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Ukonceny projekt Studoval ako spolupracuju mitochondrialne Saperony, ATP-zavisla
proteaza Lon a mitochondrialne protein kinazy a aké u€inky moéze mat fosforylacia tychto
proteinov na ich Strukturu, funkciu a vzajomné interakcie. Stanovené ciele projektu boli v
plnej miere splnené.

Pripravili a charakterizovali sme ludské mitochondridlne proteiny: Saperén TRAP1,
Saperonovy systém HSP70 zloZeny z mortalinu a jeho ko-Saperénov, GRPE1, GRPE2 a
TID-1S, ATP-zavislu Lon proteazu, protein TFAM a ich viaceré fosforylované verzie. Na
pripravu fosforylovanych proteinov sme pouzili ortogonalny amber supresorovy translacny
systém v E. coli, pomocou ktorého sme priamo do aminokyselinovej sekvencie cielovych
proteinov zabudovali fosfoserin alebo para-karboxymetyl-L-fenylalanin (pCMF),
neStandardnu aminokyselinu sluZiacu ako analdg fosfotyrozinu. Zabudovanie
modifikovanych aminokyselin na konkrétne miesta purifikovanych proteinov sme overili MS
analyzou a kontrolovali ich spravne usporiadanie pomocou NanoDSF. V pripade Lon
proteazy a jej mutantov, ako aj komplexu mortalinu s GrpE1, sme Strukturu dalej analyzovali
pomocou cryo-elektronovej mikroskopie (CEITEC, Brno). Ukazali sme, ze fosforylacia
vyznamnou mierou ovplyviuje aktivity Studovanych proteinov a tiez rozpoznavanie a
Stiepenie Lon protedzou. Vysledky poukazuju na vyznamnu ulohu fosforylacie pri udrziavani
mitochondridlnej homeostazy a jej mozné ovplyvnenie v patologickych procesoch.
Sledovali sme tiez vplyv zvySenej expresie alebo delécie Lon proteazy, resp. jej inaktivacie,
na celkovy mitochondrialny proteém. Ako modelovy organizmus sme zvolili kvasinku
Saccharomyces cerevisiae, nakolko delécia Lon proteazy je v fudskych bunkach letélna.
Pozorovali sme, Ze pri zmene hladiny Lon protedzy dochadza k dysregulacii velkého
mnozstva mitochondrialnych proteinov, priCom takmer Stvrtinu tvorili proteiny OXPHOS
systému s délezitym vplyvom na mitochondrialnu respiraciu. Vyznamnym zistenim je aj
skutoCnost, Ze v kmerfioch s deléciou Lon proteazy nebola identifikovana takmer Ziadna
mitochondrialna DNA.

V spolupraci s Katedrou genetiky PriF UK a Chemickym ustavom SAV sme pomocou MS
analyzy proteinov izolovanych z purifikovanych mitochondrii S. cerevisiae detegovali 314
sukcinylovanych mitochondrialnych proteinov a identifikovali 1763 novych sukcinylacnych
miest. Z vysledkov vyplyva, Ze vacSina proteinov mitochondrialneho nukleoidu, ktory
pozostava z mitochondridlnej DNA (mtDNA) a mitochondrialnych proteinov zbalenych do
nukleoproteinovej Struktury, je sukcinylovana in vivo. Sukcinylacia proteinu Abf2
(kvasinkového analogu TFAM), hlavnej zloZzky mt-nukleoidu S. cerevisiae, inhibuje jeho
DNA-vazbovu aktivitu a vyrazne znizuje jeho degradaciu kvasinkovou Lon protedzou in
vitro.

Uskutocnili sme tiez pilotnu Studiu fosforylacie mitochondrialnych proteinov pomocou in vitro
kindzovej eseje celého fudského mitochondridlneho protedmu. Pomocou MS analyzy sme
identifikovali velké mnozZstvo fosforylovanych mitochondrialnych proteinov (11608
unikatnych fosforylovanych peptidov), medzi ktorymi su aj nami Studované proteiny Lon,
TFAM, Hsp60, Hsp10, mortalin, TiD-1, GrpE1, Trap1.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku

(max. 20 riadkov)

The finished project studied how mitochondrial chaperones, the ATP-dependent protease

Lon and mitochondrial protein kinases cooperate and what effects the phosphorylation of

these proteins might have on their structure, function and mutual interactions. All specified

goals of the project were fully met.

We have prepared and characterized human mitochondrial proteins: chaperone TRAP1, the
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HSP70 chaperone system composed of mortalin and its co-chaperones, GRPE1, GRPE2
and TID-1S, the ATP-dependent protease Lon, and TFAM protein together with their
multiple phosphorylated versions. For the preparation of phosphorylated proteins, we used
the orthogonal amber suppressor translation system in E. coli, which directly incorporated
phosphoserine or para-carboxymethyl-L-phenylalanine (pCMF), a non-standard amino acid
serving as an analogue of phosphotyrosine, into the amino-acid sequence of the target
proteins. We verified the incorporation of modified amino acids at specific sites of the
purified proteins by MS analysis and checked their correct arrangement using NanoDSF. In
case of Lon protease and its mutants and the complex of mortalin with GrpE1, we further
analyzed the structure using cryo-electron microscopy (CEITEC, Brno). We have shown the
phosphorylation substantially affects the activity of the studied proteins and the recognition
and cleavage by the Lon protease. The results indicate to the significant role of
phosphorylation in maintaining mitochondrial homeostasis and its possible role in
pathological processes.

We also studied the effect of the increased expression and deletion (or inactivation) of Lon
protease on the overall mitochondrial proteome. As a model organism, we chose the yeast
Saccharomyces cerevisiae, as the deletion of Lon protease is lethal in human cells. We
observed that when the level of Lon protease changes, a dysregulation of a large number of
mitochondrial proteins occurs. Interestingly, almost a quarter of all identified dysregulated
proteins were proteins of the OXPHOS system with a significant impact on mitochondrial
respiration. Another important finding is the fact that almost no mitochondrial DNA was
found in Lon protease deletion strains.

In cooperation with the Department of Genetics, FNS UK and the Institute of Chemistry,
SAS we used the MS analysis of proteins isolated from purified S. cerevisiae mitochondria
to detect 314 succinylated mitochondrial proteins and identified 1763 novel succinylation
sites. The results show that most proteins of the mitochondrial nucleoid, which consists of
mitochondrial DNA (mtDNA) and mitochondrial proteins packed into a nucleoprotein
structure, are succinylated in vivo. Succinylation of Abf2 (a yeast analog of TFAM), a major
component of S. cerevisiae mt-nucleoids, inhibited its DNA-binding activity and significantly
reduced its degradation by the yeast Lon protease in vitro.

We also conducted a pilot study of mitochondrial protein phosphorylation using an in vitro
kinase assay on the entire human mitochondrial proteome. Using MS analysis, we identified
a large number of phosphorylated mitochondrial proteins (11608 unique phosphorylated
peptides), among which are also the proteins that we are studying, such as Lon, TFAM,
Hsp60, Hsp10, mortalin, TiD-1, GrpE1, and Trap1.
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