XKYPHAJI BOJIOLHOHHOH EHOXHMHH H ®H3HOJIOTHH, 2022, mom 58, Ne 1, c. 34—42

OKCIIEPUMEHTAJIBHBIE CTATbA

POJIb LIMK1 JO®AMMHOBLIX 1 CEPOTOHMHOBBIX HEMPOHOB
B CTABWIBHOCTU I'EHOMA, OBYYEHUU U ITAMATHN ¥ JPO30PUJIbI
TP CTPECCOPHOI PEAKIIMU HA OCJIABJIEHUE
I'EOMAT'HUTHOI'O IT1OJIA
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PaGora npomosrkaeT HUKJIT UCCIeIOBAHUI 9BOJIOIIMOHHOM CBSI3M MEXaHU3MOB (hOPMUPOBAHUSI CTPECCOPHOI
peakluy U KOTHUTUBHBIX (pyHKUMiA, HayaTbix B 1959 1. M.E. JloGaiwessiM u B.b. CaBBaTeeBbiM. U3yuaeTcs
ponbs LIMKI1, ximoueBoro pakTropa HEMpOIUIaCTUIHOCTH, 1OaMIUHOBEIX M CEpOTOHMHOBBIX HEMPOHOB B CTa-
OUIBHOCTHU TeHOMA, OOYYeHUU U TTaMITU AP030(hUIbl B HOPME U TIPU Pa3BUTUU CTPECCOPHOM peaKkiuu opra-
HU3Ma B ocjiabsieHHOM ctatudyeckoM marHuTHoMm nosie 3emuim (OCMII). TTokazaHo, 4TO HU3KUIT YPOBEHb
LIMKI1 cnnoco6¢cTByeT 00y4eHUI0, HO He ()OPMUPOBAHUIO CPEIHECPOYHOM MaMSITH, B TO XK€ BpeMsl CTpPeCCop-
HOE BO3/IeiiCTBME€ BOCCTAHABIMBAET CIIOCOOHOCTh K O0YYEeHNIO U (POPMUPOBAHUIO MAMSITU Y TUHUU C TTOBbI-
meHHBIM conepxxaHueM LIMKI1. BoisgBieHbl MexXIMHEHbIE pa3IMuMs YacTOTHI IBYXIIEIIOUeUHbBIX pa3pbIBOB
JHK (ALLP) u yBennuenue yposHs JILIP nmocne OCMII. [TonyyeHHbIe faHHBIE JEMOHCTPUPYIOT poJib noda-
MUWHOBBIX Y CEpOTOHMHOBBIX HEITPOHOB HE TOJILKO B KOTHUTUBHBIX (DYHKIIMSIX, HO U KaK MUIIIEHU A€MUCTBUS

OCMII npu pa3BUTHH CTPECCOPHON pEeaKIIUN.

Karouegoie cnosa: LIMK1, nopaMuH- 1 cepOoTOHMHEPrudecKe HeiipOHbI, IByxllertouyedHblie pa3phiBel JJHK,
ocjabJieHHOe CTaTuYeCKOe MarHUTHOE T1ojie 3eMJIU, O0ydyeHue, IaMsITh
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WUccnenoBanus M.E. Jlobamesa u B.b. CaBBatee-
Ba, ONyOJIMKOBaHHBIE B MOHOTrpaduu 1959 r. “dDusno-
JIOTUSI CYTOYHOTO pUTMa XKUBOTHBIX” [1], 0 pacmmpe-
HUU aJallTUBHBIX BO3MOXHOCTEI opraHu3Ma npu Tpe-
HUPOBKE CBOUCTB BBICILIEM HEPBHOM NEATEIILHOCTU
nmyTeM 00pa30BaHMS NMUIIEBBIX YCIOBHBIX pedIeKcoB,
MOJIOXKUJIY Hayajlo WU3YyYeHUIO B3aUMOCBSIZU MEXIY
HENpOIUIACTUYHOCTBIO Y Pa3BUTHUEM CTPECCOPHBIX pe-
aknuii. Bel1o mokasaHo, 4To GOpMHUPOBAHUE YCIOB-
HOM CBSI3M CIIOCOOCTBYET ajalTallMd K PECTPUKTUB-
HBIM, a TaKXe CTPECCOPHBIM 3BYKOBBEIM (4acToTa
800—850 I'tx, cuuma 3Byka 107 10) pasapaxkuTesasiM U U3-
MEHEHMUIO (PyHKIIMOHUPOBAHUS HEPBHOM cucTeMHI [ 1].
B Hacrosiee BpeMsi 3KCHEpUMEHTAIBLHO 0Ka3aHO
HaJIMy¥e OOIIMX MEXaHM3MOB, JIEXKaIllMX B OCHOBE
dopMUpOBaHUST aaNTUBHBIX IIPOLIECCOB — CTPECCOP-
HOI peakuuu u oOydyeHUsi. B yacTHOCTH, BEHISIBIICHA
ponb 6enka TeruioBoro moka bTII70 B popmuposa-
HUU ITaMSITA, TOMUMO €ro BaxKHOI poJii B GOJIMHTE U
nerpaganyy 6eaKoB. B akcriepruMeHTax ¢ UCIoIb30Ba-
HHUEM pa3InIHOTO YuCja Konuii reHa Asp 70y caMiloB
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Ipo30Ghuibl MOKa3aHO, YTO IS OOy4YeHUs U (POopMU-
POBaHUS KPATKOCPOUYHOI 1 AOJTOCPOYHOM MaMsITH B
rnapagurMe ycJlOBHO-pe(MIEKTOPHOTO IMOIaBIeHUS
YXa>KMBaHUS HEOOXOAWM HU3KUN KOHCTUTYTUBHBIN
ypoBenb BTIII70. [IpoBeneHHBIE TpaHCKPUIITOMHEIE
HCCIeNOBAHMS TTOATBEPAMIIN, YTO CaMIlbl, pa3auydaro-
IIMecs 10 YKCITy Komuii Asp 70, 1eMOHCTPUPYIOT aud-
¢depeHIMaIbHYIO 3KCIPECCUI0 HECKOJIbKUX TPYMII T'e-
HOB, BOBJIEYEHHBIX B CHapvBaHUE, YYaCTBYIOLIUX B
¢bopMHUpPOBaHUU U KOHCOJIMIALUU TIaMsITH, BKJIOUYaAs
HAM®-kackan nepenayd curHajioB. Iloka3zaHo, 4TO
TPAHCKPUILIMOHHBIN (DaKTOP, KOTOPBIM MHAYLUPYET
BKCIIPpECCUIO Asp 70 U NPYrUX T€HOB TEILIOBOTO I110Ka,
WUTPAET LIEHTPAIbHYIO POJb B CUHAINTUYECKOU ILIa-
CTUYHOCTHU ¥ KOHCoIUmauuu namstu [2]. Bce aTo mpu-
BOJUT K BBIBOAY O COBMECTHOM 3BOJIIOLIMOHUPOBAHUHU
MEXaHU3MOB CTPECCOPHOM peakliny U GOpMUPOBAHUM
MaMsITH.

B nabdopatopum HeliporeHeTuku MHcTuTyTa -
s3uonoruu uM. W.I1. ITaBnoBa PAH 0ObL1a cozmaHa Mo-
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IIeJIb CUHApOMa YIIbsiMca Ha Ap030(uie ¢ MyTallMOH-
HBIM TIOBpexaeHueM reHa CGI1848 LIM-kunazel 1 —
agnostic (agn™) [3]. LIMK1 3a cyeT Haau4ms B CTPYK-
Type aByx noMeHoB LIM u nomena PDZ, o6ecnieunBa-
OLIMX 6eJT0K-0eJIKOBOE B3aUMOJICAICTBHE, yIaCTBYET B
KJIETOYHOM CUTHaIM3aluM U “y3Haer” O€lKu ce-
MEHCTB pelenTOpOB M MOHHLIX KaHasoB [4]. [Tomumo
storo, LIMK1 dochopunnpyet pakTop nenommepu-
3allMM aKTUHA — KOQWJIMH U TaKUM 00pa3oM KOHTPO-
JMpyeT 6ajlaHC MeXIy MOHOMEPHBIM U TTOJUMEPHBIM
aKTUHOM, YTO OIIpeaesIsieT ero (byHKIIMM B IIUTOILIA3-
Me U sipe. AKTUH HENOCPENCTBEHHO B3aMMOACMCTBY-
€T C KOMIUIEKCaMM pPEeMOJICIMPOBAHUSI XPOMOCOM,
TpaHCKpUNIIUOHHbIMU (akTopamMu 1 PHK-mmonume-
pa3aMu, peTyaupys TPaHCKPUITIIMOHHBIN BBIXOI KJIET-
Ku [5]. MyTauus 1o 3ToMy reHy agn> npu nepMuccus-
HOMI TeMIlepaType HapyllaeT oOydeHre 1 ITaMsITh IIpu
YCIIOBHO-Pe(JIEKTOPHOM ITIOIABJICHUM YXaXKUBAaHUS Y
caMl1IOB, TOIlIa KakK MpU PECTPUKTUBHOMI TeMIlepaType
9THU MOKa3aTeJIu BOCCTAHABIUBAIOTCS 10 YPOBHS TMKO-
ro tura [6]. AHaJTOrMYHEINA 3 deKT, BoccTaHABINBA-
IO 0OyYeHMe U TIaMATh MyTaHTa agn’’, ObLI MOJTy-
YyeH HaMU IIpY BO3ACUCTBUU OCJIA0JIEHHOTO CTaTUye-
ckoro marHuTHoro mojsg 3emum (OCMIT) [7], nipu
3TOM OTMEYEHO, YTO UMEHHO PeMOJEIUPOBAHNE aKTH-
HOBOTO IIMTOCKEJIeTa SIBJISIESTCSI MUILIEHbIO NeiCTBUS
OCMII. Kak npennoxennbiii M.11. [1aB1oBEIM MeTOL
OLIEHKM BBIPAOOTKM IIMIIEBOIO YCIOBHOTO pediekca
O CJIOHOOTIEJICHUIO IO3BOJMJI BBHIBECTH HAyKH O
Mo3re U3 00JacTu Teocodru, TaK U OLICTOMIISTIONINE,
JioMapllue TpaaulMOHHbIC YOEXKIEHUSI, OTKPBITHUS
MOCJIEAHUX JIET, IIEPEBOIIT PACCYKIEHUS O IeiICTBUM
MarHuTHbIX nojeit (MII) u3 kateropum ocMenBaeMOro
B TIJIOCKOCTb MPOCTBIX M YETKUX 3KCIEPUMEHTOB, B
MEepBYIO o4epenb C UCMOJIb30BaHMEM Hallleil Moaeau
Ha gpo3odwmae. Ilpu M3ydyeHHMM MarHUTOTaKCHCA Y
Oakrepuit Magnetospirillum magneticum, CIIOCOOHBIX
JIBUTAThCSI BIOJIb MAarHUTHOTO T10JIs1 3eMJIM B ITOMCKax
MOAXOsIIIeit cpenbl 00MTaHUsI, OOHapyXeHa YHUKATb-
Hasl BHYTPHUKJIETOUHAsI opraHejuia MarHuTocoma. OHa
oOpa3oBaHa YMNOPSAOYSHHBIMU LETSIMUA KPUCTAJIOB
Fe;O, wim Fe;S, BCTpoeHHBIX B MeMOpaHy 3a CYeT
MarHUTOCOMa-acCOLIMMPOBAaHHBIX OeJIKOB (magneto-
some-associated proteins, MAPS) akTHUHOBOTO ITUTOC-
kenera. Kak n F-akTuH 3ykapmot, 3T 0e1Kku oopa3sy-
IOT BBICOKO-IMHAMUYHbIE (DMJIAMEHTO3HBIE CTPYKTY-
pHI KaxK in vivo, Tak W in vitro. IX u3BecTHO 28, OHU
BBICOKO KOHCEPBATUBHBI OT MPOKAPUOT /10 BYKAPUOT,
JeNey TeHOB, Koaupyomux MAPS, IIpuBoasT K I10-
Tepe MarHUTOTaKcHuca. Kak m y sykapuor, MAPs Bo-
BJICYEHBI B IIPOLIECCHl oOecrieyeHus MOpGOJIOTUM U
MOABMXHOCTU KJIETKU, KJIETOYHOTO HeJIeHUsI U pac-
xoxaeHus1 xpoMocoM [8, 9]. KiroueBoii pepMeHT pe-
MOOEINPOBAHMS aKTUHOBOTO HuTOcKenera LIM-ku-
Haza 1 (LIMK1), dochopuimpyst kohninH, MaJleHb-
KUl  Oejmok 21JI, omnpenensier OajlaHC MEXIY
MOHOMEPHBIM Y MOJUMEPHBbIM akTUHOM. Kodunux —
dakTOp nNepeHoca aKTUHA B SIAPO IS HEIIOCPEICTBEH -
HOT'O B3aMMOJEICTBUS C KOMIUIEKCAMIU PEMOIEINPO-
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BaHMS XpOMOCOM pH (popmupoBanum 3D-apxurekry-
pHI sapa. Kpome Toro, kobpuianH — 6MOCeHCop cTpec-
COPHBIX BO3AECUCTBUI, CONPSTaroOlinX aKTUHOBBINA
muTockeneT 1 mutoxoHapun. [losaromy ero paccmar-
pUBAIOT KaK (PYHKIIMOHAIBHBIN y3eJ KIeTOYHOM O01O0-
JIOTUM, a HelpojaereHepaTuBHbIe 3a0oaeBanus (HI3) —
oone3np IlapkmHcona (BII), Oomesns Ajblreiimepa
(BA), 6onesnp Xautunrrona (bX) u gpyrue Ha3bpIBaOT
“kodunuHonatusamMu’” [3].

VKazaHHBIN BhIIE (PAKT, UTO AEJIELIUUA T€HOB, KO-
aupyoiux MAPs, mIpuBoasT K MoTepe MarHUTOTaK-
cuca, ONMChIBAET OCHOBHOI METO MO3HAHUSI HEHPO-
¢duszronorum U OMOMEIUIIMHbBI — MPOTUBOMNOCTABIIE-
HUe “HopMa” — “HaToJIoTWs” W T€HETUKU “BCe WM
HUYEro”, T.e. MyTaHT-IuKuil Turl. Ilostomy ciemyer
HauyuHaTh C “maTojioTuu”, a He “HOpMBI”, B Cilydae
U3y4eHUs] BO3AECUCTBUII MarHUTHOTO Mojs 3emMiau —
9TO TMOoApa3yMeBaeT ero 3KpaHUPOBaHUE UJIU ocyiabie-
HUe, T.e. “OTCYTCTBHE ASUCTBUS~ U HE Mpearojaract
nepedop Bcex (pakToOpoB ero BAUSIHUSI B COBPEMEHHOI
cpene oouTaHus yenoBeka. [loaToMy corimacHo coBpe-
MEHHBIM BO33pEHUSIM, SKPaHUPOBAHUE CTATUYECKOTO
MmarHutHoro nonst (CMII) saBisgercss “cTpecCOpHBIM
posneiicteuem” [10]. Bmugane skpannpoBanus CMI1
onucaHo U Hamu paHee [11].

METOAbI NCCIIEJOBAHUA

O0ObeKTaMy UCCeOBaHUS CTYKUJIU TPAHCTEHHbIE
Gal4 nu UAS muuum npo30duibl, IIpenacTaBIeHHbIE B
6uobanke Bloomington Drosophila Stock Center
(CIIIA), a Takke B Onokouiekuun MacTuTyTa hmizmo-
qgorun um. WM.I1. ITaBnoBa PAH (LIKII “Bbuokonnex-
uust U® PAH st uccinenoBaHusi MHTETPATUBHBIX Me-
XaHU3MOB JIeSITeJIbHOCTU HEPBHON M BUCLEPATbHBIX
cucrem”).

B xauectBe muumit Gald — #7009 — w/111§];
Piw[+mC]=Ddc-GAL4.L}Lmpt[4.36] (3KcnpeccupyeT
GAL4 B modamMuHepruyeckux M CepoOTOHUHEpruye-
CKUX HelpoHax rmoxa KoHTpoJjeM Ddc). AcconumnpoBaH-
Hble reHbl: Ddc (perynstop), Lmpt, GAL4, w. I'eHoM-
Hast Kapta: 3L (73D3-73D6).

B xavectBe nuHuu UAS wucnonb3oBaiud JUHUIO
#26294 - y[1] v[(1]; Piy[+t7.7]
v[+t1.8]=TRiPJF02063}artP2 (ton ipomotopom UAS —
nocinenoBaTeibHOCTh RNAI, BrI3bpIBaromiast gerpaja-
uuo LIMKI1; skcnpeccupyer dsRNA nnsg RNAi
LIMK1 (FBgn0283712) mon koutpoiem UAS B BeKTO-
pe VALIUMI10). AccouuupoBaHHbBIe TeHBI: [limkl
(RNAIi), UAS (perynstop), y, v. [eHomHas kaprta: Chr
3, 68A4, 3L:11070538.

Bropoit UAS nunwueit (mmss TRiP RNAiQ nuHmit)
cayxuna #36303 — y[1] v[1]; P{y[+t7.7]=CaryP}attP2
(reHeTnueckuii GoH naeHTNYEeH 26294, KOHCTPYKILIMSI
UAS-RNAI oTcyTCTBYeT). ACCOLIMMPOBAHHbBIC TEHEL: V),
y. F'enomuas kapta: Chr 3, 68A4, 3L:11070538.

B cucreme 6uHapHoro ckpeumuBaHus Gal4-UAS
(#7009 x #26294) B nopaMUHOBBIX HeiipOHAX TIPOUC-
Ne 1
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xomwia uHtepdepenuss nPHK rena /imk (B Texcre
nuHus ob6o3HavaeTcsd DopLIMK-), Bo BTopoii TMHUU
(#7009 x #36303) skcripeccust TeHa limk He TIOOABIISI-
nack (B panpHelireM- DopLIMK+).

B kayecTBe MPOCTHIX JKUBOTHBIX MOAEJIEH B IKCIIe-
pUMEHTAaX MCMOJIb30BaJM MYTAHTHBIE JIMHUU HPO30-
GMIBI ¢ KOPOTKUM KM3HEHHBIM ITMKJIOM, IEIIeBBIM
COIEpP>KaHMUEM U OTCYTCTBUEM 3aKOHOOATEJIbHBIX OTrpa-
HUYEHUIA.

Jis 9KpaHUpPOBAaHUSI MarHUTHOTO ToJisl 3emiu
coMecTHO ¢ PT'Y IIHUH KM “IIpomereit” Oblna us-
roToBJIEeHAa LIWJIMHAPUYECcKass Kamepa, ToKphITas 9Kpa-
HUPYIOIIMM MaTepuaaioM 13 aMop(HOTro MarHUTOMSIT-
koro cruiaBa AMAI 172. KoHCTpyKuusi CheMHOM
KPBIIIKY LHUAJIUHIPA C aHATOTUYHBIM TTOKPBITUEM T103-
BOJISIET M30eXKaTh ITOSIBJICHUS “MarHUTHBIX OBIp” B
9KkpaHe. BennunHa uHaykimu ctarudyeckoro MIT 3em-
mu B Konrymax cocrasiser 50 MxTn. Koadduimenr
9KpaHUPOBAHUS 110 TTIOCTOSIHHOM COCTaBJISIIOIIEH Mar-
HUTHOTO MoJsg paBeH 35 (BenumuuHa uHAyKuuu MII
BHYTpU KaMepbl cocTtabisieT 1.4 MKIn, cHapyxu —
50 mxTir). OcobeHHOCTH (PU3NMYESCKOIO MOIEIMPOBa-
HUS ocjiabieHHoro ctatuyeckoro MIT 3emnu onuca-
HbI paHee [11].

Jnsa nayaenus saugausg OCMII Ha xapakrep xpo-
MOCOMHBIX MepecTpoeK aKkpaHupoBaHue MII 3emiu
MIPOBOAMIN Ha CTaAUU JIMYMHOK 3-TO BO3pacTa, OTOM-
pas ux no ¢pu3NOIOrMIECKOMY KPUTEPUIO aKTUBHOTO
TepeMEIIeHUsI 0 CTeHKaM NpoOupok. YToObl olle-
HUTh BIIMSHUE cTpecc-¢aKTopa Ha CIIOCOOHOCTh K
0o0yJeHUI0 1 (POPMHUPOBAHUIO CPETHECPOUHOMN TTaMsI-
TU, BO3ACHCTBUIO TTOABEPTAIN 5-TU CYyTOUYHBIX CaMIIOB
B TeueHue 12 4. Bo Bcex BapmaHTax 3KCIIEpUMEHTa
MNPUMEHSUIM MHTAaKTHBIN KOHTPOJIb (0€3 BO3IECTBUS).

AHaim3 mepecTtpoek aHaga3HbIX XPOMOCOM KJETOK
HEPBHOI0 TAHIIMA JMYMHOK Jpo30oduibl. AHadazHbIA
aHaJIN3 OCYNISCTBIISIM C MCIIOJIb30BAHUEM IaBJICHBIX
MpernapaToB HEPBHBIX TaHMIMEB, OKpalleHHBIX 4%-
HBIM alieToopcerHOM. [IJ1sT KaXkmoii 0coOM BEIYMCIISIA
YacTOTy MEPECTPOEK — OTHOIICHME 4YMcia aHadas ¢
TIepecTpoiiKaMu K 00I1IeMy Yrciy aHagda3HbIX KIESTOK
B HEPBHOM T'aHIJINU JTMYMHKN. Kpome Toro, BEIYKCIISI -
1 1poduiib MEPECTPOEK KaxXKIOTo TUIlAa — MOCTOB,
¢dbparMeHTOB M OTCTaBILIUX XpOMOCOM. J1J1s1 3TOro pac-
CUMTBIBAJIA OTHOIIIEHUE YMCJIa KAXIOTO U3 TUIIOB IIe-
pecTpoek K o0111eMy 9rciTy abeppaHTHBIX aHada3. s
00paboTKKU pe3yJbTaTOB BBIYMCICHUN NPUMEHSUIU
IBYX(paKTOpHBIII paHAOMU3ALMOHHLINM aHanmm3. Ha
KaXXIyI0 9KCIIEPUMEHTAIbHYIO TOYKY ObLIO ITpOaHaIu-
3upoBaHo 10 30 ocobeid.

Nmvmynoxumudeckuii anaau3 /I[P B kiieTkax HepB-
HbIX FAHIJIMEB JUYMHOK Apo3odpmibl. UMMyHOXMMMYE-
CKO€ OKpallliBaHWe MPOU3BOAWIN COIJIACHO MPOTOKO-
11y, pa3paboTaHHOMY [IJISI HEPBHBIX TAHIJIMEB JTUYMHOK
npo3odunel [12]. Mcmonp3oBamm MapKepHBIC IS
JIP anTtutena kK MoaudULIUPOBAHHOMY THUCTOHY
Serl137-¢ocdo-H2Av (Rabbit anti-Other Histone
H2AvD Polyclonal Antibody-P08985 (MBS4157014)
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product datasheet at MyBioSource). Slapa okpaiimBa-
s DAPI (1.2 ug/ml Ha PBS).

®okanbHble cpesbl aHanuzupoBanu B LIKIT “Kon-
dokanpHasg MUKpocKorist” MHCcTUTYTA PU3MOIOTUI
M. N.I1. TTaBnoBa PAH Ha nazepHOM CKaHUPYIOIIEM
mukpockorie LSM 710 Carl Zeiss.

JI71s1 OLIEHKM CITOCOOHOCTH K OOYy4eHUIO 1 POPMHU-
POBaHUIO CPETHECPOYHOU MaMSTH CaMlIOB TPUMEHSI -
JIU METOJAUKY YCJIOBHO-pedIEKTOPHOTO ITOdaBICHUS
yXaxXuBaHus. MeTon OCHOBaH Ha €CTECTBEHHBIX CTH-
MyJax IMOJIOBOTO MOBEAEHUS NPO30(dWJibl, B HACTOS-
Iee BpeMsl Ha3bIBacTCd “IapagurMOil OTBEpXKEHUS”,
“rejection paradigm”. McueprbiBatollie onmrcaH B I10-
cliemHuX [2] 1 mepBoOHaYaabHBIX MccaenoBaHugx [13].
CyTb COCTOUT B TOM, UTO JOCTUTIIMI MTOJOBOI 3pesio-
CTH K 5-MY THIO XKM3HU CaMell, HO 10 TOTO B pe3yJibTare
WHIWBUAYAJIbHOTO COJEpP>KaHUS HE MMEBIIUN CEKCy-
aJlbHOTO oOIbITa, 1rocjie 30 MUH OIbiTa OTBEPXKEHUSI
OIUIOJIOTBOPEHHON caMKOi (TeCTUpOBaHUE KpaTKO-
CPOYHOH M CpeIHECPOYHOI MaMsITH) TepecTaeT yxa-
XMBaTb 32 HOBOM, TECTEPHOI CAMKOIA.

HccnenoBaHust MpOBOAUIN HAa B3POCIBIX 5-CyTOY-
HBIX caMlax npu temiieparype 22 £ 0.5 °C B nepBoit
MMOJI0BUHE AHS. B KauecTBe 00BEKTOB yXaxKMBaHMSI JJIsI
caMII0B 00euX JIMHUI UCIOIb30BaIl 5-CyTOUYHBIX Ca-
MoK nquHuu Canton-S, OTUIODOTBOPEHHBIX 3a 1 CyTKU
JIO BKCIIEpUMEHTA.

B xome skcnieprMeHTa caMIiia TeCTUPYEMOM TMHWH,
HE MMEIOIIETO OIThITA ITOJIOBOTO MTOBENCHUS, ITOMeEIla-
JIU B 9KCMIEPUMEHTAJILHYIO KaMepy AuaMeTpoM 15 MM 1
BBICOTOM 5 MM, M3TOTOBJIEHHYIO 113 OPTCTEKIIa, BMECTe
C OIUIOAOTBOPEHHOM 5-cyToyHoi camkoit CS. Dto-
rpaMMmy MOBeICHUS caMlia pETUCTPUPOBAIN B TeUEHUE
300 c, ¢uKcUpysd OPOIOJLKUTEILHOCTb OTIEIbHBIX
9JIEMEHTOB YXaxkUBaHUS (OpUEHTAIIMS U TIpecienoBa-
HUe, BUOpalMsl, MOIbITKA KOIMYJISILIUKT ), a TAKXKE BpeMs
BBITIOJTHEHUSI JIEMEHTOB, HE CBSI3aHHBIX C YXaKUBa-
HueM (1mobexka, IpUHUHT, TToKoit). s aHanu3a faH-
HBIX UCITOJIb30BAIN CHIELIUAILHO pa3paboTaHHbIC KOM-
MbIOTEePHBIC IIpOorpamMmei [ 13].

O1IeHKY CITOCOOHOCTH K 00y4eHUI0 1 OPMUPOBA-
HUIO CPEIHECPOUYHON MaMsTHU MPOBOAUIU Uyepe3 pas-
HbIe MHTEPBAJIBI BPEMEHM: Cpa3y IMOCiIe TPEHUPOBKHU
MPOBOAVIIA aHAJIM3 CITOCOOHOCTH K OOYYSHMIO, Yepe3
3 Y OLEHUBAIU CPEOIHECPOUHYIO MaMsATh. B Kaxkmoii
rpymnrme tectupoBanu He MeHee 20 map myx. Jlisg Kax-
JIOTO caMlla BBIYMCIISIM MHAeKC yxaxkwuBaHusi (1Y),
T.€. BpeMsl yXaKuBaHUs caMlia 3a CaAMKOii, BbIpaXKeH-
HOE B IIPOIIEHTAaX OT OOIIIeTo BpeMeH! HaOIIOIeHHUSI.

CraTucTHYECKYyI0 00pabOTKy pe3yJIbTaTOB ITPO-
BOJMJIY ITPU TOMOIIY PaHIOMU3allMOHHOIO aHaIu-
3a (p <0.05).

PE3VJIBTATHI 1 OBCYXIEHWNE
NCCIEOOBAHUA

DOyHKIIMOHMPOBAaHUE HEMPOHOB TECHO CBSI3aHO C
aktnBHOCThIO LIMK1. DT0oT hepMeHT, perynmnpys o6a-
Ne 1
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Puc. 1. CpaBHUTEIbHBII aHAJIM3 YAaCTOTHI U MPOMUIIST XPOMOCOMHBIX ITEPECTPOEK B KJIETKAX HEPBHOTO TAHIJIMS TUYMHOK Droso-
phila melanogaster nuaunit DopLIMK- (Gal4-UAS (#7009 X #26294), B nohaMMHOBBIX HElipOHaX IOIaBJIeHa DKCIIPECCHsT TeHa
limk) u DopLIMK+ (Gal4-UAS (#7009 x #36303), akcripeccust reHa /imk He moaapieHa) B HopMe u nipu aevictsun OCMII. * —
JIOCTOBEPHbBIE MeXJIMHEeHbIe pa3nuuus, p < 0.05; * — nocToBepHBIE pa3TUUIUsI OT YPOBHS TepecTpoek B HopMme, p < 0.05.

JIJAaHC MOHOMEPHOTO U MOJIMMEPHOTO aKTUHA, YYaCTBY-
€T B CUHAIITUYECKOM Tepenaye, ITNIaCTUYHOCTU U hop-
MUPOBaHUU NaMSITU. AKTUH peryJupyeT TpaHCKpPUII-
LUOHHBIN BBIXOA HeiipoMenuaTopa (B3aMMOAEHCTBYS
C KOMIUIEKCAaMU PEMOJEIMPOBAHS XPOMOCOM, TPaH-
ckpurnnoHHEIMU (akTopamu 1 PHK-nmonnmepasa-
mu) [5], a TakKe oOecrneynBaeT BHYTPUKICTOYHBIN
TpaduK, MHTePHAIU3ALUIO U PELIMKJIMpOBaHUEe noda-
MUHOBOTO TpaHcmoprepa [14]. CnemoBarenbHO, HO-
mapnenre LIMKI1 B modaMmHOBBIX HelipoHaX oTpa-
3UTCS KaK Ha TMHaMUKe nodamMuHa, Tak U (PYHKIIUO-
HUPOBAaHUU aKTUHOBOTO LIMTOCKEJIETa.

Anada3Hplii aHAJIU3 MEPECTPOEK XPOMOCOM KJIETOK
HEPBHOI'0 raHIyivs JUYMHOK B HOPME U NPU CTPECCOPHOM
Bo3aeiicteun OCMII

Ha puc. 1 npeacraBieHsl JaHHBIe aHa(ha3HOIO Me-
Tolla PEerucTpalu IMepecTpoeK XpOMOCOM BO BpeM:
MUTOTUYECKOTO JIeJICHUS KJIETOK HEpBHOIO raHIusl. B
muaun 6e3 nomaBneHuss LIMKI1 — DopLIMK+ mpu
CTPECCOPHOM BO3ICHCTBUM HAOIIOIAETCSI PE3KOE YBE-
JIMYEeHME YaCTOTHI (DparMeHTOB, YTO IMO3BOJISET I10JIa-
rare AP mumensio neiictBusts OCMII. CHmkeHune
sKcIIpeccuu reHa limkl B modaMUHOBBIX HEMpOHax
MIPUBOAUT K IOCTOBEPHOMY YMEHBIICHUIO ITPOMUMIIS
MOCTOB B aHa(aze MUTO3a KJIIETOK HEPBHOIO TaHIJIMS
JUYUHOK Jpo30duibl. [Ipu 3ToM cTpeccopHoe BO3-
JIEMICTBYE BBI3BIBACT YBEJIMYCHUE YACTOTHI MOCTOB.

IToyyeHHEIE pe3yabTaThl IIOAKPEIUISIOTCS JaHHbI-
MU KOH(OKAJIBbHOI MUKPOCKOITUM TP UMMYHOXUMM -
yeckoM ucciaegoBaHuu 1P B HEpBHBIX TaHIVIUSIX JIU-
YMHOK APO30(UIBI C IIOMOIIBIO aHTUTE K MapKEPHO-
My MoauduiMmpoBaHHOMY TrHucToHY Serl37-docdo-
H2Av. Kak mokazaHo Ha puc. 2, YpPOBEHb CBEUYEHUSI
saep muHun DopLIMK- citabee, yeM B KOHTPOJIBHOM
JWHWUMA, 9TO OTpaxkaeT HU3KWU ypoBeHb JIIIP, xoTo-

KYPHAJ 3BOJIIOLIMOHHON BUOXUMUU U GHU3NOJIOTUU

pBIi BU3yaJIM3UPYeTCs B JOCTOBEPHO HU3KOM IIPO-
due mocToB B aHada3ze. ITocie cTpeccCoOpHOro Bo3-
neiictBuss OCMII ypoBeHb CBe4eHMsI BO3pacTaeT y
DopLIMK-, 9yTo oTpaxaeTcs Ha yBeJIMUYSHUN KOJTYE-
ctBa MOCTOB. Y TuHUU DopLIMK+ BbIcOKUIT ypOBEHD
JIIP nmocite cTpecCOpHOTO BO3IEICTBUS pealnu3yeTcs B
JIOCTOBEPHOM ITOBBIIIIEHUY TPpodh Ui GparMeHTOB TP
MaJicHUU YUCJIa MOCTOB.

MOXHO TIPEAIONIOXUTh, YTO XPOMOCOMHBII ariia-
paT KJIETOK HEPBHOTIO T'aHIVIMS MOABEPXKEH BIUSTHUIO
KaK CO CTOPOHBI JoaMUHAa, TaK U aKTHHOBOTO 1IUTO-
ckeseta. PaccMoTpuMm 310 60J1€€ TTOApOOHO:

a) OKCUIATUBHEII CTpECC SBIISIETCS €CTECTBEHHOMN
JacThio MeTaboam3Ma nodaMHWHA U COITYTCTBYET Ta-
KUM 3a00JieBaHUSIM, KaK 00Jie3Hb AJlblireiimepa, 60-
ne3Hb [lapkuHcoHa u mm3ogpeHusi. M30BITOK aKTUB-
HBIX opM kuciaopona (ADK) conpoBoxmaeTcs Bpe-
HbBIMU TOOOYHBIMM dB(ddexkTaMmu, TaKMMU Kak
OKMCJICHUE JIMIINIOB, pa3o0IlecHUE LIeNM IIepeHoca
aeKTpoHOB miu nnoppexaeHre JJHK, 9yTro B KoHeuHOM
UTOTe MPUBOIUT K THOEIU KJIeToK [15].

MN3BecTHO, uyTO KatexonamuHbl, L-DOPA n moda-
MUWH MOTYT MHAYLMpoBaTh nmoBpexneHus JIHK, aktu-
BUPYS PEeIOKC-aKTUBHEIC METaJUIbl, HAaIIpUMeEp, MEIb.
KarexomaMuHbl 001a0a10T CIIOCOOHOCTHIO BOCCTaHAB-
smBatb Cu (II) go Cu (I) u yyacTBOBaTh B OKUCJIUTEIIb-
HO-BOCCTaHOBUTEJIbHOM 1Hukje Menu. Ilpennosaraer-
CsI, UTO KaTeXOJJaMWHBI 00pa3yioT TPOMHOM KOMITJIEKC
¢ IHK u Cu (II), o6ieryast OKUCIUTETbHO-BOCCTAHO-
BUTENIbHBIN LMK Meau U reHepupyd ADK, uto, B
CBOIO oYepenb, MOXKET MPUBOINTE K pa3pbeiBaM JIHK
[15]. ITpu cTtpeccopHom BozneiictBur OCMII npouc-
xomuT HakomieHre ADK B KileTKax ¢ a3pOOHBIM JbI-
xaHueMm [16]. TTo-BugumMoMmy, 3TUM U OOBSICHSIETCS
Ne 1
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20 um

(b)

(c) (d)

Puc. 2. UMMyHOXMMUYECKHUIA aHATU3 IBYXIIEITOYEYHBIX PAa3PhIBOB B HEPBHBIX TAHIIUSIX IMYUMHOK IPO30GUIIBI C TOMOIIBIO aHTH-
TeJl K MAapKepHOMY MOAMGUIMPOBAaHHOMY TUCTOHY Serl137-dbocdo-H2Av. (a) U3o6pakeHue ssaep HEPBHOTO TaHIIMS JIMHUU
DopLIMK- 6e3 ctpeccopHoro Bo3neiictus. (b) M3o6pakenue sinep HepBHOro raHmus tuHuM DopLIMK- mocie ctpeccopHoro
Boszaeiicteuss OCMII. (c) MzoOpaxeHue sinep HepBHoro raHmius JuHuu DopLIMK+ 6e3 crpeccopHoro BozneicTBUS.
(d) N3o6paxkenue simep HepBHOTO raHmvs JuHun DopLIMK+ nocne ctpeccopHoro BosneiictBust OCMII.

yBEJIMYEHME YacTOThl (hparMeHTOB ¥ MOCTOB B aHada-
3e neneHus HeifipoHoB mpu OCMII.

0) MOXXHO BBIACIUTH ABa BO3MOXKHBIX CIIOCO0a pe-
TYJISILIMU 1IEJIOCTHOCTU XpPOMOCOMHOTO arimnapara Kac-
KaJoOM peMOJeNUPOBaHNsl aKTMHOBOIO IIUTOCKeEJeTa.
Bo-niepBrix, oOHapyxeHa nokanm3anusts LIMKI1 B
IICHTPOCOME MUTOTHUYECKHU Aessieiics kiueTtku. doc-
dopunupoBanue LIMKI1 perynupyer uuronia3mMaTu-
yeckue GYHKIUW OWHEWHa (MapTHEPHOTO OeiKa
LIMKI1) B OTHOIIIEHMHM TpaHCIIOpTa ILIEHTPOCOMHBIX
oenkoB [17]. I1pn TumepakTMBHOCTHA TWHEWHA Y TT0J-
KYIOIIIMXCS APOXCKEN HabMI0Aal0TCsl YpE3MEPHOE ABU -
JKEHHME MUTOTHYECKOTO BepeTeHa M yBEeJIWYEHHUE Ya-
CTOTHI IByx1enoyeyHbiX pa3pbiBoB JIHK [18]. Bo-BTO-
pBIX, ITMHAMMKa LIUTOCKEJeTa BAUSIET Ha perapaluio
JHK. IToka3aHo, uTo nepemMeleHue paiionon 1P B
cyopsimepHbIil nomeH g perapaiy JHK ocymecTs-
JISIeTCSl TIOCPEACTBOM IMOJIMMEPU30BAHHOIO aKTHHA.
WNHakTuBamysi MeXaHU3MOB PEJIOKAlMU TTOBPEXKACH-
HbIX YY4aCTKOB XpOMOCOM MPUBOAUT K AedeKTaM pera-
pamuuy 1 HecTabmibHOCTU TeHoMa [19]. TakuMm obOpa-
30M, LIEJIOCTHOCTh TEHETUYECKOTO arnapara coboaa-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

eTcs Tpu OajlaHce NBOMCTBEHHBIX (DYHKIMI KacKana
peMoneaupoBaHus akTiuHa. C OIHOI CTOPOHBI, AKTUB-
HOCTBIO TeHa /imk I MOXeT ObITh OOYCIIOBIEH BHICOKUIA
npoduiab MoctoB y DopLIMK+ no cpaBHeHMUIO C JTU-
Huei DopLIMK-. C gpyroii cTopoHEI, IIpU AeiicTBUMA
OCMII Hannmuue pemoKC-YyBCTBUTEJIBHBIX CAlTOB Y
I'Td®a3 Rho u akTHa co31aeT BO3MOXHOCTb PETYJIN -
pOBaHUSI COOTBETCTBYIOIIMX KAacKaJoOB CBOOOTHBLIMU
pamnkanamMu [20]. PesyimbraToM m3MeHEeHUS ypOBHS
LIMKI1 MoXeT cTaTh AeNOJMMEpU3alLnsI aKTUHOBBIX
¢puIaMEeHTOB M, COOTBETCTBEHHO, Ne(eKThl pernapa-
1M1, TPUBOASAIINE K YBEIIMYCHUIO YaCTOTHI MOCTOB M
¢dparMeHTOB y U3ydaeMbIX JIMHUIA.

OieHKa cNOCOOHOCTH K 00y4eHHu0 U (OpMUPOBAHUIO
CPEIHEeCPOYHOI MAMATH caMIOB JIpo30¢ bl B HOPME H
npu crpeccopuom Bozaeiicteun OCMII

Ha puc. 3 nipencrtasiieHbl JaHHBIC 10 OOYYEHUIO U
¢GOpMUPOBAHUIO MAMSITU Y CaMIIOB M3y4aeMbIX TUHUIA
B HOpPMaJIbHBIX yciaoBugx. M3HagyanpHO HU3KU Y
JquHun DopLIMK+ He u3zMeHuIcs cpa3y u yepes3 3 4
nocie 30 MUH TPEHUPOBKU, YTO CBUACTEIILCTBYET O JIC-
¢deKTe CIMOCOOHOCTH K 00yJ4eHUI0 M (DOPMUPOBAHUIO
Ne 1
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Puc. 3. CpaBHuUTeNbHBII aHATM3 UHACKCA YXaxkuBaHUs caMuoB Drosophila melanogaster nuaunit DopLIMK- (Gal4-UAS (#7009 x
#26294), B todhaMUHOBBIX HelipOHaxX noaapiieHa akcnpeccus reHa limk) u DopLIMK+ (Gal4-UAS (#7009 x #36303), skcripeccust
reHa /imk He omaByieHa) B HOPMAJIbHBIX YCIOBUSIX.  — IOCTOBEPHBIE MEXJIMHETHbIe paznuuns, p<0.05; * — mocToBepHbIE 0TI -

9UsT OT YPOBHSI HAMBHBIX caMIIOB, p < 0.05.

100
90+
80+
70+
60
50F
40+
30+
20+
10+

0

Cl, c. u.

B DopLIMK+
DopLIMK-

LN

naive WSMF

30 min WSMF

3 hours WSMF

groups of males

Puc. 4. CpaBHUTEJIBHBII aHATIU3 MHACKCA YXaXKUBaHUS caM1ioB Drosophila melanogaster mnuauit DopLIMK- (Gal4-UAS (#7009 x
#26294), B 1opaMUHOBBIX HEIIPOHAX MoAaBieHa oKcpeccusi TeHa /imk) u DopLIMK+ (Gal4-UAS (#7009 x #36303), skcripeccust
reHa /imk He TogaBneHa) nocie ctpeccopHoro Bo3aeiictBuss OCMII. * — mocroBepHbIe MexXIMHEHHBIE paznuuus, p < 0.05; * —
JIOCTOBEPHbIE OTIINYMS OT YPOBHSI HauBHbIX caM1ioB OCMIT, p < 0.05.

cpenHecpouyHoil mamsaTu. Okasajloch, YTO HU3KMI
ypoBeHb LIMKI1 B nodamMmHOBBEIX HelipoHax (JIMHUS
DopLIMK-) crioco6¢cTBYeT yBEJIMUYEHUIO aKTUBHO-
CTU yXaXXBaHUS, MPUBOIUT K HOpMaIU3allMK CIIO-
coOHOCTHU K 00ydYeHHUIO (ITalcHUEe MHAEKCA yXaxKu-
BaHUs), HO He BIUSET Ha GOPMHUPOBAHUE CPEeIHE-
CPOYHOM IaMSITH.

Ilokazarenu WY mnocie cTpecCUpPYIOLIETO BO3-
neiicrBuss OCMII npencrasiieHsl Ha puc. 4. Y amu-
Hun DopLIMK+ nocroBepHo yBenmumicsa MY nHans-
HBIX caM1IOB, 1TocJie 30 MUH TPEHUPOBKY C OIIOAOTBO-
peHHoI camkoit MY ymanm u coxpaHuics Ha TOM Xe
ypoBHe Yepe3 3 4. TakmuM oOpa3oM, BO3AciCTBUE

KYPHAJ 3BOJIIOLIMOHHON BUOXUMUU U GHU3NOJIOTUU

OCMII noBiusiio Ha IIpoLeCCHl O0yYeHUS U (popMHU-
POBaHUS CPEAHECPOYHOI NaMITU. Y JIMHUMU C HU3KUM
conepxanueMm LIMK 1 Ha6mopanu naneHue MY Haus-
HBIX caMLIOB, omHako 1ocie 30 MuH TpeHupoBKU Y
JIIOCTOBEPHO CHU3WJICS, YTO CBUIETEIBCTBYET O CIIO-
cobHocT K o0OyuyeHuio camuoB DopLIMK- mocie
OCMII. Yepe3 3 u Y yBenrmumica U IOCTOBEPHO
HE OTJIMYaJIiCs OT YpOBHS HauBHBIX caMiioB. OCMII
He MOBJAUSJIIO HAa (GOpMUPOBAHUE MaMSITU JUHUU
DopLIMK-.

Takum o6pa3oM, IToJIydeHHBIEe JaHHBIC TTOATBEPA-
JIM pe3yNbTaThl IIPeabIAyIINX UCCIIeTOBAaHUIA — MHUIIIE-
Helo neiictBusg OCMII aBiasteTcst KacKan peMoIeInpo-
Ne 1
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BaHUS aKTMHa M, Kak IoKasaja HacTosiiasi padoTa,
LIMKI1 nocdaMUHOBBIX HEMPOHOB.

HMHTepecHO cOMOCTaBUThL MOJYYEHHbIE AAHHbBIE C
pe3yjabTaTaMy aHaJOTMYHOTO MCCJIEN0BaHUs, MpPOBe-
JICHHOTO B Halllei JJabopaTopuu, HO C MCTIOJIb30BaHU-
eM Jnpyroii, Oojiee M3YyYEeHHON MoOHEJu CUHApOMA
Yunbamca — MytanTa o reny isg LIMK1 — agn™? [6].
YHUKaNbHOCTb TaHHOM MOJEIU COCTOUT B TOM, UTO
MoBbIlIeHUE U CHUKeHue ypoBHs LIMKI1 nocturaror-
Csl TeMIlepaTypHbIM BO3AECHCTBUEM C MOCIEAYIOIINM
U3MEHEeHUEeM KOTHUTUBHOTO TTpoduJis, 6€3 UCIOJIb30-
BaHUsI KOHCTPYKTOB, BJIUSIOIIMX Ha OOyYeHHE W Ma-
MsATh. s agn™ B HOpMe XapaKTepeH MOBbILIEHHBIM
ypoBeHb LIMKI, conmpoBoxmaemsblii necdekramu o0y-
YeHUsI U MaMSITU, a TakXkKe JIOKOMOTOPHOI aKTUBHO-
ctu. CXOOHBIMU CBOHCTBaMM oOsamaeT JuHusi Do-
pLIMK+. ITocne TII u BozneiictBust OCMII Habo0-
parorca  nageHue ypoBHs LIMKI1 y  agn®™ u
BOCCTaHOBJIEHWE KOTHUTHUBHBIX (DYHKIUMI 1O YPOBHS
muHuM pukoro tuma Canton S [21]. Takum obOpasoM,
cHuxeHue ypoBHsi LIMK1 npuBoaut K BoccTaHOBIIE-
HUIO CITOCOOHOCTHU K 0OY4YeHMIO U (DOPMUPOBaHUS Ta-
MSITH, 9TO XapakTepHo 1 1t TmHuu DopLIMK-, Ho
HE OTHOCHUTCSI K CpeaHecpo4YyHoil mamstu. B pabote
I'A. 3axapoBa mnoOKa3zaHO, 4YTO MpU BO3AECHCTBUU
OCMI y agn™? nabmonaerca nagenue yposHs LIMK1
n BTII70 [21]. Tam 3ke BnepBbIe 1 000OCHOBAHO MOJIO-
>KEHUE O TOM, YTO CpPaBHEHUE NEHUCTBUSI TEIJIOBOTO
moka 1 BosaeiictBusi OCMII BBISBISIOT, YTO BO31Ei -
ctBue OCMII MoXeT COIpOBOXOATHCSI OKCUIATUB-
HBIM CTPECCOM, MOATBEPXKAAETCSI U B paboTax APYrux
uccienoBareneit [22].

WNurepecHo, uro y nuHuu DopLIMK+ (anamor
agn®™?) B HOpMe HabJIIONAETCI HU3KUIA YPOBEHD YXaXKHU-
BaHUs, KOTOpbIK yBeanuuBaetrcs nmocie OCMII, Bo3-
MOXHO, 3a cueT nmageHuss LIMKI1, ¢ yeM cBs3aHO u
BOCCTaHOBJIEHUE KOTHUTUBHBIX IoKa3arejeii. Bos-
neiicteBue OCMII Ha KOTHUTHMBHBIE (DYHKIIUM, TTO-BU-
IUMOMY, OOYCJIOBJIEHO KakK peryJsiueii ypoBHS
LIMK]1 cBOOOIDHBIMU pamuKalaMHW pPedOKC-IyBCTBHU-
TeJabpHBIX caiiToB 'T®a3 Rho [20], Tak U BIUSHUEM
Huskoro ypoBHsi BTIII70 Ha obydyeHue 1 (oopMupoBa-
HHUe maMaTu [2].

Takum obpaszom, BoznelictBue OCMII BbISIBUIO
y4yacTue noaMuH- U CEPOTOHMHEPIUIECKUX HEMPO-
HOB B (DOPMHUPOBAHUU CTPECCOPHOI peaklIMM opra-
HU3Ma, IIpU TOM, 4YTO JINTEpaTypHbIE JaHHbIC CBUC-
TEJILCTBYIOT 00 y4yacTuu 1opaMmHa B “cucTeMe BO3HA-
rpaxneHus1”, B MOTUBALlMM U BHUMaHUM, JIEXKaIIIX B
OCHOBE TTOBEAECHYECKOI peakllMi Ha BaxKHbIE COOBI-
Tus, OyIob TO OTTAJKMBAIOIIWE WM IIPUBJICKAIOIINE
ctuMyael [23]. Takke mmokasana ponb ypoBHs LIMKI1
nopaMUH- U CEpPOTOHUHEPIrMYECKUX HEHPOHOB B
CTPECCOPHOM OTBeTe, KaK Ha TEeHOMHOM, TaK 1 Ha I10-
BEJIEHUYECKOM YPOBHSIX. B CBSI3M ¢ 3TUM MpencTaBiIsieT-
cs1 HecayvaitHbIM yyacTtue bT1I B opraHu3anm akTu -
HOBOIO LIMTOCKedeTa M romoguMepusanuu LIMKI1
[24]. Bce BrImecka3aHHOE CBUIIETEIILCTBYET B TOJIB3Y

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

TUITOTE3BI 00 SBOIOLIMOHHON CBSI3U MEXaHU3MOB, OT-
BETCTBEHHBIX 32 Pa3BUTHE CTPECCOPHBIX peaklMil U
peanu3anuio KOTHUTUBHBIX TIPOLIECCOB — OOY4YEHUS U
TTaMSITH.

Ho enre 6onee HeOXUTAHHBIM OTKPBITUEM, HEXETU
oOHapy:KeHNe MarHUTOCOM, CTaJl0 BCKPHITHE OOIIMX
MEXaHNU3MOB PETYJISIIUY IUPKATHOTO pUTMa U MarHM -
Topeuenuuu. Y mpounsoliio OHO UMEHHO C UCTIOIb30-
BaHMeM Apo30diibl. CChUIKM Ha MNpeIIIeCTBYIOIIE
paboTel npuBeneHbI B 0030pe 2021 1. [25]. CyTh B TOM,
41O 6enKu-KpunToxpoMbl (CRYS) BBITTOTHSIOT (DYyHK-
UM PEeLEeINTOPOB IoJyO0Ooro CBeTa, BOBJICUEHHBIX BO
MHOTIHe (pU3MOJOTNYEeCKHUE TTPOLIECCHl MPAKTUIYECKHU Y
BCeX MpeAcTaBuUTeNeli XKMBOTHOTO 11apcTBa. B mocien-
HUE ToIbl OHU CTAJIM HanboJiee BepOITHBIMU KaHIWIa -
TaMU y4acCTHUs B 3aBUCUMOI1 OT OCBEILIEHHOCTU, MEHSI-
IOIIeiCsS COOTBETCTBEHHO BPEMEHU rojia, MarHUTOpe-
pmenuuy. CRYs XWBOTHBIX ITOmpa3deisioTcs Ha
HECKOJIbKO TUIOB: TUIT 1 — HaceKoMbIe, TUIT 2 — MJIe-
KONUTAOIIYE, TUI 4 — NTULIBI, PLIOBI, Yepenaxu. YTo
BaXKHO — TUIIBI 1 1 2 IBIISIFOTCS PETyJISITOPaMU LIMpKal -
Horo putMma. Yto emre 6osee BaskHO — Ha Ipo30due
MoKa3aHo, YTO 3(@eKThl MATHUTHOTIO MoJis1 3eMau (B
HaIlleM CclIydae — MX 3KpaHMpOBaHHUE) HAOIIOmalOTCs
Torda, Korga M3MEHEHHUSI MOJisl OCYIIECTBISIIOTCS B
TeMHylo (a3y cyTok. B Hallem ciydae, Kojb CKOPO
¢uznonorudyeckre IposBIACHUS IPO30(PUIbl XKECTO-
YaiImM o0pa3oM 3aBUCUMbBI OT LIMPKAITHOTO PUTMA,
12-yacoBoe 3KpaHUPOBaHKE MAarHUTHOTO T10JIs1 3eMiIu
OCYILECTB/ISUIA UMEHHO B 3TO BpeMsI, OCBEIlleHHE B I10-
MEIICHUSIX UISI pa3BEeACHUS U OIIBITOB Ha Ipo30guiie
aBTOMAaTUYECKM BbIKIIOUaeTcs B 20 4, BKIIOYaeTcs B
8 1 yrpa. Karki N. u coaBT. 0co00 yKa3bIBalOT Ha TO,
yro CRY-3aBUCHMMBIE OT MAarHUTHOTO TTOJIST 3(PPEKTHI
HaOII04a0TCs y Ip030pUJIbl — 3TO CITIaliKOBasi aKTUB-
HOCTb HEMPOHOB, IOKOMOTOPHAs aKTUBHOCTb 1 ITIOBE-
neHne B T-oOpasHbIX nabupuHTax. Kak MHHHMYyM,
3TOT HAGOp MPOSIBIECHU 1 MpenonpeaessieT COBOKYM-
HBI pe3yabTaT (peHOMEeHa YCIOBHO-Pe(hIIEKTOPHOTO
MOAAaBJICHUS YXaXKUBAHUS Y IPO30(UIIHL.
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Role of LIM Domain Kinase 1 in Dopaminergic and Serotonergic Neurons
in Drosophila Genome Stability, Learning and Memory
during Stress Response to Weakening of Earth’s Geomagnetic Field
A. V. Medvedeva®, A. V. Rebrova?, E. S. Zalomaeva*?, S. K. Turaeva’?, E. A. Nikitina®?,

E. V. Tokmacheva?, S. A. Vasileva®~?, B. F. Shchegolev’, and E. V. Savvateeva-Popova**

¢ Pavlov Institute of Physiology, Russian Academy of Sciences, St. Petersburg, Russia
b Herzen State Pedagogical University, St. Petersburg, Russia
#e-mail: esavvateeva@mail.ru

The paper continues the cycle of studies on the evolutionary link between the mechanisms of stress response for-
mation and cognitive functions, which was started in 1959 by M.E. Lobashev and V.B. Savvateev. We explore the
role of a key neuroplasticity factor LIM domain kinase 1 (LIMK1) expressed in dopaminergic and serotonergic
neurons in Drosophila genome stability, as well as learning and memory, both in standard conditions and when
an organism exhibits a stress response to the weakening of Earth’s static magnetic field (WSMF). We demon-
strate that a low LIMKI1 level promotes learning, but not the formation of intermediate-term memory; at the
same time, stress exposure restores the ability to learn and form memory in the Drosophila strain with an in-
creased LIMK1 content. We identify inter-strain differences in the frequency of DNA double-strand breaks
(DSBs) and show an increase in DSBs after the exposure to WSMEF. The obtained data reveal the role of dopa-
minergic and serotonergic neurons not only in cognitive functions, but also as WSMF targets in the development

of a stress response.

Keywords: LIMK1, dopaminergic and serotonergic neurons, double-stranded DNA breaks, Earth’s weakened

static magnetic field, learning, memory
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