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Momusayus u yeav. Jodpamunepruueckue (JJA) HEHPOHBI SBISIOTCS BAKHOW YaCTHIO
HepBHO#t cuctembl. M 'y Drosophila melanogaster, u y miekonutarormx 1A HefpoHbI
BBINOJIHSIIOT CXOIHbIE (DYHKIMH: y4YacTBYIOT B KOHTpOJI€: MHIIEBOrO IOBEICHHS,
MOJIBU’KHOCTH, LUPKATHBIX PUTMOB, MaMsTH, (JOPMHUPOBAHUM MOTUBAIMH. B TeueHue
JKU3HU Jo(aMuHeprudyeckas cucreMa u3Mensercs. Jlake y 300pOBBIX Jroxed K
MOKMAJIIOMY BO3pacTy HaOIIofaeTcs CHIKeHHe KomndecTBa fodamuHa u JIA HEpoHOB.
C norepeii JIA HelipoHOB CBsSI3aHbI MHOTHE HElpojereHepaTuBHbIe 3a0oneBanus [1,2].
Hodamunepruueckas cucrema D. melanogaster yctpoeHa OTHOCHTENBHO MPOCTO H
BKITFOUaeT B ce0s1 Bcero 125 JIA HeifipOHOB Ha MMOTyIIapre TOJIOBHOTO MO3Ta; KIIETOYHBIE
tena JIA HEHpOHOB CrpyNIUpPOBaHbl B KJIACTEPbl U JIETKO BH3yaam3upyrorcs [3,4].
OTHocHUTeNbHAsI POCTOTA YCTpOicTBa nodamuneprudeckoi cuctemsl D. melanogaster,
npy QyHKIHMOHAIBHON CXOXKECTH ¢ 10(PaMUHEPTUIECKOM CHCTEMOI MIIEKONUTAIOIIUX,
JIeJIaeT ee MPEKPACHBIM MOJEIbHBIM OOBEKTOM JJISl U3yUEHHS BKJIaa OTIEIIbHBIX T€HOB
B KOHTPOJIb pa3IMYHbIX CBOMCTB 1 pyHKIuMi1 JIA HelipoHOB. MBI rccienoBanu poib A
HEHPOHOB B KOHTPOJIE NPOJOIKUTENbHOCTH sxu3HU (IDK).

BaxHoe 3HaueHHWe B NOJAEPKaHUU CTAOMIBHOCTH IO0(QaMHUHEPIHYECKOH CHUCTEMBI
urpaet rex shaggy (Sgg), KOJUPYIOIINii BBICOKOHCEPBATUBHYIO IPOTEMHKNHA3Y KUHA3Y
rmukorencuaTasel 3 (Glycogen Syntase Kinase 3, GSK3). GSK3 dochopumupyer
tpanckpumnironnsie (aktopsr CREB u NURRL [5,6], xoropbie, B CBOIO OYepe/b,
perynupyrorT pabory reHa pale, KOIUpYHOLIEro THPO3HHTHIPOKCHIA3Y, KIHOUEBOM
(dbepmeHT OuocuHTe3a Ao aMuHa.

Panee MBI MOKa3aiaM, YTO IKTOMHMYECKAs] HKCIPECCUs] AONOIHUTENFHONW KONHMU TI'eHa
shaggy, koaupyroiei ocHoBHOM TparnckpunT SGgRB, Bo Bcex JIA HelipoHax mpuBoanIIa
K JseranpHOMY 9¢dekry. IlapagokcanbHeIM 00pa3oM, OJKCHpeccHs TOH ke
JIOTIOJTHUTEIbHONW Kommu TeHa Shaggy Bo Bceil HepBHO# cucTeme, BKmouas A
HEHpOHBI, HE BBI3bIBAJA JIETAIBHOCTH, YTO MOXXET T'OBOPUTH O CYIIECTBOBAaHHMHU
HETIOHSTHBIX ITOKA KOMIIEHCATOPHBIX 3Q)QEKTOB, BEI3BAHHBIX YBEIUUECHHEM 3KCIIPECCHH
shaggy B apyrux THmax HEHpPOHOB. DTH MaHHBIC KaXYTCs eiie 0oJjiee WHTEPECHBIMU
BBUAY TOTO, YTO 3KTONHMYECKAasl SKCIPECCHHM JONOIHUTENBHOH KOIMWUU OCHOBHOTO
TPAHCKPHIITA C OAHOHYKJICOTUAHOM 3aMEHOI B KaTaJIUTHUYEeCKOM LieHTpe, SQJRB-A81T,
MPUBOJIAIIAS K CHIDKEHHIO aKTUBHOCTH ()epMEHTa B KJIETKE BCIICJICTBUE JTOMHUHAHTHO
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HeratuBHOTO 3(dekra [7,8], BoI3bIBAIA CTATUCTUYECKH 3HAYMMOe yBenunuenue DK
CaMOK.

B mocnennee Bpems Bce OoJbIe JaHHBIX CBUIETENBCTBYET O TOM, YTO OT/AEIHHBIE
HEPBHBIE KJIETKH MOTYT OIPENENSTh T€ WIM WHBIEC CIEU(PUIECKAE TUIH MTOBEICHUS.
DTO CBUCTEILCTBYET O CYIIECTBEHHON MU (HEPSHIIMPOBKE U CIICIIUATN3AIUN HEPBHBIX
KJIETOK, B TOM YHCJIe, HEHPOHOB 0IHOM 3pruuHocTy. [lepen Hamu BcTaia 3aj1aya MoHsTh,
MOXET JI1 U3MEHEHHE B paboTe OJHOro reHa, reHa shaggy, B oTAenbHbIX rpymmax JA
HEHpOHOB TpuBecTH K m3MeHeHusM [1DK, moBnusTh Ha (QYHKIMOHAIBHOE COCTOSHHE
HEPBHOI CUCTEMBI U TIOBE/ICHUE.

Mamepuanet u memoost: J171s1 ouieHKU BiusHusA 3Kxcapeccun SGJRB-A81T B oTaenbHBIX
kiactepax JlA HelipoHOB Ha (PYHKIIMOHATLHOE COCTOSIHUE HepBHOU cucTembl v [ DK MBI
WCIIONB30BAIA MOAMDUKAIINIO KITACCUYECKOW OWMHAPHOW SKCIPECCHOHHON CUCTEMBI
GAL4-UAS [9], Split_ GAL4, xoropas MO3BOJSIET HMHAYIHUPOBATH SKCIPECCHUIO
KOHCTPYKITHH TOJIBKO B OT/ICJIBHBIX rpymax fopamuneprudeckux neponos [10]. TDK u
KOJINYECTBO CHEJICHHOW MHIIK OICHHWBANM, Kak omucano B [11]. Busyamusanmio
HEHPOHOB MPOBOAMIIU C ITOMOIIBI0 KOH(OKaIbHOrO Mukpockona, GAL4A-UAS-GFP u
anTtuTen K NC82. MHTepec K muiie oleHHBamd, Kak omucano B [12].KomwmdectBo
ChEICHHOM MUIM y4YUThIBAIK, Kak onucaHo[13]. Craructuueckyro o0OpabOTKy BCex
JAHHBIX MPOBOIMIN CTAHAAPTHBIMU MeToaaMu [11].

Pesynomamul u 0bcysicoenue: Mbl OLICHWIN BIMSHHE U3MEHEHHOW dKcpecuu shaggy,
KOTOpasi obecrieynBaia JOMUHAHTHO HETATHBHBIN 2(PEeKT B OTAETBHBIX KiIacTepax JA
ueitpornos Ha ITK neBcTBeHHBIX caMoK u camiioB D. melanogaster. V camiios BiusHue
Ha TDK okasbiBaeT skcmpeccusi B kiactepe pal, moctoBepHO cHmkas ee. Y camMok
u3MeHeHne sKkcnpeccuu shaggy B kimactepe PpmM2 MPHBOAMT K yBeawmdenuio DK
JIEBCTBEHHBIX CaMOK, HO 3TOT 3((EKT MPOSBISICTCS TOJBKO B OTCYTCTBHE IKCIPECCUU
shaggy B apyrux Kkiactepax, 4TO MOXKET TOBOPHTh O pPa3HOHANPABICHHOM BKIIAJIC
pazubix rpynn A HeiipoHoB B koHTponb IDK. JIA HeHpOHBI reTeporeHHbl. ITO
CBA3aHO, C OJHOI CTOPOHBI, C TeM, KyJa MpoeLupyeTcs OIpelelIeHHbI HeHpoH, a ¢
JIPYTO¥ CTOPOHBI, C TEM, YTO HEHPOHBI 3HAUUTEIHHO OTINYAIOTCS 10 YPOBHIO CHHTE3a
nmodaMuHa W, CIIEJOBaTENbHO, MO (DYHKIMOHAIBHOMY cTaTycy. [loCKOIbKY cHHTE3
nodamuHa 3aBUCUT 0T akTUBHOCTH GSK3, MOXXHO TPEANONI0KHUTh, YTO aKTHBHOCTH
3TOW MPOTEWHKHUHA3HI pa3ianyHa B pa3HbIX [IA Heliponax. Torma skcrpeccus oJHON U
TOHM K€ JOIOJHUTEIbHON KOomuU B pa3HbIX JJA HEHpoHax MOXKET OKa3blBaTh pa3zHOE
Bo3JeiicTBre Ha ux (yHKIUi0 u, nanee, Ha [DK. B To ke BpeMs, BO3MOXXHO, 4YTO
xapaktep BnusHug Ha [1DK 3aBucHT OT TOTr0, Ky/J1a IPOCIIUPYIOTCS HEUPOHBHI.

W3BecTHO, uTO jg0)aMHUH MOXET BBIIOJHATH JBE (YHKIUH, OH SIBJISETCS
HEUPOMENIUATOPOM U TOPMOHOM. J[A HEWPOHBI CHJIBHO CBSI3aHBI C PEHPOAYKTUBHOU
byukumeit [14]. Mbl BBISICHWIN, YTO Y CKPEHICHHBIX CAMOK M3MEHEHHE 3KCIPECCHH
shaggy B otmenbHbIX Kiactepax J{A HeiipoHOB mpuBoAuT K yBenmuenuto [DK. YUToObt
OTBETUTHh Ha BOIPOC, HE CBsA3aHO Ju 310 ¢ 3ddekTom trade off, korma ysennuenue
MPOJIOJDKUTEIBHOCTA KU3HU MNPUBOIUT K CHIDKEHUIO IUIOJAOBUTOCTH, Mbl OLEHWIH
IUIOJOBUTOCTE caMOK Ha 5, 30 m 50 genp mx »ku3Hu. OKa3anoch, YTO M3MEHEHHAas
skcpeccus shaggy B pasmmunbix  kimactepax JIA HEHpOHOB He BIHSET Ha
PENPOAYKTUBHYIO (PYHKIIMIO, a B HEKOTOPBIX CIy4asxX AaKe yiydimaeT ee. Takum
o0pa3oM, JIOKalbHbIe HM3MEHeHHs JKcrpeccuu Shaggy B kiactepax 1A HeipoHOB
mpuBOIAT K yBenmdeHuto [ DK camok, He CHIDKast WX TUIOJTOBUTOCTH.

JIA HeWpoHBI ONpeNesa0T XapaKTep MUIIEBOro MOBEACHUS U OCOOCHHOCTA OOOHSHUS
MyX. Mpl mnpeanonoxwin, 4to ysenuueHue IDK cBs3aHo ¢ orpaHuueHueMm B
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NoTpeOJICHNH KaJloOpUi H3-3a TMOTEPH HHTEpeca K MUIIE Y MyX C H3MEHEHHOU
skcrpeccueii shaggy B otraensHbIX Kiactepax A HeiiponoB. OmHAaKO MbI He
0oOHapy KW CHIKEHHsS HWHTepeca K THIme y MyxX ¢ mnoBbimeHHon IDK, a
JIOTTOHHUTENbHAs dkcrpeccus SYJRB-A8LT B Heliponax kimactepa pal mpuBoania gaxe
K YBEJIMUCHHIO TOTPEOICHHS TTHIIH.

Bu1600b1: MBI fOKa3aiH, 94TO H3MEHEHUS B pa00Te OJHOTO reHa B OTAEIBHBIX KIIacTepax
JA mneitponoB moryt Biawsth Ha IDK. Mer Takke eme pa3 mpoIeMOHCTPHPOBAIH
noJyoBoit AuMop¢u3M B koutposie IDK: DK camiioB u camok 3aBUCHT OT pa3Hbix A
HEWPOHOB C M3MEHEHHOM 3kcrnpeccueit shaggy. M3menenne [1DK He oObsicHseTcs HU
KOMIICHCAaTOPHBIM ~ OCJTa0JIEHHEM PENpOAYKTUBHOW (DYHKIIMM, HH CHIDKEHHUEM
noTpeOIIeHNsI UK U, BCIICACTBUE 3TOTO, yMEHBILIEHHS KalopHiHOCTH niuTaHus. [lonck
MOJIEKYJISIPHBIX U KJIETOYHBIX MexaHn3MoB BiustHust GSK3 nHa [DK OyneT npomomkeH.
Qunancuposanue: Pabora mpoBemeHa B paMKax BBIIOJHEHHS TOCYJapCTBEHHOTO
3ananus HULL «KypuaToBCKUIl HHCTUTYTY.
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Motivation and Aim: Dopaminergic (DA) neurons are an important part of the nervous
system. In both Drosophila melanogaster and mammals, DA neurons perform similar
functions: they are involved in regulating feeding behavior, mobility, circadian rhythms,
memory, and motivation. The dopaminergic system changes throughout life. Even in
healthy individuals, a decrease in the amount of dopamine and DA neurons is observed
in old age. Loss of DA neurons is associated with many neurodegenerative diseases. The
dopaminergic system of D. melanogaster is relatively simple, consisting of only 125 DA
neurons per hemisphere of the brain; the cell bodies of DA neurons are clustered and
easily visualized. The relative simplicity of the dopaminergic system in D. melanogaster,
along with its functional similarity to the dopaminergic system of mammals, makes it an
excellent model for studying the contribution of individual genes in controlling various
properties and functions of DA neurons. We investigated the role of DA neurons in
regulating lifespan.

The gene shaggy (sgg), encoding the highly conserved protein kinase glycogen synthase
kinase 3 (GSK3), plays a crucial role in maintaining the stability of the dopaminergic
system. GSK3 phosphorylates the transcription factors CREB and NURR1, which in
turn regulate the function of the pale gene, encoding tyrosine hydroxylase, a key enzyme
in dopamine biosynthesis.

Previously, we have shown that the ectopic expression of an additional copy of the
shaggy gene, encoding the main transcript sggRB, in all DA neurons led to a lethal effect.
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Paradoxically, the expression of the same additional copy of the shaggy gene in the entire
nervous system, including DA neurons, did not cause lethality, indicating the presence
of as yet unknown compensatory effects resulting from increased shaggy expression in
other types of neurons. These findings are even more intriguing considering that ectopic
expression of an additional copy of the main transcript with a single-nucleotide
replacement in the catalytic center, sgqgRB-A8L1T, resulting in reduced enzyme activity
within the cell due to a dominant negative effect, led to a statistically significant increase
in the lifespan of females.

Recently, an increasing amount of data suggests that individual nerve cells can determine
specific types of behavior. This indicates significant differentiation and specialization of
nerve cells, including neurons of the same type. The task before us is to understand
whether changes in the function of a single gene, the shaggy gene, in specific groups of
DA neurons can lead to changes in DA, affect the functional state of the nervous system,
and behavior.

Methods and Algorithms: To assess the impact of sggRB-A81T expression in specific
clusters of DA neurons on the functional state of the nervous system and behavior, we
used a modification of the classical binary expression system GAL4-UAS [9], called
Split_GAL4, which allows for the induction of construct expression only in specific
groups of dopaminergic neurons [10]. Lifespan and the amount of consumed food were
evaluated as described in [11]. Neuron visualization was performed using a confocal
microscope, GAL4-UAS-GFP, and antibodies to nc82. Interest in food was assessed as
described in [12]. Food consumption was also assessed [13]. Statistical analysis of all
data was conducted using standard methods [11].

Results and discussion: We evaluated the impact of altered shaggy expression, which
provided a dominantly negative effect in specific clusters of DA neurons, on the lifespan
of virgin female and male D. melanogaster. In males, the influence on lifespan is seen
through expression in the pal cluster, significantly reducing it. In females, the alteration
of shaggy expression in the ppm2 cluster leads to an increase in the lifespan of virgin
females, but this effect is only evident in the absence of shaggy expression in other
clusters, suggesting a diverse contribution of different neuron groups to lifespan control.
DA neurons are heterogeneous. This is due, on one hand, to where a specific neuron
projects, and on the other hand, to the significant differences in dopamine synthesis
levels and, therefore, functional status among neurons. Since dopamine synthesis
depends on GSK3 activity, it can be assumed that the activity of this protein kinase varies
in different DA neurons. Therefore, the expression of the same additional copy in
different DA neurons may have different effects on their function and, subsequently, on
lifespan. At the same time, it is possible that the nature of the influence on DA content
depends on where the neurons project.

It is known that dopamine can perform two functions, it acts as a neurotransmitter and a
hormone. DA neurons are strongly linked to reproductive function [14]. We found that
in crossed females, changes in shaggy expression in individual clusters of DA neurons
lead to increased lifespan. To answer the question of whether this is not related to a trade-
off effect, where increased lifespan leads to decreased fertility, we evaluated the fertility
of females on days 5, 30, and 50 of their lives. It turned out that the altered expression
of shaggy in different clusters of DA neurons does not affect reproductive function and
in some cases even improves it. Thus, local changes in shaggy expression in DA neuron
clusters lead to increased lifespan in females without reducing their fertility.
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DA neurons determine the character of the feeding behavior and olfactory sensitivity of
flies. We hypothesized that the increase in lifespan is associated with a limitation in
calorie consumption due to a loss of interest in food in flies with altered shaggy
expression in individual clusters of DA neurons. However, we did not find a decrease in
interest in food in flies with increased lifespan, and additional expression of sggRB-
A81T in the pal cluster neurons even led to an increase in food consumption.
Conclusion: We have demonstrated that changes in the function of a single gene in
individual clusters of DA neurons can affect lifespan. We have also once again shown
sexual dimorphism in lifespan control: the lifespan of males and females depends on
different DA neurons with altered shaggy expression. The change in lifespan is not
explained by compensatory weakening of reproductive function, nor by reduced food
consumption and, as a result, reduced caloric intake. The search for molecular and
cellular mechanisms of the influence of GSK3 on lifespan will continue.

Funding: The work was carried out as part of the fulfillment of the state assignment of
the NRC Kurchatov Institute.
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