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Momusayus u yenv: Candida glabrata sBnseTcss omHUM W3 HambOoJiee 3HAYMMBIX BO30OyIUTENICH KaHAWIO030B H
XapaKTepPHU3yeTCsl BHICOKOW YCTOWYMBOCTBIO K HEOIArompUsATHBIM BO3JCHCTBHSIM, BKJIIOUAs OKUCIUTENBHBIN CTpece.
OfHUM U3 MEPCIeKTUBHBIX PETYISATOPOB 3TOM aganTalliu sBIsAeTCS (akTop TpaHCKpUMIHUU Rpn4, M3BECTHBIM Kak
KOHTPOJIJIEp MPOTEACOMHBIX T'€HOB M KOMIIOHEHT CETH KJIETOYHOTO CTpecc-oTBeTa. HecMoTps Ha maHHBIE O €ro
BOBJICUEHHOCTH B JICKAPCTBEHHYIO YCTONUMBOCTD M PETYIIANMNIO MMPOTEOCTa3a, BKIax Rpn4 B mepecTpoiiky nmporeoma
C. glabrata npu OKUCIUTENHLHOM CTPECCE OCTACTCS M3YYCHHBIM HEeIOCTaTouHo. Llenbio paboThl OBLIO OXapaKTepH-
30BaTh NMPOTCOMHBIC MEXaHU3MbI BHYTPHUKJIETOYHOTO OTBETAa Ha OKHCIHUTENbHBIN cTpecc y C. glabrata npu nenennu
RPN4.

Mamepuanst u memoowi: B padbote cpaBHuBaiu mrammsl C. glabrata WT (nukuii turamm), Apdrl, Arpn4 u Arpn4Apdrl
B HOPMAJBHBIX YCIOBHUSX M HPHU JIEHCTBUU 4-HUTPOXHMHONHH-1-okcuaa (4-NQO) kak MHIYKTOpa OKHUCIUTEIHFHOTO
crpecca [1]. Hdus nporeomHoro aHamusa ucrnoib3oBaid LC-MS1 na Orbitrap Q Exactive HF. Unenrudukarmo
6enkoB mpoBoawiu 1o 6asze UniProt miust C. glabrata ¢ npumenenuem mslsearchpy, KOJTHYeCTBEHHBIN aHAIN3 — B
DirectMS1Quant, (pyHKIIMOHAIBHYIO aKTMBHOCTh M oboramienue — ¢ nomoiibio QRePS B couerannu co STRING.
KoHTponpb KadecTBa MPOTEOMHBIX JAHHBIX I10Ka3ajl CTA0MJIbHOE YHWCIO HICHTH(OUIIMPOBAHHBIX OCJIKOB MEXIY
MTOBTOPAMHM U XOpolee MOKpheITHe TmporeoMa. CpaBHEHMS BBIMOJIHSAINA Kak MEXTy MyTaHTamMu U WT, Tak U MexIy
CTPEeCcCOM M KOHTPOJIEM BHYTPH Ka)JI0ro mramma [2].

Pezynomamei: TIpoBeneHHBII TPOTEOMHBIN aHANN3 TMOKa3al, YTO BHYTpUKIETOuHBINH oTBeT Candida glabrata na
4-NQO conpoBokIaeTCs BRIPAKEHHOM MEPECTPORKOM OETKOBBIX MOTYJIEH, CBI3aHHBIX C MOJIEPIKAHUEM IIPOTEOCTa3a.
KoHTposp kauecTBa MPOTEOMHBIX JTaHHBIX MPOAEMOHCTPHPOBAN CTAOMIBHOE YHCIO MICHTH(PUIMPOBAHHBIX OCITKOB
MEXJy TOBTOPAaMH M XOpOIlIee MOKPHITHE MPOTEOMa, YTO MO3BOJIIO KOPpeKkTHO comocTtaBnate WT, Apdrl, Arpn4
u Arpn4Apdrl xak B KOHTpOJE, TaK U B YCIOBHUSIX OKHCIHTENbHOro crpecca. CpaBHenne andepeHinanbHbIX
OETTKOB M MOCIEAYIOMHNI aHAIN3 000TaIeHNs [TOKa3aJli, YTO Hanboee CyIIeCTBEeHHbBIC N3MEHEHHUS NTPH HAPYIIICHUH
¢byukumn RPN4 3arparvBaioT He OT/EJbHbIC OelKH, a Ielble (PYyHKIMOHAIbHbBIC OJIOKH, CBSI3aHHBIC C Jerpajalueii
MTOBPEKJICHHBIX OCJIKOB M pabOTON MPOTEACOMBI.

Haunbomnee oT4eTIMBO STOT CABUT MPOSBHIICS y mTaMMa Arpn4 nipu Bozaeictsun 4-NQO. JInst Hero ObUTH BBISBICHBI
o0oraIieHus: 1Mo TaKUM IPOIeccaM, KaK MPOTEOJIN3, BOBJICUCHHBIA B KaTaOOIM3M OCIKOB, YOUKBUTHH-3aBUCUMbIN
KaTaboJIMuecKuil mporecc 0enKoB U cOopka mporeacombl. Ha ypoBHE KIIETOYHBIX KOMIOHEHTOB 3TUM HW3MEHEHHSIM
COOTBETCTBOBAJIM KAaTETOPHH, CBSI3aHHBIC C MPOTEACOMHON CHCTEMOH, a Cpeind aHHOTHPOBAHHBIX I'€HOB U OEIKOB
BeTpevanuck RPN10, PUP2,SCLI, UFDI u CDC48. Tako# npo(uiib yKa3bIBaeT Ha TO, 4TO NpH jenelun RPN4 kinetka
B YCJIOBHUSX OKHCIHTEIBHOTO CTpEcca B 3HAYUTEIBHOI CTETIEHH OMHpaeTcs Ha YCHICHHE MPOTEaCOMHO-3aBHCHMOTO
KaraboJin3Ma, TO €CTh Ha y/JaJeHUE MOBPEKICHHBIX WIIM HEMPAaBUIBHO CBEPHYTHIX OCJIKOB, HAKATUTMBAIOIIMXCS MPU
JIEMCTBUM aKTUBHBIX (hopM kucioposa [3, 4]. IHeIMU clloOBaMH, B OTCYTCTBUH HOPMAaJIbHOM PETYNISIUA CO CTOPOHBI
Rpn4 aganrarys cMemmaeTcs B CTOPOHY Ooiee HanpsHKEHHONW pabOoThl CHCTEM BHYTPUKIICTOYHOTO ITPOTEONIN3A.

Eme Oonee BbIpakeHHass MepecTpoiika HaOmomanach y aBoiHOro myrtanta ArpndApdrl mpu geiictBum 4-NQO.
B sToM cirydae, TOMHMO YOUKBUTHH-3aBHCHMOTO KaTabOJIMYECKOro Tporecca OelKoB U MPOTEONIN3a, BOBICYEHHOTO
B Karabosu3m OeskoB, ObUIM 00OTalleHbl TaKHE KaTeropuu, Kak MpPOTEaCOMHBIH KOMILICKC, PEryJIsiTOpHas 4acTHIA
MIPOTEACOMBI, SAPO MPOTEACOMBI M COOpKAa MPOTEacOMBI. J[OTIOMHUTETHHO BBISBISAINCH MPOLECCHI, CBSI3aHHBIC C
Mmerabonuzmom u mnponeccurroMm pPHK, a Take Takue KJIeTOYHbIE KOMIIOHEHTBI, KaK MPepuOOCcCOMa, KOMILIEKC
PHK-nomumepassl I u gapeimko. 3TO MO3BOISIET MPEANONOKHTh, YTO NMPH OJHOBPEMEHHOM HApYIIECHHH JBYX
perynsiTopHbIX (aktopoB kieTka orBedaeT Ha 4-NQO yke He TOJNBKO aKTHBAIMEH Jerpajanuy MOBPEXICHHBIX
0eskoB, HO U Oosiee MIyOOKOW MepecTpOKol OETOKCHHTETHUECKOTO armnapara 1 siepHbIX mporeccoB. Takoil oTBeT
MOYKHO HHTEPIPETHPOBATH KaK MPU3HAK OoIee TAKEIOro CTPECCOBOTO COCTOSHHUS, IIPH KOTOPOM 3aTParuBaloTCs Cpazy
HECKOJIBKO YPOBHEH KJIETOYHOTO FOMEOCTa3a.

Buisoowi: nenenust RPN4 y C. glabrata npy OKHCIUTEIBEHOM CTPECCE aCCOIMUPOBAHA MPEK/IE BCETO C MEPECTPONKOM
MPOTEACOMHBIX W TPOTEOJIMTHYECKHX IPOIECCOB, YTO YKAa3bIBA€T Ha KIIOYEBYI0 poib Rpn4 B momnepKaHuu
BHYTPHUKJIETOYHOTO TpoTeocTas3a. IlomydeHHbIe NaHHBIC MO3BOJSIOT PACCMAaTPHBATH KOMIIOHEHTHI MPOTEACOMHOM
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CHCTEMBI KaK IepCIEeKTHBHBIC MOJICKYISpHbIE MHUIICHH Ul TaJdbHEHIIero aHalin3a MEXaHH3MOB CTPECCOyCTOHYH-
BOCTH U TIOTCHITHAJIFHBIX MTOJX0A0B K KOMOMHIPOBAHHON TIPOTHBOTPHUOKOBOH Tepanuu [5, 6].
Qunancuposanue: Pabora BeIoaHEeHA IPH mToaepkke rpanta PHD Ne 25-24-00956.
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Motivation and Aim: Candida glabrata is one of the most clinically significant causative agents of candidiasis and is
characterized by high resistance to adverse conditions, including oxidative stress. One of the promising regulators of
this adaptation is the transcription factor Rpn4, known as a regulator of proteasomal genes and a component of the
cellular stress-response network. Despite evidence of its involvement in drug resistance and proteostasis regulation, the
contribution of Rpn4 to proteome remodeling in C. glabrata under oxidative stress remains insufficiently understood.
The aim of this study was to characterize the proteome-level mechanisms of the intracellular response to oxidative
stress in C. glabrata upon RPN4 deletion.

Materials and Methods: In this study, C. glabrata WT, Apdr1, Arpn4, and Arpn4Apdrl strains were compared under
normal conditions and after treatment with 4-nitroquinoline-1-oxide (4-NQO) as an inducer of oxidative stress [1].
Proteomic analysis was performed using LC-MS1 on an Orbitrap Q Exactive HF instrument. Protein identification was
carried out against the UniProt database for C. glabrata using mslsearchpy, quantitative analysis was performed in
DirectMS1Quant, and functional activity and enrichment analysis were conducted using QRePS in combination with
STRING. Quality control of the proteomic data showed a stable number of identified proteins between replicates and
good proteome coverage. Comparisons were performed both between mutants and WT and between stress and control
conditions within each strain [2].

Results: The proteomic analysis showed that the intracellular response of Candida glabrata to 4-NQO is accompanied
by pronounced remodeling of protein modules associated with proteostasis maintenance. Quality control of the
proteomic data demonstrated a stable number of identified proteins across replicates and good proteome coverage,
which allowed reliable comparison of WT, Apdri, Arpn4, and Arpn4Apdrl under both control and oxidative stress
conditions. Comparison of differentially expressed proteins followed by enrichment analysis showed that the most
substantial changes associated with impaired RPN4 function affect not individual proteins, but entire functional
modules related to degradation of damaged proteins and proteasome activity.

This shift was most clearly observed in the Arpn4 strain under 4-NQO treatment. Enrichment was detected for such
processes as proteolysis involved in protein catabolic process, ubiquitin-dependent protein catabolic process, and
proteasome assembly. At the level of cellular components, these changes corresponded to categories associated with
the proteasome system, and the annotated genes and proteins included RPN10, PUP2, SCL1, UFDI, and CDC48. This
profile indicates that, under oxidative stress conditions, RPN4 deletion causes the cell to rely to a considerable extent
on enhanced proteasome-dependent catabolism, that is, on the removal of damaged or misfolded proteins accumulating
under reactive oxygen species exposure [3, 4]. In other words, in the absence of normal Rpn4-mediated regulation,
adaptation shifts toward a more intense activity of intracellular proteolytic systems.

An even more pronounced remodeling was observed in the double mutant Arpn44pdr! under 4-NQO treatment. In this
case, in addition to ubiquitin-dependent protein catabolic process and proteolysis involved in protein catabolic process,
such categories as proteasome complex, proteasome regulatory particle, proteasome core complex, and proteasome
assembly were enriched. In addition, processes associated with rRNA metabolism and rRNA processing were detected,
as well as such cellular components as preribosome, RNA polymerase I complex, and nucleolus. This suggests that
simultaneous disruption of the two regulatory factors causes the cell to respond to 4-NQO not only by activating
degradation of damaged proteins, but also by a deeper remodeling of the protein synthesis machinery and nuclear
processes. Such a response can be interpreted as a sign of a more severe stress state affecting several levels of cellular
homeostasis at once.

Conclusions: Deletion of RPN4 in C. glabrata under oxidative stress is primarily associated with remodeling of
proteasomal and proteolytic processes, indicating a key role of Rpn4 in maintaining intracellular proteostasis. The
obtained data suggest that components of the proteasome system may be considered promising molecular targets
for further analysis of stress-resistance mechanisms and for the development of potential combinatorial antifungal
strategies [5,6].

Funding: This work was supported by the Russian Science Foundation, grant No. 25-24-00956.
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