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Momueayus u yenv. Tomsrii 3emiexomn, Heterocephalus glaber, sBasercs cambim
JONITO’KUBYIIIMM BHJIOM TPBI3YHOB M YPE3BBIYAHO YCTOWYMB K paky W OONe3HSM,
CBA3aHHBIM CO CTapeHHEeM. OTO JKMBOTHOE OTJIMYAETCS PEKOPAHO BBICOKOM IS
TPBI3YHOB MaKCHMaJIbHOMN MIPOJIOIKUTETHFHOCTHIO KU3HH, MTOBBIIIICHHOM
YCTOMYMBOCTBIO K PAaKOBBIM 3a00JICBaHUSIM M PSAOM JPYTHX  YHUKAJIBHBIX
(EHOTUIUYECKUX YepT, €ro TEHOM M TMPOTEOM OTIUYAIOTCS CTAaOWIBHOCTBIO U
3¢ (hexkTHBHOCTHIO (PYyHKIIMOHUPOBaHMUS. Bce 3To naBaio ocHOBaHME MPEATonaraTh, YTo
MOJIEKYJISIPHBIC «MAIIHHBDY, TPOTUBOCTOSINNE HAKOIICHHIO TOBPEXIeHUH B TeHoMe H.
glaber, Bkirouas wmexanmsmbl penapauuu JHK, GyHKIHOHHPYIOT C BBICOKOW
3¢ (heKTUBHOCTHIO. MeXaHN3MEBI PEryIHPyeMOil THOEITH KIETOK MOTYT OBITh HAIPSMYIO
CBSI3aHBI C YCTOMYMBOCTHIO K BOSHHKHOBEHHUIO MHIYIIMPOBAHHBIX PAKOBBIX OITyXOIEH.
OpHaKo BOIPOC O TOM, HACKOJBKO 3()()EKTUBHO U KaKHE MEXaHHU3MBI PETYIHPYEMON
KIETOYHOW THOENM W KaKk pearupyrT Ha T'eHOTOKCHYECKHE BO3JCHCTBHS KIIETKU
H. glaber ocraercs npeamerom usydeHwus.

Memoowt u aneopummor: KynbTUBUpPOBaHHE KICTOK W yCJoBUS Y D-00myueHus
omucanbl B [1]. AxtuBHocth NER in vitro, sddexruBHOCTS yhameHus ydacTka
monensHOU JIHK-cyOGcTpara, comepikamield oObeMHOE TMOBpPEXKACHUE, ONPEHEISUIH C
KCIIOJIb30BaHUEM 3'-KOHIIEBOTO MEUEHUs [l] Wi UCHoJb3ys METOJ KOJUYECTBEHHOU
IILIP [2].

Pezynomamur: Kak 6azanbHas, Tak U Y O-uHAyIMpOBaHHAS SKCIU3NOHHAS aKTHBHOCTb
NER okazamuce Bbimie B H. glaber, sem B wietkax mbimu. bonee addexTrBHOE
ylIaJlieHne ypaimia HaOIrIaloch B dKCTpakTax kierok H. glaber mo cpaBhenuto ¢
MBIIIMHBIMA. ba3oBele ypoBHH pacuiersiennsi AP-caiita OblIM OJWHAKOBHIMH B
AKCTpakTax HeoOpaboraHHbIX kieTok H. glaber u xierox mbimu, HO KieTkd SIMP
MIPOIEMOHCTPUPOBAIIN 0oJiee CHIIBHBINA OTBET Ha 00paboTky YdD-cBEeTOM, YeM KIIETKH
mbimn. J{ist akerpakTta kietok H. glaber B MomenTsl Bpemenu mocie oOiyueHums
HaOJIIONaNoCh YETKO BBIPAKEHHOE yBEJIMYEHHE aKTUBHOCTH odnoHraumu JIHK-
MOJIMMEPa3bl 110 CPAaBHEHHIO C HEOOITyUSeHHBIMHU KiIeTKaMH. Y poBeHb cuHTe3a [IAP Obu1
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BeIlie B OdKcTpakTax H. glaber, wem B kmerkax Mbimk. M3ydeHue BIUSHHE
MeTHIMeTaHcyIb(oHaTa, S-hTopypannia 1 3ToNno3uaa Ha 006a TUIa KJIETOK ¢ IIOMOIIBIO
COBPEMEHHBIX aHAIM30B THOENM KIETOK BKIIOYas TPOTOYHYIO ITUTOMETPUIO U
AIEKTPOHHYIO MHKPOCKOIHIO TOKa3aio, 4to ¢ubpobmactel koxu H. glaber Gosee
yCcToOiuMBEl K JneiicTBuro, nmopexpatonux JIHK arentom, yem ¢ubpobmacter. Mus
musculus. MoxHO Tarke 3aKiIo4nTh, uTO KiIeTkd H. glaber memonctpupyror ciabo
BEIP@XCHHBIN  allONTOTHYECKHHA OTBET W  TPEANONOXKHUTEIHHO  TOJBEPTAIOTCS
peryaupyeMoMy HeKpo3y. B COBOKYIMHOCTH 3TO HCClIeIOBaHHE AaeT HOBOE TIOHMMaHHE
MexaHu3MOB rHOenn kierok H.glaber w pacmmpsier Hame HOHMMaHHE OCHOB
JTOJITOJIETHS.

3axnouenue. B COBOKYIMHOCTH 3TO HCCIEIOBaHHE BIIEpBbIE Ha TpUMeEpe MyTei
SKCIIMOHHOM penapaluu HYKJICOTHIOB U OCHOBaHMH AEMOHCTPUPYET, UYTO yJalcHHE
nospexaennit JIHK B knmerkax monroxwuymiero Heterocephalus glaber mporekaer
oonee 3(hPeKTUBHO, YeM B KJIETKax KOPOTKO »xwuBymiedr Mus musculus, a Taxke
MOMOTaeT MPOABUHYTHCS B TOHUMaHUKM MEXaHHU3MOB Tndenu kiaetok H. glaber.
Qunancuposarnue: Pabota BHINOIHEHA B paMKaxX rocynapcTBeHHoro 3ananus MXbOM
CO PAH Ne 121031300041-4.

Naked mole rat demonstrates increased DNA repair efficiency
and resistance to genotoxic effects

Evdokimov A.l, Kutuzov M.}, Petruseva I.1*, Popov A.l, Romanenko S.?,
Perelman P.2, Prokopov D.?, Seluanov A.4, Gorbunova V.4, Graphodatsky A.2,

Trifonov V.2, Khodyreva S.?, Ryabchikova E.%, Koval O.%, Lavrik 1.3, Lavrik O.}
Lnstitute of Chemical Biology and Fundamental Medicine, Novosibirsk, Russia

2 Institute of Molecular and Cellular Biology, Novosibirsk, Russia

3 Translational Inflammation Research, Medical Faculty, Center of Dynamic Systems, Otto von Guericke
University Magdeburg, Magdeburg, Germany

“ Department of Biology, University of Rochester, Rochester, NY, USA

* irapetru@niboch.nsc.ru

Key words: Heterochephalus glaber; DNA repair; poly(ADP-ribose)polymerase 1; regulated cell death

Motivation and Aim: The naked mole rat, Heterocephalus glaber, is the longest living
rodent species and is extremely resistant to cancer and diseases associated with aging.
This animal is distinguished by a record-breaking maximum life expectancy for rodents,
increased resistance to cancer, and a number of other unique phenotypic traits; its
genome and proteome are characterized by stability and efficient functioning. All this
gave reason to assume that the molecular “machines” that resist the accumulation of
damage in the H. glaber genome, including DNA repair mechanisms, function with high
efficiency. Mechanisms of regulated cell death may be directly related to resistance to
induced cancer tumors. However, the question of how effective and what mechanisms
of regulated cell death and how H. glaber cells respond to genotoxic effects remains a
subject of study.

Methods and Algorithms: The cells cultivation and UVC-light irradiation conditions
described in [1]. The efficiency of removal of model DNA-substrate region containing
lesions was determined using the 3’-end-labeling [1] or using gPCR-assay.
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The assays of uracil excision activity of cell extracts, AP-site cleavage activity of cell
extracts and PARylation with cell extract proteins described in [2].

Metabolic assay, cell death detection and caspase activity detection described in [2].
Results: Both basal and UV-induced NER excision activities were higher in H. glaber
than in mouse cells. More efficient removal of uracil was observed in H. glaber cell
extracts compared to mouse extracts. Baseline levels of AP site cleavage were similar in
extracts of untreated H. glaber and mouse cells, but NMR cells showed a stronger
response to UV light treatment than mouse cells. For the H. glaber cell extract, a clear
increase in DNA polymerase elongation activity was observed at time points after
irradiation compared to non-irradiated cells. The level of PAR synthesis was higher in
H. glaber extracts than in mouse cells. Studying the effects of methylmethanesulfonate,
5-fluorouracil and etoposide on both cell types using modern cell death assays, including
flow cytometry and electron microscopy, showed that H. glaber skin fibroblasts are more
resistant to DNA-damaging agents than Mus musculus fibroblasts. It can also be
concluded that H. glaber cells exhibit a mild apoptotic response and presumably undergo
regulated necrosis. Taken together, this study provides new insight into the mechanisms
of H. glaber cell death and expands our understanding of the basis of longevity.
Conclusion: Taken together, this study demonstrates for the first time, using the example
of nucleotide and base excision repair pathways, that the removal of DNA damage in the
cells of the long-lived Heterocephalus glaber is more efficient than in the cells of the
short-lived Mus musculus, and also helps to advance the understanding of the
mechanisms of cell death H. glaber.

Funding: The study is supported by the Ministry of Science and Higher Education of
Russian Federation (project number 121031300041-4).
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