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SAJIEZKHICTD TPUBAJIOCTI dKUTTA DROSOPHILA
MELANOGASTER BIJ1 HAJJEKCIPECII TA
®YHKIIIOHAJLHOT'O HOKAVYTY TEHA dNOS Y HEUPOHAX

VY pe3ynbTari MpoBeIeHUX JIOCIIHKEHb MOOY0BaHO KPHUB1 BIXKUBAaHHS OCOOMH 3 JOJATKOBOIO KOITIEI0
reHa dNos Ta #oro (QyHKIiOHATFHAM HOKayToM. HalfHIDKYi IMOKa3HHKH cepenHbol i MakCHMabHOL
TPHUBAJIOCT] KUTTS BUSBICHO B 0COOMH 3 (PYHKI[IOHAIILHUM HOKAyTOM TeHa dNos, IO MiITBEPIKY€
BaxxuBy posib NO y mporecax KUTTEIISUIBHOCTI 1 crapiHHSA Ipo3odinu. 3adikcoBaHO NOCTOBipHE
3HIDKEHHS TPUBAIOCTI JKUTTS TAKOXK B OCOOWH 3 HaJleKCIIpeciero reHa dNos.

Knrouosi cnosa: Drosophila melanogaster, cunmasza oxcudy asomy, mpueanicme ocumms, UAS-GAL4
MpanceenHa cucmema

Okcup azory (NO) € KII0YOBUM DEryJsSTOPOM PI3HOMAHITHUX OiOJIOTIYHUX TPOIECIB, cepel SKUX
npoidepanis kritad [11], dopmyBanHs cunanciB [8], iMyHHa BilNoBiah [2], TOBEAIHKOBI peakiiil
[5], dopmyBanust mam’sti [3]. B oprani3mi TBapHuH BiH NPOXYKY€EThCS (PEPMEHTOM CHHTA3010 OKCHILY
azoty (NOS). Ananiz ¢yskiii NOS y ccaBiiB yCKJIaqHIOETbCS HasiBHICTIO 3 reHiB NOS i BEJIHMKOIO
KUTBKICTIO TIPOAYKTIB albTEPHATHBHOrO CIUTACHHTY. Mumn 3 neneroBaHuM oaHuM reHom NOS e
KHUTTE3IATHAMH, 3 IBOMA JEJICTOBAHHMH T€HAaMH — MAlOTh 3HIDKCHY JKHTTE€3JAaTHICTh, a TBapuH 3
TpbOMa JICNETOBAaHUMH T'€HaMH J0ci He Branocs otpuMati [8]. po3odina ciyrye 3pydHiM 00’ €KTOM
s pociimpkeds QyHKOiT NO 1 NOS y oprasi3mi, OCKiJIbKH B TEHOMi JAP030(iId BUSIBICHO JIUIIIE
ojuH reH (dNos).

JoBruii dvac BinOyBamacs HaykoBa IucKycis mpo poms NO B mporecax po3BHTKY i
KUTTENISUTBHOCTI nipo3odinu. B 1995 p. Perynncki 1 Tymi [6] mocmigmnu OynmoBy reHa dNOS, a
mizHine npunyctuwid, mo NO Ta NOS 6epyTh yyacth B mporiecax meramopdosy [9]. Bonu ommcanu
MyTaIlil0 B KOHCEPBATHBHIH IUISHIN I'eHy, sIKa MOBHICTIO iHakTHBYBana pepment NOS, i noBizomumy,
10 BOHA CIpHYMHAE JieTanbHicTh. Y 2010 p. Sxy0OoBudY Ta iH. BUCIOBWIHM AyMKY, o NOS He €
KHUTTEBO BAXKJIMBOIO Ui po3BUTKY Apo3odimu [10]. BoHu, B CBOIW dYepry, CTBEpIXKYBAlH, IIO I
JIETATBHICTH MOTJIa OyTH TOB'SI3aHOIO 3 JIOJIATKOBOIO MYTAIlIEI0 Y IHIIOMY T'eHi, a He YIIKO/HKCHHSIM
camoro reny dNos. Perynbcki Ta iH. 3MOTJIU JIOBECTH JICTABHICTD TUTBKH JUIs ojtHOTO 3 17 anemnis [7].
VY 2011 p. Kacepec Ta iH. mokazanu, 1o Jeneris dNos B OCHOBHIH €HIOKPUHHIA TKAHWHI JTHYHHOK,
MPOTOpaKaJbHIA 3a1031, YIIKOMXKYE Mpolec MPOAYKMii eKIU30HY, M0 € MOMNEPEeIHUKOM TOPMOHY
muabku [1]. Boum BBaxamu, mo NOS 3amydyeHa 10 KOHTpodo MeTamopdo3y komax. Myxu 3
(YHKIIOHAJIBHAM HOKayTOM TeHa dNos y NpOTOpakalbHIH 3aJi031 MM Tipile, poCiH MOBUIBHINIE i
YacTHHA 3 HUX THHYJA Ha CTalil JIUTEYKH. 3BaXKaroul Ha BENHKY KiJTBbKICTh BaKIMBHX (YHKIIH, SKi
Bukonye NO, minkom JsoriyHo Oymo 0 ouwikyBaTH, mo neneniss reHa dNOS B aposodinu Oyne
JeTajJbHOI0 B mpoueci po3BUTKY. [Ipote poip NO y JKHUTTEIISUIBHOCTI APO30(iny AOCI 3aIMIIAETHCS
HEOHO3HAYHOIO.

MarepiaJ i MeTOaM A0CTiTIZKEHD

VY poboTi BUKOpUCTOBYBaM TpaHcreHHi JniHii UAS-dNos (XxapakTepu3yeThcsl HasBHICTIO 10JAaTKOBOT
komii reny dNos) ta UAS-RNAi-dNos (excnpecyetbes inTepdepyroua PHK 1o dNos tpaHckpunrty),
orpuMaHi 3 Bloomington Drosophila Stock Center. /]ist akTuBanii TpaHCreHHUX KOHCTPYKTIB OCOOHMH
IUX JHIH cxpenlyBanu 3 ocobuHaMu JiHIi elav-Gal4. BinmoBimHO akTHBAIsl KOHCTPYKTIB
BigOyBanacs B HamaakiB F1 came y HelipoHanbHux KiiTuHaX. JIiHisS aukoro tumy Oregon ciayryBaia
KOHTpPOJIEM y CXpEllyBaHHSAX. TaKkoX MepeBipsuid TPUBATICTh XKUTTSI OCOOWH TPAHCTEHHUX JIiHIA 0e3
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aktuBanii KOHCTPYKTiB (@ UAS-dNos x & UAS-dNos; @ UAS-RNAi-dNos x & UAS-RNAi-dNos; 9
elav-GAL4 x & elav-GAL4).

Jns  BU3HAYECHHS TPHBAIOCTI JKUATTS BHUKOPHCTOBYBAIM |-IEHHUX CaMIiB, HAalIAIKIB
CXpellyBaHb JOCHTIKyBaHHX IiHiil. Ix yrpumyBamu 3a Temmeparypu 24-25C i xoxui 2 mmi
MIepeCcHITajii Ha CBIXe cepenoBHIle 0e3 IPiKIKIB, (IKCYFOUN KiJBKICTh XUBHX 1 3arHONIUX 0COOMH. Y
nociini BukopuctaHo He MeHme 100 OCOOMH Ui KOXKHOTO CXpEIlyBaHHS, IUIS CTaTUCTHYHOI
JIOCTOBIPHOCTI JIOCJTiJT TOBTOPEHO TPHYI.

PesyabTaTn gociinkeHb Ta ix 00roBopeHHst

3a pesynabTaTaMH JAOCHiIKEHb TPHUBAJOCTI XUTTA Hawmankis F1 OyayBamum KpuBi BIDKMBaHHSA Ta
Bu3Hauanu cepennro TpuBanicte kuTTA (CTXK) 1 makcumanpry TpuBanicte xutts (MTX).
IMokazamku CTXX BH3Hayamm 3a HACTYHHHUMH IapameTpamu: S;s — TepMiH (y mo06ax), Ha KOTpHil
3aJMIIAETBCS KUBUMHU 75% MyX; Ssop — TepMiH, Ha KOTpHHA 3aluIIaeTbes KUBUMHA 50% MyX; Sys —
TEPMiH, Ha KOTPHUI 3QJIMIIAETHCS )KUBUMHE 25% MyX.

TpuBasicTh KHUTTSA OCOOMH KOHTPONBHOI MiHIT Oregon XapakTepusyBallacs MOCTYIIOBOIO
3aruOesuTio MyX, IO MPOSBISUIACS Y BHIVIAAL IUTATO Ha IX KpuBiil BrkuBaHHA (puc.l). [loniGHe mmaro
TAKOK CIIOCTEPIraiy B HAIAIKiB KOHTPOJILHUX CXpenlyBaHb, aie He B F1 cxperrysans 9 elav-GAL4 x
3 UAS-dNos um Q@ elav-GAL4 x & UAS-RNAi-dNos. Myxu 3 nanekcnpeciero rena dNos (9 elav-
GAL4 x & UAS-dNos) a6o ioro ¢pyukuionansuum HokaytoM (9 elav-GAL4 x & UAS-RNAi-dNos)
TUHYIM, TOYMHAIOYM 3 5-r0 JOHA OKUTTS 1Maro i XapakTepu3yBaJUCS JAOCTOBIPHO HIKYUMHU
nokazaukamu CTXK 1 MTXK (tabm. 1).
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Puc.1. TpuBaiicTh )XUTTS HAINAAKIB CXpEIIyBaHb JOCIIIKyBaHUX JiHIN

Haiigumi piai CTXK 1 MTX Oynu 3adikcoBaHi st KOHTPOJIBbHOT MiHIT Oregon, HAWHWKY1 —
s Hamanakie Q@ elav-GAL4 x & UAS-RNAi-dNos i Q@ elav-GAL4 x & UAS-dNos. Y ocobun 3
¢yHKIioHaTEHIM HOKayToM reHa dNos CTXK 1 MTXK Oyna 3HmKeHa BIBidi, TTOPIBHIHO 3 KOHTPOJIEM.
3Ha4YHe 3HIKEHHS TPUBAIOCTI XKUTTA y IIMX MyX LIe pa3 miATBEpKYe BaxuBy poib NO y mporecax
JKUTTEISLTBHOCTI Ipo30dinu.
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Tabnuys 1

[Moka3zHuku cepeHbOl | MAKCUMAaTBHOT TPUBAJIOCTI XKHUTTS CEPE]l HAIIAIKIB CXpEllyBaHb
JIOCITIPKYBaHUX JIIHIH

Hamaaku Big cxpelyBaHb CTK, notu MTXK, n06u;
e AL experity Ss;s,M+m S50, M+ m Sps, M+m M+m
Q elav-GAL4 x & UAS-dNos 132+1,8 20,1 +£1,2 254+1,7 34,1+ 1,1
? el"V'GAL;’\‘,Of UAS-RNAi- 10,7 2,1 153+ 1,3 204+1,1 285+ 1,5
O Oregon x & Oregon 2116 30,7 +2,1 39,5+28 502+12
Q UAS-dNos x 3 UAS-dNos 203+22 272415 334412 433+2
Q UAS-RNAi-dNos x 3 UAS-
RNV 20,1 +1,8 263+ 1,7 32,5 42,1 468+ 1,9
O elav-GAL4 x 3 elav-GAL4 162 +23 2,1+13 342+ 1,7 474+1,7
O Oregon x & UAS-dNos 23+1,9 314+1,6 38,5+2 51312
O Oregon x & UAS-RNAi-dNos 204+1,5 292+2,1 40,5+ 1,5 512+ 1,8

HeraruBuuit BrumB NO  MoOXe ONOCEpEIKOBYBATHUCA HOro ydyacTHO B Ipolecax
€KCaHTOTOKCUYHOCTI Ta HiTpo3wmoBaHHI OinkiB [4]. Ilpomecn ekcaWTOTOKCHYHOCTI IOB’si3aHI 3
HAJMIPHOIO CTUMYJIALI€I0 iOHHUX KAHAJIB i 3pOCTAHHAM KOHIEHTPAIii BHyTpimHboKTiTHHHOrO Ca’’,
mo Bexe Mo mopanbinoi 3armbenmi KmiTHH. HiTpo3mmroBaHHS ONKIB CIIOCTEpIraeThesi B HEHpOHAX
naiieHTiB 3 xBopoboro [Tapkincona. llle ogaum nuisixom HeraTuBHOI 1ii NO B 1po30(disiu € pOo3BUTOK
HelpoereHepanii BHACIIIOK aKTUBaLii reHa dFoxo, IPOIYKT SKOTO € BXIIUBUM TPAHCKPUIILIIHHUM
¢akropom. KokeH 3 1ux MexaHi3MiB MOXe OyTH NPUYMHOIO 3HIDKEHOI TPUBAJIOCTI XKUTTI MyX 3
JIOZATKOBOIO KOIIi€I0 TeHa dNos, aKTHBOBAHOIO B HEHPOHaX.

BucHoBkH

Omxe, 3a5exHO Bin cutyaril, NO Moxxe MpOSBISITH HEHPOTOKCHYHY a00 HEWPOIPOTEKTOPHY Jit0. B Hammx
JOCIIDKEHHSIX, 1 30UIBIICHHS 103U reHa dNOS, i1 #oro (QyHKIOHAIGHWI HOKAayT y HEHpoHax Main
HeraTMBHHUM e(DeKT Ha TPHBATICTh XKUTTSA MyX. [Ipore BincyTHicTs aktiBHOCTI NOS 3a (pyHKIIOHATBEHOTO
HOKayTy TeHa MpOSBIISIACS Y HIDKYIN TPUBAJIOCTI JKUTTS MyX, aHDK HAasBHICTb JOIATKOBOI KOIIii reHa.
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3ABUCUMOCTD ITPOJOJDKUTEJIBHOCTU XU3HU DROSOPHILA MELANOGASTER
OT HAJIDKCITPECUU U ®YHKIIMOHAJIBHOI'O HOKAYTA 'EHA dNOS B HEUPOHAX

B pesymbTare mNpOBEACHHBIX HWCCICNOBAHWN IMOCTPOCHBI KPUBBIC BBEDKMBaHHA OCOOCH ¢
JIOTIOTHUTENBHOM Komuel reHa dNos 1 ero (pyHKIIMOHAJIBHBIM HOKayToM. Camble HU3KHE TIOKa3aTeNln
cpeqHeld W MaKCHUMaJbHOM NMPOJOIKUTEIBHOCTU KM3HU BBISBIEHBI Yy 0coOell ¢ (QyHKIHMOHATBHBIM
HOKayTOM TeHa dNos, 4TO TOATBEp)KIaeT BaxkHyo ponb NO B mpomeccax XH3HEICSATEIEHOCTH U
crapeHus Apo30¢wibl. 3apUKCHPOBAHO TOCTOBEPHOE CHIKCHHUE MPOJIOIDKUTEIBHOCTH KU3HU TaKKe Y
ocobeii ¢ HajPKenpeccuel reHa dNos.

Kunrouegvie cnosa: Drosophila melanogaster, cunmasa okcuda azoma, npoodondxcumenvHocms dcusnu, UAS-
GAL4 mpanceennas cucmema

O. Shamro, L. Bodnar, S Gorbulinska, M. Kryzhanovska, O. Shcherbakova

Ternopil Volodymyr Hnatiuk National Pedagogical University, Ukraine

Ivan Franko National University of Lviv, Ukraine

DEPENDENCE OF DROSOPHILA MELANOGASTER LIFESPAN ON OVEREXPRESSION
AND FUNCTIONAL KNOCK-OUT OF THE dNOS GENE IN NEURONS

In this work we used transgenic lines UAS-dNos (characterized by the presence of an additional copy
of the dNos gene) and UAS-RNAi-dNos (expressed interfering RNA to dNos transcript) derived from
the Bloomington Drosophila Stock Center. Individuals of these lines were crossed with individuals of
the elav-Gal4 line. Accordingly, the activation of constructs took place in the first progeny precisely
in neuronal cells. The wild-type Oregon line was used as control in crosses. Also, the lifespan of
individuals of transgenic lines without activating constructs was checked (9 UAS-dNos x & UAS-
dNos; @ UAS-RNAi-dNos x 3 UAS-RNAi-dNos; Q@ elav-GAL4 x & eliv-GAL4). According to the
lifespan of flies from the first generation, survival curves were constructed and the rates of average
and maximum lifespan were determined. Progeny with overexpression of the dNos gene (9 elav-
GAL4 x & UAS-dNos) or its functional knockout (9 elav-GAL4 x & UAS-RNAi-dNos) died from the
5th day of imago's life and were characterized by significantly lower rates of average and maximum
lifespan. The highest rates of lifespan were determined for the Oregon control line. In flies with
functional knockout of the dNos gene the average and maximum lifespan were reduced by 50%. The
decreased lifespan of progeny with functional knockout of the dNos gene confirms the important role
of NO in drosophila physiology and aging. A significant decrease in lifespan was also recorded in
individuals with additional copy of the dNos gene. The negative effect of NO can be mediated by its
participation in the processes of excitotoxicity and nitrosylation of proteins. Excitotoxicity is
associated with excessive stimulation of the ion channels and an increase of intracellular calcium
concentration, which leads to further death of cells. Nitrosylation of proteins is observed in the
neurons of patients with Parkinson's disease and it is thought to have a deleterious effect on brain
cells. Another negative action of NO in the Drosophila is the development of neurodegeneration
through the activation of the dFoxo gene, the product of which is an important transcription factor.
Each of these mechanisms can be the reason of reduced lifespan of flies with dNos overexpression,
but to determine the real causes additional research is necessary.
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