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OnHoit U3 Hanbosiee pacpOCTPAHEHHbBIX SMUTEHETUUECKUX MOAM(UKALIMI OETKOB Yy 3yKapuOT SIBIISIETCS
aleTUJIMpOBaHUe/ neaueTuiavpoBanue au3uHa. ['ucroHosslie acanetunasbl (HDACS) cHuxaioT ypoBeHb
aleTUJIMPOBAHUSI TUCTOHOB, YTO MPUBOAUT K TOJABJICHUIO TPAHCKPUIIIUU. Y MO3BOHOYHBIX XXUBOTHBIX
XOPOIIO 3aJOKyMEHTUPOBAHO y4yacTHUE 'MCTOHOBBIX JealleTujia3 B peryasiuuu npojaudepaunu u anudde-
PEHILIMPOBKU KJIETOK, SMOPUOHAIILHOM Pa3BUTUN, BOSHUKHOBEHUU U MTPOTPECCUU 37T0KAYECTBEHHBIX OITy-
xoJieii. Y 6a3abHbIX MHOTOKJIETOYHBIX JKUBOTHBIX MEXaHU3MbI PETYJISILIMU SKCIIPECCUU T€HOB, CBSI3aHHBIE
C aKTUBHOCTBIO TUCTOHOBBIX JUAlleTUIa3, He U3ydyeHbl. OIHAaKO U3BECTHO, UTO TIPOIIECC pearperaiuu Kie-
TOK T'yOOK compoBoxXaaeTcs ux aeauddepeHIIMpoBKaMu U TpaHCcAUDGepeHIMPOBKAMU, YTO MOXET yKa-
3bIBaTh HAa BOBJIEYHHOCTh AUALIETUIIA3 B PETYJISILIMIO 3TOro mpoluecca. Llenapio Hateit paboThl ObLIO U3y4e-
HHeE 3KCIIPEeCCUM TMCTOHOBBIX auaueTtwias y Tyoku Halisarca dujardinii (Demospongia). Ha ocHoBe aHanu-
3a TPaHCKPUNTOMOB ryoku H. dujardinii v reHoma ryoku Amphymedon queenslandica (Demospongia) Mbl
UneHTUGULMPOBATH IPEACTABUTENEH Beex KiaccoB Zn2 T -3aBucumbix HDACs ryook. beut mpoBeneH aHa-
3 nuddeperHumanbHoi akcnpeccun HDAC B cycnieH3uu kiietok 1yoku H. dujardinii nocne nuccouua-
LIMU ee TeJla Y B arperarax rnocsje 24 4 pearperauuu. boijio nccienoBaHo 40303aBUCUMOE BIIMSTHUE IBYX CEJIEK-
tuBHBIX THIIOUTOpoB HDAC xitacca I (6yrupara HaTpust ¥ BaJIbIIPOEBOM KKMCIOTHI) Ha IIPOIIECC pearperain
kieTok. IlokazaHo, yTto no6aBiaeHue ceneKTUuBHbIX MHIMOUTOpoB HDAC Kitacca 1 B MHKyOAlIMOHHYIO Cpemy
MPU pearperauuu MPUBOIUT K MU3MEHEHUIO MOP(MOJIOrMUYEeCKNX XapaKTepUCTUK KJIETOUHBIX arperatoB IryOKU.
MoXHO IpeanoaoXuTh, YTO y4acTUE TUCTOHOBBIX AealleTha3 B Peryysiliu TpaHcaudepeHIIMPOBKY Kiie-
TOK SIBJISIETCS] BOJIIOLIMOHHO IPEBHUM MEXaHU3MOM, MCTIOIb30BaBIIMMCS MHOTOKJIETOUYHBIMU XKMBOTHBI -
MM €elle A0 CTAaHOBJICHUSI TKAHEBOW OpraHU3aluU.

Knroueswie cnosa: Halisarca dujardinii, Porifera, Demospongia, TpaHcanddepeHIInpoBKa KJIETOK, TUCCOIU-
alMs KJIETOK, pearperaiuys KJIeTOK, THCTOHOBBIE AealeTUIa3bl, TPAHCKPUIITOM

DOI: 10.31857/S0475145021050050

BBEAEHHWE CUM T€HOB XOPOIIIO U3YYEeHbI Y MOAESIbHBIX BUAOB U3

CucreMa peryasiliMyi TeHHOM 3Kcripeccuy umeer  TPYIIIBI OuarepasbHO-CUMMETPUYHBIX XKUBOTHBIX,
KJII0YEeBOE 3HAaueHue IS npolecca auddepeHIn- HO HEAOCTATOYHO Y HU3LIMX MHOTOKJIETOYHBIX. I'y0-
POBKM KJIeTOK. MexaHu3Mbl akTuBauuu u perpec- Ku (Porifera), omHu m3 caMbIX BOJIOIIMOHHO APEB-
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368 KPABYYK u np.

HUX HbIHE CYIIECTBYIOIINX MHOTOKJIETOYHBIX SKBOT-
HbIX. Teno rydbok 06pa3oBaHO HECKOJIBKUMHU TUIIAMU
KJIeToK. I11acTUYHOCTh KJIETOK — IJIaBHAsE OCOOEH-
HOCTb I'yOOK. B oT/IMuMu OT Apyrux MHOTOKJIETOY-
HBIX XXMBOTHBIX, KJIETKH TeJIa TYOOK B TeUeHHE Bceit
K3HU HAXOOSITCS B IIPOLIECCE MMOCTOSTHHOTO IBIXKE-
HUS U TpaHcIuddepeHIUPOBKH, CBSI3aHHBIMU, B
YaCTHOCTH, C HETIPEPBIBHOM peopraHu3alueii Boao-
HocHoit cuctembl (Ereskovsky et al., 2013; Lavrov,
Kosevich, 2014; Sogabe et al., 2019).

OnHoit 13 (popM IIPOSIBICHUS MJIACTUIHOCTU SIB-
JIIETCS CITOCOOHOCTH KJIETOK TyOOK K (hopMUpOBa-
HUIO MHOTOKJIETOYHBIX arperaToB IMOCJe AUCCOLIMA-
muu teaa ryoku (Ereskovsky et al., 2021). B Havanb-
HOM CTaIuM pearperaluu OTAeJIbHbIE KJIETKU T'YOOK
MIPUOOPETAIOT OKPYIJIYIO (hopMy. Jlajee KJIeTKU CIU-
MaTCSI U 00pa3yloT MHOTOKJIETOYHBIC arperaThl, He
nMerone npaBuibHO ¢dopmbl (Sipkema et al.,
2003). 13 arperatoB HelmpaBUIbHOU (OpMBI 00pa3y-
IOTCSI TIPUMMODP(MBI — KJIETOYHBIE arperatbl OKpyT-
JIOI, MOYTHU cpepraecKkoit GopMBbI, TOKPHITHIC TMHA-
KOLIMTaAMU — YIJIOIIEHHBIMU KJIETKAMU, CXOJHBIMU C
stmrtennanbHbeiMu (Lavrov, Kosevich, 2014). Cko-
pPOCTh pearperalmy OTIMYaeTCsI Y Pa3HBIX BUIOB Ty-
00K, HO y BCEX BUIIOB arperatbl UMEIOT BHaYaje He-
MpaBWIbHYIO (hOpMYy M HEOOIbIINE pa3Mephl U Mpa-
BIJIBHYIO (OopMy M OOJbIIME pa3Mepbl Ha Ooiee
nmo3gHux ee stanax (Lavrov, Kosevich, 2014; Ere-
skovsky et al., 2021). Tak, y rydook kimacca Demo-
spongiae arperatsl n3 15—30 KiIeToK (popMUPYIOTCS
yepe3 15—40 MuH mocie auccouuralm Teaa ryoku, a
yepe3 2—4 4 1ocJie IMCCOUallii arperaThbl JOCTUTA-
0T pa3MepoB coTeH MuKpomeTpoB (Lavrov, Kose-
vich, 2014). Pearperauus compoBOXIaeTcsl aKTUB-
HOM MUTIpalyeil KJIeTOK, MHOTIOYMCJICHHBIMU KJIe-
TOYHBIMU neanddepeHINpoBKaMU 1 TpaHcandde-
penuupoBkamu (Lavrov, Kosevich, 2014; Ereskovsky
etal., 2016). HecMoTps Ha TO, 4TO MPOLIeCC pearpera-
muu onucad B 1907 r. (Wilson, 1907), mo cux mop
OoCTaeTcs HEeSICHBIM, KaK IPOUCXOIUT TpaHcAude-
PEHILIMPOBKA KJIETOK I'yOOK BO BpeMsl 3TOro Ipoiiecca
(Adamska, 2018). MoxXHO IpeaIoNI0XUTh, YTO OIIpe-
JIeJIECHHYIO POJIb B PETYJISIIMY KJIETOYHBIX TpaHCAUd-
¢depeHIIUPOBOK B XO/IE pearperainy y ryooK UrpaioTt
SIUTeHEeTUYECKIEe MOIU(UKAIINN OSIKOB.

M3BecTHO, 4TO TIpU (OPMUPOBAHUYN PA3TUIHBIX
KJIETOYHBIX JIMHUI W13 IUIIOPUIIOTEHTHBIX KJIETOK
IIPOUCXOAUT aKTUBALIMs OIHUX F'€HOB M PEIPECCUs
JPYTUX C TIOMOIIbIO SITUTEHETUUECKUX METOK. Alle-
TWIMPOBAHUE JTU3WHA SIBJISIETCS OMHOM U3 HamboJee
pacpoCTpaHEHHBIX 3IUTCHETUYECCKUX MoauduKa-
LI 6EJIKOB B 3YKaPUOTUYECKUX KIeTKaX. ALICTHIN-
poBaHME U JealleTUIMPOBAHUE HAXOOUTCS T10J KOH-
TpojieM THUCTOHOBBIX aueTuaTpaHcdepasd (histone
acetyltransferases, HATS) 1 IT'MCTOHOBBIX JcaneTniIas3
(histone deacetylases, HDACs). AnerunupoBaHue
JIM3MHA B TUCTOHAX PUBOIUT K CO3IaHUIO YYACTKOB
OTKPBITOIO XpOMAaTHUHA U, CJIEA0BATEIbHO, ITOBBIIIE-
Huto TpaHckpuniuu reHoB. HDACs cHmkaooT ypo-

BEHb alleTWJIMPOBAHMS TUICTOHOB 1 TEM CaMbIM IIpH-
BOJISIT K KOMITIAKTU3allMU XpOMaTHHA 1 TTOJaBJICHUIO
tpanckpunuuu (Pazin, Kadonaga, 1997). Ilomumo
m3nHOB TMcToHOB HDACS crmocoOHBI meaneTim-
pOBaTh JIM3UHbBI B APYrux Oejikax (B YaCTHOCTU, KOM-
IMMOHEHTAaX TPAaHCKPUIIIUOHHBIX KOMIUIEKCOB), 3Me-
HsIs1 pa3JIMYHbIe OMOJIOTMYECKME IIPOIIECCHI B KIIETKE.
Takum obpaszom, Bzaumoneiictsue HATs 1 HDACs
obecrieuynBacT AMHAMUYECKUII TOMEOCTa3 KJIeTOY-
HBIX OenkoB. Ilokaszano ygactue HDACs B perymns-
1y npojudepauu u 1ud e peHIIMPOBKY, SMOPUO-
HaJIbHOM Pa3BUTUM, BOBHUKHOBECHUU U IIPOrPeCCUN
310KadYecTBeHHBIX omyxouei (Choi et al., 2001; Lag-
ger, 2002; Sjoblom et al., 2006; Wilson et al., 2006;
Montgomery et al., 2007; Bhaskara et al., 2008;
Marks, 2010). Pazauaasie HDACs B kj1eTkax sykKa-
PUOT pa3fesiioT Ha 4 OCHOBHBIX KJ1acca: TPU U3 HUX —
Zn**-3aBucumeie (1, II, IV) u onun — NAD+ 3aBu-
cumbliit (I1T). OgHuUM U3 3(DHEKTUBHBIX METOIOB UC-
cnenoBanus ¢yHkuuu HDACs B kieTkax siBiasieTcst
WCHOJb30BaHUEe CIen(pUIECKUX WHIUOUTOpOB. B
HacTosIIllee BpeMsl M3BECTHO OOJBIIOE KOJMYESCTBO
¢dapMaKOJIOTUYECKUX MHTUOUTOPOB, IEiICTBYIOIINX
60 Ha onipenesieHHBIe, Moo Ha Bce HDACs. Onna
u3 rpymnn uHruouropos HDACSs, co3naHHast Ha oc-
HOBE COJIE XXUPHBIX KMCJIOT, OJIOKHPYEeT B OCHOBHOM
neaneruiasbl kiaacca I (Silva et al., 2018) u mmpoxo
MPUMEHSIIOTCS JIs1 U3y4eHUs1 (pyHKUMU 3TUX (ep-
MEHTOB y M03BOHOYHLIX. byTtupart Hatpusa (NaBu) u
BajbipoeBast kuciaora (VPA) — conu XXKUPHBIX KHUC-
JIOT, PEMOJEIMPYIOIIE CTPYKTYPY XpOMAaTUHA, BbI-
3bIBAIOIINE TUNEPALETIINPOBAHNE TMCTOHOB, BIIMSI-
IOIIIME HA 3KCIPECCUIO OOJIBIIIOrO KOJINYEeCTBA T€HOB,
B TOM YHCJIe, TEHOB TLTIOPUIIOTEHLINU: Sox2, oct4, kif4,
c-myc, DPPA2, DPPA3, DPPA4, DPPAS5, NANOG,
KJIIETOUHBIN THUKI U IudEPEepeHITNPOBKY KIETOK
(tabiu. 1). Maruoutopst HDACs NaBu u VPA nipu-
MEHSIIOTCS TIPY TIOJIYYeHUU MHAYLIUPOBAHHBIX TLTIO-
pUITOTeHTHBIX KJ1eToK (D’Anna et al., 1980; Huangfu
et al., 2008; Liang et al., 2010; Mali et al., 2010; Chen
et al., 2013; Zhang, Wu, 2013; Mahapatra et al., 2017),
a Takoke IIpH JISYeHU HEKOTOPHBIX TUMOB paka (Louis
et al., 2004; Wang et al., 2006; Michaelis et al., 2007,
Marks, 2010; Tang et al., 2011; Terranova-Barberio
et al., 2017; McClure et al., 2018; Tran et al., 2019;
Heers et al., 2018). MHorouucjaeHHbIe UCCIAEIOBaAHUS
¢ ucnoinb3oBanreM NaBu u VPA 6bu11 mpoBeaeHbI HA
KJIETKaX MMO3BOHOYHbBIX, KOTOPBIE SIBISIIOTCSI CJIOXKHBI-
MM MHOTOKJIETOUHBIMM OpraHU3MaMM C BBICOKUM
ypoBHEM I OEepeHINPOBKU KJIECTOK.

Hackoiibko apeBHEil 1 3BOJIIOIIMOHHO KOHCEPBa-
TUBHOM SIBJSIETCS peryasiuust AuddepeHINPOBKI
KJIETOK C TIOMOIIIbIO TUCTOHOBBIX AealieTia3? OTBeT
Ha 3TOT BOIIPOC MOKET OBITH ITOJIyYeH IIpY U3yYSHUU
KUBOTHBIX, (PMJIIOTEHETUYECKU OalIeKUX OT IT03BO-
HOYHBIX U HE UMEIOIINX HACTOSIIIUX TKAHEH. YUUTHI-
Basi, 4TO B XOJI€ pearperaiuu KJIeTOK rydbok HabJroaa-
I0TCs  TpaHcauddepeHIUPoBKU KieTok (Lavrov
2016, 2020; Ereskovsky 2018, 2021), MbI pacCUMTHIBA-
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Tab6auua 1. Bnusnue NaBu u VPA Ha kieTku B KyJIbType
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Knerounas nuHus,
OpraHu3M

KoHueHTparius

Ha6monaembie apdexTnl

JlurepaTypHbIi
HUCTOYHUK

NaBu

CHO, xjieTKu sMYHuKa
KHUTaiCKOTO XOMSTUKa

1 MM u BbILIE, CUTIA
a¢ddexTa 3aBUCUT OT

lunepauernivpoBaHue TUCTOHOB
H2B, H3, H4. Camxaetcs cnoco0-

D’Anna et al., 1980

KOHIIEHTpALIU HOCTb KJIETOK nepexonuTth u3 Gl
B S (pazy
MCF7 u MCF7-A (ycroii- | 1 MM OcTaHOBKa KJIETOYHOTO LIMKJa Fagot et al., 1994
quBasl K aipuaMUIIAHY), B G1 daze
WHBa3WBHasT alcHOKaPII-
HOMBI IPOTOKOB MOJIOY-
HOI1 XeJie3bl YeIoBeKa
KB-3-1 u KB-A (ycroituu- |2 MM OcranoBka kiietoyHoro nukia B G1 u | Fagot et al., 1994
Bas K afpuaMHULIMHY), pak |3 MM G2/M dasze
aMUTaNeaTIbHON TKaHU BpeMeHHOe CHIKeHME 3KCIIPecCuu
yeJioBeKa reHa c-myc
IMR90, dpubpobdiacTel 0.5 MM INunepanerniupoanue H3K9 Mali et al., 2010
4eJI0BeKa ructoHa H3, ycunenue JJHK nemeru-
JupoBaHwusi. [ToBbiieHne aphekTnB-
HOCTH MOJIyYEHUs] MHAYLIMPOBaHHBIX
TUTIOPUITOTEHTHBIX KJIETOK C UCTTOJIb-
3oBaHueM T® Oct4, Sox2, Kif4, u
c-Myc, noBbIlIIEHUE SKCITPECCUN
T€HOB, CBS3aHHBIX C TUTIOPUIIOTEH-
et (DPPA2, DPPA3, DPPA4,
DPPAS5, u NANOG)
MEF, sm0OpuroHanbHbIe 0.25—-1 MM [ToBrirenue a¢dpdexkTuBHOCTH TTony- | Liang et al., 2010
MBbIIIUHBIE (UOPOOIACTHI YeHUS] UHAYLIMPOBAaHHBIX ITUTIOPUITO-
TEHTHBIX KJIETOK C MCITOJIb30BaHUEM
T® Oct4, Sox2, Kif4, u c-Myc
HFF, ubpobaacte ueno- | 0.5 MM [ToBriienue a¢pdexTBHOCTH TTony- | Zhang, Wu, 2013
Beka YeHUS! UHAYLIUPOBAHHBIX IUTIOPUITO-
TEHTHBIX KJIETOK C MCITOJIb30BaHUEM
T® Oct4, Sox2, Kif4, u c-Myc.
[ToBblllIEeHUE CTAOUJIBHOCTH U TTIOBBI-
meHue 3Kcrpeccur Mukpo-PHK
miR302/367 xnactepa
MEF, sm0OpuroHanbHbIe 1 MM CnioHTaHHas KoHBepcus npenHayuun- | Kang et al., 2014
MBbIIUHBIE (PUOPOOIACTHI POBAHHBIX CTBOJIOBBIX TUTIOPUITOTEHT-
HbIX K1eToK (pre-iPSCs) B iPSCs,
noBbIllIeHUE 3KcTpeccun B pre-iPSCs
Kietkax pl5, p21, p53, Nanog, Sox2,
Oct4, Kif4, c-Myc
MAC-T, 6b1ybM 3ruteu- | Ot 0 go 5 MM INunepauernnupoBanue H3K9/14, Silva et al., 2018
aTbHbIC KJIETKU MOJIOYHOM H3K18 1 H3K27 ructona H3; cenex-
KeJIe3bl TUBHOEe MHrMouposanue HDAC?2, 3
u 8 (TIpu KOHLIEHTpaluu Boiiie 1 MM)
OHTOTEHE3  Tom 52 Ne 5 2021
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Taomuma 1. OxoHuaHue

KPABYYK u np.

Krerounas muems, Konuenrpamus Ha6nonaembie adexThl Jlureparyprbtit
OpraHu3M UCTOYHUK
VPA IMR90, pubpobnactsl 1 MM TloBeenue acddexkTuBHoCcTH MoJty- | Mali et al., 2010
yesoBeKa YEeHUS! UHAYLIMPOBAHHBIX IUIIOPUTIO-
TEHTHBIX KJIETOK C UCITOJIb30BaHUEM
T® Oct4, Sox2, Kif4, u c-Myc. [ToBbI-
1LIEHUE DKCIIPECCUU T€HOB, CBSI3aHHBIX
¢ wnopunoteHuueit (DPPA2, DPPA3,
DPPA4, DPPAS5, u NANOG). Dddexrt
ciabee, yueM B cirydae NaBu
MEF, sm0OpuoHaibHbIe 2 MM [MoBriienue apdexkTuBHOCTH TTony- | Huangfu et al.,
MBIIIMHBIE (PHUOPOOIACTHI YyeHUs MHOYIMPOBaHHBIX Iuniopuno- | 2008
TEHTHBIX KJIETOK C MCITOJIb30BaHUEM
4 T® (Oct4, Sox2, Klf4, c-Myc)
win 3 TP (Oct4, Sox2, Kif4)
Hela, pakoBast onyxoJib Ot 0 o 5 MM HMHrubupoBaHue aealeTaa3bl Phiel et al., 2001
IIEKA MaTKU YeJToBeKa HDACI (cuna addexra 3aBUCUT OT
KOHIIEHTPALINH )
OMOPUOHBI LITTOPLIEBOM 5 MM TepaTtoreHHblii 3pdeKT (YMEHBbIIIE-
JISITYLIKUY HUE pa3MepOB U HapyILLICHUE Pa3BUTHUS
9MOpHOHA)
Neuro2A, MBIIIIMHAS 0,2, 5MM AKTUBHpPYET TPAaHCKPUIILIHIO C pa3-
HelipobiacToma JIMYHBIX TPOMOTOPOB MPU KOHLEHTpa-
11U Bbllie 2 MM
293T, sMOpHrOHAJIbHbBIC Ot 0 no 20 MM AKTUBMpPYET TPAHCKPUIILIUIO C pa3-
TMOYEeYHbIE KIETKU JIMYHBIX TPOMOTOPOB MPHU KOHIIEHTpa-
4JeJioBeKa 11U Bbliie 2MM
P19, smbpuoHanbHas 0.1-1 MM Wnpykuusa nuddepenumnanuu romo- | Chen et al., 2013
KapuuHOMa Mbllei PUIIOTEHTHBIX KJIETOK 3MOPUOHAJIb-
HOI MBILIMHOI KapLIMHOMBI B
CKeJIETHbIE MUOLIMTHI. AKTUBALUS
TPaHCKPUITLUU, cTIelIUDUIHOM TS
mbii (Pax3, MYOG u MyoD).
FNS (xynbrypa 328), mo3r |1 MM INoBriieHMe 3ppeKTUBHOCTU TTOIy- | Medvedev et al.,
9-HeneabHOro 3MOpHOHA YeHMsI UHAYLIUPOBAaHHLIX IUTIopumio- | 2011
yesoBeKa TEHTHBIX KJIETOK C UCIIOJIb30BaHUEM
T® Oct4, Sox2, Kif4, u c-Myc
WupyuupoBaHHbIe TUIOpU- | 1 MM INosbiienue acddexkruBHocTu nud- | Kondo et al., 2014
TMOTEHTHBIE KJIETKU YeJI0- depenumamnuu hiPS B rematouuTst
Beka (hiPS)
bFFs, deranbHble ubdpob- | 1.5 MM IosbilieHue 3pPpexTuBHOCTM NOTy- | Mahapatra et al.,
Jactel OyiiBona (Bubalus YeHMs1 MHAYLMPOBAHHBIX Iunopunio- | 2017

bubalis)

TEHTHBIX KJIETOK C UCITOIb30BAaHUEM
T® Oct4, Sox2, Kif4, u c-Myc

JIM TPUOIU3UTBECI K OTBETY HAa NAaHHBIA BOMpPOC 3a
CUET DKCIEPUMEHTOB Ha pearperupyronmx KieTKax

H. dujardinii.

Lenbio HacTosI1Iel pabOThI OBLIO ONMCAHME Iealie-
TWJIa3 TUCTOHOB MOpPCKoii Tyoku H. dujardinii 3 xiacca

Demospongiae 1 rcciiefoBaHUe UX SKCIIPECCUU B XOIE
pearperaiyy JUCCOLIMUPOBAHHbBIX KJIETOK. OCHOBHBIM
SKCHEPUMEHTAIIBHBIM TIOAXOOOM SIBISITIOCH M3YdeHUe
pearperaiiiy KJICTOK I'yOOK B YCJIOBUSIX IONABICHUS
aktuBHocT HDACSs narnouropamu NaBu n VPA.
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JEALIETHUJIA3BI TMCTOHOB B ITPOLIECCE PEATPETALIMU KJIETOK 371

MATEPUAJIBI U METO/1bI
Obpasybt 2y60K

Oo6pa3ibl r1yook H. dujardinii 66111 coOpaHbl B
cyonuTopanbHoii 30He (0—2 M) B paiioHe beiromop-
cKoii omonorndeckoii craHuuu MI'Y. Coopsl Ty00oK
OCYLIECTBJISUIMCh B sTHBape M Hosiope. PaHee ycra-
HOBJICHO, YTO Ha pa3HbIX CTAAMSIX XXU3HEHHOTO LIUK-
JIa TIpoliecC pearperaluu KieTok ryoku H. dujardinii
WMeeT CXOMHbIN MaTTepH, HO OTJIUYAETCS T10 TeMIlaM
pearperanuu (Lavrov et al., 2020). TemnepaTtypa Bo-
Ibl B paiioHe coopa B sitHBape cocTtapisiia 0—2°C, a B
Hos16pe 5—6°C. I'ybok cobupaau ¢ cydbcTparoM (Bo-
JIOPOCIISIMU) JJIS1 COXpAHEHUS MUKPOOKPYXKEHUS T10
7—8 ocobeii B 5 1 akBapuyMax ¢ IpUPOTHOM MOpP-
CKOM BOAOM, KOTOpbIE TTOMEIIAIN B TEPMOOOKCHI C
KOHTpoJeM Temrepatypbl 1—4°C 3umoit u 5—8°C
oceHblo 1 TpancnioptupoBayi B UBP PAH. Jlo skcrre-
PUMEHTOB IT'yOKHM COOepXalanch Ha cydbcTpare B 5 11
aKBapuyMax C MNPUPOAHOM MOPCKON BOIOW MNpu
temnepatype 4—5°C 3umoii u 8—10°C ocennbto. [lepu-
OJl ananTalyy COCTaBJIsI He Oosiee S MHEH Mo Hayana
skcnepumenTa (Finoshin et al., 2020). [lepen sxcne-
PUMEHTOM Yy I'YOOK BBISIBJISITIA (DyHKITUOHAJIBHYIO 11€-
JIOCTHOCTb BOJOHOCHOI CHMCTEMBbI TI0 HaJIU4YMIO
dunbTpaliiu BOAbI Yepe3 OCKYJIIOMbl U OYUIATIU OT
COMYTCTBYIOLIMX OECTTIO3BOHOYHBIX.

DKchepumenm no ouccoyuayuu u peazpeeauuu 2yoKu

I'ybok cHMManm ¢ cyocTtpaTta MTHINBUIYAITBHO, U3-
MeJb4yaid C TIOMOIIbIO CTEPUJIbHBIX OIHOPA30BbIX
MUKpOCKaJbleaeil Ha NpUOJU3UTEIbHO OJWHAKO-
BbI€ YaCTU pa3MepoM 2 X 2 X 2 MM B CTEpMUJIbHOU
yamke [leTpu B MopcKoit Boae, puIbTPOBAaHHOM Ye-
pe3 ¢unbtp 0.22 mxMm (Merck Millipore, CIIA), u
JUCCOLMUPOBAIU C TIOMOIIBIO MUMETKU CO CTEPUITb-
HBIM HakoHeuHnKoM Ha 1000 MkJ1, Kak ObLJIO ornuca-
Ho paHee (Finoshin et al., 2020). I[TonxyyenHas cyc-
neH3us Obla NMpodUIbTpOBaHA Yepe3 CTepUIbHOE
cuto ¢ guamerpom mopbl 40 mxm (Life Sciences,
CIIIA). KiieTouHy10 CyCHEeH3UI0 LIEHTPpU(hYTUPOBATIU
5 muH 1nipu 300 g. Kinetku aHanu3npoBaiv cpasy Io-
cJie iuccolMaliy. bpuiu moACcYMTaHbl KOTUYECTBO U
MPOLIEHT XUBKIX KJIETOK (0ObIYHO OoJiee 96—98%) B
10 Mxu1 cycrieHsun, cMmeranHoi ¢ 10 mxir 0.4% Tpu-
MMAaHOBOI'O CUHETr0 C TOMOIIbIO CTAaHIAPTHOTO TeMO-
nuToMeTpa. M3 4yacTu KJIETOYHOM CYCNEeH3WM WH-
takTHOM ryoxku Beiaenasuii PHK (cm Hizke). pyryio
YacTh KJIETOUHOM CYCIEH3UU B KOHLEHTpauuu 1 X
x 107 KJ1/MJI BBICEBAJIM 110 2 MJI B JIYHKH 6-JTyHOUHOTO
TUIaHIIIeTa U UHKYOUpOBaiu 24 4 mpu TeMIeparype
5°C 3umoii u 10°C oceHblo 1151 MOJAYYEeHUs arpera-
TOB, TIOCJIE YeTO UX COOMPAJIM B IPOOMPKHU U BBIACIISI-
s PHK (Finoshin et al., 2020).
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Peaepecayus 6 ycrosusx eozdeiicmeus
uneubumopos HDACs

OKCMEPUMEHTBI IO BJIUSHUIO MHTUOUTOPOB Ha
IIPOILIeCC pearperanuyuy IIPOBOOMIM C TyOKaMu, CO-
OpaHHBIMHM oOceHblo. McciaenoBanm HayajdbHYIO CTa-
JIUIO pearperaiyu U CTaauio 00pa3oBaHusI IEPBUYHBIX
npumMopdoB. ITlosiBieHrMe NEepBUYHBIX KIIETOYHBIX
arperaToB HeNpaBWJIbHOU (DOPMBI PErMCTPUPOBATIU
yepe3 1 4, a MHOTOKJICTOUHBIX arperaToB uyepes3 5—7 4
MocJje IUCCOIUALIMKU TYOOK B COOTBETCTBUU C paHee
onybonmkoBaHHbIMU gaHHBIMU (Lavrov, Kosevich,
2014; Lavrov et al., 2020). st peructpauyy nepBuY-
HEBIX arperatoB (hOTOCheMKY IIPOBOAWIM Uepe3 2 4, a
TSI TIEPBUYHBIX TIpUMMOpP@oB — dyepe3 20 u 24 4 mo-
cJie IrccolMalum KJieTok Teya ryoku. ITporecc pea-
rperayuy IIPOBOIMIIN B KYJIbTYPAIbHBIX 4-JIYHOUHBIX
dmakoHax (SPL LifeSciences, Kopest). B kiieTtounyio
cycrneH3uio (00beM 2 M) mo0aBiisiu OyTHpaT Ha-
tpust, NaBu (mo xonuenrpauuu 0.5 u 2.5 MM) uiu
HaTPUEBYIO COJIb BaJILIIPOEBOM KuUCIOThI, VPA (mo
KOHLeHTpaluu 2 u § MM). B KOHTPOJIbHYIO JTYHKY
JIO0ABISUIM COOTBETCTBYIOIIEE KOJIMYECTBO (PHIIb-
TPOBaHHOI MOpPcKoi Boabl. KileTkn MHKyOMpoBaaImn
npu temiieparype 5—7°C. OueHKy Mopdoyiornye-
CKHMX MapaMeTPOB OTIEJIbHBIX KIETOK M KJICTOYHBIX
arperaTos IIPOBOAMJIN B yKa3aHHbIE CPOKM C [IOMOIIILIO
CBETOBOI1 MUKPOCKOIMHU C UCTIOJIb30BaHUEM UHBEPTU-
poBaHHOro MuKpockora Olympus IX51, cHaGkeHHOro
14-outnoit CCD-kamepoit Olympus XMI10 mogx
yrIpaBjeHUEM JIMLIEH3MOHHOTO ITPOrpaMMHOro obec-
neuyeHus CellSense,  matrepom UniBlitz model D122
oI yIpaBiaeHWEM TMporpaMMbl Micro-manager.
CycneH3un KjeTok nmomemanu B siueiiku SPL Life
Sciences 30104. I[1pu cheMKe IIpUMEHSIIN CyXOii (a-
30BOKOHTpacTHhI 00bekTMB LUCPlanFLN 40X,
st nogaep>xaHusl TeMIEpaTypHOTro pexXruMa BO Bpe-
MsI Cb€MKU MpPeIMETHBII CTOJIMK MUKPOCKOIIA OXJIa-
XKIaau XJIagoreHTaMu U JTOTOJHUTEIFHO MCIIOIb30-
Bayin cuctemy OkoLab Uno, momeiiasi eMKOCTb OJIsl
YBJIAXKHEHMSI II0IaBAEMOI0 K KJIETKaM BO3Iyxa B JIe/.
Pasmep 1 popMy arperatoB aHaJIM3HPOBAIU B TPEX
BpPEMEHHBIX TOUKax — 4yepe3 2, 20 u 24 4 mociie nuc-
coumanyy ryOooK M MHKYOalluy KJIETOK B IIPUCYT-
crteur NaBu 0.5 MM, NaBu 2.5 MM, VPA 2 MM, VPA
8 MM 1 B OTCYTCTBUE UHTUOUTOPOB (KOHTPOJb). AT-
peraThl U3 3—5 KJIETOK He YYUTHIBaIuCh. K Menkum
OTHOCWJIM arperaTbl, XOTs ObI OOWH JUHEWHBIIA PO-
Mep KOTOpbix cocTaBisii oT 20 mo 40 MKM, K KpyII-
HEIM — OoT 40 1o 70 MxM. CaMbIM OOJIBIINM OBLT arpe-
raT pasmepoM 70 MkM. Pasmep n ¢popmy arperatoB aHa-
JIM3UPOBAJIA B TPEX BPEMEHHBIX TOUKax — yepes 2, 20 u
244 oce TUCCOLMAM I'yOOK M MHKYOAllM KJIETOK B
npucyrcrBur NaBu 0.5 MM, NaBu 2.5 MM, VPA 2 MM,
VPA 8§ MM u B 0TCyTCTBUE UHTUOUTOPOB (KOHTPOJIb).
st kaxknoii u3 15 aKcriepuMeHTaIbHbIX TOYEK ObLIN
craenansl o 10 ¢pororpaduit mpon3BOIBEHO BEIOpaH-
HBIX MoJieil 3peHMsI, Ha KOTOpPbIX C(HOPMUPOBAHBI
4 rpymiIibl (KpYIHBIE IIAPOBUAHEIC arperaThbl, MEJIKIE
IIAapOBUIHBIE arperaThbl, KPpyIIHbIE arperaTtbl Hempa-
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BIWJILHOM (pOPMBI, MEJIKME arperaTbl HeIpaBUJIbHOM
¢GOpMBI) M MOACYUTAHO KOJUYECTBO arperaToB B
rpynne. Jjas Kaxmoil u3 4eTbIpeX BHIOOPOK YMCell,
COOTBETCTBYIOIINX KOJIMYECTBY KJIECTOYHBIX arpera-
TOB pa3HOil MOPGOJIOTUU OIPEALSIIU OTHOCUTEIIb-
HBIC 3Ha4YeHMsI, BbIpaxkKeHHbIE B IpoleHTaX (abco-
JIIOTHBIE 3HAYEHUST MEHSUIMCH B XOJIe 9KCIIEpUMEHTa
B CTOpPOHY YMEHBIIIEHMsI OJjiaromapsi MOCTEIEHHOM
cOOpKe M3 MEJIKMX arperaToB MEHbBIIIETO KOJINYECTBA
0oJtee KpynHbBIX). CTaTUCTUYECKYIO 00pabOTKY Pe3yiib-
TaTOB KCIIEPUMEHTOB ITPOBOIWIN MPU ITOMOIIY JIU-
IIEH3WMOHHOTO TIporpaMMHoOro obecriedeHust Origin 6.1.
CyMMapHOe KOJMYECTBO BCEX IPOAHAIM3WPOBAH-
HBIX KJIETOYHBIX arperatoB coctaBwiao 1517 eguHull.
HucnepcuoHHbiit aHaiu3 (One-way ANOVA) ¢ no-
BepUTeJIbHBIM MHTEepBajaoM p = (.05 1mokasai, 4To
1T KaXJI0M SKCIEPUMEHTAJIbHOM TOYKHW CpeIHUe
3HAYEHUSI BBIOOPOK SIBJISTIOTCSI JOCTOBEPHO Pas3jinMy-
HBIMU.

Buidenenue PHK, koncmpyuposanue oubauomex k[HK
U CEKBEHUPOBAHLLE

PHK 6bu1a BeineneHa ¢ ucnoab3oBanueM TRI Re-
agent (Molecular Research Center, Inc.), oopadboTtaHa
DNase I (Ambion) u ounitieHa ¢ noMouibio Ribo-zero
rRNA Removal Kit (Human/Mouse/Rat) (Illumina).
Jlas1 omHO-KOHILIEBBIX IIpouyTeHuil ajauHoit 50 mo
MPHK 0Obu1a BeImeneHa ¢ moMolnblo NEBNext®
Poly(A) mRNA Magnetic Isolation Module (New
England Biolabs) u3 300 Hr ToransHoit PHK. ®par-
MeHTHI KJIHK m1s1 6ubnmoTek nmoirydaiu ¢ UCIIOJIb30-
BanreM NEBNext® Ultra™ II Directional RNA Li-
brary Prep Kit mist Illumina® (“New England Bio-
labs”, CIIIA), npoBepsiiu, nucooiab3yst Agilent 2100
DNA High Sensitivity Kit, m cekBeHnpoBaM Ha IIpH-
oope Illumina Hiseq2500.

Tpanckpunmomnas coopka
u ananu3z ougghepenyuanbHoll IKcCnpeccuu

Ha ocHoBe TpaHCKPUIITOMHOI COOPKHU, TTOJTyUEH-
HOIl paHee Ha 6a3e MAapHO-KOHIIEBBIX IMPOYTECHUIA
(Finoshin et al., 2020), mpousBeneHo IpeacKazaHue
OeNKOBBIX IIPOAYKTOB C TIoMolbio TransDecoder
v. 5.5 (Haaset al., 2013). l'omonoru HDACSs HalimeHbI
C MOMOIIBIO TIporpaMMmel blastp (Altschul, 1997). On-
HO-KOHIIEBbIE NPOYTEHUS IjIsI WHTAKTHOM TYyOKH,
JIVCCOLMMPOBAHHBIX KJIETOK 1 arperaToB ObLIM Kap-
THUPOBaHbI Ha TPAHCKPUIITOMHYIO COOpPKY C IOMO-
mblo bowtie 2 v. 2.4.1 (Langmead, Salzberg, 2012).
YPOBHU 3KCITPECCUMN TPAHCKPUTITOB OBIJIA PACCUNTA-
Hbl ¢ moMolbio RSEM v. 1.3.3 (Li, Dewey, 2011), mmo-
clie (puybTpallu HU3KO3KCIIPECCUPYIOIIMXCS TpaH-
CKPUIITOB OHM OBbUIM HOPMAJIM30BaHBI METOIOM
TMM (trimmed mean of M-values, yceueHHOE cpe-
Hee M-3HaueHUil — JiorapdMUPOBAHHBIX YPOBHeEit
U3MEHEHUSI DKCIIPECCUN) U MIepeBEICHbI B 3HAYCHUS
CPM (counts per million, 4u1cjio MpoYTeHMUI, OTHE-

CEHHBIX K JaHHOMY TPAaHCKPUIITY, HA MUJUIMOH ITIPO-
yTeHUi1) ¢ moMoIibio rmakera edgeR v. 3.32 (McCarthy
et al., 2012). beuiu BbIYMCIIEHBI JIOTapU(PMUPOBAH-
HbIE YPOBHU U3MEHEHUSI 9KCITPECCUU B IUCCOLIUUPO-
BaHHBIX M pearperipoBaBIINX KJIETKAX IO OTHOIIe-
HUIO K MHTAKTHOI TKaHU TeJia TYOKU, U3 KOTOPOU
OHU ObUIM TIOJNydeHbI. s KaXmoro TpaHCKpPUITA
ObLT BBIYMCJIIEH YPOBEHb 3HAUMMOCTU TIPU MOJEIU
OTPULIATEILHO-OMHOMMAJIBHOTO PpacIipele/IieHUsT ¢
dakTopaMu ce30Ha U CTAIUU pearperalun, CKOppeK-
TUPOBAaHHBIN 3aTeM MeTomoM benmxkamMuHn—XoX-
oepra. B xauectBe moporoBoro ypoBHs FDR (false
discovery rate, O JTOXHOITOJOXKUTEIbHBIX PE3yIIb-
TaToOB) Mcnojb3oBaH ypoBeHb 0.01. I'en cuwmrancsa
nuddepeHIInaaIbHO SKCIIPECCUPYIOIIMMCS, €CJIM Ha-
OJrroasIcsl XOTsl ObI OJWH ClIydail JOCTOBEpPHO M3Me-
HSTIOLIIEICST DKCIIPECCUU B MpPOLIECCe pearperaluu.
IMonyyeHHBIe fTaHHBIE BU3YaTU3UPOBAHBI C TOMOIIBIO
naketa ComplexHeatmap v. 2.6.2 (Gu et al., 2016).

DunoceHemuueckuii aHaiu3 0eayemunas
eucmoroe kaaccoe Iu Il

T'omonoru HDAC nst BBIOOPKM 3yKapuoOTUYe-
CKMX OPTaHU3MOB OIpeIeJISIIU MPU MOMOIIY KjIacTe-
puzanuu IpoTreoMoB ¢ Iiporpammoii OrthoFinder
(Emms, Kelly, 2015). /1151 k1acTepu3aiiiy UCHOJIb30-
BaJll TeHOMHBIE HaHHBLIE U3 0a3 maHHbix NCBI
(https://www.ncbi.nlm.nih.gov), UniProt (https://
www.uniprot.org/), a Takxke Mnemiopsis Genome
Project Portal (https://research.nhgri.nih.gov/mne-
miopsis/) u Multicellgenome Lab (https://multi-
cellgenome.com). 'omoaoru HDAC B reHOMHBIX U
TPaHCKPUIITOMHBIX JaHHBIX TYOOK Oscarella pearsei
(https://figshare.com/articles/dataset/Oscarel-
la_pearsei_assemblies/7107638/1) u Sycon ciliatum
(http://www.compagen.org/datasets.html)  uckanu
nporpammoit BLASTp (Altschul, 1997). ITocnenosa-
TEJTBHOCTY U3 OPTOTPYIII, COOTBETCTBYIOIINX Jcalie-
tuinaszaM kiaccoB | u I, BeIpaBHMBAIM IpOrpaMmMoit
MAFFT (Katoh, Standley, 2013) B pexxume L-INS-i.
IIpu monroToBKE BRIPABHUBAHWIA TSI (DMITOTEHETHYC-
CKOTO aHajM3a, X WHCIIEKTUPOBAIM BPYYHYIO U 00-
padaTeIBAJIM METOIOM gappyout ITporpaMMbl trimAl
(Capella-Gutierrez et al., 2009), ¢ 1enb0 ynajaeHUs
COMHMUTENIbHBIX U pa3pO3HEHHBIX YUaCTKOB BhIPABHU-
BaHUs. PUIOTEeHETUYSCKUI aHAIU3 MPOBOIWIN Me-
TOAOM MaKCHUMAaJbHOTO MpaBAOINOA00USI, peaan30-
BaHHoro B riporpamMme IQ-TREE (Minh et al., 2020).
Monenu 3BOJIOLUU IS PEKOHCTPYKILIMU JAEPEBbEB
ObUTM BBIOpAHBI HA OCHOBE aBTOMATUYECKOTO ITOMCKa
¢ ModelFinder (Kalyaanamoorthy et al., 2017). Cra-
THCTUYECKas TOoIIepKKa y3J10B IepeBheB OblIa pac-
curuTadHa MetonoM oyrctpama ¢ 1000 perummk. Busya-
JIN3AIII0 KOHCEHCYCHBIX IePEeBbEB MTPOBOIWIIN TIPU
nomoiu rporpammbl MEGA (Kumar et al., 2018).
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Ta6:mua 2. Zn>'-3aBucumble TicToHOBHe meanetwnassl (HDACs) ty6ok H. dujardinii u A. queenslandica. YKa3aHsl
uneHtTudukanrnoHHble Homepa B 6aze NCBI (https://www.ncbi.nlm.nih.gov)

A. queenslandica H. sapiens
(MIEHTUYHOCTD (MIEHTUYHOCTD
Kiacc HaszBanue Tloxammsaums H. dujardinii B% ca.x. B % ca.x.
y 4ejioBeKa
IMOCJIEIOBATEIBHOCTBIO | [IOC/ICIOBATEIBHOCTHIO
H. dujardinii) H. dujardinii)
| HDACI1 Anpo BanklIt2388591 XP_003385311.1 (76%) | NP_004955.2 (78%)
(romonoru RPD3 Seql MW057352
ZPOXOKeiA) HDAC2 |Snpo NP_001518.3 (75%)
HDAC3 Anpo BanklIt2388591 XP_019850949.1 (81%) | NP_003874.2 (71%)
Seq5 MW057356
HDACS Snpo BankIt2388591 XP_003384638.1 (46%) | NP_060956.1 (48%)
Seq6b MW057357
ITa HDAC4 Anpo/ BankIt2388591 XP_011403467.2 (58%) | AAD29046.1 (53%)
(romosorn HDA1 LYTOIUIa3Ma Seq4 MW057355
JPO3OKeTt) HDAC5 | Sapo/ AAD29047.1 (53%)
LIMTOILIa3Ma
HDAC?7 Anpo/ AAF63491.1 (51%)
LUTOILIa3Ma
HDAC9 Anpo/ AA027363.1 (51%)
LIMTOIIa3Ma
ITb HDAC6 LuTorutazma BankIt2388591 XP_003382755.1 (45%) | AAH13737.1 (49%)
(HecyT ABa KaTaju- Seq2 MW057353
TUYECKUX CaiiTa) HDAC10 |Lluroruiasma AAS48345.1 (38%)
v HDACI1 |Sopo/ BankIt2388591 XP_003389345.2 (67%) | NP_079103.2 (60%)
(UMEIOT y4acTKU UToIuIazMa Seq3 MW057354
TOMOJIOTUH C KJIac-
camu [ u II)
PE3VJIBTATHI TakKe HaiifeH y Tyook Amphimedon queenslandica n

Annomayusa Zn’*-3aeucumvix HDACs 2ybxu
H. dujardinii

Ha ocHoBe TpaHCKpUITTOMHBIX cOOpoK miist H. dujar-
dinii, ommcanabix Hamu paHee (NCBI, PRINAS594150),
ObUIM WIEHTU(MULIMPOBAHBI MpPEACTaBUTEIEH BCex
KiaccoB Zn2"-3aBucumbix HDACS xapaKTepHBbIX U151
JKUMBOTHBIX (TabJy. 2). I'McToHOBBIE AealleTWIa3bl
kiacca I mpencrasnennl y H. dujardinii TpeMs1 reHa-
MU, KOTOpbIE COOTBETCTBYIOT opTojioraM HDAC1/2,
HDAC3 u, npegnonoxurenbino, HDACS yenoBeka
(puc. 1). Jdeamermnasnl kinacca Il mpencraBiieHbl y
H. dujardinii nByMs1 TeHaMu, TpyNIUPYIOLIMMUCS C
HDAC6/10 m HDAC4/5/7/9 XuBOTHBIX (puc. 2).
CocraB Zn>"-3aBucuMbIX neauerwnas y H. dujardinii
COOTBETCTBYET OXUIAEMOMY IPEIKOBOMY COCTOSI-
HUIO JUISl XXKMBOTHBIX — CXOIHBIN COCTaB JiealleTuias
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Sycon ciliatum n TipencraBuTeNneil Apyroil 0a3aabHON
BETBU >XMBOTHBIX, IpeOHeBUKa Mnemiopsis leidyi. I1y-
IUIMKALMK, TIpuBeAine K obocobnenuio HDAC6 u
HDACI10, a TakKe TIOSIBJICHMIO HOMOJHUTEIBHBIX
npenctaButeneit rpynnel HDAC4/5/7/9, Bo3HMKa-
IOT I103KE B BBOJIIOLIMM XKUBOTHBIX. Tak, 000CO0IeH-
Heie HDAC6 1 HDAC10 BcTpeyaroTest TOJIBKO y Ou-
JIaTepaJIbHO-CUMMETPUYHEBIX XXUBOTHBIX. [lOIIOIHMI-
TEJIbHBIN KaTAJIUTUUECKUI NOMEH, XapaKTePHbIM 1151
nmeanetunad HDAC6 u HDACI10 6unatepuii, oTcyT-
ctByeTy H. dujardinii u npyrux paHHUX IIpeacTaBu-
TeJiell XKMBOTHBIX (puc. 3a), UTO YKa3blBaeT Ha 0O-
Jiee MO3JAHee BO3HMKHOBEHHE BTOPOro AOMEHA Yy
HDACG6/10 nyrem gyrmiukauuu. Takke, KaK Uy
MJIeKonuTarommx, y ryook Ha C koHue HDAC6 nipu-
CYTCTBYET YOMKBUTUH-CBSI3BIBAIOIIMIA TOMEH (puc. 30).
TakuMm o6pa3oM, Kak M OXXUIAJIOCH, MBI OOHAPYXKH -
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Aplysia californica XP_005100474.1

Drosophila melanogaster NP_647918.2

Hydra vulgaris XP_012557525.1, XP_012560010.1
Homo sapiens Q13547 HDAC1

57Homo sapiens 092769 HDAC2

Oscarella pearsei m.219094

Sycon ciliatum scpid36973

Mnemiopsis leidyi M1.00527a

Amphimedon queenslandica XP_003385311.1

HDAC 1/2

Capsaspora owczarzaki XP_004346729.1

Creolimax fragrantissima CFRG2342T1

Creolimax fragrantissima CFRG8140T1
Arabidopsis thalic NP _195526.1 HDA1

Arabidonsis thali

NP_198410.1 HDA7
Arabidopsis thaliana NP_201116.1 HDA6

i 1 rosetta XP_004997885.1
1 Spizellomyces punctatus KND04954.1
95 Spizellomyces punctatus KND02578.1

Dictyostelium discoideum XP_647498.1
Thecamonas trahens XP 0137586041
Saccharomyces cerevisiae NP_014069.1 RPD3
11 Arabidopsis thali NP_190054.2 HDA9
Thecamonas trahens XP _013753511.1
discoid XP_646719.1
Salpii a rosetta XP_004989662.1

2|:Capsaspom owczarzaki XP_004343197.1
25 Creolimax fragrantissima CFRGG6046T1
Mnemiopsis leidyi M1.003214a
Oscarella pearsei Osc_g5993.11
Sycon ciliatum scpid60943
Amphimedon queenslandica XP 019850949.1
Homo sapiens 015379 HDAC3
Hydra vulgaris XP_002162003.2
Aplysia californica XP_005091875.1
Drosophila mel NP_651978.2
Saccharomyces cerevisiae NP_011321.1 Hos2
Spizellomyces punctatus KNDO1146.1
Halisarca dujardini MWO057357
2 Amphimed, landica XP_003384638. 1
Hydra vulgaris XP_002164615.1
36 Homo sapiens Q9BY41 HDAC8
6| 33 Capsaspora owczarzaki XP_004348213.1
Aplysia californica XP_005095559.1
16 Creolimax fragrantissima CFRG6284T1
Sycon cili scpid65704
16 Spizellomyces punctatus KNC96647.1
0.5 49

22 Dict;

HDAC 3

100

Saccharomyces cerevisiae NP_015393.1 Hosl

Puc. 1. ®uoreHeTnyeckoe AepeBo AealleTia3 TMCTOHOB Kiacca . JlepeBo peKOHCTpYMPOBAaHO METOIOM MaKCHUMAaJIbHOTO
npasaononodus ¢ nporpammoii IQ-TREE; nis peKoHCTpyKiMu OblIa KUCIIOJIb30BaHa Moaeab aBoonun LG + 1 + G4, BbI-
o6panHas mpu nomonn ModelFinder kak HanboJiee moaXoasIIas; TM(PHI Ha BETBSIX JIepeBa COOTBETCTBYIOT 3HAYEHUSIM IO~
NIEPXKKU B MPOLIEHTaX, paCCYMTAaHHBIM MeToioM OyTcTpana ¢ 1000 perutuk. Ha nepese BbiaeneHb! nociienoBareabHoct HDAC
u3 H. dujardinii, a Taxxxe orMedeHbl 1 Ha3BaHbl rpyrnnbl HDAC XUBOTHBIX, COOTBETCTBYOLIME OpTojioraM u3 Homo sapiens.
TMocnenoBarenvHOCTh H. dujardinii MW057357 rpynmupyeTtcsl BMECTe ¢ IMBEPTEHTHBIMM MTPENCTABUTEIISIMU JealieThIa3 Kiac-
cal, B uucie kotopeix HDACS8 uz H. sapiens, vi, BeposTHO, siBiisieTcst opTosiorom HDACS, ogHako maHHas rpyIina He OTMeYeHa
Ha iepeBe, TaK Kak MOCIeI0BaTeIbHOCTU U3 XKUBOTHBIX HE 00pa3yloT MOHOMDWIETUUECKYIO TPYIIY, KJIaCTepU3ysICh C ealleTh-
J1a3aMu U3 rpruooB, BKiodast Hosl gpoxckeit.

m y H. dujardinii HDAC1/2 (HDAC1), HDAC3,
HDAC8 (xmacc 1); HDAC4/5/7/9 (HDAC4),
HDAC6/10 (HDACS6) (xmacc 11); HDACII (xmacc IV).
W3 Bcex HDACs H. dujardinii, npeactaBUTeIN mep-
Boro kiacca, HDACI nu HDAC3, umeroT HanGoJIb-
1iee CXOACTBO C OejikaMM uejioBeka (Tabiy. 2), a
HDAC6 u 8§ — HauMeHbIIIee CXOICTBO.

Kax, KJIETOYHOI CYCIIEH3UHM M arperarax. DKCIIEpH-
MEHT MO pearperaluu ObLT IPOBeACH B 1a00pPaTOPHBIX
YCJIOBUSIX, KaK OIMcaHoO B Marepuanax 1 MeTtonax. B
XOJIe arperaluyy HaOII0maliCsl HOCTATOYHO BBICOKMIA
YPOBEHb OKCIPECCHMM BCEX MOealleTwiaa3, KpoMe
HDACS (tabmn. 3, puc. 4), caMblil BBICOKUII ypOBEHb
akcnpeccun o0b1 Yy HDACI. Dkenpeccuss HDAC4 B
XOoIe arperaliiy He M3MeHsUIach, BCE€ OCTAIbHEIC TH-
CTOHOBBIE JealleTUIa3bl IKCIPECCUPOBATIUCH UG-
¢depeHumanbHo. Tak, obOpa3oBaHME arperaToB CO-
npoBoxaaiock yeeanyeHueM akcrpeccun HDACI u

Hupgpepenyuanvras sxcnpeccus eenoé HDACs
8 npouecce peazpeeauuu

J171s1 TOTO, YTOOBI OXapaKTepU30BaTh SKCIIPECCUIO
HDACSs B xone pearperaliiii, Mbl CpaBHUJIN METOIOM
RNA-seq ypoBeHB UX 3KCIPECCUM B MHTAKTHBIX I'y0-

6 u ymensbleHueM skcnpeccun HDAC3, 8 u 11. He-
CMOTpPSI Ha HEKOTOPBIE pa3Indus B CpeTHEM YPOBHE
9KCIIPECCUM B MHTAKTHBIX I'yOKaxX, COOpaHHBIX Oce-
Ne 5 2021
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Homo sapiens Q9UQL6 HDAC5
Homo sapiens Q9UKV0) HDAC9
Homo sapiens P56524 HDAC4
Homo sapiens Q8WUI14 HDAC7
Aplysia californica XP_012935632.1
Dr hil I NP_001259507.1
Hydra vulgaris XP_012563530.1
Sycon ciliatum scpid73915
Mi iopsis leidyi M1.02442a
Oscarella pearsei m.25134

Armnhimed, Tondi
P q

97

HDAC 4/5/7/9

85

XP_019851050.1

Halisarca dujardini MWO057355
Sal] a rosefta XP_004987917.1
Creolimax fragrantissima CFRG5072T1

99

Ip

Capsaspora owczarzaki XP_004347039.1
79 Creolimax fragrantissii CFRG1953T1
31 Creolimax fragrantissima CFRG3468T1
Arabidoy NP 850609.2 HDA15
Spizellomyces punctatus KNDO01266.1
Saccharomyces cerevisiae NP_014377.1 HDA1

100 Arabidopsis thaliana NP_200914.2 HDAS
L Arabidopsis thaliana NP_200915.2 HDA18

PPN

375

Halisarca dujardini MW057353

Oscarella pearsei Osc_g5639.t1
Amphimedon queenslandica XP_ 003382755
Aplysia californica XP_005098693.2 C-term
Hydra vulgaris XP_002164574.2
Sycon cili
Dr hill /

83

NP_(

98, Aplysia californica

scpid48891

Th 1as trahens XP_013760013.1
Th trahens XP_013761868.1
Th 1as trahens XP_013753622.1

M iopsis leidyi M1.078942a

8

HDAC 6/10

001259569.1 C-term

Homo sapiens Q9UBN7 HDAC6 C-term
Homo sapiens Q9UBN7 HDAC6 N-term

63
29 _|jflomosapiens 096958 HDAC10 N-term

XP_005097878.1 N-term

Hydra vulgaris XP_002162568.2

NP_001259569.1 N-term

100 Diosophil
78 Aplysia californica XP_005098693.2 N-term

Arabidopsis thaliana NP_567921.1 HDA14

86 Dict

discoideum XP_641298.1

87 Dict

discoideum XP_641762.1
Spizellomyces punctatus KNC96405.1

Thec s trahens XP_013758153.1

ima CFRG6649T1

Creolimax frag

Arabidop

is thali NP_563817.1 HDA8
Salpii a rosetta XP_004994549.1

51 T

C

100
5

spora owczarzaki XP_011270701.1

Spizellomyces punctatus KNC96500.1

Puc. 2. ®uoreHeTnyeckoe AepeBo nealieTnsia3 TMCTOHOB Kiacca 1. JlepeBo peKOHCTpYHMpPOBaHO METOIOM MaKCUMAaJIbHOTO
npaBaorono6us c mporpammoit IQ-TREE; mist pekoHCTpyKInmu 6bUta McTiob30BaHa Mozesb 3BoJioninu LG + RS, BeiOpaHHas
npu nomoiny ModelFinder kak HanGosee Ioaxoasiasi; HMMpPbl Ha BETBIX AepPeBa COOTBETCTBYIOT 3HAYCHUSIM ITOIICPKKH B
TIpOILEHTaX, pacCYMTaHHBIM MeTomoM OyrcTparna ¢ 1000 perink. Ha nepeBe BoimenieHsl mociaenoBateabHoct HDAC u3 H. du-
Jjardinii, a Takxke orMe4eHbI 1 Ha3BaHbI rpyIbl HDAC XUBOTHBIX, COOTBETCTBYIOIIME OpTojoraMm u3 Homo sapiens. Jeatetu-
na3bl XUBOTHBIX HDAC 6/10 ¢ 1ByMst KaTAIMTUYECKUMU TOMEeHaMu ObUTH pa3aesieHbl Ha N-tepMuHanbHblil (N-term) u C-Tep-
MuHaIbHBIH (C-term) moMeHbI; BEICOKO nuBepreHTHBIN C-tepmuHanbHbiit nomeH HDACI0 us H. sapiens v Aplysia californica

ObUT UCKJTIOYEH U3 aHAJIN3a.

HBIO U 3UMOM, IJISI 3TUX JealeTuaa3 HaGIIomaanCh
CXOAHble U3MEHEHMS B Ipoliecce pearperaiuu. W3-
MEHEHME DKCIIPECCUN JealleTua3 B X0[e pearpera-
UM CBUIETEILCTBYET O BO3MOXHOM HUX yJ4acCTUHU B
PETY/ISLIMU 3TOTO Mpoliecca.

Bausnue uneubumopoe HDACs NaBu u VPA
Ha npoyecc peazpecayuu

Hawmu Ow11m TIpOBeieHBI ONBITHI 1O pearperaiun
KJIETOK TyOKM IOCje MEeXaHMYEeCKOM AuccoLMaliiu
ee Tella Ha OTHAENIbHbIE KJIIETKU B IIPUCYTCTBUU WHTH-
ontopoB HDACs — NaBu n VPA. Marnoutopsr NaBu n

OHTOTEHE3 Ne 5
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VPA cenextuBHo neiictBytor Ha HDACs kitacca I, mo-
3TOMY U3 IBYX JiealleThIa3 3TOro Kjacca, IToKa3biBalo-
IIMX BBICOKYIO 3Kcrpeccuto B arperatax (HDAC1 u 6,
puc. 4), oHu MOTyT MHIHOupoBath Tojbko HDACI
(Matsuyama, 2002). Bei6op KOHLIEHTpaLuii UHTUOU -
TOPOB OCYILIECTBJISIIM HA OCHOBE JAHHbBIX JINTEPATY-
pel (Taba. 1) ¥ mpexBapUTEIbHBIX 3KCIIEPUMEHTOB.
M3BecTtHO, uTO 0.5 MM NaB u 2 MM VPA He oka3bI-
BalOT BBIPAXEHHOTO TOKCHMYecKoro 3¢d@eKra Ha
KJIETKH. DTU KOHLICHTPAIIMY MHTMONTOPOB OBbLI HC-
MOJIb30BaHbl KaK HavajabHble. ['YOKU MeXaHW4YeCKU
IMCCOLMUPOBaIN (pUC. 5a) U UHKYOHUPOBaIU B IIPU-
CYTCTBMM MHTMOUTOPOB MM 0e3 TakoBBIX (puc. 6).
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(@)

HDAC-dom1 HDAC-dom?2 ZnF-UBP
AAD29048.1 [HH GF_DH D G T +— H. sapiens
Mw057353

XP_003382755.1

AAD29048.1
Mw057353

POGD[EGT I QAN
POK E[@GH Y GjsAag
XP_003382755.1 L |@E TS TP Ri=SE

—|HH GF DH D G
—'HH GF DH D G

{— +— H. dujardini
{— +— A. queenslandica

H. sapiens
H. dujardini
A. queenslandica

Puc. 3. (a) Ctpykrypa 6enika HDAC6 y ry6ok (H. dujardinii u A. queenslandica) n yenoBeka. [TokazaHbl KOHCEpBATUBHbIE aMU-
Hokucnorsl it HDAC6-dom1 n1 HDAC6-dom2 nomeHOB. (6) YoOukButHH-CBsA3biBaoiuii nomeH (ZnF-UBP). YepHbiM 11Be-

TOM ITOKa3aHbl KOHCEpPBAaTUBHLIC aMWHOKWMCJIIOTHI.

Yepes 2 9 110CIIE TOJIYYESHMST CYCIIEH3UM BO BCEX 00-
pasiax HabJIoJaau CIMIMaHue KJIEeTOK U oOpa3oBaHue
MPEUMYIIECTBEHHO MenKux arperatoB (20—40 Mxm),
HeTIpaBUJIbHOI (hopMBI (pUC. 5B) 1 HEKOTOPOI'O KO-
JINYeCTBA MEJIKUX arperaTtoB IIPaBWIBHON (OpMBI
(puc. 560), 9TO COOTBETCTBYET HAYaIbHOM CTAIUM pPe-
arperauiuy. B panbHeiillieM MOSBASUIMCH KPYIHBIE
arperatsl (40—70 MKM) HempaBWIbHOI (pucC. 5m) u
NpaBWIbHOI IapoBumHO dopMbl (puc. 5t). Yepes
20 4 11ocsie nuccolyaliy CTaju OYeBUIHBI pa3Indus
MEXAY KOHTPOJIbHBIMU U OMNBITHBIMU OOpa3liamMu B
KOJIMYECTBE KPYITHBIX arperaToB 1IapoOBUIHOM (hop-
MBI — B ONBITHBIX 00pa3liax B IIPUCYTCTBUH 2.5 MM
NaBu u 8§ MM VPA nx oTHOCUTEIbHOE KOJIUYECTBO
ObLI0 3HAYUTEJILHO CHUXKEHO IT0 CPAaBHEHMIO C KOH-
TPOJBHBIMU O6pa3amMu (puc. 6). DToT 3PpdeKT ObLT
OoJjtee BbIpakeH mociye 24 4 WHKyOalluu — TMPOOkI C
WHTUOUTOPAMU OTJIMYATIUCHh OT KOHTPOJbHBIX HU3-

KUM OTHOCUTEJIbHBIM KOJIMYECTBOM arperaTtoB Mpa-
BWJILHOM I1apoo6pa3Hoit popmel (puc. 6). I1pu sTom
nHruoutop VPA B kKoHueHTpanuu 8 MM oKa3bIBasl
6oJiee CHIIbHOE MHTMOMPYIOLlee NEHCTBIE Ha ITPOLYK-
LIMI0 KPYIHBIX MpaBWIbHBIX arperatoB, yeM NaBu B
KoHIIeHTpaumu 2.5 MM (puc. 6). Takum oGpasowm,
3¢ deKT MHrMOUTOPOB 3aKIIOYAJICS B YMEHBIICHUN
3 heKTUBHOCTU 00pa30BaHUSI KPYMHBIX arperaton
npaBujibHOM popMbl. O6a nHruouropa HDACs 3a-
MEUISIIM Y, OYEBUIHO, Hapyllalu TPOLIECC pearpe-
raluu.

OBCYXIEHMNE

IMpoBeneHHOE Mcceq0BaHNE ITOKA3aJI0, YTO Y TY-
0ok H. dujardinii, A. quuenslandica v Sycon ciliatum
CHCTeMa IealleTUIIMPOBAHMS GEJIKOB CIIOKHO YCTPO-
€Ha: y HUX UMEIOTCS TIPEICTAaBUTEIN BCEX KIIACCOB

Tab6auma 3. YpoBeHb 3KCIPECCUN B MHTAKTHBIX I'yOKax (TK), KJIETOYHOI cycIlieH3uu (KJI) M arperarax (ar), paccCyMTaH-
Hb1i1 B CPM (4uciio rmpouTeHuit, OTHECEHHBIX K JTaHHOMY TPaHCKPUIITY, HA MUIIMOH IIPOYTEHMIT) ITOC/Ie HOpMaIn3alluu
MmeTonoM TMM (yceueHHoe cpenHee M-3HaueHMIl); jorapudMUpoBaHHbIE YPOBHU M3MeHeHus akcnipeccun (log fold
change) B AIMCCOLIMMPOBAHHBIX KJIETKAX U arperatax 1o OTHOILIEHUWIO K MHTaKTHOW TKaHU (KJI-TK U ar-TK); ypoBeHb 3Ha-
yuMocTu P; ckopekTupoBaHHbIe ypoBHU 3HaunMocT FDR (false discovery rate, moJist JIOXKHOITOJIOXXUTEIbHBIX pe3yJib-

TaTOB)
log fold log fold
YpoBeHb IKCIPECCUr, 3uMa YpoBeHb 3KCNPECCUU, OCEHb change, change,
Hasz-
3UMa OCEHb P FDR
BaHUE
Tkl T1k2 T3 kil k12 ki3 arl ar2 ar3 |1kl T2 w1l kn2 arl ar2 |KJI-TK ar-TK [KJI-TK ar-TK
HDACI [40.42 38.43 39.91 49.09 49.97 49.73 144.72 87.82 106.26|72.92 72.20 47.20 45.03 104.63 103.57| 0.32 1.51|—0.65 0.52{0.00010 | 0.00113
HDACS3 | 17.33 15.44 15.79 15.68 17.61 16.32 499 7.12 4.57|31.44 28.94 27.96 28.24 15.72 16.22| 0.03 —1.52| —0.10 —0.91]0.00002 | 0.00033
HDAC4 | 11.13 12.51 12.24 22.43 23.53 24.07 8.02 991  7.90(25.44 26.84 27.20 26.36 39.87 36.32| 0.96 —0.47| 0.03 0.54|0.05862 | 0.13030
HDACS6 |33.18 26.61 31.62 24.50 25.63 25.00 46.93 56.49 65.50(35.90 41.92 24.59 24.33 128.15 125.83|1—0.28 0.88|—0.67 1.70|0.00001 | 0.00015
HDACS | 492 471 499 4.09 341 372 240 121 198| 5.89 494 726 7.68 121 1.23|-0.37 —1.34| 0.46 —2.07|0.00029 | 0.00257
HDACI1{24.96 18.71 21.86 16.81 18.13 21.68 8.10 9.37 10.07 [30.61 31.70 17.41 17.84 19.23 18.38|—0.21 —1.24|—0.82 —0.73|0.00119 |0.00731
OHTOI'EHE3 TOM 52 Ne 5 2021
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3uMa OceHb 3uMa OceHb
Knerku Arperarbl Knerku ArperaTbl

HDACI *
HDAC3 *
HDAC4
HDAC6 *
HDAC8 *
HDACII1 %

0 2IS SIO 7I5 1(I)0

Cpennss akcnpeccus (CPM),

WHTaKTHasl ryOKa log, (fold change) FDR
- = -
—3_ -1 0 1 3 1 0.1 0.01 0.001 0.0001

Puc. 4. AHamm3 nuddepeHInanbHOM 9Kcrpeccun rucToHoBbIX AeatieTmias (HDACS) Bo BpeMst nrccolmaiuy U pearperaiuu
ryoku H. dujardinii. Cnesa nokasaH CpeHUI yPOBEHb SKCIIPECCUM B MHTAKTHBIX I'yOKax JUIsl 3MMHUX U OCEHHUX 00pas3lioB,
paccuntaHHbiii BCPM (4Kciio MpouTeHuii, OTHECEHHBIX K TaHHOMY TPAHCKPUMNTY, HA MUJUIMOH MPOYTEHUIT) MOcie HOpMaJiv-
3aruu MetonoM TMM (yceueHHoe cpenHee M-3HadeHmit). Ha TerutoBoit kapte cripaBa 1moKa3aHbl JIorapMUpOBaHHBIE YPOBHU U3-
MeHeHwust akcripeccuu (log fold change) B mcconmMmMpoBaHHBIX KJIETKAX M arperatax 1Mo OTHOIIEHUTO K MHTAKTHOM TKaHU M CKOPPEeK-
THpoBaHHbIe ypoBHU 3HaunMocTi FDR (false discovery rate, m0J1st JIOXKHOITOJIOXKUTEIbHBIX pe3y/ibTaToB). ¥ FDR < 0.01.

Zn*"-3aBucuMbix geauerwias rucroHos (HDACS),
XapaKTEePHBIX ST XWBOTHBIX (Tadi. 2, puc. 1, 2).
HauGosbimit ypoBeHb 3KCIIPECCUU B Tejle TYOKU 00-
HapyxXeH y IpuHaiexaiieii K knaccy I meauerunase
HDACI. Jeanermia3sl Kitacca | mmpoko pacrpo-
CTpaHEeHBI Y Pa3HBIX JKUBOTHBIX. OHU 3KCIIPECCUPY-
FOTCSI B TKAHSIX BCEX TUIIOB 1 UMEIOT OOJIbIIIee 3HaYEC-
HYe€ JUISI BBDKUBaHUS KJIETOK M npojimdepalui, 4em
HDACs npyrux xmaccoB (Marks, 2010). HDACs
KJacca | ygacTBYIOT B peryssiiuu Ipojndepanun u
I depeHIMPOBKY KJIETOK B SMOPUOHAJIBHOM pa3-
Butuu (Choi et al., 2001; Lagger, 2002; Sjoblom et al.,
2006; Wilson et al., 2006; Montgomery et al., 2007;
Bhaskara et al., 2008). UmeHHO mearteTiiiasbl Kiacca I
ryookx, HDACI1 u 3, umerotr HanOoJIbIlIee CXOACTBO B
AMMHOKMCJIOTHOI IIOCJIEIOBATEILHOCTA C TOMOJIO-
TMYHBIMU OeJIKaMU YeJIOBeKa, YTO TOBOPUT 00 DBOJIIO-
ILMOHHOI KOHCEPBATUBHOCTU UX CTPYKTYPHI U, BEPO-
ATHO, PyHKUMK. Momudukanus “rucToHoro kopa”
3a CYET aKTMBHOCTH JealleTIia3 SIBISIETCS KIIIOYEBBIM
3BEHOM B BIIUTCHETUYECKOM PeryIsiiuy (yHKIIMOHU -
poBanus reHoma (Wang et al., 2008).

OnHa 13 yonoOHBIX MOAEIbHBIX CUCTEM, ITO3BOJISI-
[oIasi UCCAEI0BaTh MOBEACHUE U IIPOLIECChI Ae/aud-
¢depeHIIMPOBKU U TpaHCcIU(GEepEeHITUPOBKU KIETOK
y Porifera — dopMupoBaHue arperatoB U3 IMCCOIU-
WPOBaHHBIX KJIETOK T'yOOK. MBI MCIIOJIL30BAIN 3Ty
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MoOJeb IJIs1 OLleHKU auddepeHIalIbHON 3KCIpec-
CUU JealieThia3 TUCTOHOB B KJIETKax I'yboK B Ipo-
1eccax IMCColaliim 1 pearperaiiuu. beito oGHapy-
JKEHO, YTO IKCIpeccus AealleTuia3 pa3HbIX KJaccoB
U3MEHSIETCS B X0JIe pearperauuu Kiietok H. dujardinii
nuddepenumanbHo — akcnpeccuss HDACI u 6 yBe-
JmumnBaeTrcs, a akcrpeccuss HDAC3, 8 u 11 ymeHb-
[aeTcsi. OTU pe3yJIbTaThl MO3BOJWJIM CAEIATh Mpe.I-
MOJI0XEHME O TOM, UTO JIealleTUIa3bl TMCTOHOB MOTYT
OBbITh BOBJIEUEHBI B PETYJISILIMIO Mpollecca pearpera-
ouu. s TpoBEepKU 3TOTO IMPEHIIONOXEHUS OBIIN
MpoBelleHbl 3KCMIEPUMEHThI IO pearperaiuu C Mc-
MOJIb30BaHUEM CeJIeKTUBHBIX MHTuOuTOpoB HDACSs
I knacca.

MBI OOHAPYKUIIN, YTO CEJICKTUBHBIE MHTUOUTO-
pet HDACs I kitacca HapymaioT npoiecc pearpera-
uun Kietok H. dujardinii — 1100 X BO3NEUCTBUEM
YMEHBIIIAETCS T0JIs1 KpyIHBIX arperatoB (40—70 MKM)
1 arperaTtoB IapoBUAHOU opMbl. [TprdeM 3TOT 3h-
¢eKT 3aBUCUT OT 103bl UHTUOUTOpPA — C YBETUYEHU -
€M eT0 KOHIIeHTpalluu HaboaaeMblil a(p¢heKkT ycu-
JmBaics (puc. 5u 6). ONbBITH C CEIEKTUBHBIMU MHTH -
OuTOpaMu MoKa3bIBaloT BaxkHYI0 poiib HDACs I ki1acca
IS HOPpMaJIbHOTO TPOTEKaHUsI TpolLiecca pearperalyu.
ITockoJibKy HavyaJbHbIE ATallbl pearperaiyu KieToK
KOHTPOJBbHON W OMBITHON TpyINmn HE OTIMYarTCS
(puc. 50, 5B), O4EBUIHO, YTO YMEHBIIEHHE IOJIM
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Puc. 5. (a) OnuHOYHBIE KJIETKU, (0—1) — arperarsl: MeJl-
Kue 1apoBuaHbIe (0), MeJIKue HellpaBUIbHOM (OpMBbI (B),
KpYITHBbIE TIAPOBUAHBIE (T) U KPYITHbIE HEMPaBUIbHOM
dopmpbl (1). MacmTabHBII 0Tpe3oK 20 MKM.

KPYITHBIX arperaTtoB IPOUCXOOUT WJIU BCICACTBHUE
HapyIIeHUS CIUSIHUSI MEJIKMX KJIETOUHBIX arperaTos,
VIV 32 CcYeT HapyIIeHUS BKIIOUEHUS CBOOOIHBIX
KJIETOK U3 cycIieH3uu. Takke BO3MOXKHO, YTO MEJ-
KUe KJIETOUHbIe arperaTbl B OMBITHON W KOHTPOJIb-
HOW TpyIle pasiudHBl MO cOCTaBy MopdoJioruue-
CKUX TUITOB KJIETOK. PeryJisiiiyst 3KCIpeccuu TeHOB B
mpoliecce KIEeTOUHoM aenndGepeHIuPOBKU  OCY-
IIECTBIISIETCST C TIOMOIIBIO PAa3JIMYHBIX MEXaHU3MOB,
Cpely KOTOPBIX OOJIbIIIOe 3HAUEHUE UMEET BIUTCHEe-
tyeckas peryisaaus (Wang et al., 2008; Smith, Meis-
sner, 2013). HeanddepeHanmss npoucXoauT BCKO-
pe TIocie ACCOoLMalum Tejia TYOKU 1 BO BpeMsI Hee,
Korja OOJIBIIIMHCTBO KJIETOK TEPSIOT CBOU MOP(OJIO0-
ruyeckre Mpu3HaKku, pruobdpeTast aMeOoMaHbIN (heHO-
tun (Lavrov, Kosevich, 2016), a mepBUYHBIE MEJIKUE
arperaThbl ITPEACTABIISIIOT COO0I COBOKYITHOCTh KJIETOK,
MMEIONIMX aMEeOOBUIHYIO WM IIapOBUIHYIO (hOPMBI
(Lavrov, Kosevich, 2016; Ereskovsky et al., 2021). Mox-
HO TIPEAIIOI0XKUTD, YTO CHUXKEHUE aKTUBHOCTH Jiealle-
TWIa3 MOXET BIUATh Ha Aenud¢epeHIIMPOBKY KIETOK
B CYCIIEH3UU WJIM CHUXKATh MOJBUXKHOCTD U aATre3uB-
HBbIE CBOICTBA KJIETOK aMeOOMITHOTO THUIIa, HEOOXO-
JUMBIX JUISI YCTAHOBJICHUSI MEXKKJIETOUHBIX KOHTaK-
toB (Inoue et al., 2006; Sacks et al., 2018).

JuddepeHumnanbHas 3KcIpeccus OealleTuia3 u
HapyllIeHus1, HabJlogaeMble TIPU BO3AEHUCTBUU WHTH-
OUTOPOB, MOTYT TaKXe yKa3blBaThb Ha BaXKHYIO POJIb
IWKIJIOB alleTUIMPOBAHMS/IealleTUIINPOBAHNUS HETH-
CTOHOBBIX OEJIKOB B PEryJISILIMM pearperaiuu KJIeToK
ryook. Takoe IpearronokeHe TTOaTBEPKIACTCS UMe-
forieiicss nHgopMaleil o poiau aealeTuyia3z B MOIU-
duKaM TpaHCKPUMIUOHHBIX (hakTopoB (Marks,
2010).

V unrtakTHBIX ry00K H. dujardinii ren HDAC6 1o-
KazaJl JOBOJIbHO BBICOKMI YpPOBEHb IKCIIPECCUU, U
€ro 3KCIIPEeCCUsI MOBBIIIANIACH B KIIETOUHBIX arpera-
Tax (puc. 3). Bo3aMoXHO, 4TO yyacTie UMEHHO 3TOI
nmearetnasbl — HDAC6 (kinacc 11b) — B perymsiimun
pearperanuu siBJIsIeTCSI BaXKHBIM. MBI TTOKa3aJIu, 4TO
HDACS6 ry6oxk H. dujardinii v A. queenslandica imeeT
neaneTwiaasHb momMeH dom2 m Ha C-KOHIIE cauT
CBSI3BIBAHUST YOMKBUTHUHA. J[laHHBIE JIMTEPaTyphl TOBO-
PSIT 0 TOM, UTO AealleTuAa3HbIi fomMeH dom?2 yJacTByeT
B JIealleTwiMpoBaHuu TyoynuHa (Matsuyama, 2002;
Haggarty et al., 2003) 1 HSP90 (Marks, 2010). CHuzke-
Hue skcnpeccun HDAC6 TpuBOIUT K HAKOIIEHUIO
9TUX OEJIKOB B alleTUJIMPOBAHHOM BUJIe. ALIETUINPO-
BaHHbBIN 6eok HSPI90 TepsieT pyHKIIMM 1m1anepoHa,
a ero napTHepbl YOUKBUTUHUPYIOTCS U ACTPATUPYIOT
(Kawaguchi et al., 2003; Boyault et al., 2006). He BbI-
3pIBAET COMHEHUS BaxHas poyib HSP90 B Mmopdore-
HETUYECKMX Tpolieccax y 0eCIO3BOHOUYHBIX, O YeM
CBUIETENILCTBYIOT JaHHBIEC JUTEPATyphl, ITOKa3bIBa-
[OllIMEe, UTO €ro 3KCIIPecCHUsT MEHSETCS B Mpoliecce
pasButus (Giudice et al., 1999; Bishop et al., 2001;
Bishop, Brandhorst, 2001; Gunter, Degnan, 2007).
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Puc. 6. O6pazoBaHMe KJIETOYHBIX arperatoB ryoku B MpUCyTCTBUU MHTHOUTOpoB HDAC:S.

IIpoBeneHHOE MICCIIeMOBaHNE TTOKA3aJI0, YTO CHCTe-
Ma IealleTWIMPOBAaHMS JIM3MHA B MOJIEKYJIaX Oejika y
ryoku H. dujardinii imeet ob1ue (QyHKIIMOHAbHbBIC
XapaKTepHUCTUKH C TAKOBOM Y TIO3BOHOYHBIX JKUBOTHBIX
(B T.4. yej0BeKa). DTO IBOTIOIMOHHO APEBHUI Mexa-
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HU3M Peryjsiiy aKTUBHOCTU reHoMa. Borpoc o Bo3-
MOXKHOM y4acTHHM IeatieTinas, u ocooenno HDAC6, B
PETyIsSLiIM KJIETOYHBIX IIPOLIECCOB, HEOOXOAMMBIX
IUIST pearperaluy KJIeTOK TyOOK, 3aciIy:KMBaeT IO-
MOJHUTEJIBHOTO M3ydyeHus. [lanbpHeillliee n3ydyeHUE
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JealeTunaas U ux 0€JIKOB-MUILEHEN Y TyOOK U IPYTUX
0eCO3BOHOYHBIX TTO3BOJIUT BBISICHUTb 3aKOHOMEP-
HOCTH 3BOJIIOLIMU MOJIEKYJISIPHBIX MEXaHU3MOB, pe-
TYJIMPYIOIIMUX MPOLIECCH PAa3BUTHS MHOTOKJIETOYHBIX
KUBOTHBIX.
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Epigenetic modification of proteins by the lysine acetylation/deacetylation is widely used in eukaryotes. His-
tone deacetylases decrease the acetylation level of chromatin that results in inhibition of gene transcription.
Involvement of the histone deacetylases in regulation of cell proliferation and differentiation, embryogenesis,
tumor induction and progression is well confirmed in the vertebrate species. However, the regulation mech-
anisms associated with the histone deacetylases remain largely unknown in basal Metazoan species. The de-
differentiation and transdifferentiation of sponge cells that accompanied their reaggregation suggests partici-
pation of the histone deacetylases in regulation of the reaggregation process. In this report, we investigated
expression of the histone deacetylases in the sea sponge Halisarca dujardini (Demospongia). All known mem-
bers of the Zn?*-dependent HDACs were identified under analysis of the H. dujardini transcriptomic and
Amphymedon queenslandica (Demospongia) genomic data. The differentiational expression of HDACs was
analyzed in the cell suspension after dissociation of the sponge H. dujardinibody and in the cellular aggregates
after reaggregation for 24 hours. The dose-dependent effect of two specific inhibitors of the class | HDACs
(sodium butyrate and valproic acid) on the reaggregation process was determined. The addition of each spe-
cific inhibitor of the class I HDACSs into the reaggregation media was resulted in a change of morphology of
cellular aggregates. These data suggest that the involvement of histone deacetylases in regulation of cell trans-
differentiation has been emerged as an evolutionarily ancient mechanism prior the tissue specification pat-
terning.

Keywords: Halisarca dujardinii, Porifera, Demospongia, cell transdifferentiation, cell dissociation, cell reag-
gregation, histone deacetylases, transcriptome
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