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Ticmondeauemunazu € poounor Gepmenmis, 3a4yHeHUX
00 peeyasauyii 6aeamvox 6aNCAUBUX NPOUECI8 y KAIMUHAX
pocaun ma meaput. Pocaunni eicmondeayemunasu eue-
YeHi 3HAYHO MeHule NOPIGHAHO 3 ArdcbKumu. B danomy
docaidncenni ysaea 6yaa 3ocepediceHa HA No2AUOAeHIl
Xapakmepucmuyi eicmonoeayemunas 060X MoOeAbHUX GU-
die pocaun — Arabidopsis thaliana ma Oryza sativa. 3a
donomoeor ananizy ghinoeeHemuuHoi cnopionenocmi 0o ix
gidomux 2omon02ie MoOUHU 06YA0 6CIMAHOGACHO OAU3bKICMb
do mpwox Kaacie cicmondeayemunas aoduru. Buseneno,
wo Hausuuy cnopioHenicms ceped eicmonOeayemunas
PI3H020 e6onoyiliH020 noxodxcenHs maromsv HDACG6 arwo-
ounu ma HDAS A. thaliana (43,6 % eomonoeii). Pe3ynb-
mamu CmpyKmypHO20 GUDIGHIOBAHHS C8I04amb Npo KOH-
cepeamusHicms KamanimudHux 0oMeHie ma 6UCOKY CHO-
PpiOHeHicmb [Heibimopie do 000x eicmondeauemunas. Bu-
COKUll piseHb @idomux iHeibimopie eicmoHdeauemunas
aroounu do HDAS A. thaliana npodemoncmposano 3a 0o-
nomMoe0oi0 nieand-6ink06020 dokiney. Ompumari pe3ynb-
mamu 003604510Mb NPUNYCIMUMU BUCOKY epeKmUBHICMb
3acmocyeants iHeibimopie eicmondeauemunas A0OUHU 00
eicmondeayemunas pocaun 3 Memoio NOKPAWeHHs peey-
Aayii npouyecie ix pocmy ma po3eumky, a maxKoic cmili-
Kocmi 00 cmpeco8ux YUHHUKIG.

Karouoei caoea: cicmondeauemunasu, Arabidopsis tha-
liana, Oryza sativa, kaacugbikayis 3a eomonoeicro, mone-
Kyaaprutl 0oKiHe, iHeibimopu.

Beryn. TIictonneanerunasu (HDAC/HDA) — po-
IouHa (bepMeHTIB, 1O BimirpamTb BaxXJIUBY POJb
y peryjsiii CTpyKTypH i (YHKIIiil ricTOHIB, a Ta-
KoX Oaratbox iHwMx OukiB (Fischer and Alves
Avelar, 2021). bananc aktuBHocti HDAC i ricToH-
anetunrpancgepas (HAT) 3abesmeuye peryms-
L[i}0 TPAHCKPMUIILil reHiB, KOHTPOJIOE PiCT i po3-
BUTOK KJIITUHM, 1i peakiiilo Ha CTPECOBI YMHHUKM,
a TaKoX BIUIMBA€ Ha OioXiMiyHi Ta (hi3ioJOTiuHi
nonii y kimituHax (Farsetti et al, 2023). IicroH-
JealieTuaa3u TBapUMH i, 30KpeMa, JIOAUNHN 3HAYHO
Kpallle TOCTiIKeHi Ta aHOTOBaHI TTIOPiBHSHO 3 Bi-

© IHCTUTYT KJITUHHOI BIONOTII TA TEHETUYHOI
IHXEHEPIT HAH YKPAIHU, 2024
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MOBiTHMMU (pepMEHTAMU POCIUHHOTO TTOXOMKEH -
Ha (Chen et al, 2021).

Bimomo, 1110 y ccaBIIiB eKCITpecyeTbesT 18 pi3-
Hux HDAC, ki 3rpyrnoBaHi B 4YOTHpPU KJacu Ha
OCHOBI iX TOMOJIOTiI 3 IealeTwia3aMu JPiKIXKiB
(Haberland et al, 2009; Yang and Seto, 2008).
30KkpeMa, BUIIISIOTH KIJACMYHI TiCTOHACALICTH-
nasu: HDAC xnacy I (HDAC1, HDAC2, HDAC3
i HDACS), HDAC knacy Ila (HDAC4, HDACS,
HDAC7 i HDACY9) i kmacy IIb (HDAC6 i
HDACI10), HDAC knacy IV (HDACI11); ta cup-
tyinu: HDAC knacy III1 (SIRT1—7), Kotpi He
MalOTh CTPYKTYPHOI MOAIOHOCTI 0 KJIACUYHMX
ricrongeauerunas (Wu et al, 2022). HDAC kna-
cy | € romonoramm apixmxoBoro 6inka RPD3
(Lee et al, 2021). IIi HDAC excnpecyioTbcs y
BCIX TKAHMHAX i opraHax, JIOKaJli30BaHi nepe-
BaxkHO B siapi (3a BUHsATKOM HDAC3, Ky Takox
MOXHA BUSIBUTU 1 B LIUTOIIA3Mi) Ta MalOTb BUCOKY
depmeHTaTuBHY akTuBHicTL. HDAC xnacy II ro-
MoJioriyHi 0inky HDAI1 npixmxkiB i IOZUISFOTHCS
Ha HDAC kunacy I1la (HDAC4, HDACS, HDAC7?
i HDACY) i knacy IIb (HDAC6 i HDACI10).
HDAC xnacy Ila xapakTepu3ylOTbCs BEJIMKUM
N-TepMiHAJILHUM PO3LIMPEHHSAM, OaraTuM Ha 3a-
JIMIIKA CEepUHY, Ta KOHCEPBATMBHOIO iISTHKOIO
3B’I3yBaHHSI [JJISI TPaHCKPUMLIAHOTO (akTopy
MEF2 (Chinellato et al, 2024). HDACI1 wmae
CMiJIbHI JiISIHKU 30epekKeHHs TOCIiTOBHOCTI SIK 3
RPD3, tak i 3 HDAI1, i ToMy BUOIISIETECS B OK-
pemuii kiaac IV. HDAC xnacis I, 1T i IV — 1e
LMHK-3aexxHi pepmentr. Haromicts, HDAC kia-
cy III moTpedy1oTh HiKOTUHAMIiIAAEHIHANHYKIIEO-
tuny (NAD') i 3a CBOEIO KaTaJliTUMHOIO aKTUB-
HicTio € roMonoriyuHuMU NAD-3anexkHOMYy JIpix-
mkoBomy Oinky SIR2 (D’Mello, 2009). Oxpim
TiCTOHIB, TiCTOHIEAlETHIa3W MalOTh 3HAUHY KiJlb-
KiCTh HETiCTOHOBHUX CyOCTpaTiB SIK Yy siApi, Tak i
B LuToriasmi. Jlo HUX HanexaTb pakTOpy TpaHC-
KPMIILii, TOPMOHAJIbHI peLenTOpU, LIANEPOHU Ta
oinku uutockenety (Li et al, 2013).
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IIlono ricroHaeaueTwiaz pocauH, siKi Io3Haya-
1o1bed 9Kk HDA, BimoMo 17-Tb TicTOHIealleTUIA3
Arabidopsis thaliana, sIKi TIOAISIOTh HA TPU TUIIN:
un I (RPD3-nogioHa cyneppoauHa), tum Il
(HD-1yinu) ta tun III (cupryinu). ¥ HDA
turty I Buminsgiore Tpu kiacu: kiac I (HDAI9,
HDA6, HDA7, HDAY), knac Il (HDAS, HDALS,
HDAI18), knac III (HDA), ta HeknacudikoBaHi
(HDAS, HDA10, HDA14) (Hollender and Liu,
2008). 3a maHnMM 06a3yd JAaHUX aMiHOKMUCJIOTHMX
nociainoBHocTelr OinkiB UniProtKB Ha chorom-
HILIHIA 1eHb BiOMO JIMILIE YOTUPHU TiCTOHOeale-
twiasu Oryza sativa (HDACI1, HDAC2, HDAC3,
HDACI10), gki He xiacudikoBaHi 3a criopigHe-
HICTIO 0 TiCTOHAgAlleTH/Ia3 JIOIUHU YU TOMOJIO-
riyHux OinkiB apixmkiB. DyHKIiI ricToHmeale-
TUJa3 JOyXe TICHO MOB’s3aHi 3 1X TOMOJIOTIYHOIO
CTIIOPIMHEHICTIO Ta JoKamizauiew. Bigomo, 1m0
HDAI19 A. thaliana perynioe reHM iI€HTUYHOCTI
KBITKOBMX OpraHiB, ToOTO pa3om 3 reHamu AP2
ta TPL nie gk kapacTpoBuil peryiasiTop 6araTbox
TOMEOTUYHMX TE€HIiB KBIiTKM, 1100 TPaBUIbHO
dopmyBatu ii cTpyktypy (Krogan et al, 2012).
Taxkox BcraHosieHo, 1o HDAI9 ogHouacHo 3
HDAS, HDA14, HDA1S5 ta HDAIS8 A. thaliana
Oepe ydacTb Yy HEraTUBHIN perysiili peakuii Ha
COJILOBUM cTpec: iHriOyBaHHS 11 aKTUBHOCTI
CIpUsI€ INABUIUEHHIO CTIiAKOCTI 10 COJIbOBOTO
crpecy (Ueda et al, 2017). Taxkox Tmoka3aHoO,
110 HOKJAyH TeHiB rictoHaeaneTuinaz HDAI19 Tta
HDAY9 npusBoauTh 10 Aepernpecii reHiBs, 110 pea-
TYIOTb Ha coJiboBUIi cTpec. [Ipore yyacTh ricToH-
nmeauetmnas kmacy Il (HDAS, HDA14, HDAI1S5
ta HDAI18) y MexaHi3aMax BifITOBii Ha COJBbOBUIA
CcTpec A0Ci 3avIIaEThCcsl He3’sicoBaHOw. Mox-
JIMBO, IO 1lie BigOYBAETHCS WIJISIXOM 3aly4yeHHS
HericToHOBUX cyOcTpatiB 1ux aeauetunad (Ueda
et al, 2017).

Panime moBimomisistocs TIpo HETaTUBHY peETy-
JISALII0 peakilii Ha COJbOBUIA CTpec Ta CTpec Bifd
nocyxu ricroHaeauerwiazoiro HDA9 A. thaliana
(Zheng et al, 2016; Han et al, 2016), sgxa Ta-
KOX BiJliTpa€ KJIIOYOBY POJIb Y PETYJISALl TTOYATKY
crapinig quctg (Chen et al, 2016), cTumyioouu
ayKCUH-3aJIeXXHUIT TepMomopdoreHe3 (van der
Woude et al, 2019) Ta 3miiicHIOIOYM MO3UTUBHY
peryjsLilo Iepegadi CUMrHajay TeIIOBOIO IIOKY
(Niu et al, 2022). A or ricronneanetunaza HDA6
A. thaliana 3amydyeHa O TIPOTWIEXKHOI PEryJISILIil
peakliii Ha 3aCOJIEHICTb Ta IOCYXy ITOPiBHSIHO 3
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HDA9 ta HDA19 (Luo et al, 2012a). T'ictonae-
anerwiaza HDA6 A. thaliana Takox Oepe ydacTb
y perynanii ekcrpecii reHa KNOX 1ig yac po3Bu-
TKy auctkiB (Luo et al, 2012b). Ha uboMy (pyHK-
wii ricronpeaneTuiaasu HDA6 He Bu4epmyloThed,
BOHA TaKOX 3aJlydeHa 0 peajidallii aBTOHOMHOTO
LIUISIXY UBITIHHSI, PEryJII0I0YM €KCIpecilo reHa
FLC (Yu et al, 2011).

Yac ugitinug y A. thaliana perymoerbcst HDADS.
Tax myrantu 3 aedekrom excrpecii HDAS ne-
MOHCTPYIOTh (DEHOTHUI TTi3HBOTO LBiTIHHYA (Luo et
al, 2015). HDAI1S5 A. thaliana Bixirpae KIIO4OBY
poJib y mepeaadi CUrHaIiB aOCIM30BOI KUCJIOTHU,
B3aEMOJIIOUM 3 TPAHCKPUIILIMHUM (HaKTOpPOM
MYB96, 1110 TIpU3BOIUTH A0 MPUTHIYEHHS Hera-
TUBHUX PETYJIATOPiB PaHHBOI TIepenadi CUTHAJIB
abcuuzoBoi kuciaotu. Lle y cBoio uepry mpusBo-
IUTh IO 3HVKEHHSI CIPUMHSTIMBI IO CTpecy Bif
nocyxu. IlikaBum € i Te, o aktuBHicTb HDAI1S
3aJIeKUTh Bil yMOB OCBiTJIEHHS. BoHa Takox
Oepe ydyacTb Y PO3BUTKY CiM’siosei, OiocuHTe3i
xjopodiny Ta Tiepegadi TOPMOHAJIBHUX CUTHAJIIB
(Lee and Seo, 2019). Takox Bigomo, 1mo HDAIS5
pazoM 3 akTopoMm B3aemorii ¢itoxpomy 3 (PIF3)
MPUTHIYYE EKCIpecilo TeHiB, 3aJlydeHUX o 0io-
cunre3y xiaopodiny (CHLD i GUNS5) ta ¢doto-
cunresy y tempsBi (PSAE1, PSAE2, PSAF, PSAK,
PSAO, LHCB2.2, LHCA6, LHCBS5, LHCB4.2,
LHCB4.1 i LHB1B2) nuisixoM 3HMXXEHHSI PiBHIB
aleTWIIOBAHHS BIANOBIAHUX O1JIKiB Ta TPAHCKPUII-
wii, acouiioBaHoi 3 PHK-noximepasoro II (Liu X
et al, 2013). HDA15 € HeraTUBHUM peTyJISITOPOM
MOJOBXEHHS TIiMOKOTUIIO y (oToMopdoreHesi,
KOHTPOJIIOIOUM MMOJOBXEHHSI KJIITUH TJIIMOKOTHUIIIO
y camkeHliB (Zhao et al, 2019). Kpim uporo,
HDAI1S5 cnpusie 3HMXKEHHIO peakilii pocauH Ha
MMIBUILIEHY TeMITepaTypy HaBKOJIMIITHBOTO CEPeIo-
BUIIIA LIUISIXOM TIPUTHIYEHHS TIpOrpaMu eKcripecii
reHiB TerioBoi Bimmosimi (Shen et al, 2019).

Ticronpeanernnaza HDA18 Gepe yyacTb y pe-
TyJsiii MexaHi3MiB (popMyBaHHSI KJIITUHHOTO Tia-
TepHY eIliepMicy KOpPEHiB Ta € KJIIOYOBUM KOM-
MOHEHTOM Y MEXaHi3Mi peryJsuii KOpeHEBOro
enigepmicy vy A. thaliana, BnauBaloun Ha CTPYK-
Typy e€MiIepMaJbHUX KIITUH KOPEHIB ILLISIXOM
peryasuii TpaHCKpUIILii HaOopy TreHiB KiHa3, a
came SCM ta BRI1 (Xu et al, 2005; Liu C et
al, 2013). BimomMo mnpo opraHejbHy JoKaji3a-
uiro ricronneauetwnasu HDA14 A. thaliana, sika
MICTUTBCSI B XJoporuiactax. biibuiicTe ii OiJIKO-
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BUX CYOCTpaTiB BUKOHYIOTH (PYHKIIii Y (DOTOCHUH-
te3i. IlokasaHo, mo craH aktuBanii RuBisCO
KOHTPOJIIOEThCST alleTWJIFOBAHHSAM JIi3MHY aKTH-
Basu RuBisCO B yMoBax cabKoro OCBIiTJIIEHHS
(Hartl et al, 2017).

Panime mHamMm Oysio TokKa3zaHO, 110 PO3BUTOK
aBToarii 3a y4acTio MiKpOoTpyOOUOK ITiJi BIJIMBOM
TOJIOAYBaHHS Ta OCMOTHMYHOTO CTPECY CYIPOBOI-
KyBaBCs TMiABUILEHHSIM PiBHIB eKcrpecii TreHa
hdacl4, B ToOli 4Yac, $IK 3a YMOB COJIbOBOTO
CTpecy piBeHb eKCIpecii 1IbOro reHa 3HUKYBaBCS
(Olenieva et al, 2017). Binomo, 1o ageaueTruaasa
HDAI14 € neauerwnasow a-TyoyiiHy (Tran et al,
2012). OgHoyacHO Ha THUX € cCaMHUX eTarax po3-
BUTKY aBTodarii Mif BIJMBOM $SIK TOJOIYBaHHS,
TaK OCMOTHUYHOTIO i COJIbOBOTO CTpECiB BiZOyBa-
JIOCh TNABUILIEHHSIM PIiBHIB eKcripecii reHa hda6
(Olenieva et al, 2017).

Xoya OiNbLICTh 3 BiZOMHUX (PYHKIi TiCTOH-
JIealeTia3 POCIMH IIOB’si3aHa 3 iX BIUIMBOM Ha
eKCIIpeCilo MeBHMX TeHiB Yepe3 AcalleTUIIOBaHHS
TiCTOHIB, 3aJIMILIAETHCS BaXXJIMBUM BUSIBJICHHS Ta
3’scyBaHHSI (DYHKIIIM iHIIMX CyOCTpaTiB POCIUH-
HUX TiCTOHIealeTIIa3, 30KpeMa IIUTOIIa3MaThI-
HOro ImoxoakeHHs. OCKiUJIbKM TiCTOHAealleTUIa31
JIIOAWMHU € NOCUTh J00pe KiacupikoBaHMMU Ta
OxapakTepu30BaHUMM, a TiCTOHAcALIETUIAa31 POC-
JIMH BCE 1¢ 3aJUINal0ThCSd 3HAYHO MEHII BU-
BUCHMMM, HAIIIOI0 METOK OyIo KiacudikyBaTu
ricroHneauetwiasu A. thaliana ta O. sativa 3a
iX TOMOJIOTI€EI0 O TiCTOHACALICTWIIA3 JIIOAWHMU,
MOPIBHATU OTPUMAaHi pe3yJbTaTU 3 YK€ HasBHU-
MU Ta JONOBHUTHM IX JAHUMM IIOMO KJTacuika-
Lii TiCTOHIealleTWIa3, 3a3HAYEHUX, SIK HEKJIacu-
¢ikoBaHi Ha cborofHi. TakoXX MU CTaBWJIM COOI
3a METY OLIHKY TMOTEeHIiHHOI e(eKTUBHOCTI 3ac-
TOCYBaHHSI BilOMHUX iHTiOITOpPIB TicTOHIealleTHUIa3
JIIOAWHU [0 1X POCIMHHUX TOMOJIOTIB IILISIXOM
MOPIBHSIHHS TTPOCTOPOBUX CTPYKTYP TiCTOHIEAlIe-
TWIa3 Pi3HOTO €BOJIIOLIIHOTO MOXOMKEHHS, Ta iX
B3a€EMOJiN 31 CIojlyKaMu, 10 MaloTb MHiATBEpPI-
>K€HY aKTHUBHICTb IO TiCTOHIEaleTWIa3 JIOAWHU.
Ile 06yMOBJIEHO THMM, 110 HA CbOTOIHIILIHINA JI€Hb
MUTaHHS iHTiOyBaHHS TiCTOHAealleTUIa3 JIOAUHU
€ Habarato OiJbll JOCTIIXEHUM, i MOXJIMBICTb
3aCTOCYBaHHS iHTiIOITOPIB TiCTOHAEAlETUIA3 JTIO-
IWHU 10 POCIWH CIPUsUI0O O MOKpalleHHIO iX
CTPECOCTIMKOCTI IO pi3HUX a0iOTMYHUX (PaKTOPIB,
TaKMX K 3aCOJICHICTh, ITIOCYyXa TOLIO.
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Marepiaim i Meroau. AMIHOKMCJIOTHI ITOCIi-
IOBHOCTI TiCTOHIealeTwia3 moauHu, A. thaliana i
O. sativa 6yno BigiopaHo 3 6a3u gannx UniProtKB
(https://www.uniprot.org/). [ust Bimbopy momio-
Hux o moackkux HDAC y pociuH 0yio BU-
KOPUCTAHO iHCTPYMEHT IIOLIYKY 0a30BOro Jio-
KanbHoro BupiBHOBaHHSI BLAST (Camacho et
al, 2009). MHoXuWHHE BUPIBHIOBAaHHSI ITOCJIiIOB-
HOCTeil OyJI0 BUKOHAHO B IIPOrpaMHOMY MaKeTi
MEGA (https://www.megasoftware.net/) 3 BHUKO-
pucta"HHsaM anroputmy ClustalW (http://www.ebi.
ac.uk/clustalw/) (Tamura et al, 2021; Thompson
et al, 1994). PekoHCTpyKIIil0 KJIaAUCTAYHOIO MIe-
peBa Ta (ijJOreHeTUYHMIA aHajli3 TiCTOHIealleTH-
J1a3 OyJio TIPOBEACHO 3 BUKOPUCTAHHSIM TTpOTpaM-
Horo nakety MEGA 3rigHo metonry UPGMA (Hua
et al, 2017). PekoHcTpyKIlitl0 TPOCTOPOBOiI CTPYK-
TypH TicToHAeaueTunaasu A. thaliana 3niiicHIOBaIN
32 JOTMOMOIOK0 aBTOMATUYHOTO PEXUMY MOIEIIO-
BanHsa SWISS-MODEL, peanizoBaHoro B po06o-
yomy Tipoctopi BeO-caitty SWISS-MODEL (http://
swissmodel.expasy.org/) (Schwede et al, 2003). Be-
pudikaliilo oTpMMaHoOi MoJeNi 3IilicHIOBaIM 3a
noriomoroto cepsicy MolProbity (http://molpro
bity.biochem.duke.edu/) (Williams et al, 2018).

OcolOymBoCTI JIiraHI-0iIKOBMX B3a€EMOZIiil, aHa-
JIi3 €KCIEPUMEHTAIbHO BiIOMMX Ta aJlbTepHATUB-
HUX CaiTiB 3B’SI3yBaHHsS, aHajli3 MOBEPXHi Ta
(Gi3UKO-XiMIYHMX BJIACTMBOCTEN AealeTuia3 OyJIo
JOCJiI)KEHO 3a JOMOMOIOI0 IIPOrPaMHOI0 IaKeTy
BIOVIA Discovery Studio Visualizer (https://dis
cover.3ds.com/discovery-studio-visualizer/) (Naz
et al, 2018). IlpocTopoBe BMpPiBHIOBAHHS CTPYK-
Typ Ta HaKJIaJaHHS CaWTiB 3B’AI3yBaHHS, a Ta-
KOX Bi3yajizalilo pe3yabTaTiB 3IilicHIOBaIud 3a
JIornoMorolo nmporpamHoro nakery PyMol (https://
pymol.org/2/) (Mooers, 2020). JlokiHT 0y;10 mpo-
BemeHo 3a pomomororo AutoDock Vina 1.2.5
(https://github.com/ccsb-scripps/AutoDock-Vi-
na/releases) (Eberhardt et al, 2021). locaimxyBaHi
OiKOBi Momesi OyJI0 MiArOTOBIEHO IO MOMAJbIIO-
ro MOJICKYJISIPHOTO AOKIHTY LIJISIXOM OMNTHUMi3allii
reoMeTpii Ta MiHiMi3alil eHeprii 3a J0MNOMOTOI
nporpamHoro naketry ADFR (https://ccsb.scripps.
edu/adfr/) (Ravindranath et al, 2015). 3 6a3 maHux
ChEMBL, DrugBank Ta Zinc 0yno BimidpaHo
CIMOJIYKY 3 MiATBEPJIKEHOI iHTIOITOPHOI aKTUB-
HICTIO 1IOAO TicTOoHAcaleTuaa3 aoauHu. OOpaHi
CIOJlyK1 Oy/0 MiArOTOBJAECHO A0 MPOBEACHHS JIi-
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ra”a-0iJIKOBOro AOKIHTY 3a JOIIOMOIOI0 TaKeTy
meeko Python (https://pypi.org/project/meeko/)
(Holcomb et al, 2022). Pe3ynbTaTu aHaji3zy OTpu-
MyBaJIM Ha 0a3i IomepeaHbO PO3pOOJICHOI Me-
TOOMKHU BipTyanbHOi opraHizauii VO CSLabGrid 3
BUKOPUCTAHHSAM MOTYXKHOCTEH 00YMCIIIOBAIbLHOTIO
I'pin-xmactepy incruryty (http://ifbg.org.ua/uk/
cslabgrid).

PesyabTat Ta oOroBopeHHs. /Iy BU3HAYCHHS
(iTOTeHeTUYHOI CHOPIAHEHOCTI OyJ0 MpoaHai-

30BaHO OCHOBHI BioMi Ha CBLOrOAHI TiCTOHJIE-
anetunasu A. thaliana ta O. sativa IK MOIEIbHUX
BUAIB JBOJOJBHUX Ta ONHOAOJBHUX POCIUH.
AMIHOKMCITOTHI TIOCJTiZOBHOCTI TiCTOHIeaIreTniIa3
moaunu, A. thaliana ta O. sativa, ipoaHanizoBaHi
B JAHOMY JOCJIiIXKEeHHi, HaBeaeHo B Taby. 1. Ili
JMOCITIIDKEHHS CHUAPAIMCh HA PE3yJbTaTU POOIT,
orpuMmaHux panime (D’Mello, 2009; Hollender
and Liu, 2008). s xnacudikallii ricToHaeale-
m™ina3 A. thaliana ta O. sativa 3a 1IX TOMOJIOTi-

Tabauys 1. Tlepelik HOCHiIKYBaHHX TriCTOHIeaNeTHa3 Ta ix Kiacudikamis

depmeHT UniProt ID Opranizm Krnacudikarnis
HDACI Q13547 H. sapiens Knac I
HDAC2 Q92769 H. sapiens Knac I
HDAC3 015379 H. sapiens Knac 1
HDAC4 P56524 H. sapiens Kinac Ila
HDACS5 QIUQL6 H. sapiens Kiac Ila
HDAC6 Q9UBN?7 H. sapiens Knac IIb
HDAC7 Q8WUI4 H. sapiens Knac Ila
HDACS QI9BY41 H. sapiens Kiac 1
HDAC9 Q9UKVO0 H. sapiens Kiac Ila
HDACI10 Q969S8 H. sapiens Kitac I1b
HDACI1 Q96DB2 H. sapiens Knac IV
SIRT1 Q96EB6 H. sapiens Kuac I11/cuptyinu
SIRT2 Q8IXJ6 H. sapiens Knac III/cupryiau
SIRT3 QINTG7 H. sapiens Knac I1I/cupryinn
SIRT4 QI9Y6E7 H. sapiens Knac IIl/cuptyinu
SIRTS QINXAS H. sapiens Knac I11/cuptyinu
SIRT6 Q8N6T7 H. sapiens Kuac 111 /cuptyinu
SIRT7 QINRCS H. sapiens Kuac 111 /cuptyinu
HDA2 Q944K3 A. thaliana Knac 111
HDAS Q8RX28 A. thaliana Knac 11
HDAG6 QI9FML2 A. thaliana Knac 1
HDA7 Q9FH09 A. thaliana Krac I
HDAS Q94EJ2 A. thaliana HeknacudikoBaHuii
HDA9 Q8HOW2 A. thaliana Kiac 1
HDA10 QIMINS A. thaliana HexnacudikoBanuii
HDA14 Q941D6 A. thaliana HexnacudikoBanmii
HDAIS Q8GXIJ1 A. thaliana Knac 11
HDA18 Q8LRKS A. thaliana Kunac 11
HDA19 022446 A. thaliana Kiac 1
SRTI1 QI9FE17 A. thaliana CUPTYTHU
SRT2 Q94AQ6 A. thaliana CUPTYIHU
HDTI1 QI9FVE6 A. thaliana HD-t1yiHu
HDT2 Q56WH4 A. thaliana HD-t1yinn
HDT3 QILZR5 A. thaliana HD-1yinun
HDT4 QIMA4T3 A. thaliana HD-t1yinu
HDACI Q7Y0Y8 0. sativa HeknacudikoBaHuii
HDAC2 Q6YV04 0. sativa HexnacudgikoBaHuii
HDAC3 Q69VQO 0. sativa HexnacudikoBaHuii
HDACI0 Q2QWU2 0. sativa HexnacudikoBanuii
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tr|QB9VQO|HDA3 ORYSJ
splQBYV04HDAC2 ORYSJ
splQ7YOYSJHDAC1 ORYSJ
sp|022446|HDA19 ARATH
sp|QIFML2HDAS ARATH
sp|QOFHO9|HDA7 ARATH
splO015379|HDAC3 HUMAN
splQ92769/HDAC2 HUMAN
splQ13547|HDACT HUMAN
splQIM1NS|HDA10 ARATH
SplQSHOW?2|HDAY ARATH
sp|QIBY41|HDACS HUMAN
splQ944K3HDA2 ARATH
splQ9BDB2JHDAT1 HUMAN
———— sp|QY4EJ2JHDAS ARATH
sp|QSRX28|HDAS ARATH
Sp|QSLRKS|HDA18 ARATH
SplQSGXJ1HDA15 ARATH
splQYBISSIHDAT0 HUMAN
splQOUBN7|HDACE HUMAN
splQ941D6|HDA14 ARATH
splQ2QWU2|HDA10 ORYSJ

Class 1

Class 1V

Class IIb

Puc. 1. ®dinoreHetruHe AepeBO TicTOHmeareTuaa3s A.
thaliana ta O. sativa, COpiIHEHUX 10 TiCTOHIealeTUIA3
JIIOIUHUA

€10 10 TiCTOHAEALETUIa3 JIIOAUHU 3 0a3u JaHUX
UniProtKB 0yJyio 3aBaHTa)keHO BCi BiOMi aHOTO-
BaHi MOCJIAOBHOCTI TiCTOHAEALETUIA3 LUX JIBOX
BuaiB pocauH. Ilicns aHanizy cnopigHEHOCTI M
KJIACUYHMX TiCTOHIAlIeTUIIa3 JIFOAMHU Ta TiCTOHAE-
alleTUIa3 POCAUH, MOAIOHUX 10 HMUX, OyI0 Io0y-
JIOBaHO (pioreHeTMYHEe aAepeBo (puc. 1). OcKiabku
JIaHi pe3yabTaT (PiIOTeHETUYHOIO HOCITiMKEHHS
3aCBiIUWIM 3HAYHY KOHCEPBATHMBHICTb KaTaTiTU4-
HUX JOMEHIB, TO MNOJaJblli Hallli KpoKu Oyiu
CIIPSIMOBaHI Ha Te, 11100 MOPIiBHATU €(DEKTUBHICTh
3B’sI3yBaHHS iHTiIOITOPIB B KATATITUUHUX JOMEHAX
00paHuXx ricToHaeaneTuaas (tadma. 2).

Cnepury 3a gornomMoror Blast-momyky 0yiio
MpOaHaAIi30BaHO HAasSBHICTh TOMOJOTIYHUX MOCIi-
moBHocTeit cepen HDAC mommam 1o BimoMmx
HDA A. thaliana Ta HDAC O. sativa. BusBieHo,
IO piBHI TOMoJIOrii TicToHAeaueTunas A. thalia-
na 10 BIOMNOBIZHUX MOCHimOBHOCTell H. sapiens
CKJIaJal0Th:

HDA6 (Q9FML2): HDACI1 (Q13547) — 58,9 %,
HDAC2 (Q92769) — 59,4 %, HDAC3 (015379) —
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56,1 %, HDACS8 (Q9BY41) — 43,9 %;

HDA19 (022446): HDACI1 (Q13547) — 59,3 %,
HDAC?2 (Q92769) — 56,1 %, HDAC3 (015379) —
56,6 %, HDACS (Q9BY41) — 43,8 %;

HDA7 (Q9FH09): HDACI1 (Q13547) — 52,3 %,
HDAC?2 (Q92769) — 52,7 %, HDAC3 (015379) —
40,0 %, HDAC8 (Q9BY41) — 40,6 %;

HDA9 (Q8HOW?2): HDACI1 (Q13547) — 60,1 %,
HDAC?2 (Q92769) — 60,0 %, HDAC3 (015379) —
57,8 %, HDACS8 (Q9BY41) — 40,0 %;

HDAS (Q8RX28): HDAC6 (Q9UBN7) — 43,6 %;
HDA15 (Q8GXIJ1): HDAC6 (Q9UBN7) — 41,4 %;
HDAI18 (Q8LRKS8): HDAC6 (QO9UBN7) — 41,9 %;
HDA2 (Q944K3): HDACI11 (Q96DB2) — 58,9 %;
HDAS (Q94EJ2): HDAC6 (Q9UBN7) — 31,6 %;
HDA14 (Q941D6): HDACI10 (Q969S8) — 35,3 %;
HDA10 (QIMINS): HDACI1 (Q13547) — 44,9 %,
HDAC?2 (Q92769) — 43,9 %, HDAC3 (015379) —
38,1 %, HDACS8 (Q9BY41) — 35,6 %;

SIR1 (Q9FE17): SIRT6 (Q8N6T7) — 50,9 %;
SRT2/SIR4 (Q94AQ6): SIRT4 (Q9Y6E7) — 42,8 %.

HD-1yinu He MaloTh TOMOJIOTIB CEpel TiCTOH-
neaneTuias JIOIUHU, a HAUOIKYUM NOAI0OHUM 10
HUX OIJIKOM € HYKJICOJIiH.

YV BuUMagky TIOpiBHSHHS TiCTOHAEaleTuIa3
O. sativa Ta TOMOJIOTIYHUX IO HMX ITOCIIiZOBHOC-
teit H. sapiens 1i nokazHuku ckiaganu: HDAC?2
(Q6YV04): HDACI1 (Q13547) — 59,4 %, HDAC2
(Q92769) — 60,7 %, HDAC3 (015379) — 57,0 %,
HDACS (Q9BY41) — 43,9 %; HDACI1 (Q7Y0Y8):
HDACI1 (Q13547) — 61,7 %, HDAC2 (Q92769) —
59,8 %, HDAC3 (015379) — 59,5 %, HDACS
(Q9BY41) — 44,1 %; HDAC3 (Q69VQ0): HDACI1
(Q13547) — 63,2 %, HDAC2 (Q92769) — 61,3 %,
HDAC3 (015379) — 59,6 %, HDACS (Q9BY41) —
40,3 %; HDAC10(Q2QWU?2): HDAC6 (Q9UBN7)—
35,3 %. Pe3yabTaTi MHOXWHHOI'O BUPiBHIOBAHHS
aMiHOKMCJIOTHUX MOCJiJOBHOCTEI BimiOpaHUX To-
MOJIOTiB, 3aBaHTaxeHi 3 6a3u gaHux UniProtKB,
MiATBEPIUIN pe3yJbTaTU BUPIBHIOBAHHS TOCITi-
IoBHOCTell MeTomoM Blast, 1o mae 3Mory Ipu-
MYCTUTU CXOXKICTb CaAWTIB 3B’SI3yBaHHS iHTiOITO-
piB TiCTOHIealleTWIAa3 JIOAWHU Ta 1X POCIMHHUX
TOMOJIOTIB.

1 KmacMYHMUX TiCTOHAgALeTHIa3 OyI0 o0y-
JIoBaHO ¢inoreHeTuuHe aepeBo (puc. 1), Ha oc-
HOBi SKOTO MOXHa 3pOOMTH BMCHOBKM TIpO (i-
JIOTEHeTUYHY CIOPiAHEHICTh TiCTOHAealleTUIa3
A. thaliana ta O. sativa 3 Tppoma knacamu HDAC
moauuu: I, IV i IIb. o ricronaeanerunas kiacy I
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HDAC6 Homo sapiens

iR -, A

~ E‘J.’ ) y

.l;

HDAS5 Arabidopsis thaliana

% s
.
oo

”
o 2

Puc. 2. Kaptu PamauaHapaHa peKOHCTpyHoBaHUX Mogelieil mpoctopoBoi ctpykTypu HDAC6 momuuu ta HDAS

A. thaliana

momuau (HDACI1, HDAC2, HDAC3, HDACS)
(iJIOreHeTUYHO CIOPiTHEHUMU € TiCTOHaeale-
tiwiasu HDA19, HDA6, HDA7, HDA10, HDA9
A. thaliana ta HDACI1, HDAC2, HDAC3 O. sa-
tiva. Jlo TicToOHOealeTWIa3n JoAuHU Kiacy IV
(HDACI11) ¢inoreHeTnuHo crnopinHeHoo € HDA2
A. thaliana. J1o ricToHImealleTWia3 JIOOWHU Kila-
cy IIb (HDAC6, HDACI10) dinoreHeTMYHO CIIO-
pinzHeHMMU € rictroHaeauetwnazu HDAS, HDAS,
HDAI18, HDA15, HDA14 A. thaliana tTa HDACI10
O. sativa. TakuM YMHOM, OTpUMAaHi pe3yJbTaTU He
Jiiie miaTBepaxytoTh Bxke HasiBHiI (Hollender and
Liu, 2008), ayme TakoxX HO3BOJISIIOTh KJlacu@ikyBa-
TU paHillle He KiacudikoBaHi ricToHaealeTuIa3u.
OctaHHEe cTOCyeThes TomojorivHocti HDAI10
A. thaliana Ta HDACI1, HDAC?2 i HDAC3 O. sa-
tiva 0o TicToOHOealeTwIa3 JIOOMHU Kiacy I, a y
Bunagky HDAS i HDAI14 A. thaliana ta HDACI0
O. sativa — TOMOJIOTIYHOCTI /IO TiCTOHJealleThuIa3
moanHu kiacy IIb. Tlpu uboMy yTouHeHO, 1110 JaHi
POCIIMHHI TiCTOHACALIETUIA3M € TOMOJIOTaMU caMe
kiacy Ilb, a He xmacy Ila. Orpumani pe3ynabTatu
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JIO3BOJISIIOTh IIPUITYCTUTU KOHCEPBAaTUBHICTh Ka-
TAJTITUMHUX TOMEHIB.

106 migTBepAUTH MPUIYLUEHHS IMPO KOHCEP-
BaTUBHICTb KaTaJiTUYHUX JOMEHIB TiCTOHealle-
TUJIa3 Ta OLIHUTHU CIIUJIbHICTh MEXaHi3MiB B3aEMO-
It B caiTax 3B’s3yBaHHSI 3 BiZOMMMM iHTiOITO-
pamu 1unx GepMeHTIB, OyJIO TTPOBEICHO iX MTOKIHT
y Li caiiTM JABOX OOpaHUX TiCTOHAcalleTUIa3 Ta
MPOBEACHO TMOPIBHSIHHS OTPHMMaHUX pPE3YJIbTaTiB.
Jtst MOKiHTY Ta MOPiBHSIHHS OyJI0O 0OpaHO TiCTOH-
neanerwiazy HDAC6 nroauHu Ta TicTOHAealeTH-
nmazy HDAS A. thaliana, ockiabku maHi TiCTOHAEC-
aleTuaa3yu Majiu HaWBUIIUIA piBEeHb FOMOJIOTIYHOI
crnopigHeHocTi — 43,6 %. IlpoanHanizyBaBIIM Ha-
SIBHICTb €KCIIEpMMEHTaJIbHO OTPUMaHUX KpUCTa-
JIIYHUX CTPYKTyp TicTOHAecaueTwsna3d B 0asi na-
Hux Protein Data Bank, Oyi1o BcTaHOBIE€HO, 1O
HDAC6 nmonyHu Ma€e BChOIO OOHY KPUCTaIiyHy
crpyktypy (PDB 1D: SEDU), mo Bkitoyae aBa
He3aJIeXHMX TaHAEMHMX KaTaJiTUYHUX JOMEHU Y
KOMIIJIEKCI 3 iHTiOITOPOM TPUXOCTATUHOM A, a 0
HDAS5 A. thaliana BinnoBimHUX CTPYKTYp He Oyi10
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Puc. 3. Caiitu 38’s13yBanHst HDAC6 mogunu (31iBa) Ta HDAS A. thaliana (ctipaBa) 3 KpallluMU XiTaMK, OTPUMaHUMU

3 IOKiHTY

3HaiaeHo. JIJ1s Kpaloi IKOCTi MPOCTOPOBOi CTPYK-
Typu HDAC6 moanHm Ta 3a BiICyTHOCTI Takoi JIsT
HDAS A. thaliana 6yno ipoBeieHO pEeKOHCTPYKILIIO
iX MPOCTOPOBUX CTPYKTYp. AKiCTh OTpUMaHUX
Mojenei Oynao ouiHeHo Ha ocHoBi Clashscore Ta
IHIIIMX TIOKA3HMKIB, 110 0a3ylOThCSI Ha OCHOBI
3B’SI3KiB, KyTiB Ta BilIcTaHE MiX aTOMaMM.

Ut OUIbII TETAIBHOTO PO3YMIHHS CTPYKTYpU
IMX OBOX JealeTuja3 Oyno moOymoBaHO KapTu
Pamauvangpana (puc. 2), 110 J03BOJSIE Bi3yalily-

Tabauys 2. TopiBHsiHaS e()eKTUBHOCTI 3B’ A3yBaHHS
iHridiTopiB AeameTnia3, MO BUKOPHCTOBYIOTHCS

gK Jikapcbki 3acoou (DrugBank),

3 HDAC6 H. sapiens ta HDAS A. thaliana

PiBeHnb criopine-
HOCTI1
Hassa DrugBank
1D HDAC6 | HDAS
H. A.
sapiens | thaliana

ITanoGi"HocTar DB06603  —6,1 -5,9
IiBiHocTar DB12645 —5.8 -5,5
Beninocrar DB05015 —5.,6 —5,0
JHenurabin DB01262 —5,4 —6,2
AbekciHocTar DBI12565 —5,3 —5,4
®DeninmacisiHa kuciaora DB06819  —5.0 -5,3
EnTunocrar DB11841 —4.9 —5,4
IIpamuHocrar DB05223 —4,9 —6.,9
Banbnpoesa kuciaora DB00313  —4.,8 —4,6
Pominencun DB06176 —4.,5 —4,1
BopiHocrar DB02546 —4.,5 —4,6
Bydexcamak DB13346 —4,3 —4,2
ITipokcamin DB12847 —4,1 —4,2
IIpomnanoBa KucIOTa DB03766 —4,0 —4,2
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BaTU €HEPreTUYHO MO3BOJIEHI O0JIACTi IJIST IBO-
IPaHHUX KYTiB y Ta ¢ aMiHOKUCJIOTHUX 3aJIUII-
KiB OiIKOBOro ocTtoBy. /[T MomenmoBaHHS IO
romosorii HDAS A. thaliana Oyno po3risiHyTO
taki pedepercu: 5G0J, 5GOI, 7QNO. 3 TppOoxX
OTpUMaHUX MOJEJICH HalKpallli MOKa3HUKN Maja
npocropona ctpyktypa o 7QNO (QMEANDIsCo
Global = 0,82 = 0,05, GMQE = 0,54). Clashscore
BCcix aroMmiB craHoBmiaa 3,26 no Ta 4,73 micis
OoNTUMI3allii reomMeTpili Ta MiHimMi3alii eHeprii. 3
JAaHUX, IPeACTaBICHUX Ha Kapri PamauvanmpaHa
(puc. 2) BumHoO, 1o 96,1 % (731/761) ycix 3a-
JIMIIIKIB 3HAXOMAThCS y TIpuBineitoBaHux (98 %)
ninsakax, 100,0 % (761/761) — y mO3BOJICHUX
(>99,8 %) nminstHKax, aMiHOKWCJIOTHI 3aJUIIKU 3
HECIPUSTIMBUMU JIBOTPAHHUMU KyTaMU BiJCYTHi.
HDAC6 monuHu peKOHCTpYHMOBaHO 3a pedepeHc-
Hoto ctpykryporo 5GO0J. Clashscore = 2,32. Ha
Kapti Pamauannpana ¢iHagbpHa CTpyKTypa Mae
Taki mokasHuku: 94,8 % (722/762) Bcix 3anuIIKiB
repeOyBaloTh B TpuBiieiioBaHux (98 %) minsH-
Kax; 99,3 % (757/762) Bcix 3anuikiB nepebyBa-
10Tb B N03BoJieHUX (> 99,8 %) ninankax. Bigmi-
YEHO 5 aMiHOKMCJIOTHMX 3aJIMIIKIB 3 HECIIPUSITIN-
BUMHM JBOrpaHHUMMM KyTamu (phi, psi): Ala201
(82,1; 53,9), Pro308 (—101,9; 116,1), Glu443
(135,5; 179,6), Thr444 (89,5; —170,4), Thr807
(—77,1; —146,7). TakuM YMHOM, MOXKXHA KOHCTa-
TyBaTH, 110 OTPUMAaHi Pe3yJbTaTU OLIHKMU SIKOCTi
MPOCTOPOBOI CTPYKTYpU 000X OIiNKiB BiAMmoBiga-
I0OTh TapHill IKOCTi JaHUX MOJEJe.

HactynHuM BaXXKJIMBUM KPOKOM JIST PO3YMiH-
HS TIOAIOHOCTI Ta BiIMiHHOCTI B CTPYKTYpi pO3-
IJISIHYTUX TiCTOHAealeTuaa3 O0yjao iX CTPYKTYpHE
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BUPIBHIOBAaHHS. PeKOHCTpyilOBaHi  CTPYKTypu
HDAC6 monuan (Q9UBN7) ta HDAS A. tha-
liana (Q8RX28) Oyno HaKIaAeHO OmXHA Ha OHHY
B PyMol (Score = 4055,000, RMSD = 0,744). 3a
3HAYEHHSM CEePeIHBbOKBAAPATUIHOTO BiIXMIICHHS
(RMSD) moxHa cTBepIKyBaTU IIpO 3HAYHY IIO-
JIiOHICTh 1X CTPYKTYpHM, OCOOJMBO BPaxXOBYIOUM,
110 TTOPiBHSIHHS MPOBOAMTHCS JJIsI NBOX OUIKIiB 3
pi3HUX BHUIIB OPraHi3MiB, SKi HE € iIeHTUYHUMU
3a CBOIMU TTOCHimoOBHOCTIMHU. OcobamMBa KOHCEP-
BaTUBHICTb TIPOCTOPOBUX CTPYKTYpP TiCTOHIEAalle-
TUa3 30epira€TbCs B AUISHIN CaWTy 3B SI3yBaH-
Hs iHTIOITOpiB, a BIZMIHHOCTI CITOCTEpIraloThcs y
HEBMOPSIAKOBAHUX MiISTHKAX CTPYKTYp TiCTOHIE-
aleTuIas.

OtpumaHi OiJKOBi CTPYKTypu OyJI0 TMiAroTO-
BaHO O JOKiHTY iHTiOITOpiB 3 MiATBEPIAKEHOIO
aKTUBHICTIO IO TiCTOHAealleTWIa3 JIOAMHU Y Binl-
MOBITHOCTI IO MPOTOKOJIB, IO BKJIIOYAJIO MPOTO-
HYBaHHSI, OINTUMIi3allil0 MPOCTOPOBUX CTPYKTYP
Ta MiHiMi3auito eHeprii. CaiiTu 3B’SI3yBaHHS IJIs
MIPOBEACHHS TAaKOTO MOKIiHTY BU3HAYAJIMCh HA OC-
HoBi koMmIuiekcy HDAC6 moauHu 3 TpUXOCTATH-
HoM A (PDB ID: 5SEDU). 3 6a3 ganux ChEMBL,
DrugBank ta Zinc Oyno oOpaHO CMOJYKHW 3 iHTi-
6iTopHoro axktuBHicTioO 10 HDAC6 momnHu Ta
MMiArOTOBJIEHO iX OO0 AOKiHry. 3 731 cnoiayku Jii-
raHais mo aktuBHoro caiity HDAC6 miogunu 3
piBHeM criopigHeHocTi Hmxkue —4,0 cino 586 cro-
JIYK (HAaHMKYUA piBEHb CIOPiAHEHOCTI = —6,6),
HDAS5 A. thaliana — 618 cnonyk (HailHVKYMi
piBeHb cHopigHeHOCTi = —6,9). ImeHTUYHICTBH
BuOipok ckiamana 100 %. B Tabn. 2 HaBemeHO
MOpPiBHSIHHS 3HadyeHb crnopinHeHocti HDAC6
H. sapiens Ta HDAS A. thaliana oo criojyk
3 0Oasm manux DrugBank, korpi MaioTe mim-
TBEPIKEHY AaKTUBHICTb OO TiCTOHAcaAlleTUIa3U
Uy 6 JIFOMWHU Ta 3aCTOCOBYIOTHCSI B KITiHIUHIM
npakTuii. [pyHTyIOYMCh Ha HAaBEJAECHMUX 3HAYEH-
HSIX MOXHA TIPUIYCTUTH, IO CIOJYKH, aKTWUBHI
0 TiCTOHAEcALIeTWIAa3d JIOAWHU TUILy 6, TaKoX
IiITUMYTh 1 Ha TicToHAealleTUaa3y TuIy 5 A. tha-
liana. TakoXx BapTO 3a3HAYUTH, 110, HAMPUKJIIA,
npaurHocTaT (SB939) 3HauHO Kpallie 3B’ I3yETHCS
3 HDAS5 A. thaliana, nix 3 HDAC6 H. sapiens.
Ile MoxXe CBIiZUMTH MpPO aKTYaJbHICTb PO3TJSLY
BiJOMMX iHTiIOITOpiB TiCTOHAcALleTUIA3 JIOAUHU
1IOJI0 iX iIMOBIPHOTO iHTIOYBAaHHS POCIMHHUX TiC-
TOHIealleTUIa3.
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OTxxe, MOXHA CTBEepIKYyBaTH, IO OTPUMAaHIi
pe3yJbTaTu CBigYaThb PO BUCOKY KOHCEpPBATHB-
HICTbh KaTATITUYHUX JOMEHIB PO3TISIHYTUX TiCTOH-
JIealieTWJIa3 y Pi3HUX TPyI OpraHi3MiB. 30Kpema,
0a3yrounch Ha pe3ybTaTax MpoBeAeHOro JOKIHTY,
MOXHa TOBOPUTU TIPO 3HAUHY TTOMiOHICTH CAWTIB
3B’sI3yBaHHS JiealleTua3 3 iHriditopamu y A. tha-
liana Tta mopuau. Pe3dynpTaTu aHami3y JiraHm-
OiJIKOBOI B3a€EMOJii B caiiTax 3B’sI3yBaHHS, 3Ha-
YeHHsI TIOKa3HWKIiB CIOPIMHEHOCTI 3B’SI3yBaHHS
IHTIOITOPIB 3 TiCTOHAEALETUIAa3aMU, TeOMETpis X
MIPOCTOPOBOTO  PO3TalllyBaHHS, CBigyaTh IIpO
3HA4YHi MOMIOHOCTI ME€XaHi3MiB B3a€EMO/IIl TiCTOH-
JlealleTUIa3 Pi3HOrO €BOJIIOLIMHOTO MOXOMXKEHHS
3 PO3TJISIHYTUMM iHriOGiTopamu. He3HauHi BigMiH-
HOCTi y TIOKa3HUKaX CITIOPiIHEHOCTi A0 iHTriOiTOpiB
Ta B3aEMOJIISIX 3 HUMU, €, OYEBUIHO, OB’ I3aHUMU
3 BiIMIHHOCTSIMU aMiHOKHCJIOTHUX ITOC/IiIOBHOC-
Teil, IPOTe OTpMMaHi pe3yJbTaTH TO3BOJISIOTh
MPUITYCTUTU €(PEKTUBHICTh 3aCTOCYBaHHSI BXeE
BiJOMMX iHTIOITOpiB TiCTOHAealleTUIAa3 JIIOAUHU
IO POCIMHHUX TiCTOHIEAlleTIIIA3.

TakuM 4yuMHOM, B pe3yJbTaTi MPOBEICHUX J0-
CIIiIKEHb HaMM KIIacH(iKOBAaHO TiCTOHIOEAIEeTH-
nasu A. thaliana ta Q. sativa, IPpOBEIEHO OLIHKY
KOHCEPBATMBHOCTI 1X KaTaJIiTUYHUX AOMEHIB, Ta
MEPEBIPEHO YHiIBEPCAJIbHICTb 3aCTOCYBAaHHS iHTi-
OiTOpIB 10 riCTOHAEAlLEeTHIa3 POCIMHHOTO Ta TBa-
PUHHOIO IIOXOIKEeHHSI. 30Kpema, OyJIO PO3IJs-
HYTO TiCTOHIEalleTUIa3u TPhOX KJaciB i HeKJa-
cudikosani (HDAS, HDA10, HDA14), HD-tyinu
Ta cuptyiiu A. thaliana. OtpumaHi pe3yabTaTh
MiATBEPKYIOTh MaHi IIOAO I1X KIacuikalii, a
came te, o HDA19, HDA6, HDA7 ta HDA9 A.
thaliana BinHocsaThes g0 knacy I, HDAS, HDA15
ta HDA18 — kmacy II, HDA2 — xmacy III (Liu
et al, 2014). Pazom 3 TuM, OoTpMMaHi HamMu Ja-
Hi TaKOX IOMNOBHIOIOTH iH(OpMAallilo IIOI0 Kia-
cudikalii poCIMHHUX TiCTOHAEALEeTUa3, KJia-
cudikyroun 1 ricroHaeaueTwiasu A. thaliana ta
O. sativa, IKi Ha CbOTOJHIIIHIl IeHb He Oy/Iu KJjia-
cudiKoBaHi.

OkpiM TOro, OTpUMaHi Pe3yIbTaTh AO3BOJISIIOTH
OL[iIHUTHU T'OMOJIOTiUHY CIOPiTHEHICTh CUPTYiHiB Ta
HD-T1yiHiB 10 iX TOMOJIOTiB B OpraHi3Mi JIOJWHU.
3rigHo maHux rTomoJorii Ta ¢inorenii HDAS i
HDAI14 moni6oni no xmacy IIb mommHu, a oTxke
ix MoxHa BigHecTH o kjacy Il ricronnmeaueTuias
tunty I A. thaliana, a HDA10 € nonibHum 10 Kna-
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cy I rictoHmeaueTusa3 JIOAWHU, 110, BiAMOBIAHO,
MaloTh TOMOJIOTIUHI Ta (hiJJOreHeTUYHI O3HAKU 30e-
PpeXeHHS TToCigoBHOCTI 3 ki1acoM | tumy I A. tha-
liana. TlpomemoHcTpoBaHO, 10 HD-TyiHM B3a-
raji He MaloTb CIUJIbHUX O3HAK 3 TiCTOHIEALIeTH-
Jla3aMu JIIONUHU, a X HalOJMXXYMM TOMOJIOTOM B
OpraHi3Mi JIIOOMHU € HyKJIeosiH. Ha cborogHiui-
Hilf neHb Bimomo nBa cuptyinu A. thaliana (SIR1/
SRT1 Ta SIR4/SRT2), siki € romonoramu SIRT6
ta SIRT4 moarHM BiAIIOBIIHO.

3rigHo mo manux UniProtKB BusiBieHo nwuiie
yotupu TictroHaeaueTtunasn O. sativa (HDACI,
HDAC2, HDAC3, HDACI10). i ricronnmeaie-
TWIa3W KiIacu(piKOBaHO HaMU BiAMOBIIHO IO
iX romoJjorii 3 ricTroHmealeTWIa3aMU JIOAUHU i
Ha OCHOBi PEKOHCTPYKILii (PIIOTEHETUYHOTO epe-
Ba KJIACMYHUX TiCTOHIealleTUIa3 Joaunu, A. tha-
liana ta O. sativa. Bcranosneno, mo HDACI,
HDAC2 ta HDAC3 O. sativa € roMOJOTiYHUMU 10
ricronnmeanermwia3 mognHu kiacy I, a HDACI10
Ma€ CHiJIbHI MISIHKU 30epeskeHHsT MOCTiZOBHOCTI
3 TicTOHAealleTWIa3aMHu JIIoAMHU Kiacy 11b.

3 MeTo10 3’ICYyBaHHS KOHCEepPBAaTMBHOCTI KaTa-
JIITUYHUX JTOMEHIB TiCTOHAEAlleTUJIa3 Pi3HOIO €BO-
JIIOLIIAHOTO piBHA OyJs0 pekoHcTpyiioBaHo HDAC6
monuuau Ta HDAS A. thaliana. TTponeMoHcTpoBa-
Ha 3HAYHa CXOXICTh MPOCTOPOBOI CTPYKTYPU 000X
ricroHaealeTuaa3 Ta Maike iIeHTUYHICThb MiJIsi-
HOK TTOOJIM3Y aKTUBHOTO CalTy. JIs1 minTBepaKeH-
HSI 3arajbHUX OCOOJIMBOCTE B3a€EMOIil B CaiTi
3B’SI3yBaHHS TiCTOHAEAIETWIA3 3 IX iHTridiTopaMu
OyJIO TOKOBAaHO BX€ BiAOMi IHTIOITOpU OO CaMTy
3B’a3yBaHHg 3 iHribitopamu HDAC6 moguHu Ta
HDAS A. thaliana. OckinlbKu HHUHiI BX€ BiZOMO
PO 3HAYHY KiJbKiCTh KJIiHIYHUX BUIIPOOYBaHb i3
3aJlydeHHSIM iHTIOITOPIB TicTOHAEAETUIA3 JIIOAY-
HU, MEXaHi3MM B3aeMOZii UMX edeKTopiB, 0co0-
JIMBOCTI iX CTPYKTYpMU, OCHOBHi KJIaCU CIIOJIYK,
10 MOXYTb MaTW iHTiOylouMii edekT Ha pi3-
Hi KJacM TiCTOHIealLeTua3 JIOIUHU € J00pe
puBueHnMH. IHTIOITOp HDAC moguHu 3a3BU-
yail Kimacu@ikyroTbcsd SIK TMOXiIAHI TiZpoKcaMoBOiL
KMCJIOTH, OeH3aMiau, TOoXigHi KapOOHOBOI KMC-
JIOTU, eJIeKTpo@ibHi KETOHM Ta UMKJIIiYHi Mern-
tiau. CtpykTypa dapmakodopy iHIriTOpiB TiCTOH-
JealleTiyIa3 CKJIaJa€eThCcs 3 (pparMeHTy, 1110 3B’s-
3y€ MeTajl, JIIHKEpY, Ta ITOBEPXHEBOro (hparMeH-
Ty, BIiIMOBiIaJLHOIO 3a PO3Mi3HaBaHHS, SIKUIA Mic-
TUTh MOJISIPHY CITOJYYHY OJAMHUIIIO Ta TiaApodoOHY
kpuiky (Bondarev et al, 2021). OcHoBHO1O 3aga-
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Ye B po3poOlli iHTIOITOPiB M0 TiCTOHIEAaleTUIa3
JIIOAWHY JIMIIAETHCS OTPUMAaHHS CEJIEKTUBHUX 1H-
ribiTopiB, OCKiIbKM TepeBaXKHa OUIBIIICTh BiTOMUX
inrioiTopiB € pan-HDAC:s (Big HDACsSs inhibitors)
(Yang et al, 2019), To6TO Takumu, 10 e(PEKTUB-
HO Mil0Th Ha BCi KJAaCHUYHi TiCTOHAealleTUIa3u
JoauHu. B Toii ke vac iHriOyBaHHSI TicToneare-
TWIa3 POCAWH € MUTAHHSIM MEHII AOCTiIKEHUM,
Xo4ya Ha ChOTOAHILIHIM OeHb i iCHYIOTh MEBHIi
eKCTIepUMEHTaJIbHI JOCIIIKEHHS 3 IIbOTO ITUTaH-
HsI, HaIpUKiad, BiIOMO IIpO iHTiOylouy milo Ha
TiICTOHIEALETIIA3U POCINH AJICJIOXiMIYHUX Pedo-
BUH, OTPUMAHMX 13 3arajbHOro KJlacy €KCyOaTiB
KOpEHiB, $Ki € LUKIIYHUMU TiIpOKCAaMOBUMU
kuciaotamu (Venturelli et al, 2015).

OTpuMaHi HaMU pPe3yNbTaTU ITiATBEPIKYIOThH
CIIJIbHICTh MeXaHi3MiB 3B’SI3yBaHHSI iHTIOITOpiB
B AKTUBHOMY CaWTi TiCTOHIEAlETWIa3 pPi3HOTO
MOXO/XKEHHSI Ta HO3BOJISIIOTH 3 BUCOKOK Bipo-
TiITHICTIO TIPUMYCTUTH, IO BiIOMi iHTIOITOPU MO
ricToHIealeTUIa3 JIOAMHNA, a TaKOX CeJIEKTUBHI
inri6itopyu 1o HDAC6 mioguHu, MaTUMYThb iHTi-
oyrouuit epekt i Ha HDAS A. thaliana ta, Mmox-
JINBO, iHIIN BiATIOBimHI TicTOHAcaLeTUna3u A. tha-
liana Ta O. sativa, OCKiabKM OiNbLIICTb iHTIOITOPIB
€ pan-HDAC:s.

Jlompumanna emuunux cmandapmie. CTaTTsl HeE
MICTUTb XXOIHMX JOCITiIXEHb, SIKi OyJaM BUKOHaHI
3 BUKOPUCTAHHSIM JJa0OpaTOPHUX MpernapariB, KJli-
TUHHUX JIiHI a00 iHTaKTHUX OPTaHi3MiB TBapWH
YU JIIOIUHM.
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Histone deacetylases constitute a family of enzymes
pivotal in regulating numerous crucial cellular pro-
cesses in both plant and animal cells. Plant histone de-
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acetylases have been considerably less investigated in
comparison to their human counterparts. This study
aims to provide an in-depth characterization of histone
deacetylases in two model plant species — Arabidopsis
thaliana and Oryza sativa. Phylogenetic analysis of their
relationship to known human homologs has revealed
their alignment with three classes of human histone
deacetylases. Notably, the highest sequence homology
among histone deacetylases from different evolutionary
origins was observed between human HDAC6 and A.
thaliana HDAS (43.6 % homology). Structural alignment
results highlight the conservation of catalytic domains
and demonstrate a high affinity of inhibitors for both
histone deacetylases. Ligand-protein docking studies
confirmed the high affinity of human histone deacetylase
inhibitors for A. thaliana HDAS. These findings suggest
the potential efficacy of human histone deacetylase
inhibitors in modulating plant histone deacetylases,
thereby enhancing growth regulation, development, and
stress resistance in plants.
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