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CeporoHuH n Henponentua FMRFamung
NT'PAIOT IIPOTUBOIIOJIOXKHVIO POJIb B Pervyasaiinm
SIMUTEeHEeTUYEeCKIUX ITPOIIeCCOB, BOBJIEUEHHbBIX

B (popMUIpOBaHMe JOJATOBPEMEHHOM IMaMsSITU

AH. Ipunxesnu @), O.B. Bopobnesa

DepepanbHoe rocyaapcTBeHHOe OlofKeTHOe yupexaeHne Haykun MHCTUTyT dusunonorum um. U.MN. Masnosa PAH, CankT-TNeTepbypr, Poccus

SnureHeTNYeCcKme MOgNPMKaLUM FTMCTOHOB MHTEHCHMBHO U3yYatoTca
B CBA3M C MeXaHN3MaMu JONroBpeMeHHOM NamaTu. PaHee mbl noka-
3au, YTO METUANPOBaHMeE rmcToHa H3 no akTnBaTopHbIM (H3K4me3)
N MHrM6mTopHbIM (H3K9mMe2) caiitam nrpaeT BakHyto ponb B Bblpa-
60TKe 060POHUTENBHOTO pedrieKca NULLEBO aBepP3MUN Y HAa3EMHOTO
monntocka Helix lucorum. Bbino NpeanonoXeHo, YTo AaHHbIe 3nure-
HeTnYeckne MoandUKaLmm HaxogATCA Nog KOHTPOSEM KaK aKTuBa-
TOPHbIX, TaK Y TOPMO3HBbIX MyTel, BOBJIeYEeHHbIX B popmMrpoBaHme
[ONroBpeMeHHOM NamATU. KntoyeBbliM akTMBaTOPHbIM MeAnNaTopoM
LIHC monntockoB B $opMrpoBaHnM 060POHUTENBHBIX pedieKcoB
ABNAETCA MeMATOP CEPOTOHMH, @ TOPMO3HbIM — HerponenTug
FMRFamua. Muky6aums LIHC ¢ 3Tumn BewecTBamy Mogenvpyet
CEHCUTM3aUMIO U NPUBbIKaHME COOTBETCTBEHHO. Ob6a 3TuX npouecca
BOBJeYeHbl B popMMpoBaHme fonroBpemeHHol namaTtu. C yyetom
NPOTNBOMOJNIOXKHOW ponu cepoToHrHa u FMRFammpa B nnactnyHocTn
060pOHMTENbHBIX PepneKkcoB HaMu OblI MPOBefeHbl CPABHUTENbHbIE
MCCnefoBaHyA Mo BAVAHNUIO AaHHbIX HEMPOTPAHCMUTTEPOB Ha METU-
nmpoBaHme ructoHa H3 B pyHKLMOHANBHO Pa3NMYHbIX FAHINAX
LIHC Helix. Moka3aHo, uto cepoToHvH 1 FMRFamug okasbiBatoT
peunnpokHbI 3pdeKT Ha meTunrpoBaHue rmctoHa H3 B nogrno-
TouHOM Komnnekce raHrnves LIHC Helix, cneunanusnpytowemca

Ha 060poHUTENBHOM NoBeaeHUN. Tak, MHKybauna LIHC Helix

C CEPOTOHUHOM MHAYLUMPYET METUANPOBaHME rmMcToHa H3 no akTu-
BaTopHbIM (H3K4me3) n nHrnbutopHoim (H3K9me2) cantam, Torga
KaK MHKy6auua ¢ FMRFammnaom cHuXKaeT METUAMPOBaHMe No 0601m
carTam. MIHyto KapT1HY MeTUIMPOBaHUA rMcToHa H3 Mbl Habnoganm
B LlepebpasbHbIX raHrnsAX, y4acTByoLWmxX B 06paboTke cMrHanos
nuweBbIX CTMyoB. MHKy6aunsa LIHC ¢ cepoTOHMHOM He Bnvisna

Ha MeTUInpoBaHuNe rncToHa H3 no akTMBaTOPHOMY CalTy 1 CHUXana
METVNMPOBaHYE MO UHIMOUTOPHOMY, @ FMRFamug Ha meTunmpo-
BaHue rmctoHa H3 BnnAHMA He oka3sbiBan. [onyyeHHble AaHHble
CBUAETENbCTBYIOT O TOM, YTO aKTVMBATOPHbIE U MHIMOUTOPHbIE NYTH,
onocpeayemble cepoToHMHoM U FMRFammaom, cnoco6Hbl B3aMmo-
[eNCTBOBAaTb Ha SNMUreHeTUYEeCKOM YPOBHe Yyepes BIAHNE Ha MeTU-
nnpoBaHue ructoHa H3. 3T annreHeTnyeckme N3MeHeHA MoryT
ne)kaTb B OCHOBE KOHBEPreHLUMM akTUBATOPHbIX 1 TOPMO3HbIX MyTel,
yyacTByoLWyX B OPMUPOBaHNM [ONTOBPEMEHHON NaMATU, U BANATb
Ha 3KCNPeCCuIo reHoB, HeOOXOAMMbIX AJ1A NNACTUYECKUX NePeCcTpoekK.

KntoueBble crioBa: anureHeTrKa; METUINPOBaHMe rMMCcToHa H3;
CcepoTOHUH; HenponenTtua FMRFamug; nonrospemeHHasa namaATh;
TOPMOXeHue; Montock Helix.
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Opposite roles of serotonin
and neuropeptide FMRFamide
in the regulation of epigenetic
processes involved in the long-
term memory formation

L.N. Grinkevich@®, O.V. Vorobiova

Pavlov Institute of Physiology RAS, St. Petersburg, Russia

Epigenetic modifications are studied intensively

to understand mechanisms of long-term memory. We
have shown that histone H3 methylation is important
for the defense reflexes formation in the mollusk
Helix lucorum. We suggested that these epigenetic
modifications are controlled by facilitatory and
inhibitory pathways involved in the long-term memory
formation. Serotonin and neuropeptide FMRFamide
play opposite roles in the formation of defensive
reflexes. Serotonin strengthens synaptic connections
between neurons of the network, and FMRFamid is
an inhibitory transmitter leading to long-term depres-
sion. To study the epigenetic regulation of the pro-
cesses involved in the long-term memory formation,
we performed comparative studies on the serotonin
and FMRFamide effects on histone H3 methylation

in the CNS of the Helix. We found that the incubation
of the CNS with serotonin induces methylation

of histone H3 at both activating (H3K4me3) and
inhibitory (H3K9me?2) sites, while incubation

with FMRFamide has an opposite effect reducing
methylation of histone H3 in the subesophageal
complex of ganglia, important for defensive behaviour.
We observed a different methylation pattern of his-
tone H3 in the cerebral ganglia involved in signal
processing of food stimuli, where serotonin did not
affect the methylation of histone H3 at the activator
site and reduced methylation at the inhibitory site,
while FMRFamid had no effect on methylation.

The data indicate that the facilitatory and inhibitory
processes mediated by serotonin and FMRFamide can
interact at the epigenetic level, through histone H3
methylation by activating or inhibiting it, respectively.
This may underlie the convergence of the activator
and inhibitory pathways involved in the long-term



KAK UUTUPOBATbD 3TY CTATbIO:

memory formation and underlie following regulation
of the expression of genes involved in long-term
plasticity.

Key words: epigenetics; histone H3 methylation;
serotonin; FMRFamid; memory formation; inhibition;
mollusk Helix.
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IHOW W3 CIOXHEWIHX 3amad (HyHIaMCHTAIbHOU

HEHPOOHOJIOTUH SIBIISICTCS BBISICHEHUE POJIM dITUTe-

HETHYECKNX (HAATCHETHYECKNX) MEXaHU3MOB (op-
MupoBaHus jponarospemenHoi mamsitu (JIT). Baxueiimryro
pOJIb B SIIUTCHETHYECKOW PETYISUK UIpaeT MOAUDUKALIUS
THCTOHOB, MPUBOJSMIAS K U3MEHEHHIO NPOCTPAHCTBEHHOMN
CTPYKTYpbl XpoMaTHHa. B pesynbrare MeHsSETCsS JOCTYII
k JIHK peryasitTopHbIX O€JKOB 1, COOTBETCTBEHHO, HH/IyIIU-
pyeTcst SKcTIpeccrs TeHOB WiH ux penpeccus (Berger, 2007).
[Ipu 3TOM aneTUIMpoBaHUE TUCTOHOB, KAK MPABHJIO, ITPUBO-
JIIT K MHYKIH SKCIIPECCUH T€HOB, & METHIIMPOBAHNE — KaK
K MHIIYKIIHH, TaK U PETIPECCHH, B 3aBUCHMOCTH OT TOTO, KaKHe
CaWTBI, 10 KAKOW aMUHOKHCIIOTE W HACKOJIBKO MHTCHCHBHO
metmmpytorest (Berger, 2007; Xu, Andreassi, 2011).

INokazaHo, 4TO AMUTEeHETHYECKHE MO (DUKAIH THCTOHOB
BOBJICKAIOTCS U B (hOpMHpOBaHUE JOITOBPEMEHHON MaMSTH
(Levenson, Sweatt, 2006; Wood et al., 2006; Danilova et al.,
2010; Gupta et al., 2010; I'puakeBny, 2012a, 6; Danilova,
Grinkevich, 2012; Kandel, 2012). B Hacrosmee Bpems
HanOoJiee MHTEHCUBHO U3Y4aeTcs alleTHIMPOBAaHUE U METH-
JMPOBaHME TUCTOHOB, TaK KakK MOKa3aHa MPUHINIHAIbHAS
BO3MOXXHOCTB 4epe3 BO3ACHCTBHE HA 3TH MPOIECCHl BIUATH
Ha MEHTaJIbHBIE XapaKTePUCTHKHU, HAPYILICHHBIE B Psijie aTo-
noruit (Abel, Zukin, 2008; Kurita et al., 2012).

OfHMM W3 TOMYJISPHBIX O0BEKTOB JJISI M3yUEHUS MO-
JEKYJISPHBIX MEXaHM3MOB MaMSITH SIBJISIIOTCSI XKUBOTHbBIE
C OTHOCHUTEIIBHO ITPOCTOM HEPBHOW CUCTEMOM, B YACTHOCTH
MoJITIoCcKH. [IprMeHenre Mosieny ceHCUTH3anny (yCHIICHHS )
CHHAITHUYECKOI Iepesiadl Me¥K/1y CEHCOPHBIMU 1 MOTOPHbI-
MH HEHPOHAMHU MOIUTIOCKA Aplysia B KyIbType MO3BOJIUIIO
3. Kanzeny ¢ komaeraMu OTKPBITh M OIHCATh psii 0a30BBIX
mexanu3moB miactuaHocty (Kandel, 2012). Ha mosumockax
TaKXKe BIIEPBbIE ObUIA TOKa3aHa BaXKHAS POJb AlETHIIMPO-
BaHMs rucTtoHOB B (hopmuposanuu JI1 (Guan et al., 2002),
YTO CTUMYIIMPOBAIIO B JIAJbHEHIIIEM LIEIYI0 CepUI0 padoT Ha
MMO3BOHOYHBIX XMBOTHBIX (Levenson, Sweatt, 2006). Metu-
JIMPOBaHNE THCTOHOB SIBIISIETCS O0JIee CIOKHBIM ITPOIIECCOM,
KOHTPOJINPYETCs THCTOHOBBIMU METHIITpaHCepa3zamMu U Jie-
MeTHIa3aMH, 00JaJaroIIMMI BBICOKOH CHenn(UIHOCTHIO
K OIIpE/ICNIEHHbIM caiiTaM THcToHOB (Xu, Andreassi, 2011).
M3yyeHne METWIIMPOBAHUSI THCTOHOB B CBSI3U C y4acTHEM
B IUTacTHYECKUX nepecTpoiikax B [IHC HauaTo 3HaUNTENTHFHO
Mo3xe, 4eM u3yuenne aunetuiauposanus (Gupta et al., 2010;
I'punkeBuy, 20126; Jarome, Lubin, 2013).

B kauecTBe MOJIe)H 10JTOBPEMEHHOH MTaMSITH MBI HCIIONb-
3yeM BBIpa0OTKY YCIOBHOTO pedriekca MUINEBOW aBep3UH

y mMoiumiocka Helix. beino mokazano, 4to B opMHpOBaHNE
nanHoro Buja /Il BoBiekaeTcs Kak aleTUIMpPOBaHUE, TAK
U METHIIMpOBaHNe TuctoHa H3, mpuuem meTunupoBaHue
MHIyIUPYyeTCsl KaK M0 aKTHBAaTOPHOMY, TaK M MHTHOHTOp-
Homy caitam (I'punkeBuy, 20126; Danilova, Grinkevich,
2012; I'puakesny, Bopoonesa, 2014; Grinkevich, Vorobiova,
2014). bbI10 MTPEATION0KEHO, YTO JAHHBIC STIUTEHETHIECKUE
MOU(UKAIIMK HAXOJSITCSI IT0/1 KOHTPOJIEM KaK aKTHBATOPHBIX,
TaK ¥ TOPMO3HBIX ITyTeH, BOBIEUEHHBIX B hopmupoBanue /I1.
C HapyleHHeM IpoLeccoB TOPMOXKEHUS, BBI3BAHHBIX HEZI0-
CTaTKOM MeTWINpoBaHMA rHcToHa H3 B mpomMoTopax reHoB
T'AMKepruueckoii CUCTEMBI, CBS3bIBAIOT MEHTAJIbHBIE HAPY-
IIEHHs, YaCTO MPUCYTCTBYIOIINE Y OOJIBHBIX MH30(QpEHNCH
(Akbarian, Huang, 2009). Kak u3BecTHO, Y-aMHHOMACIISTHAS
kuciota (FAMK) siBiseTcss OCHOBHBIM TOPMO3HBIM MeTHa-
TOpOM HEpBHOW cucteMsl. C Ipyroif CTOPOHBI, THIEPAKTH-
Bauusi TAMKepruueckoii ccTeMbl U 1e(DUINAT KOTHUTHBHBIX
CIIOCOOHOCTEH HAONIOAAIOTCS y MAIMEHTOB ¢ Ne(QUIUTOM
H3K4-nemernnassr JARID1C, kotopast BoBiedeHa B (op-
muposanue /I1. Ee nHruOupoBanue y »KMBOTHBIX BbI3bIBACT
MOBBIIIEHNE HKCIPECCUU TEHOB, CBA3AHHBIX C BBIOPOCOM
T'AMK, 1 mpUBOIUT K HAPYIIEHUIO JOJITOBPEMEHHON MaMATH.
B HOpMe 00y4eHue oaBisieT IKCIPECCHIo ITUX TeHoB (Xu,
Andreassi, 2011).
KitroueBbiM akTuBaTOpHBIM Meuaropom LIHC mommrockos
B (hopMupoBaHMM 0OOPOHMTENBHBIX PE(IEKCOB SBISETCS
MOJIYJISITOPHBIN MEIUATOP CEPOTOHUH, KOTOPBII ONIOCPENYET
JieficTBue HOLMIENTHBHEIX cTUMYiIoB (bamaban, 3axapos,
1992; Grinkevich et al., 2008; I'punkesuu, 2012a; Kandel,
2012). Uaxybarmus [UTHC ¢ cepoToHHHOM MOIENIHpyeT Ipo-
I[ECC CeHCUTHU3AIINH, SBIISIONICHCS HEOOXOJMMBIM KOMIOHEH-
TOM (hOpPMUPOBAHHMSI YCIIOBHBIX 000POHUTENBHBIX PE(IIEKCOB.
JmcdyHKIMs cepOTOHNHEPTNUECKOH CHCTEMBI TPUBOJNT K Ha-
PYLIEHHSM B SIIUT€HETUUECKOH PETyISIUYA U HEBO3MOXKHOCTU
(hopMuUpOBaHHsI TOJTOBPEMEHHBIX (OPM O0OOPOHUTEIIBHBIX
pednekcos (Grinkevich et al., 2008; Danilova, Grinkevich,
2012; I'punkesny, Bopoosea, 2014; Grinkevich, Vorobiova,
2014). IIpOoTHBONONOXKHYIO POJIb B IJIACTUYHOCTH 000pO-
HUTENBHBIX pediexcoB urpaet Heponentuny FMRFammn
(Phe-Met-Arg-Phe-NH2), koTopbIii TOPMO3HUT CHHANTHYE-
CKHE peakiuu y MOJUTIoCcKoB Aplysia (Belardetti et al., 1987)
u Helix (Balaban, Chase, 1991). Maky6amus ITHC momtrockoB
¢ FMRFamuiom mMozpenupyet mpouecc NpUBBIKaHUS ([e-
MPeCCUH CHHANTHYeCcKoi nepenaun) (Montarolo et al., 1988).
K HacrosiiemMy BpeMeHH OITHCaHO MHOYKECTBO SHAOTEHHBIX
FMRFamMu1-11o100HBIX IIENTHIOB ¢ 001mM HazBanneM FaRPs
MocTreHOMHbIe noaxoabl ¢I/I3VI0HOFI/I'~I€CKOI7I reHeTuKun
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CepoToHUH 1 FMRFamng nrpatotT NpoTUBOMOIOXHYI0 POfb
B PErynAumm snureHeTYeCcKUX MexaHn3mMoB NamsaTu

(FMRFamide-related peptides), win RFamunel, kotopbie
npezncrasieHsl B [{THC mmpoxoro kpyra KUBOTHBIX, B TOM
YUCIIe W TO3BOHOYHBIX, HICHTH(QUIIMPOBAHBI UX CIICIIH-
(huueckue penenTopsl U KOJUPYIOIINE 3TH HEHPONEITHIbI
rensl (Raffa, 1988; Zatylny-Gaudin, Favrel, 2014). Cnextp
neiicteuss FMRFamunoB mupok. OHM MIpatoT BaXKHYO POJIb
B Pa3BUTHH HEPBHOM CHCTEMBI, BOBJICUCHBI B PETYJISIHIO
numieBoro noBeneHus u 6oiu (Raffa, 1988; Roszer, Banfalvi,
2012). Beenenne FMRFamuia mo3BOHOYHBIM SKHBOTHBIM
criocoOHo BbI3bIBaTh aMHe3uiHbIN A dekT (Telegdy, Bollok,
1987). IlokazaHo Takke, YTO XHMEPHbIE KOHCTPYKIIUH,
BKITRodaronue onuonasl 1 FMRFamun-monoOHbIe MEeNTH B,
CHIOCOOHBI MOIABIISATH 00k 03 pa3BUTHs IPPEKTOB NPUBBI-
KaHUS U MOTYT OCTaHABIMBATH AIlONTO3 HEPBHBIX KIETOK,
BBI3BIBACMBIN JUTUTCIHHBIM MPUMEHEHUEM OIHOUIOB, UTO
MPEe/IoiIaracT BO3MOXKHOCTh UX MPUMEHEHUs i 00e300-
muBanus (Részer, Banfalvi, 2012). OxHako MOJEKyIsSpHBIE
MexaHu3Mbl aerctBust FMRFamuioB octaiorces B 3HaUUTENb-
HOW Mepe HEBBISICHEHHBIMH.

Taxkum 00pa3oM, MPEACTABISLIOCH BaXKHBIM IPOBECTH
CpPaBHUTEIBHBIC HCCJICIOBAHUS 10 BIUSHUIO CCPOTOHMHA
u "Heriponentuaa FMRFaMmuaa (urparomux pa3nudayo posib
B MEXaHM3MaX IJIACTHIHOCTH ) Ha ITPOIECCHI METHIINPOBAHNS
rucrona H3 B ITHC Helix mo akxTuBaTopHOMY (TpUMETH-
nupoBanue nmo nu3uHy 4 (H3K4me3)) u unruburopnomy
(mumeTrnuposanue no am3uHy 9 (H3K9me?2)) caiitam. Ot
MoauQuKanuu rucToHa H3 mpuBOIAT K MHIYKIIMA KCIIPEC-
CHUH WU PEIPECCUHU TeHOB COOTBeTCTBEHHO (Xu, Andreassi,
2011). [l mpoBeieHIsI HCCIIEIOBAHNS UMEIIHCh CIIECAYIOMINe
npeanocbutky: 1) B [IHC BuHOTpamHOHN YITUTKH HACHTH(DAIIH-
posano nopsaaka 1 100 FMRFamun-conepxamux HelfpoHOB
(Elekes, Ude, 1993; Kobayashi et al., 2010), cpean KoTopbIx
KOMaH/IHbIC HEHPOHBI 0OOPOHUTEITHHOTO TOBEICHHUS, SB-
JIAIOLIUECS OCHOBHBIM IUIACTUYECKUM 3BEHOM YCIOBHOTO
pedrexca MUIIeBoi aBep3nH, a TaKXKe HEHPOHBI ITpoIiepedpy-
Ma, BOBJIEUEHHOTO B 00pabOTKy O7b()aKTOPHBIX CTHMYJIOB;
2) eme B Havasge 1990-X ronoB OBLIO MPEIIONIOKEHO, YTO
«11pH GYHKIIMOHUPOBAHHUH PEPIICKTOPHON TyTH 00OPOHHUTEIH-
HON peakluH MPOUCXOIUT IPOTHBOOOPCTBO JIBYX CHCTEM):
CEpOTOHUHOBOM, ONIOCPENYIOILEH IeUCTBUE OMACHBIX HOLIU-
LENTUBHBIX CTUMYJIOB, 1 FMRFaMuHo#i, KoTOpast npuBOANUT
K TOPMOXXCHHIO TIOBEACHUCCKOW PEaKIIUU MPU HEOIACHBIX
JUTst )KUBOTHOTO ctuMyiiax (banabaw, 3axapos, 1992), onHako
MOJICKYJISIPHBIX MCCIIeIOBAaHUI HA 3Ty TEMY HE IPOBOAMIIH.

MaTtepwuanbl n metogbl

DKCIEPUMEHTHI 10 ONPEASTICHUI0 BIUSHHUS CEPOTOHMHA
n FMRFamuza na snurenernueckue npoueccsl B [{THC BuHo-
IPaJHBIX YIUTKOK Helix lucorum BBIOMHSIN HA B3POCIBIX
oco0sx. [IHC Helix Boaemsiy, ynaasuid 000I0UKY H TIPE-
BapUTENBHO B TeueHHe 30 MUH MHKYOHUpOBAIU B (PH3HOIIO-
THYECKOM pacTBope it Oecrno3BoHouHbIX (80 mM NaCl;
4 mM KCI; 7mM CaCl,; 5 mM MgCl,; 5 mM TRIS-HCI;
pH =7,8), 3arem B Teuenue 1,5 4 B GpU3HOIOTHIECKOM PACTBO-
pe [uist 6eCrI03BOHOYHBIX, cofeprkaiem ceporonut (0,2 MM)
nmn FMRFamua (10 mxM). Tlocne 3Toro 6MogorudecKu
AKTUBHBIC BEIIECTBA OTMBIBAIN (hU3UOJIOTHYCCKUM PACTBO-
POM, CILYCTSI OJJMH Yac pa3ieiisiii LepeOpajbHbIe U IOIIIIO0-
TOYHBIE KOMIUIEKCHI TaHTJIMEB, IIPOBOIMIN TOMOTECHH3AIINIO
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U TIOATOTOBKY 00pa3IoB cormacHoO M. MoHcH ¢ KojuleraMu
(Monsey et al., 2011). MccnenoBanns MOIu(pHUKAIINN THCTOHOB
OCYIIECTBILUTH MeTooM BecTepH-0110T aHanm3a. DKCTPAKTHI,
cozieprKallie UCKOMbIEe OCIIKH, pa3essiId MeKTpo(ope3oM
B 14 %-M monmmakprmiamMugHOM Tene (cucrtema Jlaminm). Pas-
JIeTICHHBIC OCITKU TIEPEHOCHITH Ha HUTPOIIEIUTIONI03HBIC (PHITb-
TPBI, KOTOPBIE ITOCIIE IIPOBEAEHUS POLENYD, YMEHBIIAIOIINX
Hecrenudpuaeckyro copOrmio (MHKyOanust ¢ 3 %-M MOJIOKOM),
TMIOCIIEI0BATEIbHO MHKYOMPOBAIIN B PACTBOPAX, COACPIKALINX
MEePBUYHBIE U BTOPUYHBIE (KOHBIOTUPOBAHHBIE C EPOKCHA-
3011 xpeHa) anTurtena. MHKyOanuio ¢ nepBUYHBIMY aHTUTETA-
MU OCYILECTBIISUIN B TeueHune Hour ripu 4 °C. Busyanuszanuto
U KOJINUECTBEHHBIN aHAJIN3 CBSI3aBIINXCS aHTUTE IIpOBOAWIIN
C MICHOJIb30BAaHUEM XEMOIIOMHHECIIEHTHOTO METO/1a (CHCTEMA
ECL, pupma «Amersham»). PeHTreHOBCKIE IICHKN CKaHUPO-
Banu. KonndecTBeHHbII aHaIM3 OCYIIECTBIISUIN TP ITOMOIIN
KoMmbIoTepHO# nporpammsl Gel-Pro Analyzer.

Jlnist OLIEHKH CTETIeHN METHIIMPOBAHMS NPUMCHSIN aHTH-
Tena K TMcToHy H3, TpumeTuinpoBaHHOMY IO JH3UHY 4
(H3K4me3), n anTurena k ructony H3, numetTnnmupoBanHOMY
o yim3uHy 9 (H3K9me?2). [lnst omeHKH conepiKaHUs THCTO-
HOB INPUMCHSIN aHTUTCJIA K TOTAJIbHBIM (bopMaM THCTOHA
H3. Bce ucrons3oBaHHBIE aHTHTENA MPOU3BEACHBI (GHPMOI
Upstate Biotechnology (CIIA). {1 kaskmoro anexrpodopesa
paCCUUTHIBAJIM OTHOLICHUA CBA3bIBAHUA aHTUTEI K MOJU-
(urmpoBaHHEIM (pOpMaM THCTOHA K TOTAIBHBIM (popMaMm.
KoHTpomu ycpeansim, mocie 4ero B KaXJI0M aieKTpodopese
PacCUUTHIBAIN OTHOIIEHHE K CpeTHEMY KOHTPOJIr0. CTaTHCTH-
YEeCKyI0 00pabOTKy ITPOBOIIITH C UCTIONB30BAHIEM /-KPUTEPHS
CrprofenTa. Pasnuuns cauranm cTaTHCTHYECKH 3HAYMMBIMHU
npu p < 0,05. Pe3ynbrarsl npencTaBieHbl Kak CpeHee 3Ha-
YEeHHUE + CTaH/JapTHas OMNOKa CPEHETO.

Pesynbratbl

AHanu3 BIUSHAS cepoToHnHA U Helipornentuaa FMRFamua
Ha METHJIMpOBaHKeE TucToHa H3 mpoBoauiIy B TOAIIOTOYHOM
u 1epebpaibHoM Komiuiekcax ranriueB LIHC Helix. Tlon-
TJIOTOYHBIN KOMIUIEKC TAHITIMEB COCTABIISAET OOJIBIIYIO YacTh
[THC MOJUTIOCKOB M KOHTPOJIUPYET 00OPOHHUTEITLHOE ITOBE/IC-
HHUe. B HeM Haxo/sITCsi CEHCOPHBIE, MOTOPHBIE, KOMaH/IHbIE
U MOJYJISITOPHbIE HEHPOHBI, BKIIOYEHHBIE B CETh 0OOPOHH-
TENBHBIX peduiekcoB. B nepebpanbHbIX ranmimsx oopada-
TBHIBAETCSl MHPOPMALIUS, TIPUXO/ISILASI CO CTOPOHBI ITMIIEBBIX
cTuMyoB. HelipoHbI 000MX KOMIIJIEKCOB FaHIIIEB BOBJICUEHbI
B ()OPMHPOBAHHE YCIOBHOTO OOOPOHHUTEIBHOTO pediierca
nuineBoit aBep3uu (banadan, 3axapos, 1992). Ananus craryca
METUINpPOBaHus TucToHa H3 mpoBOaMIM 10 aKTHBATOPHBIM
1 UHTHOUTOPHBIM caiiTaMm ciycts | 1 mocie 1,5-4acoBoif -
ky6auuu [JTHC c ceporonnnom miim FMRFamunom. Jlannoe
BpeMsI MHKyOaluy BBI3BIBAET JOJITOBPEMEHHBIC M3MEHEHUS
3G PEKTUBHOCTH CHHANTHYECKOH Niepeaun B HeHpOHAIBHOH
cetn oboponuTtenbHbIX peduiexcoB. Mukybarms LIHC ¢ cepo-
TOHHUHOM B TEUEHHE JJAHHOTO BPEMEHU MOJICTMPYET MPOIIECC
JIoJITOBpeMeHHOM cencutuzauuu, a ¢ FMRFamunom — npo-
L[ECC JI0JITOBPEMEHHOI CMHANTUYeCKoil nenpeccun. B kaue-
cTBe KOHTpoIs ucrions3osan LIHC, koTopyro nHKyOHpoBamm
B (u3monornyeckoM pactBope s OeCIO3BOHOUHBIX, HE
conepxauieM ceporoHuH uin FMRFamu.
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AHanuns BAnAHNA cepoToHnHa n Henponentuaa FMRFamnga

Ha MeTuanpoBaHue ructoHa H3 no aktuBatopHomy canty (H3K4me3)

B nNoAarnotoyHom Kkomnnekce raurnues LHC Helix

Jis omleHKM MeTWIMpoBaHUs rucToHa H3 mo akTMBaTOpHOMY CalTy NpHMEHS-
T aHTHTENa K rucrony H3, rpumernnupoanHomy o nmsuny 4 (H3K4me3).
Ot MoanduKauu ructona H3 npuBomsST K MHAYKIMK 3Kcnpeccuu reHos. Jlis
OLIEHKH coziepxkanus ructoHa H3 mcronb3oBany aHTUTENA K TOTAIBHBIM (hopmam
9TOrO rEcTOHA. MccmenoBanus okasamm, 9to cycTs | 4 mocne nakyOammu [[THC
C CEpOTOHMHOM ITPOUCXOIUT MHAYKIMS METUIHPOBaHus ructona H3 no nusuny 4
(H3K4me3). Yposenr MetmmupoBanus coctasisieT 1,31+0,11 oTHOCHTENBHO
koHTpoIA. JlocToBepHo 1pu p < 0,02 (puc. 1, a).

[TporuBononoxHas kapTuHa Hadmonaercs npu nukyoauuu [{HC ¢ neiiponentu-
noM FMRFamunom. Creniens MeTinupoBanus rectona H3 mo nusuny 4 mox Bius-
nuem FMRFamuna camkaercs. YposeHs MeTunupoBanus coctasisieT 0,83 +0,02.
Hocrosepno mipu p < 0,01 (puc. 1, 6).

AHanuns BAnAHNA cepoToHNHa 1 Henponentuaa FMRFamnpga

Ha MeTunupoBaHue ructoHa H3 no uHrn6utTopHomy caity (H3K9me2)

B NoAarnotoyHom Kkomnnekce raurnues LHC Helix

Jist ananu3za BausiHust cepotoHrHa U HeiponenTtuia FMRFamuna na metunuposa-
Hue ructoHa H3 nmo mHruOMTopHOMY CaiiTy MCCIIeJOBAJIU CTaTyC METHIMPOBAHHUS
rucrona H3 crycrs 1 1 mocne 1,5-gacoBoit makydarn [IHC ¢ cepoToHnHOM HITH
FMRFamunom. [ onenkn MetuinupoBanusi Tuctona H3 mo mHrnOuTopHOMY
CaliTy IpUMEHSIN aHTuTeNna K ructony H3, numMeTunnpoBaHHOMY IO JIM3UHY 9
(H3K9me2). Ot mogudukarmn ructoHa H3 mpuBoasaT x penpeccun reHos. Ilo-
Ka3zaHo, uTo crycts | 9 nocne uakybanuu [[HC ¢ ceporonnnom HaOmonaercs
HHIYKIUST METHIHpoBanus ructoHa H3 mo uarunOutopromy caity (H3K9me?2).
YpoBens MetunupoBaHus coctapiseT 1,38+0,07 mo oTHOMEHNIO K KOHTPOITIO.
Jocrosepno mipu p < 0,001 (puc. 2, a).

Uccnenoanue Bausiauss FMRFamuna na metunupoBanue ructona H3 mpone-
MOHCTPHPOBAJIO TPOTUBOIIOJIOKHYIO KapTHHY. CTETIeHh METHIIMPOBAHUS TUCTOHA
H3 mon Bnustarem nakyOarnwm [LIHC ¢ FMRFamumom cHmkanack o u3y4aeMoMy
UHTHOUTOpHOMY caifty (puc. 2, 6) u cocrasnsna 0,84+0,06 (p < 0,001).

Taxum o6pazom, nakyoamms [IHC Helix c cepoToOHUHOM B TedeHue 1,5 9 mpuBo-
JIAT K UHIYKITIHA METHITUPOBAHKS TUCTOHA H3 B MOATIIOTOYHOM KOMILICKCE TaHIJIHEB,
MPUYEM KakK M0 aKTUBATOPHOMY, TaK 1 HHTHOUTOpHOMY caiitam. Mukybarms [THC
Helix ¢ FMRFamuiom BBI3bIBaeT CHIDKCHHE METHINPOBaHUsA ructona H3 B mox-
IJIOTOYHOM KOMIUIEKCE FaHIIINEB 10 00OUM caiTaMm.

AHanuns BANAHNA CEPOTOHMHA

n HenponenTtuga FMRFamnga Ha meTunupoBaHue ructoHa H3

B LepebpanbHoM Komnnekce ravrnves LIHC Helix

st ananu3a BIusiHUS cepoToHMHA U Heliponientuaa FMRFamuaa na merunupo-
BaHUE TUCTOHa H3 B mepeOpambHOM KOMIUIEKCE TaHTIIMEB HCCIICAOBAIH CTATyC
METHIMpOBaHUs rucToHa H3 1o akTHBaTOPHOMY M FHTHOUTOPHOMY CaliTaM CITyCTsI
1 amocne 1,5-gacoBoit naky6ammu [THC ¢ ceporonnnom mmn FMRFamunom. [{ns
KakJ10¥ TOukH N = 6.

HUccnenosanus nokazany, yro nakyoanust [ITHC ¢ cepoToHHHOM HE OKa3bIBaeT
BJIIMSHUSA Ha CTENICHb METIIIMPOBaHMs TUcToHa H3 B 1iepeOpanbHBIX TaHIIUAX I10
aktuBaropHomy caity (H3K4me3): 0,90+0,08; p = 0,24, Torga kak 10 WHTHOU-
topHoMmy caiity (H3K9me2) Habmonaercs cHrkenue metuupoBanus (0,65+0,12)
Mo oTHOmIeHHIO0 K KOoHTpomio (p < 0,03). Ilox snusanem FMRFammna crenens
METHIMPOBaHUs TucToHA H3 B mepeOpaiabHBIX TaHIIHSIX HE U3MCHSJIACH HU IO
AKTUBATOpPHOMY, HU 110 I/IHFI/I6I/ITOprIM calTaM U COCTaBJIsijaa 110 AKTUBATOPHOMY
caiity (H3K4me3) 0,94+0,09 orHOocuTensHO KoHTpOIs (p = 0,54), a mo wHrHOu-
topaomy (H3K9me2) 1,06+0,14 (p = 0,67).

Takum 00pazom, B iepeOpanbHbIX ranrusx nakyoaus LIHC ¢ ceporoHnHOM He
OKa3bIBaJIa BIMAHUS Ha CTETICHb METHIMPOBaHUs TucToHa H3 mo akTuBaropHOMy
CaiTy, OJJHAKO WHAYIUPOBAIA CHUKCHUE MCTHJIMPOBAHUS 10 MHTHOUTOPHOMY.

MocTreHOMHbIe noaxoAabl ¢I/I3I/IOJ10FI/I'~I€CKOI7I reHeTuKun
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Puc. 1. CepoTtoHuH 1 FMRFamng okasbiBatoT
NPOTUBOMOOXKHbIN 3PPEKT Ha MeTUNK-
poBaHue ructoHa H3 no akTnBatopHoMy
(H3K4me3) caiiTy B NOAMNOTOYHOM KOMMIEKCe
ravrnues LUHC Helix.

Hap nmarpammort — penpeseHTaTUBHbI BecTepH-
6510T C aHTUTENaMU K METUIMPOBAHHOW dopme
ructoHa H3 (H3K4me3) v TotanbHoMy rctoHy H3
(toTanbHbin H3); K - KoHTponb; SHT - nHKy6aums
LIHC ¢ cepoTtoHuHom; FMRF - nxky6auusa LIHC

c FMRFamnpom; H3K4me3 — TpumeTnupoBaHue
rnctoHa H3 no nusmny 4. Mo ocn opanHar - co-
LlepXKaHne MeTUMpoBaHHON popmbl rMcToHa H3,
OTHECEHHOE K TOTallbHOMY KONIMYeCTBY MMCTOHa

1 KoHTponio. Ana kaxgom Touku N = 6. *p <0,01;
**p < 0,02 (t-TecT).
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Puc. 2. CepotoHunH 1 FMRFamung oka3sbiBatoT
NPOTMBOMOJOKHbIN 3GPEKT Ha MeTUN-
poBaHuie rmctoHa H3 no MHrMGMTOpHOMY
(H3K9me2) caiiTy B NOArNOTOYHOM KOMMEeKce
raHrnues LIHC Helix.

Hap anarpammon — penpeseHTaTuBHbIA BecTepH-
610T C aHTUTENaMM K TOTarlbHOMY M’MCTOHY H3

1 ero meTunuposaHHoi popme (H3K9Ime2);

K - koHTponb; 5HT - nHky6aumsa LIHC c cepoTo-
HuHoMm; FMRF - nnky6auunsa LLHC c FMRFamugom.
Mo ocn opamHaT — cofepxaHne MeTUAVPOBaHHON
no Nn3nHy 9 dopmbl ructoHa H3, oTHeceHHoe

K TOTaNbHOMY KONMYECTBY M’MCTOHA 1 KOHTPOSIO;
H3K9me2 - gumeTnnnposaHue ructoHa H3

no nusuHy 9. *p < 0,001; **p < 0,02 (t-Tec).

[na kaxgon Toukm N = 6.
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CepoToHUH 1 FMRFamng nrpatotT NpoTUBOMOIOXHYI0 POfb
B PErynAumm snureHeTYeCcKUX MexaHn3mMoB NamsaTu

WNuky6anms [THC ¢ FMRFamuziom He Biusiia Ha CTeneHb
MeTmImpoBanust ructoHa H3 Hu o oqHOMY M3 MCCIen0BaH-
HBIX CaliTOB.

O6cyxpeHue
C 11eT1b10 N3YYeHHMS BIMSIHUSI aKTHBAaTOPHBIX M HHTHOUTOPHBIX
myTel Ha snureHeTnyeckue nponeccel B IIHC mbl mpoBenu
CPaBHUTEINIBHBIN aHAJIN3 BIUSHUS CEPOTOHIHA U TOPMO3HOTO
neponentuaa FMRFamuaa na metunupoBanue ructona H3
B ¢yHKIMOHANBHO oTnyHbIX ranmuax [{THC Helix. Toka-
3aHO, 4TO cepoToHHH 1 FMRFamuz oka3bIBaloT NpoTHBOIIO-
JOXHBIN 3((GeKT Ha MeTHIIpoBaHue Tucrona H3 B moario-
ToyHOM Komruiekce ranmiueB [{THC, cnenuanusupyromniemcs
Ha 00opoHnTEeNHHOM MToBeneHNn. Tak, makyOarms LIHC Helix
C CEpOTOHMHOM B Te4YEHHE 1,5 4 MPUBOANT K 3HAYUTEILHOMN
MHAYKIMH METUIHpoBaHus rucrona H3 cmycta wac mocne
WHKyOarmu, npudeM kak mo aktuBatopHomy (H3K4me3),
tak 1 uarnontopHomy (H3K9me?2) caiitam, Torna kak MHKY-
oarus LTHC Helix c FMRFamumom B Teuenue 1,5 u cHkaeT
METHJIMPOBaHKE TI0 00onM caiitam. Kak oTMedanocs BeIme,
9TH OMOJIOTHYECKH aKTHBHBIE BEIIECTBA UT'PAIOT TPOTHUBOIIO-
JIOKHYIO POJIb B (JOPMUPOBAHUH OOOPOHHUTENBHBIX PEIIEKCOB
MOJITIOCKOB. CepOTOHNH HHAYIMPYET yCHUIICHNE CHHATITHYC-
CKOM CBSI3W MEX/1y HEpOHAMU JaHHOM CETH, a HeMponenTus
FMRFamun sBisieTcss TOPMO3HBIM MEIUATOPOM, BOBJICUEH-
HBIM B ()OPMUPOBAHUE NPHUBBIKaHMA. VHKyOamus ¢ 3TUMH
BEIIECTBAMH B TEUCHHH 1,5 4 MOAEIHNPYET AOJITOBPEMEHHYTO
CEHCHUTHU3AIUIO ¥ TIPUBBIKAHUE COOTBETCTBEHHO. CEeHCUTH3a-
IIST ¥ TIPUBBIKAHHE OTHOCSATCSI K HEACCOIMATUBHBIM (hopMam
00y4eHHs U BOBJICKAIOTCS B (DOPMHUPOBAHUE yCIOBHBIX 000-
ponurensHbIX peduiexcos (Kandel, 2012).

Takum 06pa3oMm, MOTydeHHbIE JAHHBIE CBUCTENBCTBYIOT
0 ToM, uTo cepoToHnH 1 FMRFamun MoryT okassiBars cBoe
JieiicTBre Ha pabOTy reHOMa B MOANIOTOUHbIX TaHmusx [[THC
4yepe3 OIHHM U T€ K& MHIIECHHU, & UIMEHHO 4epe3 M3MCHEHHE
ypoBHs MeTuiaupoBanus ructoHa H3. Oxgnako spdexr nx
JIEUCTBUS pa3sHOHaNpaBiieHHbIM. [Ipu 3TOM aKkTHBallMOHHbIE
MPOIIECCHI, OMOCPEAYEMbIE CEPOTOHUHOM, aKTHBUPYIOT
METHWJINPOBAHUE U 110 aKTHBATOPHBIM, U IO HHTHOUTOPHBIM
caiitaM, a TOpMO3Hble, onocpenyemsle FMRFamunom, unru-
OMpYIOT METHIMPOBaHKE TI0 000MM calitaM. CHHXPOHHYIO
AKTHMBAIMIO METUIINPOBAHUs rcTOHa H3 1o akTHBAaTOpHBIM
W MHTMOMTOPHBIM caliTaM, Kak U B ciaydae nHKyoaruu [{THC
C CEpOTOHMHOM, MBI HaOITIOIANIN paHee TPU BEIPaOOTKe ped-
JIeKca MUIIEeBOI aBep3uM B ycnoBusix in vivo (I'puHkeBHY,
20126). CxoHbIe IaHHBIE 10 CHHXPOHHOMY METHIIMPOBAHUIO
AKTUBATOPHBIX U MHTMOMTOPHBIX CAHTOB B aHAJIOTHYHBIC
BpPEMEHHBIC HHTEPBAJIbI OBUIH MOIYYEHBI U ITPH BBIPAOOTKE
YCIIOBHBIX pe(IeKCOB y BBICIINX MMO03BOHOYHBIX (Gupta et
al., 2010; Morse et al., 2015). Kak oTMeuanock BbIIlle, METH-
JMPOBaHNE TUCTOHOB CHOCOOHO BIIUSATH KaK HAa WHIIYKIUIO
9KCIPECCHUU I'€HOB, TaK U MX PENpecCHio, B 3aBUCHMOCTU
OT TOT0, KaKHe CalThl METHIUPYIOTCS, aKTHBATOPHBIC HIIH
nHruouTopHeie. Takum 00pa3oM, TOTydeHHbIE HAMH JJaHHBIC
CBHJICTEIILCTBYIOT O TOM, Y4TO B (pOPMHUPOBAHHE KaK yCIOBHBIX
000pOHUTENBHBIX Pe(IIEKCOB, TaK M TOITOBPEMEHHBIX (hopM
CCHCUTH3AIIMH BOBJICKAIOTCS HE TOJIBKO aKTHUBALIUS AKCIIPEC-
CHH T'€HOB, HO ¥ UHr'UOMpoBaHue. OLleHOYHbIE YKCIIEPUMEHTHI
Ha MO3BOHOYHBIX JKUBOTHBIX MOKA3bIBAIOT, YTO KOJIHMYECTBO
TEHOB, KCIIPECCHUSI KOTOPBIX aKTUBHPYETCS MIIN CHIKAETCS
266
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nipu popmupoBanuu /111, mpakTuuecku copnasaeT (3THX reHOB
oxorno 1500) (Gupta-Agarwal et al., 2012).

Uro ke KacaeTcs AOITOBPEMEHHON NENpecCHH, NHIYLHU-
pyemoit FMRFamuziom, T0 1eMETUIMPOBAHNE aKTUBATOPHBIX
CaliTOB MOJKET MPUBOIUTH K HHTMOMPOBAHUIO SKCTIPECCHH T'e-
HOB (B TOM YHCJIe, BO3MOXKHO, BKJIFOUEHHBIX B ()OPMUPOBAHNE
CEHCUTHU3AIIMH), & IEMETUINPOBaHHE MHIMOUTOPHBIX, HA000-
POT, aKTUBHUPOBATh TeHBI, HEOOXOAUMBIE /ISt (DOPMUPOBAHUS
JIOJITOBPEMEHHON AEMPECCUU.

Heckomnbko MHYI0 KapTHHY METHINpOBaHus ructoHa H3
MBI HaOMOanK B LiepeOpanbHbIX TaHIVINSAX, BOBICUCHHBIX
B 00pabOTKy CHIHAJIOB OJb(AKTOPHBIX U MHUILEBBIX CTUMY-
JIOB, HCHOJIb3yEeMbIX IPU (POPMUPOBAHUN OOOPOHUTEIBHOTO
pedrexca MUIIEBOH aBEep3WH B KA4ECTBE yCIOBHBIX. MHKY-
Ganust [ITHC ¢ cepoToHNHOM He BIHsIa Ha METHINPOBAHHUE
ructoHa H3 mo akTuBaTropHOMy CalTy W CHHYXKaja €ro Io
UHTHOUTOPHOMY, T. €. B LIEpeOPaIbHBIX FAHNINSX CEPOTOHNH
B LI€JI0M, BEPOSITHO, aKTUBHPYET IKCIPECCHIO TE€HOB 4epes
BBIKJIIOUEHNE WHIMOUTOpHBIX caiitoB. FMRFamun B uc-
CIIeZIOBaHHBIN BPEMEHHON MHTEPBA HE OKA3bIBAET BIUSHHE
Ha METHJIMpOBaHME rucToHa H3 B 1iepeOpaibHbIX TaHITIHAX
HU T10 OJTHOMY M3 MCCJIEIOBaHHbIX caiiToB. TakuM o0Opazom,
ceporonnd 1 FMRFamun n36npatensHO BIUSIOT Ha SITATEHE-
THUYECKHE ITPOLECCHI B (PYHKIIMOHAIBHO Pa3IMYHBIX TAHIIIHSIX.

Crnexyer OTMETUTb, YTO B OTIIMYME OT cepoToHnHa (bamna-
6an, 3axapos, 1992; Grinkevich et al., 2008; Kandel, 2012;
I'punkesny, BopoOsesa, 2014; Grinkevich, Vorobiova, 2014)
¢ynkmn FMRFamuioB n Mexanu3Mbl UX BO3JCUCTBHS Ha
BHYTPHKIJIETOYHBIE IPOIIECCHI OCTAOTCSA EILE TIOXO U3yUYeH-
aeiMH. HanbGoiee moano onucano aeiicrsue FMRFamuna na
(hopMHpOBaHHUE TOITOBPEMEHHOM CTIPECCUH CHHATITHYECKOM
CBSI3M MEXJIy HEHpOHaMU MoJuTIOCKa Aplysia B KylabType
(Guan et al., 2002). I[Tokxa3ano, yto FMRFamun nanymupyer
(hopMupoBaHUe J0JITOBPEMEHHOM JISTTPECCHH Yepe3 BIHSIHUE
na pocopumuposanne K+ kananos S-tumna (Belardetti etal.,
1987) u Goxee TOrO, CIOCOOCH MOAABIATH CEPOTOHNH-3aBHU-
CHUMYIO JIOJITOBPEMEHHYIO CEHCHUTH3ANUI0 ((HhaCHIIUTAIIHIO),
CBSI3aHHYIO C yCUJICHHEM alleTHIINpoBanus ructoHa H4 gepes
€T0 JIcalleTHINPOBAHNE ¥ BOBJICUCHNE HHTMOMTOPHOTO TPaHC-
kpurronHoro ¢gakropa CREB2 (Guan et al., 2002). Takum
00pa3zom, U3 JaHHBIX padOT CIIEAYeT, YTO CEHCUTHU3AILNA,
Jexamiasi B OCHOBEe (pOPMHUPOBAHUS YCIOBHBIX 00OpPOHH-
TEJILHBIX PEQIIEKCOB, MOXKET OBITh MO/IABIICHA SHIOTCHHBIM
nHTHOUTOpHBIM HefiporientuaoM FMRFamuowm, T. e. B psine
ClIy4aeB MPOLECCH TOPMOXKEHHSI MOT'YT JOMHUHHPOBATh HAJl
aKTUBAIlMOHHBIMHU. Hamm BrepBble MOJydeHHbIE TaHHBIE
10 METHWJINPOBaHMIO TUCTOHA H3 B ycnoBusx MHKyOaruu
HHC Helix ¢ FMRFamuiom cBHIECTEIBCTBYIOT O TOM, YTO
FMRFamu criocoOeH BIAHSATh Ha SMTUTCHETHYECKUE MTPOIIECChI
yepe3 HHIMOMPOBaHNE HE TOJIBKO alleTHIMPOBAHUS THCTOHA
H4, vo n mMetunupoBanus ructona H3, npuyem B Halem
clly4yae TakKe HaONIOaoTCsl PEUIPOKHBIE OTHOLICHHUS
¢ ceporoHnHoM. Crnoco6noctr FMRFamuaa oka3siBath
MIPOTHUBOIOJIOKHBINA CEPOTOHUHY 3P (PEKT Ha METHIMPOBAHNE
ructoHa H3 moxet orpakars pors FMRFamuna B nenoctaom
MOBEJICHUHN KMBOTHOTO, @ UMEHHO B TOPMOYKEHHU CTUMYJIOB,
YTPaTHBIIHMX 3HAYUMOCTD B TOM YHUCIIE U IPH POPMHUPOBAHNHT
ycioBHbIX peduiekcoB. Bopneuernne FMRFamua-nogo6Hbx
MENTHOB B (POPMUPOBAHUE ITPUBBIKAHUS OBUIO MOKA3aHO IS
Hemaroxs! (Li et al., 2013), ogHako SMTUTEHETHYCCKUE HCCTIC-
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JIOBaHUs B JaHHOW pabote He mpoBoawiy. [ToryyenHbie HaMu
naHHble o BoieueHnn FMRFamuaa B perysnsinuto MmeTuiimpo-
BaHMS THCTOHOB PACIIHPSIIOT 0a30BbIE 3HAHUS O MEXaHU3MAX
BO3JCHCTBHA NEeNTHI0B Ha GyHKunonuposanue [[HC.

OTMeTHM, YTO MEXaHM3Mbl HHIYKIUHU TPOLECCOB METH-
JTUPOBaHUSA TUCTOHOB mpu popmupoBanuu Il octarorcs
ele NMPaKTHYECKH HewccienoBanHbIMy. [lepsas pabora o
BOBJICUCHHIO MeTHJIMpoBaHus B ¢opmuposanue /11 Obiia
omyonukoBana B 2010 . Beuto mokaszaHo, 9T0 METHIIMPOBaHKE
rucrona H3 mo akTMBaTOpHBIM W WHTHOMTOPHBIM cailTam
BOBJICYEHO B (DOPMHUPOBAHME YCIOBHBIX O0OPOHHUTEIBLHBIX
pednekcoB y kpsic (Gupta et al., 2010), a y MbImIeit, aumeH-
HbIX H3K4-crienn¢puueckoil ructonoBoit MetunTpancdepa-
361 M1, nanneiii Bun 11 ve hpopmupyercs (Akbarian, Huang,
2009). Hapymenue MeTHIHpOBaHUS THCTOHOB HAOMIOMAeTCS
W TIpH BO3pacTHBIX yxymmenusx JI1. Y uro BaxHO, maMsTh
B JIAHHOM CJTy4ae MOKET ObITh 3HAUUTENIBHO YITy4llleHa Yepe3
HOPMaJIM3AINI0 METHIIMPOBAHNS IIyTEM IPEIBAPUTEIHEHOTO
COZIEpKaHUs )KUBOTHBIX B YCIIOBHAX O0OTAICHHOW pa3ind-
HbIMH nipeamMeTamu cpeabl (Morse et al., 2015). K nacros-
MeMy BPEMEHHM HICHTU(HUIIMPOBAHO HECKOIBKO IECSITKOB
crennuUecKnXx THCTOHOBBIX JIU3WH METUATpaHchepas
U JIeMeTHnj1a3, KOTOpble KOHTPOJIUPYIOT METHIMPOBAHHE
U IEMETUINPOBAHNE ONPE/ICIICHHBIX CIEU(PUIECKIX CAHTOB
THCTOHOB. YacTh U3 HUX BOBiEKaeTcst B popmupoBanue JI1
(Gupta et al., 2010; Xu, Andreassi, 2011; Gupta-Agarwal et
al., 2014). MexaHu3MBbI IPUBICYCHHUS TaHHBIX (EPMEHTOB
K OIIPE/ICIICHHBIM PETYJISTOPHBIM paliloHaM I'eHOB OCTAIOTCS
MPAaKTHYECKH HEHCCIIEIOBAHHBIMU B CBSI3H KaKk ¢ MHOT00Opa-
3HeM PETYIISTOPHBIX CHCTEM, BOBIICUEHHBIX B (DOPMUPOBAHHE
AT, tak u HanuaueM Oosbmioro yncia Gpopm (hepMeHTOB
C Pa3IMYHBIMU YPOBHSIMH JKCIIPECCHUHU B PA3HBIX KIETKAX
U CEIM(IIHOCTHIO UX CPOJCTBA K Pa3IMIHBIM CaiiTaM I'MCTO-
HOB. Omy0OnmKoBaHa repsast padoTa, TTOKa3bIBAIOIIAs yIacTHE
curnanpHoro kackaga MAPK/ERK (The mitogen-activated
protein kinase/extracellular signal-regulated kinase) B uHIyK-
MM METHINPpOBaHus ructona H3 nmo nHrudutopHomy caiity
H3K9me2 npu dhopmuposanuu /I, BeI3pIBacMOIi cTpaxom.
IIpu 3TOM IPONCXOANT IBYHANPaBICHHAS PETYISIIUs (PopMHU-
poBanwust koMmruiekca H3K9me2-crienndudeckoi MeTuaTpaHc-
depassl (G9a) u nemetmiasel (LSD1) Ha MpoMOTOpax reHOB,
a MHrHOMPOBaHUE 3THX (PEPMEHTOB MIPUBOAUT K YTHETEHHIO
i yiyaienuto popmuposanus 11 coorsercteenno (Gupta-
Agarwal et al., 2014). Caenyet otmetuth, uto0 MAPK/ERK
KacKaJl NTPaeT Ype3BBIYAiHO BaXKHYIO POJIb B (DOPMUPOBAHNUHT
JIONITOBPEMEHHON MaMSATH KaK y MO3BOHOYHBIX >KHBOTHBIX,
Tak u O6ecno3BoHouHbIX (Levenson, Sweatt, 2006; Wood et
al., 2006; Grinkevich et al., 2008).

Wnnykius metuiipoBanust ructona H3 kak mpu oOyueHnn
Helix, Tak u npu nnky6ammu [THC ¢ cepoTOHUHOM MOXKET
ocymectBiaTbes uepe3 MAPK/ERK. Panee mbr mokazanm,
yro MAPK/ERK akruBupyercs npu o Oyuenun Helix, n ota
akTuBanus ceporonuH-3aBucuMa (Grinkevich et al., 2008).
Bbrokaga MAPK/ERK xackajga mpuBOZUT K HECIOCOO-
HoctH (popmupoBanus JI1 1 conpoBoXkIaeTCsi CHIKCHUEM
arieTuiiMpoBanus rucrona H3, naaynupyemoro oOyueHnem
(Danilova et al., 2010; I'puakeBwd, 2012a; Danilova, Grinke-
vich, 2012). U3BectHo, yto MAPK/ERK kackan urpaer
BO)XHYIO POJIb B MHIIYKIIMH AllEeTHJIMPOBAHUS Yepe3 aKTHBa-
uro aretmwitparcdepas pocopmmmponanuem (I puHkeBud,
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2012a). C npyroii CTOPOHBI, B TUTEpaType UMEIOTCS JaHHBIE
O BIMSHUM AlETWIIMPOBAHMUS Ha METHIIMPOBAHNWE THCTOHOB
(Akbarian, Huang, 2009; Gupta et al., 2010). Takum o6pazom,
TUTMIOTCTUYCCKHU CCPOTOHHUH MOXKET MHAYLHUPOBATH METUIIU-
poBaHME MO akTHBaTOpHOMY caiTy uepe3 ERK-3aBucumoe
arnetuipoBanne ructona H3, a mo marnbutopHomy caiity —
yepe3 ERK-3aBucumoe nHrubnpoBanue aemMeTrsias aHajaoruy-
HO omcaHHOMY B pabote Gupta-Agarwal etal., 2014. B nmute-
parype UMEIOTCs JaHHbIE 0 BOBJIeUeHHH (hochopHrIpoBaHus
B (D)yHKIIMOHMpOBaHUe rHcTOHOBBIX gemeruias (Toffolo et al.,
2014). CtocoGHOCTE CEpOTOHNHA MHIYIHPOBATh METHITHPO-
BaHue ructoHa H3 mo narnbnuropHomy caidTy nu3uHa 9 noka-
3ana st runnokamina (Hunter et al., 2009). Yro e kacaercst
FMRFamuza, To ero aeiictBue Ha reHOM, 110 KpailHell mepe
Y MOJUTIOCKOB, MOYKET OTIOCPE/IOBATHCS Yepe3 NPOTEHHKHUHA3-
HBIA Kackal p38, KOTOPBIN MOTCHIUAIBHO CIIOCOOCH MHIH-
6MpoBaTh METHIMPOBAHNE TI0 AKTUBATOPHBIM (M BO3MOXKHO,
MHTHONTOPHBIM ) CATaM yepes3 NPHUBJICUCHHUE K PETYIISITOPHBIM
KoMIUTIeKkcaM reHoB aemetmias (Guan et al., 2002). Ha mo-
3BOHOYHBIX XKMBOTHBIX ITOKa3aHO, 4To AeMeTnnaza LSD1 Bo-
BJIEKAETCs B AEMETHIIMPOBaHUE Kak akThBaTtopHoro H3K4, tak
n uaruouroproro H3K9 caiitos rucrona H3 (Xu, Andreassi,
2011), MmeTunrpoBaHue KOTOPHIX N3yYaIOCh 1 HAMH B HACTO-
SIIeM U Npeasiaymmx uccienoBanusax ([ punkesmny, 20126;
I'punkeBuy, Bopobnena, 2014; Grinkevich, Vorobiova, 2014).
FMRFawmun TeopeTndeckn CiocoOeH HHTHONPOBATh METHITH-
poBanue rucrona H3 u yepes MHrHOMpoOBaHKE PEryIIITOPHOTO
kackaga MAPK/ERK nocpencrBom akTuBanuu MmpoTeHH-
knHa3sl p38. [Tokazano, uTo p38-3aBUCHMOE HHIHONPOBaHNE
MAPK/ERK BoBieueno B ¢opmupoanune FMRFamu-
3aBHCHUMOM Jienpeccun y Mojuttocka Aplysia (Fioravante et
al., 2006). Kpome toro, FMRFamun ciocoGen BiusATh Ha
BHYTPUKJICTOUHbIE TPOIECCH Yepe3 PETyISIIUI0 CHHTE3a
okcuza azora (NO) (Rdszer et al., 2004), kOoTOpBIi HINPOKO
BoBiiekaeTcst B popmupoBanue JI1 (Korneev et al., 2005).

[ony4eHHbIC TaHHBIE CBHJICTEIBCTBYIOT O TOM, YTO aK-
TUBaTOPHbIE U MHTMOUTOPHBIE TPOLIECCHI, OMOCPEIyeMbIe
ceporonnHoM u FMRFamuziom, MoryT B3auMoeiicTBOBaTh
Ha SIIMT€HETHYECKOM YPOBHE, aKTHBUPYSI I HHTHOUPYsI Me-
tunupoBanue ructona H3 coorsercrenno. Takum oOpaszom,
SMUTCHETHYECKNE MOAN(PHUKAINU THCTOHOB MOTYT JIEXKATh
B OCHOBE KOHBEPTI'€HIINU aKTUBATOPHBIX M TOPMO3HBIX ITyTEH,
YYaCTBYIOIIHUX B (POPMUPOBAHUH [TOJTOBPEMEHHOM ITAMSITH,
U, COOTBETCTBEHHO, PETYINPOBATH IKCIIPECCHIO TEHOB, BO-
BJICKAaEMBIX B IUIACTUYECKUE EPECTPOIKH.

W3y4yeHuro MeTHIIMpOBaHKsI THCTOHOB B (DYHKIIHOHUPOBA-
aun [JTHC B Hacrosmee BpeMs: MpUAAETCS HCKITIOUUTETHFHO
B)KHOE 3HAYCHUE KaK B CBS3U C yYaCTHEM METHUIINPOBAHUS
B MCHTAJIBHBIX IpoNeccax, Tak 1 € HOTeHLlPIaJ'l];HOﬁ BO3MOXK-
HOCTBIO BOCCTaHOBJICHNSI KOTHUTUBHBIX (DYHKIIHI, CBA3aHHBIX
C HapyIlIeHHeM MeTuianpoBaHus. Hanbospiee unciio padboT
B 9TOH 00JIACTH IOCBSIIEHO HCCIIEIOBAHUIO MEXaHU3MOB
HapyweHus Il u uxX BOCCTaHOBJIEHUIO NPU AEHPECCUSX,
ayTH3Me W HeWpojereHeparnBHbIX matosorusx (Akbarian,
Huang, 2009; Xu, Andreassi, 2011; Jarome, Lubin, 2013).

JanbHelimue ucciae10BaHNs B3aUMOAEHCTBHS CEPOTOHUH-
uHayuupyembix M FMRFaMuHbIX CUTHATBHBIX Iy TEH Ha yPOB-
HE SIUTCHETUYECKON MOAN(PHUKAIIMY THCTOHOB MOTYT ITPOJIUTh
CBET Ha MEXaHNW3Mbl KOHBEPTE€HIINU PETYISTOPHBIX CHUCTEM,
BOBJICYCHHBIX B (DOPMHUPOBAHUE JIOJITOBPEMEHHOW MaMSTH.
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