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Momusayus u yenw: C BO3pacTOM NPOUCXOAUT HapyLeHre 3 GHEeKTUBHOCTH Penapaluu
JHK [1]. OnmHoli W3 HMPUYUH 3TOTO SBISETCS CHIXKEHHE AKCIpecCuu (DepMEHTOB
penapanuu JHK vy ux akTUBHOCTH. MBI IPEANIOI0KUIIHI, YTO CBEPXIKCIIPECCUS TEHOB
penapanuu JJHK npuBener K MOBBIIEHUIO AJUTENBHOCTU >KU3HU U YCTOMYHMBOCTHU
JIpo30odui K pa3nTUuHBIM BUaM cTpecca. JlJis 3TOro MccieaoBain poiib MOBCEMECTHOM
1 HelpoHaJIbHOU cBepx3Kcrpeccuu reHoB pemnapauuu JHK Ha nponomxurensHOCT
xu3uu (IDK) u yeroitunBocts Drosophila melanogaster k pa3dHbIM MOBPEX TAFOIIHM
(hakTopaM OKpYyKaroIeH cpeasl (ToJI0daHne, THIIEPTEPMHUs, OKHCIUTEIbHBINA CTPEcC).
CBepx3KcIpeccupoBalld TeHbl, KOTOPhIE YYacTBYIOT B PAacllO3HABAaHUM MOBPEXKIEHUI
JHK (romomorm HUS1, CHK2, GADDA45), pemapanuy 5KCIU3WN HYKJICOTHIOB H
ocaoBanmii (romomorn XPF, XPC u APEl), a Takxe penapamuul IBYIETIOYEYHBIX
paspeieoB JIHK (romomoru BRCA2, XRCC3, KU80 u WRNexo).

Memoowt u ancopummur: KynbTUBUPOBaIN U COACpKaIH APO30(QHI B CTaHAAPTHBIX
YCIIOBUSIX, OMMUCAHHBIX B [2]. Vcnomb30Bany JNHHUM C JONOIHUTEIBHBIMH KOIHUSIMHU
renoB penapanuu JHK mox xomrtpomem mpomorepa UAS: w!8 UAS-D-Gadd45;
w8 UAS-Brca2; w8 UAS-Husl; w!'8 UAS-mnk; w8 UAS-spn-B, mroGesHo
npenocTasieHnsle ap. Ypu A6xy (Yuusepcuter ben-1'ypuona B Herese, beep-1llena,
Uspamns), W8 UAS-mei-9; w8 UAS-mus210; w8 UAS-Ku80; w!''® UAS-Rrpl;
w18 UAS-WRNexo, 6bu1n 3akasansl y komnanuu GenetiVision (GenetiVision Houston,
CIIA). Jluann ¢ KOHTUITMOHHBIM (MUGEPUCTOH-UHAYIIUOEeTbHBIM) ApatiBepom GAL4-
GeneSwitch: P{Act5C(-FRT) GAL4.Switch.PR}3/TM6B, Thl moscemecTHEIH U Y- W*;
P{ELAV-GeneSwitch} neitponanbubiii (BDSC, Yuuepcurer Muanansi, CIIA). s
aKTHUBAllMU  CBEPXAKCIIPECCHU  HCMob30Bain  RU486-uHayuOenbHy0  CUCTEMY
GeneSwitch [3], u cucremy GAL4/UAS, xoTopasi HCTIONB3YET IPOXKKEBOH aKTUBATOP
Tparckpuniuu GAL4 1 BhIIIECTOAIYI0 aKTUBUPYIOIIYIO MOciieoBaTenbHOCTE UAS, ¢
KOTOPOW OH CBSI3BIBACTCS, JUIS YIIpPaBJICHHUS JKCIpeccuei TpaHcrena [4]. AnHamus
crpeccoycToiunBocTd U IK Benu 1o panee onucaHHbIM IPOTOKOIAM [2, 5].
Pesynomamer: V3yuunu BausitHue cepxskcnpeccuun reHoB penapanuun JHK Ha
napameTpbl [DK camiioB u camok Drosophila melanogaster. O6napy»xuinu yBennieHue
IDK npu HelpoHanbHO#M cBepxakTuBaiuu reHoB HuUSl y camiioB u camok u mei-9
(romosor XPF) y camiioB. B T0 5k Bpemst moBceMecTHasi CBEPXIKCIPECCHUS 3HAYUTEIBHO
CHU3WIA JUINTENbHOCTh Xu3HM U napamerpsl 1DK. Kak npasuno, IDK conpsbkena c
YBEIMYEHHEM YCTOWYMBOCTH K pa3iIMYHBIM BHJAM cTpecca. I[loCKONbKYy TeHbI
pemapaunu JIHK BoBieueHbI B MeXaHW3MBl OTBETa HA JEHCTBHE 3K30TCHHBIX H
SHJIOTEHHBIX (DAKTOPOB, MBI MPEANOJIOKMIIM, YTO HX CBEPXIKCHPECCHs NPHUBEIAET K
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MOBBIILICHUIO yCTOWYMBOCTH Jpo30uia K pPa3IuuHBIM BHIaM CcTpecca. AHau3
CTPECCOYCTOWYMBOCTH BBISIBUII YJIYYLICHWE BBDKMBAEMOCTH MPHU TUNEPTEPMHU Y
Ipo30GHI ¢ HEUPOHAIBHOH cBepXxaKcmpeccust renoB Rrpl (romosor APEL) y camiios,
Husl u mei-9 y camok. B yCIOBHSX OKHCIMTEIBHOTO CTpecca BBDKHBAEMOCTD
MOBBINIANACH Y CAMOK CO CBepxaBTHBaluedl rexHa mei-9. HamOonee ycTOHUYMBBI K
TOJIOTAHHUIO OKA3aJIUCh CaMIThl C HEHpOHAIBHOM CBEpXIKCIIpeccueit rena Rrpl u camMku
co cepxaktuBanueii rena Ku80. IToBcemecTHasi CBEpXIKCIPECCHS TAKXKeE IMMOBBIIIIATA
YCTOWYHMBOCTD K THIIEPTEPMHUM y TPaHCTEHHBIX APO30(uI C MHAYKIHEH reHoB Brca2,
Husl, Rrpl y cammoB u mnk (romosor chk2) y camok. B ycioBHSX OKHCIHTEIBHOTO
cTpecca ObLTH 6oJIee YCTOWYMBBI CaMIlbl CO CBepXaKcTpeccueit renoB mus210 (romosor
XPC) u spn-B (romonor XRCC3), y camok — D-Gadd45, Husl, spn-B. I1pu rononanum
caMIIbl ¢ IOBCEMECTHO cBepxakTHBaluei renos Breca2, D-Gadd45, spn-B u WRNexo.
Bvigoovi:  Mpbl  uccnenoBali  mapaMeTpbl  MPOJOJDKUTEIBHOCTH — KH3HA |
CTPECCOYCTOMYMBOCTH Yy TpaHCreHHbIX ocobeit Drosophila melanogaster co
CBEPXIKCIIPECCUEH TEHOB, KOTOphle yuacTByIOT B penapanuu JHK. OO0Hapyxumm kak
MOJIOKUTENBHBIC, TAK M OTpULATENbHBIE d3P(PEKTH B 3aBUCUMOCTH OT T0Ja, TKaHU, B
KOTOPOI TPOUCXOMWNIA WHAYKIMS CBEPXOKCIPECCHH W POJIM TeHa B Mpolecce
penaparuu JJTHK.

Qunancuposanue: ViccnenoBanre BHIIONIHEHO B PAMKaX TOCYAapCTBEHHOTO 33/IaHUSA 110
Teme «I'eHeTnyeckre U QYHKIOHATBHBIE HCCIIeT0BaHusI ((HEKTOB reporpOTEKTOPHBIX
BMemarenscTB Ha Mozenu Drosophila melanogaster» Ne 122040600022-1.
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Motivation and Aim: DNA repair declines with age [1]. One of the reasons for this is a
decrease in the expression of DNA repair enzymes or their activity. We hypothesized
that overexpression of DNA repair genes would lead to increased longevity and
resistance of Drosophila melanogaster to various types of stress. Here we investigated
the role of ubiquitous and neuronal overexpression of DNA repair genes on lifespan (LS)
and resistance of Drosophila melanogaster to various damaging environmental factors
(starvation, hyperthermia, oxidative stress). Overexpressed genes included those
involved in recognition of DNA damage (homologs of HUS1, CHK2, GADDA45),
nucleotide and base excision repair (homologs of XPF, XPC and AP-endonuclease-1),
and repair of double-stranded DNA breaks (homologs of BRCA2, XRCC3, KU80 and
WRNexo).

Methods and Algorithms: Drosophila were cultured and maintained under standard
conditions described in [2]. We used strains with additional copies of DNA repair genes
under UAS control: w8 UAS-Brca2; w8 UAS-Hus1; w8 UAS-mnk; w8 UAS-spn-
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B; w8 UAS-D-Gadd45, kindly provided by Dr. Uri Abdu (Ben-Gurion University of
the Negev, Beer-Sheva, Israel). w8 UAS-mei-9; w8 UAS-mus210; w8 UAS-Ku80;
w8 UAS-Rrpl; w8 UAS-WRNexo, were ordered from GenetiVision (GenetiVision
Houston, USA). Strains with a conditioned (miferistone-inducible) GAL4-GeneSwitch
driver: P{Act5C(-FRT) GAL4.Switch.PR}3/TM6B, Th1 ubiquitous and y- w*; P{ELAV-
GeneSwitch} neuronal (BDSC, Indiana University, USA). The RU486-inducible
GeneSwitch system [3] was used to activate overexpression, and the GAL4/UAS system,
which uses the yeast activator of transcription GAL4 and the upstream activating
sequence of UAS to which it binds to control transgene expression [4]. Stress resistance
and LS were analyzed according to previously described protocols [2, 5].

Results: The effect of DNA repair gene overexpression on the parameters of Drosophila
melanogaster’s were studied. We found an increase in LS parameters during neuronal
overactivation of Husl genes in males and females and mei-9 (XPF homologue) in
males. At the same time, ubiquitous overexpression significantly reduced LS parameters.
Generally, LS is associated with increased resistance to various types of stress. Since
DNA repair genes are involved in response mechanisms to exogenous and endogenous
factors, we hypothesized that their overexpression would result in increased resistance
of Drosophila to stress. Analysis of stress resistance revealed improved survival under
hyperthermia in Drosophila with neuronal overexpression of the genes Rrpl (APE1
homologue) in males, Hus1 and mei-9 in females. Under conditions of oxidative stress,
survival was increased in females with mei-9 gene overactivation. Males with neuronal
overexpression of the Rrpl gene and females with overactivation of the Ku80 gene were
the most resistant to starvation. Ubiquitous overexpression also increased resistance to
hyperthermia in transgenic Drosophila with induction of Brca2, Husl, and Rrpl genes
in males and mnk (chk2 homologue) in females. Under oxidative stress, males with
overexpression of mus210 (XPC homologue) and spn-B (XRCC3 homologue) genes
were more resistant, while D-Gadd45, Husl, and spn-B genes were more resistant in
females. Under starvation, males with ubiquitous overactivation of Brca2, D-Gadd45,
spn-B, and WRNexo genes.

Conclusion: We investigated the potential life-extending effects of increasing the
expression of genes known to be involved in DNA repair in Drosophila. We found both
positive and negative effects depending on sex, tissue in which overexpression was
induced and the role of the gene in the DNA repair process.

Funding: The study was carried out within the framework of the state task on the theme
«Genetic and functional studies of the effects of geroprotective interventions on the
Drosophila melanogaster model» No. 122040600022-1.
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