al.,2006).

doGMmdmb®mommo  3Om@Ggmdo 6oL d3zgwo:  Bd3JBHYMool  ©  sbowo:
99935600mGMo HoMdmgdol 30egdol bsbsgo (Gabaldon et al., 2004). do@mdmbodomwo
©b63-0b ©93w035300L s BHMIBLESE00L F9J9boBIGdO g3MEMEOMEs© Fomdmddbowos
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05JBH9ghomgoado, mdgs  JoBMmdmbMool  GHMBbLEsgool  99dobobdl  osdal  (Hdobo
930300900 3930000 5 YOMOGONMOS  35JdBgM0sLosb  (Christian et al., 2012).
do@Mdmb®omwo 296mdol  30mgzs60  3mA3MbgbEgdo gobogol  GHEIBLEosEosl 22
Bo@®obl3dmOGH™m  ®b3-000 s doGmdmbMomwo ®odmbmdmmo GBI-om, OHMIgEo3
AOBLEISE00L 53560l 530 gdgwo  3mB3mbgb@os.  FoBMmgmboMool  MHodMbmAol
PYmdy, oo M9IM0Mmgdeo©  3OMEgLL  FoMdmoyabl,  MHMIgwog  BsGIos
90@MJmb®m05¢MHo HOdMLMIom 3MPOMYdso MBT-ob 3MmEglobado s dmdfogzgdsdo.
30@3MJMmb®0mEo MHodMLMIo 30¢900 (oMmdmddbosd o s 3300y LYIdYMNY IOl
(Fung et al., 2013). do@mdmboMomwo Modmbmdmwo 30wwgdol sfiymdol 3MmaEgll 5Jglb

300 ™Yoo 05d3HJM0900LsbIMA0MH 3B (3gLmb (Sharma et al., 2013).

500530569080, J0EMJMmbM00l d0MygbgHol BHEMbLIM03E30MbocrmEmo Mgamwsizos

bmM (30900905 333 1 (-39390mJLolMmdmEo 3OHMEWOGBIOIEGHMM00 5dEH030609d50
69393GMOOL 2505 3m5JBH035GMM-1 5¢Rs) MK sbol 3ModE035GMMIO0m, HMIGE0E
35LbMBdL 3390000 (330 GdOL 3sLbL, MMyMGoiE sHolb NAD/NADH s AMPA/ATP
RBMHEOMOY00. 33 1 309d3H0353MMJO0M s B3gE0RBOINOO BHEMBLZORBE0MEO BoJGMEMYOOL
(NRF1, NRF2 s ERR) 3596030569329c00 Bs6r00300 d5¢0sbligds B3gEo802960,d55m60wmwo
53bgd30m6M0 3bgd0 do@mdmbo®mosdo.

d06MHm3zdo  GMbL3IM0dOMGdso  dgugbxgPmeo  ®BB-00m  3MmE©OMYdS©O
303MJmb®m0Mo 30wgdo 3mbGHO-GEMblIM0330MmbsemEms© 5M0sb Wwm3swobgdmwbo
0@ MJmb®ool gotqg 99336965Hg O oMo MYYMEP0MHJd50 BOZM IO O POMIIOMO
dmddggdol falom 3mmOHEOboMmgdMms@ 25603300056 GHMBLEosE0sE0sl (Gadir et al.,
2011; Garcia et al., 2007).

33930900 3@-b3-0l 96 doOmM3Mo bd-ol 49bgddo, MM dOE 53EOMYd96
do@mdmbo®oe 3093l o 930 gdIbo 905D  9BHF-ob  FoMImgdobmgzol,
3965300009096 36G535¢0 JoEMJMbOMOME 55350905l 50569080, HMIEgdo Sbgbab
D9393w9bsl  Lbgeol Hmdgerodg mMasbmlb 4s3s6mwe 3dsmdsBg dogwo 3bmgcmgdol
3960530 md5do (Nunnari et al., 2012).



dodeagmboomoriemo obd

90@MJMmb®mOsL 56  255Bbos  oligmo  sd3s30  gdobobdo  8E-bI-oLmzo,
MOmamOo3ss  3oLEGHMbgdo-doMmzwo  ©b3-obmgzob. 93-bd,  SLMEOMYOME0S
do@mgmbo®ooll  Jos  F9adMBLMSD,  Lod3 OO MYMEIbMdom  3MM3©IYdS
39393969900 530 RBI0 Moo gdo (Richter et al., 1998), sdoBmdsg 9@ wbd-do
dmGS30900  MROM oo  LobdoMom  bgds, 30O7  BdoOmM3Mw  ©bd-Jdo.
0©96¢08030M90Mw0s  dF-bd-ol 50-Bg dgBHo ©IWYE0s, MHMIGdoE  LblsILb3S
5535009050 gobs30MMdYdL (Wallace et al., 1997).
8&-b3-0b 3BHOE00m FodM{39IWO 53500YdYd0s: JoBMIMbMOMEo 9b(3935WMI5m0Y,
90m3wmbmEmo 930gRLOYS, 6goMHMYIbMEO M3BsMHOLMBS, 5BOJLOS , W gdIMOL
3993300060900 M3E03M0 bgoMOm35005 s .9. (Jazin et al., 1998).

9®-b3-8o  s60L  Mgaombo, MMIJwoE  9MOIMPOMGOME  MsbI0BYZOIMDL
Do0moagbl o FMES30900L  53MIME0Mds, o0  mdsbdo  bgds. gl mdsbo,
do@mgmbo®omwo D-0569510L 5695¢0d00. D-0569510 30D YIM0s
30¢Mdmb®mool GHEMmIbLIM03(30 3OHMIMEGHMOMGOMB. 3-wb3-ol Mgdwwozszos 0fygds D-
356y19510L 2500965(330790000 s LObMgHBOMYds sboewo ddodg 964 H x5330L 3mEmBocgds,
OMdgwog osbwmgdom 700 (yzoe g3mdgl dmoEoglh s 3bmdowos Hmymes S-bd
(Anderson et al., 1981). 8¢ @©b63-0l mO®03g %5330l GHEMBLZ03305 bgds D-Bobrymsols
36MmAM39M90bY.

9®-b3 6oL b3 MmO s FbMW MO JOOLYME 0EFMEOTs305L FMO(393L,
3030 ©bI 30 YJEOLYMEO s F5dobgreo 9bgdol BaBogl Hodmowagbl (Torroni
et al., 1996).

do@mdmb®momwo ©bd-ol 3130900 F0Eol  Fo3mEoMgdger  Mgyombdo,
DAoL 39ES30900L MHOMmEIbMBSL. 3ME930900L 5MLYdIMdS doEMmJmbomool bvbmdzomo
X9F30L  3m33egdulol  s3Mm0MmYdge 9969030, 03938 ™3BH03MOO bgM30lL  SEGHOMBOSL
dmBOomgddo 6  963gBOTM3sm0sls  Bgow  053839030.  B0GHMJMBEEmOOL  sGILHME
269430606 dLMB 5Ol ©H395380MGOIEO OLYPO 93500 JOJO0, MMAMMIIOEGIS: JOOM,
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39@G90MEMMo  MHgbeogmdgd0, bgoMHMYgbgMO30ME0  ©99350JO9d0,  Se0(335089M0U,
356 306Lmbol s 3563H0byEHMbol s935009ds (Nunnari et al., 2012).

dodJb®oserey®ho JHm3mlimdgéo

96003690 mg560s,  ®MmI  doGmgmboM®ommo  ©bd-ol  FoghH  3MEOMEYOS
do@mdmb®ools  ®wmbJzogdo.  bsbsbos,  ®mI  doGmgdmboMome  ©bd-by o
GOBLIO0REOMW  BOJGHMO GBS  (FoGMIMmbGOOL  FHMIBLIM03E0MMo  BodBHM®0)-U
dm6H0b 39omr09ds 3538060, MOl 99939Mm00ms3 JoBMmJmboMormo bd-ob 99xm3s bgds.
do@mdmbo®owo  GHMBLIMO3300L6 RBOJGHMOO A 5350mdL  360d369eM356 MMl
GM9BL3M03300L  3OM3gLgdT0.  BodBHYMOoLYSE  Qoblbgsggdom, MXGIOL  MIMegzcYL
&03903d0, do@mdmb®os 8903536 doGmgmboMmoricro bd-ol IMsgse Sbiemls, MMIwgdos
96356900056 56056 ©5393806090bo s Ho0dMJabosh Lobrodomadl. 3@B-5 1535dMdL
36039369 ™m356 Ol BHObL30330sd0.  3owgdo, MMIWgdol  PosdfyzgBHo 9Ol
do@mdmbo®omwo ©bd-ob J9bsbzolmzol wm3sobgds 6493gmogdHY. gb oW gdo
Boomos 69303530500 093565300l 89JoboBdgddo (Bogenhagen et al., 2012).
50530560L doBMmgmbMormo 29bmdo  dbmemo by 80 63wgmGHoEMMo fyzowom
303900 LogrysMmol yqbmdbg (Holt et al., 2012; Brown et al., 2008).

535390000  (30¢09d0, MHMIWYOOE 930w dgwbo 96056 do@mdmboMomwo
©63-0b gL MEOE00LMZ0L MIs0HBYOMWbO M0 B3 gmoEadBY. g Fowgdo
dmbsfiogrgmdgb 93035300 Qo 935653000 36 m39L90d0, OIOLIGION
Po68m8500960 900, 5580569008 90mbg93580 50056 B 30D 4985 S FoLS
LM 30O 30Wgdo (39 930353008 8m3sd350g 3garolzsbs)(Bogenhagen et al., 2012).



dodmgembomoremo @bd-ob Liggtggsgool bsbgmdgdo

90@Mdmb®omwo ©bd-ob 353995 begds 399330MJMO0m ©IEOLYD s
dodobgryero do@Emdmb®mogdo 5@ 0byM9g3s 3obsymazogMgdols 890cgy (Al ravi et al.,
2011; Sato et al., 2011).

do@mdmb®mos oL 33903bxOIdo ©s  1B3gMTsBHMbBModo, AL d5fzm
296Lb353900 BMbIE30MbsEMMHO MODOIOHNMBS, ZMOIJOO S YR OIOIO A5bSHogds
@5 gl @oblbgs3gdgdo ol 9603369 m3zsbo. do@mdmbo®momwo ©bd-ol  a9bmEHodols
LH6oxgds BgaMgas30sd dglsdwms 5dMoaMmb ©5dgbodg IRgJBO dodmdmbo®osdo ©s
M™30GJO0L do@mdmbo®ome ©bd-do ((Pepling et al., 2007). 3c0®03m@H9bEGHME ©9OH™M356
X690 90d0  39GH9OHM3IWsBINGO  doGMmdmbdommo  ©bd  ULgyMgaoMgds  "30(O™
d9bolgergedo” (Hamalainen et al., 2013).d0@mdmboMomwo JOHmdmbmdgdol LgaMgasaos
©> M303530, 2JIIOIL JNZIOOMGHIBTO I35EMOQ 56 {jY30YOS PXOIVVL 3030 ©d
563 b3y ©@MmL. 8¢ ©bd-ob M93¢035305 LsFoMMIOL b3 gMmoEIdoL O XAMBL
MxO9do (Meeusen et al., 2003).

b0 ©s35300698-9cm0 Fodmgmbo®moremo obsdozs

99935600m390d0,0¢  ©b3-0ob  LgaMgas3ool YOI Mwo  FmbslfmOmdol  mbg

©59M 300090905 65Jomd®mog, do@Mmdmbo®ool oymasby, 1939 ITMIOIONIC0S
wxMgool $Ho3by (Hoppins et al,, 2007). do@mdmbo®ool d9mfiydsdo 53wbsdgb@w®o
Mo MFoMo3L M6 MmOYsbgwsl J®mol 35306L. 58 3GM3gLL, LOZIMOMOME, 55030l
9®-0b3-0b 9JudMgLos (Chen et al., 2010; Hermann et al., 1998). do@mdmbo®ools d9@fydsl,
31939 gbo®qds dRgMHIero dgdsboBdo, Mobo 4sdmfiz93s3 bgds do@mdmbo®mosdo (Rolland
et al., 2013). do¢05bbo FgMfHgasl s oYMl GOl 8b0Td3z69wMm3560s s gbdocmgds ) ba-
ol gobsfoangdsls.

0@ Mdmb®09d0l sgmxBol 9539MHJd0L d90mbz9g35d0,d0EHMmIMbGOS
30390909, 09935 9O 0gmezs (Ishihara et al., 2009; Hanekamp et al., 2002). 3533060
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90@Mdmb®ool 0bs3035L s JoEMmdmbMomwo b3d-ol GMmBbLdoLoSL TmEOL,
96003690356 H@El SMHYgdL doEMgmb®ool 33060 9dsd0.

90@MJmb®0wo ©oymays s d96MHYyds dM3I0IIN0S Booen
3MbLM30609d 0bsT0b 3930060 Jd (30¢0gdMSb (DRP), GmIgermsg 9§30 mz0m
30ymdob Mbosto s GTP-ob 30OHMEoBoL MBsMO. FoEMdmbMOOL sgmRs
39¢50bgds DRP, DRP1-00m dvdwd{mzgddo, ©obsdob 1-om Logwms®do. DRP 1 o
065306 1-0b 5{igmds 539380693905 ©™IGH9d0L L30MIMO LB MOgdms6.DRP 1
@5 ©0b530b 1 do@Mmdmbo®ool 2569 Bgsd3oml 390mgbgg3056 mgeml omadgbols
L5900 8930993300 LooEgoDY, HMIgE s 039GO JImbz93s OYMTBOL
39wwodlgdol o0sdgBHEL (Ingerman et al., 2005; Lbrousse et al., 1999). DRP 1-ob GTP-5%»
396980l sgmzobsl GTP 30OMEoHo 35@9e0HBgds, Moz DRP LdoMswwols
3MbxMm®3530) (33€00g390L 496530MMmd9dL. doEMJMmb®mool o s oty I9ddMHIBOL
996Fyds LsFommgdl DRP, MFN1 MFN2 s OPA 1 -l dmdmdfimg®gddo (FZO, MGM1
boggmo®do) (Meeusin et al., 2004).

DRP mxsbob (30¢0930 2350905 953609039 359396009030 s obobo 39336156900l
539300690500 090)™dgb IMbsfiorgmdsl (Low et al., 2009). DRP 95653060390l
M6569W5L 969 Bg306MH0L IMBoE35L d939330L Lo0EJOBY S FLsdsTOLOE YOGS
d930M560L A5 FMs beogds(Meeusin et al., 2004).

9b03¢ms bt H9h0329¢m90 sUeagoM98-9¢m0 FodmdeboBGoryemo ©symRs

DRP 1-0ob 89939m00m 8o@mdmbo®mools 569 99906560l 89393308 8999y,
960 M3sBIMNEGmO M9E039wdob GHrdEwgdo 9b3935 doGMJMmbEMmOSL 49MTgdm ©s sbIbL
do@Mdmb®ool sgmxaol Loo@ol dmbodgbsl. dmbodbme Ls0EJOBY, dJoEMJmbo®mos
0329939905. d9Lsd9d9gE0,0HM3 GbEOMIWsDBIMMO d5g 9GO LosFomm JodmdmboMools
99906560l IMOBMEMAOMOO  (33¢°0JOOLMZ0L S J9BI30MMBYOL  oGmdmbMools
093999935b @5 oyme3sls. ddmadfimzMgdol »xM9wgddo, 5dEHobol 30EH™bMbAbo Bs®mcmos
96 M3sDIME Bl SBM306g0ME JoBMmdmb®mool symasdo.
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63w 9m0ad0L  BYaGmgys30s dgBgl 9dmbzgzsdo  dodmdmbo®ools mMogzg
Bsffoewdo  bgds. Logws®do, ER  sbmEo®gdmeo  do@mdmbo®ormo  ©ogmas o
B30 9moqdol BgyMgys30s dgbsderms 3YbTYDEGHMO MMl SLMMEgdEgL odEHobol
539380690580 (Logrs®do s dw9dMIfmz™gdol VX M9gddo) (Glater et al., 2006; Fransson
et al., 2006).

9300990 JoGMmdmb®os boFoMmMmgdl Jowaw 3mblgH306Mm9dmw GTP-5%s
GEM1-b. GEM1-0bl dglsdgom 539969305 ER sbim306090w90 dodmdmbo®omemo @sgmaols
399p™d, 336M5Md0L  BogdEMMgdol bgeols d9Hymdsdombos dymdstgmdgl. Miro
GO0 V53533060 9d90s JoBmdmbo®ool Milton/TRAK 30egdol myxsbols
Do0mBs00969¢ Kinesin-1 50o3GHm®™mmob, G5 bgerl mfgmdl do30mEwdme
5539360 BMBL3MOEGHL doGmdmbo®mosdo (Glater et al., 2006; Fransson et al., 2006).
Miro GTP-5%s mxobo 560b oo mbgbg 30b6LgMz0609dmwo do@mdmbo®mosdows
9939600mE 9080 2565300390 doEMmJMmbM0MWOo GHMIBL3MMEOL AP35 RgMM3690L.

dohm7mbomools symnol Jos BsjBe980

dmdmdfmzmgdol  MxM9gddo, bm3wgmoEgdo  WMm3swobBYIMWwbo  5M056

90@Mgmb®00ol sgmRol BooEJOBY S J0GHMIMBOOOL dMEMIGOBY S OYMTBOL OHMU.
DRP s DRP1 b653¢0gdmdol 99dmbggzsdo  6493a09m0g00lL 5369353900  Xaw9I13905Q
396053090056 3039689 fyde do@mdmbo®mosdo (Ishihara et al., 2013).

Log3Me®d0,d0s 993360l 2oFM5d0 BMmbsfowgmdl dos 89ddMBEMwo  30s
MdM 33, 6©mdgwoi doG®moJudos @mIsoHgdmwo, MHamEm3sh  MHgaombgddo, Gos
d9LsdeMs 253cgbsl sbgbgl 9ddMsbol 893999d35Bg (Messerschmitt et al., 2003).

do@mdmb®ools BmbBbol LEMmwydEmMs gabobwyemgds dos LogMEYIE FoM30MGdL.
90@Mdmb®ool Bs3g330L Abs3Lo BEBHMMIEGHOS JIbol MBSl MOYIBOBIEFOOL Tomawn
@mbgl. B539330L Abgoglo LEHMMIGHMOMGd0 Fgo3o3L 3MHM30doEHb 3m33egdLl, GMdgwos
3bgbl d93Fol AuyogLo LEGHMMIEBHWIOIOOL FMOTOMGISL oMgms F9ddMIBsBY s MMIgEos
196J30mbocmdL  JoGmdmboMmome  030©JdMb  gOHMoE, B0y JoMOoMmEMm3obo o

10



3mbRSGH0O0EI096MEsdobo. 0Lobo 54se0dgdl Jos 393d3Gsbme ©MIGbgdl (Osman et al.,
2011). bbgs do®omoo bmbRbols 9engdgbgdo dodmdmbo®osdo 3mblgMzoMgdmwos doos
9993656556 SbMEOMOME FMEEHOLOYIOHNY™M396 3m33egds MitOS-do (Hoppins et al.,
2011; Harner et al., 2011; Malsburg et al., 2011). 658396905, 003 MitOS g30®3dqd0 45F0dmwo
5 298MMNMGOIMWo BEGHMWJGHVIMJO0 sOOL, CMIJOE 99se0dgdL FodmdmboMool dos
99936560l MG s OBIOIBE30MYdS Mgaombgdol dobgz00m LBEHMMIEGHIOWS®
53Mbg30MmbocMo. do6g 39ddMBol Mgaombo gaLObMgds 030IJOOL  BHMgR030bL,
90@Mdmb®omwo  30wgdol 033MOGHL ©d LBMbmggzomo ko330l sfymosl.  doo
999365690 LogMHEol BsBOOE  bsfowl 3M0oLES 9hm®gds s sl odgl  dogosh
d9bbgdowo  3oggdo , MMIWGdos LEHDOWODBEIds  SGHB LobMIBs  3mI3gdligdols
©039M0Bs30000 96 I GHoTgHobsgoom (Davies et al., 2012). Fgsmgdom z0HO™
AMOMadL MHmEadgb 3O0LEOL FggMmgdLl. 3OOLES M353006M©Yds 893dGmbol 30l
blbo dos 8988696 LogMgl.qb 99 m9gdgd0 H93mbLEMMIEMIO0MEYdS 53M3EHMDBTo
5 80053933656 Loz 390 A9TIMMHZ30LBEIYdS VX MJOOL 3300MI0L F9EOSEHMMGdO
(Frezza et al., 2006).

MitOS 3083@9gdbo 3065306 OMEl 1535dmdL 6930 9gMm0EoL gobesagdsdo s
Bsfowmd®mog, LogMEom 85039M90mMsb 39380690530 do@Mmdmbo®ools dos s docYy
bsfogddo. Logms@do, MitOS 3md3wgdbol gargdgb@gdo 6sbsbos bm3wrgmoqddo s 53
3339dbol 35635 296530MMmd93L 64930 gMmOoOL saEMgYs300L 0boEosEosl (Itoh et al.,
2013). gb 3m3wgdbo sY3Y, 9930 gdL FoEMIMmbEMOWME BoMYIbgBL 0I3MOEHOL o
bIMOLHYdOL 3133Mmb96EJdOL BoO3000 4969 doGmdmboMmoren 39ddMsbs®yg (Davies et al.,
2012). MitOS-l  9gboderms  3Jmbgl  M@®m  dgBHo  armdocrMo  3bjzogdo
90¢MJmb®0gdol 3O MyM80MHd0L  MmEMYBoBs30sdo s ol Fgloderms  BmddngdIL
OMaMOE ROl s BMBJ300L 0bEJGIGMMO.
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Jbom3ems bFryts B93039¢m00256 sbergotg8oyem symgols
0530269 Ge20m989¢m0300,3(520 28900, Grrgmeg bobdgdol 0bdggmsdmto

9POM3WsBING  O9BH03NWMIND  SbMEoMGdMIE  ©YMmBoL  3MBEGHOMME,
dgLsdems 3MbdgbGH Mo Mo 3dmbogl dodmdmboMommo ©b3d-ol dsbsfowgdsdo.
5935655 0ad 960M3wsHIME 6930399 dmob SbmEo6OME QOYMRoL
953mbGHMM®W9d9w0 ©MI)69gd0 5M05b BsdIMwo MXMHgoL b3y ©TsEgdom 7Mbdi3090d0
©> obggg  Tgboderms  3bd30mboMgdEbgb  Mmam®E  06@9aM9GHMM900.©5B5EHJO0m,
96M3wsHBINEM (9303w Imsb  SME0MIdME IYMROL F53MmbGHMMEgdgwo mdgbo
Ub3gs 30wm396 3mI3gdugdmab gOMO© BMbJ30MEMe© 93530060 ds QoMY BgBdMBOL
3OWwgdol 30mygbgBl s W030G BHMBLIMOBHL 9bMIWsBINGmO MYBH03MWwMAL ©s
90@Mdmb®0osl  ImOOL,OmMIgoi  3osdfy3z9BO O dMEOEYdI0s  obgmo
90@Mgmb®0mMwo o30qd0oL LEbMHHBOLMZOL,MHMAMMO35S BMBBSEHOOWYMIbMEsdobo
5 3900meo3obo (Kornmann et al., 2009; Voss et al., 2012). 960m3sB3m6 6930349 wd
SbmEoMgdgwo  JoGmdmb®omwo  sgmxzobomdgbgdo  sfigiMoagd9gb XM
900 MFoMm9MdSL, bgerl MFymdgb 3003996035309, JoEHMdmb®mools dmddggdsl s X MOl
LoLObsEM BBV BB 30MdsL. sliggg Fgladerms M3 DRP1 sdlvgdwndgdgl 893m0335L o
5543039096 3MM3M3GHMBYO  gows  bel  2-b. oM@y sdoby,  gbMIWsBINH
9303w ddo  LobmgBomgdMwo  bLRobameodogdo  gbdoMgds Bax s MOM
Sb5FBWOMYOOL 59BH035305L in vitro (Chipuk et al., 2012). do@mdmbo®omw d96fiydsdo 5J3u
Bogo@don®mo OGmeo MOMP-I, 306500006 3oGmbBmemmo Bax gbds6gds do@mdmbo®ools
d960(gasL in vitro,0d3s 0BOMYGds TgLodegdeemds MM gl Fgefigds  SMYAMWOMHYOL
333G MBLYBOM3BING  M9BHO03MWd  SbmE0MJdIMwo  Jodmdmbo®omwmo  sgmgol
©™3d9bgd0m. Fgboderms,  9bEMEWIBING  M9EH03MWIMNb  SMEOMYIMMO  IYMGBOL
3MmbGHOMEol ©MmIgbgdo  F0dsgl oo  Fo@mdmb®ome  3m335MHFHTI6GHIOL s
96M3sHBIMNMO0  M9E03Mdol  LsbsmEo 59090l MmO  MmOsbgwsl s MOMP
5M9AMoMgdl 9bEM3sBINMo  MgBHo3Wwdol  LEMYLL. 95M3WsBIMNM0
693039 9dol BEGMILOL POML 53Mm3GHMBOL MYYMEsGHM®o CDIP 1 M®Hmoghmddggdwogl
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96M3wsHIMNM0 H93H039mdol 30¢s BAP 31-056, HmIgeoa 99dpmd fob «dmgol BAX
3b5FdW0MYOIL JoBMmdmb®Mosbg (Namba et al., 2013). 3owgdo, H™Iwgdoa Imbsfiowgmdgb
96M3wsHBIMNM0  M9E03Mwmdol  JoGHMJMmbMmoslmb  3953d0Md0, BsGmEbo 9606
356¢0bgBmboll 5535090530, M3BH03MNM 5GHOMB0530, LB30bM39MHYOIsOM  SEoJlosdo
(Schon et al., 2011) s 5335099600l 535009d5d0 (Gomez et al., 2012; Hedskog et al., 2012).
960M3WsHIMNEG  ME03MIDsh  SLMmE0MdME  IYMBOL  3MBGHOMEOL  ©MIYbgdoL
obRMbdE0s 396530MHMBGOL M35 535 JOL.

96M3wsHBIME (1930379000 SbMEOMYdME OYMGOL 3MmbEHMMEOl MIYH6gdolL
dbmEm© 1 3030 560L Homdmaqbowo 9bm3msBamemo Mg@o3rwdobs

©530¢ ™Mb 3:mb635dEHd0. 0935 2963393900 9oEOM3sBINMO M1gG03wYdol
5 30@Mdmb®ool 3mbEsdEHOL YBHIMMO dmeg3MEm®o d9dsboBdgdo (Lackner et al.,
2013; Swayne et al., 2011).

dohagbo®ool sgHo380l bbgssbbzs 030l98980

do@Mdmb®omwo  ©oymxzs s FgMfiyds sOol  Fmez5M0 s  3dsdHY393H0

do@mgmbo®omen 39650 qd5d0.80¢MJMmboMoremo 393906930 )X O9d0
3MBGOM@oM©Yds  ©35@JO0m0  89doboBIgdom, GMAMMGdOoE ML  T9HBOM©3s

3365 Mds. 6y0MHM™MbMWo MXMHYOIOO SGOL 4OHIGE0, 5358HbYdgO VX MJOId0, OMIGMNS3

35000 30335MGTIBGHIW0Do305  Jo9Bb0sM. 35300l 0mbBYIdOL  BdRIMHODsE0s SOl

39bbo3MPMgdom  06BHIBLOMO 5JlMbol FHgMHAobsgdBY, HMIGdoE 50056 EobsdozMMo

LEAHOMIGHMMGo0.  FoGHMmdmbmosl o9  Bgs3oMHDg  o9g3l  LB3gEoBOMOO  FOIS

LobEox30E0bo, GMIgEoiE 0dMdOEOBHYOME0s sJuMbMG FHIMI0bsegdbg (Chen et al,

2013). do@mdmb®omwo d0magbgbo Fomdmoygbowos doMomss® bgo®mbol Lbmdsdo.

do@Mgmb®ool 4569 899065659 M0 BYdMwos  BgodOmb L3gzonoMGo oS -

Lob@oxowobo, ©®mIgwoz  BoJLoMGOMos  5JuMbME  Fo@BHMmdmbMmosDY,  SJBHOMO

A9M30b5c90msb (Chen et al., 2013). LobGHosgowobo BMBI30MmboMPOL HMymE 3 IMbew o,
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boyen 3m@o 2 2obbbgoggdvemo  994oboBdol godmygbgdom. ol 30MHI30M 93538060 gds
903630 sBY 5MLYIME (30s 30b5DObL.

dmdmdfm3zmHgdol  MYx69gddo, dodmdmbo®osdo DRP/MFN2-mo  dg6fydols
6530090Mds 4565306MHMBYOL dZ3MMBOL ©gBgJBHIOL (Baloh et al., 2007). 50580569330 MFN 2
©> OPAl-ob  d9@osgool  d90mbggzs  29bs306Mmmdgol  Juimgo  L39E0x03M6
6906M©9296965309 5535009093l (Copeland et al., 2012).

dodmJmbo®ool 030L98980L 302609(merob g bg80

do@mdmb®mool  Fopbom, dmg3Mmmo  Bsdgmmbgdo s  m30lgdgd0L
353mbGHOMWgdgwo  3OMmEJoHgd0  8mddggdgbh gMms© ©@s  gbdsergdosh  3owgdols
3033gdLl  5Hymdsdo, dodmgmboMormo ©bd ©s d0OHM30m 3MEOMGIMWO  (30¢0Hd0
50937 0Mgogb S ©IAMO30530 gbBoMgd0sb Bom3g33 owgdl (Baker et al.,, 2011).
Lobogboawm  aBol  3sbybo  0boodgds  Logbswols  Fomdmgdbom  do@mdmbo®morwm
©MbgbHg, M55 959403908 dOOMZ0m JMPOMYOSE JoBEMJMbOMOEo Bs3gMHMmbrcmo 496900l
G®9bL3M0330sL. 9JuEHMs do@mdmbo®momwo ATFST LEsd0woHEgds doMmM3do, Loy ob
50603306090 BHMIBLIMO3300L, M3 BOHPOL doEMmImb®oMwo Bs3gMHmbgdols 9dudMglosls
(Haynes et al., 2010).

do@mgmb®mool  39336Msbmwo  3m@gbgoswols  89d3ocmgdol O™l OPAl
0DBMPMEOHIs 256MH50gdb7ds dm3eg OMA1 9@ sm3MMEHJoHO©, 890939© dJoBmdmbodools
99MFyds o 99800980 BMTIbG30s 0630d06Mgds( Head et al., 2009; Ehses et al., 2009). gL
33000 g0s gabobOds JoGMBsao00l 3mE9baoMgdsl b MxMgol bLolzEoEL. aMdgero,
OPA1 0%bm@ym®ds LsFgoMOms LBEMIL 0bEoMgdso 3sLvybolmgzol s Jo@mdmboMools
30396 396Miydolmzol. do@Gmdmbo®ools 3039MT9MHfyds ©s353806M90Mw0s dodmdmbo®ools
oo gbd30mboMmgdslmsb s  LEGMLOL o369  9x89dBHJOOL  dRGOHEL
3m39b30530sLmsb.  sbogro  9o8m33wg39d0m,  BsB396gd0s MMd  doGmgmbo®ool
30396396yds gbdsmgds 3mIgmbBobe 3sbbl sEHG-0l [odmgdsBg 0d Jgdmbggzsdo,
O3s bbodzol xs330L dgmombg 3md3egduol 9egd@®™mbBIdOL LoGMIBL3MOEHM sMbO S0l
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990y309dmeo (Rolland et al.,, 2013). 3sbgbo do@mdmbo®ool olywmbdaosby 6ol
do@MBOY0,  OMIGO3 93930009005 F9ddMBME  3mBHYbE0sE0sdo  dmbsfong
30900l M5Mgbmdol F993060935bmsb. Miro s do@mdmbo®momwo dgefigdol Eows
MFN2  gos 3563060l  Lsdobbggdo 96056 s  obobo  dod30E0boM©adosh.
do@Mgmb®ool  gotg  89336sbols  Mdod3z0EH0boMgdMmo  3owgdo  3MMEMLMINWS©
©I3M50MEI006 s  gb  ©ITM30EYdMos  AAA  5BHF-9BS  PI7-0l  sbsenmy
960M3WsHING M19E0329 SbME0MYIMYE IRMIs30sDY (Tanaka et al., 2010; Xu et al.,,
2011). 356306 ©59M 3000900 ©IRMIPIE00L BoJBHMOYO0 BsOINME0s doGMJmb®morym
d365Md5d0 s Jghfyds  BMEoL  FgMHB30m5s©  ©IRBIIAHMM0  Fodmdmbodool
93500 sEMBIR00L 3Bom. PINK1 35630606 Lobiogbowm gbslisg od3l bybodzols
X 93301 ©9aM(300L Mbosto (Viscow et al., 2013).

do@mdmb®ools  LEMIL  Lobogbosem  gbs,0ds  9609369w™m3zsb MMl
SO gdL JoBMJmbMool obRMbaosdo s MYM393GHvE LsBOBBYL FoMdmowyqbl.
PINK1-3563060L do@maogool  bsbogbsenm gqbol d9dmbggizsdo,  moommgmwo  ggbol
39935305 89933000MOs© M0l 53538060930 356 306LMbBOL H5350YdLMLD (Kitada et
al., 1998; Valente et al., 2004).

0530 2

30esP-32/38, dobo 33965930980 s bAGXBHIs

dmdmdHmzmgddo P32 30e0m3z560 dmeg3oemol dsbs s®ol 32 309, bagm fofowgddo dobo
30mEma06M0 0ol fmbs 38 3s-05(Okagaki et al., 2000).
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L300 1. 500580560l 30¢s P-32--0b Ls3-356%BmBogmgdosto

L&OWIGWOS

8963879650 ¢nm25¢00YsG0s, -668 s UAGAIIAIOs.

C1gBP 560l 3960, G903 93Mm@oMgdl 500530560l 30wsP-32-b sdgds0gmdL
17q13.3 ge@3mbmdsby (Guo et al., 1997). obo0s300L 30©Mb0Ib BEGHMS3 3MmEMbsdg y9bo
d90393L 6055 {iyz0e xMdgl. owsP-32-0l 853m©0Mgdgwo a9bo d90393L 6 9abmbl o
d9L50580bo 5 0bEHOMBL. 9gaBMbgdoL ooy gMHygmdL 94 6493 gMEHO0MOO Y3006
(93Dmb0 3) 232 (93Dmbo 1) Bm3wgmEHowe §yz0sd©g. 0bGHO™BIdoL Loog dgMHygmdl
128 6993e09mEGH0©M0 §Yy3000@sb (06GHO™bo 5) 3156 (0b@®mbo 2)  bBm3wgm@Eowm®
09305809. 93b™bo 1 53m©0M9dL 30039 77 580bMBz53796 056300 Y3MMBL, MHMIGE03
3903936 300l o@GHMmdmbEMoolv3gh 2980BbmEo BHMBL3MOEHOL 156308 Y3MIMBLSS
(Dedio et al., 1998). 9aBmbo 2 530693 N 396m80bscrmé o L30MIEL s 30MH3g M6
65393315 93D™b0 3 53m©oMgdL Agladg B Bo3gal; 9abmbo 4 53mOMmgdL dgmmbg s dgbmong
B Bo3gsl;  9abmbo 5 s3momadl  dg9d3ly s 9993009 P Bo3gsl;  beeom
39653690 093D™b0 6 53mE0MYdL C FHgMHdoboer® o LdoGswls (Jiang et al., 1999).

P-32-0b  369-3Om-30¢0l 3530m0Mgdgo 3-0bad, 53mEoMgdL283 530bMI539M0
65800Lo6 9IRS (3000M356 IMEg39sL, GMIoEsbsg 73 bsdmo N Egmdobscrmeo
0MmMmEsb 930905 LLoBHLRY30B03NOO0 FMFMHOL L5FMSEGOOm, MOl T9EIASIE B00MgdSP-

16



32-0b oLEMEGOMEO BMOTS. 5s30560LP-32 30y (BMIgeroi S193g bMBdOOs
OmamO3SF2-sbmzo®gdmwoP-32,  P-32  yTAP, and gCIqR) 3mblgMzs@m®cmos
9935600mGMm  MmOHQsb0bIgL  Imeol(Jiang et al, 1999). Boeswr  3mIMEMYOMOHMOSL
505053690 5@580560L,  30MM5y30L, Moa30Ls S JomMAol 30EsP-32-0L F53mOMYdgE0o
3960L 63w gMmEGH0MOHO 196300 Y3MMgd0. F0WsP-32-0l Bbs3lo oS Js0dgddoP-38
Lobgeroom sGol  3bmdowo (Lynch et al., 1997). P-38-obs @oP-32-0 5806mdz53m60
56000009360m0900L  Jgocgded  sBg9bs, MMI  JomdoLP-38 ool 530bmdsgezcm0
5680009360m0L 78% 0@9b@™EM0s 5@580560LP-32 30ol. 5@s80560LP-32 3o sbmsb
90856090530, d939 Foo  3mAMEEMA0MMos ™oa30L YL2 (Luo et al, 1994), oo
30mEmao0mmos sg3g JofosbP-38  3owsbmsbsis,  3mAmermyom®mdol 30m3gbdme
956396909l 74%-1 9950090L.

30woP-32 99905 282 5306mI55396M0 65d00oLsb, 58smyeb, 73 580bm3x537960
6s8mo (omB8moagbl N Ggm8obscrm@mo do@mdmbo®mome Lsboabserm 0s6808g3¢MmdL.
U3eoolobYol BodEHm® ASF/SF2-l 89w9dwos GmbxmMowo®gdol 063000609ds ©s 369-
3503 MBT-096 53930060935, P-32 BsHrmeos s¢0@gdbs@onen Ligsolbobydo. P-32
31939,  00095GH0R0E0MGPMWos, Mmam®mg ClIQBP  gows,mmdgwos 393006090990
30033w9396@oMmMd0oL  3m33mbgbd 1, q Ld3mMI3MmbgbEmsb,mmdgwoi  sdmoEbmdl s
3530060905 08bMymdMEob G 56 M-ob 8dodg #533L, 0bogosgool  Jasliogmeo
333193963 oMo 30M063030m,0m3mEME3  300OH™Mbol 85935606 393806900
GO, HMIgros 5Mob 36930mbool LEGHMY3BHMIMZ 305 MOMboEsBs. P-32 51939 BsGIN0s
CCAAT-056500000930Md5b0sb  ©539300090o  goj@mmolb B bdgmomgmeols
063000690530,  GH®obL3MO03300L  5JBH035300L  FH0.A00H,MHME  sMLYdMOL 143
396@00o@0 (309, MHMIGOMb3 sOOLP-32 sLmEoMmgdmewo. P-32 sbmzoMgdvienos obgom
GO M356 M3 gdm9b,MHMam®mqdoi3ss: Nop52, Nop56, FBL, Mppl0, RNA 39c035%s
Gu_ s TFIIIC220, TFIIIC102, o> hnRNP Al.

3ows P-32-0l LodyobBmdomgdosbo LEHOVIGHMMs dogdmwo o0dbs MH9bEHaqbm-
LEAHOMIGHIONO 3OOLEHIWMYOIGOOL BsdMsegdom. 030 FoMdMoIbL GHM0dgOL, doLo
206905 ©05FGEHH0  ©ssbwmgdom 75 A-05, Lsdemm Foaboms ©osdgEHMO ool
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©obmgdom 20 A-, Lobdg 8goagbl ssbawmgdomn 30 A. P32 9gogsgb 9o N
A900bsemE o BL30MOHEL, MHMIGELsg dmyzqds 300 JMBLYOZSGHMOMwo B 65393
5396m3560L GG s C GHgmdobsem®o a bdo®sro (Jiang et al., 1999).

30¢vs P-32-0b ¢v35¢m0Ysgos s @«b5gp0900

3ows P-32 560l 93m@3006He0 999mbobmmo s 439wmasb go3MiE9wgd o
dnm@o  gmbdomdo  30emgsbo  Bmeg3mes.  ooP-32  goblszmmegdom oo
50mEIbMdom 0L M3 0BYOMEo  Fo@mdmb®om  Fo@EModudo,RoMoeros
do@mdmbmomm 5693000  BMLBMOOWoMHgdIOL  3Mm3gbdo,  slg3g  dmbsfowrgmdl
90@Mdmb®09d0l s dOMM3930L MOP0YOHNJI)IdsT0.
6565b0s, MM 059390L, MMIGEOMS3 9MLS3FMOLO MIMIbMmdom 3Jmbsm FowsP-32,
BoboLObOL 3gMmom©ol s 3EYMT61)Md5d0, gobm3005M©sm M15dgbodg sMM393s. P-32
Bm359FH0Mgdmw  gddombo® 05939000, Lsosbsg  doGomso  gddHOMbsmEOo
R0OOMIWILEHJO0 5OOL 0DMWOMHOME0, 250MT0e3bs Jo@mdmbo®momwo bbmdzomo
X9330L 9933993900, 000GH™I OHMI PIHB06JOMW0s M8Yb0dg FoFMJmbMoero 30wl
Lobmgbo(Yagi et al., 2012).

P-32  (693m300656@Mwo)m3538060090s  GBI-L, FogMed  96o-©b3-, bmwm
9600 96mMoP-32, MOH®»0gMmddggdl yzgws dodmdmbo®ome  dglgbxgO e HB3-ol
Lobgmdgdmsb, in vivo ULolLEgdsdo. P-32-ob Jglodgrgdermds, sm3s3domql  ®63I-L,
QOQIYO0M 30695305000 do@mgmbo®orw A6bLEs305LMSb. 30~
009bm36M93030¢s3000  b5B3969%0 0dbs, GmI P-32 9Fo6OHm 35380630  00ymxyqds
do@Mdmb®om  ModMbMIGPMD @S  odmmddmwos oMo Mmd gl Gowmgzsbo
g3y dmbsfowgmdl dodmdmbo®monmmo GHEMsblwsgool 3Mmigbgddo (Yagi et al.,
2012).

3ows P-32 560l ¢om35e0Hgdwo 63009mo©do @ oo MHymgbmdom sGols
do@mdmb®mools ds@®mogudos. 65B3969d05, GMAP-32 bm3smboMgdme  wmx®mgdo,
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9306905  doBMmdmboMomwmo ©bd-0m  3MPOMYBIO 9623000  FMLRMOOWOEMHIOOL
36Mm39Ldo dmbsforg 3me0393EH0wgdol LobmgBo s Jom GOl FoEHMIOMI MJLoIBIL
I o5 IT bgdgBmNgmgdol Lobmgbog (Fogal et al., 2010). 65 500603bML GMI BrlEs© 59
09O GMgdol  Momgbmdol  dgblogMgdol 1393080376  3MMEOboMYdIMWI©
95395l s@AO0WOo g3l ABg3gwMmdomo  0d3MbEH0bYoL  Fgdamd  fofiowrgddo
dgblogemdoL LoEsg BH30b0L MdsBdo (Solomonia et al., 2011).

doPbgmeos, MHMI  30¢sP-32,5939  dmbofoggmdls d0M™M3-dodmgdmbomomem
"OHM09OHMJdg9gd90d0. Saccharomyces cerevisiae-do 30oP-32-0b 3mImmaom®o 4960l
B0sbgds 0f393L 039HME0sh s69gdo Saccharomyces cerevisiae-b HOEOL F9bgargdsL,
bom 230D 56M9do slgom Fmzegbsl 96 5943L vYowo.  FoMgdEo dMbs3gdgdol
bogmdzgbg  dgbodegdgeos, 390M3md300 396090,  OHMIP-32  BsOHMw0ds
930G MJmb®omm 1562300 BMbBMGOwoMmgdsdo (Muta et al., 1997). sbiggg 9glodegdgeros,
mAP-32 SO gdEIL MM35¢9gbE 0560 3500MmbydoL F9dbsbsgzo 0ol Brawl, MHmdgwos
3093009l JoBmdmbo®ommo  dsGHModuol  3500mbgdol  3mb3gbE®MsE0slL.  bgoglo
dbOBMYGOS godmMmmgdmeos 0do@MI, MM 5306MTg93900L 23% (48 5306MTz535) T9o009bL
SL35OGIAL o ZEMESTGHL S 0bObo FMMH3LYOMEI0 3M0B FHMOTYHOL Bgs3oMDBY.
300l Bgs30MHBY 530b6mT5153900L  2oobsfoergds g35blgbgdL 3se30dmaliBobl, Ca-ol
d90bsbggen  Ag3Mesl,  GMIgeros 33b3gds LG 3M3OBIMGO  MYE03MEmdol
3900399 gddo (Yano et al., 1994). 35¢030d999LG®™0b0 51939 B3OS SBIOEIGH0MS

33535300 (o9bEmgdom 30%), 9O dmeg3mersl 99deos ©sv)393doMgl 40-50-
dg Ca-ob 0mbl 3Mbmgdol F9399835-Mgaodlsgool ymzger 3o3erdo. 0dobsmzol MHmA

9331935090L  gobgloBzMm My MHMIgE a3 399609080 9Ju3MHILOMEIdMPS (30SP-
323m8m 9653930  350m033w09L  39LEIOE  0FMBMIWMEHOBAOL  LEFMSWgdOm.  FOEISP-
32500mBbs 00ddol 439ws Bobols gerv)3329bmMm356 Jumzowdo, Logwsdsg dowdo, 3m3Fdo,
93069 bsfawsgzdo, Lodzowmbbmdo s 50 E980.990degds 0mdzsl, GMIP-3250m0l awwg0
39960l Mboggdloerm®mo 3ma3mbgb@o (Okagaki et al., 2000). dowbgszs 0dols, @A
3930919 GHOobLS  ©oP-32-b  FmMol  sOLYIMBIL  LEHOYIGHWOMEo  oblbgeggdgdO,
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d9Lsdegdgos,  MHm3 gl Mo gows Ca-obombgdol mbol dmIEoMmgdolsmzol
96»356900L L35 0J39Mm©bIb.

90@Mdmb®05d0,Ca-ol 0mbgdol mby 830MHM® MO 35300600 556230000
99G90Mm@oHdol  3OmEqLgdmsb  (McCormack et al, 1993), 8saseomo@, ©599b0dy
90@Mdmb®oMwo  ©730OHMYNBIDBY, OHMYMOOES 30099353 ©)30MOMYGbsBs, NAD-
0BME0GM¢ ©J3000MOMYIBIBY S MJLMYMBHIMSP) ©I30OMAIBIDS, Mg MoM©IdS
dos doBmgmbo®ormo Ca-ob omboom (Nichols et al., 1995).
39LodEgd9E00s, ™I pP-32 5M90Mg0©gb  dodmdmbodommo  55bag00,
3bRMOOWom7dsl Ca-ol mOM35wgbE0sbo 3o00mbgdol 3mbiEgbdMogool dmwomgdocm
(Muta et al.,1997).

P-32 s bodboz69980

3owo P-32 5939 o®ob Lodlbogbol-3mmdoby 393¢ 0 (tumor-homing peptide) LyP-
I-ob 9393GH™O0, MMIgwog mszolb dbMOZ B39xE0R03MMIE  5FMOEbmMdL  930GHM39dL

LodLoO3bME MXOYIODY A9BLEBOZOM LodLO3bygdol 306MHMdYdTo. LsobEgmglms, GMI

MO0 FoOMMO 293MEILYINO MY MIOIOES (3009, bmzwgmenobo (Christian et al., 2003)
@5 9b69Juob 1 (Oh et al., 2004) B6m®30@6 obOOEs® 9gJudMglomgds Lodlogbols

LobbedoMP3gdol  MXEMIIOOL  HBYs3oMHDY, olLobo  byomaabgbol  L39g305303MM

056396090L  Ho6dmopqbgb. P-32-0l  go3M3ggds  MxM9gool  Bgsdomhdg  MBOM

39D0M©0Mo 5m30gmobmsb s 969Juob 1-056 Fgstmgdom, mmdiEs dolbo gdudcmglios

LodLogbme MxROIL 9@ L3gE0B0IMOMISL 603Fgdl (Fogal et al., 2008). P-32-ob derog®o

994b36gLos LodLogzbMMO MXRMIOL BIPIS0MODY > BYJI30MMEOP-32-0 sOOLYDdMDS

B®doem®  Jumgowdo  LyFOEIdIL  5dEg3L  33w9356OL,  MIP-32  998m0ygbmb

LodLOgbwEMO YYRMJIdIOL JoM3gMgdo (Fogal et al., 2008).

P-32 s domabobo

3oLRM3909wo  JombBobo, ™M) ol FMLBMOOEOMHGIMNWO 56 SOOL, doE0b
dbgero Ho6dmdabols 13053963 90U. 30wsP-38-0b 0565MmdoLOL 30
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3M5x8MLBMOO00MGOM  dombDobl  Jgmdwos  Bowrsdgb@gdol  FoMdmddbs. 3o sP-38
0530000535 96 5850053690L 3065DE 59EH03MdIL. TgbdsdoLOE BoMDBObOL BOWST9bEFHJdOL
0o00mgdbs 56 Mbs 0ymb 259m()39910 BMLBMOOE0MHGIOL MbOL oBOHOm, Mg
gowsP-38-0b L3g30xk03MMo Mbs@oo (Okagaki et al., 2000).

P-32 bb35 53796930980

50580560l 30sP-32 BsOmeos bbgs dmeg3mwme 3m33gdlgddos: 9sdosbols
099bm©gxz030GHM0 Lobmmdol Tat 3ogol 3m33egdgbd 1 q-8o, 305eMHMbol Tx535L
3905039603580, 3030533 GHMBOO0 BogEm@Mo HRK-8o@s Lodlogbol Lmddgbme ARF-do.
9 603653L s SEVEHMGOL 08 Bog@b G P-32 3w @GHogmbdisom®o Bsdgmmbos (Mikako at
al., 2012).

gows P-32 , 5939 MOH»0g0mngdggdl 396039L-bod3wgds 306l 1ORF P ool
HIV-1 Tat, 939506 0560l 30600-130sbmsb (Yoshikawa et al., 2011).

0530 3

3mabobo

2R MIO0L 539HBooL IMg3MEs-MHgEHobs 3mabobo (R 3mabobo), sob mxGgwool
B9530600L6  EOLYIBOEYIOO  0BMIGOIDs,  MHMIOL  EOLMEBOEMOO 59303530
3930gbsl  obabl  MXMHgoL  953gH0sBY. 29O OLWMWROEO  OHBMIGMHIBMEO
59BH0gmdols 98 (3000M356 TMEng3Mesl bbgs sdGHogmdgdos Mbs 295Bbgl  (obowrgm
J300mm).

R 3mgbobo, 30639ws godmygmaowo 0dbs, gddmombsem®mo ool dsmmol
X M9900Ls6 (Lilien et al., 1967; McClay et al., 1974). v339 999®ddo gl Gowm3zs60
I3, 359MYMBoo 0465, G 39ddMBLMD ©H35380M9dME0 Fows.

035¢0b 050IOHOL X MOl 5039HBoOL Jmeg3meEsl, MgEH0bs 3mabobl (R 3mybobls)
3~ ©063-08 56000 g3MIMds 5B MY0©0s, 3OMGHI0b Ol RoE 0BMIYGHIBIL (300)
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953M0M909w0 29606 693w gmEGH0MOHO 1565300 I3MMDOLY, FogMod 53 39651369l
5943L 39BLb35390E0 FMmg3MEEMOO Fsbd O BYIdIMKROIOMIWO CMIIEO0DI30s. BBYds
300mbgs: M5 500U 53 Q5bLbgsg900L JobgBo?

5006y, M3 5 dmmbo;sh, 30-0l GHMmBLEIsEool MBbol ™MsbIodgztmds R
30b0obol  sboMma0m©m0s. 3-b3-0l Msb30dEY3Mds  [ofosl, bosMol s vsTosbols
36MMEgob obvz0© 0HBMIGMIBLmMZ0L §OHMTsBgmol AuysgLos. R 3mabobol s 3Hm@g0b
oL r00 0DMIgMBIL LEWMEo 3 HT-0L 0EIYBEHOROE0MJOOL T9IEAMI IA06WS,HMA
59 303560 IMen93gdol 3-b3-0l Ms60TY3OMIYGOL FMEMOUL, gobliblgsgzgds dbmerm
10 %-13950096L. G039 30OlM30L Ssboli0sMYOYE0s EOLYIEPBOEMMO (3EPOEG39OO.
30mGH0b  obRoE  0BMIGOIDBS, F0MOMOI©  Bb30MmboMIOL  GbMIWSBING
693H03Mwyddo, R 3036060 30 939@qLbs© MxM9gol Hgs306HDg 560L 256mo3LgdImo
04 896J300b0MHgdL. 00 BsOMME0s, MXMIOOL 5309930500, (0gdol ©35300609dLS
5 0g5305d0.R 3mgbobols 30¢0m3560 dmeng3mwols §mbs-50 3o 9M0l, boerm 3eo-ob
9939 ©o Hmbs 57 3os-os(Pariser et al.,1999).

9E0bs 3026060l sbs,30MmEHJ0b OLbYIRBOE 0BMIYMsDBsBY J306g 5MHOL,0d0EH™I
Mmd,R 3mabobl, C &gmdobocr® dmembg,dmbegbowo 5J3l KDEL w9ds60.96 «9ds60
399Bb0s 30-0b s KDEL sb6vemgdls Lobogbowm g3mbdiosl. KDEL «dbols dmbengBs,
396530003908 4MEX0I6 MgB0bs 3mabobols FoslgEsl MMyl bgsdomdy. KDEL
«dbom 560l MgBHobs  3mabobo 393006900 dMeXoL  3MA3wgdudo  sOLgdME
13930B03NO MY3I3GMOMMB. MgBH0bs 3mabobo 56 sGOL BHELBLAgIdGBMwo GFows, ogo
3MXOL 53565300 Q9EOL X MIOL BYI30OHDBY.

R-3m936060l  30@s-gowmgsbo  mMmmogm;mddgogds ©s 3obEM™mEGH0309M0 5©39Dos
396300Mm0dgdMmos  C  Ggmdobsgrm@o  dmeml KDEL  69393¢™m6m9000  ©o
00MM9OJAHIBMwo  5JBH03mdoL  LsoGol  sOLYdMdom.  bbgs  gowrs-gowmgzsbo
00090 J99093900 g5b6306HMdGOIos N Ggmdoboserme dmwmbBg sOLYdMWo LsoEgdom
M9BHobs  3mgbobols Jgdmbgzgzsdo 30 b MOPO0gMMJI)IdG00  A9630MMdGdIMwos C
39630656 dermBg s5MLYdIo boo@gdom(Rao et al., 1993).
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69BH0bs 3mybobo 6 6oL s0IMBgbowo BomEgMol MXMIOIILS S JEOVIMHO
IR OJIO0L HBg3060DY, o363 bs3mzbos BgoOHMbmwo Mg gdol Bgsdo®By. R
3Mabobo  sdmBgbowos  ©IbMOEGHIODY,  29bamomMo  YYRGMIIOIOL  3OMJLoToEME
5JbmbgdBY, R 3mybobo bsmers@ s00L m35e0BYdMwo w5863 bgoMoEgdby, MgEHobsdo
5 Jumgz0L3Y30830996 VYOI 5©39HB0sd0 00gdL dmbsfoergmdsls (Hausman et al,
2000).

5396005 ®MT,  55305bol  ©93m3B0bIbGHME  IOMBHJob oLl ROE

0BMIgMH5HBoL  J90mbgzg3580, FMES3098Ld0M0MO©I©  dsbogol WCGHC  wdsbo. o3
0360655 ©535300M90Mo ME0bs 3mbobols s 3MMEHJob OolwaoE 0BMIgMsBsL
5039Doweo dmddgqosa (Hausman et al., 2000).
G9Bobs  3mabobol  3-MB3-0l 300l Bs3MmPOMYdgo  Mdsbo  Abyoglos  3BMEgob
OobMWR0E 0HBMIgOsBsls 3-GBI-0b 0ol B53mPOMmYdgE0 1dboLs. MgEHobs 3mabobobs
@5 30mE90b  obmwao 0BMIGMHIBsL WCGHC ¢dsbo, 8600369wwm3s6 O™l
SBEOMgdLLd  30gdOL  9aMYAS300L  BMb305d03.  blgbgdmwo  Mdbol  0b3odo@mMl
$o00mo96L DTNB. 58 063080@mEm0ol d9339mdoc WCGHC vmobols 06300060905 5939000901
GO0l 536935300l 1bSOL.

363906 olergo 0HBmIghHeBs dgoiegl O WCGHC «dsbl a s a’ mdgbgd by
(Darby et al.,1995). 356599©™d36, M3 EFowm3zsbo dmeg3mwol o 3gmero ©mdgbo,
393965 5b9gbL 3™ FHJ0b OLEROE OBMIYMSDL 5aMYRSE00L MBIOBY.

31939 39M9EMdGD, MHMI WX OIEOL F1ogEOMMO 53MIAI300LS S 5E3gDoOoLLL,
09BH0bs  3mabobl 543l 2 LsoGHMIb MOMP0gMJdggdol Mbsto MgEHobmwmo MxGmgol
B953060D9. 4593309390000 ©sA00S, O™ 9Hm LEOEL 543L (30LGHJoboL 65dmgdo s
G090 MJ99gdl WCGHC 356m0b. 58 @000539300609090 Lso@Gol odem3zs bgwls
ool Mo ©95360935305L 96MYgbme 3mabobdo. C GH9gMIobsermMo dmeomls
bmzom@om, WCGHC dbols 5d@om®mdsd 9mozerm, bmwmm N @9mdobswwrwémo dmeml
bmzom@oom  WCGHC  <mdbol  sd@Homcdmds  s60dgaawrows.  WCGHC  9dsbomobss
053930069390, (30¢9-30M3560 MOM0gMHMJIggdol MbsGoiE. MXMgOL s3gbosdo
3905 53 16Ol IMBsfogmdl 300l L) B30EMOWOL X AROE.
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M9BHobs  3mgbobls s  30MmEBHIb olwwxzo  0BMIGHIBIL  295Bbos
139(3053037960056GHOLbBYMgdol ALAs3LO EMI9bgdo F0EIM3960 IMEg39Eol BgEsd3omBy.
9L 96@0LbgmEgdols dbgsglo «dbgdo Mrodgbodgs. 58 sbE0LbgmEgdol Lodwsmgdom bgds
3bJ3omco dbgogbo (30ol GgEbmds @s BsLlmsb s3938060gds. MgEHObs  3MmAbobol
3bGoLbbgmmgdo  dw™m3s396  M9gBHObNwo  MYROHIEOL  B1GoMGROB3OL s YR GgOL
9993656900l ©bErmgdo0 50 % -To sM930 56 beogds (Harold et al., 2000.)

93H0bs 326060y s 30MEJob oLEBOE OBMIGMHIBIL MomMm©IbMds, YYxMgOL
B953060D9 0doE0MmdMEos. R 306060, 996B730050 94u3M9gLoMgds 98dM0Mbscmeo
Pofosl MgEobmeo »xrmgool Bysdo®By (Harold et al., 2000) .

M9BHobs  3mgbobo, Bosbsbos  GMmamOE  Mg@obmwo  bgodmbamo  MxM9gdoL
B953060DY, 5939 390GHOIWMMO ByMzmwo LolEgdol MXMIIdOL HBYILI30MDYS.

R 3Mabobols 99b3M9gLooL 0630006 gd0Lm30l 3980m0yg9bgls 3b6&obgbl
063t gmGH0©o, 03oLmzol, MHMI dgqlfogesm R 3mabobol Gmwmo byo®Hmbmen
0xRgM96(30530530. (300900 BoGIMYIMWOo 0dbs 6 S 8 EPOIL 9ddHOMbMEo Hofowrgdol
IR YO 39 GHMOgObBY. 993G gLool 063000690 39b65bmO 30909l
MEoymbm3mgm@GHoom,  Gmdgwog  3mA3wgdgbGotmos  GgBHobs  3mabobol 20
6930 9mGH00560 06808 g30MdOLS. 656396900 0dbs MM ol FMbsHowrgmdlL VX MHgEdos
Lobogboenm  3ol35009030 s gl 930 GdG0s  MYgEHObMwo  MXOHIEOL  BeGOIs©o
53bd30MmboGmdoLmz0U. sdobmgolb  0g4gbgdl  ®59gbodg  BgomMEHMIBLI0EHIML:
539G JM@oblss  y-530bmdmEH0MoLTgo35L  (3998). MO39 Jmeob-ghyme s o90-
9637 6900MmEGHOBLIOGHIMGIL.  9g300  2oblbgegzgdmwo  IgMdbmdgwmds X Gmgol
LoABOWOBOEOLY s DBOHPOL BoJBHMMIODY M9ox0Mgd0L Mbs®To, X OIL-IXMIJOI
0b@96Mod309dd0 (Harold et al., 2000) .

M9BH0bs 3mab0bols ozl 30093 9OM 30EM356 dmeng3MEsls HoMmdmoygbls MFP
(00 GH0RMbIE30mM0 30ws). R-3mabobols 3-00b3-0l 56303@gzeimds 93wgbl 99 %-056
3mdmemaosl MFP-ob 3-©b3-0l 0568089300 dol dods®m. MFP -0l dmeng3wwwédmo fmbs
5600l 57 3s. MFP-Lgssbbos Trp-Cys-Gly,His-Cys-Lys 5306035939600 056000093600ds,
50096309 930MMdL 943l b0 gosBgHML MOMMYMIGIBMwo sdBHogmds. MFP-3o gL
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560000093600y 99@PBg30mo  9bzg3l  3ogdl smo  BHESbLEsgool ™l
960M3wsBIMMo  M9gBHo3Mwdol  Lsbsmy®do s sbmOE0gwgdl  sMlHimGo
oL R0MOHO 139O0l 3ohYy39@ol S SBMOToMYOL LM ol a0 3d9dL (Noiva et
al.,1992).

R-3m26060L3-00b3-bgosBbos 73 %-0560 3mImermyos GSBP  30¢09d0l3-0b3d-0056.

obg3g ®mamO3 R-30ma606L, MFP-Ugoshbos ©@objergzo  0BmdghHoBmwo  od@ogmds.
0DMI9H5Hg00 JOMOMII®  23bMOZLYdMGdO 56056 GPEMIWIBIMMO  BYEH 03 Mdol
Bobomm®To, Foa®sd 51939 0930LBBWHE FJYAW0sm ©O94)3930060©HI6 GBEM3WsBIMMO
0930379 dols 390065690l KDEL G9393G™6M9d00. MFP-oll KDEL 69393&™6M9d0 89035396
4 5006M355396 968090 930MdL 0bg3g OMAMOE MgBHobs Jmabobo s Lbgs dugoglo
30wmg3sb0 dmwg3mmgdo (Munro et al., 1987). MFP bsbosomgds 3Gm@Hgob olwwao
0DMIgMHHBMwo sdEogmdoom ( Parkkoken et al., 1988 ) .
R-3mgbobo  ©@>  MFP 53530069099 9d0 56056 2 O9O0b 526935300l
5QM9MbFH9090m9b. R-30m36060 dmbsfoergmdl 3obEm@E030® s03gHosdo, bgo®mbmen
O0xRIM9b(30530580. 0ol X39M9E0bs  35306Mgds 64  3005-056  3OMGHJobL.
00MMJOJAHIBMWO  5dBH03mds gbTo®mgds R-3m3606L 9939380609l Lbgs  30erm3z56
9939993l oL RGO MOHMPO0YOHMIIGIdgd0m (Munro et al., 1987).

0530 4

3909MHma96M0 d0MMZMo MH0dMDbMIEgMIMhmEHJ0bgd0 s Bsmo gmblzogdo

by©5000 2. 3063 (500580560L)-0b Lisdgs6BmIomgdosbo LEGHmIBmGs
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393960ma96mM0 doOM3Mwwo  H0dMBM3egM3OHMEH)0bg00-(30603) FoMdmowpqbgb ©®BI-
5393006900 3Ow9o0L ) obU. 3Ow900L U cmxobo, 390Mm0Mbg3o
M Goxgbdombo®gdom. BsOMImbo  5G0sbsMTOGHM  393gOHmaqbmo  doMHm3zo
®b63-900L  3MmEgbobado, slY39, EbMdOEbO 50D,  MmymeE  gabms  9Judcmgliools
93295300l BHMobL-godBmemgdo (Dreyfuss et al., 1993).

BOWoms gl mxsbo  (oMImpygboo 900l M399bodg  LrIdMKsboLsh s
000MJ)0 Jo0myobo Bolosm©Yds BHEMBLIM03EHOL se@gMbos@Gowo L3wsolbobyoo s
3LGGHOBLESEoMbsMMHO  BMEOB0330gd0m. S8 309doL  LEOWIGHMOMWO
3653w x39gMH™M36905 206530MMdgdL oo IM35wIbMH03 BMBI30gdLsE, BMIgmoE dmo3e3L
MOMN09OH00Jd9gdsl MBI-LmSb 56 EBI-Lmsb (Yaowu et al., 2008).

3063 5/6 30gd0, 5939 HomBMIEYg6gb 98 OO MYIbBOL GYYMOSEGHMOHI (30egdL,
I gdog SbmEoMEo0sb ©bd s GBI 89EsdmmoBoL 5dGH035GMMGOMb ©s Jozhm
®b63-900l Fo6r3mddbsl Mfymdab bgwls 3063-0m FgxgMm3z0l Lodwmswgdoo (Dreyfuss et al.,
1993; Roma et al., 1988; Pullman et al., 1983). gl mxsbo, fo@mdmpaqbowos 20 dmsgzsco
300393¢0om, 3003 Al-sb U-8y, Gmdgems 8meg3nemr®o dsbs dgeygmdl 34 sb
120 3005-00g (Roma et al., 1988). 3565©Md96, GMI 3dM3 296900 53Mm©OMYdI6 RO
33069 HBmdob 3063 30¢gdLs (Carpenter et al., 2006).

0300009990 30603 (3005, 9903o3L, bLrew 306y gho MBI-©sd535380609dge MdbL,
OMIgog s9moEbmdl Mb3-U, 3303 K 3mdmemmyon® ©mdgbl 96 s6yobob/geroiobol
3memgl (Dreyfuss et al., 1993; Krecic et al., 1999;). goagdo 5939 8moEegl, 350w s30649M
bl 6930906 0593900l ©s39300Mgd0LsmzoL(Bennet et al., 1992; Matunis et al., 1993).
BMQ0gH o 30603 9903936 580603553796 ©dMEMmgdgdl (Dreyfuss et al., 1993; Krecic et al,,
1999), ®H™MIgEoE 30Ws-30Mm3560 MMHMOIOHMMOJIOL F995¢gEe MAMEL Hodmowyqbl
(Krecic et al., 1999; Cartegni et al, 1996). 3063 30w™3560
X 95boLIM35w MBI 30MmbsEMOHMdOEb  sbsbodbsgos oo  Gmeo,  ©b3-ob
6938006530580, 300390 GHMBLIOM03EJOOL 3OHMELObYLS s BHMIBLZMO3E05T0, dom
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006MHmM3Mw 9JL3MOE30, F0IMX MYV WMIIODBOFOL, BHEOIBLESEOSLS s ozMm MBI-
900b BGod00Bs30sd0 (Krecic et al., 1999; Dreyfuss et al., 2002; Glisovic et al., 1986).

3063 5/0 LmdMYsboL 3orgdo (Minoo et al., 1991), 530056 sofig@owbo 0y3b9b,
MmO MO0 d3ocMg Imeg3Meymo dsbol 30gdol Xama0, MMIGEms 0BMEOMmYds
dmbs HELA-U mx 69090056 (Myer et al., 1995). 3063 cmxsbols 60 %-b 99500y9bL 51 o
52 (30@09%0 , ®MIGd03 1FgBHJLOE dOMMZMW 30gdL Ho®MoYgb9b (Beyer et al., 1977).
3063 5/0 (3000900, M30M5BHYLIE M IO0HIOEDO 5®0D dOMH™MZT0, Foasd 33630000
51939, 80MOM35390d0 (Roma et al., 1989; Leser et al., 1984; He et al., 2005). 50
3O gd0L)IgBHLMBS, IMIOSMBL BOOMZLY s (30EHM3EsDTsl meol (Krecic et al., 1999;
Dreyfuss et al., 2002; Roma et al., 1992; Shyu et al., 2000). 3063-0b bbgssbbgs gm®dgdo,
5009H0wbo 5606, Brayme 40S bsfowszol 3ma3mbgb@gdo (Dreyfuss et al., 1993; Lothstein
et al.,, 1985). 3063-0b 52, 81, 32 gm0 (52)3 (31) J36056 BH9YBHETYMYILS (52)3 (0\d1)(d2)
13930 Jab0sb 396Esd9gMgdl 40S Boffoarszol (39bGHMo «dsbdo (Walker et al., 1980;
Barnett et al., 1991), booenm 3863-0b 1, 31 ©s (32 MOHIGd0 39MH0RIM05Dg 50056
WM35¢00b9dmbo (Lothstein et al., 1985). 3063-0b 53 3m®ds 56 5GOL Bobobo, Gmymes 40
S bsfoarszol 3ma3mbgb@o (Percipalle et al., 2002).

3063 5/8 300900 3609369356 MMl Ms85dMd96 -0l MH3e03530580. 58 (30E9gdOL
960-9H»0 Mdsbo-UP1, sb¢odmwomgdl ©bd 3meodgemabs seoggsly (Kumar et al.,, 1986;
Williams et al., 1985) 53963963, Gmdgwog sb0bmgbomgdl ©bd-oli Mgdwozsgoobsmazols
®B3 3695039M0L (5¢rBs BYEdgbEHO) s 506030MYAL M3sBs30L BEMLBYTIBEJOOL BMEOBOEMYdSL
»33030L sLbJoL* Lobmgbol gobdogermdsdo (Chai et al., 2003). 3063-0b A2 gmEIs, 56Ol I
9300035300L,  JOMIsGHobol  MHgdmEaoMgdol s  99gbgdol BHEMblgMo300L
(93 GHMM0. 81939, 9mddgEgdL, OHMAMOE 3OMEHI0b BMLBIEGIBS 2A-I 0b30doEMmMO
(Vera et al, 2006), gb 96%0do 30 §o®mdMmogbl MxMIOL 3OMEORIMSE300L @O
©0x9IM96(305300L MYy Ms@MOL (Xu et al., 2006).

3063 5/d (30009d0, OHMYMO3 339 903608b9m, dmbsfowgmdgb ©bd-ol dg@sdmeroHddo
@5 3500 BbJ30mbomgds, 515939 Im0EI3L GHgErmBgMgdol gJudeMo@sE0sL. bI-3owmgsbo
3339dlgdo 353006090 0s JOHMBMLMIOL dMEWMLMSE Bmaoghm MxMgdo, 03s3L
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dom  3MLHMEOO 303006900l (oM ddboligeob s LM gdgb  b3-ol sM®3gM,
MO 533056 BLEGHOMIGHMOSL (Slijepcevic et al., 2005).

3063 5/ 3owgdo 96056  L3Esololmdgdol  360d36gwmazsbo  3MmB3MbgbGHgdo s
8mbsfioergmdgb 30bLEGHOGM30M S SEBHIOBsGHOWMW L3dwsolobydo (Contreras et al., 2007).
92/31  goewgdo  [omBmoaabab  se@gdbsdommo  L3Ersolobaol Mg EMEMYOL,
OMIwgdoa, d939 9mbsfogmdgbgb  Lbgoolbgs  30wrgdol s doghm  MBI-gdol
0bMRMEOHIGooL Ho@dmgdsdo (Black et al., 2003).

3063 5/d (300900 BMbsforgmdgb s3Mmgm3g bgoOmbme  5dEHozmdol  MgYMEsEool
36MHm3qLgddo. 30M3 52/81, 53930039w0@, bsbsbo ogm, GMmamME do3z0Mm MBI-qd0L
Bgodmbmwmo  GGmgx3030630L  FodBmeo (Shan et al, 2003) ©s ol 9930 YdIE0S,
3oblbgo390wo  BHodol  dozhm  ®b63-9d0l  IbOOOGHMWO  WMIIWODI300LMZ0L,
GIgd0i3 RO MEBo 50056 d0gwobobooslis s Lobsdlwme Maymesiosdo (Gao et al.,
2008). 3303 52/31 59moEbmdl 92 Lobogbowrm gwqdnb@l (A2RE) (Ainger et al., 1993),
OMIgog §omdmoygbl dmdGmsgo dozmm Mb3-ol boflowl. gots ®BI-ob GHM9z03060Ls,
30603 92/31 mbsfHogmdl 3Mmi3gbobgado, ©s gb BMbJ30s BMmoEgL  GHEMbLZ03Egdol
Po8mgdsls o Fgumm3zsl, 369 3-G63-9d0L B3ELoLobAL s EGHGMmIBLEPSEOOL MYYMWSEOL
(He et al.,, 2008; Kwon et al., 1999). 3063 52/01 30¢gd0 050530096 9609369 ™z56 MMl
d0MHM3ME0 Qo GOAM3sBIMMo  3mI39MBHTI6gBH00L  3bE-GMbLers306
M9QI530530.

3063 52/01 36g 9-Gb3-gd0 SEIMObsGHOMWO® LB3WsoLoMmYds 4 0BMBMOIs :Bl
(890353L Y39 gabmbl), A2 (s0megdwos gabmb 2),B1b ( s8m©gdveos gabmb 9), A2b
(50m9d0s gabmb 2 s 9) (Hatfield et al., 2002; Kamma et al., 1999). dovbgsgs 0dobs,
O 050005 3mImEwmyos  92/81  0DmgmEmIGOL  ImE0ol, obobo  goblibgzegqdmws
99L3MgLOMYO0D  goblibgoggdmw My Mg GHodgddo (Kamma et al, 1999), ygggwo
MXOIOM 303wy (He et al, 2005; Kamma et al.,, 2001) s 55350930l bbgo@olbgs
939390bg (Mizukami et al., 2005; Sueoka et al., 1999; 2005; Wu et al., 2003). 535@9000m,
Bob5b0s, MM 3063 52/01 3MIMEMPOMMO BHMIBLIM03BHYO0 goblib3s3w0gd056 YR MHgIEo
G030b s B30l dobggoms (Hatfield et al., 2002). g56Lbgeg9dmwo 9dudmglool dobgdu,
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d9Loderms [omBMoygbgl goblibgzs39dwo 0BMBMOTSL39308303M0 BWbIz0MmboMmgds
5 93 EGHMOY0 d9doboBdgdo.

3063 92/81 -ob doMMIME-30GHM3WIBIMNOO0 IMIMMBS MY OMHYOS DOMMIIESI®
©wm3sodgdywo M9 Logbserom  (NLS), 6mdgeroi  g9bwsaqdmeos  350dmdlo-
A9m30bsm® 4030600 80IH MIGEDY s HoMdmygbowmos gzgms 0bBmzmOIsdo
(Pollard et al., 1996).

3939629560 d0OHM3ME0 HOdME3WIM3OHMEJobo Al (3063 51) FoMdmoaqbl 3063
x5O, 5/8 LrdMKSbOL FoWLL, HMIgEos »d0d30EH0bocMgds (Beyer et al., 1977).

30603  s1BHodol  gows, 96003690356 HMEl  SLGvMEgdl  Bgombols
R996J30mboMmgdsdo s  dobo  MoMmEYbmdol 833960 3B,  Fobs3oMMdYOL
Joeobgeymemo 6goemEH®moblidoliools 99539MGbgdsl. 3063 51 56 Jmbs, 296530MHMdYdL oligmo
6906929696530 ©53500JOL,  OMAMMGIOESS  BoROOMI© 1 dE3350396M0L
593500905, 37960930l B30BswMMmO  SGHOMBOS, WMBIMOL  BOMBEHM-E93MMO MO0

92396965309, 5FOMEGHOMBMWO  WHBHIMWNOHO  LIWIOHMDO, 2oBBGHMo  L3EgHmDbo,
899330006900, B35HINMO 35653569 Bo s Bb3gdo (Bekenstein et al., 2013).

@ LmGosmo 3. 3GGB-sb badys6bmBogrgdosbo LEHGMIEHMGs

006OH™M3Mo ©b3-000  3mE0MgdMYwo  do@mdmb®omwo  GHMblgodzool
RoJBHMO0 5 (83B-9) LobdgBoMHEIds  FOGMIWIBTsdo s F9dagy bgds  dolo
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G®9bL3MOEH0MGds do@mdmbo®mosdo(Lee et al.,2014). 53 ool gdudeglios, gbds®mgds -
©b63-b, 13 3oobl, 22 FHOMBL3IMOEGHMEo MB3-0l © 2 MOdMLMINwo GBI-ob FoOdmgdsdo
(Larson et al.,, 1997; Scarpulla et al., 2008). do@mgmbo®ormmo ©bd-ol s dFHg-o-U
MOM09M0Jd99d5 BHOL JoFMJmboMmorImro -0l GHEMmblgzMo3Eosl s MY3w03s30sL.
»36md0s, MHOL Lodslmbm bgds doOHmMzMwo gqabmdom d@G-5-U gdudmglocmgds (Lee et
al.,2014).

90@Mdmb®ools 2563503 gdsdo, do@mdmbo®omwo ©@b3-ob  Msdgbody
Sbewos (8@ ©@b3), ®MIgEoE 953MmEOMIOL 96330000  BMLBRMOOEOMIOOL  LOLEJISL.
0@ ™Mgmb®oo ©bd-ob GHEMIbLZMO3(305 O MY3E035(305 MO0 Q5T FMS©-
dmddgo  00OH™M300  3MmEOMJISO  RBoJBHMMGODY, OMAMOYOOESS:  BFGB-9,  VOOMIVIO
ML30MSGHMOMO  BodBHMmOgdo  (30]),  3OMWORBINIGHMOMWOI  59dEH0300905©0
396OduolmIMEo M9393GHMM0 2odol 3mod@035GMOM0 1 sergs (303 1 s¢wg3s) (Ryan et al.,
2007).80@mgdmboMmomwo  ©@bd-ol  sOLYdMdS @S  9BHB-0L  BOIseMGo  HoMmBmgds
3600303 86003690 m3zsb0s  gM39MomEGH o MxMHggdol  doBdmdmbo®ogdol
13bJ30mbo®mgdolmzol.

dB@s 900l 25 3005 Hmbol b3-06 ©H35380M9dME0 30w M3s60 Tmeng3ms.
903536 Bo0oeo dgzMvMmdol dJmbg 2 mIgbL s sbgbl do@mdmbomomwo ®b3-ol
GMBL3M03300L 5JB035305L (Lodeiro et al., 2012) s 8@¢-©b3-ob M9g3e035:30L (Falkenberg
et al., 2007). 1000 8mcrg3mws GBS 9MOL LoFoMOm, ®md Jdmboglb 1 d@-wbd-ol
630 9Mm0M6 LEHOYIEHMOIE TIBMMZS (IHBEMIdom 0bY, HMYMEM bgds 3o0LEHMbYdOL
dog6 ©b3-ol Jguwm3zs 693egmbmdgddo (Alam et al, 2003). 6993¢0gmbmdgdo, sb939,
dmo353L GBI-L, M®BI-EBI 3006MHOPIL s V35380609 MWbO M0 MBT-ol 3MrMEgLobado
dmbsfocrg s doBMmdmbMomwo  ModMLMIgOOL  domygbgHbTdo s 30 dMI
(Timothy et al.,2015). 9&@s> 03o3L  9@-wb3-Uyobgadsol  Mgodi3omero  Lobgmdgdols
»090000Logsb“.OMmd  IBRB-5-bmIsBHOMGPdMWO  30OMea3900  5M0sb  9gIdGOMbmn
9aMB56Mm9M059039) W9EIWMHJd0 s #b0E0s6dFH-©bT-0l bo30gdmdsl (Larson et al.,
1998). 83®-5-b 6530gdMds, 515939 0§393L M BST0BIOYMo bgoM™bgdOL 3BIMAMILOMYdS©
9396905305l (Ekstrand et al., 2007). &®sbbagbmMo 09939008 bobdo, Losg dmbs
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500530560L IBHB-9- OO M3MPIbMdOM 9JL3MGLOMGds, BobgL CMT A3BOHOEO 0y Id)-
©63-0l MomEgbmdsz, M9853 39dmofig0s JoGMmImbOMOMWO 5350090900l BgbmEH030l
Bodmyo0dgds o gobs3oMmmds bgodmbadol bozzowro (Nishiyama et al., 2010). Bgdmom
3obbomo 94u39MH0dxbEHOL Fgwgad0 993H3030L, GMI dGB-s> Mol db0d3zbgwmzs60
30 ™3560 dmeg3mws dodmdmb®ormo gmbdsombomgdoliogob.

6565b0s, O™ BHMIBLYIEMGO FERB-9-b OO MoMmEIbMdOm gJudMYLOMYOOL godm,
0@ ™MJmb®09d0l Hob30L BOHPILMIB 9Hmow, dmbEs Bm3wgmogdol Bmdsdo dodgds
@5 ©IBRIJAHMO0 OHJL30MSGHMOWMWO 5OHBYOOL Fodmddbs wls s 3bmgddo (Ylikallio et
al.,, 2010). 83®so-b OO M5mMmEgbmdom gdudMglools gsdm bowrols dmBol Lomaberols
bsbaMdwogmds MR 6530qd0s, 300069 bm®Is® dymTogmdsdo, FsMsd MRG®
303905, mJLoIE0YMO LEBHMILOL 3MmboEEMgdol Fgdmbgglzsdo (Matsuda et al., 2013).
D05, 9@-©b3-0l MHoMIbmdol BMs, IBHRB-5-U, dMFZ 1-0U 6 3M3 1 serxsl by
99b3MgLool 8gdzgMdom, 353806093 0s BoGMIMbE®mOE OoLEMBJ309dmsb (Ahn et
al.,, 2010).

ob33 D9 @sFC300985)0 33¢7 08980 ©5 GHFR-5

do@mdmb®omwo  ©@bd  s©30mi  Dosbgds  gobgdool  Ggsdiomeo
Lobgmdgdom (JOU). OM™Ms 2ob3sgMdsT0, Sb530L ToBHJOSLMIb ghmo, 9@ -©bT-ob
©5H05670900  53MFMNWOMmEOYdS S gu dbgbl  MYL30MSGHMOIWo  sGbOL  (Lybodlol
X5330L)  B96J30MmboMgdOL  IMPZg3oL  FOUL-0L  MoMmEYbMdOL  dMTsEgdol  Jobgboo.
S15306 39300090 JgblogMGOOL  JomsMgligds, TgLodgrms  bybodzol  xoF30L
©obybdE0gdom 59mfizgmeo mJloozowemo LEBHMILOL dgEIa0 0ymb. IGHFG-5, dbmeEm
3@ ©b3-ob M93¢03530590 56 dMbsHogMdl. Bsbsbos, G dEBBI-b OO MoMmEYbmdom
99b36gLooL OML, 063080MEYds  BOMMIMEO BOJBHMMGOOL  BHEBLEIMISE0S. FIMIOS
530bY, 8GHTo-BMbLYIEMO 05339000, (36Mmd00s HMA bEgds W030YOHO 39MHMJLOIEO0L
3MMEJBHIOoL 53BN oMmgds bmdsHg IgBHo MomEgbmdom s Lbomdlzol xoF30L
306390 5 IgMmmby 3m33wgdbgdol 5gEH03mdol 8993060905 3H30680. bbogM, BHEMsbliggbme
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05339000, b56sb0s FmEGHMOHMwo sLfagol RO, Mdas, dmds dgblogMgds s
30303583500 20935000560 bsba®derogo  3m@963E0sEos  gogdx mdglgdwos
d600369wmgbs.  dooBbgzs,  GMI  IGWo-UL OO  BIMPIbMmdom  gJu3cmgLos,
SLBMLEBHJOLOLMB oTM30YOME FGBLOYGMGOOL 2515MIGGBSL, MJLBOWSEO0YIMO LGHMgLOL s
303 MJmb®m0semHo olinwbdiogdol 3093953000 dozMmymosdo (Hayashi et al., 2008).

050930L OML, 0HMEYdS I Fo-U 9bol BHEMBbLZM03EHY00, Bsa6Msd 0ol mby
0@ MJMmb®0580-odowos,  sbg3g 9993000 ME0s M35  do@MImb®0gdols
5mobMds3. 000l godmdf3g3  d0BgBs©  0m3Wwgds  JoGmgmboMormo  9BHG-o-U
(509bMdolL 999300905 ©O0YEHOL EOML. FFB-5-U d0g30EH0b0MGBOm OGO
306000239006 M9BHobM  MxGgdo  bgo  gdgds  do@mdmbo®onmo  ©bd-ob
GO9BL3IO0330S. b9y, do@mgmbodmomwo ©obgbd 30900l 39630m569ds.
Md0d3030boMgool  0b30doMmgds  bgwl  MHgmdl  do@mdmbo®mools  be®dser®o
3m39mbEHobol s0y9bsls (Santos et al., 2014).

0530 6

3055-1

90@Mdmb®omwo 30gdol xan0, 3mM0bgdo slg3g EbMdOEI0s M)y
530093600 560MmbMEmO 5OHbOOL (30059) Lobgwimgdoo (Linden et al., 1984).

LMoo 4. 3ows 3055-Us 1sdg36DMTomgdosbo LGHwIdm®s

32



o 59430 oo 3mblYMZ306M9dwo LAHOWIGHMMS S FoMdmygbowbo (06
93965699080, LsxYSMT0, 9339000 S 5@05690T0. (36MdOO0s, BMT, 3ss-1 3eoHBINE
0903656593 9Ju3MgLOOEYds, mdgs dobo  BMbJ30900  WYxGgwoL s Bosfowdo,
2399963393905 (Baker et al., 2003).

3055-1 93069 BmAol, 30-35 305 Hmbol FoErmz560 IMenH3Ws5©S JOMHOMSWO,
90@Mdmb®0o0l gocg 89806565Hg Mmoo Bgdmwo (Sorgato et al., 1993). oao 30M39ws,
0096&0x8030M70o 0dbs 1976 (gurls (De pinto et al., 2003). ddmdfmzcgddo 30s5- 3
0bMBMOT>  5OBYOMBL  (30099-1, 309-2 5 3099-3) @S IJMPOMEYO0D o 3GMO
5GMbmINOo 2969000 (Hodge et al.,1997; Sampson et al., 1998). o380  bgemgbmMo
d94dboeo  B0dMOL 309U 9E9JBHOMBODOMWMYPONOHO 33939000, bsbsbos  B™J
0BMRMOIGOoL  9gMmsbgmoLash  goblbgeggdqgdool  dowbgsgs, olLobo,  gzgwsbo
50505369096 5606930l RO MM L3gdG MOl T9gMHBY30m A5FBHIMMISL 0S IEYMT>MIYMOSTO
3500mbgdol d9MBg300  2o3B9M9656M0s6MdIL  obwEr  dymdsMgmdsdo (Hodge et
al.,1997).  890mm035H90@0s  ImbLsBMgds, MM ®momMmgM  0DBMBPMEOISL g3l
396Lb30390w0 Bb6J30s do@mdmbo®mosdo.

30005-1 9GOl 39> FMOIOL (30¢0bOHMo 30, 25 5806MmIzx93mM b5dm0sbo
Loa®doL 5dobm-EgMHdobscMo Emdgbom, GMIgwos BMOOL Joabomss 2sbwsygdmwo,
95650 593L MbsM0, BMOOL oMo FoBSYIL, MO FomBmddbols sGBOL dZ3MsE FOTIGMU.
UHmOg, 90  530b6m-GHgMHT0bow MG ©odMEIMdSL  5Jal 3938060  9BFGH0-53Mm3GHMbME
30w q0msb (Shoshan et al., 2014; Arbel et al., 2012; Arbel et al., 2010; Abu-Hamad et al., 2009;
Geula et al., 2012 ). /%6900 9Ju3MHgLOMYdSO 5d0bM-EgMHTobsgrm®mo 1gadgbed fozzgmowo
30055-1 90l 53m3GHMHBNYGO OHgboLEIDGHMwo (Abu-Hamad et al., 2009). 500mbbs, 03
5306m-39MHIobo o ©mdgbo b FoMHMs 53Mm3GHMBOL 0bE30MIBdOLMZOL.

30@MJmb®mo0ol 2o6gms 893dMm60L A5TEHIM06Md5d0 IMBsFogmdIl GO MBdL
36060l mxsbol (30e9d0. do@mdmb®momwo 3mMobgdo dzocmg Bmdol Imen939wgdos O
Ja6ob 499Gl MbsIOL BJmbg 3MmOSL, MMIgoE3 0©gds  33M3GHMBMMO  Logbswrols
Bodolvybm.  doGmdmb®momm  3m®mobgdl 8b60d3zbgermgsbo  Gmeo  sd3zm  bbgsolibgs
PIROIOM  3OM3969d30. OMYMOOE:  FoGHMIMBOMmOMWO  SBHFB-0L  MHJAMWOF0S S

33



3930930l 25o@9Bs. 99990  godmdobstry, WwmyolzMMo 0dbgds, 30xk30dHM  HMI
3606900 8mbsfogmdgb sbfogarsls s LobsdLYE  3eESLEBHOWOMBST0.6565b0s, ™A
dodom  256300MdgdMwo s LogOEoMmo  ILHIZS  0MM3935  3MMHOb  IBOEOGHIO
052399d0.

3606 ©9Bo30GHMM0 303035835 )MH0  5bsMEdOL 9E9]BHOMBODOMWMY0IMHTS
Bofgmo0 9B396s, boby®mdeogo s bobdmzmg LobsdbMo 3sLBHOWMMdOL ©IROEOGO.
303ML3MM0b 5-U Bsdwogdom  3m3Mm35935¢ Mo Sbsmegdol 0b3odoMgdom  3mGob
©IBOEOAMO 35339030  F0BMJMbOM0SMMO  god@sMbsM0s6MmdOL  dJmbg  3mMgdol
5d3H03mds  3agdMEmdL. gl 89wga00 F0IMO0MGIL  FoEMmdmbGmosw Mo  3mMobgdols
399356(1056mdol  3609369M356 OMEBg oLfogsls @s BoBs3LYIO S slEGHOIOMdSTO
(Edwin et al., 2002).

9600369035605, M 30099-1-LSE GO FoBHMIMbEOOOOL A5FGHIM0 FMEOYdOL
30033mbgbBHL  99oagbl ©@gbob b3 gmEGo©  GHGMbL3MOEGHIMO. olobo gOmow Jdbosb
333w9dbl  doGmdmbo®ool Fos 99336sbsBY s  (303WMB0Wwob ©-bLmb gOHMO©
ds®odudo (Crompton et al., 1998; Vyssokikh et al., 2001). fobs 33¢0939900 6565b0s, ™A
90¢MJMb®O0L  godBHoM0 sMbdOL  3500MEIMYP0, oGl sbgbl  93M3GHMBLS o
6936mBBg. Lbgs 33193930l dobgz00, FoGMJMmbOMOOL A5FBHIMO sMBYOOL BMMHYdO
396Ub353098056 BobomEmyom®o 3oMmmdol Jobgwogom (Crompton et al., 2000; Lamasters et
al.,  1999). 095350ms:  30FGH0JMmbMOoL  god@sMo  sMbgdo  BsOmmEbo 56056
d0@MJmb®omwo 35w E0wgdols godmmegolvnwrqdsdo. 35¢E0dol 4sdmmogolvaegdols
0M300905 dgLodE9gdg0s (3030mb3MM0b 5-b LsdMsEgdom, Mmdgwos do@mdmbo®mools
3993500 5GHYdOL 0630d00FMOL [o®mdmoygbl (Ichas etal, 1997; Brustevetsky et al., 2000).
303mb3mMob 5-I Jomoo Embg 5dHMBL  303m 35835 H bobyMdrog g3Mglosl, ol
0000096l Lobs3LmO  3EIBLBHOWMOMOOL  Mdge  bobaMdwog  BMEOIsL, GMIgEoa
39 306906Mmbol 0630006M9d0L 8999y 0MM390s5 (51939, 30MDOE0s, OHMYMEOF BMLRSGHIBS
2 -3) (Brustovetsky et al., 2000). 3033606 5-b 330609 MBOL godmygbgdolsl, Bobsbos,
MOmd 00939080 3¢09d9MdL 3ss 1 S 30090 3 0HMBMMIGOOL BoMmYbMdS, GOl godmg,
390dwgds  30830dMMm, 399- 3600369 m3zs60 MMl Tqlobgd  doEmgmboMool
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399396056MdOL 53300 BIBY L3l s LOBISLYYG e sLEOMOMBdSTo (Edwin
et al., 2002).

06 30O (30gd0LsL Bobobos, BMI  3wss-1 9BYM0MHgdL  FoEHMmdmb®00Ib
35006900l go8Mmmo30LIRWIGDIL @O SW3IZINL  FOOBHZ0MMIL, ML m3Yz9ds
©93MM0BO305.  3O-U 500530900 MOMIbMBS  BoB0osbms  Fo@mgdmbo®mools
399396056MdOLMZ0L, MoYBs3 3os 1-0b »Jmbermdolsl, 0BMIds JodmdmboMowmwo
Q93MMODIBZ00L  SEBIMMBS s 91Y39 39w309dol  498mmoz0LWREgds, M3
Do60mOo9bl  OLMGAMWSEoL 3930 dol  @©Y3MgdoLbm3oL, o3  Fgloderms,
0o60m5o96gl  Loaboserol  FHMIBLEYI300L 2BOL  LOBISLYIMO  SWSLEGHOMOMBOLS
AG®obldoloolmzol (Levy et al., 2003).

3055 1 @5 5¢r335009Mm0l 0905305

OMaMO3 9339 B90Mmm 0ym 50bodbmwo 3wss-1 Jodmdmbo®ool o609 89306MbsBgs
@5 0¢MJMmbMm0sly s MxMIOL F9EodmwoBddo 3603369cm356 MMl SLOVIEGOL
bbgoolbgs  8meg3mmgdol  4oo@sbom  JoBmdmboMmool  gotg  893dGbsLy o
do@mdmb®ools  dos  Bsfoel  FmMob.  sbg3zg, 9603369 Mm3z6 Bl SLOYIEGL
90¢MJmb®m0sBg  ©M30©YOME  53M3GHMBTo.  3s0-1  FoMds©  9JL3MYLOMEYdS
b033oEol d90yma, 30680, sLg3y, Se(335089M0L S53509d0L dJmbyg 353096FH90d0.
50 335009MH0L  ©5350090>  ©535300609d0s o MmdmbMome  ©oLRM6J30900056 ©s
500@M0© B9@d 393GH0EOL 53999 0MGOILMSD, M3 oGMEGHMIJBOMGO 9gxgdGOo °d3L
(Smilansky et al., 2015).

30055 1-b 25005593L 39030930l s Mgl gemeol ombgdo 39EsdmEoBdol ML
3969  09906565%9 @5 dMbsfoegmdl  doGMmJmbMormo  3OHMa3Mm3GHMbBMMo  (30egdol
3900053089 RWGd5d0 (30GHMBMEIT0 S MYON0JOJIJIOL 53M3GHMBOL oMY OGO
30wqdmsb (Shoshan et al., 2010; Shoshan et al., 2014) 50939, 395 1 Bsbsbos, BMAMOF

30639603960, Lsbogaboswm 396J@0, Mx Mgl LogmaEbegls s Lo3zzEOEOLM3OL.
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5300 39@d 393GH0NO BHMIBLAIEME 9339000 OLEHMMRBMWO bgoM0E oo
30055 1-0b 35050 Mbom 5M056 (oMmdmagbowo (Perez-Gracia et al.,2008). sdormo
09O  -30055 Bo®MMMdgd0  sMHOL  GHMJLOZMOO s (335009MHOL 935 JdOL MU
6go®mbgdolmgol (Manczak et al., 2012). 30055 1-530¢M0© 3933H0YIOH0 BsOOEXOMIYOO 5
3bRMOOWOMIRRMEO  GoY)  0Es, FMOZ9M  OHMEL  SLOWMWIdL  dodmdmbomomwo
obymbd3ogdol dml (Reddy et al., 2013).

Bsbobos, ®MmI  s80mo©  09Bde  393GHOPO  ©939300MGOIM0s 30 1-09b,
39bLO3MPMGd0m 30 Aol HF0bM BHYMT0bIEIME 1BBSD. 30095 1-0l 580bm FHgMmBobowrmemo
©M39b0 byl MIwol s8oEmoE d9ds 39330V YYx Mo d90g30mmdsdo s ol 3MM-
33MEGHMBME 5dBH03mdsdo( Smilansky et al., 2015).

0530 7

3960globmdMEo 3GMEOGBIOHIGHMM00 5JE030090500 MY393EHMMOL 3505
305330353 M-1 s5exs (333 1-s¢0gs)

Lm0 5. 333 1 sengsls lisdysbBmdomgdosbo bdGvd@wrds
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3960mgJuobemdMeo  3OHMWORIOIGHMO0M  5dGH0300905®©0  M9393GMOOL 35T
3M59BA0353™M-1 5gs (3g3 1-5¢0xxs)  MHOL GHEMBLZMO3300L MYYMWIGHMO0, OMIgEos
L3030 gdL JoEMmdmbE®ool d0MmYgbgBL. 98 3GMmEgLbL 333 1-5¢rxs,  5MYYI0MHYdL
d0OMZNO  MHJL30MSGHMOMWO  BodBHMMJO0m:dMOR-1  (BoOMZOL  MHILI0MIBHMOHIEO
R5dBH™M0), 00%-2-U, 1939 JoGHMJmbMmOMEO GHMIBLIM03300L Bog@ME-5-b Lodw)oEgdom,
OMdgwog gobs3ommdgdl  dodmdmbodommo  ©bBI-ob  M93w03530L s 29bms
A®obL3O0330sL. 333 1-oegks  sbg3g  9MYRM0MmgOL  MxMgool  mJLosE0S-
sbomdloogooll  3mgmlEsBL  L3gmmdlo  OLAMESDs  2-0L, 35O,
3 BHD0mb  3gOHmdlosbs 1-0L s FobEsw 393900 30w dol gbos gJudcmgliools
bGHodMwomgdoom (Kang et al., 2012). 5ol go®@s, 333 1-5¢0xs, 0©0I6EGHOBROEOMIOMWOY,
OMamO3  9byomagbgbol,  bFGHomMmJLoIE00L @S 0bBWLTSGHMOMO 30w gdoL
93w sGMMo (Olesen et al., 2010).

333 1-0mxs, 51939 9603369em3z56 MHMEL 05859 Lmbordzom xsF3d0. 33 1-
SEBIMRIbOL 3000900 IMOIWS30sL 29603 OsD MXOIOPIMT  39ES0ME0BIOL
Lobiogboem gHgd0l Lodswgdom. 6sbsbos, MmI 333 1-5¢0xs, bbgs IM35¢ XM
2bJ3090msb  ghmo  360d3bgerm3zsb MMl s35dmdlb  0bGHIMmO0MOMEo
30¢™Jmb®m0oL doMmg69BLS s 9BIMYO0L Fo®dmgdsdo (Scarpulla et al., 2011).

333 1-000g35L BHGMBLIMO3(300L 300dBH035GHMM0 4960l 3MbEHMMEOL ,,3MHMyMsds"
8609369e™m356 Bl SLGWMEgdL 3390000 39EOdMEoBIdo. gmMg GHodob dogMmosbo
©0509G0L EOHML, 300G 333 1-5exsl gJudMHglos s b V3530 0s 0BLYIEOBOL
19369300L  F9030609dLMb. 6sbsbos, GMI 33 1-0¢wggs @s 333 1-09@s-ob gdudcmglios
0DMY0s Ja)300DOL s 35¢doBeBol Bgyozwgboo (Oropeza et al.,2015).

65bobos, M0 333 1-000xsL agbms gdudMglos 0BOYds BmyogMmo  Lobol
R0DB03NOM0 59BH03mdoL Mml (Gibala et al., 2009; Ydfors et al., 2013). 333 1-sqng35 g9bmo
99L369gLoOL Lodsbbm, Joswwaowdol, AMPK, MAPK, ROS ©sdm30090me0 36m3qL900L
93295300l O ¥9@S 5M9bgMME0 Loboabowm gBols gosd@0ggds begds (Olesen et al.,
2010).
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65b65b0os, MHMA F9EHodm@oBIol MgyMmszos  Logbom Fm3oMgdsly s sbg3g
LAHOILDY  3sLMbBg  gOMABJPMIB MOl 393d06GTo. 33  1-5¢0xkxs  3M0OEGOIMMO©
36003690356 GHMBLIM03300L 305d3H035GMOL HomBMoygbl dgEsdMmobddo RO
39b6®sm30l. 0b, MIMsrme dmddggdl Logbom dmzoMmgds© Bog@me 1-bg (HSF 1), sbgzg,
005356 M9 EHMOL HomdMoygbl Logbom dm3z06M9dsls s LEGHMgLo 35Lvbgdolmz0L
(Minsky et al., 2015).

Bsbsbos, I 9bmagbmMo, bgodmbmwo 33 1-5¢0x3s (s Mo 333 1-09@3)9)
59303905, OHMmEs dobo M93MHLMOMIwo  E™Abo SMOL  9MVIGGHOME  BYMBMHYMdST0
(Wareski et al., 2009).

3905  29bms  gdudMglools, 33  1-50xe-l  5dGHo3o300  d93wgbsls  sbgdl
3LGHEGMBLIO0330  OJRMWHE05DYE3,  BoEg ™30l IbBGo3g  Bodbsgl ool
ROLBMOHOWOMHGOL, 5:39HOWOMIISL s FJNOoMgdol 3Mm3gLgdL (Tcherepanova et al.,
2000; Fan et al., 2004).

3060052370000, 333 1-9¢0x3s-U 3960 MIEWOBYIMWos F9-5 JOMIMLMAsDY
(500580569080, dgmmby JOHMAMLMT>DY) S 530mOMGIL 797 5d0bMTso35L 8903390 0Ll
306005339030 ©5 798 530bmBz535L 0339w GOWIL 5sd0569080. 33 1-5¢0xs-U 5Jal 2
153505 ™  BOMMINWO  WM3S0bs300L  Logbsewo(Puigserver et al., 1998). ob
9Jb36gLoMYds 03  Jumz0wgddo  OEO  MOMIbMBdOm, Losg  FoBmdmboMogdo
390L93MPMYIO® 9M056 9BH0MJOO0 S MJLOWIEOIOO TGEHIOMWODBTO SMOL  9dEHOME
RoBsdo. 95y Yo30LBIM 5@03MBMMO Jumgowdo, amwdo s BmbBRboL 3Mbmgddo. 333 1-
SRS, OO MMEIHMBOm 9JL3MGLOMYds, S1939 H3Z0bLS S MOM3Tgerdo. 30w do s
0906 5©030DME Jumgzgowdos, 53 300l MoMmEYbMds FoMowo 56 sGOL (Puigserver et al.,
1998).

Bobobos, M3 33 1-9¢0xs- oo MmsMmgbmdom  gJudcmglool MMV,
©96OOGH Mo 5339008 Mom©gbmds o  Lobsdlgdbg  dsmo  BmengIMEMOO
©0x9IMI6(305305 0BMYdS, beaerm 323 1-5¢xs-U bm3sBH0MYGds 59306093l 53 3GM39LgdL
3030 35335¢0)6 4M3b 56w BgoOmbgddo (06 gogm) (Cheng et al., 2012).
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Bsbobos, MHmA 333 1 9xs-000  bm3esmBHo©gdme  3390L  sboliosmgdom
5M5B6MEOToMOO 3939 @O 3OMAMIBMEO 353MMW0Ds30s 3060l bbgoslbgs mMdsbdo.
Bobobos,  OHmI 333  1-oxsl  glgbx Mo ®B3-ol gdudGglos 0BOHEYdS
99L59B693500,3MLBHBSEGHIWMMO  3gPomEol 3-14-9 ©OIL-3mOGJJud0, LEHOO0SEHdo s
303m3503d0.

333 1-900g35l 56 99mden0s bT-056 5393806905 96 BHEMBLZM03300l 5035305
0300Mb6, 0l ©sdM30090ME0s GHMIBLIMO330™ BOJBHMMJODY. 333 1-5¢x3s-0b LHESx0
9gdudegbos  96MbgoMMbM  MxGggddo  BOHOL  godmdemd  C mglosBLL
LMY gdol (Scarpulla et al., 2002), s@g Lobmsbs d9@sL (Villena et al., 1998),
30¢MJmb®mool GH®mobLIM0330Mwo Bogd@me o- U (Tiraby et al.,, 2003) sb6@omdbosiomemo
9603900l 9du3cglosl (Pierre et al., 2003).

Bsbobos, M3 333 1-owxs  3M0G03M™ O™l SOVl bgommbre
2bd30Mmb0M9dsLS S MR MII0S BOYbIEPODSEFOOL 3MMELYdT0. 5T (300l 9dudMgLool
932906905 Jgbodegd9ew0s Bgo®Ombmwo 59@0353000 0b 30GHM™ ©s 0b 3ogm(Liang et al.,
2006). 96005, MMI 333 1-5¢g3s 993530060 Jds Lbgoolbgs GHMIBLIMO3E0
R5dBHMOJOL, M3 BYYo3wgbsl sbYbL bgoMmMbme Lsliogbsem gbgdls, 3eEsliEGorMMdILY
@5 0bgdc0g  9oMBg35DY. 33 1-0wgs  sbgbL  guEG®MBIdOL s  JuGMM9b
5330009390 M9393GMOIO0L 3mod@035305L (Bramlett et al., 2002; Kressler et al., 2002;
Schreiber et al., 2004) , 5939, 00HMOEME0 3MOHIN6OL MY393EHMOJdOL (Zhang et al., 2004),
3 303MOEGH03M00  M9393GMMgd0lL (Herzig et al., 2001; Yoon et al, 2001) o
30m3E0GOL BOOL GodGHMMO 2-0l mxsbol 3ogdol 3msedEogsiosl (Czubryt et al., 2003).

®530 8

oM x-1

06 3-1 (30OHM30L HYBI0MOGHMONMO BogEMEMO0) 809336905 CNC (Cap-n-

collar)30e0gd0l bLYdMY bl S QoM 3GG-1-0bs, gb MK sBO dMO393L 899Iy 0w gdL: Bach-

1, Bach- 2, Nrf-2, Nrf-3 Nrf-4 (Gegotek et al., 2015).
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LMGom0 6. 3e3-1-0b 1sds6DMmIomgdosbo LEG®mvIE®s

06 %3-1-30¢900L LdMKsHBO Y39wsDY MBOM IM535¢M0EbMm3sb0s , CNC xoma30lL

30wqdL dmOol s LEAHOWIGHMOMWIE, Y39wsdg  FgBo© dobLb3s3ads dolo My sbol
30wqdL dmMob. dmErosbo LogMdolb dMg-1 dmoEsgl CNC (30e0gdol yzgws dqlsderm
9300b6L - 9bM3sBING M19E03Imsb 353800 MIYBL, BHEMbLIEH03530O
©™3d9bL o b3-s35380609d e MIgbl (Zhang et al., 2006; Husberg et al., 2001; McKie et
al., 1995).

06x3-1-0b N 39@30bsewrHo mdgbo dmoEsgl 9bm3wsBING M9E03Mewdmsb
05393006090 Mga0mbl, MHmIgwog 1939 EbMdoEos, MmamO3 N Ggmdobscrmeo
3m0mEmaom@o dmdu-1 Ggyombo, 11-30 5d0bm 85537900 MoMEIbMdOm; GMIBLIGIdMSBMEo
0930mbo 1, 7-26 5806355360 H5m©gbmdom ©s N 3H9gMdobseMo 3mdmemmyor®o dmdl-
2, 81-106 5806m355396H0 Mom©gbmdom (Zhang et al., 2007).
0MHxB-1-0 GHMBLIJBH03530IM0 Mga0Mmbo dmo3o3L 85553296 1 s 35936 2 EMIGHIL.
A®5bLoJ3H03530M0 MTYHOL BsOMZS BB MES, 550390l BHEMOLIM0330sL (Zhang et
al., 2009).

303Mm©™J960 5OHOL MHga0mbo, HMIOL LTS GOOMI3, dOGB-1 JE03MPODOMYDY,

M3 56 5O FoMdmygboo d36g3-2-do (Zhang et al., 2014).
36 530b6M355396M0 LMoL gobIgMEdsO EMTgho, sGOL dMG-1-0l MHgyombo, HMAEOl
5306M3553900L 76 %-U LyMobo d9opqbL. 300l Lgeboo oMo Mgrombgdo, bdoMs
90503000905 30mLE-GIBLESE0MMI©E BMBBMOHOE0MGdOL ABOM
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(30396:3MBBMOOE0MBS), BogMod 56 sGOL dglhogurowo dMg-1-0l LgMoboom dosto
©M3960L 3mLE-GEbLEsE30MHO IMPOB03s30s (Zhang et al., 2006).

06 x-1-0b I H35380M90)o EMIgbo (582-686 5d0bMTs535) Bgo3o3L cap’n’collar omdgbu,
cMHmdgeroig CNC 30ggdol Logomm mdgbl Fomamoaqbl. bd sds353d06M9d9wo mdgbol
390500960 ™d5d0 dgob, 515939, doBOLLIMO wgoobol Bsd39E0 MAgbo, HMIgwos
39®96Mm©0dg)H0DBEYds b3S doBOLYIMHO go30bol B939E0 MIgbols IJmbg 30w gdmMb
96m5 330609 Bmdob Maf 30¢09gds (Luna et al., 1994).

C-39630bser®o mdgbo, dmosegl Neh3 dbgogl comdgbl (3603369 m3zs60 omdgbos,
BOOobL GHGMBLIMO3(30vW0 5dEH03MmOOLMZ0L) S dBOLKYE C IdMEMYISL. ddls, 5J3L 53 %-
0560 3m3memyos 36g3-2-0ob Neh3L comdgbmsb (Zhang et al., 2014).

06 x3-1 0o60Mo@9bL  BHEMOBLIMO3300L BoOM3ME  BodBHMOL. 0o
39¢9H™©0d)H0oHEYds 30609 Bmdol Maf 30¢0gdmsb ghmo doMmmzdo. 353060 9d0s
36¢0mJlooEool Bm3sLMby 9angdgbBmsb, gmeg 335BoL gEMmJLozsEool 9oBoTMsb s
3965 9Judeglool IBMGHIMbMIN  LdgMmgMEmb. ¥OR-1  L3gE080IMO®
50927 0MHgoL w0306 393930 BAL, 5806MmTg53796 Fg@SdMEWoBAL, dMMEHJMLMIME
93055309, 0dMbTs935 (3030L s JoEMmImb®momw bybmdzom KxoF3U.

0MGF-2 M35 0HgRMos  godHmbmedo (Zhao et al, 2010) bmerm  dobo
3963390 H5MmEYbMds 5MOL 51939 PBEOM3WsBIMO M19E03Iddo, MOMBE s®S5dE0M,
303MmBOoM YO 90 M3oMMd5do. 3Owol 593035309 dmo393UL:
9GHOMEGHMBLEMZ5305L JHOMEWSBINMHO M9EH032I Mol BobsMH0EIB F0GHM3WsBIsdo,
©93030D0E0MGIL s  bsfommdMm0gz, 3OMEGHINWODBMOH 3MMELYdL s Yzgws gu
36Mm39L0 E0EGOY0s dMGB-1-0L 5J@G0MO FEAMIMYMdS30 gooligerobmgol (Bugno et
al,, 2015).

Bobobos, M™A dOR-1-0b IBoEoGHO 0§393L 396G MMHo bgMzmero LbobEgdol
690MM©9g296965305L (Zhang et al., 2014; Lee et al., 2011; Kobayashi et al.,2011), {obs &3060L
SL3BY  ©oIM30YOME  SEHOMBosL (Radhakrishnan et al, 2010) %wéyol Ggz06do,
3OLHMMO©  ©IH3IMo 30wgdol  53MIMEomgdsls (Oh et al, 2012) o 39630609L
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X OIJO0L ©9)6gMo300L, o3 39B30MMIGOL IMGHMOME sEHOJbosL( Kobayashi et al.,
2011).

06MHx5-1  53mbGHOHMEOL  MbEHIMOILEIOOL  OBIMIBE030L s dgEgdol
mOIoMgdsL (Biswas et al., 2010; Xing et al., 2007).NRF-1-ob gergi3os ofi303L dgerols
Bmdsdo 9993060905, 515939, I3eol oLl s LodYgs®ol Jgdi0MgdsL (Kim et al., 2010).

Bsbobos, Mmd B3s M9Ea3GH™Ogdol GluR-1 s GluR2B  LwdgbHogmegdol
AG®bL3M03300L Mby MgAMwomEgds dMR-1-00 (Dhar et al., 2009), Mmdgwog sbg39
50929 0MgdL 30EGMJOMI C mJbosbsl 13 bLrdgHmgEol GHEMLbl3Mmo33osl (Dhar et al,
2008) , GMIgdoi3 3M0GH03Mws© 36033690 m3zs605 Bgommbol gbgMaool Fomdmgdolmgol
(Wong et al., 1989).

0MHx8-2 s ¥MG-1, 33536050 5OJYME0Mgd96 9bgMRO00L F9EHodMoDAL, mwyd3s
d9L5dEdYE0s, 53 3OM39LT0 bbgs GHMIBLIM0330MMo Bo@MEm9doE dmbsfowgmdgl (Wu
et al., 1999).

Bsbobos, I 06Hx8-2 © dOGR-3 FoIMXOIVMYWO ©mby 3MBEGHOMEOMm©YdS
3OMGIMLMINwo  ©gyMs©sgoom (Nguyen et al., 2003; Nouhi et al, 2007). d®g-1-U
509bMd3 5933505 3MbEHOMEOM©IOS.

06 %3-2 s ¥M33-3 bobg350sdEol 39MH0mEL F9oEgbl osbermgdoo 15-30 fmomo
@5 0bobo 99035396 3OHM0bom 8E0Es® 2 Msbdodg3ztmdsls (Nguyen et al., 2003; Nouhi et
al., 2007; Stewart et al., 2003). 36m@wobom dOEIOO Ms6d0dEYzOIMdYd0, 1939, 89039396
QOO M5MEI6MOOmM  eBodobl, mMgmbobl s Lg®mobl.  Lg®obol s MmEMgMbobols
6580900 Fo63my9696 BMLRMOOE0MHdOL 3m@Egb30M Loo@gdl (Johnson et al., 2005).

06Mx-1 5oL 5-10-x 96 MBOM J9BHO© LBEHIVOWMMO FOES IRMIPSEO0OL FBGOZ,
3000609 d06MHmM30L Lbgs GHMmobL303E0MWOo BOJGHMMGO0 , FsMsd dOF FOWIdO MROM
Bo3engds  BE9d0MHgdo 5606 300Gy Lbgs 3owgdo, MHMIgEms bobgzsmsderols
LGObIOGHM 39MH0MEL 16 (oBME0d0)-210 (BMLRBMYWOEIOSE) 3065Ds) Losmo Fgoaqbl
(Rogers et al, 1986). Bsbobos, GmI  ¥MG-1-0b  GsMm©IbMds  3MBEGHMMWoMm©YdS
©10094303H0b0M9000 ©5 3OHMEGHJMLMIMNOo ITwom. 9d0d30EH0b0MJdOL ML dMG-1
35050 IM9399emHo JsLoL 99300905 bgds (Chepelev et al., 2011). d90mmo35H9d)0s
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303mm9bs, MHMIol dobgzomsz dMg-1-ob dsbol F9gdEzoMmgds bgds NTD mdgbols
3OMGHIMoHBNOHo  Jmbwgbom. 93 IOMm3gbol 8909y, dOR-1-0L  BsOd3zs  bgds
9600M3WsHIME H9EH03wmddo s d90yma, ol 809850Mgds doM™M30L396 (Schultz et al.,
2010).

0530 9

©0b6530bo

0653060 e ©0bs3obo-1 {o®mdmoygbl dmsgzhgl ool DRP-ol 30oms
X ob0sb.ob, 104 3000 fmbol dJmbg 30mzs60 Tmeng3mwss. Imbsfioergmdls dgddmsbol
99 goMgdsdo s 8609369wm3s60 Mo 530605 9bmEoEIOHwo  F9ddMBOL
sbghsdo.

b)B5m0 7. 065306 1-0b Lsdys6BmBogdosbo bEHvI@wyHs

96m3oGH™Mbo, Mol 3OMmEgbo  GMIwol  99d39mdoms3g  bgds X GOIO
3OWqdolL  BsOMIo, 3@oHBING 9933656500  MIXOIOM 496 SMOL @og3wWwom, Mo3
236s396@ Mo 3603369c0m35605 Mx MOl Fobomwmyoobsmzol. gbmisodmbo
505¢oblYdL  sboewo  d9ddGsbol  Fgmd3gzo  HoMBmddbsl My Ggol  Bgsdom by
930Mm30¢™MBoL dg83gmdom(McMahon et al., 2011; Mercer et al., 2010; Scita et al., 2010;
Howes et al., 2010).

9600M30GHOMo  39H039wgdol  Fomdmddbs dmombmgl  bbgoolbgs ool
69360GH0M0L-,,0mbIMOIL 30GHMBMWosb. 909y,  obobo dHymdMow BsgHMN390056

3oHdNG 900656530 s HoMmBdmddbosd s 06354005306 330G, GOL F9IROPS
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90900b65Mm9MdL godmygmas.  gMmM-gMmo SLBYMO Fows, MMIgEog dmbsforgmdl dlgogl
3900gma3sdo 9M0L JAHR-SBMMO  ©0bsTobo. 950IMBYbOE0s JBHTB-BIMs olgmo MK sbo
OMIJ 53 2osBbosm Lbgsolibgs Mmoo 393dMsbol Hdmgeomgdols 3Gm3glido.

©065d0bols  Mmolidgloges 9bmiEodmBol 3MmiEgbdo 20 FgwBgdg@os
9090bs6MgmdlL (Koenig et al., 1989; Shpetner et al., 1989; Van der Bliek et al., 1991; Chen et
al., 1991). 56LgdMBL 53930 IBHIOEdIMYWYds, Bmd E0bsdobo Fodmdadbol L3oMEIME
3m@0dgol 3306030053350 063530600900  39D03Wwgdol  3oLYHMB s gu BHR-
30OM@OD  ©IMI0©II03MERMOT3MWO (3300 ds 296530MMBGOL  BOBIEMEO
99906560l OgMRSL s  HoMdmgabol  ™oz30LBe  9IBEOMEFOGHIMME  39DB03MEgOL.
©O9oLmM30L, 36MmdoWos FbMWME,0b6530bol  dmddggds o@D ©sdm3zoadEo
9500™30GHMBOL EOHML sgMmBoL LyoE oy (Shawn et al., 2012).

©@0bs8obol s@80B9bs

0653060  093005306039Ws© 0©I6GHORBO30MJOMW  0dbs, OMAMOG JBB-SDY,
6IYoE MOH009HNJdggdl 33060l do3OMEHdIMwgdmsb (Shpetner et al., 1989; Obar et
al., 1990). dolo Gmo 9bEMEOGMHBT0 500335 33¢93900L F9JR9©, MMPILSE FMEHIG0S
©59M30JIMmo s Ggd3gmodMms  LobloGoMMo  3sMOWwoDYOMo  OHMBMBOWS
39 sbmslBHIMOL 3969EH03MM0 IM390s BoBoM©s 0bsdobol 496y (Van der Bliek et al.,
1991; Chen et al., 1991). 50 99&5639080,35M5¢00Hgds 98mf3gmeo ogm bgoOHmbmwo
Loboglm®mo  39D03MWGdoL  5JGH03MBI-IMZ0EIdo  Fgdgocmgdom, gb  3MmEgLo
056abgdos  JgadmFs30 9bOME0EIMME0 MM GdOL 53FMEs300Ls 3MHGLOBIRLME
3obdmE 99ddMmobsby (Koenig et al., 1989). 899damadds 33¢093900s 563965, D dbgsglo
0990353006001 gdo  o@m8moddbgds  dMdMIfmzstms  3MLoBIRLMO  3EsDING
99936565%9.
09000mdds  99M33wggdds  5M3bgoMmborme My Mggddo oB39bs, ™A obsdobo
Pot0moygbl  MFmogMgl  3m33MmbgbBHL  3eo@EMm0b-s39380609dwo 9B MEOE MO
M3 gdoLm30L s 980EMISG FAB-SBMM05dGH03Mds 36033690 ™35605 9bmEo@MmBdo.
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©0bsdobol 0bmRm®G980 d=1d-1dhrgk9800

dmdmafm3zsmms 39bmdo dgogogl Bsdo Godol obsdobols 9gbl. 3owgdo, GM™MIwgdos
3M0MgdmMwbo 5606 53  a969d0m, (oMmdmJdbosb 80%-000 0@IbEGHMO  ©MIG6MH
6256053090, o653 gosBbosm  goblibgsgzgdmwo gdudcmglools LosggbmeMo.  ©0bsd0b-1
9960Pg30050  94u3MYLOMYds  Foowo  LobdoMom  BgoMmbgddo,  sMbgoOMbw
Jumgogddo 3o FoMdmygboo s6 s6Gob (Ferguson et al., 2007; Nakata et al., 1991). sbggg,
00 d9LodEgdgE0s 50dmBbgLs 965350, X 9O bsbdo. ©0b5306-3
369™30b656&MM50 508MBobgl 30680, mMMmbo MBMM™ d3z060g 06@E9blogMdom, 300MY
©0b65306-2(Ferguson et al., 2009; Liu et al., 2008; Cook et al., 1994). 93069 Gomgbmdoom,
030 503mBgbowos  Gow@zol Jumgowdoi(Cao et al, 1998).9bgMbgdermgddo, doy:
©OMBMR0 530, 0bsdobo FoMdmpagbowos 1 lgzowo g9gboo (Van der Bliek et al., 1991;
Clark et al., 1997).c00653060L 3o 2960l sGBGdMdS ddwd[emzdgddo,dglbsdems sbsboggls
396b3539090L ©0B06-3eoG®0b M30093IbEME0EAMBA0, B3 29630MHMBYOMW0S
©065306-2  om.gmgzgeogg  sdol 990939  80800bseIgMdL 139305 0HYdMWO
950m30GHMBO  MYxMgdo, M53 ©dsBHJoom JIbolb  ©obsdob-1-0b 96 obsdob-3-ob
L5F0oMMGOSL  93me300L  3MM39Ldo, ©O06sTobol  ggbgdol 533500  BHMOIWOZHE0S
Bofformd®mog  Jgodegds  s0blbsl  b3ggomozme  Jumzowgddodolo  dsdlodsgrmEo
50 9bMdOL sOBGOMdOm. Bb3oslbZs 0BMBMOTOL 0HBsT0bYdL goshbosm domgero Gogo
MB350 30WS-(3000M3560 MOM0gHNJIggdgdo (Xue et al., 2011; Gray et al., 2003).
©0300bEY35380M900L bollosmol aoblibgzs39ds  ©0bs30b-1 s ©Obs30b-2-do 0f393L
d0g® bbgomdgdl d9ddMbol gogmaol sdGHogmdgddo (Liu et al., 2011).

OMAMO3 99339 906036o 0gm ©obsdobo Fomdmoygbl MIMegztal 30wsl dGB-sHBMMo
593H03md0L IJmbg (3000 X3MB0IH. IMbsfforgmdls 93dEMsbols gm0 gdsdo s
MBONB39gMmRL ©MIGBMs MMYb0BGdL. oo 205Bbosm B3gE0BR03MEMO, 35390 BMMO
999o60%Bd0, MMIgwoi 2obsbgeg9dL sl RAS mxsbol (30e09d30Lsgsb, Mmdwgdos, s1939
bob0sMYI0D JAFB-3HBMMO 59BH03MdJO0m. 5T XFMNBOL (30¢0gdol G-mdgbo asboiwol

693w9mGH0©-©0M30JdNw  ©@0IgH0DEoL  ©d  OIIM-EIBMIOEIPIN®  RAB-
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30OMmmoblL (Gasper et al, 2009; Chappie et al, 2011). G-o™d9bol ©0gHODsE0s
930360M3YWo© 0600M30MH0L  39OEboMmOMwo DRP -0l xama0l 30wol 35@Gswobmmo
395GHMOL  LAHOYIBHWOME FOTBIOOMYGOSL, Go3 Mog0l FBGOZ, SBEBH0FMWOMmIOL 2E -0l
30Omeodl (Chappie et al., 2011).

0653060l md96900L MmERBoB300

©0bs3obo  [omBmoygbl  30GHMBMWME  3OMEGHIobL,  MoEysbsg  8goEogl  sdobm
G9Mdobor® G @mIgbL, ,LodwoEm® 56 0030003500  MYOMbL,  3argduEHMmobols
3m0mEma0mo ©dgblb (PH ©mdgbo), 93x-9bBs 9839dGH™OMwo ©mdgbls (GED) s
360600030 IM0 350dMJbo BHMT0bsemMo mdgbl (PRD). va®m dg@o 0bgm®dsizos
©0b6530boll s bbgs DRP gowosms b®wd@megdols dgbobgd dmEgdmemos domomgdmen
dodmboggddo: Chappie et al., 2010; Gao et al., 2010; Bian et al., 2011; Byrnes et al., 2011.

@©@0b38obob 96l odimobsgos

0653060l 09gMH™m ©0dgMH0DEIds X3M0LYOMMSE. 0bsdobol odgMdo ™o G mIgbo
M6096EGH0Mm5d0s bbgoslibgs dodsmmemgdgdom (Chappie et al., 2010; 2011). gl codgeo
Do0moagbl ©0bsdobol M35 9Pl s 2oblbgozgd s TSEH OO0
00b0Bs30Mm0  0bGHYHBgoLOLYSD MOmdgwog  3969M0M©gds  mGo G mdgbol
WOM0gOmNJdggooo  (Ramachandran et al.,2009)PH  ©®3dgbosb  sdmBEG©oo
300MOMBMOME0 Fo6Mysgg0 FoMBoOmmogl 39ddMbalmsbm®mogmmddggdsl(Ramachandran
et al., 2009., Liu et al.,2011).

d906369¢00 ©3yR5 @obsIobol 39¢crosbgdols 8983928000

L3 ©0bsdobo 3me0dgmobEIds 9bMEoGHMBMMO 330ME0L 3oLy (06 30GHO™
300009330  GHPMGwo  39ddMsbol  Fodembbg) oo  EB-30OHMWOD
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©59m3000999w0o  LAHO®WJGHMOMo  OHYJMORBODsE0s  0figg3l  F9FdMBOL  IbegRsL.
006y, ®MI  AoLRMOZ390  ©OBSFOBL  FgMdwos  obEroRml  LobomgbmMo

W030©MYO0 GHOIgd0 AR-0U MbsMmdoLLL (Roux et al., 2006; Sweitzer et al.,, 1998;
Bashkirov et al., 2008; Pucadyil et al., 2008), Ubgs g3od&m®Mq0ds3 99odergds 99hyml bgero
0653060l 0b 303 Imgdggdsl.

05653900M™3)  ZOOLAHIWMYGIFOYWO > 3O0M-9EgIHOMbYwo  33wY39doL TYIHIE
90090105065d0bol dmddggool dglobgd »obarglio dmbs3999d0. M306MH39wgl ymzeobs
mbs  5306086mm, MMI ©obsdobo  93Mmm3bol G gowosms  L3gMmxsbL,OMIgo;
59303905 6993 gmEH0© ©IM300gdwo 0dgMobsgool dgwgasw(Gasper et al., 2009).
90900656 gMmdl  Abxgarmds 0dol  Tgbobgdss, OMI  JAHB-IIMI0YdYds  ©0bsdobds
390d0gds 053bd30MmboMML, GMAMOE ,od0Me39dds”  9x39d@™M™MIs(Sever et al., 1999).
G ©™39boll 0dgHoBsgos FoMmdmoaabl  3M0E03MM BB BB-sBMMo ImJdggdols
59BH035300bsmM30L (Liu et al., 2011; Chappie et al., 2010; Low et al., 2010; Bashkirov et al.,
2008; Ghosh et al, 2006) s dmombmzgl  MOPO0YMII)I05LE0bsdoboL  3garodlol
909090569 ,00x% 9L dmeob (Chappie et al., 2010). ©0bsdobol FMb0mboMGds HMmymE3
80600999, dmombmgl, ®md  3mwodgmo, GMIgeog 89806M6wmwo Fsdmbols oMy3wo3
Bo9gb3939, 9393006091 dmdY3bm doxl. S0LIB0Ts30s, BMT E0bsdobols s  DRP
SAH@LEG0bol  JguHogerololl Jgdmmogzsbgdm 0dbs, ®md gdx-ob Joedmwobo G
©M3J9bol ©odgMol d9d3zgmdom, 0f)3g3l sbeml dgdsMg ©mIgbol d9Mm39G0L AbgogL
9dO5MOSL.  53qQ39MTd o9 P0qdsa JgodEgds 89349ddml ©obsdobols  3gaoduo.
5005933500  2555A0WGds  39dMfI3gos G-mdgbols s 808 dscy doxl TmEOL
06@96od300m, 5856 30 Tgodegds  498mof30mb  30MOEObs3oMWwo  OHMEGS30s  9OmO
d0x 06 FgmegbY, Mobog dm3yzqds 0bsdob Asb30MHMdYGOIMWwo F9ddMbMEo obegBs.
9m0d936m 3EB 0Ly HoMToMMI3L 30EOMEODBL, MMA 56 JusFOMMYds IBEgROL EHMOYIMO,
50350 0do@Md, MM 3Mdgmo obsdobol igbs dmddggdl OHmMymeE BEOd0WODBOMGdS©O
500ymdo(Roux et al., 2006; Bashkirov et al, 2008; Danino et al., 2004). 530b¥)5s

RO LoLEJIgddo, W030EMMO GHOMWIdOL JBRIJEHMOO IYMGBS J0oIEObsMYMBL
™3035, 58 MM ©obsdobol 30modgMoBs30s BIds JABR-B 0sbsmdoLsl, o3
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MBONB3ggmRlL 3530060 ©0bsTobol LHMszs@ 9fgmdsl, gBR3-ol 30MHMEoBLS s
3m@0dgeHol sdesl dmGol (Pucadyil et al., 2008, Bashkirov et al., 2008; Sweitzer et al.,
1998). ©oaMdggdmEo ©obsdobol 3geodlo, Fgbsderms  653¢gd 9x39dBHGO  ogmb.
©59mRBol Ho@smrm30LsL, o0 Bo3wgd 9339dGHMM0s LMOdgOHMGMEMs OLME0E00LSL.
0653060l sL53d0Mmds  bgdm®s  LHMsxs®, ®mEglsgG-mdgbgdo gmmo dbGMmog
©0396H0H0MYd056 IMdg3bm b5d0x DY 0TYMHgds© G-MTg690mb JMmS©. BMYogH MO
RODBOMEMPOMMO  3060HMDJIOL  QomM35¢olobgdom, aBB-0b ™I/l WM IS MO
9325305 Byl MHgmdl ©obsdobols Tglodsdol BMbjaosl, GMmdwol ML, 3930900
bm3wgm@Go gmbgsd 30bsBsl 39680 bgds. gl gbds®gds LobsxLL gobgl dgEo©
L9gbLOEOMMHO EObsToboL FES300L GOML (Krishnan et al., 2001)

@©@0bs8obob Geagro bbgs hosob 9b6miodsGwcm 36epglinddo

9Pm30GHMbBo  Igbodegdgos  [om0odsOmml  Jo@B®mobol  gogdg3. ©obsdobo
dmbsfogmdl BMma0gho  JWsGHM0b-s8Mm3000909w0 9bMEOGHMBOL LoxrgbmHgddos.
0653060 05393006093 0s  3939M0b  HTIMZ0IIMNO  0bEHIMBIODIFOSLMSB.
0653060 5 9g§@H0b0bsbsbos 3939Mm9dT0, MoAbE JooBbosm  Algoglo BmMbJzomeo
99L539dEMdgd0 9IdMD0 IgMmBoL ML (Pelkmans et al., 2002; Henley et.al., 1998).
39390M¢09330 ©0b5dobol ©0bsdozs s B6J30s dMEMIg 9O GOl Jgufogerogo.
0653060l sOYMBBoLsL,  3939mesdo  d306MEgds dolbo  doMmM3Mwo  3m33MbbEol
39390e0b6-1 ob ©mby, 3939m@obols LobdoMol BMEs Fglodwrms s®gdo  obsdobols
56MLYdIMBOLOL  F9AdMIBOL OYMBILIMID 0yml s35380Mgd o (Ferguson et.al., 2009). x96
dMmMI©g 39MM33939005, 3939Mgdol 9bMmEoGH™MBNGH GMIger Lsggbm®bg 53060
065306l 3053500 OMO. 309GHM0b o 3939M06-5dM) 30009390 9bMEoGHMBMMO
Log3gbmdOL  AoM35wolfiobgdom, ©obsdobol  Aosdhy3zgBHo Mmoo BBl M35
999d00b3935d0. 93060399l gmgzobs, guss: MA0bsbE-bgyo@0M®o IMEHsEos (BMIgEdss
d9Loderms  45dmofz30mlb  BgaoGHomo  9x39dBHJ0) b BIOTs3MMmA0MmHo  0b630d0Mgds
$o0gd0m (090de9ds 2o5BbL 5MI9R0BOMEMA0MO 9B9JB0). By MMT, 3bLIBLIOHYWwO
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3sbmbo 085%g, v GMAMO 9mddggdl obsdobo  Auysgl Fgdmbgzg3zgddo, dmombm3L
3900MOMY 25633999 3m300bS3090b.

@©@0bs80b0ob a0 JosrIxHIOICY ©SYMRSTO

30003099006 ©sfiygdrro s Fgdymd  pdMIYErgdYEo  dgddebwo  @oymgs
9090656 gMmdl 39633970  Msbdodgzdmdom,  dmgwo  Bg3MgGHMOMIo
9500™303HMBMH0394560Bg00LdMbsfoggmdom. 9dudgModgbdgdom  ©OEY0b®s, ®mI
D09 533356 3MM3909030,059MmBoL  308EObIMYMBOSIBY BJRO3Wgbsl  sbEgbL oG
0653060, 56059900 3WsGHMobom sdmugbowo 3903w gd0, MMIwgdoa Homdmwaqbowbo
36056 gm0l 5350530l GH®MobL bgsd3omosb (Liu et.al., 2008; Jones et.al., 1998; Derivery
et.al,, 2009; Mesaki et.al., 2011).log3x9560lL 0653060l  3mImewmyo VPS1, BsGorwmwos
96MLMAsLs s MR OB 535M5G0LEHMBL3MOEH0MYd5do (Rothman et.al., 1990). 5935600,
(I 3woBMmobom 9931900 MMmTMNEGO0 BOBGMIWSBEJOOL ROl 535MEOL GHEMbL
D9s3060Dg 96 g3b3qds (Ferguson et.al, 2009). 8608369wm35600, gobolsbOgOML
DmP09MHM0 5M596M30GHMBMMH0 ©IRIIBHO OMIwol OHMUsE, obsdobo 0630doM©gdy,
5356 30 JgLodgErms  2oBomEMmb  3Ws@BMobol 999306905  MxMgdo. 898066 o
A®obL3MOGHOL  IMM3g3s Imddggdl  Loabowol  gooEgdsBy s 3oA™BMbRbols
©0b58035b9.

@obsdobo s 3odBmbBbo
©0b653060 30653000 5 9M930MHI30M0 DO 53930069005 FOGHMBMBRbMLE.
©53M30009dgds 53 MOP0YOMNJIgIdgOLs s ©0bsTobol gbMEOEMBMORMB 305l

dm60L, 9Mm-9M00 Y39wsbg Boob@gmglm s $353MMMs© IHoM 0brmOTs30E0s
0653060 dgLobgd sOLgdME 06xMEOTs305mMs FMEMOU.
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©0b38obol 599060256 35320040

0653060l 39bJ30mboMgdol ghm-gMhmo 1dbodzbgerm3zsbglio 3oMmMdss dobo  sd@EHobols
RO0E5396@390msb  393806M0. gl 35300600  2obs30MMDBYOL  MedEO3  9GbMEOGIYI
@mbolidogdsls, sbgmos 3oy MFgBHIuMds  3EsBHH0b-gob3oMMdGdMmo  gbMEoE Mo
360maqugoo  (Collins  et.al., 2011; Yarar etal, 2005; Boulant etal, 2011;).
03996 8wMOHILEIbGHMETds s 3MmEbIwo MXEMIIOOL 33g390Ts B39, BMI obsdobo
59BHobmsb M35 0BEgds. 98  3MMEgLoL  bgwol  Jgafymdo  Bog@EHmMmos  sdEHobols
937G MOM™  5goOHMbo®o  30L3MG-seEMobol  Lob®mM™dol 3oy,  sdEobo-
053530060930 30e02/3  mEmb  gobloBezMe  LooBgdby (gl Loo@godos:
539w03mos(Schlunck et.al., 2004), 99306560 bs39300 (MOLIXMOO bd3E)EJIO0,
IGO0 396330MHMdJOG6 BoMEoBH™DBL (Gold et.al., 1999) 0bgsm3gos s (Baldassarre
et al, 2003) 3mmbmdgdo (Ochoa etal, 2000)- 53 LosoGgddo ©@obsdobo o6 3390
99006569 LogMgl, M50 o30LM350ss Homdm®ygbowo sdBHobol Jugewdo.  qu
WMIS0DOE0s  ©IM30©IOIMNW0s  ©O0bsToBLY @S ®dgbodg  5gE0b-M9YM0Mgds©
GOl Mol 353000Bg, Moz Mog30L IbM03Z, ImoEsgl CDC-42-0sb b Mgymes@mMryen
©M39690L  JmMHoL  MM0gMHJd9gdsL. ©0bsTobl  Fgmdos  FoMdmddbols  3eolidgegdo
59BH0boll 3o sdgb@Hgool gocmTgdm 30O E0350M0 5dEH0boL MobsmdolLl, HMmdgwwoi 0o30L
dbcmog dmIgbEHIMMO© 393006005 F (80wsd96¢1©)-5J@obl (Krueger et.al., 2003;
Mooren et.al, 2009). ©o06530bolb ©gMH™M356 Gguombl  dglfiggl  MbsGo  JoMEI30M
5993530069l F-sd@obl(Haller,et.al.,, 2010). gb 835x30m© LEgdL 3sLvbl 03 Lozombmob
©5353006900m, OMI 0¥) E0b5d0bo 3060306 SHIBL 253 gbsl 5dEHobol 0bsdo3sby,

505L  TgbodEoms  o9hbgl 2063390 Omero  9dGHobol  gmbdzombocr
©50M9300090 MDY 9JBOMEOGMBOL OOHMU. Logms®mgdBg Po@oMgdmds 331039005
bsbo qomligs 9g@obol 9bmiEo@dm®do dmbsfowgmdol 3Go@o3zmw Gmel (Kubler et.al,
1993; Conibear et.al., 2010; Kakson et.al., 2005).

©06530bols s 959BH0bol MgamEsGMOME 30egdMID MOHMOYHMJIGE05d  Tgboderms
bgwo 9gMHyml obsdobol gobersgqdsll 9bmEo@s®Ien Lso@gdby. od@obds dgloderms
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39000300 ©5ddMEMdS 9B MEFOEHIOMWO 3300EJd0L JoLgHBY Holo F9dzgmdomsg ol
doerndl  ogmxzol  3OmaEgbdo  00mddgmlb  @0bs3obmsb  ghms.  Tgmby
db®0300065d0bolgmEbo  MxG9gddo  39OGHOBs3050  (BEBGHMOMO  ©obsdobols
9gu3Gglool  99839MmdO® @, 913y, BIMTSIMWMYOMEMO  0b3000MHYd0m)  Fglodems
39900300 M Mol obsdozol ®r393s (Gu et.al.,, 2010; Schlunck et.al., 2004; Lee et.al.,
2002; Orth et.al,, 2002; Gomez et.al., 2005; Yamada et.al., 2009). 08 *x 6909030, OGNS

39986050 ©0b5d0bol 653¢gdMds, LBEBHMILMEo dMFIMGd0 56O B0osbYds. MRO™ 93sx30M

33L0Wgds, o3 39dM3wobEs 53 MXMggddo 0ymARP2/3-©58m30093w0 5JG0bmeo
dox9d0lL  538MEsE0s 993MmF0wo  JBEMEOGIMIIMO  3EsGHMmobol  Loggwml  0M3w03
(Ferguson et.al., 2009). 56bgdmdL 8@303390Mw9ds Bbgs ARP2/3-0050m30090Mw0 5g@ob-
©5x3dbgdmEo 330 gdols 53 Yx69JdT0,  OHMIMEOIO0(BSS  FOMINLIOHIO
39806560 dmMPgd0, 06350M3M©0gd0 b 3mEmbmdgdo (Yamada et.al., 2009; Baldassarre
et.al.,, 2003; Ochoa et.al., 2000). ®E05 45530 BOZIMO F0MHIZOM O 3MISOMPISOG
98399AH9OL Mol 53 94u3gMm0dgbEYddo. 9bEMEOEGHMBOL MM3935d Jloderms Fg339¢ Ml
dogo Moo Lologbsem aHgdo.

0653060l 056599000M39 3M0LEHIWMAMIGOMds 330939005 (Chappie et.al., 2010; 2011)
Pot8mdzs  30mb3900 3mBHIb30Me 56596 MEOGHIMME  9539d3HJODY  ©0bs30b/sgEH0bol
MON09OJd9gd0lL  ©obsdogol  dglobgd. ©obsdobdo  dmeodgMmol  L3oMOErolGdIMO
63960305 330MG0L Loygarmby, dglfogeomos M3GH0ToW MO, Mroms AoBoLEBLIMHMU
06@96d300 ©06530bol G-mdgbL s dob doge FomoGmo 3BRB-0l 30OMEODBL
dmO0lL.  golnmogzgdmer  ©obsdoblyg  od3b  MbsMo  3meodgmHobgl  3gerodlo
803630 gdls s 9dGH0bol BomsdgbEHgdl dmeob .

@©@0bs8ob-1 ob doge> s8o¢crcoob 3969msz00l  (598-9cm06985 8995 U930995Ps 1-0b
bsd9s¢em9800

33093990 59Y4s6Hgdl 0d ImLsHMGIL OM™I, 9bmEod™mbo d60d3z6gwm3zs60s sen335039MH0L
55350900l 3500mybgHBoLEM30L.  sdomool  (obsdmEmdgo ool  IMdEMsmdOol
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999960D39%0 (36mdowos 339, 353650 M36MdOs SFoEMoEOL F0obsdmMdgo 300l dg@S
Loo@ob aodbegho 96B0d 1(BACE-1) gobsfogds 9bomlicmdgdbg s 3ensBdme 999861sb5by.
0653060 3608369003560 593GHMEMO (3055, MG 953MmBEMMMGIL s sbsMOlbYdL
96535¢0 39 3ME0ols. bbb 5dMPBBs MM, 0bsdobo sbm30MmdIos seE35039M0l
Q55935Q0905Lmsb,  Mdzs oo BMbJzomboMgds  Lo3sdo0Mosd 859350 9dIBISD
9005600905d0. 2500330939000 BBsbos, M E0BsF0BOL FMEoE0s 9d30MGOL YYx M0

©> 193MI30YONE 5300 B 393HOOL EMBIL YXOIVN FNWGHIGFo. 53537 OMU,

©6535GHMWs© 930005 dgBS 193MgBHOBso-1 -ob dog® 360 3Hgool  gobamgBs
530 0obL §0bsdmMdg©o 30wolmzob.

OMaMO3 Bgdmm 339 0gm 90b0dbmwo obsdobo 3MmomEgds 3 4obLb3s390 o d9bom:
065306 1, 065306 2 s ©obsdob 3-000 dmdmdfmzegddo (Cao et.al., 1998). ©0bs3ob 1
©OEO  Mm3MmYbmdom s LgwgddHomMo 9JudMgbomgds bgmzmw  LobEGYdsdo s
0653060l 3053560 0DMBRMOAsL FoMdmopqbl, MHmAgwog 9gudMgLoMYds 3 Jumzowdo.
0653060 30MEMQ01IM5© ©5393006093I0s 5¢0335089M0L 99350 JILMD. EMT0bIBE)-
6923930900 065306 1 (K44A 3m@5309), OHMIgEoE dem3s3L 9bmEod™mBL, 59306090l
530@mool  {obsdm®mdgo gowol ©mbgl L3obserme Lombgdo s byl Mol
5300 B9GS (300l 59GH03Mds M 30O BOEL (Cirrito et.al., 2008). 0bs3ob 1-
ob K44A  3m@s30s, 91939 993060988 m@oamdg® sdomool dg@s 393¢0© 42-0m
063060305 BgoOHmbme Loggzowl (Yu C etal, 2010) ©@s BOGEOL sdormools
Hobsdm®mdgo 300l  9dBHmomdgbols 1Lod33M030L  IJ390mgdsls (Carey et.al., 2005).
5300 093 393300l 3OMEMIGHOMWMOOL MYAMWS305d0 3603369 M3z96 MMl
050590 2085 193MgBHoBs @S BgBHS  193MgBHOBe-1, OMIWwgdoz ™o30L  dbGMOZ
0932900 JO056 580 Mmool obsdmMdIo 30E0m. JoMEs sdols, 9bmiEo@EMbBMMo
Lologbogom 4By 3609369 m35605 BB 1Y3MYEHIBI-1-0b 5dEH03MdOL MYYIES300LMZ0L
(Huse et al., 2000). 56900 8mbs399900 bbb 1358l s580emools fobsdm®mdgoo gowols
9mbsfogmdsls 9bmo@MmBTo, dogsd M3bmdos bmEod™mBoL Hmeo dg@s 193MgESB-
I-0b gobsfoengdol dglobgd gbmEoEMBTo, MoMMAWMdMEobls (TGN) s 3¢sbdMe
99906565%9.
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3608369035605, O™ 9bME0EGMBOL 5s3GHMM0 30 0bsdobo BsGmemos s8ogrmo©
093° 393GH0©olL  30Mm969Bdo s DBOHOL sFoMmo© ¥gBS 393BH0OL  dombgBL
50 (3350996H0L 5535009001 3500mYgbgBdo (Cirrito et.al., 2008; Carey et.al.,, 2005; Chyung
et.al,, 2003). sDOms Lbbzoolbgomds sGBGdMBL, sdowmo© dg@d 3933H0EOL  493w9bols
05M5BYg 50 (335089M0L 95350 Yd530. 9OHDO XYMBOL sSBOOL Jobgz0m, sd0MmOEOL
093° 393G0©oL  3MHMEMIGHOMNWMOS 0BMEIdS ©MI0bIBE BgRsBHOWMO ©0bsdob 1-ob
dm@os3zo0m (K44A) (Chyung et.al., 2003), 9s36od 9936096M900L Igmeg xama0 9dbOMdS
AbyBOYOSL, MM SF0EMOEOL BB 393EH0EOL 3OMEYYJEOVIMds I3060Yds ©0bsTob 1
(K44A)-oo (Cirrito et.al., 2008; Carey et.al., 2005). 51939, 390035H90)0s FMVBsDBOGdo,
Omd  580wmool  (jobsdm®dgo 300l 9bmEodmbo  obsdob 1 (K44A) -ob
©obFoMd0m,  HI306MgOL  5dBH03Mds  sTMIOEIOMEY  SFOMOEOL BB 393G0EOL
b936MgaosL (Cirrito et.al., 2008). 296900l @5hmdgd0m Lod goblbgsggdmer My Mg
bsBgddo (625 MxM9gd0, Losi BYgJudMgloMgdeos sdomoEOl fobsdm®mdo 0w
695, godOMBLGJO0  Los3  9bMYgbmo  sdowmool  [obsdmGmdgo (30
994b3MLOMYGIMWO s (3BM39wdOL 306M39wsEo  BgoMHMbYdo, Loosbs3 FJowgdMEos
065306 1), 50dmbPbs s00Mg 9i3bmdo d9dsbobdo, GMmIwol dJobgzomsg ©obsdob 1
5M920Mg0L  5d0W Mmool d9@d 393G0OoL (otmBmddbsl, 58 ML dg@s 19Y3MYEHD-1
9d65mdL 3eoHBAME 993dGbsL s 9B MLMAGODY. dgBS 1Y3MYEHIBO-1 MZSEODBS300L
39930609300 9bEMBMING 3:m335603HTY6GHIODY, 0Bs30b-1 5063000690l SFoErMmoEOL dYES
393G0ol  [omdmgdbsl o 1g3MgEosl. gl AMbEBEOYds  58Y4segol  303mmYBLL, OMI
96mbmdgdo  3600369wm3zbs  ™m3GH0Toermmo  3m3350GHTG6GJO0s BB 1g3M9BHOBIL
96030 594GH03mdoLM30L, Mo3 byl Mol dg@s 193MgEHsBs-1 ol oligo Asbsfogdsl
6“3 bgero d99dseomb $80¢mool §0bsdm®mdgo 30wol 36Om3globals. sdowmool dg@s
39300l s blbso 980mool (jobsdmMdgo dg@s gows /d9@s CTF-ob 9993060900
©06530b6 1-0b bm3zombom, Tglodwrms  35M0 096300 BEAMmSGHJR0S 0yml  gods
193693>Hgd0L LsIoBbYMOOLMZ0L, sbeEsbsb FgaMMoz35DYdMO dg@s 1Y3MYEGHIBYdom B0y
530mool  §obsdmMdgo 300l 3OMEIME0bMIb  FgsMgdom, LobsdbMo s
dgblogm900L IROEOGHOLMZOL SEE350d9M0L Igdmbgggsdo (Tamayev et.al.,, 2011).
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50dmPBbs, M™A3 dgobogmo sOMIMYwo 49690L 5G31/56y 3.1,-U GMIWgdog RO
©0b5doboll o  9bmxzomobol  sEMgME  M930300DI30530,  3MLEGHLOBIGLMOO
A9m30bsc 900l 9bmLMIgdBY, d9wdeosm, 30M9Lgboobl/ 2535 1g3MgAHIBIL BHMYR030bYo
@5 5d0MOEOL 3930 393G0EOL  9dGH03Mdd sdM 300 [o®dmddbs (Wu et.al., 2011).
3993393900l d0bg30m, 0bsF0L 1 5G9 0MgdL 9bME0EGHMDBL s 2535 BY3MYgESBOL
2369300606 7dsL. 0B30b 1-0l bm3zombo 253wgbsly sbgbl Fbmerme dg@s 1193MYEHIBIL
@5 530 Mool (obsdm®mdgo 300l 3w m FmEMIOL Q5LZEIsL 3¢sBMH I9ddMIBBY,
056058 065 2505 1193MgBHOBOL  3mB3MbgbBoL:  bogsLBHMobol s 3 1 BEg-ob.
9900053599005, O™ Lobogboerm gqbs d9Bs  193M9BHIBILIZOL @S  SFoMOEOL
$0obsdm®mdg0 0ol bmwm Bm®dolmgol Lw @0 MYRIWomEIds ©obsdob 1-

oM.

®s30 10
5039 ©9393GHMM900 ©s LobLMMO IEIBEHOIMHMDS

Lobs3LMMO  3EOLEGHOMOMIOL  Tgufogas,  AobLOIMMgdo 3o 4MAgEr-3500560
3m3H9b3os3ool (233) o 3MIYE-35000560 ©g3MHgLoOL (33) 9MOL 439wy odGHomMo
d9LHo3e0l Logobo Byo®mdgbogmgdsdo. 9dudgeHodgb@gool Lsdmswgdom, 3bso gobs
60 0MbMGHOM3MO BB GHIOH0  M9393GMMIOOL BbJ30MmboMgds s gddEMmsbo
&®9953030630 56H0L 300E030 Lobs3LYIOHO 3EslBOIMMOOL FMO35c0 BMMOIOLMZOL s
0©96¢0x80E0MOME0s, (30€gO0L OO MOMEYBMds, MHMIWOOE SMYRMW0Mmgd9gb 3
303394bmE 3GM39L9dUL.

333 0033060390  90dMiPobgl  ©sgdomo  gobigool 5853 Bbgdg
Bgoembgdbq(Bliss et al.,: 1973 Lomo et al., 1966) , >wd3s 35906 56 03m©bI6 GMmyme oym
B0 933-d0 gan)Bedo@ol 8mddggds by M9i393GM©M90DY. 50dMsBobgl GMmd a33-
ol 0bo3oGgds bgdms bgoMmbdo (Collingridge et al., 1983) s dmo@Es3s 890009y
MMEOWgdg  LogzgbMgdl:  BIs  M9393GH™MGIOL  5JBH035305L,  3MLELObISLEGO
39w 309dol 0mbgdol Momgbmdol dmds@gdsl (Lynch et al., 1997) ©s 3mbGLobsdle
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©93MoM0Bs3osl  (Mailinow et al,1986 ; Wigstrom et al, 1986). 500mBbes
9,200 E5FG0L 6As M19393GHMMIO0L  59BH035300LOMZOL  530egdg0s Bsabomdols
00b9gd0l ImImGqds ( Mayer et al., 1984 ; Nowak et al., 1984) Gs3 ©93m@ws6H0Bs300M
9000(935. 8909290 3530306 00bgdol Mom@gbmds 6as M9(393EHMEMdOL d9dz9Mmdom
95339090 o memmdl (Nicoll et al.,1988). 6ds M9393GH™M9d0L 4569 gd0MO 5JBH035:309,
353390P9 5830 ©9393GH™OOL 35bbl BGOUL (Ito et al., 1982).

0Y4®™ ©9953H900 0dol Fgbobgd GMI, 0HBOEIOS M) 965 §33-0b gJudMGLoS YAEHSTsEHOL
39dmmogolnwgdom (Bliss et al., 2013 ; Bredt et al., 2003 ; Nicoll et al., 2013).

39650369000 ©93500L 2563530 Md50 333-0L sbsEODOLLL BMIMBOMGdS
b9dmMs, 39(30v98-35¢dME0b 5330 3OMEHJ0B-3065%s - IT -0l (35931I)-0b
Mol 33c0935Pg (Lisman et al., 2012). g580mmgdwero ogm 356590 H®A 35931I sGols
d9bLogMBOL MY3IS @S BEObEHYMGLMs FoLO 5dEH03MdS M0 YOMEO
G®9bLErM3530s. 35¢3E0mdol 0mbgdol Mbol o@gds 5339030 0§393L 3MbEHLObITBMMO
1033360030l (3300 qdgdL (Barria et al., 2005; Hall et al 2012; Zhou et al.,2007). sbenobsb
50dMoB0bgls, OH™A 359311-05 gloderms Bo39EHML Mmoo Ras s Rho GTP-5bHgd0l
3008030 5JG035309,053 36083690m35605 LGOI EHMOMEO S BMBIE0MmbsgrmEo
3obGHoOHMO0Lm30L (Murakoshi et al., 2011).

333 O™ syowo Mbs 3dmbgl 5330 EEBHSdoGH MO M1939I3GH™OOL
1dgHNYMYGd0L 30MEI306 BMLGRMOOWoMgdsl (Blackstone et al., 1994; McGlade et al,,
1993; Moss et al., 1993;Tan et al., 1994) @ 530l Lodmsegdom G9393EGHMOIo Bw6Jzo0l
(932 0Mg05L.5830  9(393GHMOGOOL  M3000Mgo LMo  dgosezb 4
3m3mmy0w®, 39306560l godFman mdgMmgrenl (Traynelis et al., 2010).

3b™do0s, HMI Glu A 1-4 LmdgH»9Egd0 FMLBMOOE0M©Ids LyMobby,
G9mb06%Bg s 00MMBobOl 658 By M5dY60dg 3Or:MEHJ0b 30b5Dsl Imbsfowgmdom. 5d
306590 2969379336905 : 3593 I, 3OMEH9ob 3065%s C, 3G:m@Hg0b 30655 G s, FYN s JNK
3065%900. 00096@083030M900s - 20 g9bLb3s390ME0 BMLBRMOHOWOMm9dOL Lsodo (Lu et
al.,2009). 6sbsbos H™I, g33-0b 9Ju3MHglool 999y s 3583 II -0l mbBMGowoMgdom,
b9ds 5930 ©9393GMMIO0L 5OHYOOL 259BHIMMDOL Mgymws30s.(Barria et al., 1997).
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900900 0465 05339000 0lgmo BsBHYdo LooE 3MESE0OEo oym 3593 II-0l
RLRMOHOWom7d0L Boogdo (Lee et al., 2000). sLgod 5339090 5006083bgdM©s 233-Ld s

33©-b ©098303030. 53 399ABE 09y39dL, I6033bgem3z560 aROEOEH0 3Jmbsm LogMiomo
dgblog®mgdoLys (Lee et al.,2003).

90856900 5930 B9393920980L  (H69%00680L 00bsGoIHO 393 79¢5305

»$30“ Lobs3lgdol 5dMPYBsT s 5335 M3g3EHMMJIOL 35Bwbols MYYMEs3053 233-0LS S
33©0-0b  OML 960036903bmsgbo  ©omFoMs dbsmo 0o, Mmd  LobsdLmMo
33l EG0OHMO0L LHoEL 3mLE-Lobosglm®Mmo Abscg Ho®Bomygbl (Liao et al., 1995 ; Isaac et al.,
1995). @5dwoghgds  gbdsegds  3bEBLObLIBLMG  ™IMBL  LobsdlGMo  3EslEGHOYOMdOL
94b3M9gLosdo. MG,  3MLAHLOBISLYIMO  BYBLOGHOMOMBOL  FOBOES  FIB30MHMDYdIMO
06003005 MM0  MH9393GHMOIO0L 36309000, MMIMOOE  SMOL: 0MmbMMo sOBGdOL
399G5MIM3S s om0 goblibs, gl Gglodams A93wgbsly sbgbl LobsgLrMo Mgi393EHMMYdOL
6oEb30l (33000 q09dbY (Sanes et al.,1999).

503mBbs MM, 5339 M9393GMMYd0L d930MBMwo GHMgx5030630 0gym obsdomemo
5 9L dgLsderms BMPOROEOMIL bobaMdwogo sb bsbdmzwyg bgommbmwo sgE03mdgdol
(330 gdgd0m. 5330 M9393GHMOYO0L  8980MbMmo  BHM9R030640L  0bsTo)HMdS
96039369cm39605 433-bd s g3-0L  gdudMgboobomgol (Liedo et al., 1998: Luscher et al,
1999). 3@@GHOHsdo Lobsgxgligdol 0dmbmMHo IMbod3zb0l Fgay Bodmzeobs, ®MmJ ,, hmdo®
Lob531gd0 BMORMMYOMMSE JoBLL3Z5390MEGd0 56056, 53 LOBsRLYOL gosBbscd 6.
09393GMM900, BogMod 56 Q55Bbsm 5338 M9(393G™MMYd0. gl BoMOMYdL 0doBy, B™A
Lobogligd By 5338 MY393GHMMmYOOL ™Mby Ggodagds dgo3gowml (Gomperts et al., 1998: Liao et
al., 2001; Takumi et al., 1999).

3M0EGHMOHIO0L 539353905 BTG b BIs-mo 0f)393L 33-b (Kameyama
et al.,1998) 5dol 9999 5SRO0 5g3L 5338 ©9393GHMMOOL LR gbMEoEMDBL (Beattie
et al., 2000; Carrol et al., 1999; Ehlers et al., 2000). 5930 ©9393GH™6500L LMsx0 Eobsdon®o
983030630 36003039 Ol 1535dm3L Lobadly® Lodwogmqdo(Shi et al., 1999).
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65396900 0d6s, MH@I gduBHMs Lobsdlye  F9ddM6530,5833 ©9(393BHMEMGO0 M0
35056 8Md0WOHd0 S o0 8999d0sm dqliges BLobs3LE 5dBHoME Dmbsdo, GOl dsdma
9500 H5MmEIbMds 9JuBHOILOBIGRLYO 1dB1dTo dMmdowMdol dobgz0m 03wgdl (Borgdorff et
al., 2002). 6sBggbgd0 MM 3mLELObI3LMEMO L0d33M030L 30ws 95 SFF0MIOL SEHIOIW O
9Md0WMISL @5 U 35358mdL 9603369356 O™l Lobs3dlydDy  M9393EGHMMJIOL
d90m3F35d0 (Opazo et al., 2011).

5939 ©9393G™M9d0L  Lobs3LYYOHO  EMbol LMY  GgyMEsEoLML  ghmo,
B906MH™bgdols 5g@03mdoL bobymdwogo dmEmeEsaos 063080EMMYd0m b6 59F0353MMGd0m
31939 969370 9dL 5338 ©9(393GHMEMOL 35bgdl s 5330 MYEI3EGH™MOL ML Lobsdligddo
(Lissin et al., 1998;).

5830 93933™Mgd0 ©s b3y  MYEa3GH™MMYO0 5056 3mb396EHO0MGdMEbo
5053Bbgdge  Lobodlbgdbg (Craig et al,1993)s  O®OYMJIg©I096 MO
GOAMBMBRB®OL 96 Lobsdl®  LEBHMMIGHMOIOMD, OHMmymMoE Mol 3mbGLobssLmGo
1093360039 @S byl NFYMBL MG  Fomoew  IMabMdYEMdSL.  3MBELObISLEGmO
10933600306 30s 95 5GOL FOWGIOL MY IBOWD, CMIGEMSE 9§30 LobsdLMo  Fowo-
BOWM3560 MOHM0gOHMJI9I00L db0,Lobgws: PDZ mdgbo, Mmdgwog bgwls «fymdls
3ogdol Bsdgbgdsls Lobsdl®y (Sheng et al., 2011; Xu et al., 2011). 56OLYdIMOL IGs35¢0 bbgs
PDZ 0396056 053538060900 Lobsdbwmemo zowgdo: PSD 95, PSD 93 ,SAP 2, Sap 97. gu
30900 0fm@gds MMM MAGUK 30wgdo, 58 30¢gd0ol 0bogo®mgds s6Hob 300E03wwo
635 ©9393G™MO0L Lobs3LIHO LodoBOYYdOLMZ0L. bsbsbos HMA PSD 95-0l Bggdudmglosls
3999905 4oBMOML Lobsxgligdol BmEmBoMYds s s1g3g 0BMPYds 5335 M9(393EHMMmYOOL
©mbg Lobs3lgdbg (Xu et al., 2011; Zheng et al., 2011).

b989600929¢» 050023000989¢70 5935 0393939 2980L (9599030630, 333 ©5 330

9099595350 0301, O™ 5330 M19393EHMOOOL bIdIMGIgd0 3MmIMEMAO0OBO
50056, domo C  FHgmdobocw®o  ©mIgbgdo  Lo3Tom©  4obLb3e390ME0s, 890339396
R3LRMOOWOMmIOOL Mb0IoE Ls0EHJOL s MMHPOYMHNJI)IdID Lbgsslbgs 30w Mg
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993 gdmsb (Hayashi et al., 2000).GLuA1l -ob sGlgdmds LsFoMms 433-obmgol s Glu A
2 BoFoMHms 43-0bmgol (Lee et al., 2004;).

5053069090  LdgOHMIMEgdoLbmgol  doerosh  360d3bgermgzsbos  oysbo
©53M30©IPIMO s 3mWBHey  ©IM30©goo  sébgdo  (Chen et al,
2000).&®sbLdgddMs6meo 50930 ©9393GH™M900L 9N GHMOMO 3OO0
©53930069099bo 5M05b 5330 M93I3GHMMJOOL LdIMMNYIMYWIOMID S  Poblb3zs39d WS
99b369gLOoMYO056  BH306d0 s  NBOHMB3gWYMmEBgb  533d  M9393GHMOIOOL  LHMIBIM
9mdfoxgdsl BgoMmbol bgsdo®By s Lobsdlgdbyg (Tomita et al., 2005; Sumioka et al.,
2010).

3069G03700  ©>  3OMGINT0INWo  33EI3IBOM  0EIBGHOBOFOOES GO IdOL
353005 X2MB0, MMIMGO03 93530060905 5330 M9393GHMOL s LEAHMWIGHOMWOIE 96
v393006©90s TARP-U (TARP 55d30390L PDZ mdgbl), gugbos: Cornichon 2, CNiH-2,
CniH-3 (Schwenk et al., 2012; 2009), CKAMP 44 (Engelhardt et al.,, 2010), SynDig
1(Kalashnikova et al., 2010), Sol 1 s Sol 2 (Wang et al., 2012).

6905 G96939098Bg 03030098790 33

6305 ©9393GMMOBY ©9M 0O A3 0YM 50IMBgbowo 1992 gl (Dudek et al.,
1992). 230 -0l 3m3069ds dMmobobgl sGLYdIMOo Jse30w9dol 0mbydol ImEowgdom
3bEL0bI3LYO M MgEgdDg (Mulkey et al., 1992) 5 063000609ds Imbs BMbGsEID
390306906060l 0630d0EHMmMgd0m (Mulkey et al., 1992). 456lb353905 233-0L5 S 230-0b
dm6H0b 4963060MdGdM0s 3563030l 006930l 2553780l bobymdwogzmdol LlodwogMHoom
(Lisman et al., 1989).

39309990l 0mbgdoL oo Mbg 959EH0390L IdI 5306mEMO 3065l s 3993 II-L o
506033060901 3mbBHLObIRLYIMO LOT3ZMOZ0L (30090l BMLBRMOOWOMYDIL, s LEdMW MM
30 0D6MH©9ds GHGMbLAOLoS. gmMgl IbGO3Z 30, 350300l 0MmbgdOL LydSEMm EMbol O™
b9ds 3mbELObsBLMGO Lod33M030L (30900l EIBMLRMOOEOEMYOSL s BHEBLIOLOS
9306Mgds. AKAP 150/PSD 95 35¢0306906mb)emo 3m83¢wgduo LsFo®mms ag3w-obmaob.
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0990000535H900s, Mmd PKA @5 PKC b3l 6Ms3gdol 09Bmbammomo®gds Bs®oamos
GluA 1-0b EyBRMLBRMOHOWOMOHOST0 S BIOMMEO 5MHOL 330-30. bM3omEH0MYOrIE
05339030, bLYSE FMBHOE0S IMobEObgl GluA 1, CamK II, PKA -l gmbgm®owmo®gdols
Lo03JObBY, 50IMPBES HMT EIBRMLBMOOWOMYdS B0T3bgwM3z9b0s 43-0lm30L (Lee et al.,
1998).

Pohogdol 0936063069 GHM9obobaowsb 1 Lssmol 8989y F39BL sdMESEHME05d0
656396900 0ym ©sLfogwsBg s9M 300G 3593II-0U goodEH0390s, Mo3 odMObEHIOS
53960396¢30L 286-9 &HM9Mbobols bodmn By 9533 MBMBBMOHO000MGd530. .9L BogEH0 dogdL
300b39dl dgbllogM9gdol BMMTIoMmYOOL 4963530 Md53035931II-0l Loliogboswrm aBol
593H035300L 39doboBdols Tglobgd.

5939 09393690 Fo6OHTMoa9606 35931I--b LodoBOYL. 3533II--0b Qo5dEH03905
3065300 3538060305 5330 M9393EGHMMOL 4E 1 LdgMmgMEol LgMobol 831- 9 bsdomols
ROLBMOHOWOMHGILMSb (Barria et al. 1997; Derkach 2003; Derkach et al. 1999; Lee et al. 2000,
Lisman et al. 2002). 3096 1-0b GOLB™OH0Eo6gds ByMobolb 831-9 bsdmbg 35931I-0b
89939000 , 0{393L 583 ©9393GHMMJOOL 25055PO0WGISL LobsBLOL 5dEHOME bmbsdo,
SOboL 2963eoMBOL 5¢EBIMMBOL BEOIL s B JMbsfiowrgmdgls bsby®mdeogo
3m3H9bE0s30sdo b (Barria et al. 1997; Lee et al. 2000)qs dgbliog@gdols bmyogmo @oddo (Cui
et al. 2011; Hu et al. 2007).
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23. 09900m@OMEMY05
530 1

J6a3000 dgoomgd0 - popogengdol 3Mg0bobgo

Poforgdo 0B9300m©s @y 0bsbgdms Lodbgwgdo EH®M9obobysdy. 259mPY33006
22-28 Losomol 8999y Hofoergdo 03O mbgdmos 1 Losmols 4s6ds3crmdsdo  3d6wbog
0mG05do  033M063-1GH0dMEOol  gJudmBogoom  (Joabosb  AsbsMgdMwo  FdGIMBogo
fomgwo gmmo). MLy foffows 30w MdEs GHMIboMmgdOL bE0d)ol3gh dosbermgdals,
39055 PO0gO0L  I3gemds  0f)393s  FOMMBZ30  dMMIEOL  FMIMOMdsG0  FMYgz565L.
90obErmzgdol  5dBH03mdOL  goblsloHe3zMzo®  0mM3EgdMEs  FdMW6s30  dMOdWOU
a b 3909GHM059d0L MomMm©9bmds.

boyosoo 8. fofloamgdol  GMgbotgds d6vbsg
3D do, 3Hvbol bAol msbsmdolisls

ol Hofoargdo, ®mIwgdog L)z PNbgo Mmd0gdEHOl Fobsllosmgdgdls Loz mdbgb,
50xmd0bgd©bgb ol s BHgMbsBome LEGH0IMNWL. BHMIBoMHgd0Eb 10 ool 999wy
gmggwo  oflorol  M306s@gbmdols  3sb396909wo  0BmIgdmEs  foomgwo  gmmolb o
SeB9ObsGomwo  LGH0IMWwob  (Oxo  3000b®mol)  gJudmbBogoom 5 {mmosbo
063 9M35¢9000 (fomgeo gmo, wrOxo 30wob®o, 33wsg WO o (30¢00b®mo ©s
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0mmb Homgwo gmmo). 25dmosbysm0dgdms M30Ms@gbmdol dsB3969d9wo, Mmdgwos
sbHogeol boderog®ol dsB3969d9wo3ss (Bolhuis et al., 2000).

306053 gbmdol 5P396999w0 gl 5oL 3OM39bGHIIE Fodmbobrmo dosbarmgdol
5dBH0gmds fomga ymmby xsd9MH0 B0sberm3zqd0l 5d¢03md0sh (Hmym®ma fomgw yrmmby
939 oYX  30wobE®D). vy FosbErmgzgdol  5JBH03MdS 0ym  ™Mobsdsdmo  MmMm03g
UEGHO0IMNEWDBY, 3500b  M30MOBHILMOOL  FsB39bgdgo  50-05 (56930900  sMBg3560 s
3653005600  ©dLHogws); vy foflows Mobermgzgds dbmemE  Lsfzdmbgw  ™mdogd@L
23005@gbMdoL 853969090 100-05 (derogo s0BY3560 s dwogMHo olfogws).

96000 X530 Jofforgdols ymagger gs8mBg335d0 259m0Ygbadms sMoEMmgbocmgde
3MbGHOMWo© (5¢®3). fofloergdol ©9g3930¢30s bmMEogwgdm©s GHMm9bomgdowsb 24
Losmoll 8999y 09308 330606 bBgdms mmbo MBbols s9m3zgms: Jo®mEbgbs s
dobrx39bs  BobgzsmLR O™l dgBM3serowdol 8095 s FgoswMo  bsfogols (093) o
dodsbgbs o Fotrxgzgbs BobgzsMLGIMML boM3sw0dol 3mbiBgMom® bsfools (636)
(Horn, 1991; Solomonia et al., 1998). &3060056 5dm33900L 9909y Jum300L ymgzgwo

Bsfowo ©smymzbgderog megligdmes ddMoE yobmanby.

L5000 9. foffoemsl magols Bgobo
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B30b 3g@omdEom, GMI gmzggewr  9Ju3geodgbGHdo 603Gl  OYBIMS
306053JuMdoL  boGolbol  gsdmm  B3gd@eo:  50-100-0g. 9ol Fglsdsdobo
3(3000MIOM, JMHMO b0dMF0 YMBOOYm B0 30M5EHILMOOL boolbbom >40<60-by;
dgme9g 60dmdo LGS M M30MBEHJMdOL bodolboom >60<80-byg; s Igusdg bodmdo Josero
M30653H9gLmdOL baGolboo >80.

0530 2

P2 3938656vcm-8o@mgmbo®omwo g®msgiool 3Gm@gmdnemo dgLfages

P2 §9865609¢m-0ohadebo®oricro 3@sg;300b 300g9ds.Hofocrgdols moegol @gzobols
Jumgzowm3zs60 608mdgdo 3mImagboBoM©IdMs (dxgMHol dgdsqbermds; 0.32 dmero
Lodo@mbs, 20 ddmero HCl [pH 7.4], 1 30meo 9000wgb0sd0b-@39@®odds®mdssgs, 1 ddmero
Bo@®omdol  mOmMm3zsbss@do, 0.5 ddmeo goowgb wozme  (2-500bmgmowwgmg®)-
N,N,N'N'- $9@®530568:5535 @05 360 }goDg00L 5 BmbBsGIBId0L 0630d0GHMM9d0L Botggzo
[Sigma])(doeosbo  3mdmgqbs@ol gdsdaos - ob. Jggdmm) s 39bGHOM0BMR0MIOMO
10003—%9 10 for-0ob gob353¢Mmd5d0 M gero MxMHgEIdI0LS S BOM™MZgd0L ILdgds.
dogdmo  b3gMbo@sbGo  (006MHmM390  IMEogdMEo  3mImabsdo  ob.  Jzgdmom)
3953®0xM0M©0m©s 15000g-Bg 20 fo-ob 256853wmdsdo. dowgdo 1wy3g9ebsdsb@o
0000009605  30GHM3WIBING  BMoJ30sL (0b. J399mm). Bomgdmwo bswrgdo 3093
9embgr  06M93bgdm©s 03039 M970dd0 s boergdo, P2do@mdmbo®ome-093d6sbmwo
7M5J30s 0blbgdms 900 99850agbermdol dx3gMdo: 7 MW smIo FoMEM3sbs, 2
OGOy TG 0003560mM3565,2%CHAPS,2% @60 ™b X-100,0.1%ASB-14,2%-
3963933 M9M9bM0,2% Ro®doewoBo 3-10, 3OMIBgbmol wGdxo. 0039 970000
d00gdmo  dooosbo  3m3mgqbo@ol,  doMm390  dmEogdmwo  3mdmygbs@ol,
GOAM3BIMNOHO s 99336569-FoEMmJMmbMoImo  BMOd30gd0 slg3g 39dM0Ygbgdm©
1-256%m80¢qd0560  9egd@GOMBMOHgHBols s 39MLGHIOb 03MbMdMEH0baolsm30L  (0b.
J4390mm).
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0ol 3006596¢96s300L 356bsb@3Ms. 3000l 3b396@GS305 0LsDBYZMIOM©s 4
35659 Lobx do, 3030Md0JobMbm d5535L JoEol Lsdmswgdom(Pierce).

0YB™999HOICP0 30239606985, bsDMdO030 LGHM03gdo (pH3.0-10.0, Loa®dg 18L0)
3960300wb6 M®530M0MYdIL Jgwo Msdols Ao63sgwmdsdo 89890 89350 gbwMdOL
blbo®do: 8 I sermero Fommzsbs, 0.5% GHMoGEmb X-100, 0.5% gs@dserodo (pH3.0-10.0),
14 80¢0dmM0 OGHO0MGHMJOGHMWO (©GE) -
0bM99dBHOMwo  3m3MLoMmgds 900 ©J10d00  GHoMEIOMs: 500V 3 Lossomol
3968530 Md5d0, s 3500V 17.7 UBosomols o63s3emmdsdo. mzommgmmo bE®mo3by 40
90366580 30d ©3JMbs.

33prbsbferds.  LEGHMO3YOOL  bgwsbowro  AIPHMbILHMEMGds  Tgdgao  Bgz0d0m
90900b5M9Mmds: 15 fyoo 0.05 dmsdr o G®ol-HCl(pH6.8),6 dcmmstrmeo dommgsbs,
30% @0oEgemeo, 1.3 bs@Mowdol my3owbmeasdo (bol) ©s 1% ©EG.s 30093
3900090 15 §mmo 0039 999500396mdol dmai3gdo GMIgwos ©GHG-L boggwow 2.5 %
00QM539H9d0o©L F90(35300°.

bl 9¢799(9®%30G9bo. BL 29w-99wdGHOMBMOGIHBO  GHoMgdm®s 1 33 Lolgol
12.5%-0l bobgol 305300 s30EoL 29bg MmMo Loggbmemoom: —10mA/ygaby 80V 1
Lo o 12mA/yganbg, 150V17bss00b 496353emdsdo, + 25 aeMobo 3H9gd3geo@weol
306dq0do.

0530 3

9909039, 13560MYdS s 5b3EPOBO.

30053605doEoL  39egdo  00J0gdMEs 39M3bwoL  Lswgdsgom- L3gEosw )Mo
30Gom, 053050 33GM39IPOM A MEIMISI30OL  LogzgbEL,GMIgwos  bgwol
8909wg BodBHmOL FoMdmoygbl dsbl-bdgdGHO™IgEHOOLsmM30L. 39M3Ebwom dgrwgdowo
39gd0l  B3o606Mgds bmME0gwgdmos  b3sbgMom _ “Imagescanner IIILabscan6.0(GE
Healthcare).” 356@96@0m 253mLobmegd9d0l  OROGHIWODBIE0sL, GMIgwms 99990

50353905  bmM(30900JOMEs  3OmyMsdoo ,ImageMaster2-Dplatinum?7.0“. Bggbo  2-
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396BMmdogdosbo  gugd@GOMmzmOHgbol  LBobEGHgds Fglodwgdemdsl odwggs 6 29wol
9ONOOMO BMOHIHOLS s FgLsdSFOLOIE 355650 BGdOm ffofowgdol dsmEbgbs 0dd-ol
P2 09903656mwo  gModgool  2-2 Bodndb  396Mv0  odbffagergwo  fofowgdosb
(993065@gbmdol Bab@o >85%), 3o sALHsgrgro Fofowgdosb (»306msEumdol
AILAHO <65%) s MBGHMmIb0MYdMo Fofowgdosb. slgmo GHodol 3s by 6-x9gH oym
BoBo®9dmeo (24 Bodmdo GHMgbo®mgdmwo (ofogdosb s 12 s6Go@MmgbocmgdmE0sb).
9939608963930l M30MMgM Lgeosdo 35MBg3EOM 08 (30¢gdL, MHMIwgdog b I30M9
2-%96  35bLbgs3wgdMm©bI6 gMTbgMOLOYIL  396R0©, BFMDI® WS  IMOEHIMBOMYOM
6001393l ImE0L.0Mbs(39d900, 08  @odgdols  dglobgd  MMIWgdog  Mbb3wYOdM©HI6
9603569l 5Q0dgdsMHgMdol  dobgzom  (0BmgwgdBHOHmo  HodGHowo,
g3 ®o  Hmbs)bbgosolibzs  9Ju3g6H0d9bEHgddo  ©sMYdM®BI6 gMHTbgl  MmG-
390560 t-GabGom. mv) bbgomdol Lo®)dbmgds bs3wgdo oym 0.05-Bg sbgmo wsdqdo
59m0FMH90m©bgb o Fol-b3gEHOMAgEHOYE (L) SBoeP0BsTY 0BsbgdMBYD —20-C-by.

39¢ndo @sbergBs s Jb 565670 Y0.35bLb3539d0Mws 9duL3MYLOMGOMEO S8MFMHOWO
BOWM3560 gdgdol obrgBs, Fol-B3gdEHOMIgBHM0s s 3933H0IIOL MsbsF0WI3MMDYdOL
965¢0D0 Bo@oMs 399dG0x 0L »6039MLOEGYEGHOL 3OMmEgMmIozmw 396G®do.

39¢»do ©@3bem965.bm6E09wIdM© 50m3FMH0E0 3ow™m3s60 59d900L
39RIOMEGS, 900 OEBHG-0 S SWZOWOMmYds 0MPM(39GHSF0Om, 3ol d9dyma
bmME309WYd0©s (3000l 29do bRy GH®03Lobom Jmgero Vol yobdsgzwmdsdo 37°C
-B9. 29bwghol 9999y GHOMIOMS 396GHMOBMA0MYds s FoMgdMEo 139bo@b@o
399099gbgdms 35B-139dGHOMIYEGHOMEO 65O BOLIMZOL.
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3906690 o BsBol JOmIs@macmogooom Eksigent Ultra(EksigentTechnologies) dsmoo
06930l JOMIsEGHMAGRoMwo  LolEgdol  godmygbgdom. GHwAdML  ©obgdol  Lobdstyg
3950039605 300 Bsbmero@®L/fior-do. Lgg@o® 399moygbgdmms PepMapl00b3g@o (C18,75pM
i.d. x 150mm,390360bo bs{ows3zgdol Bmds). 393¢0©gd0l bstrnzo s0@sbgdms xge {obos
1393)-390GMox Dy  (AcclaimPepMapl00C18,5 dozmmbo bsfoerszgdol bmds100A) 0.1%
53mEIol g535L b0, HMIOL OMULSE 30O 3Jmbs FoM0gdols dmE0gdsly
39330900l BM3MLOMYOIL  9b5eOGHMEO ©OYMBFY.29dbLbgs©  A5TMYgbgdeo odbs
09500+0.1% Bm®Iol 9535 (5-bLBsG0O) s 539BH™b0EHM®0w0+0.1% @mOIol Tgo3s (d-
blboM0). 998m09gbgdms 5-55% & blbsol gMoogb@o 40 {momol gobdsgarmdsdo. LTQ
0bLEGHOMIPGHOL  FoMmzs bgdm©s  Bmbs3gdby WM I0IIM0dsbgMom,  MMIOl
©OMBSE 30M39Wso  B396oMgds bmGmE0gwgdm©s 9936Mbgdmwo gsBob LggE0©sb
9006900 0mbgdol  m/z206083690md0l  oboygbs.  ®v) bgdms +2 96 +3
00b900L9G9J309, obobo 533MB5GHEO© 399m0Yym3m©bb, 3960300696
5365309653096 (X bgdom 459mfI3gMEo obmEos30s - collision induced dissociation-
CID) s begdmes a/db b39ggd@®Mgdol 49bgesisos.

99639603963 JooL  FgmMg  LgMmosdo (3 39boIEO  FoWwM3zsbo  Fmerg3mEol
000963H0%3035309)A sbs¢Erobo bmM3090gdms OrbitrapVelos Lol ds®y. 393EH0gdOL
©OYmRs  BmO309©gdmEs  domoewo  iBg30L  JOMAsGHmaMozome  Lobi@gdabg-
EksigentNanoLC-1Dplus(EksigentTechnologies),53999c0gd603 39900949gbgdmMmqs
3906bgdo  RsBoL  JOMAsBHMYMI70s ©0bgdol LoBdo®oom 300 bsbmerod®o/fimomdo.
139BL Pommoqbs PepMapl100 bgg@o (C18,75uM i.d. x 150mm,3d030mbo bsfjogszgdols
BMds).  393GH0EIB0 09330039000 0GB IdM©s  Fobs  139@H-35OGH0x DY
(DionexAcclaimPepMap100C18,530360mbo bs{os3gdol ©mds,100A) 0.1% gm®mdol 53530
5 ool gob3s3wmdsdo Lobds@oom 10 dogdmeod®o fmmdo. 53 3gMomol 9999
AWML 49OM300 393H0I00 §0b5-1393H0B F90EBIOMPS bsEobME 139 DY.
blbo6 5-b FoMdmopqbs 0.1% xgmMdol 35535 figserdo s bubs® 3-U 539G ™bo@®Mowo+0.1%
gmOIOL 85535, 359m0Yygbgdm®s  gMs0gbBo  5-50% blLbsMo. gsbEBHo  mbggzso
JOMF5GMYMHoR00©s6 Fgooms dsb-139JGHMMAYGH®0  9egdBHOMIGLBLMGIOL  [goOHMsb.
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9006900 0mbgdol yzgws m/z0mbsggdo 0Bmdgdms OrbitrapVelos LoLGgdol db-
3b65¢00BsBHMm®om  30,000-0L  256MHhg3500Md0m. dMbs390  ©sTMI0IOdMo  13SBoMgdOL
1539000 bMME0)EXEIdMES 0MbBIBdOL FodM(35¢0 353905 O BoBMIM0Z 0MbmE bogzsbado
305399606905 @IRbYdOm 259M[)39Mo  OLME0E00m. YM39ew039 3oL FJEIRO©
dooegdmes  du/AL  L3gdBH™gdo. ombgdo  AMbGHoo  +2-06  +4-0g  FgoMBgmo
5353996 5300Bsm300.

Jmbsgglors 85Bol  ©s09053905.06  5bsewoBol 0999y domgdmeo  dmbsigdgdo
0m0530090m©s Bioworks Browser-ol (39Mbos 3.3..1 SPI, Thermofisher) Lodwocnrgdoom.
gggws  db/AL  B3gdBH®9d0  29MO0ddgbmdmes DTA  Ggdudméd  xgsowgddo. DTA
3390 900g5M50ddgbMm©s 9O GFooerdo -SSH g3soedo. gl mE0 2590006900 gsowo
365¢00BgdM©s FL3MmEGHOL  33¢0g30L  seramMomdoo (Matrix science, London UK) o
390093990 0093690Mms dmbsigdms dsbsdo (NCBI Gallus Gallus REFSEQ 082019), H0dgeos
390393019127 096580000 930™dsll s 7388293  530bm3go3m6  BSADL.5b5E0BOLSL
399Mm0949gbgdm©s  396580MIJN00l  BoJLoMGOMEO  FIMPOGBOIHE0S WS 79630l
(3390 3ME0R035305. LBo®IMBMgdol D300 0ogm P<0.05-%Bg. dobodsermMo 393EH0ol
3bg960do A9bobowgdms 20.

0530 5

LdRMHIOIE0 BMsJ30MmboMmgds

3OmGH9mdogme 9du39MH0dgb@gddo 0w bGH0R0E0MIdMEo 396osGO (30wMm3560
9939 gdol 00936006060l dgbLogM9gdsd0 dmbsforgmdols 390300l
99b3960896¢39dd0  458Mm0YgbgdMm©s FNE0sbo  3MIMYgbsEBHOL, FOGM3WBIMOO s P2
90@Mdmb®0w-89806 5610 i3MogE0s. dolo Jowgdols Igmmo3s S©0HIO0W0s HBgdmo.
5930 69393G™MMYd0L  XsFMOO  MHOMEIbMOOL @S BMLRMOOWOMHYIOMEO  BMMIol
d9LHogolomgzol 359m0Yygbgdm®s doM™M39d-0m30egdo 3mIMybo@ol BMsdios. dobo
dogdol IgMmEO03s3 SB939 Bgdmm sMoL sefigMogro.

P2 90¢)mdmbo®orm-09dd6sbmmo  ggdodaos  oblbgdms  5%-056  Bo@Momdol
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9m3owgdme  3m3maabo@ol s  F0EGM3WIBINE  REMSJ3090L  9doBHIOM®S  FoLogn-
306396@®0MgdMmo Bl-ob blbso 08ssbasM0dgd0m, MM Lodmwmm 3mb3zgb@Mogos
93903963 0LS S1939 5% ymzooym.

30col  H52@96mB0l  3sbbs bgMms. 439ws  300LsM30L ool 3MbB39bEGMoEos
0LsDPZMHIOMPS 4 35Mr5 g 60dMTdo J03OMO0JobMbOL B5o35L (300l QobALDBLVIMWOo
A9bB-bobEgdoom(Pierce).
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1-296%™00¢g30560 boli-gemgd &OMEBMOGYHBO 30E0530H0EsdoEOL gerdo

(‘bmgso sefgs)

600m09%0, GMIWgdoz 8903930d DMLEG© 30 F03OMAMST (30l S GHe
dm3Mmd90d0 04mxzmbgb bl 4gw-9wgd@®OmBm®gHBrwo dgomm@oo (Solomonia et al.,
1997; 1998; 2003). b@L-gargd@®mam®mgbol 9909y  395bMME09wgdEom  39LEIMb
0mGHobal LEIBIOGHWMWO 3OMEgMYOOL dobgzom. dBEMEH0byOL MOz3MdOL F9d9Y
BHBOL  MBsdOMBS  gBg O 399Gl 9BJBHMIOMdS  Bo@mmEgmbBol
30EGHMYdbg Im(jdgdms Ponceau S blbosoom. gowm@Mo 8999y 0693bgdm©s 3oeowma-
53mbRsGHIOH0 089gO0m, Hmdgeos 0.05% &306-20- dgo3Eo3ws.

43953900b393500530 3oL 3530060909 0L0EJOOLOdCMZ0MYdILZsbMOE0Y
QJyleleelelep) 5%-
0560b5MHOLIIMSEH0LIEdF0BOLBLBSOT006 31905300050l T93Md530.0Mbs390900
Mmd9odg 0ol Jgbsdsdolo bsbol m3EH03zMMo L0d330M030L/MoMmEabmdol Jalsbgd o6
306943H0MYPIMEs  5OF 893> 9gBHobolb s O3 Lbgs MMIgeodg 9mEmsgo  (30¢0l
(housekeeping protein) §0bs0039y, A6 56 sOLYOMBL 5M6S0MO FoErbEH0s BT SBgmO
BOWS 56 39603OL (33¢0egdsll 033MH0BEH0bYOL 3MM3gbol ML (Dittmer and Dittmer,
2006; Li and Shen, 2013; Ghosh et al., 2014; Chen andXu, 2015 ). 580l dogo3Mo B396

393MbGHMOMWIdom 300l oGBSl Ponceau S blBsGOL  Lodwmoegdom, dobogobo
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UGHObINGHYOOL  2odmyggbgdom s  259mBY330L  Lodwmoewm  BsB396909wBg  oymzom
306309G Mo 30¢00lsm300.

53060930 899053090 BEGHBPIOGHMo  0dMbmJodoGmo  3BMEIVIOJO0!,
3903 8Mmo3930s Bow GOl ©3MTs3905L 3060390 sbEHOLbgmmgdom, My3Eb3sL,
59998539056 qLvdsdolo  3gMmdlosBom Jmbodbmwo dgmGmso sbEHolbgMmgdom ©s
390500369058 SuperSignal West Pico Jgdobmedobglgbiom®o Lwmdbdms@oo (Pierce).
RBOGHMYO0MO3BIOMS Ls0bEHIBLOROZSEOM 306D 139309 ME BOOGOMIB 9GO,
M0Awgdoi Hobslfot 4960300bgb ImM3e9350056 ILLOZYdIL 3sLIbols bsBMdMOZ3MdOL
doboef9g3o (Amersham).
3w y-51-0bEsB-E)-51-

0399 b3935800096¢)MH0603d9000EH9BIOMPIMEYYDYR6EIW 39390 OPYdY
0mb9639gL50580L0sbELbyMEgdom.

36(obbyrcmgbo

3G9m0z wo 94u396MH0dgb3gddo 0wIbEHOR0EMIOMWO 3960IEO (30wMm3560
993 gdol  0836Mm0bG0bgdo  L3gE0n03McMs©  dmbsfowgmdol  35¢0s300LIMZ0L
3960Bgm 56H0LbYMgdl Homdmoygbgb:
1. 303w ™bsenMo sbEobbgmegdo P-32-0l fobssmdogy (AB2991, Millipore);
2. 3mbm 3 mbor@mo s6EHOLbLYMgdo obsdob-1-0l Fobsomdwgy (ab14448, Abcam);
3. 3m03cmbsgr®o 56@0LbgMgd0 30059-1/3mM0b0-U fobssmdwgy (ab15895, Abcam);
4.000bm300mbser Mo s6@olbgmmgdo 3939MHmygbmwo doMmmM3oM0dmbm3wgm3OHm@gob
A2/B1-0b §obssmdgy (ab6102, Abcam);
5.30000300™b5¢0 M0 56E0Lbgmegdo dEHg-9-U fobsswdogy (ab69295, Abcam);
6. 300030 MmbsEm0 56EHOLbYMgdo NRF-1-0b (fobsswdogp (ab86516, Abcam) oo
7. 3000030 Mmbse o 563 oLbgmwgdo PGC-1 alfa+beta fobssmdgy (ab72230, Abcam).
3p3-1 alfa-ob 0BMBMOHIoL 0IbEH0B03300LM30L  godmygbgdmwo odbs L3g305303960

393¢oo (ab73600). 08 Jgdombggzsdo vy Ls33eg30 EFOWOL dmeg3Ho  [mbgdo
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LogMdbMdWsE 2963530 IOdMBIL 9B Ts6gOLOYSE B5d0b Bo@Mm g MbBol oMo
03090Mm©s  Fgbsdsdol  dmeg3mwmo  fmbol  95B3969090Bg S  0gdGOdM©S MG
3BGHOLbIwom  35w3-3w3).  foboowdgy  Fgdobzyzsdo  HIOEIPMES  3ow3)
99 GHOMBMOGHO s dermEobyo.

306060l Hobsswdwgy L3gE0R03MMO S6EHOLLYMWGdO FoBmMmd)d539090 0gdbs OGS
ABBIOTEC-80  Bggbo 993390006  05bsbTo.  3mabobol  0©9bEoxo306Mm9d0Lm30L
399mygb9do 0dbs 3930830300 393¢0O J99IR0 930bMTs5379M0 M96580TI3MMBOM
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5006M8553M6M0  3565000009360Mds  J903s3s  BHYMTobscr®  30LBHJobL  39GogemEo
BOWlmSD OB 39380M0gds©. 9BEGHOLLYMW GOl 2olIRMH390s Jmbs 963 09b-55306w96
1393 BY. 96GOLHBYMGdOL B3gE0BOIMOMBS s58M[Ts TgMHBYMds 393(30JGdds (0b. ™Mog0
»39093900" , bwy®. 12) .

533969393HMM0L)-5-1 19d9M009oloY6EH0B034E00LIMZ0L FoMm0Ygbgdms
303mbm@mo  sB6GHoLbgMwgdo  (Borodm®o 1504) HMIgdoE 959Mmobmdgb  xsdmE
©9393GMOL  (OMYMOE  9MIBMBRMOOWOMIOME  s1g3g BOBBMOOWOMGIMM  BMEIsL).
190601831965 HIRMBRMOO OGO OBMOTOLOIDEHO0R035300LIMZ0LYSTM0YgbgdM©
5 9mbmzwmbmMo  sbGHolbgmmgdo  (Bowodm®mo  04-823), GmIgerog dbmwmE o0
53060855396 65d00Dg BMLRMOHOWOOHGOME {e)-51 M9393GHMOE MMM JIgEIdL.

3mabobo s  3owsP32890Lfog3egdmes  3933Gebmem-do@mdmbo®om o
GOAM3BINE  BMod3090d0.  ©0bsdobo-1, gwss-1,  39@Hgemaqbmeo  doMmngmewo
00Mbm3wgm3OMmEHgob A2/B1, 83x3s-1 8990656 do@mdmbo®omw 16msd309ddo. NRF-1-
5 3p3-1 alfa 300056 3mImygbo@do, bmwm xs3OHO S BOLBMOOWOMIINO Jev)-5l
0060390 IME0wgdmeE 3mdmygbs@9gddo.
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99b396089639dd0  godMYgbgdmwo oym 69 GHM9boMGOMEo s 32 sMIGHMIboMmGOMEO
Pofos (32 259mPBq339).

39)-51 69:393GHMMGO0L IgLHogwrolsmzol 4sdmyqbgdmo ogm 21 GHMm9boMgdero
@5 9 5MGHMIPBoMYGOMo Fofows (9 250mbBg33s).

90@Mgmb®omwo ©b3-ob MomEybmdMoz0o 33w gdgdols dglfogws Bsdots 20

&®960693 s 10 5M9EM9boMgdMe HofowsBg (10 359mBg339).

0530 7

M3303mM0 103330039900l gsBMIZS s B33 g30 30Em3560 Fmemg3egdols
50096 d700L ©a9bs.

50mEbMdMH030  sBowobo  bmOE0gEIdmEs  BoMmgdbBg  sbsbmwo  gmggwo
153300930 30@0L dgLsdsdolo WHggdOL OROFHIODI300m S Fglodsdolo Mm3EH03Mo
100336039900 0bM3gdmes LabWorks 4.0 (UVP) 360530l godmygbgdoo.

gmgzgro  3go  990303s  Hofowgdol  sMo@®mgboMgdmo  xamxolb  0dd-ob
d9L5d530bo LMK MIOMWO BOMOJ300ID VI MMb BEBIOEL, Losg (ool
X539960 H5MEYbMds 0DMHIdMEs 15-©sb 60 833-90Y.

(om©gbmdMH030 IMbs399900L  Jobomgds© Yymzgwo 9Judgeodgb@Gyro  6odmdol
wsgdol m3G0396M0 1od330M039 0YMBMOS 03539 BOMOL 35 0dMYOOL bGSbIMEHOL 30 93y -
ol Iglsdsdobo odob m3Eo3zme bod3zzmozgby (Solomonia et al. 2003). 53 3o doWYdo
dmbs3gdgdo  goboborgds  OHmymOmE  Ls33wg30 OOl (FoRdE0MOE,  JA¥)-51-0b)
“B9MOMO0MO M5MmY6Md"oLog0@Ib 24 Losmols 909y.
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530 8
do¢mgmbo®omeo ©bd s MgseHo MmOl 3meodgMsbmo xs33Go
954309

ool Bz0bol Jumgomols dotisbgbs s Forx39bs bobgzomMLRgMMadol 003-sb o
9o6mEbgbs o X 3965 366-00056 39bYbOm JNE0sbo BI-0L godmygmaxsl Dneasy Blood
and Tissue Kit-ol bodmogdom. ©HI-ob 3MbE9bGHME0900 250DMTs bsbmOmm3by 280/260
63 Gowol LogMdgby. doBmdmbo®ommo ©bd-ol sLErgdol MoMmEYbmdol  Jgufogens
39b6bMMH 309 s BoIMHo EMMOL  3MmE0dGMSBMWO XsF3MMH0 Mgodzool F9dz9mdoo,
SYRB green g@®9dzool dgommeoom (Step one Real time PCR system Applied Biosistems).
593033035309L gobogows  fofowsl dodmdmbo®momwmo ©bd-ol ol bsfforo Gmdgwogs
039603S 0965809 930MMdsL bosH ©g3oOmygbsbs 39-5 LmdgOmgmeol -ol 30-9
6939mGH0osb  30G™JOMI d-U 50-9 693emEH0sdg (Lopez-andreo et al., 2005).
593w03mboll 6xmM3oer0Bgds begdm®s 30Mm™M32)wo ©bT-ob dgEs 5g@0bol 29bmsb.
90¢Mgmb®0wo bd-obmzol 359mygbgdeo 3050396MH9d0©sb, BMOZsME 3M50dgMHol
0568080 936MMds 3990090 0ym:

0-3-3-3~G-(3--(3-9-(3-9-9-M-(3-(3-0-M-5-3-5-5-U,

beaem 6939606 365039608 056800©9)3MMdS 0ym,:

(Gl N RC A O R Ot SE R C T G R G R CRE RN ISR

093 53@0bob 93mb393590, BMMZ5ME 360509900 sb530dY3MMds 0ygm:

BG7073707 G777 (3797377770~

9396L 305099MH0L 30 99090 :

333003~ M-00--5-5-3-3 =00~ (3-0~(3-9-9-5-(3-9-00-Q,.

6033900l BIOEOMBOMO  MOMEIbMOMOZ30  FJoMGOoLZzoL  J9dMmYgbgdmeo  0dbs
Comperative Ct dgomeo (Livak and Schmittgen., 2001). do@mgmboMomwo ©bd-ol
96003039 60dmdo  GMIgois godmgmRowo 0gm sMsGMm9bocMgdmmo foffowsl 0dd-

©sb, yz9ws  9Ju39m0dbEGHT0  edMmYgbgdmEo  0dbs  oLLIM(IGIg  (B989M9BL)
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608850.89dmbg9300m dgMBgmeo 6088930l 583¢03Mmbgdol LgdzgboMgds gobbmeMogw s

Q9935Q0935M5  3MBEMM@OL g9gbmdols (396GH®T0 s OIILEMMGOIMwo 0dbs FgMBgmwo
056580800 930MMdOL 5T3W0R03ZSE09.

0mbspgdos fs@3mgggbol m®ds s UBdsdobdoz9ko sbsgrobo

36029 900,329¢n0 996390969980

dmbspg8os fsm@ggbs 36cahgmB8oz329¢ 9763900969980 0®96(H0%0306989¢m0
396c00@5H0 30¢r3560 Jraeng39¢m980L 083H06H0b30L G9bliog®98sd0 Beabspocrgmdol

35€03300b 99639608969 98d0.

59 3030l 94u396M0d963H9dd0 IMbs3Eqd900 HoMmBdmygbowos MM
U396 IMEH0DYOO BoMHOMIODO MroMmEYbMdYdO. Ym39e 2o8mBY3ZL MYEFOWMIWS©
3bsli05MYOL M30L0 35M0(30900 535 09 08 30Ol MoMYbMdOL Jobgz00. 53
395605(30900L 1530056 SL5E0EIOHE 30Ol BSOOMBOMO HOoMEIbMdS (0b. Bgdmm)
6H™Igerodg 3mb3609@ e 6083do oymazms 58 499mB9Y33500 A5dmygbgdmeo bodwdgddo
300l L53MOEM MH3MPI6MDSBY s F0LYdIo FMbs399900 500b0dbYOdMS MMaM®3
3OO ,,EBBIOEHOBYOMYWO FsMHPMBOMO MoMPOIOMDS®.

05309

LEBHOGHOLE0IMO 365¢roDbo.

3OmGHMmdogmer 9dudgModgb@gddo 0w bGHox03E0MYdMEo 3960sGO (30wMm3s60
9939 gdol 00336006060l dgblogM9gdsdo dmbsforgmdols 390300l
99b39600896¢39dd0 B00YdMYwo FMbs38g00 SBsWODBEYdIMPS (39w 3-3ow3g 03d-ols s 366-
obom3z0lL, o6 53 LAHO®YIBHMOIIL LOIosE  Foblbgzozgdmwo Gmmo  530LMOSM
03360bGH0baol  3Mmigbdo  (Bodmbogrgobsmgols  Solomonia and  McCabe  2015).

UASGHOLE03WOO 565E0DBOLOMZ0L 4o8Mm0Ynbrdms 3MMY®sds R (R Core Team). bsbmdMH030
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3960990 ImEYo 5390990 0gbs 300l (96 ©bd-ob) LEIbsMEODOMYPIMW FsGmdom
509bMdsDY  IMEIMOO  300HMOJO0  M30M5BHILMOOL  BHILALS s 3900LEYOHMbBY
©59M30009099d0m, Bososg 890mbzgz0m  RodBHMOL  FoMdmowaabbgb Hofows o
2409mB9335. 58 IMYEoL 25dMmygbgdom 35bME 309w gdOm (30¢ol 56 HT-0b MoMmEYbmdOL
BoMHIMbM SLM30SE00L 33€g35L 30MOBHGLBMBOL BHJuBHOL Boh3969dgMsb s saMgm39
693M9ool  3m9803096EOL 53 965b. B396 3LH o3 MdOM 69269093l
396390039399 o Mgz 033-0b s 366-0b JoMbgbs s Fobrx39gbs 39doLgygMmgdols
dobg30m. gb 25630MM39dM0s 0dom, MM B5d0bs3 30 HMPILSE 39F0LBIMML BogEHMOOL
9953930 LoOHIMbm 96 560, SLOTGGHEMOsl 0Bz 9g3l sYowo - sLfsgwols s
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0O bbos 9339 36MdOE0s, HMI 030 5350053690L BB 30O SLOTgEBHOOSL
0336006060l coMml (Horn et al., 1985) s 5309039 35609160 g6G0@gd0l abffogerols
©@®mU (Rose et al., 2000). 3mLELObsGLMOO LL0d3Z3MHOZ30L B SJLML30BsEMM Lobs3ligd by
0336063 0b 0l 8903 d90hbg35abmeme dsM3bgbs 0dd-do (Bredly et al., 1981; Horn et
al., 1985), obg39, Hmam© 3 6ds M9;393BHMMHJd0L MHoEb3ol OLHogws-

59 3000909wobeMEs (McCabe and Horn, 1988; Johnston et al., 1995; Johnston and Rogers.,
1996; 1998). %3060l sB0sbgdomo dglfogargdo domomgdl, Hmd 0dd-ol mE03g bofowrls
3991905 150336MH0bEH0bYM sLfagzeol dgdymd 30MgdMEo 0bBM®MAs300l J0wgds S
d9bsbgs (McCabe et al., 1981, 1982; Horn et al., 1983), 0099935-356Lb35390)c0o00: doGrx39bs
003 5993009090 IgbLOGMHGIOLS Mg0Mmbolmzol”, MMAgeoi 033-U go®gom 3EYdSMIMIL.
39303, 099 BH6MHgobobyosb 3 Losmols 99dmd dmbgds JoMx 3965 088-0L IBOsbYdS,
0bgxm®ds300ol G9bsbgs, Jotzbgbs 080-Bg bgds sdm30gdwo (Cipolla-Neto et al., 1982).
oM 3bgbo 088 godmoMmBg3s  I0gIMHO 300MHY53000 (30EMIOMI ¢ MmJLOIBIL 30MZ9 o
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9969 bLYBIOMYJYWYOL TMEOOUL. gl (30, 30M0E03MWs© 3508369 M3z5605 MJlosEOMGO
3mbRMOOWoOHIOOLMZ0L; JoMx 3965 083-00, SUYNO JWOIOO 3MEOHIESE0S 56 SO
656396900 (Solomonia et al., 2011). 890m535H90E0s IMVBsBOYdS, Brend ot(3bgbs 003
139(3090B0MYOME0s 08M06EH0bYOL LgbLoEGH0WEMO 3gMMEOL WILSHYoLMLB,
bogoMomm© (HobdLmgdo 3563005609000, GMIgEroi 5393l ol bLodwseEgdsls
99%399G1IO5© 50m30LML S 25553 doml 0336MH0bE0bYOL EOML J0gdwo 0bRMOTs;30s.
B39606536™30 300 gdL, ®Mmd dsGEbgbs 083-0b i3erowo 0d3M0bEH0bY-3gblogcmgdol
B59MYsa00890530 SLMEF0MYOME0 36339990 B3HBOBOZIOO 30O MBOM F>VSO
9930900 bolinsmYds otrx39bs 08F-0sb S b3y Lo3MbEMMM™ 1dbJOdM6
39056M9d00m.

Jmgbobo

BOWs 3mabobo, Lsfiyol 9Es3Bg 00gbEHORBOEMIOMEO 0gbs, MM foffowsl
0350 350IMHOL B3YEFOR0YIMO 5©39HB0IMO dmeg3mws (Hausman and Moscona, 1976).
33606, H™I 36m3Hg0b ol ro 0BMIYMSHBMWO 5dGH03Mds Sbol0sMYAL s 53
139MIGBAL FoMImoy9bl (3000), bobobo 0gbs dgdama fenrgddo (Pariser et al., 2000).30-0b
593L 99L5dGdMBS BoMI)E0 0ymb dmbsfogmdgl 30¢9gd0oL bHMmMO© IH3935d0 o
31939 9MLHMO S B3O (30¢gdOL MgbsMozosdo (Hatahet and Ruddock, 2009;
Kozlov et al., 2010). 56bgd9e0 dmbs3gdgdo 30vm0mgdl 30-0l o 36033690 mdsbY
Bgoe™bgdols ben®dseryo 53996430mboMgdolsm30l: 3E0-0b T9(330o 5J¢03MdYdO
0539330693905 0l 99350 J3JOMD, MIMYMMYIOOESS: 95X 33503960, 356 306LMbo,
356¢0bgBmbo s 580MmEHMMBMO WHEIMIWOHO b3gOHMDo (Andreu et al., 2012). 3o
00600596l (30300M3963H9bMb 36OMUESysbobol LsdoBbgl (Liu et al., 2015).9L dowoen
954300 33900 50056 (3030MmMJloggbsBs 2-0l oMBsgseo ybob
9900053™MM900 33060l 089309)MH0 sDB0IBIOOL POML S 3E0-0b OO MHIMPI6MOdOM
99L3MgLOS ML (3530 BT GdS B3060L SLYMNO IB0SBYdOL O™ (Tanaka et al., 2000;
Liu et al., 2015).
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69303999 ddo ©d 3 sHdME 39036156590 s Tgbodsdola B396 Imgzsbobgm
d9LHogrowo 33060l Jumz0gdol BMOJ30MboMGds 2 BMJ309©: GOGHMIEsDBINOO
RM59 (309 (3900 0s §BEMIWSBINMO doom) s P2 do@mdmbotorman-
353390065610 53Mog30s. B39b0 25dm33193980m Bsbsbos, olfogwsby
©59M 30009090 (33090900 d0EMmIMmb®0w-d9806 6o gMsdaool 3mabobdo o
365 30GM3HINE 3mybobdo. Joc3bgbs 083-do MHgaMglool IMo 3bodzbgwmgbs
3obLb35390@05 8-3mabobls s (3-3mybobl mMob. Mo 303mmgbom, Mmdwgdos
90035690 56 godmMo3boggb Jgladegdgos 58 9x89dE oL sblbs:

1. 3036060l Gomgbmdol DML 5938 39806 569-JoEmJmboMormeo

B9 (30580 5OBYOME 9bEMIEsBINE MgE 03w ddo.

2. 96 M3¢5HBINMHO M9303w Mol 3mabobol BHEMbLEnm3s30s 3ersBINE F9ddMbsBY,
LoQS3 0L 90degds dMbsforgmdEgl 0dM0BEHBROL 3OM39ldo, dommomgdl 0d Bodd by,
&3 ol BoOI0YE0 MBS 04l MR OIOM 5©39HB0SLS O MBS 296530MMdYdIL
9993656990 (30¢0930L LbEHOIBOEODBI(30U.

B3960 WsdMMo@MmMoob obs 0mdgddo BsB39b900 0ym Bgo®mbmwo MxMHgol s3gbomeo
993990930l EoLHoges 1393080329M0 Fo@gds 083-3o S1939 ILFIZW 0L 24 Lssmols
9999 (Solomonia et al., 1998). 9gLsdegdgE0s, M3 3-3mabobols ds@gds do@mdmbomoryan-
9900656 3M5J30580 515939 935380600 0gml dgbliogcMgdols 3MMmEgldo dmbsfiowry
6906™MbgdL ImEMOL 503900l oEHgosLmIb.

3-3mg6060L Lo®fdmbm MM IL0s »30MOEILMBOL BHIBEHB J0TsOMMYdsdo bsbz9bgdo
0Ym 536939 d56x 3965 033-J0, BHM9obobaosb 24 Losmols d939y. d0vbgEs350 5J
Bo®{dbmMgamgLooLY, M30GMsBHILMBdOL FHglEol 100 %-0sb0 dsB3969dgw By
06@9MH3Mm 5606900 LoEoY BLo®fdMbmE 56 Poblbzs3wYdMPS sGOGMIBOMYdIMO
Pofogdols Lsdmsem 35839693 oligsb. Gglsderms, MM 0dobsMgmdIl JOMNEEOHMYIS©
MO0 35M5W OO 3OM39LO: JOHMO3OMJLO 353806090 MBS 0yml dgblogMdOL
3965b35L0056 5 FgmMg- IgblogMgdoL ,,S” Mga0mbols B53MYsE0dgdLML, HMIgEros
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Bsfomdm0og 6oxmdsgl dgblog®mgdolsmzol 13930326 3-3mabobols Jo@gdsls Aot 3965 0d-
do.

MmO 3 6396030l 36Mmd0wo0s, B3960 Jogdmwo 89wga00 30639ws©
90900mdL, dgbliogcMdoL 3MMEmLYdA0 oW 3:mbobol L3gEoB03Me dMbsHowgmdsby.

P-38

0098-80 30gs P-38-0l &m©gbmdol BMs sbffogwsBy sdm30gdver 3OHM3ELL
Do6M08m59bLs 56 G90aRbBg3s bLbgs 1ds6d0. sOEgMm dglfogurow «dsbdo 0dbs
3990309600 L3 LMD ©s353806MdMWO (33€0gdYd0 30GHM3SBINMO P-38-
0Ls™M30L.00FMIMbEOOsMOHO Fo@MOJLo GOHP-9HPO VYR MHJOICO BsoBEos byss P-38
5O M 3o0Bgdero(Muta et al., 1997). do@Gmdmbo®owmw P-38-0bsmzollbgssbbgs
X OIOM0 396930900 0g65 65356169900930.59 (30e0M356 Tmeng3sl G9deros
Q99M932)0MML doEMmJmb®O0L JMOBMEOMY0s S ©0b5303s 9BHMBIA00L ABOm-
BOWs 3563060l gaMosizooom (Li et al., 2011). ol bgo®OHmbmero 3Gm3gL9d0, G®MIgdos
B0 obfogesls s dgblogMgdsdo s GMIgdoE 3B SMOL odmbobwywo
008-do, Iglsderms Imombmgzgl 45de09Mm9d 55633000 dgEsdMmEobal(Gibbs et al.,
2006).P-32 Bsr079c000 0@ ™mdmbo®ools G&meblarszool 30m3glbgddo (Uchiumi and Kang,
2012).30og0s P-32 ob-ob 6™ 309mb0o 5¢0sd0560L 300mb v)x6Hggddo 5063000690l
90¢Mdmb®0owo ©bd-0m 30E0MIds©O F0GHMIOMA ¢ MJLoIBIL 30MH3gwo s FgMeY
bdgHNGMgdol LobmgbL(Fogal et al., 2010).30GHMdO™A ¢ mJlosBsls 306390 s gmMy
19939600099l H>MOI6MBdS OBOHYdS ILFIZWIBY IMZ0IOICO Do oM 3bgbs
00909-80 G&M90b0ba0@sb 24 Losmols Jgdgy (Solomonia et al., 2011) s gl (330 GdOO
390dgds 2963060HMdYOME0 0gmb 998066 P-38 -0l BOILMB.

B3960 d009dmEo 990093990, 306395 F0IMOMGOL 0d5DY, HMD 993G 6)oP-38
9mbsHogmdl sbffogerols s dgblogMgdols 3Grmglgddo.
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@0bsdob-1

©065306-1-0 slogwsBg ©9M30IIMNWO HOMEIbMOM0Z30 DO bsbsbo 04bs
39030mboro foffoegdols dotrzbgbs 088-8o, s36med 565-3H3060L Lbgs Mgyombdo. gl

30 ™3560 dme93mEsotmdmoagbl Bg3-5Boll s dMbsfowgmdl Lobsglmmo

3950329 gd0l ©9303006M00L 3Mm3Eqldo, 3900656900l 25fy39@0l S JsEMobmeo
30033 9dlol sderol yboo (Saheki and De Camilli, 2012). gos ©obsdobols

953M0MY09w0 396900 53E0Mg0L BB 3 OBMBMEODsL-E0bs30b-1, E0bsT0b-2,
©065306-3. ©©0b65306-1 s ©065306-3 063960 9Ju3MgLoM©Yds bgo@mbaddo, 0d3s
0653060 LYo BMOA0WIB, PObST0b-1 Y39 sBY OO MoMPIbMdOm 9Ju3dMGLOMYdS
bgoem™bgddo (Cao et al., 1998; Gray et al., 2003; Ferguson et al., 2007). 0065306 2
99b3Mm9L0MYdS yzgars Jumgowdo(Cao et al., 1998; Ferguson et al., 2007).
39000535H90@005 FMBsDBMYds, Hdols Jobgz0m3, 0bs30b-1 FgMBg300m5 S60L
Bo6r»M0 Lobsglwemo 3903w gdoL A9TMMI30LvBGdsT0. 0H65d0b 3 Fmbsfiorgmdls
©960M0EM J53390D9 96ME30EHMBT0 s 585aB67dg0 BgoO™E®IBLA0E MO0l
69393GH™M900L GHM9x30306230. 0b5F0B-2-I 30 FMOz5¢0 Gmbdi30s 5J3L (Gray et al., 2003;
Lu et al., 2007).

B39bL sM0bger 33¢093903d0, JoM3bgbs 083-do 6565b0s 3 sEHMOBoL 8dody
X933900L oLo3wsD9-sdM 3000900 BOHS GHMJ0b06306 24 Lssmol 9939y, Jo6sd
369, L300 6-9 Lysmol F9dga(Solomonia et al., 1997). 58 8mbszgdgdol Jobggzom,
39330005 30356M5M®m, OHMA Lobsxglwmo 39H03Mwgdol MOMIbMdS SJuMbME
3963065909 5 b6xoMMEGHMIBLIOEHGMGOOL godmmsgzolnwgds dsmbgbs 03d-do
0DMmYds BHMYoboba0osb 24 Lossmol d9dwgy (Solomonia et al., 1997, Solomonia and
McCabe, 2015). ©©065306-1-0l 8mbsfoegmdsbg LobsxglmMo 39H03gdols
3993530609050, J0P0mYOL B39bo BoMgdIo F99A0, MMA Js@Mobol 8dody
X933900 5 ©0b5306-1 Fmbsfoggmdls gblog®mgdol 3m®moM9dsd0
6900ME®56L30GHIMGOOL godmms30LvYBWGdOL 3OHGLObIRLMEGmO FMPLISFOOm.
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43905 939500MEH0o X OHJOOL doEMmdmb®0s 9903538 doEMIMmbOMO0L A5TFHG
5Mbgdl, M0 BMOMIOMYdS B0 (30COM: 309, ¥©9b0b bmzwgm@Ho
AbL3MO GO0 s 303eMB00b D. 53M3GHMBOL oMY, FoEMJMbEOOOOL 3@ oMo
5Mbgd0 s 3500 333Mb9Y6E3 GO0 BoCrIIMO GOl JoFMJmmbr®mogdol doge Lobsdlwmemo
39 309990b 3939006093580, Lobs3LYEO S SLEBHOMOMBSLS S ILHIZSTO M1Y390T0
(Weeber et al., 2002; Levy et al., 2003). 30059-1 ©98030GVIO 002390L 509608690Mm©o0d dodols
3b030Mm9d0L s LOZMEMEO L3Ol sMM393s (Weeber et al., 2002).
B3960 MmMs6%Dmdogdosbo 9dudgmodgb@gdol 89wgyom 309-1 09bEH0BOE0MYdIMo
0965, GO 3 sbHogrrol 4909y ImTsEgdo 30¢0™3560 Jmeng3gEs doGEbgbs 0d0-
do. 999 ddo B396 35B39690 dolo Mm@ gbMmdOL oYd0MO LMD 3MMHgWsEos
230653 gbmdoL GHgLEOL 35839690956 30F5MMYdT0. 3Os-1-0l MOMPIbMdMO30
33%0 0900, 3 38-056 gHMo© o139 Hobs Bod@MIgddo b5B39600 30EHMIMM™A ¢
MdLBoIBIL 30MHZ3gWo S FgMEg LYdIONYME YOOl ELFsZWs sTMI0YOE
(330 g390m9b gMms© (Solomonia et al., 2011) «6s Jommomgdgl do®Ebgbs 0dd-ol
90@Mgmb®omwo 36m@Egmdol 3603369cm356 OBy 033M06EH0by0L BGHO0MEOl
d9blogemgdoL 335¢ol dgbsbgzsdo.

3603 52/81

3063 52/31-0l sLO3IBY FM30IOME0 MoMmEIbMBM030 (3310w gdgd0 b5bsbOS
3omEbgbs 083-o. Aotk 3965 033-0o 3063 52/d-0L MYAOILOS M30MSEJLMBdOL BHILEHOL
953969356 30850090530 LEGHIMBbMS, 939, M30GMSBHIBMIOL BHglEob 100 %-0sbo
9563969090l dgLs0530L0 BLOEOILIOFIMBM® 56 A5BLB33IOMPS sOEHMIbOMHYOMWO
Poforgdols Lsdmsem 3603369cmdoLb. 53605, dobgsgs 860d3zbgwmgsbo
693609b00bs, ©30M5GJLMBOL FHLEHOL JogdlodowE@mOdsB3969dgw0, 56 0gm 1s3doMOBO©
59935093065 Lo®fdMbme 3863 52/01-0b ™bY sMSGHMIBoMdME Fofowgdmsb
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39056930m.0bsRLMOO 3¢sliE0IOMdS LoFoMMIOL IbOOEGEIEO dglgbx 9P IO HBT-
ol 5d3H03Mds ©sIMI0JOIM BHMIBL3MOEBHL s BHEMBLEP0sEOSL, (Sutton and Schuman,
2006). gL 3GM39b900 Gg0dEgds S1939 360dz69EM3560 0gmlb 0836MH0bEbY LEG0dMwols
0bxmM3s300L JgbsbzoLOm30U.

3063 52/31 560L (MBI-3535380609dg0 oW, OMIYWO BsODMWOS
d9L9bx 9o MBT-0l BHMg80306830. 6goOMbMWO 5dE03mds 0f393L 3dM3 52/01-0l
LOBIRLHAY PIGIBI G300l Fordmgd o bgoOHMmEHOMBMWO BogEMmMHDY
59300090990 d94o60Bdom 303t 35935¢Mm0 BgoMmbgdol 3w EmE@sdo (Leal et al.,
2014). 3063 52/01 530 EbMBL J0geE0bols B5BOLYIO 30w sBg sGBYdMEo Tglgbx gMrmewo
»B3-0b 30L-593H030609050 Je9dgb@L. 59 9egdgbGob Lsdswgdom 3¥G3 92/31 58MmoEbMBL
5 ©©960M0E 900 4505030l Moy AglgbxgHyem MHBI-gdL s 3500 FMGOL SEORS 3o E30wa
39306 53538060900 3OMmEHJob 30bsBs II-ls (Ainger et al., 1997; Munro et al.,
1999; Gao et al., 2008). 35931I-0b sLFogwsBY IM30YOO To3gds 890b0dbgds
&®9060630006 1 Lssmolb 89dgg, 35650 565-24 Lssmolb 99dg(Solomonia et al.,
2005).80vb95350 5d0bd 9bs 500b0dBMUL, HMA 3B0M3 92/01 253965l sbgbl 53
3600836903560 96030l gbMOE I M 35E0BI305Dg s Tgbsdsdolo dgligbx gMvyeo
®b63-0b BHMBLEP0sE05BY WS gl 3GM3gLO TgodEgds IMbsfiorgmdgl  OLHsgzEols s
dgbloge 900l 3Mm39L9d3d0.

3063 52/31-0b 9R9gIE0 0§393L BgoOMIsMMEMY0gdL.gL 30w Fgoiegl 3Mombols
Lozl ™dgbL, Gl 3MEo30s 0§393L STOMEHOMBWMW WHEHIMIWYO LI IOHMDL S
bbgo 3 @obolGgdue ©ss350g09gdL (Kim et al., 2013). 360mbob duyoglio omdgbo ofj393L
0@ 0639M9LL, 080EM OMI 30GMIESBINOO 3ME05EH6OOMJdOL gergdgb@msb
5953530069090 (305 3-0b 3MHOMbOL JbQO3L0 SMYRS30 (30 BIOMW0S Moa3900L
B0Bs3LYO 3¢olBHOWOMBIBS s BgblogMgdsdo (Fioriti et al., 2015).
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B39bL doge Homdmaqbow 3393590 dm3999e0 F99900L dobgzom, sEY0w0
5943L do@mgdmbo®omwo 30egdol: 98361sbmwo 3 38-0l s 3s9-1-0b Loz slmsb
539330693790 M5MmEIbMBOL BEOELL otbgbs 083-3o. B3gbo EIsdMMSEHMMO0L
5M0bger 33¢09398do 30 Bobsbos (Solomonia et al., 2011) 30EGHMIOH™A ¢ MmJLOIBISL
306390 5 dgmMg LB IOOL ILFIZWIBY HTMIO0IOVICO DS Tot3bgbs
0089-30 M90b0bg0sb 24 Lysmol 899¢9. 30G™MIOMA ¢ MmJLoEsBSL 13 LdgMgMEo 593U,
L5530 BomYdb0o, 3060390 s FgMEOg LdIOHNJGdOL BSMZWO0 3POMYdS
do@Mdmb®omwo 396mdom s FoMmdmoygblidoggbmdom 3mPOMmgds®O (30¢gdol 0830500
3525w0mUb.sgm0 31w EolwdIONIMM3560, 3 EHMJOHMIMBMINOo, d0396MmINGO
13960396@0L 30MMH0B0MGOIMWO MYYMEs30d OO 3603369 ™3z5605 BgoMmbgdobsmzol,
LoS3 30EGHMIMBOMH0YDO BoMOME ML obsfiowgdmwo rb®moE 900 s sJumbgddo
(80dmboggobsmgols Wong-Riley, 2012).

00mJ0doMHo IgnMmE9doL 45dmygbgdom, 893935IM 3odMY3933W055YHOE0 593U
099 5605 d0@MJMmbOH0wo s d0OHMZYWOo 96mTom 3MmEOMIOIO 30Ol
33093900l 35659 MA0EMJMmb®mowo ©b3-ob sligrgdol (33¢0gdsL.
d09b9s350 F0EHMIMBEMHOME0 30¢0gdOL MoMmEIbMdMO3Z0 (330Egdgd0Ls (BoBHgdols) ,
56 0dbs bsbsbo do@mdmbo®momwo ©bd-ob MHoEbzol alifogwrsby sdm30gdmwo
953909. 9Jb3960T9bEHOL FoGdIMWO FJYRIOO 96 oTMMOEbZL JoBmdmbo®mool
3960(990Ld9L5AW MBS, CoEABE 3BMOOW0s MMT, JodMmJmbo®m0gdol dgmfyds boobgddo
6906 9296965300L Lofobsswdgym 3OmEglos (Chen et al., 2007, 2010). Goysbss B3qbL
9939603963900, 56 0465 bsbsbo Jo@mdmbo®owmwo ©bd-ol 360d369wm3zs60
(33090900, 30bHg35© 0doLY, MHMA 593505 0gm JoBEmdmb®Momwo 30gdols
5LH93BY 3M30090ME0 BoBgds 03d-do B39b0 335M9MMIM, 30 gdol
509bMdM030 (33003900 SBsbogl do@mdmbo®mowo bd-ob BHEMblgzModools
36 39LL.
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B39b 51939 9930LHogwgo Jo@mdmbo®Mome domyqbgHdo dmbsfowrg
G696l 300330900 BoJBHMMJOOL MM IbMdMO30 (3310w 09d0. 5J9sb639 Mbs
5036036Mmm, MHMA 56(39H D0 BBl MM IH RMBI30sL 56 HomBMoYgbL
do@mgdmb®omeo domygbqbo.

9F-9-bom30L L3I BY sTMI0WYOMWO (33K0 DGO Bbsbos Fbmerm
&®9boMgdMo Hofogdols seEbgbs 088-0o. B RB-5 5GOL BHMIBLIMO3E00L BodEMmMo,
™30z 30GHM3sHI0sb JoBMmJmb®0sdo GHMmobldmMEHoM©gds. dodmdmbo®Mosdo
9T~ 930mbGHOHMEqdL JomdmbMomeo b3d-ols d53moMgdgwo 396930l 9dudMgliost s
do@mgdmb®ormmo bd-ob Mg3wo3s3ost(Fisher and Clayton, 1988; Ekstrand et al., 2004;
Scarpulla, 2006, 2008; Shadel, 2008).80&MJmboM0)cmo ©b3-ob GHEMmblgzMod30s MM
LogMgdo gdmbgzg3s M93w035:300L 3OMm3gLL(Pomerantz and O’Donnell, 2010; Agaronyan et
al., 2015).596:035¢ 53 M0 3OHME9LOL 3MEODOS oMPY35¢05 S IBHRB-9-U Mbol
5LHO3IBY 3M300Y0ME0 B, 53533000 ME0 MbS 0ymb 56 JodmdmboMomwo
©63-0b 0930035300056 56 BHEMBLZMH03300L BOILMSL. do@mdmbopMomwo ©bad-ol
SbEgdol HOEHZ0 56 0BOHYdS ILFZWOl OML, MMI35 ODBMYdS doEMmdmbr®mowo
30w 900L MomE9bmds(Solomonia et al., 2011 s OLYOEHoE00L IMbs393900). sdols 2odm
B39b0 33565M©Mdm, HMI I3 GB-5L MoMmEIBbMBOL BOS 300306 3538060730
90@Mdmb®ool GHMbLIM03300L QoBOMPILMB Fotzbgbs 088-0o, 083006:EHOBAOL OHMU.

©oLHO3eoBg  ©FM3NEIOMEO  (33¢P009d0,  Bobsbos  sbgzg  doMmM30L
M9L30MSGHMOYIO BodEHMOOL 9dmbggzsdo (dMOGB-1). BHMIBLIMO3E00L gl BodEHMOo Bobsbo
0d65, GMamO3 LETsGHMOO 30GHMIOMI -l OIYFMWIGMO0 - 3oGMIOMI ¢ MmJLosBsl
bBLGHMGOLbmgol (Wong-Riley, 2012). 3G»3-1-0L  9glsdsdolbo dgbgbxgtrmewro MbI-ob o
30WMm3560  IMg3MEool  MomEabmdol  (33¢0wgds  bgds bgo®mboero  5dEHozmdol
Bodolvbme. 6583969005, ®MB 3MR-1 306H306 5MHJAYoMIdL 30EHMIOMI ¢ LoDl
006OH™M300 3m©0MYds© 10 LBdIOMGMWL s 9M830MHPI30M0 Jbom Jodmdmbodomwo
396300  3MmEoMRME 3 bYdGMMIML. 58 9MO30MPIS0M MY (30500 06 3-1
9mddggdl dBgB-5 Lmsb gMms (Wong-Riley, 2012). 530035, d0%3-1-0b dmddggdols
Lodobbggdo 39300MTo  Mbs 0yml 3oGHMIOMI ¢ MmJLoIBIL 3oMH3gwo s TgmEg
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110909 gdol MHOMmEIbMOdMH0Z3 BOILELD Fotzbgbs 0d3-do  (Solomonia et al., 2011).
06MHx-1 , 51939 990Gl 6AI-b MYEI3GHMOOL LdgOHPIMEgool gdudmglosl(Priya et
al., 2013) ©s 650 3503 5EHF-5Hgdol M9(393GHMMJO0L LdgHDIMEgool 9JudMglosls
(Johar et al., 2012). gl dmbs399900 FommOMgdL 00 BodBHbg, M dOGB-1 dmbsfoergmdl
Bgoembmwo sd@Ho3zmdobl, 9bgmaool Homdmddbol s 9bgMgools dmbdstmgdol dgmmergdsdo
(Johar et al., 2012; Priya et al., 2013;Wong-Riley, 2012).

3960mgJbobMmdMEo 3OMWORIMIGHMOO0M 5JEH03009050 M9(393GHMEMOL ods
305d3H0353MM-1 sqg3s (333 1 9¢0x35) -b Ggdbgz93580, 56 0465 653mgb60 oLfogwsby
©59M300900 MH5MOI6MOM030 (330 gd900. BHMSBLIM03E00L gb 3mdEH035G™MO
300306 56 MOV 53538060930 HT-056, Bo®5d sboLOsMYOL LoD DY Jumzown-
139308303290 M30L6MBOMO 35UvIbO S MMHMO0YOHNJIJIOL BOOMIME MY393EHMMYOSE
5 G6bL3M0330W B5JBHMMJOMH0T 9605 59dEH035300L5M30L, HMGdO3
B0 g00 50056 969600l 393)sdmoBabs s 1533900L3MmTgMLESBT0. 333 1 seg3s,
31939 IMbsforgmdl doEmgmbo®oven domygbgHbdo s MMM0YMJIgEIOL dOHRB-1-0056
(Puigserver et al., 1998; Lehman et al., 2000; reviewed in Wong-Riley, 2012).
50 9mbs(39990D9 YgMObMBOm, B396 33509 MdM MMI JodmdmboMomewo dgmfyds-
©59mR0L 3639900 56 Mbs 0gmb AoobMowo do@mdmbo®momwo MHosbzol
959005396 BomEbgbs 088-0o L3 0L 24 Losmols 90gY.

89 5-1

B39bL 6dMM5EGHMG05d0 BoB39bgd0 0dbs, T slifoge0@sb 1 Lvsmol 9939y
5SRO0 543U e mE-5-1-0b LgMobol 838-9 b5dNBg BMLBMOOEOMGIOL ToBHdsl ILHIZS
593009090 yboom. Bz9b0 9du39M089bEgd0l FoBsbl 99op9bs sy3900bs,
6566905 ) 565 gl FMT53HGOI0 BMBRMOHOE0MGOS 9890 24 Losmol
3968530 d530. L3006 24 Lssmol 9dgy FoMEbgbs 088-0, B3bsbo 0dbs LM
396Lbg0390 eE-5-1-0L LEHIBIOEHO0DYOIMWO FMBBMOOELOMGINWO IR STMOO
5MgbMdOL BMEOMIGOL FMMOL 130MH5EJuMdOL FHILbEHOL 0bEHIM3MEwoMmgdoen 100 %-056
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956396909bs @S 3M5EGHMIB0MGdMwo Fofowgdol Lsdwmsm ool NGO, 58539 O™
3069305 59 LOEOILS s M30MOEJLMBOL BHYLEHOL Fob396909wl Mol 56 oym
LoGHIMbM. sB939 96 0gm LoMHIMbM goblbgsggds otzbgbs 083-3o 100%-056 s 50%-056
0b@9M3m@ 60690 35839690¢0qdl dmMob. 08 3003 JMH0v)dgdol dobgwzom, HMBgdo;
B39bL Boge 5HOL BoBMYSE009dI0 L3~ 353006M90ME0 33¢00¢109d0l JodsMr™
9 30MJodoMEO 33X0EGOS 56 35B0bOWgds 033MH06EH0bYOLIMZ0L 13g3058303IMS.
3mLRMOOWOOHIOME0 O K ITMOO HoMEIBMOOL BsMMOJOOL TGOl SO3gOHD Lbgs
05630 LoO{IMbm 456Lbgs390s 56 Tg0dRbg3s. 139 963 G -1-0l K 5FMMO
509bMdOL S SO G X93MOHO BMLBMOHOEOMGdOL dobgz0m 33060l SM39HM ds6I0
Lo™HIMbM (330000930 56 SPOMObYdS.

5360950 J00gdo 39093900 d0momMgdl 035Bg, O™ AEG-5-1-0l
33bRMOOWoMHd0L (33¢0gd900 0336006EH0b0L O™ OHMDBY ITMI0YIME bsliosmls
5G9MOL O 365 5MOL sboliosMYdYEo FgbloMYdOL FME3056Mm 39MH0MPOLIM30L.
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2.6. 51336900

L. Poforgdols mog0l FH3060l 3GmEHgmdogrmo dgbfogzargdoom s 99damdo
3505300l 9Ju39M0dxbEGHIVO®, 0WIbEHBOEOMIOIO 0465 MO0 (30EHdO

90 Mgmb®0-89806 569 3MJ30580 GMIGdO3 99500369096 olifogrrols s
d9bLogMdOLIM30L B3xEOR03MG 33X0EGdgOL »TMO3MGLsE FoMEbgbs 0dd-To.

2. 00096GH0R0E0MYOMWO (303560 I3 gdo (3mabobo, P-38, 30ss-1, @obsdobo-
1, 3363 52/31-) dmbofioergmdgb 30mgdol LEsdowoBsE0sd0, dodmdmbomomw
53bJ30Md580, LOBIRLMGO 39H0 3OOl YodMMI30L¥IBWGds0 S -MBT-gdol
&®9330306330,6053 99150530B5@ J0MO0MJIL 53 3OMELYOOL o 3608369 MdsBY
sLHo3ol s IgbllogMgdols EOHMU.

3. 90¢Mdmb®omo 30wgdol slfszwsby sdM30Yd0-3)30BR03MNMO
50M©gbMdM030 BOHES 56 5MOL Q9B30MHMIYGOMO doEMJmb®mogdols Hobzol MBdGmsEIM™
o5& 9d0m.

4. 3@) 6-1 bgHobol 831-9 658D FMLBRMOHOWOMYIBOOL Loz L3xE0R03MMO
35%)905 56 89096935 3960690006 24 LHs5xOL 93 WS MO B3Y(305303M0 Wb
094l dbmem@ ©sbfogerols s dgblog®mgdols 5EMgreo BEsE0JdOLIM30L.
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