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Abstrakt

Retrogr 8dndgn &lrn8lpadorp&hhaas jnitochéndrieméaz i ] 8 d r Raimo c 2 retroc
dr 8hy se kv é&accharenyse®cerbvisiRey y o v n §\hajr 23 sgpéocd?mmiirpkoa mi

gi vipako j e ol aetZpdmwi Ta §gipBierhod na chpotle& zdr o]
mi tochondri 8l n2ho membr 8nov®ho aptoirensp &fl &in B |zrn o Btt
citr8tovWwhihtogtiigghbdm2 nek j et Spopeoadepbepkl dtcov® pr
retrogr §dant2S2drRRThG proteiny zahrnuj2c2 transkripl
protein Rtg2p Ret ogr §thm?2 j@&r &1 ogi tND regul ovana8 ppooznmotci2v ni [t
regul 8t dOR df 8bhwnpPD kter8 negativnhD reguluje retro
dr §hy ppdaefdmygieny 8§t ovp@per ox k s o m&dron & aers pwodig®rgy? a

enzymy anapleroticklch drah. Poumprc&virtet s whjr Sma® a
tak, aby p$ékhosahompag $?rzonsitvsid mgojdev? n k y

Kl 2] ov 8§ Saxchammyae cerevisihe r et r ogr 8§dn?2 dr 8hca ,t r 8 aunxt &
g | y o x acykBg, mitodhondrie, peroxisom

Abstract

Retrogradesignalingpathway isthe pathway between mitochonddad nucleusThis pathway helps
Saccharomyces cereviside cope with worseningf conditions of life suchas depetion of rich
nutrientsourcesandnecessity of uspoorresourcesreduction of mitochondrial membrane potentiat,

loss of mitochondrial DNAcausing disturbances in tlogéric acid cycle. Most of thee conditionsare
associated with agingeastpopulations. Key retrograde pathway proteins include RTG transcription
factors RtglpRtg3p and cytoplasmic protein Rtg2p. Retrograde pathway is upregliptseveral
positive and negative regulatoirscluding theTOR pathway, which negatively regulates retrograde
pathway. The retrograde pathway target genes include gedayy fortricarboxylic cycleenzymes,
peroxisomal enzymedransporters and other enzymes of anaplerotic pathways. Retrograde response
help cells to modify their metabolism so thathey areable to overcomeinfavorableenvironmenth

conditions in which they live

Key words: Saccharomyce cerevisiagetrograde pathway, diauxic tsition, citrate synthase,

glyoxylate cycle mitochondria, peroxisome



Seznam zkratek

AD dom®na acidick8 (kysel 8) dom®na

AK aminokyselina

ATP adenosintrifosf 8§t

bHLH proteiny helix-loop-helix-leucin ziper

Cs1 mi tochondri 8l n2 citr8tsyntg8za

CS2 peroxisom8ln2 <citr8tsynt§gza

MMP mitochondri 8l n2 membr novl potenci §lI
MtDNA mitochondri 8l n2 DNA

MTS mi tochondrial target sequence; adresns§
NLS sekvence nuclead ocal i zati on sequence, adresn8 sekyv
PDR pleotropic drug resistance

PDRE pleotropic drug response element

PTS1 peroxi some target sequence, adresng§ sel
ROS reaktivn2 kysl2kovl radik&8ly

RTG dr8ha retrogr8dn2 dr 8ha

SAGA komplex hi ston acetyltransfer8§8zovl kompl ex
SKL serinleucinlysin
SLIK komplex SAGA like komplex

USA ureidosukcingt
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1. Uvod

BunDhDlighas$ i zace a sdPhh&dpreldmhBgbmhi 4 seoul asn®
poznatky kt er ® se jich tvlykajibt@k adsht o ngoiStl ¢ hy T v ®j i v
vbi ot echnol ogi c kpfodukci pgiravina p Scebcrho vip&i§ n 2 gi vieithn2 ho p
pochopen? je tedy elfobrmdizn@mpiehSadgngba@®®h dr ah
dr 8hajené&tfe? e studov8na na mSBadohdromyc@enevisie gani s mu Kk

Retrogr Slag Idvw &8shiane k p aqee 198D skopdinpuePardenh a (1989).

Tato dr8&8ha je drahou vnitrobunhD|lnou a pboRkRE&§ me
na stre, pS2padnh na zho.or g8n®e IdnmEtes Rht T ytamednstatiodinys n

gi vi n, wuadaecreiw® hao nmDNA EnitDNA), g p a t n o umitdchuonnkdcrah #cj 2Z a h
poruchy elektrontransportRehoo Sre§diz2c ed m§ kaiits Sd b
j adergneincTlhkt er® buRce umogn? . pSSiekpagnitt &tsiegoaldi
kprodukci prochal h&r zatiigyBuj anaplerotick® dr §hy,
cykl u a zdr ojbiiomnstyamngsstin todukcignemieEpstein et al., 2001; Parikh

et al., 1987; Traven et al., 2001)

Na RTG dr 8hu maj 2 t ak®® Nwal.isw ug@itvlinrfy RolbGs adg eSrh® v
dus? ku, al e pr odtukh o tjoe hhol eddei gsrkaad apcaek r smZ G Bimgt zdo o
repricmaj ackichRUG2 diREp Ul meopglcdt ams§t a zdroj e, pSi
gl ut am§jakojezap 88 gl utamin a prolin. Mezi zdroje a
amoniak(Tate et al., 2002)

Pro studium|RBG® od B2 &) p S2 padBuilRjkyouy buRky
snepogkontDAA dw Rkynaj 2 mt DNA pomkbobaeamiu j%njDDA Bk y
neobswhuBa@Rkfal ast)j siouy respiraRR® drglablEerknch a
neusakitliev.ovMent8a bol i smus kvasi ngskc hsoep nzZ€nhDm® e kneajt bo® pi €
dysfunkci mi tpoocntoccrtdr i ét r ogr 8dn 2 dr 8hy doovp8inrei t C
i nter merdd B2 H[§prhdsatvdheddni ctv2m .gl Gobxax gt 8v®nb cykl
| 8§ st epemiomech cytosol u a V mietadkoght oggrhdkrail 28t howzRrhiok ag¢ ¥ k |
intermedi §ty, tlotvdr @miktd piisRoMezic 3ttywt§8o i nt er medi §ty
oxal acet 8t , al omosuU kBTGSWr 8hyitestak® dopl Rov §
pomo®Xi Bace mast nl ch pdeoxisoméch (Bpstanreo d).22004;j Teaeeh et al.,

2001)

StavaktivaceRTGd8 hy | ze vel mi dobSe pexpresegerm@T2 na zm
k-dugirttc8t synt8zu (CS29vpekberi §o mec hl(Chasdveke margdr i 2
Butow, 1995; Lee et al., 2000; Liao and Butow, 1993; Liao et al., 1995 i spugtnNDnz2 RTG
exprese&CIT2zvyguj e a polhohundtj8EITEEmRSE 8 ZRotheunjelet al., 1997)



ObdobnhD | ze pSisledovam hDou REGpDiR3s b kheadd] akt §t
de hydr (Ghelstofvskaet al., 1999)

2. RTGdr amajeji regul ace

Pomoc2 RTG dm8zby ga oe h ® ¥ ®meki mitochondrieraac ij 8 @atoe m
komuni kace vede ke koordinadpovieddiabmai enPaohndmikz
(Chelstowska and Butow, 1995; Jia et al., 1997)

HI awminr2ze gu IREG 0 r §jsoy geny RTG Doposud jsou rz 8yrmgeny RTG1 RTG2a RTG3
GenyRTG1laRTG3k - d u j doopthaix leusin zipper (bHLH/Zip) transk p | n 2 afemRTG2 r vy
k-duje cytopl az ma tldkatizadi dinperu RtgkpiRty3fJia estgal, | 1997; 2iac? and
Butow, 1993)

VgechmRyGprSdt einy jsou potSebn® pro transkrip
jednot !l i v® nrtgtaarg2es rth3 dred je2c ezrma pnSE2skl leadde kpe sach o Bvad t
acejta8to zdr aRlmhi a&%u .| B depbea? aBPGt g M8t gaduj 2 j
pr o s \{JRjetalr, 1987)

a. Pozitivn?2 rderg8uhly8§8t ory RTG
Podle soulasnich zealuosvEhlpaJ REFAEintd rven?ami reg.
Rtglp, Rtg2p, Rtg3p Grrip(viz Obr. 1).

" Grrlp
Mks1p
m <«———> | Mkslp «— > “
j +
| Mkslp |
* 3 vsores
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Obr.1.Sch®ma RTG dr §hy.

ProteinyRtglp aRtg3p v 0 S2 dlipmeRt g(3Rt)g, kterT fungufadi ak:
se mezi bHLH transkripln2 faktory



Rtglp/Rtg3pdimerjel ok al i zov § n nebovjc § th®pdddmyz me | k ®DNA ¢g| §bk
na specifickou sekvenci GTCAC, nazvanou jakbdx (viz Obr. 1) (Jia et al., 1997; Liao and Butow,
1993; Rothermel et al., 1995)

Protein Rtglp n8§8ddSes|fnengfujrekcjiiake¢ pltséert ®va 2 b
nespustila tr an §iaetialp1987; Rothdrnoelel al.h199d)e y tTo p pakhrajen
dTl egit ou ndimériRtglpRig3pacdyrt goepriBibovamtial., 2002)

Protein Rtgpjef osf opr ot ei nvbjueRcoeg snen opdrsotkva2 B avti endl aktiBatin e mN n 2
RTGd r §iljyRtglpj e sy ntnetuisz &V &n b e dabahdlee dEubkSeitaydace 2z

Rt glp dosud nebyidav dbjadadma nehraj e neonl8i g8dpnade
funkcivc y t o p (Sekitoratial., 2000)

Rtglpnen?2 sscehopeony®z at na DNAt camup ocbaSherpZskijppimy K
bHLH protei nT(Rotherma etali, 1995Rb g8&p z eRTG], g@wd padnh jeho
vedekneudr genéy tRd ml3az miprotak tdhrslokacRig3pd o j §dr a@etentk de s e
proteinn e mBgan o sob N a §xzmdu MtaDRDGKkant@lovak ediepncTi T2t n N
(Rothermel et al., 1997; Sekito et al., 2000)

R o v rRiygp je fosfoprotein. Fosforylace Rtgafe,na r oz d?2,Jhragd eRdJlegi t o
pSi transl okaciddijm8diwalRtgg 1 p/oRteg3 ppot enRegBp§d nN  f o
| okal i maod\vtaenrTmi n 81 rt2omh ok oncpir ot ei nu, sekinuearthreonmb s a h u j
zcel kov ®h o nokysslia ilweonia rai serin jsou aminokyselingb s ah uj 2 ¢ 2 hydr o
skupi nymohlbtue rb@ t potenci 8l nnD fosforylovan®. Hy p €
vcytopl azmh, zat 2 mco | §8stelni defjossd Beecel dvans§
terming§l n2ho konce RtRBgplmeowildimuip et akhtte@eramBnDrsl
l okal ijz®d$§e, vpr ot o ¢ dypenfesidrylaci{iBlavd ank Pojveesh2006; Jia et al.,

1997; Rothermel et al., 1997; Sekito et al., 2000)

Rtgdpobsahuj e 2 akSilnow realCkoaci (Brbin@86 yaminokyselin (AK) a
s | aradWkonci proteinu (1i 175 AK). Oblast od 176 do 282K pr avdRDpodobniD fung
i nhi bitor (JMetal, D97pRothansetetal., 1997)

U Rtg® byl na Nkonciproteinun al ezen LSDFkmotzevyokaeil npeS$2|
Soul §st2?2amobdtddwR@ADMeakt i vuj 2cRTGranlskyli pcty8B8§mes§
kysel T mi zbyt kgDBEmMmMpDokys @ISemo i ntaecreatgyuljter ames f 8A @
komplexem(Massari et al., 1999, 1996) c opgr ojte i nov I komplex ovliVvRuj
aceylace Nk onc T IBioutl 88T2 SAGA kompl pxAdazp s ku e poRo §j siomy
esenci 81/ n2 pro spr8vnou funkci SAGA kompl exu. P
SAGA kompl exem mohl o v ICIT2 R &meni gcnse s naenfsuknr ki | pnc2i m  gSeAnGu
komplexemd o ¢ Ipoklesk expresgenuCIT2 0 50%.Na z §tkDahtNDo vIisl edku byl
ovliivnDn? Cli2pamolcri pomnmad erakce Rtg3p s@®assh&aAl, ko mpl
1999; Sterner et al., 1999)



Rt g3p t ak® okbvseanhcuij e( ANlLuSc Iseear |daam®IniNz abtHiLoHn neod
Del ece NLS sekvence vede R@g3paad r BEdkitoastalh @00d) ost i t
Al kol iv Rtg3p obsahuje NLS s ek8vdernac.i ,E xnpeodr@kh§dnes eske
obsahujepouzeRtglp Vkmenisd e | e c RTGliseen upr ot ei n jRedgBep, rikmani®@znc ov \
smut aRPG3sve protein &Yygap |(Kameh@zalg 2000) Expot zjSdr a | e
zprost Se dkmote®em zMschiSrpy | mpjoet hoTnT kpeol export dir
zj §8dr a. P SMSNSjekbrepex RtgdeRig8p e r manent nNj B dddmdiliietalo v § n v
2000; Sekito et al., 2000)

Rtglp a Rtg3p spol uto,ntzedraa gjug 2R ThGebd meg@tdree dauk tniav
vy vIgT, ge se tyyseskven| PmemBleynhygplwjz§mtlSedo j §dra pu
r o v n N dimer(&ekito et al., 2000)

Synt ®za Rtg3p je z8visl§ pioopsomldol bu®k’y Nap $2%
buRk§8ch dodhEm?2 RkEX(pareead.,e1997) D2 ky t®t o vlIastnost.i
Il i mi tuj 2c?2 f(RothdrmeletdR TLID7)dr §hy

Rt g2p jepdalt@d nRTGeh®RI Ghilda®reiei ffrehk e dimeruans | ok
Rtglp/Rtg3pd o | (Rathermel et al., 1997Rtg2p| 8§ staed fnddsf or yl uj e Rt g3p. C
dimerRtglp/Rtg3psed o st 8§ v § aslmo ¢ ge@m sk r i pci RT G Sr8ery uol osvoabntl cjt
Rt g2p pSedevg2m cyt o(Bdkitnzemalt 2000k itenakcepRtgapt seinareenm
Rtglp/Rtg3pp r o kp2rta& d Np o d o RotRermeleepal,21998P Si  genlRI@2z Tst §v §

Rt g3p hyperaf ayftorsyll a wiknfib )m(Bdbito ét al.p20@nN

Rtg2p obsahuje $p7(@-like ATP-vazebnou zdom®hao dTvodu(lRYHYt her me
pSedpokl|l §dal ,bige jbayk omoroll epkTaspbd® m8 h adimera RigeprR®. a
Ni cm®nh t en tsonepptBdil (Rptlekmel zedal., 1997) ATP vazeRtg2psed o m®n a
nach8§8zRomcai Na j e pot Seald y® mp rree giurd tad ma krgppteigem e i n e m
Mkslp( } nl ¢ et. al ., 2013)

Veukaryotickl ¢l ®&tgampi Krobesttel54v 866 Ak ( 'vnl ¢ et al
2013) U s a vnwlpg pho@rotein Rtg2p nebyl doposud nalezen.

Rt g2p j e K o korhpfesut (BAGASike komplex) k tpeart 1S 2 me z i hi
acetyltransfer8zov® kompl exy, kter® ovlivRuj?2 t
protein Sptpa nav2c omh&KRgdp Rig2p jepgs on ei 81 n2 pr SLIKkamplexi | n2 a
Podle PrayGr ant et al . (2002) , SLEKI aomRR&gedpnEhyvRGLE

kompl egespSeg§ Rtg2p do pr o maktivoje jeho tRafs&ipod/dzbadov T ¢ h g
promotoru prob2h§ (Pré&Gradegal.g200n ® RTG dr §ze

Rt g2 j e r ovnDgaleesne?n ce x8p anrez ep rtor i(@attathaeyyatetiad, o v T ¢ h
2002)



Grrlp, k - d o v a@RR1 jg podjedmotkou SCF™ E3 komplexu ubiquitinligasyGrrip
je pozitivn2 regul 8tor RTG dr 8hy, pr g teo neS8 s U e id ap U
d e g r a dpyote8smu (kiu et al., 2005)

b. Negativn2 regul 8tory RTG dr 8§hy

KromhD pozitiving cRTG®edwu§ggomnoe § dulycSy 8meaglagtivmP c h
Mkslp, Lsta p odvoud43-3 pr ot epaBmhzB mh 1

Mkslp (AMulticopy KinaseaSupptessamkrpgepl pte
byl pTvodnhD nal ezen | ako n@®atsudrd anchAnraku,el998)l Bo o d NjRia s
byl protein Mkslp url| en | ak o(Diova gtalt, 2002) Fellereta.ul 8t o1
1997) Prekurzorem bi okgho@Eryt alrydsti.n tkRdjlkege dit a rvSotrub
zprost Sedkovg&n Mkslp pSes RTG dBeBithetal.a20 2Bl ke sn
senepS2mo %l astn? kontroly exprese genT, kter® |
represe(Tate et al., 2002) Mks1lp se pod2|l Ronkata@lgal acmuedusSe ko
transkripln?2 ragal Bt k(@oschggnd andMagasakik, 1991; Courchesne and
Magasanik, 1988) Ur e2p je pot SebnigrppétuvpPpuURE3SpPr{ Edek@®h
nezbytnT jSekito et al. MGOB)Hdgket etal( 1999) testovali, zdal i
tvorbu [URE3]. Vd e | e | n 2 c hg2akarng3mes e hp Si BI0ixgrew T 20 | obsah wure
kterT je nepS2mim projev é&menipkismiBsntye jUrik 2j packdoa up] SURE
sgl ut am8t em, t vnoerdbol h g 1z 2 (Bdikes ef &l.REO39) Mksl1lp sne dS§gl e
pSep2ngn2 mezi nor m§tlenm nk vaa spi snekiiEdiskébathal. SHOGORIKskp r T s
j e rovnhDg dcrogbiwsetd. 2000 R

VDt gina zjigthNDn?2 teakypegkaizunzhaoar ¢ glildv@aMkrs L pRT
al., 2004, 2002; Tate etal., 200R)i c m®nN exvbsupgdky @20&mj)i) ,etktalr ®
Mkslp jakpbpegolz8§towvnRTG dr 8hy. Tyto vIisllemky byly
sdelmksBege nu dmkeste8a&kci b az 8§ I(Sh@mji & bl.20aD0) n yJ eGiitc2zhp pozor
na stejn®m kmeni byl o opakov8&no jinoa0dmmboniad n®@n
deletovaligenMKSlivd al g2 ch t Sech | &temvismdao ve?2 whjelkme pSeétpade
mkskevedl y ke zvT gamaDLB3wvpaulads® Tgedfiz2m pSedpokl adem

jako negativn2ho regul 8toru RTG dr 8§hy. Na z8klIl
pSipravenl Shamji et al . oP2a0d 0 ®mu fogkaeiprpteir Migsip del e c
(Dilova et al., 2002; Shamji et al., 2000; Tate et al., 2002)

Mkslp je fosfoprotein a m2ra jeho fosforyl ac

Mkslpvcyt opl az mnD mTRigD (Dilova et al.a2602;\Lia €t al.s 2003; Sekito et al., 2002;
Tate et al., 2002)

N-t er mi n81 n?2 obl ast Mks1p obsahuj e dom®nu n
Rt glp/ Rt g3p do | 8dmaa 2a fpro&igosbenm®@i yv8 ramns$iprioibsit et alt i Mk
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(2002)p Seldlp®d ag € Mk snteragovatTs kamnplexemtglp/Rtg3pv cytosolud 2 ky i nt er ak
SNLS sekveRt@g2pbyRohy 3p o i nt er gDdavd et ah,\2002)Naprotiviomtl Liu

et al (2003) pS@aepobkyl §dlkag Bp mohl podporovat fosfo
fosfat §z avlduuet ah,k2003)WPirtot ei n Mkslp je zSejmhD prost !
sdi merem Rtglp/ Rtn@3 pz 8 kRtaglZp proTheddn dr iz2 i nhi bovat
vazbou(Dilova et al., 2002)

lstsgm

\ £ Mks1p)

e

[ T lF [
UL LY
A Mks1p Grr1p | ﬂ s1p proteasome= o W

Grrip T
Grr1- (1 4)p
Bmh1/2p Dominant
Muta nts

MG132
)
>

2
L)

glutamate

A T Target Gene
‘ p Mks1p) — [Rtg1plRtg3p) —> Exgression

Obr.2Sch®ma intepakcei MhksMmp at oegygaRIT(Bunelah@0OB)e gul 8§

Protein Mkslp obsahujgna Gt er mi n81 k¥ se ko wn ¢ADoa®:nath uj 2 ¢ 2 Z b
kyselTch linamezi AKo20Y &325. Dk y s e | ® selv8 fipRoteiny Grrlp a Rtg2p(viz.
Obr. 2) (Liu et al., 2005, 2003)Grrlp ,  ka-ndgenem GRR1 je podjednotiou SCFER* E3
komplexu ubiquitinligasyUbiquitinaceMk s 1 p | e Gm¥v i Bd §oubiguiihem je Mkslp
degradopBot easomu. Pokud | e 1438 pratgnynveS8nz28 nsoupmsat rR&t tge2
Grrlp. SpdGmp $tepmuze voln® MksdAe@hr &Fjoentembicysl ap 8i M
Grrlp(Liu et al., 2005)
Mkslpsen@ e Vv y s\e W staveckviz. Obr. 3)

. Hyperf osftoypdrofvasfior yidvayaopl B snDp vol a433nebo v
proteiny. Vp $2 padhN hyperfosforyl ovan @Dilovadink, 2004 j e RT
Liu et al., 2003; Zhang et al., 2013)

Il. DefosforRobodamlbsforyl acuvoMkns@zip sld®X frideiny a k
vazlRhgp. Kdyg je Mkslp vyvazovs8§n Rtg2p je RT
je rovnhg de fpdSsefm? syt I{Diloggest atl, 2004; Biwet al., 2003; Zhang et
al., 2013)



.  Semi f os f:oMesIstavy, akdyl jeMkslp hypefos f or yl ovanl a jedef osf
Mkslp semifosforylovanT. plTmohzodamamsd, reEer eed
Mkslpjevcyt opl azmhD v olbdd (brext eviaree bl ik Rt g2p. Vol n
substr8t pro nadcr jlp de proteadomiDgowa etai., 2004)

NHgt

glu ;» gin

TOR1/2
T
Rap

Mks1® ~—— Mkst & ~— Mks12“

®— G —

I b
gln starvation
Bmh1/2 Rtg2
strong RTG meta-stable RTG RTG
repression repression expression
(A) (B) (©)

Obr. 3.Vliv § i \nafasforylaci Mks1p(Dilova et al., 2004)

Delece geniMKSlvede kp er manewa i BKGi dr §hy ca | owll gdn @ ea
RTG d( 8mly, et. al ., 2013)

14-3-3 proteiny ¥ 0 S2 rodi nu prmalezesi niTap Ketler @uddp® wot i ck
cerevisiaebyly nalezeny 2 genfkt er ® j sou sekven| nBVHLBWM6I2Z BMHN 2 . J s
jezkratkadr ai n modol osi gn d433mproteinybyly dbbEvenyp Pir oipo dlée sed in T
zmozku dobytka.Proteiny Bmhlp a Bmh2mej sou pot Sebn® pro r Tst na
kagdzBWMi genT zpTsobuje §gpatobdahemate8t inan etha dd lcyhc ene
zdropeuhl 2 ku. Navz§jem preotfed mKlc ezaolmb tBRinm § 5 RE&E3t C
zastoupen Bmhlp neg Bmh2p. Del ece obo(GelpgrieatT j e L
al., 1995; Heusden et al., 1995, 1992; Roberts et al., 1997)

Bmhlp a Bmh2p se Y astpakoegelgatevneétmMNegufgnbd
koncem fosforylovan®ho protei nu -3dkpsoteipy olavykls p ol e |
i nter amgtivyf Rx x9S/ pT a RxXxxpS/ pmot iNiJlko] ek | beRabivkof
terming8l n34MAKRQ PMkslpiNi € m®n N do BMhbhpoomesnyserokazalt
patrnhD se v§g2 do zcel a -knowdic hMinselpm.psbBas$tbar ym2ocu
interakce B8mhlp a Bmh2p nedok8ge s §Bruckmasnetal) 2004 Lhiuieb o v a t
al., 2005, 2003)D&81 e byl a pops38negrionteémndk sRigBasd o yd 0v kn’
i nhi bi ci (v&HEeusddr agchSgeensma, 2001)

PSi oouBEMhipr ot ewichBiz@ v &kl ® muhlaging MKslpavik s 1 p nen? p ¢
deleciBmhpr ot ei nT f osf &krdylgo vre®dli u nfLivoebas., 2008, j2603)Pgklesi t a m§ t
hladiny Mkslpj e zapS2]inhNn vychpo®wEun2m, v klitre®hio MMIsslbp u
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degraduje proteasomuDilova et al., 2004)Delece obolBmhpr ot 2p hs[alju j420t i ng8§sotk
zv 1 gen2gem@ (L stal., 2003)

Bmhlp a Bmh2p kromhD retrogr8dn?2 dr 8hy regul uj
t Seba vezi k(Gelferimét al.t 1995)seup @rvteB@nci §1 n?2 pro RAS/ MA
kask®tdaembpseudoh(Rdbets at &.h897)r Tst u

TOR dnépativnhD regul uje Po2olduk®@ ygemypy rjgae dmngHh
soul §strot a o & pRilva e ala 2004; Tate et al., 2000B0okud buRka roste
sdobr T m zdr,oljORm dd u§sh2ak ui n hi Pokud dojdRIF G| @r & m2 zdroj e
nebo jaeviysRlkvena pTs odooechasspidai pimenyRiglpiRig3pbo ja%kel r a
spugtnNDn?z r et r(dogeiliged a.2 2000;dSekitos €D dl.i 200Rapamycin inhibuje TOR
dr 8hunavozujsmvhy aldoR & 2P orkau dd yjse2 kKTOR dr §ha inhibo
d o ¢ h 8nrefakci kMkslp Rt g 2 p, stejnnN jako kdyg kvasinkovs
zdr oj e niDildva et al.k2004; Liu et al., 2003; Tate et al., 2002)D 0 ¢ &ki§iz ¥ a &i RTG dr §
Zvyguj e E€l&2genu(Peki® eteal., 2002)Rapamycin indukuje expseCIT2 genu,i kdy g
buRKky roditsgbuhamB®em | akTateetdl;2002em dusz2 ku

LST8j e esenci 8| préteingeh 8 x - dh@j PN fruenzk&wei.s INRegat i
reguluje RTG dr&8hu a kontroluje pSemisSovgn2 am
pl azmat i ¢k o (LiuetalndDdlSRoleng et al., 1998sylpjesdu8§ st 2 senhoor u r e,
na hladinuaminokyselinv n D b uMlky 1p se nach&8z2 na RirBpaPirBpat i c k ®
funguje jako tr anspomim® lipidipkouodvoprstyud li alzymaat incakc® 8nzez m b
Za pS2tomnost i amihukonplexsSsykpriBpanakiivujg RiglBarnes eal., 1998;
Forsberg and Ljungdahl, 2001; JBrgens.en et al .,
Lst8p |je sa ud\wlsitvRuljoeg 1TpToRLp requlfjd transiokdqy dimemw Rtglp/Rtg3p
a prost Sedniart 8RT@a TORpropopeny{Ckea and Kaiser, 2003; Giannattasio et al.,
2005)

c. Interakce Mkslp®t g2p, spougt DI RTG dr §hy

Na z8kladhD |jak®ho pavikrslltpu niemt2e rzacgeulj ae oRttjga2spn hXx
kl esaj 2 c? k oZhang rett al.,a2013) ATTR 8§t N meaobe Banio¥I®No vzni
(reaktivn2ch ky(Miteh &taly 2012) 1 adinke&dloTs)t at ku gl ut am§t
d u s @vik @br. 6)(Komeili et al., 2000Tate et al., 2002)

PSi dostat ku ATP ubvyo | mddim PioteRéce ®psd pxe Bpojitostis
hydr oATPZLaiet al., 2005; Zhang et al., 2013) Aby wanglno2 kz vazby, mu s
podle Zhang et al, (2013) koncentrace ATPu Rce pohyboemMUnimggdbalBentr ac?
byl zaznamen§8n minim8ln2 nebo ¢§g&dnl terftoepkotein ATP
zkomplexu s Mkslp. Tento proces jepseci f i ckT a vygaduj e pouze A
Prost SeAT®ibcronlabn t signali zovg8§nani hedobost#dteegm® nz8mNDfnu n
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metabolismus@omoci tak udrgen2 ATP homeost 8zynNDINnmlca®n |
| yz8t etcsheget 8z k a, zda t émnvivovcime otpa mizsnBu sb uRlkayt 2 V
Kluyveromyces lactia Kluyveromyces waltib y I a r o v n lNnijerakce Mkk1® Rt§2p a jejich
ng§sledn® uvol nhNn2z p$i5mM)@Ghpdgetialo 20dR nt r aci ATP (3

Pro studium zmDny nmbirtSaolvd®hdr i §d thé meouPtiat y ( MM
mut ovan ®@oxdkerkmengnut ac2-1 AP®IpuRKYX4k - duj e cytochrom o
j eho del ece zpTsobuj e pokl es melniblr 8§ m8 v Ghhyop e pa k &
podjednotku Fi ATPasy a t2m zvyguj e mediBv §poRKSE plotjemci ®
3x vygg?2 ®WbgRk8Swh ax 2-1 IATPdoch&§8z2 ke zvElRewa2 MMP
prokazatel nhD ni gg2cox4eR me o b)n, ) jktdoynyp odbdydkl®au UMMP a zv
expreseCIT2p Si por kwom8v®n2Bus Pcht o vEel slgedipD kv yesl MMP s
zvyguj eClTex predy zap2n8 RTG dCIBRhe a8vak®&toa &&Ge
byl o potvrzen®genddi &med ®| 5ol tpidiHL kDhaACOL ou RT(
StejnhN tak |l okalizace Rtg3p je z8&visljsg§dnSe MMPpSi
vysok®ym opl azmi. Mi cely et al. (2012) , tak® pSed
jin® faktory neg jen MMP.

ROS vznikaj?2 p3itrmpPesmpwdemioied SiBtstszcakch2003)

Al koliv se pSedpokl 8§dal o, ge byneRoSntngerh | pyr asvpdodupgo
t a k (Mieelhet al., 2012)

Dal g2 mognBWGtd28 re gad racpe®dius 2 kGl wt am8t a gl ut a
dr 8hu. Pro@&diidu sweysvkytuje glutamgt opleasdmiine r P oRk uwdl pj
dus? ku ndinerose ivyslgtuje y §d Se . Pork@udddvajzsilo wj &, gd ws akng t a
mo |vioa, dimer se vyskytue eyt opl azmhD a RTG dra8mh8t jjee iznphri abcoovy
p S e d n(Kmneilnebal., 2000; Liu and Butow, 1999)

3. Retrogr adnbiufokdyp o(vndedt abol i ckada odpoveéed)

ExpressyenT se | i gkypadbejosskiGhudiiemb.RpE§nNg kvasink
cerevisee SV Tj meupravbjododlgs mais t S@akl®m se vyskytuje, zej me
podm2Sn@k se co nejl ®mej eydgst k pe @b atbevépdjeichv
vyl erpg&n2 pSechsd®d haade@in@ice al.,£2600; Traven et al.0Q1)

VpS2tomnost. fermentovatel n®ho zdroje wuhl 2ku
p omoc? substr&8tov@ utkogfaorfyelranteen,t akdy piSa® mDRok §n @
podmznek | e poitt @a¢ petmdijthvibe paktdrgeemsak r i pcechgenT |
mi t oc h oprademy.B$in 2 rtevporrebsyi miztao cphSo?ntdormmbed h § zg2l uke zy v 1
transkripce genT k-duj2c? enzyMy | enp§82 og®hud - &)
kp Sec h odamuBanu a nd@auxieP Si idse@onoivuj e exprese mitochond



funkce respiRTasltn2rhao ¢Slewkdzzcee .i nhi buje RTG dr §hu,
zdr oj i uhl 2ku jakbi y @&c ig (DeRi®et d.f 199 pKdseet ak, 1995; Traven
et al., 2001)

Vmi tochondri2ch prob2hajk® yolchioddT! €dittr@t met
vmi t ochondr.PBimeeg n mpgmTtirx§ ¢ v k ®h agyne 8 £ a 1 katdyzugevzBik
ci traScteut yzZIl CoA @izOx.4).l aTaett §trueakce se Sad?2 mezi al d
reakce katalyzowiatnr88talkkoqne t §z®ws8 ai zoci tr a2 Dal ¢?2
oxal acet 8acipamacd?e hipkrdogerg 8y. mTge sl ougit jako
dal g2nokmsel iny (aspa(Kreb$ and Loaénstainj 1960Jay t gol uptravmmi2n )t Si
citr8toyy®mw @Skl unit ochondr p & MREFGad yHA Ru (Epsein Bt r e g u | «
al.,2001)Ci tr 8t ovli cyklajsen ei ndtTel rergeddsiy it R dpir ami nokyse
met a b o IVietl Tni dT!l egiarmimn @k yoskdelitiong b oxal@d §omeili et al.,
2000; Stucka et al., 1991; Walker et al., 1991)

Gl yoxal §tovl cykl ulsuRle§ dikylQiceressiger dlezhioa jhd @ ne@ !
j e domliNkdivwatt@r medi §ty da @irbdr Styot ®za Zayghlew By stk ii
gl yoxal 8t ov®ho cykl wkijtdRUGuddrzaohroow.8 n aP amoaobcuzn Nkl yso x a |
dopl Rovgnaozxal apet&fi ckl chmepnogd2m2m2e&ke saiktcrisus.t Su kv
dopl Ragywmn al §t ov®ho cyklpS2domreodtriSt gV @ko z w. A
dopl Rpuwlst uz pomEde X apphpouyl FeEpstgnvet a., 2ab; Komeili et al.,
2000; Stucka et al., 1991) Bez pS2tomnost.i gluk-zy se vyug?2vs
na oxaadmicgt By, dovoH iddel2poukolbik uCOKk o je tomu pSi Ci
AcetytCo A j e dopl Rowis§hape mmasgt mi ch kyselin. ZvIigenstg
se projevuj e -wphdi2 kraTtsitcuh nsal odiM ceueibw§ calc,etjSa k o njed oe
kul tury. BNDhemdboghodob®dhocp8kPe&ku aktivity citr
ke zvigen2 aktivity anapl er o t(DixorkandKornbeng, 4969; Lin et n N
et al., 2011; Samokhvalov et al., 2004)
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acetyl CoA
citrétsyntg citrat akonitaza
/ ~

oxalacetat isocitrat

malatdehydrogenaza \ isocitrardehydrogenaza

a.
ketoglutarat

fumaraza fZ—ketoglutarétdehydrogenéza

Sukcinyl-
CoA

S o )
sukcinatdehydrogenaza m Sukcinyl-CoA-syntetdza

Obr.4Sch®ma citr.8tov®ho cyklu

acetyl-CoA

c1tratsynt% akomtaza

/ acetyl-CoA
malatdehydrogenaza

2-methylisocitratlyaza

o~
u glyoxalat ketoglutarat

fumariza / o-ketoglutaratdehydrogeniza

Sukcinyl-
CoA
. r r \ /
sukcinatdehydrogenaza sukcinyl-CoA-syntetaza

Obr. 5. Sch®ma propojen2 citr8tov®ho cyklu

\ isocitrardehydrogenaza
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Signalizace mezi ] 8drem a mitochondri emi j e
zahr chmet@a®dol i smus dus?2ku a uhl 2 ku, kS2gen2 a sp
tak® determinaci dl ouhovDkosti

Regulaceexpresege n T pr ot ei nT ddicthra&t?ghko® hdejtelzz @ iag So\
transkr i pl n®(Fofslaulg i Gyareriea 1929; McNabb et al., 1997; Olesen amdn@&ja
1990) G| wko-t 2 akdmplé¢xeHaps pr o st Suendl nliequese 2gemHAP4, k- duj2c?
protein t vaHaREpoteiky¢Forpburg and Guarente, 1989)

Podojpalo r epr dusgeije rgireséko lz@tud moj e mExurséker.genT m
bTt ovliivnhRDna rTznl mi zdroj i d uksuz ksue ePxopdrl iemukjva | ¢
transportn?2 syst®my a alterndatsa¥kd. dM&hiy chpuE® ox
panm@»S2kl ad amo@oneiketal 2000)PSV i ma & tudd dirho | 2 cjsou dus 2 k L
probiosynt ®zu admhnomop by Senkieiemr me dt § €y o vi®yhtoo ciyrktleur. me di §t
dopl Rovg&ny prostSednictv?2mv§tekakrclh® o xgyllySozxya.l §&lowdha
dopl Ruje oulktiac8®k gt ampec §ammEth®@k ysel idnophRoe §mT tp S2
zpyrw8t u pom@ecXapphouyl §zy PXClKomed et@l., g8080) Stacka et al.,

1991; Walker et al., 1991)

Mezibohatd ®oj e dus?2ku .(R000p selg &iotmaerh§ t Eemaiilétalt, a mi n
2000) Gl ut am8t i n h i(busandeButéw] X999dSeldtdat al., 20081 ut am8t osl oug?
prekurzor pr o lamimkyseintgitamin, argiinalprojik.a Pok ud m@®ldu tua m8 t
chybz2z| mus?2 psiekbuRba w@mdjfdie bi asakmot @zrye kasmizroak yv
ketoglutar§gt, produlNaovpalk yotSktur §oalddgvtTanmgchyiknlae MmT g e |
ket ogbk ytha e &bbbwamiaakyselifKomeili et al., 2000; Liu and Butow, 1999)

Kvalitu zdm®dieu dluse kposoudi GARLAGATIex bt mspedyjyelp
expresev y gg22m je kvalitazg8dlapdOGAPupGARlderi §danoMat,

alantoin, prolin, glutam8t a mol ovina jsou gpatr
zdroji dus2?2ku. TytvdsVieskgdiKymeohtr a@dt wjl2 je( 2000)
dobrdbjdnsakwmoni ak je cNudm®erzBr &pmeiulsie ket al . (:

zakl §8dal na mnNSen? e Xgereea. ¢€200R) ¥ GelcSilbdiny éxprése) g e T T .
CIT2aDLD3j ako ul&tatveéelty. RPSi dr §hby alaniau ammdniaku bytah ,
exprese vygag? (pepgnptSg RTG6tdr 8ma)prolinu a gluta
degradov&8&§ny na amoni ak, zat2mco prolin je degre
degradov8n mnohem ,rycdhd emu ch&W8 nyrodaprreaosziavinl2 ovdl ansot]|
Al koliv je prolin g¢gpat nlgendT2apPLDAdusk®yk ut orneup,r i gres j e
t Dchto genT | e r eptrlicnhotvo§ npo zgnl autt ka/Edit8 veegied U 78 k u J e a h e
produkt jeho degradace |j@T2aR B3 Rokudjp praddkterp Srionigkont r o
RTG dr8ha je zapnuClg2adbLD2apyagkuy de jsee perxopdrueksteem gl ut
n 2 z(koeili et al., 2000; Tate et al., 2002)
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Al kol i v, sge uvEprderssphdem RDR dr lhiuandjBetowgl999t a m§ t
Sekito et al.,2000) Crespo et al . (2002) se pokusi l toto
glutaminsyntet8zy, kter8§8 pSemhDRuj®dijge dst mim@t z chrao jg
uhl 2ku glutam8t em. Po 30 minut §andnBd | peafizace
Rt gl1p/ Rt g 3CQvespod et alj, B)A2) keoll i v gl ut am8t | (kiuanckButovesor R
1999) Ke stejn®mu vIisledkaT2doRySii riT sptBus avimén®RedgiPuu esa m
byl a vel mi n?2¢€lk28a epxoprpeSied meauMB Xs s etzlvydhgtid av i <Z1 e d
vy I8, ge ne glutam§t, al €resppatal.a2602)n repri muje RTC

Jak ug bylo Seleno, protein Mk s 1(yiz Opre6) negat i
VbuRk Sileh gesuRKS1d oc h 8§z 2 k \wyeanoekg®u |eoxvparnelscih a R 6d th? a & k
kdyjevm®di u pS2tomen jedenich®RT &ddro§ Hu ,dutsj2.kugl ut am§t

prolin. Kmenmkskevp $S2t omnost i repri muj 2 c?chTaedtal92002) dus?2 ku
GIutamétJ 4 NH,;*
I \ / .Grrlp

Mitochondrie

Jaw

Obr.6. Sch®ma retrogr8dn2 dr8hy vl|etnD vIivT, Kkter/

a. PSehl ed met abSadchammycesehevisiamNn u
Po vylkolp&mBebj T uhlélkh §ay W@istt®&r nati vn2ch dr
glyoxlal yavwyodgitgnlich enzymQiz. Ow.¢). vl gemey kd kit i v
gl yoxal &iues®berosa&y i vac? (Ri5st@n etlal. §00¢;.Komeili et al., 2009
buRkgj 2 permanentnh az g psmowt oue sPT Btedyzar@hiubsd f® cniae nptrno?

energie pouze pomoc2)esulkotgr 8tagv® |faosstfoo rryd fawcrek | n 2
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z8visl® na glykolTzeBaRIkKyaeindukuijpSitman svernii pkcaij 2 @
mitochondri dj sipokdygd maj Mmek [raveraetak,2001) z dr o] uhl 2k

glucose 6- R
phosphate
Phospholipid
NADH
ethanol ‘ GPD2§ NAD+
15"3 01 T ADH c¢NAD+ glycerol3-phosphate + glyceroI-L
: NADH
> Fatty Acids acetaldehyde < pyqu/ate
ALD4*
PYCT
acetate
ropionyl CoA
propionyl OAA

PXA7 ACS1T lTACH7 /

BATZ2
SPS719 acetyl CoA »

CoA-SH
| ke  mm
acetyl CoA acetyl CoA
CIT2
--------- S a-keto-
Cofe Sl Ji TCA Cycle  glutarate

succinate

) Glyoxylate pIC1
PEX11 Cycle succinate |
glutamate
JENT ‘monocarboxylate AGP2 & YLROO4C ‘allantoate ‘D/PS
YOL119C transporters carnitine  TNAT permease-like glutamate
genes aspartate

Obr.7 PSehled exprese nhRkt elEpbteiretay,®00]) pSi aktivn2 |

U kvasinekS. cerevisiag kt er ® maj 2 s d o § h ddnoocule Prz édbtgrkoagnt o8 dB8m?-
metabolismu. Podlp S2 diy sy unkce sné tiloid ¢ D mamiNPbdle Epstein et. 2001
jet at o ordpovBaANulbuynm&dl e poudgit®ho inhi Pdogra Keéct
zmNDnN regul azteohw 4B @perPejivvoasS| bylcad zvIigena tr:
pSemnNDnu pr oduk b-dxidacemenastb o hi tkly s 2| i n peroxpamech)? faa j 2 c 2
inter mddirStayglPhoxyl §Koa®hokoy&tl BetRkjae dopl Rovat
oxal aclee t8n N | e htoo hdoetroi vd§Ttvloo.duZ se mBDn?2 i mnogstvz2 p
acyl karni tNap S2rkalnasd es &€ zv 1 r az DICL kz-vdydipuRjicé2oe kpnes e § L
pSenagel di kar ICRRIK | dvhp@doy IkkyasrerdSiemangpevil vni t Sn2 mi f
me mbr 8AGR2k a d lhpkkacrzni ti novli transport®r na plasmat.
byl a pozor oexpeseiegen@ T2prem&r i x 0 8 0 mB B b Kvgsmky Bez mtDNA
tedys v T jtabotisewus proddn2 t ak schbpn®yky nejl ®pe pSekonat
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p omoc? retrogr 8dn? dr 8hy dopl nit ¢ h(Epbtddy €t al? oxal
2001)

PSi shwailk pyli pougity 3 inhibitory dlichac?|
Antimycin blokuje reoxidacc yt oc hr omu b . CCCP rozpSahuje elekt
synt®ze ATP a poruguje vod2kovl gradi ent na vn
specificklI i nhi bit or g, podiednetkyl FFAGTIPSkzwyj. e | ankhti ibviittour y |
transportn2ho SetNzce vyvol &vaj2 odlignou bunhlno
bunddkch&z2 pSi poudgit?2 antimycinu. ZmhDnanthranskr
jsou pera@xlsbm@kf2EpsteingetbaRky(e686p)raypnl dgf
od bunhRk s nedhoosut aztvkiegm tA TbPi, o(Epsteinectal., 2008 r o xi s omT

Zvigen§8 prolifermecerpegoni $0mB2b kduidut.i via cnu tnaan |
rtgleg rtglagrig2eea rtgZzebylovp or ovn8d? | e v s k Imm o kh menn en® nd] pae r boyxli ys o
podstat nhohanen g?.i gEPN2 geymleiny RTG dkre§ hy v IpgSe ns@ 2 1
per ox {Kesemal 1995)

b. C2]1 ov® geny RTG dr 8hy

Jednmmolza c2 1| ov] ClMlkg @uifp@jc@r igeemh t kBtzeurr 8tse nach
vmi t ochondri 2cti tar §¥elyak®Dthun2 Jsee t haRkiErcihb ov@sntao uw 2
nefermetovatel n®m zdpypij (REkeyhaht LUewin, 1086)P® .transpartedo § t a
mtochondr i ead reesspngih & Enbitddior®irial target sequenoea N-konci proteinu Po
translokaciCitlpd o mi t ochondrie je tentoro3t7eodmitnackysmel id
od gt (Resenkrantz et al., 1986; Suissa et al., 1984)

Sekvencep Se d @Hhebsahuje Fb o x , m2sto nasednut 2 di mer
CCAAT m2sto pro nduadBuowzl99®ap?2, 3, 4, 5p

Dal gél avich genCIT2RPTSG dsrpluhgyt Njne R TE2zdw y8dhwyj es.e
Pokud jve pairu8 I8aCIT2sxep rsersieuj e . Na @If2cjee e | d X®pree sze&k og
zmNDny retrogr 8dn? odpbdwmiDdic.i tJéekNE& axprneasdenoj epoz o
rozd2 1l Tm. b@RKWBdcEfgeddnim2 aoné hondr i emi kter ® mohou C
vmt DNA. Tyto mutace mohou zap$2|linit inhibici dT
nebo mIgei dbke z(Chel&dwska and Bubdw, 1995; Liao and Butow, 1993; Liao et al.,
1991) ExpreseCIT2s e v 1 r a Za My u ni(Rpehernel ef al., 1997)

ClIT2gen k-duj e pesgRrRit §am§I2np2f g cemyu §jteei Citle t syn

(vz8)jemn8 DNAS ®WDONMA.l o@hae enzyMtyersmi nl8ilgn22 v 8st i, k
adresnous e k venci MT S3I.CitiIlNan e m%Z d R ISloauv nCint si gn8l em pro
mi t o ¢ h(Rosetkrant2 et al., 1986) | pSest o | eN-kdnbeCitppo tramdtokaste | i n =z

peroxisomuo d gt 2 pnut o. D a | gsekRvence204i @ngirtokyseln t2N-konceeje schipena

translokovatprotein do obou omnel, tj. do mitochondrie i peroxisomu. Zitje tedy prototypem
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enzymu s adresanti 0 v 2 c e(Lee et@la 2080) H | aadvrnessingin 8pls eCintac h-8§z2 na
konciproteinuaj e t vo Sen -lysindeucin ¢SKL sekeence)n neb ol i PTS1 a | e
transportCit2p doperoxisomuB NDh e m t r a n s panu sekvend8KL rpeerr 20 xo q@puldd p e n a
et al., 1988; Lee et al., 2000)ransportjz pr ost Se d k o v § n exfporeneptoAproBKlot ei nu
sekvenciPoludje SL si gn8l neptwuraklsporjtev@inta do mitochondr
(Lee et al., 2000)

ClIT2m8 regul al n? m2sto na 506 kbnagmerkter ®d j k-
oblasti(Liao et al., 1991)Exprese genCIT2j e r egul ov8na pomoc?2 DbHLH pr o
prob2h&lpR6g8pRUiI mer , khoxy v 2 sste@46vas3fi2evpromatorfCIT2,

D& | e exswmij&inositolemz pr ost Sedkovang indukce (bHLH prote
pouze u bunhRDk bez mitochondri 8| n?2-boRRboxu (80®a- er odi m

804) (viz Obr. 8)Chen and Lopes, 2010)
Phosphate

2
|no4f2(9 ’!
: — RTG3

Phosphate (Pho4dp)
Mitochondrial deficiency

v

Inositol
|'_ (
?& ) ! Rig13 ¢ Rig1/3
\
—- (%) { ciT2
Ebox-808 Rbox-346 Rbox-312
Rbox-804

Obr.8.l nositolem zpr ost £@2(Rhenvandifpesad0l0) vace genu

Ci2ppom8hizesc? wuldlr dk JS celetismen® u m? fermentovat,
(Rosenkrantz et al., 1986}it2pmT ge | 8 st efunkciTitlpa hr edpiefalkcn®nt n2ch
(Rickey, et al. 1986 a Liao et al.,, 1991t ho vy pl T v §,unkgeeCilpsSe =Wy @ejne
transkripci gentCIT2. TranskripceClT2s e  z v y gsunj2efp éimdpiSiy uhl 2 ku, kter §
ci tr 8klasylao et al.,, 1991) Zv 1T gen § 2pankTtgievi k @amp&intzovat snz2g
citr8tyki®hot ak, ¢ge do mi(Chelstdwska and Butow,d20p; lLidkowejak, ci t r
1991)

Kmeny def pendchCiTt anCIT2 jgoua u x o trnrao f qvl2 (Kimaeind.t 1986)a
uraci |l a z8roveRaoej soet §t ho jlLackebal,200D)oejvie et alh | 2 k u
(1990) tak® Cpreprka8dziadtiu ¥d Sihukat ab.ol i smu mastnich |

Jednmmohadal g2tbvich B TNpez§&hadhD studia jeho
spolu sgenemCIT2pros | e d o v 8 nRT Ga kdt(T@eheytaly, 2002)GenDLD3k - duj ek D§t
dehydrog&n @z se na ¢Ohdsiowskavet at,yl998 mhskripcellD3s e p Si
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aktivaci RTG dr §hy zwwgwpjoe.orbuBdén & kexp rjes eRTHG ¢
akti voypranmdigru geéwiDLD3 s e nach§8z? dva R Dboxy, m2sta p
aktivsgt or u(Chelstgwkka &t Bt PP plia et al., 1997; Tate et al., 2002)

Pro swu expresiDLD3 s t e j n QIT2jpaok oS eRBGI preteiny Rtglp, Rtg2p i Rtg3p
(Chelstowka et al., 1999)CIT2aDLD3j] sou expri movs8&ny ve vmksimkl ch hli
kdyg roste na bohat®m m®di u. Zvigen2 exprese kor
doch§gz? ke zvigen2 exprese genT pro synt®zu |ys
projev np8aktiduaéic?2 BTk 8 cMkélgp Exprese) e r(CT2abDLD3gen T u
k me mtdlee a rtg3a¥mkskene byl a z az nmksbemeSm2a. pok Seba Rt g2p pi
c2 1| ov1 ¢Dilovayeeah Z002)

4. RT G n e zréevti rsd gignalidacd mezimibchondr i e mi a jadrem

PSi rozsg&8hlTch genomovich anallz&ch bunhRk by
kt enre® sou pod kontrmdwhkia ZRUTjGe dmr &rheytan asionglindog) neais t |
mitochondriemi a j8dr em.

JednymnT nem8viRTG dr PPRE kj @ ugr@ttei n | okalizo
pl azmat i c kap amiedribsrkSunph ngj Yedm Dhall et n® | Epladtvo@ic r ez i s
drug resistencé YBalzi et al., 1994, 1987Wbu Rk &8ch bez mt DNA doch8z2 ke
(Hallstrom and Scott, 2000)

Pro expresiPDR5j sou pot SebaPDRt@RDRXt kpaeé®T mezi poz
regul FDRD(Bayzi et al.,, 1994, 1987; Katzmann et al., 1996, 19%rJ i Pdrlp jsou
transkr i plvigyedd elastiPD R Epladtrdpic drugresponseelementi) Ty pi ck§ PDR

obl ast je GC bohat§ a sest(Baz®ansetal.z1896,49Bdrkonce T T
Pdr3p obsahkpgdAcinadem®mu Nzpr ost SdRelaveaudhalg 19943 2 vazb
PSestofdelp adBusekvenl nD t®mNS homologn?y? jeji

buRk8&ch je exprese PDR c2lovlich gem(Delaze8uetas,l § p oL
1994, 1992; Devaux et al., 2002; Nourani et al., 199D)R3j e schopnl aa wteo rsevgRum a
promot oru obfasti2 DODREDcht o dvou PDRE obl ast 2 mTge
(Delahodde et al.,, 1995) Jeho aktivace a akti vacedyesxfpurnekscez
mitochondri?tan®PBespPdméRTEG knteoz8§vi sljlen pemtt @i Nnean s |
faktor | 8§stRIGmRNyr oMN@aj émt propbi RkErRPGlockhE z al f
RTG2genT doch&8z2 k ePDR3yeényHalistromtand Scots, ROOA) p c e

PDRIna r o2PBR3hewd schopnl ea wstve®nme gowloamoe oad uv neob
oblasti(Delahodde et al., 1995)

Pdrpj e membr 8§novli transport ®r p Balf eta@l?, 1984) ABC
Ztr 8ta mt DNA v e d @DR5genutHallstipra andl Scettx 200@e sze§r ove R i ke
rezi stence v TNabpakp $k | ddméPBRSje knaeok cykloheximiduhy per senzi t i \
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(Leppert et al., 1990PromotorgenuPDR50 bsahuj e 3 PDRE obl asti, kam ¢
Vgechny t Si obl asti j sou si rovnocemO® poklgBa st r an
expresePDR5 P S | odstranhDn?2 vgech m2st, byl a exprese n
PDR5st ri kt nD z8visl|l 8 na Pdr IatzmanrPetall,3996)t r anskr i pl n*:

Dal g2 RTG neABO8i skl dujencz2j eprotein pla@mati ck
produkciamoniaki ( P a | k oy Z02)eHBxpreaehenuATO3s e prokazat €bmBANkvygu
PSegset ose uv §d?2genufTO3n eez Sevxi psrleSs %m a n IWKE G segeriechRTG1a
RTG3dochg§zel o ke gemA@3ePno?plnce xranskepshd03j e pot Seba tr an:
faktor Gen4, ni cm®nnN pSi retrogr 8dn?2 o depuS8Yld ik - $eu j if ectil| ¢
podjednot ku pl azmat isenzoRuhexpresdT®3vp hkyuea ®ki bgv@hbeze z
1°bunNk se expre@%eZzt Bahgol al sgedkPunPkl T wFO8xipea e e
z8&vi sl & | enmfnaak ttorraun sGern ddplum2zia t j2 ATO®X M i gsd68% A
RTG genech a 807 60% na senzoru aminokyselima pl az mat i SdyipPtrapSsydpr § n N
(Forsberg and Ljungdahl, 2001; Guaragnella, 2003)

RTG nez8visl8 signalizace je zatbumksBdyo pr oz
Saccharomyceserevisi;e Ve vRDdeck® literatuSe se «lhgeevuj 2
retrogr8dn2 odpovRdi, @eveceez8visllch na RTG gen

18



5. Zaveér

Objev retrogr §dmdz §garSeEmy nptdhadsmmbvisifiek 0 pomohl
| §stepo®mMopen2 vyp§etwénenigélvippPe divadtidk &agrh§din2 dr §h
nejv2ce studov8na nlkvasimky @ eerevisia®Pn oo oga&nijsemur et rogr
pS2tomna napS2| aikapezndkyy?2 s&jaem rhovgpliik@vatietka j i n®
organismyv | et nD. | | ovNDka

HomologyRT G pr &ze¢ ena 41 ovNDka v Rtg2m@EAguilera ettak, i2006;
Biswas et al.,, 1999P o c h oRTe& 2dr 8 hy a met abol i smu kvasinek m
onemocrzPAdsobenlicmt BPNAS&aOodysf unkWy2u gmitt2o cphooznndarti k2T
met abol i smu vnlgep PeSn 3 dlif eetktnT) ket odi et y (FAisedal g2 cl

al., 2014)

Nabxer2oynfpugit?2 gigaaizacapgSi§ dvni2voj i | @kkw apr ;mtkio vl &k
bundeigSi ztr §t Nsint PN mdin@z mt°hok®kmémbrag§ pyzor ov §
rezi stence vTIi t oxi ckT m éxgreség®m, TARSa @ ajnes gakp T ®a bye n

je PDR5.Rakovinov® buRkegzijssteemmtndvmwll)i stexnBkljmakad §
kvasi.nStudimm®enuPDR5mT gtea b ®i sp®dlt e ken?2 medi khmresstencu pot |
nNDkterTch pat oge n@ahdida abikansgshrnutoevkPragac and Goffeau, 2012)
Cryptococus neoformar{shrnuto v Posteraro et al., 2003)

Vit ®t o pr8ci jsou shrnuty douskasireldmnm?2 g@F o zsit autdk yu nx
se mohloz a mNSi t na, pkpeg@lhated b pr oSzt k8ckwerhamj8.s n ®, za
podm2nek a kterl sign§gl je spougtDihDlem Rtg2p.er akce
Tedyj akprj m§rn2 spouRpdleBlo uRaGoHo 8w Tngwr geny 3 mogn
SpougthDlem mTge bTt fzbang ¢ al., WIBNn c ekt @ce MATBchon
me mbr 8 n o v ®h (Micgli ettale 206208 mMD n a dzwWs Bdgmeili et al., 200Q0)Micely et

al . (201®), @m*Bi pkorvogmN MMP j e pravdhRDpodobn®, ge R’
faktory. UovadoeoROS j ako RKRpGugtr Bhdychale tat oMiteyghot ®z a
al., 2012)

PSi inaktivovan® RTG dy€mopl ad 2matiinceky Rtogkliapl/iRa

Mkslp vkomplexu sproteiny Bmhlp/Bmh2p.Dop o s u d nezodpkowBzral@kT mt §z
zpTsobem Mkslp inhibuje translokaci di meru Rtglp
RovnhDg nenkt efra® nkBi n8§zy se podZlamjskr na | Rgdps® of vk & ¢
king8z8ch, kter® se podébyloe pt 2 pud niikooavk8tniov a c i RTG dr

Doposud v2me wveRMIGC m&z§&vi zla®r siug malniapdeik, akt
genATO3(Balzi et al., 1994, 1987; Guaragnella, 2003)

Je proto do budoucnd T1 egi t ® nggeoke a$ bvadit u maREGgenech8alei s | ®
pokusi't se identifikadwadty?2 a RIn@prd& né BTIc@ankedhketrd rz® v at
mohoub Tt dTr Barilte®h vsi tuac2ch a reakc2ch buRky na m
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