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Momusayua u yenv: YBeNWYCHUE 300POBOM NPOIOKUTEIBHOCTU KU3HH SIBISETCS
Ba)KHEHIEH 11€JIbI0 UCCIIEI0OBAaHUM B OMOJIOTMHM U MEIMIMHE, UMEIOIIEN 3HAaUEeHHE IS
pa3BUTHS U MOAbEMA YPOBHS OJaromoiy4ns 4eaoBedeckoro obmiecTBa B HesnoM. Kak
MOKa3bIBAIOT COBPEMEHHBIC JIaHHBIC, €CIM BIUIOTH 10 BO3pacTa MO3IAHEH 3penocTu
JOITOJICTUS MOKHO JOCTHYb COOJIIOACHUEM 3[0pOBOr0 00pasa HU3HH, B IOKUIOM
BO3pPAacTe PEIIAIONIyI0 POJIb B ONPEACICHUH KAauecTBa M MPOJODKUTEIBHOCTH KHU3HU
4eNoBeKa HAYMHAIOT UTPaTh FeHETHUECKUE (DAKTOPHI.

B Hammx wucciaenoBaHUSX T'€HETHYECKOTO KOHTPOJIS MPOAOJDKUTEIBHOCTU HKH3HU
OCHOBHOE BHHMMAaHHME COCPEIOTOYEHO Ha OelKax-peryisiTopax TPaHCKPHIILHH,
MOCKOJIEKY MMEHHO OHHU OKa3bIBAIOT BJIMSHUE Cpa3y Ha MHOTHE T€HBI, 3alycKas B
OHTOTE€HE3€ KacKaJbl TEHETHYECKOW perysiiuu. MBI CcuuTaeM BaKHEHIIUMU
CHUCTEMaMH, OMNPENEISIOIIMMH NPOJODKUTEIBHOCTh JKU3HH OPraHu3Ma, HEpPBHYIO,
MOCKOJIBKY HEHPOHBI COXPAHSIOTCS B TEUCHUE BCETO CPOKA KHU3HH M UTPAIOT KITIOUYEBYIO
POJb B PEryJISIHHA OCHOBHBIX (DYHKIIMH OpPraHn3Ma, U MBIIIEYHYI0, KOTOpast COCTaBIISIET
OCHOBHYIO 9acTh Macchl Tena (0T 36 1o 70 % y uenoBeka 1 75 % y MOIEIIBHOTO 00BEKTA
JIp0o30(IIbI), BHOCS BRKHEUIIMIA BKJIa] B OOIIMIA METa0OJU3M M PEaKI[HUI0 OpraHu3Ma
Ha (QaKTOPhI BHEITHEH CPEbI.

Msl uccnenyeM BIMSHUE Ha MPOJOKUTEIBHOCTD KU3HU YPOBHS 3KCIIPECCHUH B 3THX
TkaHsx rena shuttle craft (stc), xkomupyrorero TpaHCKpHIIIMOHHBIA (akTop StC,
KOTOPBIN BJIMSET HA PA3BUTHUE aKCOHOB MOTOHEHPOHOB y JIpo30o¢ubl [1].

Memoowr u ancopummur: [Insa n3ameHeHus s3kcrpeccuu S{C MCIONB30BaIM OMHAPHYIO
cucremy Gal4-UAS [2]. s nanykinun PHK-u HOktayHa StC MCIOIb30BaIH JIMHUIO C
TpaHCTeHOM, KoaupyrommM aByxienodednyto PHK stc (momyuennsie u3 Vienna
Drosophila Resource Centre muaus VDRC 47973 u  KOHTpOJibHasi JIMHHSA
VDRC 60000), w nuHMH [paiiBepbl, OOeCleUYMBAIONINE MaHHEHPOHAIBHYIO
SKCHPECCHIO, SKCIPECCHIO B LIEHTPAJILHON HEPBHOM cHcTEME 3MOpHOHA, MOTOHEHPOHAX
u wmbimax (moaydennsie u3  Bloomington Drosophila Stock Center, nuxun
BDSC_257750, BDSC_8165, BDSC_8816, BDSC 25756, cootBercTBeHHO). llpm
HEOO0XOIMMOCTH 32 HECKOJIBKO MOKOJICHHUH /10 HCIOIb30BaHMA B SKCIIEPUMEHTAX JINHUN
ObLTM W3J€YeHBl OT BHyTpHKIeToyHOoro mapasura Wolbachia, sawustomero Ha
MPOJIOJKUTEILHOCTD KU3HH, PA3BUTHE U META0O0IU3M JIPO30(HIIBI.

VYpoBeHb HOKayHa SIC y SKCIIEpUMEHTANILHBIX 0CO0EH U €ro BIUSHHE HA SKCIPECCUIO
BO3MOXHBIX MuIIeHel StC nmposepsiu mpu nomoriu KIIP ¢ ucnons3zoBanuem SYBR
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Green | B cucteme MiniOpticon (Bio-Rad, CIITA). /Iy O1ieHKH 3HAYUMOCTH OTIMYHIA B
konnuectBe MPHK ncnons3oBanu npouenypy ANOVA.

[IponomKUTENPHOCTH KU3HH W3MEPSUIH  y JEBCTBEHHBIX MyX OJHOrO TIOJA,
MMOMEIIEHHBIX TI0 5 MTYK B MPOOUPKHU CO CTAHIAPTHBIM KOPMOM, COJEpPAIIUM caxap,
JOPOXOKH, M3IOM M MaHHYIO Kpymy, npu Temmepatype 25 °C u BiaxHoctu 60 %, c
YepemoBaHUEM CBETa/TeMHOTHI 4depe3 12 wacoB. Permcrpamwio mormOmux ocobeit
MIPOM3BOAMIIN €XETHEBHO, )KUBBIX MYyX MEPEHOCHIIM Ha CBEXXHUA KOPM €XEHENENbHO.
JJi OLICHKH CTaTHCTHYECKOW 3HAYMMOCTH Pa3NIMUUi MEXAy KPHBBIMH BBDKHBAHHS
WCTIONB30BAIN TecT MaHHa-YUTHH, AJs OLEHKH Mo31HuX 3¢ dekros — rect nemunra-
Xappunrrona. Pacuers! Beimonusin B nporpamme OASIS 2 [3]. st koppeKiuu Ha
MHOECTBEHHOCTb CpaBHEHUH HCIIOIb30BaIN NonpaBKy boHdepponu.

W3mepeHne NOABMKHOCTH KayKAbIe AECATh AHEH MPOBOAWIM B MPOOUpPKax AMAMETPOM
25 MM, coAepXamuX MO0 5 JOeBCTBEHHBIX MYyX OJHOTO II0Ja/BO3pacTa/TeHOTHIA, B
TOPHM30HTAJIBHOM TIONOKeHMK moMemnieHusix B Drosophila Population Monitor
(TriKinetics, CILIA). 3Ha4MMOCTb OTJIMYUI MKy CPEAHIUMH 3HAYCHUSAMH KOJIMYESCTBA
NepeceueHnii MyXaMu TPEX CBETOAMOIHBIX KOJICI B TEUCHHUE TISITU MUHYT OTIPEISIISIIHN,
ucnons3ys npouenypy ANOVA.

Pesynomamer: YauteiBasi, 4To y apo30¢huibl SIC OblT ONMUCaH KakK HEHPOHAIbHBIH
TPaHCKPHUIIIUOHHBI  (akTtop [l], MBI  TOpoaHANM3UPOBAIM  BIUSHHE  Ha
MPOJOJDKUTEIBHOCTh KU3HU NaHHEHpoHanbHOro HokaayHa StC. Takodl HOKIayH
00YCITOBHII COKpAIIIEHHE MPOIODKUTEIbHOCTH KU3HH camiloB Ha 13-15 % (P<0.0001).
MBI HecTieTOBaJIM MTOCIIEACTBHUS CEIICKTUBHOTO HOK/IayHa StC B SMOPHUOHAILHOM HEPBHOM
CHUCTEME, U OKa3aJIoCh, YTO OH YBEIWYHBAET MPOJOKUTEIBHOCTD JKU3HU B3POCIBIX
camitoB Ha 12 % (P<0.0001). ITpu 3TOM MOABM)KHOCTh TAKUX CAMIIOB HE OTJIMYAIACH OT
MOJIBM)KHOCTH KOHTPOJIBHBIX, & B BO3PACTe COPOK JHEH naxe mpepbimana ee (P=0.004),
4TO SIBIISIETCS WHAWKATOPOM COXpaHEHHUs XOpoulero (QYHKIMOHATBHOTO COCTOSIHHUS
HEPBHOW W JBHTATeNbHOW cucTeM. Takum 00pa3oM, MOXXHO IIPEAIONIOKUTh, YTO,
IIOCKOJIBKY B OTJIMYHE OT MAHHEHMPOHAIBHOIO HOKJAyHa SIC, CEJIEKTUBHBIM HOKJAyH B
HEPBHOMW CHCTEME Ha CTaJUU SMOpPUOTeHE3a TI0JIe3€H, TO OTPULATENBHBIN BKIIAJ MOXKET
BHOCHUTH HOKZayH SIC Ha Ooilee MO3MHUX CTaaAuAXx pa3Butus. Vcxonms u3 W3BeCTHOM
¢yHKIIME  SIC B pa3sBUTHM MOTOHEHPOHOB, MBI ONPENESNWIN BIMSHUE Ha
MPOJOKUTENBHOCTD KU3HU CEJIEKTHBHOTO HOKJayHa B MOTOHEHMpOHAX, U OKa3alocCh,
YTO OH HE OKAa3bIBAJI JJOCTOBEPHOTO BIMSHUS HA MPOJIOIKUTEIHLHOCTh )KU3HH CaMIOB
(P=0.795). Bompoc o0 TOM, KakHe HEHWPOHBI OTBETCTBEHHbI 3a CHIKECHHE
MPOJODKATENBHOCTH KU3HU TPU TMaHHEHPOHAIBHOM HOKJayHe SiC, ocTaeTcs Ioka
OTKPBITBIM.

st ompeneneHusT BO3MOXKHBIX MHINEHEH TpaHCKPUNIIMOHHOTO akTopa StcC,
00yCIIOBIHMBAOIINX  TMPOUICHHE JKU3HW, MBI [POAHAIH3UPOBAIN  W3MEHEHUS
TPaHCKPUIITOMa B Cily4dae HOKJayHa StC B SMOpHMOHANBHOW HEPBHON CHCTEME U
npoepusin ux ¢ nomombio KIIIIP. Cpenu BBIIEIEHHBIX HAMH MUILEHEH OKa3aJliCh
reHsbl, onpexaesitomue passurue HepsHoil cuctemsl (N, Nej, Unc-115a). Takxke, kak
BO3MOKHbIE MUILICHH StC OBUIM OIpeJeNeHbl HECKOIBKO T'e€HOB, YYacTBYIOIIUX B
Pa3BUTHM MBIIICYHOH CHCTEMblI, B 4acTHOCTH, TeH MNC, koaupyrommii OaHy u3
CyObEeOMHMI MHO3MHA. YUWTBHIBas OSTOT (aKkT, Mbl H3YyYWIM BIUSHHE Ha
MPOJOKATENBHOCTD KU3HU HOKAayHa StC B Muommrax. OKa3anoch, 9TO CEIEKTHBHOE
CHIDKEHHE dKCIpeccHy SIC B MBINIIAX CAMIIOB YBEIHMUYUBAET MPOJOJIKUTEIFHOCTh UX

su3au Ha 19 % (P<0.0001).
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Buvigoov::  Mpl  moKazanw, UTO  CEJCKTUBHBIA  HOKJayH  HEHPOHAJIBHOTO
TPAHCKPHUIIIUOHHOTO (akTopa SIC B HMOpHOHATIBHON HEPBHOW cHCTEME APO30(HUIIbI
00yCJIOBIMBAaeT YBEIMYCHHE 3JI0POBOIl MPOJNODKUTEIBHOCTH JKU3HHM HMaro ¢
COXPAaHEHHWEM BBICOKOI'O (DYHKIMOHAJIBHOI'O CTaTyca HEPBHOH M MBILICYHOH CHCTEM.
Tak»e MoJI0KHUTENbHOE BIUSHUE HA MPOJIOJKUTEIBHOCTD JKU3HH OKa3bIBAET CHIKEHUE
skcripeccu  SIC B MBIIIEYHBIX  KJIETKaxX. BO3MOXHBIMH — MumIeHsMu  Stc,
OIOCpEeAYIOIUMH 3TH 3((EKThl, SABISIETCS Al T€HOB, YYAaCTBYIOLIMX B Pa3BUTUU
HEPBHOW CHCTEMBI, & TAK)KE OCHOBHOM MBIILICYHBIN OEIOK MUO3HH.

Qunancuposanue. PaboTa mpoBefeHa B paMKaxX BBIIOJIHEHUS TOCYAapCTBEHHOTO
3ananus HULL «KypuaToBCKUIl HHCTUTYTY.
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Motivation and Aim: Increasing healthy lifespan is a crucial goal of research in biology
and medicine, with significant implications for the development and enhancement of the
well-being of human society as a whole. According to contemporary data, while
longevity can be achieved up to late adulthood through a healthy lifestyle, genetic factors
play a decisive role in determining the quality of life and lifespan in old age.

In our studies on the genetic control of lifespan, we focus primarily on transcriptional
regulator proteins, as they influence multiple genes at once, triggering cascades of
genetic regulation during ontogenesis. We consider the nervous system, which maintains
neurons throughout life and plays a key role in regulating fundamental functions of the
body, and the muscular system, which constitutes the majority of body mass (36—70 %
in humans and 75 % in the model organism Drosophila), contributing significantly to
overall metabolism and the organism's response to environmental factors, as the most
critical systems determining lifespan.

We investigate the impact on lifespan of the expression level of the shuttle craft (stc)
gene, which encodes the transcription factor Stc, known to affect the development of
motor neuron axons in Drosophila [1], in these tissues.

Methods and Algorithms: To alter stc expression, we used the binary Gal4-UAS system
[2]. For RNAi-induced stc knockdown, we utilized a transgenic line encoding double-
stranded stc RNA (obtained from the Vienna Drosophila Resource Centre, line
VDRC_47973 and control line VDRC_60000), and driver lines targeting pan-neuronal
expression, expression in the embryonic central nervous system, motor neurons, and
muscles (obtained from the Bloomington Drosophila Stock Center, lines BDSC_257750,
BDSC_8165, BDSC_8816, BDSC_ 25756, respectively). If necessary, lines were treated
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for the intracellular parasite Wolbachia, which affects lifespan, development, and
metabolism of Drosophila, several generations before use in experiments.

The level of stc knockdown in experimental specimens and its effect on the expression
of potential Stc targets were verified using qPCR with SYBR Green | in a MiniOpticon
system (Bio-Rad, USA). The significance of differences in mRNA quantities was
assessed using ANOVA.

Lifespan was measured in virgin flies of one sex, placed five per vial with standard
medium containing sugar, yeast, raisins, and semolina, at a temperature of 25°C and
humidity of 60 %, with a 12-hour light/dark cycle. The registration of dead individuals
was carried out daily, and live flies were transferred to fresh food weekly. Statistical
significance of differences between survival curves was assessed using the Mann-
Whitney test, and late effects were evaluated using the Fleming-Harrington test.
Calculations were performed in the OASIS 2 program [3]. Bonferroni correction was
applied for multiple comparisons.

Locomotion was measured every ten days in 25 mm diameter tubes containing five
virgin flies of the same sex/age/genotype, placed horizontally in a Drosophila Population
Monitor (TriKinetics, USA). The significance of differences between mean values of the
total fly crossings of three LED rings within five minutes was determined using
ANOVA.

Results: Given that in Drosophila, Stc has been described as a neuronal transcription
factor [1], we analyzed the impact of pan-neuronal stc knockdown on lifespan. This
knockdown resulted in a 13-15% reduction in male lifespan (P < 0.0001). We
investigated the effects of selective stc knockdown in the embryonic nervous system and
found that it increased the adult male lifespan by 12 % (P < 0.0001). Moreover, the
mobility of these males was comparable to the controls, and at the age of forty days, it
even surpassed that of the controls (P = 0.004), indicating the maintenance of good
functional status of the nervous and motor systems. Thus, it can be hypothesized that,
unlike the pan-neuronal knockdown, selective knockdown in the nervous system during
the embryonic stage is beneficial, suggesting that stc knockdown specifically in adults
may have a negative impact. Based on the known function of stc in motor neuron
development, we examined the effect of selective knockdown in motor neurons and
found that it did not significantly affect male lifespan (P = 0.795). The question of which
neurons are responsible for the reduced lifespan with pan-neuronal stc knockdown
remains still open.

To identify potential targets of the Stc transcription factor that might contribute to
lifespan extension, we analyzed transcriptome changes resulting from stc knockdown in
the embryonic nervous system and validated these findings using gPCR. Among the
identified targets were genes involved in nervous system development (N, Nej, Unc-
115a). Additionally, several genes involved in muscle system development, particularly
the Mhc gene encoding one of the myosin subunits, were identified as possible Stc
targets. Considering this, we studied the impact of stc knockdown in myocytes on
lifespan. It was found that selective reduction of stc expression in male muscles
increased their lifespan by 19 % (P < 0.0001).

Conclusion: We have shown that selective knockdown of the neuronal transcription
factor Stc in the embryonic nervous system of Drosophila results in an increased
healthspan of the imago while maintaining a high functional status of the nervous and
muscular systems. Additionally, reducing the expression of Stc in muscle cells positively
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affects lifespan. Potential targets of Stc mediating these effects include several genes
involved in nervous system development, as well as the primary muscle protein myosin.
Funding: The work was carried out within the state assignment of NRC “Kurchatov
Institute”.
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