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B 0eas0i y3aeanvheni docmynti Ha cb0200HI 0aHi Aimepamypu CMOCO8HO iCHYBAHHSA | (DYHKUYIOHYB8AHHS
pedoKc-ceHcopie y Mikpoopearizmie. 3okpema, yeaza 30cepediceHa Ha aKmueauii nepoxcudom 600HI0 0inKa
OxyR u cynepoxcud-arnionom binka SoxR y 6axmepii Escherichia coli ma nepoxcudom 600HI0 i cynepokcuo-
anionom cucmemu 6iakie Orpl-Yapl y dpincoicie (Saccharomyces cerevisiae). Ob6eosoproromscs nodiowi i io-
MIHHI 8racmueocmi y CAPUUHAMMI CUeHANAY OKCUOAMUBHO20 CIpecy Y Npo- ma eeKapiomis.
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iaTomi, K OyJIo 3alMOoYaTKOBAHO KOHIIEII-

11i10 OKCUAaTUBHOIO cTpecy [1—4], mocraso

MUTaHHS, IK OpraHi3aMM BiAMNOBiIalOTh Ha
30iJIbIIIEHHSI CTallioHapHOI KOHLEHTpallii aKTu-
BoBaHuX (opm kucH0 (ADK). Ha choromHi Bxe
JIOCUTb 0arato BiIOMO MPO MOJEKYJISIpPHI MeXaHi3-
MM BiIMNOBiIi KJITMH Ha OKCHUAATUBHUU CTpec.
Bin BuHUKa€E Todi, KOJM 30i7bIIYETHCS I'eHepaLlis
ADK 91 3HUKYETHCS TOTYXKHICTh CHCTEM iXHBOI
Jerpagauii abo i aBa IIpoLEcU BiaOyBalOThCS
onHovyacHo. B KiHlLIeBOMYy pe3ysbTaTi CTBOPEHUM
nucbasaHc MPU3BOAUTH IO IMiABUILEHHST CTalio-
HapHoi KoHueHTpanii APK. 36inxpieHHs ii cripu-
YUHIOE iCTOTHY NlepeOya0BY MeTab0J1i3My KJIITUHU
TUBHUI CTpeC MOXe MPU3BECTU 10 3arudeni Kiii-
TiHU. OOHUM i3 BaxKJIMBUX IIJISIXiB, HacIpaBAii
YHiBepcaJibHUM, BiAIOBiAI Ha Mil0 OKCUAATHB-
HOro CTpecy € MiABMIIEHHSI aHTUOKCUIAHTHOTO
noTteHuiaay. Ilpy LbOMYy HepiaKo 3pocTae SK
KOHILIEHTpallisi HU3bKOMOJEKYJISIPHUX aHTHUOK-
CUJIaHTiB, HaNpUKJAad TPUMNENTUAY TJIYyTaTiOHY,
TaK i BUCOKOMOJIEKYJISIPHUX, 30KpeMa aHTUOKCU-
JAHTHUX (CYMepOKCUIAUCMYTa3u, MEePOKCUIA3M)
i (YHKIIOHAJbHO TOB’3aHUX 3 HUMU EH3UMiB
(TnyTaTioHpeayKTa3u, [IyTaMiJlUCTeIHCUMHTA3!,
I0K030-6-(ocdataerinporenasu  towo). Oc-
KiJIbKY 301JIbIIIEHHA aKTUBHOCTI aHTUOKCUIAHTIB
i TIOB’I3aHUX 3 HUMU E€H3UMiB BigOyBa€ThCs, Me-
PEBaxKHO, Ha TPAHCKPUIILIAHOMY pPiBHi, TO 3pO-
3yMiJIMi iHTepecC A0 3alMUTaHHS: a SIK OKCUJIATHB-
HMI CUTHAJ «BiIYyBAETHCSI» KIIITUHOMO?

Vnepiue BiAMNOBiAb HA Take 3alUTaHHS OyJO
OTPUMMaHO Ha MiKpoopraHizmax, a camMe Ha Haii-
Kpallle BUMBUYEHMX TpeACTaBHUKAX MPOKApiOTiB —
eHTepobakTepisix (Escherichia coli) i eBKapioTiB —
nekapcbkux Apixnaxax (Saccharomyces cerevisiae).
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3HAYHOIO MipOI0 IIBOMY CIPHUSIJIO T, 11O BOHHU, 3
OIHOTO OOKYy € HaliieTajbHillle BUBYEHUMU Op-
raHiaMamu, a 3 iHIIOro (1o IMOB’d3aHe 3 TMEePIIOkD
MPUUMHOI) [JISI HUX PO3pPO0JIeHI AyKe IMOTYXHi
i BiITHOCHO HEIOPOTi MOJEKYJISIPHO-0i0NOoriuHi
nigxoau. Came Ha pesyJbTaTax A0CHiIXKeHb, MPo-
BEIEHUX Ha LIMX OJHOKJITUMHHUX OpraHidmax, Mu
i CKOHLEHTPYEMO YBary: ImpoaHai3yeMO MOJIEKY-
JIIPHI OCHOBM TOTO, SIK BMILIEHABEJAEHI OpraHi3Mu
«BiTUYBaOTb» CUTHAJI OKCHAATHUBHOIO CTPECY I
SIK HajJaJli BiH TpaHC(HOPMYETHCS KJIITUHOW IS
MiJBUILIEHHS] aHTUOKCUAAHTHOIO TIoTeHiany. Mu
c(hOKyCyeEMO TakKoOX YyBary Ha OijJKax-ceHcopax
E. coli — OxyR i SoxR, 1110 KOOpAMHYIOTH Bif-
MOBiJib HAa TMiABUILEHHS KOHLUEHTpAaLlil MepoKCUIy
BogHo (H,0,) i cynepokcun-aniona (O,”) Bia-
MOBiJIHO, Ta ceHcopax i eekTopax . cerevisiae —
Gpx3 ta Yapl, 9Ki OigBUIIYIOTh aHTUOKCUIAHT-
HUI TIOTeHLiaJll y BiAMOBiAb Ha Mil0 AEKiJIbKOX
BiJOMMX iHIYKTOPiB OKCHUJATUBHOIO CTpecy, Me-
penycim Ha H,0,. ¥V E. coli 6inkn OxyR i SoxR
CTUMYJIIOIOTh €KCITPeCil0 €H3UMiB, SIKi BXOISITb,
BiAMOBigAHO, 10 peryaoHiB oxyR Ta soxRS, a y
S. cerevisiae 6inku GPX3 i YAP1 xoopauHyoTh
BinmoBigb cTUMyIoHY YAPI.

OxyR — cencop Ha nepokcuj BoaHo B E. coli

ITicnst toro, sik OyJ0 BCTaHOBJIEHO, 11O 00-
pobaeHHs E. coli mepoKcUIOM BOAHIO B HU3b-
KUX KOHUEHTpalisX MiABUIIYE TOJEPAHTHICTh
OaxkTepili IO Oro JieTaJbHUX KOHLEHTpawiii [5],
MOCTaJIo TIMTaHHS TIPO Te, SIK 1€ peasli3yeThbesl Ha
MOJIEKYJIIPHOMY piBHi. BusiBuioch, 110 HUM3BKI
KoHueHTpauii H,O, 30i1b1yI0Th aKTUBHICTb aH-
TUOKCUJAAHTHUX €H3UMiB, a TAKOX JESIKUX 1HIIUX,
30KpeMa MOoB’sI3aHUX 3 aHTMOKCUAAHTHUM 3aXUC-
TOM, 200 HaBiTh i TaKMX, SIKi, HA TIEPIIUI TTOIISII,
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He MaloTh BigHOIIeHHSs 10 MeTabonizmy ADK [5,6].
3ycunnsgmu G. Storz Ta KoJjier, a TaKoX iHIIUMU
JOoCIiAHUKAMU OyJ0 BUSBJIEHO, 10 BiAMNOBiAb Ha
inpykoBanuii H,O,-cTpec KOOPAMHYEThCS TIOPiB-
HSHO HEBEJIMKMUM OiJIKOM i3 MOJIEKYJISIDHOIO Ma-
coto 34 x/la, akuii orpumaB Ha3By OxyR [7.8].
Hapani nocuth nerajbHO OyB BUBYEHUIT MEXaHi3M
Iii LIbOro peryJjsiTopHoro Oijnka. BiH KoHCTUTY-
TUBHO €KCIpecyeTbcs y KilituHax E. coli, ane 3
NiABALIEHHAM CTalioHapHOi KoHueHTpauii H,O,
oro TpaHCKpuUMLifiHa aKTUBHICTh iCTOTHO 30iJ1b-
myeTbesl. HabGip reHiB, 110 KOOpAMHYEThCS Oiji-
koM OxyR oTpumaB Ha3By oxyR-peryiony.

Orxe, nmig vac imaykuii H,O, oxcupaTus-
HOrO CTpecy y KJITMHAaX CTPIMKO (B MeXax 5 XB)
micjisl 3pOCTaHHsI KOHLIEHTpaLlil NepOKCUAY BOMI-
HIO MiABMUIIYETHCS aKTUBHICTb €H3MMiB, 10 Ha-
JlexaTh 00 ckiany oxyR-peryinony. Hazaran, mo
HbOTO BITHOCSTH AEKiJbKa AECITKIB pi3HUX Oij-
KiB, ajle MU aKIEHTyBaJiM yBary Ha THUX, 110, SIK
NpUHAMMHI BBaXKA€TbCSl HUHI, IiABUIIYIOTh TOJIE-
paHTHICTh OakTepiii g0 mepokcuay BoaHio. Cepen
HuX € rigpokcunepokcugasa I (HPI — xoagyeTbcs
reHoM katG) i riyratioHopenykTasda (KOLYEThCS
reHoM gorA). Tlepiinii eH3uM Katabostizye 1upo-
KUt CIIEKTp OpraHiyHMX NEPOKCUAIB, a TAKOX IIe-
pokcun BogHo. Hemae cyMHiBY, 110 30iJIbILIEHHS
aktuBHocTi HPI Mae amanTuBHMII XapakTep, oc-
KIJIBKM €H3UM KaTaboJli3ye IepoKCcu BOAHIO i Oa-
rato opraHiyHuX IepoKcuaiB. [yTatioHpenykTasa
BiTHOBJIIOE OKMCJICHUI IJIyTaTiOH, SIKMM € aHTU-
OKCHJIAHTOM, a TaKOX CJIIYTYE TOHOPOM BiTHOBHUX
eKBIBaJICHTIB [JIs1 0ararboX IIyTaTiOH3aJeXHUX

IYTATiOHTIOPEIOKCUHIB TOLIO. 3pO3yMiJio, 110
ryTaTioOHpeayKTa3a TaKoX Biirpa€ MeBHY poOJib
y LIIUPOKOMY CHEKTpi MPUCTOCYBAJTbHUX PeaKiliit
OaxkTepilf, a He TUIBKM OO0 OKCUIATHMBHOIO CTpe-
cy. BapTo Big3HauuTu Takox, 110 OXyR perymioe
eKCIpecilo  ajKiarigpornepokcuapenykrasn (reH
ahpcF), Hecrnieuudiunoro JIHK-3B’13yBaabHOrO
6inka (reH dps), peryasiTopa NOorIMHHS 3aji3a (reH
fur) i tnyrapenokcuny (grxA) [5,7,8]. Tenmep mu
Ma€EMO JOCTaTHbO NaHUX, 1100 AaTW TEBHY Bil-
MOBiAb Ha TMOCTaBJieHe 3amuTaHHI. CXeMaTU4yHO,
MeXaHi3M KJIITUHHOI Bianosini E. coli HaBeneHUt
Ha puc. 1. binok OxyR BogHouac Bimirpae poJjib
cencopa H,0O, i iforo edekropa, TOOTO BiH «Bil-
yyBa€» He JIMIIEe 3MiHY KOHIIEHTpallii MepoKCuIy
BOJHIO, a I 0e3MmocepenHbO 3B’I3YEThCS i3 ITPOMO-
TopaMu e(MEeKTOPHUX TE€HiB i CIpuUsIE acouialii 3
numu PHK-nonimepasu.

binok OxyR akTUBYeETbCS BHACTIJOK OKMC-
JICHHSI TIepoKcuaoM BoaHio 3anuiuky Cys® mo
cyinb(poKCuIHOI (GopMU 3 HACTYHHUM YTBOPEH-
HSM BHYTPilIHbOMOJIEKYISIPHOTO AUCYIb(MiaHOIO
3B’13KY 3 Cys?® [9]. Okucnennsg OxyR 3ymoBiioe
neBHiI KoHdopMaliiiHi 3MiHU B MOJieKysai. Xoya
BigHOBJEeHA hopMa fioro i 38’a3yeThes 3 JIHK, ane
JIMiIeHb okucieHuit OxyR 30ijblliye ekcripecito
e(eKTopHUX TeHiB. TakuM 4MHOM, BiH CTa€ ak-
TUBATOPOM TpaHcKpumiii. Poouts BiH 1Lie yepe3
edpexktuBHille 3B’a3yBaHHs1 PHK-monimepasu i3
MPOMOTOPHUMMU IiJISTHKAMU T'eHiB 0XyR-perysony.
Henasuo C. Lee ta xoneru [10] yctaHOBUIU, 11O
YTBOPEHHS NUCYJIb(igHOro 3B’SI3KYy B MOJEKYJi
OxyR nmecrabinizye 0iJ0K i MPUCKOPIOE KOHGOP-

€H3MMIiB, HaIlpHKJal IJIyTaTiOHIIEpOKCUIA3U, MalifiHi 3MiHM B MOJIEKYJi 3 YTBOPEHHSIM Bil-
B0 VAV
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Puc. 1. Oonouyuknaosa pedokc-peeyrsayis mpanckpunuyitinoeo pakmopa OxyR E. coli. ILleii 6iakosuii gpaxmop
OKUCAHOEMBCS NEPOKCUOOM GOOHIO 3 YMBOPEHHAM GHYMPIUUHbOMOACKYAAPHOR0 38 3Ky [, 38 A3VHUUCH i3 Npo-
Momopamu 8i0nogioHux eewie, nideuuye ixuro excnpecir. IHakmueauis mpauckpunyitinoeo gaxmopa 30itic-
HHOEMBCA WASIXOM BIOHOBACHHSA OUCYAbPDIOH020 36 I3KY 2AYMAMIOH3ANCHCHUM AtomapedoKkcuHom. Pedokc-no-

menyian napu OxyR 2 OxyR

6i0H.
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HoBJIeHOI ¢opmu. Lleit mpolec TakoxX eMeKTUBHO
pPeryJIloeThesl, a BiAHOBJIEHHS OXyR Karasi3yeTb-
cs crieliaJbHUM €H3MMOM — IJIyTapeloKCMHOM |
[9,11]. Perynsuisi 32 yMOB Tion-aucyib®iaHol piB-
HOBaru Moxe OyTU AOCUTh «BUTiJHOMO» MJIsI KJIi-
TUHM, OCKiJIbKM 3JaTHA 3a0€3MeUnTU 3BOPOTHICTh
Mpolecy Ta iHTErpyBaTu PEryasiTOPHi MPoLecu SIK
13 3araJbHMM ITIYJIOM, TaK i 31 CTaTyCOM KJIITUHHUX
danaciB GSH i NADPH (BigHollIeHHSIM OKMC-
JeHoi i BigHoBieHoi ¢dopm) [12,13]. HewromaBHO
Oysi0 onybJIiKOoBaHi JaHi, SIKi CBiluarh, 1110 TPaHC-
KpUIILiliHA aKTUBHICTh OXYR KOHTpoat0€ThCS
sanuinkoM Cys'”®, a moxigHi 3 pi3HUM CTyHeHeM
OKHUCJIEHHSI CipKM XapaKTepU3YyHThCSl iCTOTHOIO
PI3HUIIEIO K Yy KOOMNEPaTUBHOCTI BiAMOBiAI, Tak
i 3naTHocTi 3B’a3yBaTucs 3 JIHK. Ockinbku Tito-
TapeloKCUH 1, IKUii BiTHOBJIIOE OKUCIEHY (hOopMY
OxyR, cam peryiareTbcs LIUM PeryasTOpHUM Oil-
KOM, TO 1I¢ POOUTH CUCTEMY aBTOPETYJISITOPHOIO
[12].

Minimanbna Konuentpauis H,O,, axa nos-
HicTio okucatoe OxyR in vivo, CTAHOBUTB OJIM3BKO
5 MKM, a in vitro — Big 0,02 mo 0,05 mxM [14]. Li
KOHILIEHTpaILil MOBHICTIO BiJINOBiZaIOTh CYOMiKpO-
MOJIApHUM KOHLeHTpauiaM H,O,, HeoOXimHum
I 3ajexHol Bim aktuBalii OxyR KoHcTpyKIii
katG-lacZ (reHa B-ranakTo3uaasu il KOHTPOJIEM
npoMoTopa reHa katG, IKUI KOOYE TiApOKCHIIE-
pokcuaasy 1) in vivo. PesynbraTu mociigkeHb me-
pendavyaroTh, 110 IBa 3aJUIIKUA LUCTEIHY, 3amisHi
B aktmBamii OxyR (Cys'”® Ta Cys*®), Bigmosima-
I0Th 3a YYTIMBICTH 10 KoHueHTpauiii H,O,, saki
JIVILIE HE3HAYHO TMepeBUIYIOTh HOro BHYTpIlll-
HBOKJIITUHHY KOHILEHTpallilo y HopMi. 3Baxato-
Yy Ha Te, 1o y KiituHax FE. coli KOHLIEHTpaLis
GSH 3HaxomuTbcsl Ha MiJTiMOJISIpHOMY piBHi, a
KoHLeHTpaliss OxyR 3HauHO HMXKYa MiKpPOMO-
JISIpPHOI, CJiJl O4iKyBaTW BMCOKOI crenupiuHOCTi
peakuii B3aemonii mix OxyR ta H,0,. Onnak no-
Terep 1€ He BCTaHOBJIEHi, MeXaHi3M peaJi3alii
Takoi crnenudivHocTi. K Oyl0 3a3Haue€HO BUILIE,
BBaKa€ThCS, 1110 HA MEPIIOMY €Talli YTBOPIOETHCS
iHTepMemiaT cyabpoHoBOI KuciaoTu (-SOH™?), 1o
HajJajli aTakye 3a HYKJICO(IIbHUM MeXaHi3MOM
npyry TionmoBy rpymy (Cys?®) [14].

OnyO6sikoBaHi JaHi CBigYaTh, 110 TMEPOKCHUI
BOOHIO 30iJIbIyE AKTUBHICTb [ESIKWUX €H3UMiB
oxyR-perysiony i mo aedekT LIbOro peryasTop-
HOro 0OiJiKka MepelIKOIXa€ PO3BUTKY adalTHUBHOIL
BigmoBimi [15,16]. IaTiOyBaHHS GiocMHTE3y GiKa
AHTUOIOTUKOM XJopaM@eHiKoIoM (JIEeBOMilIeTU-
HOM) TakKoOX OJIOKYE aJanTUBHY BiAMOBiAb, 110
MiATBEPAXYE y4yacTb TPAHCASALIl B LIbOMY IpO-
1eci.
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SoxR — ceHcop cynepokcua-aniona y E. coli

SoxR € TtpaHckpunuiitHum  GakTopom
E. coli, axui1 y BigmoBigb Ha 30iJbIICHHS KOH-
LIEHTpallil CYNMepoOKCUA-aHiOHA, a TaKOX JCIKMX
IHIIMX OKCHJAHTIB, aKTUBYE EKCIPECil0 OIHO-
ro reHa — sox.S. OoOuaBi fforo GopMmu — OKUCIIC-
Ha 1 BiJTHOBJIEHa — 3B’I3YIOTbCS i3 IPOMOTOPOM
e(peKTOpHOro reHa sox.S, aje TiJbKU OKMCJEeHa
¢dopma akTuBye ekchpecito 0Oinka (puc. 2) [5,
17, 18]. ¥V BignoBigb Ha 3B’I3yBaHHS OKKCJIEHO-
ro SoxR crpimko 3pocrae koHueHtpauisg iPHK
soxS, a HagaJii i BigmoBimHoro Oisika — SoxS.
OcTaHHili, Y CBOIO 4epry, 3B’SI3yEThCS i3 MPOMO-
TOpaMM BIAIIOBIZHMX €(PEeKTOPHUX I'eHiB i CIIpH-
g€ 3B’a3yBaHHI0 PHK-mosimepasn 3 Humu, 110,
BPELITi-peIlIT, NPUBOAUTH N0 OiocMHTE3y OiJIKiB,
0araTo 3 SIKMX € 3aXMCHUMHU eH3uMmamu. Tak,
30KpeMa, 30IIbLIYETHCS €KCIIpeciss HU3KM TeHiB:
sodA (cynepoKCUAAMCMYTa3U, sIKa MIiCTUTh Map-
raHenb), zwf (IMOK030-6-docdaraeriaporeHasmn),
fpr INADPH:(dnaBogokcuH ((pepomnoKcruH) OKCH-
nopenyktasu], fldA [paaBomokcuH 1 (dpepomok-
cuny)|, fumC (pymapasu C), asnA (akoHiTasu),
nfo (engpoenykieasu IV) ta micF (peryasiTopHoi
PHK) [5]. Taki eH3uMH, K CYyNepOKCUAAUCMY-
Ta3za i eHOoHykKJjea3a IV (BoHa 3amisiHa B pena-
pauii JIHK) matoTh Oe3nocepenHe BiJHOLICHHS
JI0 3aXUCTY KJITMHU BiJl OKCMJATUBHOIO CTpecCy, a
TJTI0K030-6-docdaraerinporeHasa Moxe ImocTava-
T BiHOBHI ekBiBajieHTU NADPH nis 3axucHux
MexaHi3MmiB. OkpiMm Toro, SoxR mjs1 3axucry Bin
ADK xoopauHye 301IbIIEHHST pe3UCTEHTHOCTI J0
aHTUOIOTUKIB, OpPraHiYHMX PO3YMHHMKIB Ta 10HIB
BaXXKMX MeTajiB. ['pymny reHiB, sIKi peryrorTbCs
6inkoM SoxR, pasoM i3 SoxS, 00’€eTHYIOTb y pery-
JIoH SoxRS [5,19—21]. Lleii peryJioH TaKoX BaxKJu-
BUI1 1)1 TOJEpaHTHOCTI E. coli 10 HITpO3aTUBHOTO
cTpecy, 3yMoBJieHoro okcujaom azorty (‘NO) [5].

binok SoxR € mominentumoMm i3 MojeKy-
gspHolo macoro 17 xJla. Ha N-xiHui BiH Mic-
™Th JHK-3B’13yBanbHMi1 JOMEH CITipaJib—II0BO-
por—cnipainsb (helix-turn-helix, HTH). ¥ po3uuni
0iJIOK YTBOPIOE TOMOIMMED, Y SIKOMY KOXEH i3
MOHOMEpPiB MICTUTh penoKc-akTuBHuil [2Fe-2S]-
kyactep [19]. 3 monomororw HarnpaBjeHOI0 MyTa-
reHesy, 0yJ10 MoKa3aHo, 110 YOTUPU KOHCEPBAaTUB-
Hi mucteiHoBi 3aanmky C-KiHIEBOro JTOMEHY €
girangamMu st kaactepa [2Fe-2S]. 1li ximactepn
a0COJIIOTHO HEOOXigHI AJIs TPaHCKPMIILIiITHOI aK-
TUBHOCTI SoxR §IK in vivo, Tak i in vitro. ¥ BiZHOB-
JICHOMY CTaHi OOMH 3 aTOMiB 3aJji3a Ma€ 3apsj 2%,
a apyruii — 3*. 3araibHuil 3apsia Kjaactepa — 1F
(puc. 3). Ilpu OmHOENEKTPOHHOMY OKMHCJCHHI
aTtoM 3aiiza Fe?" nepeTBoproethes Ha Fe', o me-
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Puc. 2. Jleouuknaosa peeynsyia 6ionoeidi E. coli na cmpec, indykoeanuii cynepokcud-auionom. OKucieHHs
oinka SoxR cnpuuunrwe neeni KOHMOPMAUIUHI 3MIHU 68 MOAEKYAAX, YHACAIOOK 4020 8iH HaOysac 30amHocCmi
30inbuyeamu excnpeciro eena soxsS, wo cnpuse akmueauii oiocunmesy iPHK i 6iaka SoxS. Yuacaiook uvoeo
nideuwyemocs 1020 KOHUeHmMpauiss y Kaimunax. 36’13y04uce i3 npoMomopamu eenie-miuienetl, 6irok Sox.S
aKmueye ixuro ekcnpeciro

PETBOPIOE 1igli KJacTep Ha KJacTep i3 3arajJbHUM
3apsgaoM 2. OcKiJIbKM 3a3HauyeHi KjlacTepu MaloTh
HecIapeHi eJIeKTPOHU, TO iXHi BJACTUBOCTI MOX-
Ha BMBYATU METOAOM €JIEKTPOHHOIO MapaMmarHiT-
Horo pe3oHaHcy (EITP). BusiBunocs, 1110 in vivo B
aepobHux ymoBax kiactepu [2Fe-2S] SoxR, 3Ha-
XOASATHCS, TIEPEBaXKHO, Y BiTHOBJICHOMY CTaHi, aje
YK€ IIBUAKO OKHCIIOITBHCI 3a Ail Ha KJITHHUA
PEUYOBUH, 3AaTHUX J0 3BOPOTHUX OKMCHO-BiTHOB-
HUX peakliil, sk, HanpukJaan napaksat [20]. LLi

IaHi cBimyaTh, 1o caMme kiactepu [2Fe-2S] € pe-
JIOKC-TIepeMUKadyaMu y mpoiieci aktuBaliii SoxR.

EIIP-criekTpockomnisi ga€e 3MOry OOCHiAu-
TH | KiHETMKY IIPOLECIiB OKHCJICHHS Ta BiJTHOB-
sneHHs kuacrepiB [2Fe-2S]. Ipu excrio3uiii Kii-
TUH OaKTepiii B aepOOHUX YMOBax JI0 ACKiJIbKOX
CTPYKTYPHO HEMOMiOHUX CIOJYK, 3HaTHUX [0
LHUKJTIYHOTO  OKHWCJIEHHSI—BiJHOBJEHHS, SIK-TO
napakBaTy 4u (peHo3nHMeTacyabdaTry, BUSBUIU
IIBUAKE OKMCJIEHHSI — TIPOTSITOM JIBOX XBMJIUH

SOED
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Puc. 3. Pedokc-peeynsyis mpanckpunyitinoeo paxmopa SoxS eumepobaxmepii E. coli. lumepnuti 6irok SoxR
OKUCAIOEMBCS CYNEePOKCUO-AHIOHOM WASXOM GiOHamms esekmpoHa 6i0 kaacmepa [2Fe-2S5[Y, wo axmueye
excnpecito eena SoxS. [nakmueayis yboeo MpancKkpunyitinoeo hakmopa 30ilCHIEMbCS WAIXOM BIOHOBACHHS
kaacmepa [2Fe-2S]"? pedykmasorw. Pedokc-nomenyian napu SoxR 2 SoxR,,, cmanosums — 282 mB

28 ISSN 0201 — §470. Ykp. 6ioxim. ucypu., 2008, m. 80, No 4



B. I JIVIIIAK

[17]. IlpunumHeHHs naii OKCHMIATUBHOIO CTpECY
Ha E. coli mIsiXoM 3yNUHKU aepaiii MpU3BOAUTD
JI0 IyKe IIBUIKOTrO (IIPOTITroM 5 XB) BiJHOBJICH-
Hsa [2Fe-2S]-knactepiB SoxR. KiHeTuuHi 3MiHU
crany okucieHHs [2Fe-2S]|-knacrepiB SoxR Big-
OyBajiiCsl BOAHOYAC 3i 30iJblIEHHSM ab0 3MEH-
LIEHHSIM TPAHCKPUIILii reHa SoxS — MillleHi s
SoxR. Lleif TpaHCKPUIIT iCTOTHO iHAYKYEThCS (10
100 pasiB BiZHOCHO CTalliOHAPHOI'O PiBHS) MPOTS-
roM 2 XB MiCJISI JOAaBaHHS MapaKBaTy B acpOOHUX
yMoBax. Jli10 OKCMIAaTUBHOIO CTPECY MOXHa JIErKO
OPUIIMHUTH, OJIOKYIOUM aepallilo, 110 IIPU3BOAUTH
IO ILIBUAKOIO 3MeHIIeHHsI KoHueHTpauii iPHK
SoxS npotsirom 20 XB 10 piBHS B HECTPECOBAHUX
kiaitunax [17].

Ilocrae 3anuTaHHS: SIK peYOBUHU, 11O 30i1b-
IIYIOTh BHYTPILIHBOKJIITUHHY  KOHIIEHTpalilo
O,”, OKHMCIIIOIOTh 3alli3ocipuaHuii Kiuacrep Oinka
SoxR? Ockinbkuy 1ieil MpoLec CYNIPOBOMXKYEThCS
«CIIOXKMBAHHSIM» KJIITUHHUX BiIHOBHUKIB [12],
TO He3posyMino, un O, mie Ge3nocepenHbO Ha
SoxR, 4ym omocepenkoBaHO, HaNpUKIAL 4Yepe3
3HuxkeHHs piBHI NADPH. Ha cborogHi € apry-
MEHTU Ha KOPUCTh 000X BapiaHTIB, ajle €IMHOIL
IYMKU cepel JOCHiAHUKIB HEMAE.

3aJMIIaEThCS HE3’sICOBAHMM TAaKOX 11I€ OIHE
3alUTaHHS: SIK B aepoOHUX ymMoBax 0ilok SoxR
OiITPUMYEThCS Y BiIHOBJIIEHOMY cTaHi? BusHaue-
HUl eKCrepuMMeHTaJbHO PeIoKC-TIOTeHIIial Kiac-
tepa [2Fe-2S] cranoButh 285 MB [20]. Tomy MoxX-
Ha TIPUITYCTUTH, 1110 BiZHOBJICHHS SOXR mop’s3aHe
3 penokc-nyioM NADPH/NADP*, gkuii mae
penokc-noreHnian -340 mB. Ockinbku NADPH:
(b1aBogOKCMHOKCHAOPEAYKTa3a, (JIaBOOOKCUH 1
(penykTaza 3aji3ocCipyaHMX KJacTepiB OILJIKiB)
i DIIOKo30-6-(ocdaTaerinporeHasa BXOIATH 10
ckjany SoXRS-peryioHy, To MHpuUITyCKalOTh, IO
SoxR BigHOBMIOETHCS MTaporo NADPH:pnaBomok-
CUH Ta OKCHAOpeayKTa3a/piraBogokcuH 1 3 BUKO-
puctanHsM NADPH. Ile cBiguuTh Opo aBTOpery-
naiito SoxRS.

IMpu inky6auii xaituH E. coli 3 miepokcuaoM
BOAHIO MHU BUSBMJIM MiABUILIEHHS aKTHUBHOCTI
CYMEPOKCUIIUCMYTa3l 1 TIII0K030-6-docdarne-
riiporeHasy — KOMIIOHEHTiB perysioHy SoxRS [21,
22]. Ilig yac HaALIMX eKCIIepUMEHTIB HAINpUKiHIli
1990-x pokiB BBakajocs, 110 11i eH3UMHU HEe aKTH-
By1oThca H,0O,. Xo4a BusIBlI€Ha HaMU aKTUBALid
Oyjla He TaKOl IHTEHCUMBHOIO, SIK 3a il (heHOo-
3uHMeTacyabdary (peyoBUHU, SIKilAi B aepOOHUX
yMOBax MpUTaMaHHUI OOOPOTHUII MpOLEC OKUC-
JICHHS), aJle BOHA HaAiliHO BiATBOPIOBAJMChH Bil
JOCIiay A0 Aociiay. BUKOpHMCTOBYHOUM iHTiOITOP
OiocuHTe3y Oijika B 0aKTepisx — xyiopaM@eHiKoI,
MM BCTAaHOBUJIM, 11O JIJIsI 30iJIbIIIEHHS aKTUBHOCTI
1IMX €H3UMIiB HeoOXigHui OiocuHTe3 Oinka. Ha-

ISSN 0201 — 8470. Yxp. 6ioxim. acypu., 2008, m. 80, Ne 4

Jaji MocTano 3anuTaHHsA: AKuM 4uHoM H,O,
301/IbLIYE €KCIIPECil0 3a3HAUYCHMX €H3UMIiB — 4e-
pe3 oinku-peryasatopu OxyR i SoxR abo skumoch
iHmuM nisgxom? I1o0 BiAmoBicTM Ha HBOI'O, MU
BUKOPUCTAJIM LITaMU OaKTepiil, ne)eKTHi 3a TUM
YY IHIIKUM peryjasTopHUM OijkoM. BusBuMIOCSH,
wo H,0, 36inbllye aKTUBHICTL CYNEPOKCUIIKC-
MyTa3d 1 TJII0KO30-6-(ocdaraerigporeHasn y
wraMi, gepekTHoMy 3a 6inkom OxyR. Ilpu ubo-
My MM HE€ BCTAaHOBMJIM 30iJIbIIEHHSI aKTUBHOCTI
eH3uMiB peryjaoHy oxyR — HPI Ta rmyraTtioHpe-
JYKTa3u, 10 MiATBepIXye ydyacTh Oinka OxyR B
aKTHMBallii 3a3HAaYeHUX EH3MMiB. 3roJOM MU BH-
KopucTanu 1taMm, AedekTHuil 3a 0iakom SoxR.
B nux excnepuMeHTaX MU HE BUSIBUJIM aKTUBaIlil
CO/l i rmoko30-6-docharaerigporeHasn IMepoK-
cuIoM BoaHIO. AKTuByBaaucs auiiedb HPI i roy-
TaTioOHpeAyKTa3a, 110 J03BOJMJIO HOpMasi3yBaTu
¢yHkuionyBanHs perynoHy OxyR. ¥V wmrami, me-
(ekTHOMY 3a OiTKOM SOXR, heHO3MHMETaCyabdAT
HEe aKTUBYBaB Hi CYyNEpOKCUIAMCMYTa3y, Hi INII0-
K030-6-(ocdaraeriaporeHasy, 10 CBIIUYUTL PO
Je(EeKTHICTh mTamy 3a uuMm Oinkom. ITicis 3aBep-
LIIEHHST POOOTH PYKOIIMC CTATTi OyJI0 BianpaBJieHO
JI0 MiXXHapOAHOI0 XYpHally, OCKiJIbLKM MU BBa-
KaJy, 10 oInucaiu HoBuii ¢akT. Yepe3 meBHUIA
yac OTpuUMaJjy BiIMOBY Y APYKYBaHHi poOOTH, 00
MU He IiATBEpAUJIM OAepXKaHi HaMU pe3yJbTaTu
Ha piBHI TaK 3BaHOI €KCIIPecii BiANOBIAHUX I'€HIB,
TOOTO He BM3HaumJu KoHueHTpauito iPHK. Ha
TOI Yyac MM HE MOIJIM 1€ 3pOoOUTH B YKpaiHi ue-
pe3 BIiACYTHICTb HaJEXHOI eKCIepUMEHTaJbHOL
6asu. Yepes pik 3’aBujach omHa MyOJikaiiss B
MiXXHapOJHOMY XYpHaJi 1I0A0 30iJbIIEHHS €KC-
npecii gesikux reHiB soxRS-perynony 3a mii me-
pokcuny BomHio [23], a TPOXU 3TOAOM Ile OmHA
nonibHa pob6ota [24]. JaHi 3 iHIIMX JabopaTopiii
YacTKOBO He 30irajucs 3 HallMMMU: TaK, 30KpeMa,
He OyJI0 BUSIBJIGHO aKTMBallii reHa zwf, SKuil Ko-
JIy€ TII0K030-6-docharaerigporeHasy. Mu omnyo-
JIIKYBaJayd pe3yJbTaTu LUX AOCHIAXEHb TiJIbKU Y
2005 p. [21,22], ane BXe LIUTYHOUYM 3rajaHi BUILE
po6otu [23, 24], OCKibKM BOHU BUUIIIN APYKOM
nepmuMu. Po30ixKHOCTI B HAIIMX JOCIigax Jerko
MOSICHIOIOTBCSI TUM, 110 KiJIbKicHU# piBeHb iIPHK
HEe 3aBXAMU TPAHCIIOETHCS Y BIAIMOBIAHY KiJlb-
KicTbh OinKa. Amxe KiHLEBUM HPOAYKTOM, SIKHUA,
BJIacHe, i BiAMNOBiJa€ 3a amarTallilo opraHiamy Ao
TUX UM iHIIUX YUHHUKIB, € (PYHKIIIOHAJIbHO aK-
TUBHUI Oifok (eH3um). Ilpu LbOMY Bigomo, 11O
301/IbLIEHH S CTallioOHAapHOI KOHLIEHTpallil fioro aB-
TOMaTUYHO He O3HAYa€ IiIBUILIEHHS PiBHS 3pijo-
ro 01JIKOBOTO IMPOAYKTY. 3a3BUYaii, CTAHIAPTHO BU-
3Ha4yalOTh HABITh HE PiBeHb eKCIpecil (IBUAKICTh
cuHTe3y) Tiel yu iHwoi iPHK, a ii ctamioHapHy
KOHILIEHTpalilo, TOOTO OajJlaHC MiX CUHTE30M Ta
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nmerpanauieto. HaBiTh 30iJblIeHHSI CcTallioOHapHOI
KOHIIeHTpallii 0ijka He O0O0OB’$I3KOBO CBigYMTH
PO iHTEHCUBHIIIMHA MOro CUMHTE3, OCKIJIbKM 1 Ha
piBHi iPHK MoxnauBe iHriOyBaHHSI TpaHCIISLIi.
A gKIIIO 3rafaTv Mpo JOCTUTAHHSI CUMHTE30BaHMX
OEeINTUAIB, MPUENHAHHS 10 alOEH3UMIB IIPOCTE-
TUYHUX TPYI, 30KpeMa reMy B IEepoKCcHUaa3ax Ta
iOHIB Mili, LIMHKY, 3aji3a abo MapraHiio B Cy-
nepokcuaAuCcMyTa3ax. 3po3yMiJio, 110 B igeati Ti
Yy iHLII Mpolecu MeTadbosizMy 0akaHO BUBYATHU
Ha BCiX JOCTYITHUX PiBHSX, 0COOJUBO, SIKIIO BOHU
CTOCYIOTbCSI OOMiHY PEUYOBHUH Y KUBIll KJIITUHI.

Yapl — ceHCOp OKCHIATHBHOrO
crpecy y S. cerevisiae

binok Yapl npixnxiB, MOBipHO, € Haiige-
TajbHillle BUBYEHUM PEryJIITOPOM TPAHCKPUITLIii
B €BKapioTiB, SKU <«BiA4yBa€» peIOKC-CTaTyC
KJIiTUHU. [HKyOalis KIiThuH S. cerevisiae 3 TIepOK-
CHJIOM BOIHIO 3yMOBIIIOE CHHTE3 OaraTbox OiKiB/
eH3uMiB [25, 26]. Lle cymnpoBOmXYyeThcs 30iJIb-
LIEHHSIM KOHIEHTpallii oKKUCaeHuX ¢hopMm OiNKiB
Ta ainigiB [27—30]. o 0inKiB, 110 OKUCIIOIOTHCS,
HaJIeXUTh Yapl, skuii pyHKIioHYE IK ZFP-akTu-
BaTOp TPaHCKPUIILil 0ararboX IeHiB, 110 MiJBU-
LIYE PE3UCTEHTHICTh S. cerevisiae 10 OKCUIATUB-
Horo ctpecy [12]. IIpoTe y npixXmxiB cucteMa
BiIMOBiAI HA OKCUAATUBHUM CTpeC 3HAUHO CKJIAM-
Hilla MopiBHSHO 3 OakTepisimMu. BiachHe, Oinok
Yapl He (yHKLIOHYE SK IEepPBUHHUII CEHCOp —
BiH LIBMUALIE eDEKTOp i PeryasiTop eKCIpecii Bia-
MHOBIMHUX T'€HIB, TaK 3BaHOro CTUMYJOHY YAPI
(puc. 4). Cam 06inok Yapl y HOpMi MiCTUTBCS Y
KJITMHAX y BigHOBJIEHIN (popMi i BiIHOCHO BiJib-
HO PO3MOMJISIETHCS MiXK LIATOILIA3MOIO Ta SIAPOM.
IIpote B sapi BiH 3B’13yeTbcsl cBOiM C-KiHLIEM 3
saaepHUM OinkoM — ekcroptuHoM Crml (sIKuit
TakoX Ha3WBaloThb Xpolp), 1o exkcnoprye Yapl
3 sapa. Tomy 3a HOpMaJbHUX YMOB OiJibllla 4ac-
TUHA MoJIeKyJl Yapl J0Kami3yeTbCcsl B LIMTO30JIi
[31—33]. ¥V okucnenoi ¢popmu Yapl-minsiHKy, sKa
BiamoBigae 3a 3B’s13yBaHHs 3 Crml, 3a0JI0KOBaHO.
Yepes 1ie okuciaeHUd Yapl akyMyJIIO€TbCSI B SIIpi
i 36isbIIye ekcrpecito reHiB SODI (Cu Zn-COD),
SOD2 (Mn COD), CTTI (uuTo30JibHa KaTajiasza),
CTAI (nepokcucomHa Karanaza), ZWR (rioko-
30-6-(ocdataerigporenasa 1), GSHI (rnyramin-
LUCTeIHCMHTAa3a — KJIIOUOBUII €H3UM OiOCHMHTE3y
miyTaTiony) [26,34]. 3a nii TiopegoKCUHY 2 OKUC-
Jekucauit Yapl BiTHOBJIIOETHCSI i 3HOBY HaOyBae
30aTHOCTI 3B’s13yBaTUCh i3 Oiyikom Crm1, yHacaig0K
yoro Yapl excropryeTbes 3 sapa. TiopegokcuH 2
BiTHOBJIIOETHCS TIOPENOKCUHPEAYKTA3010 3a paxy-
HOK OKMCJIEHHSI IJIyTaTioHy. AJie, sIK BCTAHOBUJIU
A. Delaunay 3 kozneramu [35], BJlaCHE CEHCOPOM
MNEePOKCUAY BOAHIO € iHIIUH 010K — (pocdomimia-
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nepokcugaza Gpx3 (BoHa mae 1e HasBy Hyrl i
Orpl — oxidant receptor peroxidase). Lleii 6iok 3a
MOJIEKYJISIpHOIO Macorw (0m3bko 20 k/a) i mocmi-
JIOBHICTIO aMiHOKUCJIOTHUX 3aJWIIKIB TMOAIOHUI
JIo OiJIKIB pOOMHMU TyTaTioHIIepokcuaas. BiH mae
TPY UMUCTEIHOBI 3anmiuky, 3 akux H,O, okucmioe
Cys*, yTBOpIOIOUM MOXigHE CYIb(OHOBOI KUCIO-
™. Hanmani okucnenuii 6inok Orpl B3aemonie 3
Cys*8 6inka Yapl, 1110 3yMOBIIIOE YTBOPEHH S MixX-
MOJIEKYJISIPHOTO IUCYJIb(MigHOro 3B’I3KY, MOBIp-
HO 3a HyKJeodilbHUM MexaHizmoM. Lleit Tumua-
COBUI1 KOMIIJIEKC MepeOyI0BYETHCS 3 YTBOPEHHSIM
OKMCJIEHUX IIPOAYKTIB i3 BHYTPilLLIHbOMOJIEKYJISIp-
HUMU aucynbdinHnumMu 38’ s13kamu — Orpl i Yapl.
VY Orpl aucyabdigHMil 3B’SI30K YTBOPIOETHCST MixX
Cys* i Cys®, a y Yapl — mix Cys® Tta Cys’®,
Hacninku Takoro okuciieHHS 1Jis1 Yapl omucaHi
BUllle, a OUCYIbdigHuit 38’130k y Orpl BigHOB-
JIIOETHCS TIOPEAOKCUHOM i3 BUKOPUCTAHHSIM ITY-
Tariony (puc. 4).

Bapro 3azHauuTH, 110 0iJIOK TiOpEeIOKCHUH 2
(ren TRX2), axkuii BinHOBIIOE Yapl, BXOAUTH IO
H,O,-ctumynony, 1o 3abesneuye aBTOPEryIIsLIiI0
MPOLIECiB, SKi MU LIOMHO IpoaHaxizyBaau [36].
Sx110 Hazaraj MOpiBHATU cxeMU (DYHKIIIOHYBaH-
Ha perylnoHiB oxyR i soxRS y 6axrepiii i H,0,-
CTUMYJIOHY, SIKMI KOHTPOJIIOEThCS Oiikamu Yapl
i Orpl y OpiXmXiB, TO HEO30POEHUM OKOM JIET-
KO BUSIBUTM iCTOTHY pi3HULIIO. Y OakTepiil OiJIKuU
OxyR Ta SoxR € ogHOYacHO peaoKc-ceHcopamu,
1 edekTopaMu, TOAI SK Yy JPiKIXKiB CEHCOPHY
poib Bimirpae 6ijmok Orpl, a epexropHy — Yapl.
Y (yHKLIiOHyBaHHI OCTAaHHIX 3adiTHUN 1€ OMWH
oinok — exkcroptuH Crml, ocKiabku Micus, ne
KiituHa «BigyyBae» H,O, i azekBaTHO «BiaMOBi-
Ja€» PO3MEXOBaHi y MPOCTOpi yepe3 HasiBHICTb
sapa. OKpiM TOro, MJisi HOpMajJbHOro (hyHKIIiO-
HyBaHHs cucteMu Orpl—Yapl—Crml mnotpiGeH,
1IIOHAliMeH1Ie 1Ie OAMH OiJoK, SIKUI 3abe3mnevye
(opmyBaHHs kommekcy Orpl—Yapl — Ybpl: Tak
3BaHuMil Yapl-3B’13yBanbHuil 0inok [37]. Yceknan-
HIOE TIpoliec Te, 110 B Jociigax in vitro B pasi
OKUCJIEHHS ouulleHoro Yapl Ha moBiTpi Oyso
BUSIBJICHO YTBOPEHHS [PYyroro IHUCyJbdigHO-
ro 3B’13ky — Mix Cys*'? i Cys®® [38], omHak He
3’ICOBaHO, YU BigOyBa€ThCs LIEH IIpoOLEC in Vivo
Y KJIITUHI.

Cnin 3a3HauuTH, 1O Yapl akTUBYE TpaHC-
KPpUIILil0 TeHiB-MillleHeil HEeomHaKOBO: 3aJieX-
HO BiJ TUNY OKCHMIAHTY. Tak, yCTaHOBJICHO, IO
y Biamosigp Ha gito H,O, i miaminy B Mosekyii
Yapl yTBOpIOIOTbCS AMUCYIb(iAHI 3BI3KM  MixX
Pi3HMMMU 3aJMIIKaMU 1ucTeiny, a Orpl He BIn-
Ba€ Ha aJeKBaTHICTh BIANOBiAI Ha Jil0 miamimy
[39—41]. JIns akTuBallii TpaHCKPUIIILil IESIKUX
e(beKTOpHUX TreHiB OKMCIeHMI Yapl Mmae yTBO-
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« IIpomoTopkoayBaNbHa JiISHKA

Edexropuuii ren

Puc. 4. Pedokc-peeynsayis mpanckpunuiiinoeo ¢akmopa Yapl S. cerevisiae. Ha nepwomy emani nepoxcud
600HI0 OKUCAOE 00HY 3 mionogux epyn Gpx3 — cencopa ¢hocgponinionepoxcudaszu — 3 ymeopeHHAM CYAbhoK-
CUOH020 NOXIOH020, IKe Hadaai 63aeMO0i€ i3 3arumKom yucmeiny oiaka Yapl, ymeoprowuu MincmMoreKyAapHull
ducynvhionuti 36’a30k. Hacmynua izomepusayis 3ymoearoe po3ujenieHns KOMNAEKCY 3 YMBOPEHHAM 080X OKUC-
AeHUX OiAKie i3 8HYMPIWHbOMOACKYAAPHUMU Oucyarbpionumu 36’s3kamu — Gpx3 i Yapl. Haodaai oxucaenuil
Gpx3 6i0H06AEMBCS 3a YHACMIO MIOPEOOKCUHY 3 BUKOPUCMAHHAM eAYMamioHy 0o euxionoi ¢popmu, a oxucne-
Huti Yapl oughyndye do adpa, de 6in akmugye ekcnpecito eghekmoprux eenie. 3a 0ii miopedokcuny 2 okuciexa
gopma Yapl eidnoearoemscs i 3 donomoeoro biaka Crml eugirbHoemuvcs 3 sa0pa
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puTH KoMILIeKC 3 Oisikom Ybpl. BusBuiocs, 1o
npoaykt reHa YBPI — 6inok Ybpl — gis ctumy-
nauii ekcnpecii renis-mimeneir H,O, yepes Yapl
Ma€ IIPOB3aEMOAIATU 3 Ybpl, ajie B LIbOMY HEMae€
norpebu 3a aii giaminy [12]. Tomy 3po3ymino, 1110
peIoKC-peryslisl TpaHCKpUIILiiiHOro ¢akropa
Yapl 3yMOBIIIOETHCS HE TiIJIbBKU HOro CTPYKTYpPOIO,
OCKIJIBKH JIO MPOLIeCy 3a1y4aloThCs TAaKOX A0AaT-
KOBi LIMTOMJA3MaTU4Hi Ta siaepHi Oinku. Bapto
HAroJIOCUTH, 110, MOAiOHO 10 (YHKLIOHYBaHHS
SoxR y Oakrepiit, Yapl apixmxkiB Oepe ydacTb y
KOOpAMHALIil IXHbOI BIAIOBiAI Ha HITPO3aTUBHUIA
cTpec. Y HalMX AO0Cigax (CTaTTs TFOTYETHCS IO
JIPYKYy) HITPO3aTUBHUI CTpec, iHAYKOBAaHUM IO-
HopamMu ‘NO — S-HITpO30III0TaTIOHOM Ta HIiTPO-
OpPyCUAOM HaTpil0 — 30LIbLIYE AKTUBHICTH -
KiJTbKOX aHTUOKCUAAHTHHUX i TIOB’SI3aHUX 3 HUMM
€H3UMIB (CyNepOKCUIINCMYTa31, KaTtadasu, TIio-
K030-6-docdarnerigporeHasu Toiuo). Lleit edpexr
JIOHOPiB OKCHUIY a30TYy OJOKYETbCS iHTiOITOpOM
OiocuHTEe3y OiJIKa B €BKapioTiB — LIMKJIOTeKCUMi-
JIOM, 10 CBiZYMTbL IIPO HEOOXiAHICTH CUHTE3y
itoro de novo. IIpore Takoi akTuBaLii y 1ITaMi,
JeeKTHOMY 3a Yapl, BUSIBUTH HE BHAJIOCS, 11O
MOX€ CBiIUMTH MpPO ydyacThb OiJiKa B KOOpAMHALIil
BiAMOBiAI APiKAKiB HA HITPO3aTUBHUIU CTpec.

Yu MOKHA 3HAHHS, OTPUMAHI B
Jocaigax 3 MikpoopradisMamu,
nepeHecTd HA BULII eBKapioTu?

Ile BiuHe 3amUTaHHS, SIKE 3aBXJIU TOCTAE
nepea HaAyKOBLSIMU, SKi BUKOPUCTOBYIOTb B €KC-
nepuMeHTax Taki MoaedbHi 00’ektu 9K FE. coli,
S. cerevisiae Ta iHIII MIiKpOOpraHiaMu. 3amaloThb
MOro Takox CIiBpOOITHUKM 3 (piHAHCOBUX iHCTH-
TYLil i MpPOCTO 3alliKaBjeHi rpOMaasiHU, OCKiJlb-
KM BOHU XOUYTh 3HATU, UM «HE BUTPAYAIOThCS Ha
BiTe€p» POl IJIATHUKIB MofaTKiB. OQHO3HAYHOL
BIATIOBIAI, IK 3aBXIMU, HEMa€, Xoda XOTijocsl O
BiJITIOBICTU CTBEPAHO. 3BMYAHO, MiKPOOpPraHi3Mu
3py4Hi i BiAHOCHO JeleBi B poboti. Kpim Toro,
HMHI He BUKJIMKA€ CYMHiBY BUCOKa KOHCEpBaTUB-
HiCThb 0araTboX KJIITUHHUX 0iOJOTiYHUX CTPYKTYP
i mpoleciB, 30KpeMa, perJikalii, TpaHCKPUIILII,
TpaHCLil, 3arajbHOI CXeMHU OpraHizauii mera-
6oxi3my Ta iH. CamMe TOMY y BCiX LIMX BMITaAKax
nepuli JOCHiIXKeHHS 3AiMCHIOBaJIM Ha MiKpoOop-
radiamax, i JIMiue 3rogoM IyKaJiu Ta JI0CIiIXyBa-
JIM aHAJIOTiYHi IIPOLECH BXKE y BUIIMUX €BKapiOTiB.
Taxi nmpo6iemu Oyyiv i BAHMKAIOTh CbOI'OIHI B €KC-
MepUMEHTaXx i3 pegoKC-CEHCOpPaMH.

VY 1uboMy KOPOTKOMY OIJIsii OyJi0 MOKa3aHo,
10 YTBOPEHHS OUCYJIb(IMHUX 3B’I3KiB 3afis-
HE Y COPUMHSTTI peloKC-CUTHajdy — 30iJIblLIeH-

32

H$ CTallioHapHOI KOHILIEHTpaLil IepOKCUIY BOMI-
HIO, sIKe ToAioHe y OakTepiii (oxyR) Ta mpixmxXiB
(Orpl i Yapl), xoua B €BKapiOTUUHOMY OpraHi3-
Mi cucteMa peryisuii ckiaanHima. KiitTuHu Bu-
IIMX €BKapioTiB, SIK I MiKpoopraHizMu, Ha OK-
CUIATUBHUI CTpEeC BiANOBiAAIOTh IIiABUILEHHSIM
AHTUOKCUAAHTHOIO ITOTEHIialy LUISIXOM 30i1b-
LIEHH$ aKTUBHOCTi aHTUOKCUJAAHTHUX €H3UMIiB Ta
MHiABUILEHHSI OIOCMHTE3y HOBMX MOJIEKYJ. TOOTO
peryJsiisl BiiOyBa€TbCsl Ha PiBHI €KCIIPECii FeHiB,
JI0 SIKOI J0JIy4yalroThCSd JOJATKOBI KOMITOHEHTH,
30KpeMa MOCTTPaHC/SALIMHI 3MiHU — KOBaJICHTHA
moaudikais.

Y pocnuH, 30kpema B Arabidopsis thaliana,
30L/IbLIEHHST eKCIIpecili aHTUOKCUIAHTHUX €H-
3UMiB Yy BIiIIIOBiAb HAa OKCUIATUBHUI CTpeC, pe-
rymoeTrbes OinkamMmu NPR1 i TGA1 [42—44]. ¥
CCaBIliB TaKOX OMNKWCaHa aJalTUBHA BiAMNOBiAb
Ha JMil0 OKCHUIATMBHOIO CTpecy, CIPUUYMHEHOTO
MiABUIIEHHSIM aKTUBHOCTI aHTMOKCHMIAHTHUX
eH3UMiB [45—47]. Alle B LIbOMY BUINAIKY 3B’SI3KU
MiX peIoKC-ceHcopaMu 1 edeKTopaMu MOXYTh
OyTu mocuth cKiagHuMu. Hanpukian, aganralis
oinka NF-kB mepokcuaoM BOOHIO UM iHTepJein-
KiHOM-1B BuMarae y4acTi A€KiJIbKOX MpPOTEiHKi-
Ha3 i npoteiHdocdaTas, ogHa 3 SIKUX MOxXe OyTU
ceHcopoMm [48—50]. Cepen iHIIMX TPAaHCKPUIILIiii-
HMX (PaKTOpiB CcaBLiB, 3adisIHUX Yy BiAIOBiAI Ha
OKCUAATUBHUM CTpecC, CJif Ha3BaTW TakKi OiJIKU:
npooHkoreH APl [51—53], pakoBuii cymnpecop
p53 [54—56] i in. IIpore y 1bOMY acriekTi BYeHi
3HAXOMSIThCS JIMINEHb Ha TOYaTKy MOPOTrH, Xoua
MEXaHi3MM IIpOLIECiB, BUSIBJICHI Ha OakTepisx i
JIpixaxax, IyxXe JoroMaraloTh po3KpuBaTu B iH-
IIMX OpraHiaMax K 3araJibHi NPUHIMIIMA, TakK i
JeTajli CIIpUUHATTS i mepeaadyi CUrHaldiB 30BHill-
HbBOTO CepenoBHIIIA.

PEJTOKC-CEHCOPBI
MUKPOOPTAHU3MOB

B. U. Jlywak

ITpukaprarckuii HallMOHAJIbHBIII YHUBEPCUTET UMEHU
Bacbutst Credpanbika, MBaHO-®paHKOBCK, YKpanHa;
e-mail: lushchak@pu.if.ua

B manHom 0030pe 0000I1IeHbI JaHHbIE COO-
CTBEHHbIX UCCJIEJOBAHUI U JOCTYITHbIE HA CEroi-
HS CBENEeHHUSI, UMEIoIIMecs B JUTepaType, OTHO-
CUTEJIbHO CYILIECTBOBAaHUS U (DYyHKIIMOHUPOBAHUS
PEIOKC-CEHCOPOB Y MUKPOOPTaHMW3MOB, B YacT-
HOCTH COCpPEIOTOYCHO BHMMAaHWE Ha aKTHUBAIIUK
nepokcuaoM Bomopona oeinka OxyR u cynepok-
cuji-aHuOHOM Oesika SoxR y 6aktepuu Escherichia
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coli, a Takxe IMEPOKCUIOM Bomopona OeliKa U Cy-
MepPOKCUA-aHUOHOM cucTeMbl OenkoB Orpl—Yapl
y npoxxeil (Saccharomyces cerevisiae). O6cyxne-
HO TNoao0ue M OTJIMYME BOCIPUSTUS CUIHAJa OK-
CUIATUBHOIO CTpecca Y Mpo- U 3YKapuOTOB.

KniodyeBbie ciIoBa: OKHCIUTEIbHBIN
ctpecc, Escherichia coli, Saccharomyces cerevisiae,
OxyR, SoxR, Yapl.

REDOX-SENSORS
OF MICROORGANISMS

V. 1. Lushchak

Vassyl Stefanyk Precarpathian National
University, Ivano-Frankivsk, Ukraine;
e-mail: lushchak@pu.if.ua

Summary

This review summarizes available literature
data on the existence and operation of redox sen-
sors of microorganisms. It is partially focused on
the activation by hyrdrogen peroxide OxyR protein
and by superoxide anion SoxR protein in bacteria
FEscherichia coli and the activation by hyrdrogen
peroxide and superoxide anion of Orpl-Yapl pro-
tein system in yeast Saccharomyces cerevisiae. The
similarities and peculiarities of redox signal sensing
in pro- and eukaryotes have been discussed.

Key words: oxidative stress, Escherichia
coli, Saccharomyces cerevisiae, OxyR, SoxR, Yapl.
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