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AHHoTauug

3nureHeTMUeCKMe MeXaHWU3Mbl UFPaKT BepylLylo ponb B pe-
FynALMN reHHOM IKCMpeccuu W KoopauHauuu Guonoruve-
CKMX NPOLLECCOB, BAMSASA Ha CKOPOCTb CTapeHns U NPOAOIKU-
TeNbHOCTb XWU3HU opraHuaMa. BaxHyio ponb B peanusauum
3TUX MexaHu3MoB urpatot Manbie PHK, Kotopble nogasnsior
aKTUBHOCTb cBOMX MuweHeil nyteM PHK-untepdepeHumuu
U o6ecneynBalOT NPOTUBOBUPYCHYH 3alLUTY. IHOKCALLMUH AB-
ngeTcs YHMKanbHbIM HAYKTOpoM thaktopoB PHK-unTepde-
PEeHLUM C NOTeHLMaNnbHON reponpoTeKTOPHON aKTUBHOCTbIH.
YctaHoBneHo, 4to ero addeKkTbl onocpepoBanbl MUKPoPHK,
HO BO3MOXXHO yuacTue U Apyrux BupoB Hekopupyouwux PHK.
B maHHOM MccnegoBaHUKM Mbl M3Y4YMAYN BIMSHUE 3HOKCALLMHA
Ha npopomkuTenbHocTb XusHu Drosophila melanogaster
U BnepBble NpoaHanusMpoBanu BKAag B ero athheKT reHos
ceMmeiicTBa Argonaute, Kotopble cneuutuyHo obecneunsa-
10T 6uoreHes u diyHkumonuposanue MUKpoPHK, kuPHK 1 nu-
BUPHK.

KnioueBbie cnoBa:

manbie PHK, PHK-uHTepdepeHums, 3HOKcaluuH, npopomku-
TEeNbHOCTb JKWU3HW, cTapeHue, reHbl Argonaute, Drosophila
melanogaster

BeepeHue

JnureHeTUKa M3yyaeT Hacnesyemble U3MEHeHUs 3Kcnpec-
CWW FeHOB UNK KNETOYHOro (heHOTMNa, He CBA3aHHbIE C U3Me-
HEHUSIMA HYKNEOTMAHON NocnefoBaTeNbHOCTU reHoMa. 3nu-
FeHeTUYEeCKMe MeXaHW3Mbl BKNOYAOT B Cebs METMRMpOBaHKe
[OHK, mopudukaumuo PHK 1 ructoHoB, CTPYKTYpy XpoMaTuHa
n Hekopumpytowue PHK [1]. Mpegnonaraetcs, uto HapyweHue
MX CNaXeHHOW paboTbl ABNAETCH OQHOW U3 BELYLWMX MPUUMH
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Abstract

Epigenetic mechanisms play a leading role in the regula-
tion of gene expression and the coordination of biological
processes, influencing the aging rate and the organism’s
lifespan. An important role in the implementation of these
mechanisms is played by small RNAs which suppress the ac-
tivity of own targets through the RNA interference and pro-
vide the antiviral protection. Enoxacin is a unique inducer of
RNA interference factors with potential geroprotective activ-
ity. Its effects have been identified to be mediated by miRNAs
but other types of non-coding RNAs may also be involved.
In this study, we have investigated the effect of enoxacin on
the Drosophila melanogaster lifespan and first analyzed the
contribution of Argonaute family genes to this effect which
specifically ensure the hiogenesis and functioning of miR-
NAs, siRNAs, and piRNAs.

Keywords:

small RNAs, RNA interference, enoxacin, lifespan, aging, Argo-
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cTapeHus. [lucbanaHc B 3MUreHeTUYECKUX MexaHU3Max Bbl-
3bIBAeT 06WWPHbIE M3MEHEHUS FeHHOM 3KCMPECCHU U COCToSs-
HUe reHOMHOM HecTabunbHocTH [2, 3].

MHorouncneHHble UCCnefoBaHNUs CBULETENbCTBYHOT 0 BaX-
Hoit ponu Manbix PHK B anureHeTuueckon perynsuuu [1, 4, 5).
K naHHoit rpynne Hekopupytowmx PHK otHocsaTca MukpoPHK,
KopoTkue uHTepdepupytowme PHK (kuPHK), Piwi-B3aumo-
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peiicteytowme PHK (nuBuPHK), oTnuuatowmeca no pasmepy,
(hyHKUMM W BenkaM Argonaute, C KOTOpPbIMM OHM B3aUMOfEN-
cTBytoT. MukpoPHK perynupyot skcnpeccuio reHoB € MoMOLLbH
PHK-uHTepepeHUMM - MOCTTPAHCKPUMLMOHHOIO mnpouecca
nyTeM HaLuenuBaHus Ha cneumndguueckne MPHK 1 nocnepytowe-
ro MHrMBMPOBaHNS TPAHCNALMM W JerpafaLiv aTux Monekyn [1,
6]. OHM yuacTByIOT B pasBUTMM OpraHMaMa, AMdhepeHLMpoB-
Ke KNEeTOK, perynauuu KneTtouHoro LMKna, cTapeHnuu, Metabo-
Nn3Me, anonTo3e, U UX IKCMPECCUS MEHSIETCS MPU HEKOTOPbIX
3a6onesanusax uenoseka [l, 7]. KuPHK takxe ocywectenaior
ferpapaumio Monekyn-muieHeit MPHK nocpepctoM PHK-H-
TepdepeHLun. KpoMe TOro, OHM yYacTBYHT B 3alLuTe reHoMa OT
aKTUBHOCTM MOBMMbHBIX FEHETUUECKUX 3MEMEHTOB U BUPYCOB
[8]. MBUPHK onucaHbl Kak BaXHble Perynatopbl Nogaepxa-
HWA 3apofbllweBoi MMHUK. OHU HeoBXoAWMbI ANS NOAaBeHUs
aKTUBHOCTM MOBMNbHbIX FEHETUYECKMUX 3MIEMEHTOB B 3apofbl-
weBbIx Knetkax [9], a Takke MOryT BO3[eNCTBOBaTb Ha 3KC-
MPeccuto reHoB NOCPeACTBOM BNUSHUG Ha MeTunupoBaHue JHK
n MogudmKaLmm xpomatuua [10]. K 6enkam, o6ecreunsaiowmm
buoreHes u thyHKLMoHUpoBaHue Manbix PHK, otHocarcs Drosha
u npencrasutenu cemeiictea Dicer u Argonaute [11). MMetotca
L,aHHbIE, YKa3bIBaKOLWMe Ha PoNb faHHbIX 6eNKoB B perynsauumu
CTPeccoyCToAUUBOCTM M NPOLOMKUTENBHOCTY XU3HK (Danee -
M>K) MogenbHbIx opraHuamos [12].

Mouck TepaneBTUYECKUX NOAXOA0B, HAaLeNEHHbIX Ha 3Mu-
reHeTUYeCKMe MeXaHu3Mbl, ABNAETCA NepcrneKTUBHON 3afa-
uell COBPeMeHHOIN BUONOrMK U MeaMLMHbI, TaK KaK MaMeHe-
HWS B 3TUX MeXaHWU3MaX UMeoT 06paTUMBbIi XapaKTep U TeCHO
conpsbxeHbl ¢ 3a6onesaHuamu yenoseka [13]. B HacTosuee
BpeMsl ONuCaH psf BelecTB, 06ecneynBalLMX Perynaumio
MeTunupoBaHua [HK, MoauduKauuii TMCTOHOB, TpaHCKpMN-
LIMOHHBIX PEerynsaTopoB, KOTOpble CMoco6HbI BAMATb Ha CKO-
pocTb CTapeHWs W Npepynpexpatb PasBUTUE BO3PACTHbIX
naronoruueckux npoteccos [14-20]. NposoasTca uccnenosa-
HUSI, HanpaBfieHHble Ha UOEHTUHMUKALMUI0 HU3KOMONEeKynsp-
HbIX COEIMHEHWI 0N MHIMBUPOBAHUA UNU aKTMBALMM 3KC-
npeccun MuKkpoPHK [21, 22]. 3T Monekynbl Takxe obnagator
MOTEHLMaNoM A1 3aMefJIeHUs CTapeHus v NpeaynpexneHus
BO3pacT-3aBUCUMbIX 3a6onesaHni [23-25].

JHOKCALLMH SBNISIETCS NEPBbIM HU3KOMONEKYNAPHbIM aKTh-
BatopoM dpaktopos PHK-unTepdepeHumn [21]. laHHoe coenm-
HEeHWe OTHOCUTCS K CEMENCTBY CMHTETUUECKUX aHTUBaKTepu-
alnbHbIX COEMHEHUI Ha OCHOBE (HTOPXMHONOHOBOTO CKeneTa.
OHo NposiBNSIeT aKTUBHOCTb B OTHOLWEHWW CMEeKTpa FpaMoTpu-
LLaTe/bHbIX 1 FpaMnonoXuTeNbHbIX BakTepui [26]. OcHoBHow
MeXaHu3M ero JedCTBUs 3aKNoyaeTca B MOMGMUKaLMK Npo-
ueccuHra MukpoPHK 1 yeunenun perpapauun MPHK nocpef-
ctBoM MUKpoPHK u kuPHK [21, 23, 27]. Ho oH Takxe Moxer
BNUATb Ha yHKLMI0 NMBUPHK uepes MukpoPHK [28].

C wucnonb3oBaHueM Mopenu Drosophila melanogaster
Mbl MPOBEPUNY TEPOMNPOTEKTOPHYH aKTUBHOCTb 3HOKCALM-
Ha W OLEHUNU BKNaf KOHKPETHbIX nyTeil GuoreHesa Manbix
PHK B ero addekt. [lposothnna B KOHTEKCTe [aHHOMO MC-
CnefoBaHus NpefcTaBnaeT co6oil YHUKaNbHbIA MOAENbHbI
06bekT. Y Hee uMetoTca Benku ceMeiictBa Argonaute, KoTo-
pble oTBevatoT 3a 6MoreHe3 KOHKpeTHbIX TUMoB Manbix PHK.
Argonaute-1 (AGO1) Heo6XoguM ANg CUHTE3a U (YHKLMOHU-
poBaHna MUKpoPHK, Argonaute-2 (AGO2) - nna kuPHK, 6en-

ku Argonaute-3 (AGO3), Aubergin (aub) v piwi ocywecTensaiT
6uoreHes nueuPHK [29]. [ing onpeneneHns ux ponu Mbl comno-
CTaBU/M BAMSIHME 3HOKCALMHA B PasHbIX KOHLEHTPaLMsX Ha
MK npo3otun NMHAWM [UKOTO TMNA U LPO30tIKN C HOKAYHOM
reHoB Argonaute, KOLUPYIOLWWX 3TN Benku.

Matepuanbl u MeToAbI

Nuuun Drosophila melanogaster w nonyyexue ocoben
C HoKpayHoM reHoB Argonaute

JuHuK, ucnonb3oBaHHble B paboTe, NpepcTaBneHbl
B Tabn. 1. OHM copgepxatca B KONNEKLMUM nabopaTopHbIX fu-
HWWA NNodoBbix Mywek Drosophila UHctutyTa Guonorum OULL
Komu HLL VpO PAH.

Ycnosus copepxaHus u 06paboTku aHOKCaLUHOM

Ins copepxaHus Lpo30odmn MCNonb3oBanu KnMMaTu-
yeckue Kamepbl KBF720-ICH (Binder, lepMaHus). XXnBOTHbIX
copepxanu npu Temnepatype +25 °C, oTHOCUTENbHOIM BRax-
HocTu Bo3gyxa 60 %, 12-uacoBoM pexxuMe ocBeleHus. CocTaB
NUTaTenbHON Cpefdbl, Ha KOTOPON COAEPXanyu KOHTPOMbHbIX U
OMbITHBIX XXMBOTHbIX MPU NPOBELEHWUN 3KCMEPUMEHTOB, Bbin
apanTupoBaH 13 pabotbl Xia u de Belle [30]: Boga - 11, Kyky-
py3Hasi Myka - 921, cyxue ppoxoku - 32.1r, arap-arap - 5.2,
rnoKo3a - 136.9 r; 4Ng CHUXeHUS MUKPOBMONOrMUecKomn Ha-
rpy3ku 5 mn 10 %-Horo pactBopa HunarvHa, pa3baBneHHoro
B 96 %-HoM ataHone, 5 Mn 50 %-Hoi NPONMOHOBOI KUCMOTbI.

PactBop 3HokcauuHa B KoHueHTpaumsax 0.1, 0.5, 1, 5, 10,
50, 100, 500 MKr/Mn HaHOCWAKM Ha NOBEPXHOCTb MUTATENbHON
cpenbl gpo3ocun B konuyectse 30 Mk Ha Npobupky. B Kaue-
CTBe pacTBopuTens ucnonb3osanu 1 Mkmonb/n pacteop NaOH.
B KoHTpone Ha cpegy HaHocuny TonbKo 1 MkMonb/n NaOH.

AHanu3 npogomKUTENbHOCTH XU3HHU

[ng ananusa MK gpo3ocun cobupanu B TeueHue 24 u no-
cne Bbineta uMaro. C MCMonb3oBaHWeM HapKo3a YrieKUCHbIM
rasoM (Genesee Scientific, CLLIA) Myx ycbinnsnu, coptuposanu
no mony u paccaxusanu B npobupku no 30 ocobeit. Camubl
W CaMKW XWNK pasgenbHo. HaumHas c mepBoro LHS XXU3HH
“Maro eXefLHeBHO BENW NOLCYET uucna yMeplmx ocobeid, iBa
pa3a B HeLento Myx NepeHocUnn Ha CBEXYH Cpegy.

PesynbTaTbl NpepcTaBnsnM B BUAE KPUBbIX LOXMTUS
W paccumuTbiBany MegmanHyto MK (BAMTeNbHOCTb XKU3HN Hau-
Bonee TMNWUUHBIX NpegcTaBuTenein BbiGopku) 1 Bospact 90 %
CMepTHoCTH (noKasaTenb MakcuManbHor MXK). Mpu cratucTyu-
yeckoit 06paboTKe AaHHbIX NPUMEHANM HemapaMeTpuyeckue
METo[bl, TaK Kak pacnpeneneHne NpofomKUTENbHOCTM XU3HH
He NoJUUHSIETCS HOPManbHOMY 3aKOHY. [1Nsl cpaBHEHUS! hyHK-
LM [OXKUTUS MCMoNb3oBanu Kputepuit KonMoroposa-CMup-
HoBa [31]. N9 OLEeHKM [,OCTOBEPHOCTM Pasnuumii No MeauaH-
Hoit MXK - kputepuit TexaHa-bpecnoy-Bunkokcona [32]. Ang
OLLEHKM CTATUCTMYECKOH 3HAUMMOCTU PasnuuMii MaKCUManb-
Hoit DK npumeHsanu meton Baur-Annucona [33]. Monpaeka
BoHteppoHM ucnonb3oBanach AAsS KOPPEKTUPOBKM MHOXe-
CTBEHHbIX CpaBHeHuit [34]. 06paboTKy LaHHbIX NPOBOAMAX
C roMolLbto nporpammbl Statistica, Bepcus 6.1 (StatSoft, CLUA),
cratuctueckoit cpepbl R, Bepcus 2.15.1 (The R Foundation) u
oHnaiH-npunoxenna OASIS 2 (Online application for survival
analysis) [35].
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Tabnuua 1

Nunnn Drosophila melanogaster, ucnonb3oBaHHble Ans nonyyenus ocobeit c PHK-untepdepenuueit reHos Argonaute

Table 1

Drosophila melanogaster lines used to obtain individuals with RNA interference of the Argonaute genes

JInHnm leHotnn | Onucanve MCTOUHMK, HOMEp NUHWK
LleHTp nuHuit Lpo3odmn
Canton-S JIuHus gukoro Tuna & BymwHrTone, CUIA (#64349)
P{CaryP} y[l v[1l; P{y[+t7.7]=CaryP} . . LleHTp nuHMit mpo3odinn
attP40 Msp300[attP40] KowTponbHast nukus ana nukvia ¢ PHK-uTepdepeumei B bnymunrTone, CLUA (#36304)
P{CaryP} ) 5 . . LleHTp nuHMi apo3odiun
attP? y[1] v[1l; P{y[+t7.7]-CaryP}attP2 KoHTponbHas nuHus gns nuHui ¢ PHK-unTeptepeHumeit & BymunrTove, CLIA (#36303)
RNAI-AGOT y[T v[1]; P{y[+t7.7] v[+t1.8]=TRIP. Jkenpeccupyet auPHK ona PHK-uHTepdepeHummn AGO1 nog KoHTponeM LleHTp nuHuit Lposodnn
HM0400é}attP2 npomotopa UAS B Bektope VALIUMI. KoHcTpyKuus B TpeTbeit xpomocoMe | B BnymunrTone, CLUA (#31700)
RNAi- y[1] sc[*] v[1] sev(21]; P{y[+t7.7] JkenpeccupyeT uPHK nna PHK-uHTepdeperummn AGO2 nop, KoHTponem LleHTp nuHuit Lposodnn
AGO2 v[+t1.8]=TRiP.HMS00108}attP2 npomotopa UAS B Bektope VALIUM20. KoHcTpyKums B TpeTbel xpomMocome | B Bnymunrtone, CLUIA (#34799)
RNAi- y[11 v[1]; P{y[+t7.7] v[+t1.8]=TRIP. Jkenpeccupyet auPHK ana PHK-unTepdepequun AGO3 nog KoHTponem LieHTp nuHmMi aposodmnn
AGO3 HMC02938}attP40 npomotopa UAS B Bexktope VALIUM20. KoHcTpyKuus Bo BTopoit xpomocoMe | B braymuHrtone, CLUA (#44543)
RNAi-piwi y[l v[1l; P{y[+t7.7] v[+1.8]=TRIP. 3kcnpeccupyet auPHK gna PHK-uHTepdepeHLum piwi Nog KoHTponeM LieHTp nuHmMi aposodun
p HMJ21827}attP40/Cy0 npomotopa UAS B Bexktope VALIUM20. KoHcTpyKuus Bo BTopoit xpoMocoMe | B baymuHrtone, CLUA (#57819)
RNAi-aub | y[1] v[1]; P{y[+t7.7] v[+t1.8]=TRIP. Jkcnpeccupyet puPHK pna PHK-unTepdepeHumu aub nop KoHTponem LleHTp nuHuit Lposodmn
(1) JF01390}attP2 npomotopa UAS B Bexktope VALIUMI. KoHcTpyKuus Bo BTopoit xpomocoMe | B BriymuHrtone, CLUA (#31606)
RNAi-aub | y[1] sc[*] v[1] sev[21]; P{y[+t7.7] 3kcnpeccupyet auPHK ang PHK-uHTepdepeHLmm aub nog, KoHTposeM LleHTp nuHmMi aposodun
2) v[+t1.8]=TRiP.HMS00611}attP2 npomotopa UAS B Bektope VALIUM20. KoHcTpyKumsa B TpeTbel xpomMocome | B BnymurTore, CLUA (#33728)
w[*]; P{w[+mW.hs]=GAL 4-da.G32}2: LleHTp nuHmit mposodimn
GAL4-da P{w[+mW.hs]=GAL 4-da.G32}3a MoscemectHas skcnpeccus GALA B bnymunrtone, CLUA (#55849)

Pesynbtatbl U Ux 06cyxpeHue

BnusHue 3HOKCaUMHA Ha NPOJOMKM-
TeNbHOCTb XN3HU ocobeil Drosophila mela-
nogaster pMKoro Tuna

Mbl  u3yuunu BAMSHWME  aKTUBaTOpa
PHK-uHTepdepeHumn 3HokcauuHa Ha [DK
Opo3omn nuHMM aukoro Tuna Canton-S.
V caMuoB B iByX BUONOrMYECKUX MOBTOPHO-
cTax U3 Tpex (Tabn. 2) Habniopanu yBenuue-
HWe MeguaHHoi MK pposodun Ha 8-20 % (p <
0.05) u Bo3pacra 90 % cMepTHocTH Ha 3-12 %
(p < 0.05) npu NpuMeHeHMM BeLecTBa B KOH-
ueHTpauuax 10-500 mkr/mn. Y camok npu
3TUX XKe KOHLLEHTpaLMsX TaKkxke 06HapyxeH
MoNOXUTENbHbIN 3ththekT. MeguanHas MK
nosbicunack Ha 5-8 % (p < 0.05), a Bospact
90 % cMepTHOCTH - Ha 3-12 % (p < 0.05). Ha
OCHOBaHWM HalUX pe3ynbTaToB MOXHO Fo-
BOPUTb 0 TepOMpOTEKTOPHOM MNOTeHuuane
3HOKCcaLMHA. 3TOT pesynbTaT cornacyercs
C [aHHbIMK OpYrux aBTOPOB, e NoKasaHo,
UTO 3HOKCALMH NPOLNEBaeT XU3Hb HEMATO-
nam [21]. TeM He MeHee MONOXUTENbHbIN 3th-
(heKT He BCerga BOCMPOM3BOLMICS BO BCEX
BMONOrMYECKMX MOBTOPHOCTAX W MpU UX
COBMelLeHUM Bbin BbipaxkeH cnabo (Tabn. 2,
puc. 1).

BnusHue HokpayHa reHoB Argonaute
Ha 3(hheKT IHOKCcaLMHA

Llns u3yueHus BKnaga reHoB ceMelicTBa
Argonaute B 3ththeKT 3HOKCaALMHA Mbl U3y-
unnu ero BuaHue Ha MX oco6eit Drosoph-
ila melanogaster ¢ HoK[ayHOM reHOB ce-
MeiicTBa Argonaute, KopMpyllWMX Benku

Tabnuua 2
Mapametpbl npogonxuTenbHocTH Xu3HU ocobeit Drosophila melanogaster
nuHuu Canton-S npu 06paboTke 3HOKCALMHOM

Table 2
Lifespan parameters of Drosophila melanogaster Canton-S lines treated with enoxacin
Camupl CaMku
MNoBTOpHOCTL C. M 90 % N M 90 % N
KoHTponb 63 68 136 68 76 143
1 63 69 143 68 76 152
5 63 68 142 69 76 142
1 10 60** 68 143 68 76 147
50 61 67 148 b4* 76 156
100 61 68 141 b4* T4 152
500 63 68 144 64 76 146
KoHTponb 50 60 144 60 67 136
1 49 60 144 60 68 112
5 53 63 125 61 69* 133
2 10 53 60 144 63** 71* 143
50 S4** b4* 138 65*** 75*** 136
100 55* 62* 134 b4* 75** 137
500 60*** 67 139 62 69 109
KoHTponb 49 60 143 57 67 148
1 46 57 143 57 64 141
5 52 64 145 59 72 135
3 10 S4** 66™* 145 61* il 148
50 51 64 137 60 68 141
100 50 61 134 58 67 137
500 4L 58 121 60* 68 145

MpuMeuanus. C - KOHLEHTPaLus 3HOKCauuHa, MKr/Mi; M - meauanHas MX (cyT); 90 % - Bospact 90
% cmepTHocTH (cyT); N - KonuuecTBo ocobeii B BbIBOpKe.

VcnoBHble 0603HaUYeHUs. * - pasnuumua ¢ KOHTPONeM CTaTUCTUUECKW 3HaumMbl npu p < 0.05, ** -
Pa3nuuns C KOHTPONEM CTaTUCTUYECKM 3HaumMbl mpu p < 0.01, *** - pasnuuma c KoHTponeM cra-
TMCTUYECKM 3HauuMbl npu p < 0.001, pocToBepHOCTb pasnuumit gna M ykasaHa no kputepuio Mexa-
Ha-bpecnoy-BunkokcoHa c nonpaekoi boHtheppoHu, focToBepHocTb pasnuumit ana 90 % - no Tecty
BaHr-AnnucoHa c nonpaskoit BoHteppoHy.

Note. C,_ - concentration of enoxacin, ug/mL; M - median lifespan (days); 90 % - age of 90 % mortality
(days); N - number of individuals in the sample.

Symbols. * - differences with control are statistically significant at p < 0.05; ** - differences
with control are statistically significant at p < 0.01; *** - differences with control are statistically
significant at p < 0.001, the significance of differences for M is indicated by the Gehan-Breslow
Wilcoxon test with Bonferroni correction, the significance of differences for 90 % is indicated by the
Wang-Allison test with Bonferroni correction.
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PucyHok 1. Kpusble BbxuBaemocTi caMmuoB (A) u camok (B) Drosophila melanogaster nuuuv Canton-S npu 06paBoTke SHOKCALMHOM.
VcnoBHble 0603Hauenus. * p < 0.05, ** p < 0.01 - kputepuit Konmoroposa-CMupHoBa ¢ nonpaskoit BoHdeppoHy.

Figure 1. Survival curves for male (A) and female (B) Canton-S Drosophila melanogaster treated with enoxacin.

Symbols. * p < 0.05, ** p < 0.01 - Kolmogorov-Smirnov test with Bonferroni correction.

BuoreHesa Manbix PHK, Bkniouas MukpoPHK (AGO7), kuPHK
(AGO2), nnenPHK (AGO3, aub, piwi).

V camuoB ¢ HokpayHoM reHa AGO2 o6HapyxeH nono-
XUTENbHbIN 3h(EKT 3JHOKCALMHA B KoHUeHTpauusax 1, 10
1 50 MKr/mMn B ogHoM 3 nosTopHocTen (Tabn. 3, puc. 2). Takxe
yBenuuenue MK npu notpebneHnn sHokcaumHa Habnopanu
y Myx ¢ PHK-unHTepdepeHumein aub(2) (mpu 0.5-50 mxr/mn Be-
wecrsa) u piwi (npu 0.1-1mkr/mn) (tabn. 3, puc. 3). B nepeunc-
NeHHbIX cnyyaax MeguaHHas MK 6bina yBenuueHa Ha 6-23 %
(p < 0.05), a BoapacTt 90 % cmepTHOCTH - Ha 5-23 % (p < 0.05).
3TU faHHble yKa3sbiBaKT Ha TO, UTO aKTUBHOCTb reHoB AGO2,
aub v piwi y camuoB He CHWXaeT 3tteKT 3HOKcauuHa no
CPaBHEHMIO C NIUHMEN QMKOro TUNa.

YV camuoB ¢ HokgayHom AGOT, AGO3 w aub() sHoKcaumH
B M3YUYaeMbIX KOHLLEHTpaLMUsAX M60 MMen MeHee BblPaXeHHbIN
W pasHOHanpaBneHHbIH addeKT (Mexay NOBTOPHOCTAMM) Ha
OJIUTENbHOCTb XXWU3HM, B0 BOCNPOU3BOLMMO CHUXAN MeLu-
aHHyto MK Ha 3-13 % (p < 0.05) 1 Bospact 90 % cMepTHOCTH
Ha 5-17 % (p < 0.05). [laHHbI/ pesynbTar roBOPUT 0 BO3MOXXHOM
yyacTumu 3TUX FeHOB, 0TBeYarwWmnx 3a 6uoreHes U yHKLMO-
HupoBaHue MUKpoPHK 1 nueuPHK, B reponpoTeKTopHOM feit-
CTBUM 3HOKCALMHA.

VY caMoK BOCMpOW3BOAMMbII MONOXMUTENbHBIA 3MEKT IHOK-
caluHa Habniopance TofbKo Npu KoHueHTpaumu 0.5 MKr/mn
y Apo3odun ¢ HokaayHoM aub(7) (p < 0.05). B ocTanbHbIX reHo-
TMNax 3HOKCaLMH B0 yKopaumBan Xu3Hb MyX, 6o He oKa-
3blBan BOCMPOM3BOLMMOrO BMSIHUS HA W3yyaeMble Napame-
Tpbl XK. Hanbonbuwee cHmkeHne megmuanHoi MK Ha 6-21 %
(p < 0.05) 1 Bospacrta 90 % cMepTHocTH Ha 9-19 % (p < 0.05)
NpU NPUMEHEHUM 3HOKCALMHA OBHapYXeHO Y npo3odun
¢ PHK-uHTepthepeHumeit reHa AGO!.

B 10 >xe Bpems y npo3odmn 6e3 HokpayHa reHoB Argonaute
Habnoganu cHuxenne napamerpos MK Ha 1-35 % (p < 0.05)
BO BCEX MCCNEeyeMblX KOHLEHTpaLMsX.

JHOKCcaUMH sBNsieTcs MHAOYKTOpoM chakTopoB PHK-uH-
TepdepeHLMM, KOTOpbIM HaLeneH, B MepByl oyepedp, Ha
MexaHuaM BuoreHesa MukpoPHK [21, 23]. B uccneposaHuax
Ha KNeTOUHbIX KynbTypax MpoLeMOHCTPUPOBAHO, UTo 3T0 Be-
wecTBo cnocobHo ycunueaTb onocpepoBaHHy MUKpoPHK
perpapauutio MPHK 1 cnocoberyet 6uorenesy MukpoPHK
W 3HporeHHbIX KMPHK [23]. B uacTHOCTH, 3HOKCALMH yaydwaet

npoueccuHr MukpoPHK nytem ceasbiBaHua ¢ TAR PHK-cBg-
sbiBatowum 6enkom 2 (TRBP) [21, 27]. Takxe oH BoBnekaer
Dicer coBMecTHo ¢ AGO2 B npoLECCUHI MpeawecTBeHHUKOB
MukpoPHK 1 crioco6eTByeT nocnepytolelt 3arpyske peryns-
TOPHbIX Monekyn B PHK-MHAyLMpoBaHHbIN KOMMNEKC CaifeH-
cura (RISC) [23].

JHOKCaLMH aBnsieTca MHoroobewaowmm cpeacTsoM Ang
NIeYeHUsl HEKOTOpbIX 3ab0NeBaHNiA, B TOM UMCre CBA3AHHBIX
co ctapeHueM. OH UHMMBUPYET POCT MHOTMUX TUMOB PaKOBbIX
KNeToK in vitro v in vivo, BKNoYas octeocapkoMy [36], Mena-
HoMmy [37], pak npeacraTenbHoit Xenesbl [26], nopKenynouHou
xenesbl [38], nerkoro [39], wutoBuaHoM xenesbl [40], wenku
MaTku [41]. Kpome TOro, 370 BellecTBo OCTaHaBNMBaeT npo-
rpeccMpoBaHue ayTOMMMYHHOrO MpoLecca B TKaHAX XKen-
ueBbIBOAAWMX NyTeit [42], a TakKe yMeHbllaeT Bbi3BaHHOE
AMeTon (C BbICOKMM comepxaHueM xupos 60 %) oxupeHue
Y MbllLEH, HOpManu3yeT YpOBEHb IOK03bl B KPOBU U CHUXAET
CUMNTOMbl B6OKOBOrO aMMUOTPOQIMUECKOro cKneposa [43, 44).
JHOKCALMH MMEEeT HU3KWUI YPOBEHb TOKCMYHOCTHM, MOCKONbKY
n3bupatenbHo BNOKMPYeT POCT paKoBbIX KNETOK, He 3aTparu-
Bas 3[0pPOBble KNeTKM [45], GesonaceH Ang nogen 1 WKUPoKo
NpUMeHsaeTCs ANs neyeHns 6akTepuanbHbIX MHBEKLMI MoYe-
BbIBOASWMX NyTeit. TeM He MeHee Ha Mbilwax Bbino NoKasaHo,
UTO 3HOKCALMH He BMHET Ha MUKPOGMOTY KMwWweuHuKa (Ha
cogepxaHue BakTepuit M pacnpepeneHue TUMOB BakTepwit
B Kane) [43]. [lononHMTeNbHO OH 0Ka3biBaeT NPOTUBOBUPYCHOE
nencteue yepes ycunenne PHK-uHTepthepeHUmMM HeKoTopbIX
naToreHHbIX Monekyn ¢ nomowbk KMPHK, Bnnotb go noteH-
LLanbHoi akTuBHocTH npoTue SARS-CoV-2 [46-48].

B uccnepoBaHun Ha Hematopax Caenorhabditis elegans
BbINI0 MOKa3aHo, UTo 3HOKCALMH B KoHueHTpaumuu 100 Mkr/mn
crocobeH yeenuuuatb MK [21, 49]. Ha ocobsax Drosophi-
la melanogaster nuHuv pukoro tuna Canton-S Mbl Takxe
MoKasanu, UTo 3HOKCALMH B KoHLeHTpaumsx 10-500 Mkr/mn
cnocobeH yBenuMuuBaTb MefuaHHy 1 MakcumanbHyto MK go
20 %. TeM He MeHee 3TOT 3thheKT He BCerga BOCNpOM3BOLUII-
ca Mexay 6uonormyeckummu noeTopHocTsMW. bonee Toro, Mol
U3yunnun 3t heKTbl 3HOKCALMHA Ha TPAHCTeHHbIX Apo3odunax
(Ho 6e3 HoKkpayHa reHoB Argonaute), COLepXallMx KOHCTPYK-
unu P{CaryP}attP2 w P{CaryP}attP40 BmecTe c npaitBepoM
da-GAL4. Y atux myx Habniopanu cHuwxenue MK Ha 1-35 %
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Tabnuua 3

MapameTpbl NpoomKMTENbHOCTH XMU3HU ocobeit Drosophila melanogaster c HokpayHoM reHoB Argonaute npu 06paboTKe 3HOKCALUHOM

Table 3
Lifespan parameters of Drosophila melanogaster specimens with Argonaute gene knockdown upon enoxacin treatment
Camupl CaMku
leHoTun MoBTOpHOCTL C

" M 90% N M 90% N

1 2 3 4 5 6 7 8 9
KoHTponb 49 60 145 64 T 156
0,1 46 57 142 70%** T4* 154
GAL4-da>RNAI-AGO1 1 0,5 52** 63 148 67 73 142
1 52 61 149 65** T 154

5 53** 63 150 64 T 152
KoHTponb 35 46 143 64 73 154

01 35 49 153 63 72 150

GAL4-da>RNAI-AGO2 1 0,5 35 49 154 65 72 151
1 35 46 152 63 72 152

5 35 44 155 63 73 162

KoHTponb 28 35 148 49 57 139

0,1 24+ 35* 151 43** 57 151

GAL4-da>RNAI-AGO3 1 05 26 37+ 154 49 56 139
1 27 L0 121 45 56 145

5 29** 40 n2 47 5T* 148

KoHTponb 49 60 150 63 73 153

0,1 52*** 4™ 158 59 73 155

GAL4-da>RNAi-Aub (1) 1 05 49 63 156 b4 78* 152
1 46 57 153 63 71 144

5 49 64 154 63 73 147
KoHTponb 42 53 148 T 78 144

0,1 43 56 137 66* T4+ 155

GAL4-da>RNAi-Aub (2) 1 0,5 L9*** 56 146 70 78 158
1 45* 56 151 65*** 4> 156

5 4L9** 57 157 70 17* 156

KoHTponb 42 52 92 52 63 147

0,1 4L8* 58* 92 52 64 n2

GAL4-da>RNAi-piwi 1 0,5 50*** 57 93 54 63 18
1 L7* b4*** 108 55* 66 n7

5 LT 61** 138 54 64 51

KonTponb 70 78 161 70 78 159

0,1 66 77* 162 70* 78 168

Gal4-da > P{CaryP} attP40 1 0,5 70 78 163 63 77 167
1 67* 71 160 64 71 162

5 65* 17* 162 67 71 155

KoHTponb 58 72 150 46 T4 152

0,1 53** 65* 150 37* 71 154

Gal4-da>P{CaryP}attP2 1 05 55 72* 161 57 71 156
1 58 72 153 53 78** 153

5 53+ 65*** 155 4> 8T 150

KoHTponb 52 64 158 T 78 163

0,1 54 64 154 65** 78 156

0,5 51 64 155 b4** T 158

GAL4-da>RNAI-AGOT 2 1 LT 60** 159 5T b4 155
5 L6*** 60 156 56*** 63** 158

10 L8 60 156 LY el 68* 159

50 53 63 158 68 75 62
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Mpogomxenue Tabn. 3

1 2 3 4 5 6 7 8 9
KoHTponb 35 [ 151 73 78 140
0,1 36 49 151 72 79 159
05 36 Ly 154 70 78 154
GAL4-da>RNAIi-AGO2 2 1 38* 48 150 70 77 155
5 35 47 145 68*** 77 164
10 38 50* 151 67 T4 156
50 37+ 50** 153 Al 79 156
KoHTponb 37 46 86 52 64 149
01 33 427 84 51 60* 149
0,5 34* [ 83 54 64 153
GAL4-da>RNAIi-AGO3 2 1 36" 42* 127 52 61 158
5 39 46 141 54 62%** 164
10 36*** 40 136 53** 60*** 157
50 36 Ly 147 L9 60*** 152
KoHTponb 64 74 152 T 81 157
0,1 64 72 152 78** 86 155
05 64 72 162 79*** 86 155
GAL4-da>RNAi-Aub (1) 2 1 61 Al 187 72 81 153
5 60** 70%* 159 Al 82 144
10 60** 69 148 Al 82 157
50 60*** 68** 162 68 78 147
KoHTponb 45 57 154 79 86 144
0,1 45 58 149 79 86* 156
0,5 ) 58 165 78 86*** 154
GAL4-da>RNAi-Aub (2) 2 1 49** 57 151 78 85"** 157
5 50*** 61" 155 A 78** 157
10 47 60*** 145 77 82+ 128

50 47 60* 154 Tl 82" 156

KoHTponb 47 61 73 63 72 16
01 57~ 65 80 61" 69 106

0,5 53 62 76 60*** 67T 81

GAL4-da>RNAi-piwi 2 1 58*** 68 72 60" 70% 95
5 51 61 68 59** 70 124

10 46 60 89 64 T4 10
50 50 60 100 63 69 148

KoHTponb 64 75 65 79 150

0,1 57*** 68*** 156 57** 75* 163

05 57*** 70%** 158 60 79 156
Gal4-da > P{CaryP} attP40 2 1 60** 70 159 49> 77 142
5 51 68 154 49> 68*** 152
10 56*** 67 n7 427 67 154

50 57*** 67 152 60*** 68*** 156

KonTponb 50 65 155 80 89 153

01 51 64 157 78* 86" 138

05 51 64 152 7L 86*** 155
Gal4-da>P{CaryP}attP2 2 1 L 64 168 70%** 83*** 158
5 47 64 186 56*** 79*** 152

10 54 64 148 64 76** 138

50 48 64 161 67+ 82+ 160
KoHTponb 49 60 157 67 78 142

GAL4-da>RNAI-AGOT 3 10 50 58 161 63** T4 153
50 51 63 164 66 T4 160
KoHTponb 3 L 158 59 73 149

GAL4-da>RNAIi-AGO2 3 10 32 L4 156 63 /Al 155
50 32 4h 159 65" 78* 159

N3BecTua Komu HayuHoro LeHTpa Ypanbckoro otaenexus Poccuitckon akagemun Hayk N2 6 (64), 2023
Cepusi «3kcnepuMeHTanbHas 61onorus u akonorus»
www.izvestia.komisc.ru

108



OKoHYaHue Tabn. 3

1 2 3 4 5 6 7 8 9
KoHTponb 30 43 157 48 52 157
GAL4-da>RNAI-AGO3 3 10 27 4 157 437 55 162
50 27+ L 161 49 57* 160
KoHTponb 65 78 160 78 94 160
GAL4-da>RNAi-Aub (1) 3 10 57** 69*** 157 77 85** 159
50 57 65 161 78 87 154
KoHTponb 44 51 159 67 78 160
GAL4-da>RNAi-Aub (2) 3 10 Lbx 56 159 63*** 73 159
50 4h 53 157 70%* 80** 156
KoHTponb 4L8 62 147 55 63 145
GAL4-da>RNAi-piwi 3 10 50 60 160 55 63 154
50 47 60 155 56 68* 167
KoHTponb 63 Al 155 56 78 153
Gal4-da > P{CaryP} attP40 3 10 56*** 647 157 51 70** 153
50 57*** 64* 145 64 78 160
KoHTponb 53 65 161 78 91 147
Gal4-da>P{CaryP}attP2 3 10 45%** 57 157 78** 81 155
50 L9 63** 160 80 88 160

[pumeuanna. C - KOHLEHTpaLMs 3HOKCALMHA, MKr/Mn; M - MeguanHas MK (cyt); 90 % - Bospact 90 % cmeptHocTH (cyT). N - KonuuecTBo ocobeit B BbIGopKe.
VcnoBHble 0603HaUYeHHS. * — pasfinuns C KOHTPOEM CTaTUCTMUECKM 3HauuMbl npu p < 0.05; ** - pasnnuns c KOHTPOneM CTaTUCTUUeCKM 3HauuMbl npu p < 0.01,
*** _ pasnuuus C KOHTPONeM CTaTucTUUecku 3Haummbl mpu p < 0.001, foctoBepHoCTb pasnuunit ans M ykasaHa no kputepuio lexaHa-Bpecnoy-BunkokcoHa
C nonpaeKoit boHdeppoHy, LoctoBepHoCcTb pasnuuuit 4na 90 % ykasaHa no Tecty BaHr-AnnucoHa c nonpaekoit boHdeppoHy.

Note. C_ - concentration of enoxacin pg/mL; M - median lifespan (days); 90 % - age of 90 % mortality (days); N - number of individuals in the sample.
Symbols. * - differences with control are statistically significant at p < 0.05; ** - differences with control are statistically significant at p < 0.0
differences with control are statistically significant at p < 0.001, the significance of differences for M is indicated by the Gehan-Breslow Wilcoxon test with
Bonferroni correction, the significance of differences for 90 % is indicated by the Wang-Allison test with Bonferroni correction.
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PucyHok 2. Kpusble BbbkuaeMocTu ocobeit Drosophila melanogaster ¢ HokpayHoM reHoB noaceMeiicta Argonaute npy 06pa6oTke 3HOKCALMHOM.
VcnoBHble 0603HaueHua. *p < 0.05; **p < 0.01; ***p < 0.001 - kputepuit Konmoroposa-CMupHoBa ¢ nonpaskoi boHteppoHm.

Figure 2. Survival curves of Drosophila melanogaster individuals with Argonaute subfamily gene knockdown treated with enoxacin.

Symbols. *p < 0.05; **p < 0.01; ***p < 0.001 - Kolmogorov-Smirnov test with Bonferroni correction.
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PucyHok 3. Kpueble BbhxusaemocTu ocobeit Drosophila melanogaster ¢ HokgayHoM reHoB nopcemeictsa PIWI npu 06pa6oTke 3HOKCALMHOM.
VcnoBHble 0603HaueHua. *p < 0.05; **p < 0.01; ***p < 0.001 - kputepuit Konmoroposa-CMupHoBa ¢ nonpaskoi boHdeppoHm.
Figure 3. Survival curves of Drosophila melanogaster individuals with PIW/ subfamily gene knockdown treated with enoxacin.
Symbols. *p < 0.05; **p < 0.01; ***p < 0.001 - Kolmogorov-Smirnov test with Bonferroni correction.
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Mpu BCeX KOHLEHTpauusax uHpyktopa PHK-uHTepdepeHLmm.
3T0 roBOPUT 0 TOM, UTO [EACTBUE JHOKCALMHA Ha CTapeHue
u MK opraHn3Ma MOXET 3aBUCETb OT KOMMMEKCca BHEWHUX
U BHYTPEeHHUX haKTopoB, U TpebyeTca peTanbHoe WU3yyeHue
NeXallnX B ero 0CHOBE MeXaHWU3MOB.

CornacHo pesynbTaTaMm paboTbl Ha HeMaTofe, 3HOKCALMH
[eiiCTBYeT Ha MPOLOMKUTENBHOCTL XWU3HU U CTapeHWe uepes
nyTn MutoropMesanca u SKN-1/Nrf2, cHuxas npu 3ToM ypoBeHb
miR-34-5p [21, 49]. Takxe B KaUeCTBe MULLIEHM [LaHHOMO Coeau-
HeHus y Hematog, onucaH PHK-cneundmuueckas afeHosuHpea-
MuHa3a (ADAR). Mpu yTpate tyHKuuu ADAR y uepBeil ucuesan
MONOXMUTENbHbIN 3(EKT NPUMEHEHUS SHOKCaLLMHa [49). TeM He
MeHee, BBUAY Cneuuduku opraHusaLum annapata buoreHesa
Manbix PHK y uepBei, 00 KOHL,A HEACHO, CBA3aH NN MeXaHM3M
[eiiCTBUA 3HOKCaUMHa TonbKo ¢ MUKpOPHK, nubo oH Takke
onocpefoBaH (yHKuMoHUpoBaHueM KUPHK 1 nusuPHK.

V Drosophila melanogaster ecTb NaTb TeHOB CeMeNCTBa
Argonaute, oTHocAlLMecq K [1BYM NofceMeiicTBaM - Argonaute
(AGOT, AGO2) v PIWI (AGO3, aub, piwi), KoTopble UrpakoT BaXKHyH
pofb B PErynsium 3KCNpeccum reHoB 1 TPaHCM030HOB. Mbl oLie-
HWNU BKNAJ, KOHKPETHbIX reHoB Argonaute, cneunduyHbIX ons
pasHbix TMNoB Manbix PHK Monekyn, B aththeKT 3HOKcaluHa
Ha BAWUTENbHOCTb XM3HU Apo3ocun. len AGOT noBceMecTHO
3KcnpeccupyeTcs B X0fie pasBuTHs, ero 6enok obecrneunBaet
aKTMBHOCTb CBA3bIBaHWA MUKPOPHK, perynupyet akcnpeccuto
reHoB, nopasnss TpaHcnauuio [50]. AGO2 Take NoBCEMECTHO
aKcnpeccupyetcsi, a ero 6enoK BbINONHAET (YHKLUI 3aliu-
Tbl OT TPAHCMO30HOB M BUPYCOB NyTeM CBA3biBaHWA € KMPHK
W yuacteyet B thopmupoBaHuu komnnekca RISC [51]. Benku
noacemeiicta PIWI (AGO3, Aub, piwi) HeoBxoauMbl ang pe-
MPeccuu TPaHCMO30HOB 3apOAbIWEBOM NIMHUM, OfHAKO reH
piwi 3KCNpeccupyeTca TaKkxe B COMaTUYECKUX KNETKaxX roHag,
npo3otunbl [50-52).

B naHHOM uccnefoBaHUM Mbl 06HapYXMK, uTo y ocobeil
Drosophila melanogaster ¢ HokpayHoM reHa AGOT 3HOKcaLMH
“Men NuGo OTpuLaTeNbHbIA, NGO cnabblit NONOXUTENbHBIN
aththeKT Ha MK, MonyyeHHbIN pe3ynbTaT yKasbiBaeT Ha BKNag,
MexaHu3Ma buoreHesa MukpoPHK B cnektp 6uonoruyeckux
aKTWUBHOCTEN 3TOr0 COEMHEHMS, UTO COrnacyeTca C yKasaH-
HbIMU BblLLE NUTEPaTYPHbIMU LaHHbLIMU, NOJTYYEHHbIMU Ha KNe-
TOYHBIX KyNbTypax U HEMaTOfAaXx.

Lposocmnel ¢ PHK-unTepcepeHuveit reHa AGO2 pea-
FMPOBaM Ha 3HOKCALMH CXOXMM 06pasoM C NIUHWEN OUKOro
Tuna Canton-S. 3HOKCALMH OKa3biBan NMB0 MONOXMUTENbHOE
OencTene, B0 He Bbi3blBAd CTATUCTMUECKM 3HAUUMBIX M3-
MeHeHuit TDK. MMo-BupouMoMy, MexaHusM GuoreHesa KuPHK
B MeHbllUei CTeneHu onpenenseTr reponpoTeKToOpPHY aKTUB-
HOCTb [J,aHHOr0 BELLECTBa, YTO COrNacyeTcsl C pesynbTaTaMmu
aHanu3a, NPOBEEHHOro Ha Hematopax [49].

Ocobu c HokpayHoM reHoB nopcemeictBa PIWI neMoH-
CTPUpPOBanu HeoXMAaHHble 3ththeKTbl 3HOKCaLMHa Ha [DK.
B pspe cnyvaeB 3HOKcaUMH Bbi3biBan cHuxkeHue MKy gpo-
30chun c HokpayHoMm AGO3, aub v piwi, UTo MOXET yKa3sbiBaTh
Ha Bknap nuBuPHK u reHoB PIW/ B atthekTbl 3HOKCALMHA
U [eTepMUHUPOBAHME XWU3HECNOCOBHOCTM B3pOCnoro opra-
HU3Ma B L,enoM. 3ToT Bonpoc TpebyeT feTanbHOr0 U3yYeHus.
B nepByto ouepenb, B CBSI3M C TEM, UTO B HacToslLee Bpems
npepnonaraercs, uto pewatowyto ponb nueuPHK umeer B 3a-

POLbIWEBON NIMHUM M MONOBbIX KneTkax [53, 54]. TeM He Me-
Hee, B paboTe Ha paKoBbIX KNeTKax Yenoseka 6blno NoKasaHo,
YTO 3HOKCALMH MOXET BOcCTaHaBnMBaTb akTMBHocTb PIWIL3
(npepcraButenb nopceMeiictea Genkos PIWI, o6ecneunsato-
wmx Bbipabotky nuenPHK) uepes MukpoPHK [28].
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