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Momusayuss u yenv: Beiku SKCUM3MOHHOW pemapanuu Hykieotuaos (nucleotide
excision repair, NER) yranstor u3 JIHK mmpokuii ciekTp 00beMHBIX MTOBPSIKACHUH, B
TOM 4HCIE aAnyKThl, (Gopmupylomuecs moxa aelictBueM Y®d-cBeTa W BpeIHBIX
MOJMUMKINYECKUX COSAMHEHUH M3 OKpyskaromeil cpeabl. OueHka (pyHKIHOHAIEHOTO
craryca NER B KieTkax MMeeT BaXHOE 3HAYeHHE Kak s (DyHIaMEHTaTbHBIX
HCCIEA0BAHUM, TaK M IIPU JUATHOCTHKE PA3IMYHBIX NaTOJIOTMYECKUX COCTOSHUM. B
OonpmmHCTBE padoT Mo m3ydeHnto NER orneHuBanm crenupuyaeckyro SKCIU3HOHHYIO
aKTHBHOCTH OEIIKOB MPSMON JNETEeKIMel MpoayKToB dkcun3un MoenbHbx JJHK mibo
MTyTeM MOCT3KCIIM3HOHHOTO PaJHOaKTUBHOTO MEUYEeHHUS 3'-KOHIIOB 3TUX MPOAYKTOB [1—
4]. CyuiecTBEHHBIM HEOCTATKOM STHX METOJIOB, OTPaHUYUBAIOIINM HX IIPUMEHEHHE B
KIMHUKE, SBISIETCS HEOOXOAMMOCTH HCIIOJIBb30BAHUS PaJUOAKTUBHON METKH IIpH
co3gannu MonenbHol JIHK nmubo merexkumu mpoaykToB 3KCHM3UM. B CBSI3M ¢ 3TUM
0co0yI0 3HAYMMOCTh JUIs ompexaeneHus aktuBHoctd NER in vitro mpuoGperaror
METOJIbI, OCHOBaHHbIe Ha KommdecTBeHHOW IILIP (quantitative polymerase chain
reaction, gPCR). Bo3moxHOCTE o1ieHKH 3(p(PeKTHBHOCTH IPOTEKAHUS peNapaIiii MyTeM
u3MepeHust (QIyOpecleHIMM B COYETAHWH C MPOCTOH M OBICTpOH mpouexypoi
BBITIOJIHEHUS JIeJIaeT MeTOJbl, ocHOBaHHble Ha qPCR, mepcnexkTUBHBIMUA MHCTPYMEH-
TaMH Ui TIPUMEHEHHsI HE TOJBKO B HMCCJIENOBATENBCKUX LENSAX, HO U B MEIHULIMHE.
Llenpto HacTosimedd pabOTHI cTajga pa3paboTka MeToAa OICHKH 3(PPEKTUBHOCTH
yInaneHus: 00beMHbBIX TOBPEKACHHH iN Vitro ¢ ucrnonszoBanreM qPCR.

Memoowr u aneopummur: C UCHIONB30BaHUEM NPOLENYPHl, ONMCaHHOH B pabote [1],
Obutn cuHTe3upoBaHbl MozenbHbie JJHK (160 m.H.), comepikaliiye B CBOEM COCTaBe
HEHYKJI€O3UHYI0 BCTaBKy Ha ocHoBe N-[6-(5(6)-hiayopecnennnaxapbamMoni)
rekcaHoms1|-3-amuno-1,2- npomanauona (nFlu) mmu6o N-[6-(9-anTparnennikapoamon)
rexcaHown1|-3-aMuHO-1,2-ponananona (nAnt). KommnemerTapHblie e 000uX TUTTOB
JHK-mymekcoB coaepskain BCTaBKY Ha ocHOBe TeTpastwieHraukons (TEG), ¢ 5'-cto-
poHBl KOTOpoM Obuta BBedeHa (ocdoruoarnas rpymnma (PS). Tawke Obuta
cuHTe3upoBana Hemoxuduiruposarnas JJHK (nm/TEG-IHK), umutupyrorias mpoykt
penaparuu.  NER-koMmeTeHTHbIE  3KCTpakThl  KJIETOK  TOJOr0  3eMJIeKoma
(Heterocephalus glaber) u meimm (Mus musculus) 6b11i TPUTOTOBIIEHBI IO TPOTOKOIY,
MpeJICTaBIeHHOMY B pabote [5].

Pesynomamut. Pe3ynbraThl TPOBENICHHON CpPaBHUTENHLHOW OIECHKH aMIDIH(QUKAIH
nNFIW/TEG-IHK u nm/TEG-IHK moarsepauin BO3MOKHOCTE Hcmonb3oBanus JJHK-
cyOcTpara, CKOHCTPYMPOBAaHHOTO HaMH;, 3HaueHWe moporoBoro mukia C(t) s
nmM/TEG- u nFIw/TEG-JHK cocraBumo 12.12 + 0.29 u 19.28 + 0.52 muKiIa COOTBET-
CTBEHHO; pa3HHIIA B 3HAYCHUSX TToporoBoro 1ukina Mexay nFlw/TEG- u nm/TEG-JJHK
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(dC(t)) cocraBuna 7.17 £ 0.43 umkna. Takum oOpa3oM, cyOCTpaT U MPOAYKT PeaKkLUH
cnenn(hUIecKoi SKCIM3UN pa3InduMbl B Xoae nposenenns PCR.

Ucnonezyst ckoHcTpyupoBanHbsiii cyoctpar nFlu/TEG-JJHK, Mber mpoBenu oreHKy
saddextruBHOCTH yaaseHus oobemMubIx noBpexacuuit JJHK in vitro Oenkamu KieTok
JIOTITOKUBYIIETO TOJIOTO 3eMJIEKOIa U KOPOTKOXKHUBYIIEH MbImH ¢ nomoinsio qPCR.
DddexTuBHOCT pernaparuu nFlu/TEG-/IHK 6rp1a 6osee BEICOKO# Ha BCeM BpEMEHHOM
NPOMEXYTKE MHKyOarmu ¢ Oenkamu dKcTpakta kietok H. glaber u mocie 30 munyT
cocraBmuia 55.67 + 0.42 %, toraa xak nocie 30 MUHYT HHKYOauu ¢ OeTkaM# SKCTPaKTa
kietok M. musculus 3¢ exTuBHOCTB penapaliuu ObUia 3HAYUTEIFHO HUXKE U COCTaBUIIA
35.17 + 1.42 %. Unky6auns nm/TEG-/THK c Genkamu skcTpakToB B Tedyenue 30 MUHYT
HE MPHUBOJIMIIA K 3aMETHOMY H3MEHEHHIO B 3HaueHusX C(t), 4TO TOBOPUT 00 OTCYTCTBHU
3HAYMMOTO BIUSHHS HECTIEUU(PHUUECKOTO BO3ACUCTBHA OCIIKOB IKCTPAKTOB B 0OOMX
ciy4asx. benku skctpakra kiaerok H. glaber mpakrtuuecku B 1.5 pasa Gonee sddek-
THBHO ynaimsumi oobemHoe moBpexnaenue nFlu uz mogensnoro JIHK-cyGerpara, uem
Oenku dKcTpakTa Kiaerok M. musculus, dro coriacyercs ¢ paHee ONHCAHHBIMH
pe3yapTaTamMy, OJYyYEeHHBIMH alIbTepPHATUBHBIM METOAOM [6].

HononuurensHo oneHeHa 3¢ dexTuBHOCTD penaparu NANYTEG-ITHK u nFIU/TEG-
JHK B peakuu NER, katanusupyemoii 6enkamu skctpakra kiaerok CHO. Jlns atoro
160-3Bennsie nAnt/TEG- u nFIWTEG-JHK (16 HM) BbeigepkuBanu ¢ OenkaMu
skcrpakTa kierok CHO (1.6 mr/mi) B teuenwe 30 MUHYT, TIOCIE YETO MPOBOIHIN
anamm3 BoccraHoBneHHo# JIHK ¢ momompio qPCR. DddextuBHOCTh penmapariun
nNANt/TEG-JIHK 6buta Heckonbko Hike M mocie 30 MUHYT WHKyOanuu ¢ OGelkaMu
cocraBuna 28.72 + 1.92 %, B Tto Bpems kak mia nFlu/TEG-JIHK stor mokasarens
cocrasui 36.77 + 1.68 %.

Buigoow:: TlpencraBiaeHHbIE pe3yNbTaThl IEMOHCTPUPYIOT, YTO pa3padOTaHHBIN CIIOCO0
TMMO3BOJIACT ACTCKTUPOBATH pa3Iniusia B 3(1)(1)6KTI/IBHOCTI/I yaajieHus 6CHK3MI/I KIJIICTOYHBIX
OKCTPAKTOB OOBEMHBIX TOBPEXKICHUH, OTIMYAIONIMXCS TII0 CBOSGH XUMHYECKOH
CTPYKType W CyOCTpaTHBIM CBOWCTBaM. TakuM o00pa3oM, pa3pabdOTaHHBIH METOJ
OTKPBIBACT NCPCHCKTUBLI IJIA ZI%U'H:»HCI\/'IIHCI“O HCIIOJIB30BaHUA B HMCCICIOBAaHUAX,
HAIpaBJIeHHBIX HE TOJBbKO Ha m3ydeHue penapanuu JJHK B xireTkax J0IroXuBYIIHX
MJICKOITUTAIOIINX, HO M Ha MOUCK (DYHKIIMOHAJIBHOW B3aUMOCBSI3H Pa3IMYHBIX CHCTEM
penapanuu JJHK, ygacTByromux B y1aJeHUN 00HEeMHBIX TTOBPEKICHUI.
Qunancuposanue: NccnenoBanue nomaepskano PHD (Ne 22-14-00112).
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Motivation and Aim: Nucleotide excision repair (NER) proteins remove a wide range of
bulky damages from DNA, including adducts formed by UV light and harmful
polycyclic compounds from the environment. The assessment of the functional status of
NER in cells is important both for fundamental research and for the diagnosis of various
diseases. In most studies of NER, the specific excision activity of proteins was evaluated
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by direct detection of excision products of model DNA or by postexcision radioactive
labeling of the 3' ends of these products [1-4]. A significant disadvantage of these
methods, which limits their use in the clinic, is the need to use a radioactive label when
creating model DNA, or detecting excision products. In this regard, methods based on
guantitative PCR (quantitative polymerase chain reaction, qPCR) are of particular
importance for determining the activity of NER in vitro. The ability to evaluate the
efficiency of repair by measuring fluorescence, combined with a simple and fast
procedure, makes qPCR-based methods promising tools for use not only for research
purposes, but also in medicine. The purpose of this work was to develop a method for
assessing the efficiency of bulky damage removal in vitro using gPCR.

Methods and Algorithms: Using the procedure described in [1], model DNA (160 bp)
containing a non-nucleoside insert based on N-[6-(5(6)- fluoresceinyl carbamoyl)-
hexanoyl]-3-amino-1,2-propanediol ~ (nFlu), or  N-[6-(9-anthracenylcarbamoyl)-
hexanoyl]-3-amino-1,2-propanediol (nAnt) were synthesized. The complementary
chains of both types of DNA duplexes contained tetraethylene glycol (TEG) insert, from
the 5' side of which a phosphothioate group (PS) was introduced. Unmodified DNA
(nm/TEG-DNA) was also synthesized, simulating the repair product. NER-competent
extracts of naked mole rat (Heterocephalus glaber) and mouse (Mus musculus) cells
were prepared according to the protocol presented in [5].

Results: The results of a comparative assessment of the amplification of nFIU/TEG-DNA
and nm/TEG-DNA confirmed the possibility of using the DNA substrate designed by
us; the value of the threshold cycle C(t) for nm/TEG- and nFIU/TEG-DNA was
12.12 +0.29 and 19.28 + 0.52 cycles, respectively; the difference in the values of the
threshold cycle. The difference between nFIU/TEG- and nm/TEG-DNA (dC(t)) was
7.17 + 0.43 cycles. Thus, the substrate and the product of the specific excision reaction
are distinguishable during PCR.

Using the constructed nFlu/TEG-DNA substrate, we evaluated the efficiency of removal
of bulky DNA damage in vitro by proteins from cells of a long-lived naked mole rat and
a short-lived mouse using gPCR. The efficiency of nFIuU/TEG DNA repair was higher
during the entire incubation period with H. glaber cell extract proteins and after
30 minutes was 55.67 &+ 0.42 %, while after 30 minutes of incubation with M. musculus
cell extract proteins, the repair efficiency was significantly lower and amounted to
35.17 + 1.42 %. Incubation of nm/TEG DNA with extract proteins for 30 minutes did
not lead to a noticeable change in C(t) values, which indicates that there was no
significant effect of the nonspecific effect of extract proteins in both cases. The proteins
of the H. glaber cell extract were almost 1.5 times more effective at removing bulky
nFlu damage from the model DNA substrate than the proteins of the M. musculus cell
extract, which is consistent with the previously described results obtained by an
alternative method [6].

The efficiency of nAnt/TEG-DNA and nFIU/TEG-DNA repair in the NER reaction
catalyzed by proteins of the CHO cell extract was additionally evaluated. To do this,
160-link NANt/TEG and nFlu/TEG DNA (16 nM) were incubated with CHO cell extract
proteins (1.6 mg/ml) for 30 minutes, after which the recovered DNA was analyzed using
gPCR. The efficiency of nAnt/TEG DNA repair was slightly lower, and after 30 minutes
of incubation with proteins was 28.72 + 1.92 %, while for nFlu/TEG DNA this indicator
was 36.77 + 1.68 %.

Conclusion: The presented results demonstrate that the developed method makes it
possible to detect differences in the efficiency of removing bulky damages by proteins
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of cellular extracts that differ in their chemical structure and substrate properties. Thus,
the developed method opens up prospects for further use in research aimed not only at
studying DNA repair in long-lived mammalian cells, but also at searching for the
functional relationship of various DNA repair systems involved in the removal of bulky
damages.

Funding: The study is supported RSF (No. 22-14-00112).
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