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OCOBEHHOCTMH HyPer, KOTOPBLIE
HEOBXOANUMO YUUTLIBATDH
TP MPOBEAEHWUUN KOJIMYECTBEHHbIX
OLEHOK BHYTPUKIIETOYHOTI'O YPOBHA
H,0,

Hcnonw3ys HyPer 11 olileHKM BHYTPUKJIETOYHO-
TO WIM BHYTPUKOMIIapTMEHTHOTO conepxanus H,0,,
HEo0XOIMMO TMTOMHUTD, YTO (hIyOPECLIEHTHBIN CUTHAI
OKroceHCcopa 3aBUCUT OT BHYTPUKJIETOUHOTO ITOKa3aTest
pH (Bilan, Belousov, 2016). PekomeHmyeTCs TPOBOAUTD
KOHTPOJIbHBIE 3KCTIEPUMEHTHI C PEIOKC-HEaKTUBHOM
Bepcueil buoceHcopa SypHer, koropast oTaiudaercs
ot HyPer Bcero onHOI1 aMMHOKMCJIOTHOM 3aMEHOIA.
bnaronaps 3Toit 3aMeHe XMMepHbIi OeJIOK TepsIET CBOIO
qyBCTBUTENbHOCTD K H,O,, HO coXpaHsieT Bce CBOM OC-
HOBHBIE OCOOEHHOCTH, B TOM unciae u pH-uyBcTBU-
TEJbHOCTbD.

IToMuMO 3TOTO, CTOUT YYUTHIBATh, YTO MMapamMeTp,
OIICHMBAaEMBIil C TIOMOIIIBIO OITMCAHHBIX B 0030pe METO-
noB (ypoBeHb H,0,), mpencrasnseT coboii ycpeTHEHHYIO
10 BpEMEHU Y NMPOCTPAHCTBY BEJIMUMHY, XapaKTepU3YIO-
IITYI0 BHYTPUKJIETOUHBIN VUM BHYTPUKOMITAPTMEHTHBIN
PENOKC-TOMEOCTa3 B 1IEJIOM, HO He Jarolilyto IIpeacTaBie-
HMSI O JIOKTbHBIX MTPOLIECCaX TeHepaluy U JIMMUHALIUN
MepOKCHUIa B KOHKPETHBIE MOMEHTHI BpEMEHM.

HakoHel, ctouT uMeTh B BUAY, UTO CEPbE3HOM MTPO-
0J1eMOii ITPU MPOBEICHUY KOJIMYECTBEHHBIX U3MEPEHU I
ypoBHa H,0, c nomowsio HyPer asnserca Henocra-
TOYHO TOYHASI OLIEHKA KOHCTAHThI €r0 B3aMMOJECTBUS
C IEPOKCUIOM, KOTOpasi OCHOBaHa MPEUMYIIIECTBEHHO
Ha 9KCIIEPUMEHTaXx ¢ ero oenkoMm-npapoauteneM OxyR
(Zheng et al., 1998; Lee et al., 2004). lanpHeiimmas pa-
0oTa 110 omnpeneJeHUIO 3TOro MapaMeTpa Heobxonuma
IUTSI TIPOBENIEHUST 00Jiee aKKypPaTHBIX KOJTMIECTBEHHBIX
TECTOB Ha BHYTpUKJIIeTOYHOE conepxanue H,O, ¢ nc-
nonb3oBaHueM HyPer. YTouHeHue KOHCTaHTHI B3a-
nmozneicreusa ouocencopa ¢ H,O, MoXeT mpuBecTH
B OyIylleM K KOPPEKLIUU yKe MOJYYeHHBIX C TTOMOIIBIO
HyPer konnyecTBeHHBIX OLIEHOK.

B 3axioueHn 0630pa XOTenoCch Obl 00CYIUTD €1l
OIVH BaXKHbIN aCEKT — MePCIEKTUBBI UCTIOJIb30Ba-
HMSI 17151 KOJIMYECTBEHHBIX O1IeHOK ypoBHs H,O, HOBoOI
monudukanuu ouoceHcopa, HyPer7, ornuyaromieiicsa
BBICOYaiiIIel yyBcTBATENBHOCTBIO K H,0, (Pak et al.,
2020). Beicokas KoHcTaHTa ckopocTy peakuyuu HyPer7
C TIEPOKCHIOM (KOTOpast Ha 1Ba ITOPSIIKA IPEBHIIIIACT Ma-
pamMeTpsl iepBoii Bepcuu HyPer) mo3BonsieT HafgesThes,
4YTO U3MEPEHUIO OYOYT NOCTyHbI ypoBHU H,0,, nHIY-
LIMPYeMbIe OKMCIUTETbHBIMU BO3MYIIIECHUSIMH HE TOJIEKO
9K30T€HHOM, HO M 3HAOTeHHOM Npupoabl. Taxk, sBieHue,
KOTOPOE JI0 CUX ITOP HE 0XapaKTepU30BaHO C TOUKU 3pe-
HUA KOJIMYECTBEHHOTO onpeneneHns yposHsa H,0, —3to
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WHIYKIMS GU3N0JIOTUUECKOTO OKUCIUTEBHOTO CTpecca
IIPU CTUMYJISILIMM KJIETOK POCTOBBIMU (pakTopamu. Mc-
nonb3oBaHue HyPer7 MoxeT oka3aThcsl ropasao 0osee
3(hGEKTUBHBIM MIPU TPOBEACHUY MTOAOOHBIX IKCIIEPU-
MEHTOB, YeM rcnojib3oBanue HyPer. [ToMruMo BbICOKOM
yyBcTBUTENBbHOCTH K H,0,, hiryopeclieHTHBIN curHan
HyPer7 asnsiercst pH-He3aBUCUMBIM, YTO 0OECIIEUUT
JIOTIOJTHUTEJIbHbIE TTPEMMYIIIECTBA [TPU U3YYEHUN 3TOTO
siBJIeHWs. M bl HazieeMcsl, 4To B OmkaiiiieM OyayiieM
MOSIBATCS pabOThl, peau3yIolIre 3Ty BO3MOXHOCTb.

BbBIBOJIbI

Wcnonb3oBaHue reHeTUIECKU KOAUPYEMOTo OMOCEeH-
copa HyPer npenocrapisieT IIMPOKKE BO3MOXKHOCTH JJIs1
MPOBEICHUSI KOJIMIECTBEHHBIX OLICHOK BHYTPUKJIETOUHOM
U BHYTPUKOMITAPTMEHTHOM KOHIIEHTPAIIUU TTePEKUCHU
BOIOPOJA B XXUBBIX KJleTKax. OmnpeneieHre coaepsKaHms
H,0, MoXeT OBITb UCTIONIB30BAHO ST PAHXKAPOBAHUS
JIHana3oHa (PU3NOJOTHYECKUX 1 TTOBPEXKIAOIINX KOH-
ueHntpauuit H,O, B kileTKax, oueHKN 3O PEKTUBHOCTH
CHUCTEeM aHTUOKCHUIAHTHON 3alIUThl PA3HOTO THUIIA KJIe-
TOK U OTJEIbHBIX KJIETOUHBIX KOMIIAPTMEHTOB B HOpMeE
Y TIATOJIOTUM, a TAaKKe JJ1s1 MISHTU(hUKAIIMY MOJIEKYJISIp-
HBIX MEXaHU3MOB 3alIIUThI KJIETOK OT OKUCIUTEIHHOIO
cTpecca.
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GENETICALLY ENCODED BIOSENSOR HyPer AS A TOOL
FOR QUANTIFICATION OF INTRACELLULAR HYDROGEN PEROXIDE
CONCENTRATIONS

0. G. Lyublinskaya® *, Ju. S. Ivanova®

¢ Institute of Cytology RAS, St. Petersburg, 194064, Tikhoretskii pr., 4
*e-mail: o.lyublinskaya@mail.ru

This mini-review systematizes information on methods for quantitative assessment of intracellular hydrogen
peroxide concentration based on the use of a genetically encoded peroxide sensor HyPer. Two approaches
are being considered: 1) calibration of the biosensor using exogenous hydrogen peroxide, based on assessing
the rate of peroxide penetration into cells and intracellular peroxidase activity; 2) direct determination of
the intracellular peroxide content, based on measuring the level of oxidation of the biosensor, the oxidation
reaction constant and the reduction reaction constant of HyPer in the cells. The use of these methods makes
it possible to solve a wide range of tasks in cellular redox biology — to determine the range of physiological
and damaging concentrations of hydrogen peroxide in cells, to evaluate the effectiveness of the antioxidant
defense system in various cellular compartments under conditions of oxidative stress, to determine the
contribution of various enzymatic systems to the peroxidase activity of cells, and to characterize antioxi-
dant defense systems in various biological contexts (in the process of cellular senescence, differentiation,
reprogramming, during the development of pathologies). The described methods can be adapted for other
genetically encoded hydrogen peroxide biosensors.
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