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Momusayus u yenwv: B HacTosIIee BpeMsl 0OJJHOH U3 aKTyaJbHBIX IPOOJIEM COBPEMEHHOM
HEHPOOHOIOTHU SBIAETCS MOHMMAHHE STHOJOTUM W IPOrPECCHPOBAHUS PA3IHMYHBIX
HeHpoAereHepaTUBHBIX ~ 3a00lleBaHWM. OJTO Tpynma B OCHOBHOM  MENIJICHHO
MPOTPECCUPYIOMNX 3a00JIeBaHU HEPBHOW CHUCTEMBI, XapaKTEPU3YIOIIUXCS CTPEMHU-
TeIpbHON THOenplo HelpoHOB. Cpenn Hamboiee pacrpoCTpaHEHHBIX HeWpojereHepa-
THUBHBIX 3a00JI€BaHUN BRIIENAIOT O0Ne3Hs AnbireiiMepa, [lapkunacona, XaHTUHTTOHA U
np. Januble 3a0oiieBaHHS MOTYT OBITH PE3yJIHTATOM CIIOKHOTO B3aUMOJCHCTBUS
HeOIaronpusATHBIX BHEHIHUX (AKTOPOB, a TaKKe WHIUBHIYaJIbHBIX OCOOCHHOCTEH
IeHOMa, NpeapaclojaraloliuX K pa3BUTUIO Oose3Hu. Ha cerogusmumii 1eHp He
CYLIECTBYET JIEKAPCTB U METOJIOB JICUCHHSI, KOTOPBIE ObI CMOTJIH OCTAaHOBUTH Pa3BUTHE
natonoruu. [axe moaaepkaHue MayeHTa Ha MO3IHUX CTAIHsIX 3a00JIeBaHUS B ICHOM
COCTOSIHUM CO3HAHUSI MPEIACTABISIETCS MPaKTHYECKH HEBO3MOXHBIM. [losTomy
COBpPEMEHHasl HayKa CTPEMUTCSI K PELICHHIO BOIPOCa O NMPUYMHAX BO3HUKHOBEHHS U
MPOTPECCUPOBAHUS JTAHHBIX 3a00JIeBaHHM, YTOOBI B MEPCIEKTHBE M3JICYHBATH UX EIIe
Ha PaHHUX CTaJIUSAX WU IPEAYNPERIATh UX BOSHUKHOBEHHUE. J{JIsl JTydlIero moHnMaHus
naToreHe3a HeMpoAereHepaTUBHBIX 3a00JeBaHUN HEOOXOOUMO H3YYUTh OCHOBY
MEXaHM3MOB M MPOIECCOB MaMsITH, TaKUX Kak oOydeHue u 3a0biBanue [1]. Ho
MOCKOJIBKY COXpaHEHUE TaMsTH SBIISIETCS PE3yIbTaTOM 000HX MPOIECCOB — OOyUeHUS
1 3a0bIBaHUs, BO3HUKAET BOIPOC: KaK IOHATH, YTO B JICHCTBUTEILHOCTH SIBISETCS
NPUYMHON «KOTHUTHBHOM MATOJOrum» — Ae(eKT 00yueHHs W KOHCOMUAALMH WIN JKe
Je()eKTHOCTh aKTUBHOT'O BPOXKJICHHOTO MeXaHW3Ma 3a0bIBaHUS. AKTHBHOE 3a0bIBaHUE
Peryaupyercsi CHTHaJIbHBIM KacKaJloM PEMOACIMPOBAHUS aKTHHA, KIIIOYEBOH (epMEeHT
koroporo LIMKI1 [2]. W3menenus skcnpeccun reHa limkl moryr mpuBomuth K
HEWPOKOTHUTUBHBIM maTosiorusM. Llenb uccnenoBanus — usyuenue poau rena limkl B
nporieccax o0yuenus u 3abbiBanus y Drosophila melanogaster.

Memoowr u ancopummsi: ViccnenoBanrue NpOBOAMIM Ha caMUax JIMHUHM Ipo30¢uisl ¢
HeipocnenuduIeckuM moaaBaeHneM u aktuBanueit rena limkl B meiiponax fruitless, a
TaKkke B JO(GaMHUHEPTHUECKMX W CEPOTOHMHEPTrHYecKuX HekpoHax. B kadectse
KOHTpOJISl HCIIONIb30BAIM JIMHUIO 0Oe3 M3MeHeHus oSkcnpeccuu reHa limkl. [lns
M3MEHEHHUS IKCIIPECCHU NMPUMEHsUTH cucteMy ckpemmBanus Gal4-UAS. Jlnst oneHkn
CIIOCOOHOCTH K OOYYeHHI0 U (DOPMHPOBAHMIO IMAMSATH HCIOJIb30BAIM METOIUKY
YCIIOBHO-PE(JIEKTOPHOrO MOAABICHUSl yXaXKHWBaHUs. [IATHCYTOYHOTO AEBCTBEHHOTO
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camIia MOMEIIAIH B CIIEIUANTbHYI0 KaMepy BMECTe ¢ OIUIOAOTBOPEHHON CaMKOH JIMHUH
mukoro tuma CantonS Ha 30 munyT. CaMIIOB TECTHPOBAIN Yepe3 pa3Hble HHTEPBAIIBI
BpEMEHH TIOCTie TPEHHPOBKH. B KauecTBe KOHTPOJNS HCIONH30BATN CaMIIOB, HE
MMEIOIINX OTBITA TIOJIOBOTO MOBEIEHUS. 3a MOBEIeHNEM 00yUEeHHBIX M HAMBHBIX CAMIIOB
Habmronanmu B TeueHue 300 cexyHn, (GUKCUpPYS B CHEIHMalIbHOM MporpamMMe BpeMs
HavyaJa ¥ OKOHYAHHS OTACIBHBIX 3JIEMEHTOB [3]. DJIeMEHTHI MOTJIHM OBITH CBS3AaHBI C
yXaXuBaHHeM (OpHeHTalus, BUOpanus KpbUIa, MOCTYKWBAaHWE, JIM3aHWE, IOMBITKA
KOMYJSALMN) WM HE CBSI3aHBl ¢ HUM (aKTUBHOCTb, NMPUHUHT, MOKOH). s omeHkn
s pekTUBHOCTH 00yueHHs BBYHCISTN uHAEKC oOydeHus (MO) mo crmemyromei
bopmye:

nyu—-nyr

1o = [W] x 100% = (1—

nyr
nvysn

) x 100%,

rae MO — unanexc oOydenns; UYH — cpeqnmii HHAEKC YXa)KUBAHUS JUIA CAMIIOB, HE
HMMEIOIUX OIBITa MOJIOBOro moBeneHus; MYT — cpeqHuid WHIEKC yXaKUBaHHSA JUIS
00yYEHHBIX CaMIIOB.

[y OLIeHKH aKTUBHOCTH MPOLIECCOB 3a0bIBaHUS TPOBEN aHAJIN3 CKOPOCTH CHUKEHUS
MO Ha xopoTkux BpeMeHHbIX HHTepBanax (0, 15, 30, 60 MuHyT mocie TPEHUPOBKHU) U
ciycts 24 yaca, korna O MoeT ocTaBaThCsl BBICOKUM IPH HApyIIEHUH aKTHUBHOTO
3a0pBarng. B kaxmoit rpymme TtectupoBanmu mo 20 map myx. Jms cratmctudeckoit
00pabOTKH TAaHHBIX UCIIOIB30BAIH ABYCTOPOHHUH TecT pangomusain (p < 0.05).
Pesynomamer: Tlpu ananmuze MO nuuuii ¢ w3MmeHneHneM skcrpeccuu rena limkl B
HeipoHax fruitless BBIIBHIM, YTO MyXH KOHTPOJIbHOW JIMHWUHU OKAa3allCh CIIOCOOHBI
COXpaHATh MamsTh B TedeHue 15 muuyt. IlomaBnenue limkl B meiiponax fruitless
BOCCTAaHABJIMBACT NaMsITh Ha uHTEepBasie 30—60 MUHYT, TAKUM 00pa30M CHHKAs POLIECC
3a0piBanust. Y nuHuii ¢ aktuBarmeit limkl B Hefiponax fruitless B OoNbIIMHCTBE
BpEMEHHBIX To4ek 3HaueHns1 1O ObLTH HU3KUMH, a cIrycTst 60 MUHYT ITOCIIe TPEHUPOBKH
MO nocroBepHo oTamyaics ot JuHuU ¢ nogasiaenueM limkl. Crycts 24 daca mocie
TpenupoBku MO Bcex Tpex TUHUN UMEIH CXOXKHE 3HAUCHHS. Y KOHTPOJIBHOU JTUHUHU
NO crycts 24 gaca ObIT TOCTOBEPHO HIDKE, YEM Cpa3y Mociie TPEHUPOBKH, a y TMHUU C
axtuBanueit limkl — mocToBepHO HUKE, YeM CITyCTsl 15 MUHYT MOCIIe TPEHUPOBKH.

I[Mpu ananuze MO nunuMii ¢ nameneHuneM skcnpeccuu rena limkl B nopamuneprudecknx
U CEPOTOHMHEPrHYEeCKUX HEHpPOHAX BBISBUIM, YTO KOHTPOJBbHAS JUHHS TPOSIBISET
CHOCOOHOCTh K OOYYEHHIO W COXpaHEHHIO mamsTd BIUIOTH 10 30 munyT. Ilpn stom
cnycts 24 yaca mamATh Y JAAHHOM JWMHUM pe3ko HapymeHa, 1 MO mnpuHnMaer
orpuriarensHoe  3Hauenue. I[lomaBnenme limkl B nmodamuHepruueckux U
CEepOTOHMHEPrHYecKUX HelpoHax cHmwkaer MO, KOTOpble CTaTUCTUYECKH HE
OTJIMYAIOTCS OT HYJIS YK€ cpa3y Mocie TPeHUPOBKH. Myxu JiuHuK ¢ akThBanuei limkl
B J0aMHHEPTHYECKHX M CEPOTOHWHEPTUYECKHUX HEWpPOHAX CIIOCOOHBI K 00YYCHHIO,
onHaKo cmycTs 24 yaca mocie TpeHupoBkn MO Takke NPHHSI OTPULATEIBHOE
3HaueHue.KpuBble 3a0bIBaHUS y MyX BC€X TpEX JMHUHA CXOAHBI: HAa MPOTSLKEHUH
60 muayT MO coxpansieTcsi Ha OTHOCHTENILHO TOCTOSIHHOM YpOBHE, a depe3 24 daca
Mocje TPEHUPOBKH MPUOOpETaeT OTpUIATEIbHbIC 3HAUCHHS.

Bo1600b1: Takum 00pa3oM, HOJTy4YeHHBIE TaHHBIC TOBOPAT O BoBIeueHHOCTH reHa limkl
B TIpoliecchl oO0y4deHus: ¥ 3a0biBanHus. [Ipu 3TOM Xapakrtep BIMSHHS HEHpOCIEIH-
¢uueckoro m3Menenus skcrmpeccun reHa limkl wa ammamwky MO ompenensiercs
KOHKPETHBIM THIIOM HeiipoHoB. llomyueHHbIE pe3ynbTaThl OTKPHIBAIOT MEPCIIEKTUBBI
JAIbHEHIINX WMCCIEOOBAaHMKA C ILEeNbl0 BBIABICHUS IIyTeH LiEJICHANPaBICHHOTO
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TEPANeBTUYCCKOTO BO3JICUCTBUS Ha OCJIKM M TCHBI, BOBJIICUCHHBIC B pPA3BHUTHUC
HelpoaereHepaum.

QuHancuposanue’ ViccnenoBanne moaaepkaHo CpecTBaME (enepaIbHOro OI0KeTa B
pamkax rocynapcrenHoro 3aganns ®I'bYH Uucturyt ¢puznonornn nm. U.I1. [1aBnosa
PAH (Ne 1021062411629-7-3.1.4).
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Motivation and Aim: Nowadays one of the topical problems of neurobiology is the
research of the etiology and progression of different neurodegenerative diseases. This is
a group of diseases of the nervous system that are characterized by rapid death of neurons
and slow progression. The most common neurodegenerative diseases are Alzheimer's
disease, Parkinson's disease, Huntington's disease. The causes of these disorders may be
a complex interaction of unfavorable external factors, as well as individual features of
the genome predisposing to the development of the disease. Today there are no
medications or treatments which can to stop the development of the pathology. Even
maintaining a patient in the later stages of the disease in a clear state of consciousness
seems almost impossible. Therefore modern science tries find the causes of the onset
and progression these diseases. In perspective, it will help to cure these diseases at an
early stage or to prevent their onset. To better understand the pathogenesis of
neurodegenerative diseases, it is necessary to study the underlying mechanisms and
processes of memory, such as learning and forgetting [1]. But since the preservation of
memory is the result of both processes — learning and forgetting — there is a question:
how to understand what is the cause of “cognitive pathology” — a defect in learning and
consolidation or a defect in the active innate mechanism of forgetting. Active forgetting
is regulated by the actin remodeling signaling cascade, the key enzyme is LIMK1 [2].
Changes in the expression of the limk1 gene can lead to neurocognitive pathologies. The
aim of the research was to study the role of the limk1 gene in the processes of learning
and forgetting in Drosophila melanogaster.

Methods and Algorithms: We conducted a study on males drosophila lines with
neurospecific suppression and activation of the limk1 gene in fruitless neurons, as well
as in dopaminergic and serotonergic neurons. The control line was used without
changing the expression of the limk1 gene. The Gal4-UAS crossing system was used to
change the expression. Conditioned courtship suppression paradigm was used to asses
learning ability and memory formation. A 5-day-old virgin male was placed in a special
box together with a fertilized wild-type female for 30 minutes. The males were tested at
different time intervals after training. Males with no experience of sexual behavior were
used as controls. The behavior of trained and naive males was observed for 300 seconds,
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recording the start and end times of individual elements in a special program [3]. The
elements could be related to courtship (orientation, wing vibration, tapping, licking,
attempt at copulation), or unrelated to it (activity, pruning, rest). To assess the
effectiveness of training the learning index is calculated. Formula of learning index:

LI = [C‘“‘f“] x 100% = (1 - %) x 100%,

where LI —is the learning index; CiIn — is the middle Courtship index for control males;
Cly —is the middle Courtship index for males after training.

To assess the activity of the forgetting processes, an analysis of the rate of decrease in
LI was performed at short time intervals (0, 15, 30, 60 minutes after training) and
24 hours later, when LI may remain high with a violation of active forgetting. 20 pairs
of flies were tested in each group. A two-way randomization test (p < 0.05) was used for
statistical data processing.

Results: When analyzing LI stock with a change in the expression of the limk1 gene in
fruitless neurons, it was revealed that flies of the control stock were able to retain
memory for 15 minutes. Suppression of limk1 in fruitless neurons restores memory in
the range of 30-60 minutes, thus reducing the process of forgetting. In the limkl
activation stock in fruitless neurons, LI values were low at most points, and 60 minutes
after training, LI significantly differed from the stock with limk1 suppression. 24 hours
after training, the LI of all three stocks have similar values. The control stock has
significantly lower LI after 24 hours than immediately after training, and the stock with
limk1 activation has significantly lower LI than 15 minutes after training.

When analyzing LI stocks with changes in the expression of the limkl gene in
dopaminergic and serotonergic neurons, it was revealed that the control stock showed
the ability to learn and retain memory up to 30 minutes. At the same time, 24 hours later,
the memory of this stockis sharply disrupted, and LI has taken a negative value.
Suppression of limkl in dopaminergic and serotonergic neurons reduces LI, which
statistically do not differ from zero immediately after exercise. A stock with limkl
activation in dopaminergic and serotonergic neurons showed the ability to learn, but
24 hours after training, LI also took a negative value. The forgetting curves in flies of all
three stocks show a similar tendency. For 60 minutes, the LI remains at a relatively
constant level, and 24 hours after training it acquires negative values.

Conclusion: Thus, the data obtained indicate the unconditional involvement of the limk1
gene in the processes of learning and forgetting. At the same time, the nature of the effect
of a neurospecific change in the limk1 gene on the dynamics of LI is determined by a
specific type of neurons. The results obtained require further research in order to identify
ways of targeted therapeutic effects on proteins and genes involved in the development
of neurodegeneration.

Funding: The study is supported by the State funding allocated to the Pavlov Institute of
Physiology, Russian Academy of Sciences (No. 1021062411629-7-3.1.4).
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