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3apas icHye 3nHauHa KinbKicmb iHeibimopie bakmepianb-
Hoeo FisZ oGinky, Oionoeiyna akmuenicms SKux nio-
meepoiceHa 0iOXIMIYHO, OOHAK UiNb0GI caumu nieaHo-
0inko060i 63aem00ii y Oinvuiocmi unadKie 3a1UuIarOmMsCs
Hegidomumu. Ile 3HauHO YCKAQOHIOE NOOANBUWIUL NOULYK
ma Kombinamoprutli Ousain ineibimopie FisZ. B uyvomy
docaioncenni npedcmaeneni pesyasvmamu bioingopmamuu-
Hoeo auanizy eghexmopie OaxmepianrvHux FisZ, ezaemo-
dito aKkux 006edeHo ma 3a00KYyMeHMOBAHO Y 0a3i O0aHux
obionociuno akmuenux mosekyr ChEMBL. 3a donomoeoro
KOMNAEKCHO20 NIOX00y 3 BUKOPUCMAHHAM XeMo- i 0io-
iHghopmauitinux memodie, a maKoxc MoO0ea8anHs i3
3GAYHeHHAM WMY4H020 IHmenekmy idenmugpikoearno 23
iHeibimopu Hykaeomu0-36 a3yiouoeo catumy (Nucleotide-
Binding Site, NBS), a maxoxc 16 Hosux egpekmopis caiimy
inmepdomennoi winunu (Inter-Domain Cleft, IDC).

Karouoesi caosa: FtsZ, nykaeomud-36 ’a3yrouuii catim, caim
inmepdomenHoi wiaunu, epexmopu, nieand-06inKosa 63aec-
mooia, FragFp, apmakogopuuii nowyk, monexyaapuuil
doKiHe, WMy4HULl IHmeneKm.

Beryn. BupilmanbsHy posib y popMyBaHHI Z-Kijlb-
s mig yac OiHapHOro mominmy OakTepiit Bimirpa-
otk FtsZ Ginku (Filamenting temperature-sensitive
mu-tant Z), 110 BU3HAYa€ iX SIK IEPCIIEKTUBHY
MOJIEKYJISIDHY MillleHb (hbapMaKOJIOTiYHOTO CKpHU-
HiHTY a00 KOMOIHATOPHOTO IU3aiiHy aHTHOIOTUKIB
(Karpov et al., 2016; Fujimori et al., 2017; Sogawa
et al., 2020; Karpov et al., 2024b; Ozheriedov and
Karpov, 2023). Came FtsZ 0iok mepimm Mirpye
0 NIiNISIHKM, e BinOyBa€eThCs 30MpaHHS arapary
6inapHoro noainy (Adams and Errington, 2009),
MOJIMEepPU3YEThCS y TIpoTodiiaMeHTH Ta (opMmye
Z-Kinblie, K€ BU3HAYa€ <«IUIaH» MaiOyTHHOrO
noniny kimitnau (Tripathy and Sahu, 2019; Peters
et al., 2007; Thanedar and Margolin, 2004; Walker
et al., 2020). IHwi 6inku anapaty G6iHapHOTO IO-
Ty PEeKpYTYIOThCSl 10 3a3HAYEHOro JOMEHY 0e3-
nocepenHbO Mepell CKOPOUEHHSIM Z-KiJibLg, Ghop-
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MYBaHHSIM TI€PErOPOAKMA MiXK MTOYipHIMM KIIITH-
HaMU i YTBOPEHHSIM iHAMBIAYAIbHUX KIITUHHMX
ctiHoK (Adams and Errington, 2009; Sogawa et
al., 2020).

AHaJIOTIYHO [0 TYOVJIiHiB €yKapioT, arperaris
FtsZ 6inkiB y mpoTodiaMeHTH BimOyBa€eThCcs 3a
I'Td-3anexHum mexanismom (Nyporko and Blu-
me, 2001; Demchuk and Blume, 2006; Demchuk
et al., 2011). Ilpu nbomy Tpolec ToJimMepu3allii
Ma€ BUPaXEHY IOJSIPHICTb, TOOTO (opmyBaH-
Hs TIpoToilaMeHTIB BiAOYBAa€TLCS Bill TOJIOBHOTO
KiHLg (TIepiol cyOOAMHULII) Yy HAMPSIMKY «XBOCTa»
(Li et al., 2007). B cBoro uepry, JaTepaibHi B3ae-
MOl 320€3MevyloTh KOMMAaKTHE 30MpaHHS i Ta-
KyBaHHS AUCKPETHUX MPOTO(disaMeHTIiB. Y ToJi-
MEPU30BAaHOMY CTaHi KoMmIuiekcu FtsZ Oinka Bim-
pi3HsI0ThCs 3a chiBBimHoleHHIM GTP/GDP rta
3natHi aucouiroBary 4yepe3 rimponiz GTP (Ramirez-
Diaz et al., 2021). Otxe, peryiasuis 6ajaHcy npo-
LeciB moxiMepu3alii/aenonimMmepusanii FtsZ Oinka
JIIeTEPMIiHYEThCS 3HAYHOIO MipOl0 KOHILIEHTpaLlis-
mu GTP i GDP (Small and Addinall, 2003). Tak,
3pOCTaHHS KiabKocTi Mojiekyal GTP mpuckopioe
noJjiiMepu3allilo i rajbMye JerojiMepusallilo ic-
Hyrouux mnpotodinamentiB (Hou et al., 2012).
IIpu upomy, GTP cnpusie popmyBaHHIO TPIMUX
npoTtodisaMeHTiB, ToAi K y KoMmriekci 3 GDP
BiIOYBA€THCI BIIXWUJECHHS Bil OCHOBHOI OCi, 11O
MNPU3BOAUTL N0 (QOpMyBaHHSI MNPOTO(IIAMEHTIB
BurHyToi ¢opmu (Lu et al., 2000).

Takum ymHOM, came FtsZ OiloK € «Hapixk-
HUM KaMEHeM» Ta 3aKJIaJa€ CTPYKTYpHO-(YHKIIIO-
HaJlbHUI (yHOAMEHT amapary OiHapHOro MHOAiIy
oaktepiii (van Ooij et al., 2008). TapreTHuii BILIUB
cnerupiuaux edektopiB FtsZ 6inkiB 00ymMOBITIOE
MPUTHIYeHHSI a00 MOPYILIEHHSI IIPOLIECIB «HOP-
MaJIbHOTO» 3i0paHHsl Z-Kinblisg Ta (hOpMyBaHHS
cenmtyMa (Demchuk et al., 2012; Karpov et al.,
2016; Rayevsky et al., 2022). binbuiicte BUIaa-
KiB JiraHa-iHaykoBaHOro iHrioyBaHHs FtsZ OinkiB

15



[ | J.C. Oxcepedos, C.I1. Oxucepedos, O.M. Jlemuyx ma in. [ |

MPU3BOAUTH A0 (hiamMeHTallii Ta 3aruodesi 6akre-
pianbHux KJIiTMH (Ma and Ma, 2012). BBaxkaeTb-
cs, IO MEeXaHi3M [ii ImepeBaxkHOI OUIBIIOCTI iH-
riditopiB FtsZ OinkiB, 3maTHUX iHAYKYBaTU 3aru-
06eb OaKkTepiaabHOI KIITUHU, PEANTi3yEThCS UYepe3
B3aEMOJIiI0 3 po3TalloBaHOIO Ha N-KiHLi MoJje-
Kymn FtsZ HyKIeoTHUI-3B’SI3YI0U00 KUILEHEIO
(Nucleotide Binding Site, NBS) abo 3 anocte-
PUYHUM caiiToM iHTepmoMeHHoOi wiimHu (Inter-
Domain Cleft, IDC), sgka yTBOPIOETBCSI MiX CITi-
pawno H7 ta C-KiHLIeBUM (pparMeHTOM MOJIEKYIU
(Karpov et al., 2024; Ozheriedov et al., 2023;
Ozheriedov et al., 2024; Haranahalli et al., 2016;
Carro 2019; Tripathy and Sahu, 2019; Fujimori
et al., 2017; Sogawa et al., 2020).

IcHytoui cTpaTerii 1abOpaTOPHOTO CKPUHIHTY
aHTUOIOTUKIB MOXHA JIU@EpeHLiloBaTh K. in
Vivo, KOJMWA [isi PEYOBUH TEPEBipSIeEThC O€3Mo-
cepeqHbOo Ha ITaMax Oaktepiii (Gonzalez-Pastor
et al., 2023) Ta in vitro, Koau 3a JOIIOMOTIOI0 0io-
XiMIYHMX METO[iB BiITBOPIOIOTH MPOLIECU B3a€-
MOJil AOCTIIKYBAaHUX CIIOJNYK i3 MOJIEKYJISIPHOIO
milmeHHo (Zdrazil, 2025), Ta cTpyKTypHO-0i0J10-
TiYHMI aHali3, KOJU 10KA30M YTBOPEHHS JIiraH1-
OIJIKOBOTO KOMIIJIEKCY € pe3yJbTaTh, OTpUMaHi 3
BUKOPUCTAHHSIM  PEHTTEHO-CTPYKTYPHOTO  abo
AMR wMetoniB gocnimkeHb (Berman et al., 2000;
Berman et al, 2003). Ha nHam yac icHye 3HauHa
rpyna iHrioitopiB FtsZ 0iJkiB, 0iOJOriYHY aKTHB-
HICTb $SIKUX JOBEAEHO OiOXiMiYHO i3 BMKOPUC-
TaHHSM in vivo abo in vitro metoaiB. Ilpote, 1i-
JIbOBI CalTM 1X B3Aa€EMOJil 3aJUIUAIOTHCS HEBU-
3HaueHuMu (Karpov et al., 2024; Mathew et al.,
2016). 3rigHo 3 manumu pecypcy ChEMBL cra-
HOM Ha noyatok 2025 p. KiJIbKiCTh TaKuX e(heKTOPiB
FtsZ wnabmmxkaerscss mo 400 cnonyk (Zdrazil,
2025). B Toii ke yac, 3a BUKJITIOYEHHSIM HAaTUBHUX
cyoctpartiB — GDP i GTP, kinbKicTb pe4oBUH, 115
skux B RCSB Protein Data Bank npencrasieHi
CTPYKTYpHM OiNOK-JTiraHIHUX KOMILIEKCiB 3 FtsZ,
He mepesuinye 20 cronyk (Karpov et al., 2024;
Ozheriedov et al., 2024). Takum yuHOM, 11 Oa-
raThboX MepcrneKTUBHUX ehekTopiB FtsZ, nio akux
NOBENCHO in Vitro, MEXaHi3MU B3a€EMOJII 3 MillleH-
HIO 3aiMiialoTbesl HeBuzHaueHumu (Ozheriedov
et al., 2023). Lle 3HaYHO YyCKJAgHIOE 3aJTyYeHHS
Takux e(QeKTOpiB, SIK OIMOPHUX CTPYKTYpP IJII pa-
L[iOHaJIbHOrO Jpar-au3aiiHy. IleBHOIO Mipolo 3a-
3HAYEHUI MPOOLT MOXYTb KOMIIEHCYBATU METOIU
CADD (Computer-Aided Drug Design) (Karpov
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et al., 2016). Panimie 3 BUKOPUCTAaHHSIM METOIB
apmakoOpHOro MOLIYKY Ta MOJEKY/ISIPHOTO J0-
KiHTY HaM BOAJIOCSI BUBHAUUTHU Cepel IeTIOHYBaHb
ChEMBL psn iHribiTopiB aloCTepUYHOro TUITY Ail
Ta acouitoBatu ix i3 caiittom IDC (Karpov et al.,
2024). MeTo0 LBOro JOCIIKEHHsI OyJ0 BHU3HAUEH-
HS 3a JOITOMOTOI0 METOIIB XeMOiH(pOopMaliifHOTO
paHXXyBaHHSI, MOJIEKYJISIPHOTO AOKiHTY, (hapMako-
(GOpPHOTO MOLIYKY Ta KOHKYPEHTHOIO MOMEIIO-
BaHHSI OWUIOK-JIiraHAHMWX KOMILJIEKCIiB i3 3ajy-
YEeHHSM IITYYHOTrO iHTenekTy edektopiB FtsZ,
Jis IKMX TMOB’s13aHa i3 OJloKyBaHHSIM cailty NBS
(Nucleotide-Binding Site) uepe3 ['T®-KOHKYpeHT-
HUI MeXaHi3M.

Marepiamu i meroau. llinboBolO TIpyrow m0-
CIIXeHHsS Oyna cyKynHa O0ibjioTeka pedyoBUH-
epekrTopiB FtsZ-06inkiB, chopmMoBaHa Ha MiACTaBi
pe3yabTaTiB peBi3il JiraHa-0iTKOBUX KOMILJIEKCIB
nenoHoBaHuX B RCSB Protein Data Bank (www.
rcsb.org) (Berman et al., 2000; Burley et al.,
2025), a Takox peyoBuH 3 0a3u manux ChEMBL
(www.ebi.ac.uk/chembl/) (Zdrazil et al., 2025), ns
SIKUX Oe3rnocepenHsl B3aEMOISI 3 MOJEKYIOH
FtsZ noseaeHa GioxiMiyHO.

XeMoiH(popMaliiiHa KiacTepusalliss i paHXy-
BaHHSI PEYOBMH 3[iMCHIOBAIMCH i3 BUKOPUCTAH-
HsaMm nporpamu DataWarrior v.06.04.01. (Sander
et al., 2015) [ns paHxXyBaHHSI CIIOJIYK OYB BHU-
Kopuctanuii geckpunrtop FragFp, ne monmioHicThb
MiXK IBOMa MOJIEKYJaMU BU3HAYAETHCS K Killb-
KiCTh CIIUJIbHUX (pparMeHTiB, MojiJieHa Ha 3a-
rajJibHy KiTbKiCTh (PparMeHTIB, IPUCYTHIX y 000X
monekyn (Brunst et al., 2021). IIpu upromy OyB
3aMisIHUIA METOJA aHali3y OCHOBHUX KOMIIOHCHT
(Principal Component Analysis, PCA), sixuii no-
3BOJISIE MacIITaOyBaTU YKMCIIEHHY Ipyly 3HAYYIIO
KOpPEJIOI0YMX MTOKA3HUKIB Y MEHIIY KiJIbKiCTb JIe-
CKPUMNTOPIB Ta BUKOHYBAaTU PaHXyBaHHS CIIOJIYK
3a nonibHicTio y 2D i 3D mpoctopax (Osolodkin
et al., 2015).

Bigyauizanig, aHajiz MOJEKYJISIPHUX CTPYKTYp
Ta JIiraHA-0iJKOBMX B3a€EMOiil BUKOHYBAJIUCh i3
BUKOPUCTAHHSIM  IIPOTPaMHOIO  3a0e3TedyeHHs
PyMOL v.3.1.3 (Schrodinger LLC, www.pymol.org)
i BIOVIA Discovery Studio 2021 Client (https://
discover.3ds.com/).

®dapmakodopHUi MOIIYK 3OiMCHIOBAIN 3 BU-
KOPUCTAHHSIM iHTEPAKTUBHOTO MEPEXEBOTO Cep-
Bicy Pharmit (https://pharmit.csb.pitt.edu/), skuit
IIO3BOJISIE 3AIMICHIOBATU BipTyaJIbHUI CKPUHIHT
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BEJIMKMX Oi0NioTeK pevyoBMH Ha MiacTasi ¢apma-
KO(OPHUX AECKPUNTOPIB, MOJEKYIIPHUX (POPM i
MiHimi3zarii erepriit (Sunseri and Koes, 2016). ITin
yac KOHCTpyIoBaHHS ¢dapMakodopiB OyJI0 Bpaxo-
BaHO BHECOK BOIHEBMX 3aB’S3KiB, TiIpodoOHUX
B3aEMOJiA, 3apsifiB, €JeKTPOCTAaTUYHUX B3aEMO-
NiiA, TOCTYIHICTh PO3UMHHMKY Ta Pe3yJbTaTh aHa-
sy 2D-kapt miranm-0inkoBux B3aemomiit. Ilpm
BUKOHAaHHi (papMako(GOpHOro CKpUHiHTY, OyIu 3a-
CTOCOBaHi CTEpWYHi OOMEXEHHS MPOCTOPY IIi-
JILOBOI KMIIeHi. Pagiyc geckpunTopiB JOpiBHIOBAB
1, a MakcuMajabHa KiJIbKICTh XiTiB Ha MOJEKYIY
oOMeKyBaJlach HaMKpaiioio rimore3oro. OcraH-
HE OOMEXXEHHS, TO3BOJMJIO CKOPOTUTHU KiJIbKICTh
KOH(OpPMOMEPIB iHAMBIIYyaIbHOTO JIITAHAY IO OX-
HOI0 HaMKpallloro Xira.

T OKpeMux BUITAJKIB 3MiMCHIOBAIN PEKOH-
CTPYKIIiIO OiJIOK-JIiraHAHUX KOMILJIEKCIB 3a JI0-
nomororo miporpamu  CCDC GOLD 2023.2.0
(Build 382240; www.ccdc.cam.ac.uk) (Jones et al.,
1997). PaHXyBaHHS TillOT€3 KOMIUIEKCIB 3milic-
HIOBJIM Ha IIiCTaBi MOKA3HUKIiB OLIiHIOBAaJbHMUX
ditHec-pyHkuiin ChemPLP, gk ocHoBHOi, Ta
ASP (Astex Statistical Potential), Ik mormoMiKHOI.
IIpu npbomy, 10 KHIlIEHi CalTy B3a€EMOJii BKIIIO-
yajayu aMiHOKUCJIOTH, 110 3HAXOIWJIMCSI Ha BimcTa-
Hi 6 A Bin niranny PDB-cTpyKTypu, SIKUil TaKOX
odaBaBCS SK KIIOYOBHMI KOHTPOJIb ITO3UILIOHY-
BaHHSI 1 OLIHKM pe3yNbTaTiB AOKiHTy. OILiHKY
BHECKY BOJIHEBUX 3B’s13KiB, BaH-nep-BaaabcoBux
cwl Ta iHmMX (akTopiB (opmMyBaHHS JliraHm-
OIJTKOBOTO KOMIIJIEKCY 3IilCHIOBAIN 3a pe3yJibTa-
Tamu nokiHry B mporpami iGEMDOCK v. 2.1
(Yang and Chen, 2004). Meton iGEMDOCK
(Generic Evolutionary Method for molecular
DOCKIing), mo3Bojisie po3paxyBaTd KiIbKiCHI
(iTHEeC-TIOKa3HUKU CIIOPIIHEHOCTI CIIOJyK 10
IIUJTbOBOTO CaWTy, Ha TiACTaBi BHECKY BOIHEBUX
3B’sa3KiB (Hbond), cun Ban-gep-Baanbca (vdW)
i enexrtpocratuku (Elec): Fitness = vdW +
+ Hbond + Elec (Yang and Chen, 2004; Bella-
ver et al., 2024). Ile mo3BoaMIO OTpUMATU AO-
IaTKOBI apryMEHTHU IIiI 4ac Bimbopy egeKTopiB
cnenu@iyHUX A0 ILILOBOro camty. Mosekyssap-
HUMHU MIIIEHSIMHM JOKIiHTY i (apmMakoGOpHOTO
nouyky oynu 15 PDB-cTpykTyp, AeMOHOBaHUX B
RCSB Protein Data Bank: 2R75 (mirann — 01G)
3 Aquifex aeolicus (Loppchen et al., 2008); 1W5F
i 1W58 (nirann — G2P) 3 Thermotoga maritima
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(Oliva et al., 2004); 70MJ, 7OMP (nirann — GCP)
3 Staphylococcus aureus (Ruiz et al., 2022); 1RQ7
(mirang — GDP) 3 Mycobacterium tuberculosis
(Leung et al., 2004), 2VAW (iiraung — GDP) 3
Pseudomonas aeruginosa (Oliva et al., 2007), 3VOB
(nirann — GDP) 3 Staphylococcus aureus (Matsui
et al., 2012); 3WGK, 3WGM (xnirann — GDP) 3
S. aureus subsp. aureus Mu50 (Matsui et al., 2014);
70JZ (nirang — GP2) 3 .S. aureus (Ruiz et al., 2022);
1RLU (miranm — GSP) 3 M. tuberculosis (Leung et
al., 2004); 2RHO (nirann — GSP) 3 Bacillus subtilis
(Raymond et al., 2009); SMNS5 (irirang — GTP) 3
S. aureus (Wagstaff et al., 2017); 6UNX (iranm —
GTP) 3 Escherichia coli (Schumacher et al., 2020).

KoHKkypeHTHe MOJe/0BaHHS JIiraHa-0iJ1KOBUX
B3aEMO/Iiil BUKOHYBAJIU i3 3aJlydeHHSIM iHCTpYMEH-
TiB IITY4YHOTO iHTeJeKTy Ha ocHoBi AlphaFold3
(Abramson et al., 2024). be3nocepenHe mMoaeno-
BaHHS KOMIUIEKCIB OyJI0 BUKOHAHO 3a JOTIOMOTOIO
cepaicy Protenix Server (https://protenix-server.com/
add-prediction) (ByteDance AML Al4Science Team,
2025). OuiHka SIKOCTi Ta OOCTOBIpHOCTI ITOOYyIO-
BaHUX MOJEJIell KOMIUIEKCIB BpaxoByBajla Taki IO-
ka3HukH, K pITM (predicted Template Modelling)
i ipTM (interface predicted Template Modelling),
SIKi 0a3yloTbCSd Ha KaHOHIYHOMY MOKa3HUKy TM
(Template Modelling) (Xu and Zhang, 2010),
MOKA3HMUKY TECTy MPOTHO3YBaHHS BiIMiHHOCTEH
noxkanpHux auctaHuin pLDDT (predicted Local
Distance Difference Test) (Mariani et al., 2013)
Ta MOKA3HUKY TOCTOBIPHOCTI (MOXMOKM) MPOTHO-
3y PAE (Predicted Aligned Error) (Elfmann and
Stiilke, 2023).

MarematuyHy OOpOOKY i y3araJlbHEHHSI CKO-
PUHIOBMX MOKa3HUKIB (apMakKo(GOpHOro Mouy-
Ky 1 MOJEKYJSIPHOTO JOKiHTY 3[iiCHIOBAIM 3a
JIOTIOMOTI0I0 aHAJITUYHUX iHCTPYMEHTIB Mporpa-
MU Microsoft Excel 2016 (www.microsoft.com).

PesyiabTat Ta odroBopenns. /i xemoiHdpop-
MalliifHO1 KJIacTepu3allil e(eKTopiB OaKTepiasib-
Hux FtsZ 6inkiB 0ynu cdhopMoBaHi ABi 0i0IiOTeKM
niranaiB. Ilepiua 6ibjioTeka ciyryBaja KOHTPO-
JIeM 1 BKJIIOYaJia CHOJYKM, I SIKUX KOMIUIEKCHU
3 FtsZ-6inkom nermoHoBaHi B RCSB Protein Data
Bank. Ilpu nuwsomy edextopu caiitty NBS Oynu
MPUAHATI 32 MO3UTUBHUI KOHTPOJIb, a e(peKTopu
anoctepuuyHux caitiB (IDC i cailT 3B’s3yBaHHSI
MOXiTHUX KyMapUHOBOTO Psiiy) — 3a HeraTUBHUI
KOHTpoJib. JIpyra 6i0mioTeka BKJIIOYasa CHOJIYKH
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Puc. 1. PesynbraTu criyibHOI KJIacTepu3allii CIoiyK, AenoHoBaHux B 6a3ax qanux ChEMBL (1inboBa 6i6mioTteka)
i RCSB Protein Data Bank (koHTpombHa 0i0mioreka), 3a metomoM PCA (Principal Component Analysis). 3a
JIOMIOMOI0I0 OCHOBHUMX KOMMOHEHT (pcl, pc2 i pc3), maciuraboBaHux 3 nepBUHHUX AeckpunrtopiB FragFp, Oyno
BUKOHaHO 2D- (puc. 1, a) i 3D- (puc. 1, 6) kiactepu3allil pe4oBUH 3a MOAiIOHICTIO. BU3HaueHO CHiibHUI KJ1acTep
edekTopiB caity rigposizy GTP i cnonyk, st sskux 6e3nocepenHs B3aeMois 3 FtsZ-06inkoM goBeaeHa 6ioXiMidHO.

O0’eM cHiIbHOTO KjacTepy ckJaB 27 iHAWBiAyaJbHUX CIOIYK

3 0asm mannx ChEMBL, mig sxux icHyoOTh 0io-
XiMiuHi moka3u ix Oe3mocepeaHbOi B3aeEMOJii 3
FtsZ GinkoMm, ajie BiICYTHi CTPYKTYpHO-0i0OJI0Tiv-
Hi gaHi JiraHa-0iJIKoBoi B3aeMofii. bibmiorexu
Oynu 30epexeHi y dopmarax *.mol2 i *.SD/*.sdf,
o Bignosigae BuMoram nporpam CCDC GOLD
(Jones et al., 1997) i iGEMDOCK (Yang and
Chen, 2004). BukopuctaHHs 3a3HauyeHux 0i0Jio-
TeK, JO3BOJIMJIO CTBOPUTU 00’€qHaHy 0i0Ii0TEKY,
gKa BpaxoBYy€ KOH(MOpMAIiiHY PYXJIMUBICTb i i30-
Mepilo crnoayk. Ha MoMmeHT pochiimkeHHS s
oibmioTeka HapaxoByBana 21270 koHbopmMoMepiB
i Oyna iHTerpoBaHa y TMEpPCOHAJIbHUI KabiHEeT
MepexeBoro iHcTpyMeHTy Pharmit (IFBG: Public
Library «PDB+ChEMBL», noctym 3a KOIOM:
VBS30074UAMWOOALSEML).

JI1s1 MepBUHHOTO paHXyBaHHS Oi0XiMiYHO HO-
BeneHux edekTopiB FtsZ Oinky 3a caiiTom 3B’s-
3yBaHHsS OyB 3aCTOCOBAaHUI KOMILIEKCHUN TiaXin,
JKifl BKJIIOYAB XeMOiH(MOpMaliliHy KiacTepu3a-
1Iil0 Ha TiJacTaBi XiMiyHOI MOJIOHOCTi, a TaKOX,
MOILIYK Ha IMiACTaBi BEKTOPHO-AECKPUIITOPHOI T10-
nioHoCTI hbapMakodopis.

Xemoingpopmauitinuii nowyk. XeMoiH(hopMalliii-
HYy KJlacTepu3allilo 3AiiCHIOBAJM Ha IMiACTaBi IO-
nioHocTi peckpunTopiB FragFp (Brunst et al., 2021).

18

3a nmomomoroio Metomy PCA (Principal Com-
ponent Analysis), CYKyMHUII MacuB JIEeCKPUIITO-
piB 00’eaHaHOro XximiyHoro mpoctopy (PDB+
+ChEMBL) wmacmrtabyBaBcsl 10 TIOXiZHUX Je-
CKPMIITOPIB OCHOBHUX KOMIIOHEHT (pcl, pc2 i
pc3), 10 J03BOJMJIO OL[IHWUTU AMCIIePCilo Yy ABO-
BUMIDHOMY Ta TpUBMMipHOMY mpocTtopax. Taka
KJacTepM3allisi BU3HAUWIa i30JIbOBAaHUM KjacTep
3 27 cnonyk, 3 sakux 5 (GDP, GCP, GSP, G2P i
GP2) € noximtnumu GTP/GDP Ta BimmosimatoThb
MO3UTUBHOMY KOHTpoJito. Ilpu 1mpoMy, He3Baxa-
FOUM Ha KOMITAKTHICTb Y TBOBUMiIpHOMY TTPOCTOPI
(puc. 1, a), pesyapratu 3D-aHai3y 3acBimuMUIN Ha-
SIBHICTh TPhOX CyOKJactepiB (puc. 1, 6). Y3araib-
HEeHi pe3yJbTaTh XeMOiH(OPMALIHOIO paHXXyBaH-
HSl HaBENCHO Y IIICYMKOBIii TaOJMIIi aKTyaJbHOIO
JIOCITiIKeHHs (Tadna. 2, kojgoHKa «DataWarrior»).
Dapmakogopruii nowyk. Ciin 3ayBaxkuTH, 110
METOJI paHXXyBaHHS 3a TMOMiOHicTIO OGiHapHMX (hiH-
TepIPUHTIB BU3HAYAE, MEPII 3a BCe, CIOIYKU, SIKi
30iHi 3a XiMiYHOIO TPUPOIOI0, OYTOBOIO i MAIOTh
nofioHuii Habip ¢pyHKUioOHANBHUX TpyT. TIpu 11BO-
My, edeKTopH, SIKi BiIpi3HSIOTHCS 3a TeTePOIIUK-
JIIYHUM CKEJIETOM i XiMiUHOIO TPUPOJOI0, MOXYTh
3aJIMLIATUCD Y «<MEPTBSJ 30H1» BIpTyaJIbHOTO CKPU-
HiHry (Burcham et al., 2024). Takum 4YuHOM,
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dapmakopoOpHUII MOIIYK i3 3aJdydeHHSIM abc-
TPaKTHOI BEKTOPHO-AECKPUNTOPHOI MOJedi Mae€
neBHi mepesaru (Sunseri and Koes, 2016). dusa
KOPEKTHOIO BH3HAYEHHS (HPYHKIIIOHATIbHO-BaX-
JIMBUX AECKPUNOTOPIB, I1X paliyCiB Ta BEKTOPIB
B3a€EMO/iii, HAaMU OyJIM BUKOPUCTAHi IUTATHi iH-
CTpyMEHTU cepBicy Pharmit ta pe3ynbraty aHajizy
JliraHa-0inkoBUX B3aemoniin B mporpami BIOVIA
Discovery Studio 2021 Client.

3 BukopuctaHHsaMm 15 xommiekciB 3 RCSB
PDB Oynu moOymoBaHi iHAMBigyadbHI (papMako-
¢opu i BUKOHAHO 15 payHAiB CKpPUHIHTY O0’€f-
HaHOi 0i0JioTeKNM 3a JOIIOMOIOI0 MEpPEeKEeBOTO

iHcTpyMmeHTy Pharmit. I[Ipu oMy KiJIbKiCTh Xi-
TiB iHOMBiIyaJbHOIrO JIiraHAY CKOpOYYyBaJach [0
Halikpamoro kKoHgopmomepa. Ilicist 3aBepiieH-
Hsl CKPUHIHTY OyJIO 3aCTOCOBAHO IUTaTHi (Pijb-
TPU paHXYBaHHS 1 IIOPOrOBOIO OOMEXEHHSI:
MaxScore = 0; Max mRMSD = 1; Single confor-
mer = ON. VY3zaraibHeHi pe3yiabTaTu (apMako-
(GOpHOro CKPHUHIHTY MpeAcTaBieHi y Taba. 1 Ta
2. 3aramom, 3a pesyabrataMu (papMako@OpHOro
MolyKy Oyno BimiOpaHo 32 moTeHUiMHMX edek-
Topa caiity NBS, 3 gkux HaliKpallli MOKa3HUKHU
MaxScore i Max mRMSD wmanu 1iicte cromyk
MMO3UTUBHOIO KOHTPOJIIO (Tadi. 1).

Tabauys 1. Y3araabHeHi xitu ¢apmakogopnoro nomyky B nporpami Pharmit, pamxkosani

3a MOKA3HUKOM NPOTrHO30BaHOi adinHocTi n0 caiity NBS

No /i Criosyka minimizedAffinity minimizedRMSD
1 01G (PDB: 2R75) —11,4774 0,80433
2 GCP (PDB: 70MP) —11,1094 1,52203
3 GSP (PDB: 2Q1Y) —10,7158 0,78689
4 G2P (PDB: 1W58) —10,5282 0,57475
5 GP2 (PDB: 70JZ) —10,4747 0,37282
6 GDP (PDB: 2RHL) —10,2136 0,98036
7 CHEMBLS19 —9,54271 1,96022
8 CHEMBL1201369 —9,46181 1,72362
9 CHEMBL378789 —9,27133 3,19912
10 CHEMBL243602 —8,28417 2,98991
11 CHEMBL262636 —8,27509 3,67215
12 CHEMBL3416818 —7,85229 2,07878
13 CHEMBL293740 —7,68402 2,04865
14 CHEMBL3098798 —7,45358 2,63378
15 CHEMBL1926724 —7,16939 2,67838
16 CHEMBL243601 —6,98333 1,39665
17 CHEMBL436765 —6,96233 3,40443
18 CHEMBL3098797 —6,93033 1,59408
19 CHEMBL575 —6,90134 1,72853
20 CHEMBL242301 —6,88388 2,9231
21 CHEMBL325441 —6,80792 0,78803
22 CHEMBL371957 —6,76997 2,47004
23 CHEMBL242079 —6,42684 3,47442
24 CHEMBL395254 —6,4245 2,69019
25 CHEMBL3416949 —6,37688 3,64464
26 CHEMBL3098682 —5,87003 3,78681
27 CHEMBL1926714 —5,64759 6,44259
28 CHEMBL201208 —4,88513 4,09712
29 CHEMBL1926725 —4,66417 2,82603
30 CHEMBL3416950 —3,8028 5,48322
31 CHEMBLI1926715 —3,36585 7,62583
32 CHEMBL299041 —1,54899 2,37137

Ilpumimxa. KupHuMm 1mprudToM TMO3HAYEHi PEYOBUHU TMO3UTUBHOTO KOHTPOJIIO, IJISI SIKUX € KpUcTajorpacdidyHe

MiaTBepIKEeHHS B3aeMoii i3 caiitom NBS.
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Tabauys 2. Y3arajabHeHi pe3yJbTaTH KOMILIEKCHOTO momyKy edekropis caiity IDC

Ne Data Protenix
Compound . ParmIT | Server NBS (AG) IDC (AG) GOLD NBS | GOLD IDC
/T Warrior (AI)
1 01G + + GDP —165,9 —145,94 62,62438 56,94118
2 G2P + + GDP —152,88 —123,78 62,67957 48,33263
3 GCP + + GDP —153,21 —125,26 58,31063 50,98863
4 GDP + + GDP —143,13 —128,44 55,26915 49,81115
5 GP2 + + GDP —149,17 —129,09 59,20178 51,92092
6 GSP + + GDP —149 —132,35 56,66383 52,78708
7 CHEMBL177 + - GDP —160,86 —155,88 72,97135 69,2966
8 CHEMBL575 + + IDC —105,95 —114,04 40,96022 52,45367
9 CHEMBLS19 + + IDC —112,73 —118,67 48,66267 58,53325
10 CHEMBL58623 + - GDP —148,44 —134,5 71,2857 36,98943
11 CHEMBL199932 + - GDP —157,2 —139,31 67,86912 48,52565
12 CHEMBL201208 + + GDP —158,23 —142,99 76,99778 34,12268
13 CHEMBL201300 + - GDP —155 —133,57 71,22483 50,33367
14 CHEMBL242079* - + IDC —122,14 —134,24 67,71825 72,13538
15 CHEMBL242301 - + IDC —122,13 —130,39 60,61913 65,72923
16 CHEMBL243601 - + GDP —125,3 —123,54 53,39015 53,12803
17 CHEMBL243602 - + IDC —121,45 —136,11 67,85372 71,53073
18 CHEMBL262636 + + IDC —114,15 —106,32 42,12007 56,38972
19 CHEMBL293740 + + GDP —150,13 —128,6 57,10455 36,68453
20 CHEMBL299041 + + GDP —144,52 —126,43 68,19143 14,04892
21  CHEMBL325441 - + IDC —106,44 —128,52 63,00287 73,90303
22  CHEMBL371957 + + GDP —150,81 —135,51 78,12773 62,13673
23 CHEMBL378789 + + GDP —155,25 —139 63,10353 56,7432
24 CHEMBL380340 + - GDP —162,81 —138,85 69,71417 31,13818
25 CHEMBL381090 + - GDP —162,17 —143,66 75,91575 43,64378
26 CHEMBL381790 + - GDP —163,21 —143,73 78,19762 26,93655
27 CHEMBL382226 + - GDP —157,13 —132,03 63,94587 22,14923
28 CHEMBL395254 - + IDC —120,81 —125,5 60,3615 61,51812
29 CHEMBL436765 + + GDP —159,41 —138,72 76,20522 39,97087
30 CHEMBL438250 + - GDP —154,28 —125,21 74,38948 35,5114
31 CHEMBLI1200588 + - IDC —119,74 —113,93 54,19708 55,33982
32  CHEMBLI1200758 + - IDC —99,48 —106,07 49,91407 56,89712
33 CHEMBL1201369 + + GDP —156,7 —123,75 52,03902 4476795
34 CHEMBL1204628* + + GDP —153,25 —138,9 53,65598 49,58717
35 CHEMBL1926714 — + IDC —123,36 —127,2 58,70488 68,06048
36 CHEMBLI1926715 - + IDC —124,97 —136,07 59,5082 70,1324
37 CHEMBLI1926724 — + IDC —131,61 —141,28 63,73713 74,36417
38 CHEMBLI1926725 - + IDC —124,26 —135,92 63,70932 79,12368
39 CHEMBL3098682* - + IDC —115,03 —125,73 73,17993 80,12262
40 CHEMBL3098797* - + IDC —104,31 —114,71 54,89243 68,56568
41 CHEMBL3098798* - + IDC —117,2 —120,9 52,34722 65,27942
42 CHEMBL3416818 - + IDC —148,23 —146,44 69,39687 70,28303
43 CHEMBL3416949 - + IDC —117,23 —119,17 44,2318 52,22743
44 CHEMBL3416950 - + IDC —118,6 —131,58 44,17488 59,50153

Ipumimka. Kupaum mipudrom mo3HaveHi edexropu caiity NBS. * — crionyku, paniiiie BU3HaveHi sk eheKTopu
caiity IDC.
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3arajioM, 3a pe3yJibTaTaMu y3arajJlbHeHHS JaHuX
XeMoiHdopMaliitHoro i papMakoGOpHOro Moury-
Ky o0’emHaHa 0ibmioTeka BimiOpaHUX CIONTYK
ckiana 44 pe4yoBUHU.

Koukypenmue modenro8anHs nieano-0inKoeUx Kom-
nAeKci@ 13 3aAYYEeHHAM [HCMPYMEHMIB WMYYHO20
inmenexmy. J1J1s IpOrHO3YBaHHSI MOXJIMBOCTI YT-
BOPEHHSI Ta MPOCTOPOBOI CTPYKTYpPU JIiraHid-
OITKOBMX KOMILIEKCIiB HaMMU OYB 3aCTOCOBaHMIA
cepBic Protenix. E(eKTUBHICTb LBOTO TMiAXOMYy ITid-
TBEpPJKEHO Ha TIPUKJIIAAi CETiB TECTOBUX 3ajady:
PoseBusters V2, Tecty Ha ocHoBi PDB cTpykTyp
3 HM3BKOI0 Tomojoriero i Hadbopy CASPIS5S nng
PHK (Abramson et al., 2024). Ha momMeHT 3a-
CTOCYBaHHSI IHCTPYMEHT IIPOMIIIOB HaBYaHHS 3
BUKOPUCTAaHHSAM CTPYKTyp 3 Protein Data Bank,
a TakoxX AIl-cTpykTyp, paHillle TPOTHO30BaHUX
AlphaFold2 (Jumper et al., 2021) i OpenFold
(Ahdritz et al., 2024). Oxpema yBara po3poOHUKa-
MU HAZa€ThCSI MMMTAaHHIO TIPOTHO3YBAHHSI B3aEMO-
nint 6inok-nirann (ByteDance AML Al4Science
Team et al., 2025). Cnin 3ayBaXXuTH, 110 aKTyaslb-
Hi ONpPWJIIOAHEHi pe3yJbTaTU TECTiB IOKa3aju,
1110 HaBiTh y pa3i BIACYTHOCTI y HaBYAJIbLHOMY C€-
Ti TOMOJIOTIYHUX CTPYKTYP 3aBISIKM aKTyaJbHOMY
piBHIO TpeHoBaHOCTi Al-Momeni Protenix 3maren
pOOUTH TMPOTHO3M 3 BUCOKMM pPiBHEM JOCTOBip-
HOCTi. 3aBOSIKMA aJrOPUTMY BHYTPIIlIHHOTO paH-
JKyBaHHS TIporpama e¢eKTUBHO BigOupae Hali-
Kpallli TiroTe3d KOMILIEKCY i BUIA€E 1X BIAMOBIIHO
peiituHraM sgkocti Momeneil (ByteDance AML
Al4Science Team et al., 2025).

[IpoBeneHe HaMM TECTOBE MOIETIOBAHHSI I1O-
Ka3ayno e()eKTUBHICTb BUKOPUCTAHHS Protenix rpu
PEKOHCTPYKUil KoMIUIeKciB FtsZ 3 psimoM KOHT-
ponbHuX edekTopiB caitiB IDC i NBS. Takox
NMpoOHI MOAETIOBAHHS OUIBII CKJIAIHUX B3a€EMO-
Iii1 i3 3ayyeHHsIM map JiradaiB (edpexkrop IDC +
+ GDP/GTP) no3Boana0 peKOHCTPYIOBATU KOMIT-
JIEKCHU, SIKi KOPEKTHO BiATBOPWUJIM KpHUCTajlorpa-
(iyHO MOBeneHi aJlocTepruyHi 3MillleHHS i aedop-
mauii ctpyktyp (Ozheredov and Karpov, 2024).
IIpu oMy, MOACTIOBAaHHS 3a CXEMOKO «OiJIoK +
+ JjiraHa», mokasajo, 10 IocaaKa YaCTUHU CIIO-
JIYK i3 3BECHOI 0i0I0TEKM BiIOYyBAETHCSA y CAMTI
IDC (puc. 2).

BpaxoByrour BHYTpillIHiii TUCK Bimbopy rimno-
Te3 KOMIUIEKCIB Ha TiACTaBi PEeUTUHTIB OLi-
HIOBaIbHUX GyHKLiA Al-monemoBanHsa (pTM,
ipTM, Touio), HamMu OyaM BIOATBOpPEHi YMOBU
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Puc. 2. Tlpuknan pe3yiabTaTiB TECTOBOIO MOIETIOBaH-
Ha komiuiekcy FtsZ+GDP, a TakoxX KOMILIEKCY
FtsZ+GDP+PC190723, ne ocraHHiii € KaHOHIYHUM
edexropom anocrepuunoro caiity IDC. CrpykrypHe
BUPIBHIOBAHHS T10Ka3aJl0 HAasIBHICTh 3MilleHb 1 Je-
dopmauiii, gki padilie OyJu IMoKa3zaHi 3a JOMOMOIOI
Kpucrangorpadii

B3a€EMOJIii JIiTaHAIB Yy calTi 3a HAgBHOCTI Ji-
raHga-koHkypeHTa. Ilim yac MopenroBaHHS 10
cucteMu, ska Mmictwina FtsZ S. aureus (UniProtKB:
P0OA029), uinvoBuii edekrop Ta ion Ca’", mu
TakoxX gomaBaiu Mojekyny GDP i IDC-
crietmdivamit  inriditop PC190723 (3-((6-chlo-
rothiazolo[5,4-b]pyridin-2-yl)methoxy)-2,6-diflu-
orobenzamide). OTpumaHi pe3yJbTaTh CBiTYaTh
npo Te, 1o 3 44-x paille BigiOpaHuX JiraHaiB
quiie 24 npudepeHiitoBanuch K epekropu GTP/
GDP-koHkypeHTHOro TUMy, a iHu 20 B3aemMo-
nistauy i3 cavitom IDC (Ta6a. 2).

Panacysanns nieandie 3a uinvbosum caiimom Ha
nidcmagi pezyabmamie moaekyasapHoeo dokiney. Pe-
3yJIbTaTU, OTPUMMAaHi Ha IOMEpeaHiX eTarax JI1oc-
JIIKEHHS, CBigyaTh PO Te, WO OUIbLIICTh 3 Bi-
IiOpaHUX CHOJYK BM3HAUYalOThCS SIK e(eKTopUu
caiity NBS. B T1oif ke yac, MonemoBaHHS Jii-
ra’a-0iJIKOBUX B3aEMO/ii i3 BUKOpUCTAHHSIM Pro-
tenix BKazye Ha Te, 1o 20 3 44-X CcHoayK €
noTeHUiiHUMU edekTopamu caity IDC. binbin
TOTO, A0 TIEPBUHHOI BUOIpKM TIOTPANUIU I’ SITh
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Puc. 3. Cepenni moka3zHuku eHepriii 38’ss3yBaHHs jgiranaiB (TotalEnergy, AG) 3 caiitoM rigponizy ['T®. YepBoHuM
KOJIbOPOM TO3HAY€Hi pe3yJibTaTh JUIsl KOHTPOJIbHUX JIiraHAiB, B3aemomis skux 3 caiitoMm NBS 06e33zamepeuyHo
ninTBepmKyeTbesl naHuMu RCSB Protein Data Bank. 3eneHuM KoJbopoM — crmonyku, s skux Al-mporHos
MOKa3aB MOXJIMBICTb 3B’s13yBaHHS i3 cailtom NBS. 2KoBTMM KOJbOpOM ITO3HAY€Hi JaHi croayk, st skux Al-
MPOTHO3 TMoKa3aB MOXJMBe 3B’sa3yBaHH i3 caiitom IDC. 2KoBTo-06inmii mITpuX MapKye CIOJYKH, I sskux Al-
PEKOHCTPYKIIisl He Aajla YiTKOI BiAIOBIiIi 1100 HAsIBHOCTI a00 BiACYTHOCTI iX acoliallii 3 cailToM

CIIOJIYK, SKi Oynu paHille igeHTUdiKoBaHI Ha-
Mmu gk edekropu caiity IDC (CHEMBL242079,
CHEMBL1200758, CHEMBL3098682, CHEMBL
3098797 i CHEMBL3098798) (Karpov et al., 2024).

3 METOI OCTaTOYHOI'O paHXyBaHHS JiraHaiB
3a caliTOM 3B’sI3yBaHHsI HAaMU OyJ0 BUKOHAHO ce-
pif0  JOKiHTiB i3 BUKOPHWCTAHHSIM IIpOrpam
iGEMDOCK i CCDC GOLD. OcratouHy Ol1iH-
Ky OTpUMAaHHUX pe3y/bTaTiB 3MiMCHIOBAIMA Ha ITil-
CTaBi eMITipUYHOi  (PYHKIII OIiIHKK  eHeprii
3B’s13yBaHHs (TotalEnergy = Fitnes AG) mporpa-
mu iGEMDOCK (Yang and Chen, 2004) Ta
¢itHec-pynkuin  nmporpamu  CCDC GOLD
(ChemPLP i ASP) (Jones et al., 1997). OnHo-
yacHo, 3a goromoror nporpami PyMOL Bu-
KOHYBaJIM Bi3yaJJbHUI KOHTPOJb KOPEKTHOCTI MO-
JIOXKEHHS JIIraHIiB B CaiiTi B3aemomii. [ MOKiHTY
giraHaiB B caiitr GTP 3a momomoroio mnporpamu
iGEMDOCK 06ynu BuxkopucraHi 15 cTpykryp 3
peno3utopito RCSB PDB (mus. Marepianu i Me-
Toau). Ml aHAJIOTIYHOTO IIPOTOKOIY MOKIHTY B
caiit IDC Oynu Bukopucrani PDB-cTpykrypu,

22

SIKI pO3IJISIIANNCS HaMU y IIONEPeAHbOMY HOC-
nimxkenHi 4DXD, 3VOB, 6YDI1, 6YDS5, 6YDe,
5XDU, 5XDV, 8HTB, 6KVP ta 6KVQ (Karpov
et al., 2024).

CWIBHOIO CTOPOHOIO MOKIHTY 3 BUKOPHUCTaH-
HaM iGEMDOCK € koMmITieKcHa OIliHKa BHECKY
y (GopMyBaHHSI KOMIUIEKCY BOIHEBMX 3B’SI3KiB,
eJleKTpocTaTuku Ta cuia BaH-gep-Baanbca, fxi,
Ha (iHaJTbHOMY eTalTi KOHCOJAYIOThCS Y (piTHEC-
¢yukuito — TotalEnergy, HaOmmKeHY OO KaHO-
HIYHOTO po3paxyHKy Toka3sHuky AG (Hsu et al.,
2011). Jnsi OLiHKM JOCTOBIPHOCTI IIPOTHO3Y,
IITaTHUI aHaji3 IporpaMu IOIIOBHIOBAJIM CTa-
TUCTUYHOIO 00pobOKkoto (Karpov et al., 2024). /Ina
LILOTO KOXHY 3 3aJy4eHMX 0 JociimkeHHs1 PDB-
CTPYKTYp OYyJI0 BUKOPHMCTAHO SK MillleHb OKpe-
MOIO CETy MOJIeKYJISIPHOTO JOKiHTy. Pesynabratu
MUCKPETHUX CECiii 3i0palnch B MacuB JaHUX, €
KOHCOJIIYBAJINCh Ta CTaTUCTUYHO OOPOOISIUCS
i3 BukopuctanHsiM MS Excel. Orpumani y3a-
TaJIbHEHI TOKA3HMKM KOHCOJIiZOBaHOI (YHKIIii
TotalEnergy (AG) Oyau BUKOPHUCTaHI SIK KpUTE-
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Puc. 4. ParxxyBaHHs CITOJIyK Ha TijicTaBi cepeaHboro nokasHuka ChemPLP — ronoBHoi diTHec-hyHKIIiT mporpa-
M CCDC GOLD. [okiHr siranaiB BUKOHYBaBCs B KulieHIo caitTy riaponizy ['TP (GTP) i kumieHto ajoctepud-
Horo caiity inTepgomeHHoI WianHN (IDC). YepBoHNM KOIHOPOM TTO3HAYCHI KOHTPOJIBHI JIiTaHIN, VIS SKUX iCHY€E
KpucTaorpadiuyHe MiATBepIKEHHS 3B s13yBaHHs B caitTi rigpoiizy ['T® (manni RCSB Protein Data Bank)

pilit o1 paHXyBaHHSI CIOJYKM 3a cailTaMU B3a€- | CTPYKTYpHU, sIKi paHille OyauM BUKOPUCTAHI ISt J0-
monii (NBS a6o IDC) (tabma. 2, puc. 3). KiHry B riporpami iGEMDOCK. 7151 oLiHKY BUKO-

Jlo mochimkeHb i3 BUKOPUCTAHHSIM MPOrpaMHO- | PUCTOBYBaIM 1ITAaTHiI ¢itHec-pyHKLii ChemPLP
ro nmakery CCDC GOLD oOymu 3anyueHi PDB | i ASP. IIpu upomy reHeTUUYHUI aJITOPUTM IIPO-
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rpamMu HaJjalllTOBYBaBCS HA MaKCUMaJbHO THYY-
KU JOKIHT i3 moasiiiHoo edektuBHicTio (200 %).
Ha BigmiHy Big  olliHIOBaJIbHUX  (DYHKIIIN
iGEMDOCK, 6inbl1 cnopssMOBaHMX Ha oOpaxy-
HOK 0i0(i3MYHUX CKIIaJOBUX B3aeMomii, (QiTHec-
¢yHkuisgs ChemPLP Hagae xi104oBy yBary KOMII-
JIeKCy (DaKTOpiB, SIKi BU3HAYAIOTh HAMKpAIIly TIeo-
METpit0o KoH(opMallil Ta II03M JiraHmy y KHUIIEeHi
caiity (Agu et al., 2023). Kpim toro, ChemPLP
BpPaXOBYE BHECOK BOJHEBUX 3B’SI3KiB, a TaKOX
MOTeHIIaIbHUI BHECOK BaH-nIep-BaambcoBux i
rinpoodbHux B3aemomiil. Ilpu 1bOMY Takox Bpa-
XOBYIOThCS BigxuieHHd RMSD, HagBHICTb Kiel-
KOH(JIIKTIB, a TaKOX aHCaMOJIb CTEPUYHUX KOH(D-
JIIKTiB i 0OMeXeHb, 1110 Y CYKYITHOCTI 3a0e3Ieuye
aKypaTHicTb TiporHo3y komruiekcy (Korb et al.,
2009; Liebeschuetz et al., 2012).

Came Ttomy Bara ChemPLP Oyna oGpaHa sik
KJIIOUOBMIT KpUTEpili paHXXyBaHHS CITOJYK 3a CIO-
PITHEHICTIO M0 IJIOBOTO CAWTy. AHAJOTIYHO Ja-
HuM iGEMDOCK pe3yabTaTi AMCKPETHUX Ceciit
nokinry B CCDC GOLD «koHcomigyBaiu i
aHanizyBaiu B MS Excel ans oTpumaHHS yce-
peAHEeHUX TOKAa3HUKIB OILiHIOBAaIbHUX (DYHKIIiM.
®dinanpHe paHxXyBaHHS edekTopiB FtsZ Oinky 3a
caliTaMM 3B’SI3yBaHHS 3IiMICHIOBAJIOCh Ha ITiacTa-
Bi HallKpalllMX IMOKa3HUKIB CepEeIHbOI0 3HAUECHHS
ChemPLP. g momimnimeHHsT MPOTrHO3y pa3oM i3
ChemPLP 0OyB 3acTocoBaHMii PECKOPIiHT i3 BUKO-
pucta"HHsaM (pitHec-DyHkuii ASP. OctanHs mo-
3BOJISIE PO3paxyBaTW BilMOBiAHI CTAaTUCTUYHI IO-
TeHuianm B3aemo/ii (Mooij et al., 2005).

3a nmokazHukoM ChemPLP 3 44-x niranmiB 23
3 HUX MOKa3ajJu Kpallly CIOPiIHEHICTb OO0 CauTy
NBS, a 21 — no caiity IDC (puc. 4). Haiikpauuii
MoKa3HUK (62,68) cepen KOHTPOJbHUX CIIOJIYK Ha-
JIeXKaB TyaHiJTaTHOMY ecTepy docdomeTmindochoHo-
Boi kuciaotu — G2P (DrugBank ID: DB03532).
I[Ipu upomy 14 3 Bu3HaAueHUX e(pEKTOPiB caii-
Ty Manu noka3Huku ChemPLP xpamii 3a G2P.
Opna cnonyka (CHEMBL293740) mana mokas-
HUK Ha piBHi KoHTposibHOI rpynu (ChemPLP =
= 55,269—62,68), a mwe Tpu (CHEMBL1204628,
CHEMBL243601 i CHEMBL1201369) Huxkue 3a
koHTpostb (ChemPLP < 55,269).

Cnin 3ayBaxkuTu, 1O Malike ITOJOBMHA CIIO-
JIyK, BHU3HAUCHMX Ha eTamax XeMoiH(opMalliii-
Horo i papMakoOpHOro MOIIYKY MoKa3aja Kpa-
LIy CIOpigHeHicTh Ao caity IDC, 1o memMoHCT-
pye obMmexeHHsT XeMoiH@opmMmaliiliHoro i ¢apma-

24

KO(OPHOTO CKPUHIHTIB y pa3i iX BUKOPUCTAHHSI
SIK CaMOCTIAHMX METOMiB paHXKyBaHHSI PEYOBMH.
Ak Oyno 3a3HayeHO paHille, A0 0i0JaioTeKu
MEPBUHHOIO CKPUHIHTY TaKOX IOTpaIWId I’STh
CIIONYK, SKi BXe Oynu imeHTudikoBaHi SIK ehek-
topu cairy IDC. ®DiHanbHi pe3yibTaTy aHali-
3y 1Ie pa3 IMiATBEpAWIM IX HAJIEXKHICTh OO iHTIi-
oiTopiB anmoctepuuHoro caiity IDC (Karpov et
al.,, 2024). Ilpu upoMy, IXepeloM 3a3HaueHOI
MOMMJIKM, TIepeBaXkHO, OyB (papMaKoGOpHUIi TTO-
myk (4 xubHmx xita; CHEMBL242079, CHEMBL
3098682, CHEMBL3098797 i CHEMBL3098798), a
XeMoiHdopMalliliHe paHXyBaHHS TPOSIBIISIIO T10-
MWJIKY Jivitie y Bunanky crionyku CHEMBL1200758.
Ciin 3a3HaYUTH, IO BUIMAAKM OJHOYACHUX IIO-
XMOOK 000X MeToAiB HaMu He QikcyBalIucs.
Ille noBOmUTH MPaBWIBLHICTH CTpaTerii mapHOro
3aCTOCYBaHHSI IIMX METOMAIB, NI€ XeMOiH(popMa-
LiliHa KJIacTepu3allisg BU3HAYAE CIOMYKU, OJIU3bKi
32 XIMIYHOIO CTPYKTYpOIO OO0 KOHTpOJIIO, a
JIECKPUIITOPHO-BEKTOpHA MoJelb dapMakodopy
no3Bosisie ineHTrdikyBaTu HOBi edekTopu, SKi
HajexaTb J0 KJIaciB CITOJYK, BiAMiHHMX BiJ KOHT-
poJIbHUX 3pasKiB. Cxoxke TOE€THAHHI METO/IB
YacTKOBO peanizoBaHo B DataWarrior y Oinbli
CKJIQJIHUX TIPOTOKOJaX cCKpuHiHTy (Sander et al.,
2015; Lypez-Lypez et al., 2019).

Takox, caig BiI3HAYUTHU, AOCUTb HENOraHWM
pe3yabTaT, SKW 1aJo KOHKYPEHTHE MOJETIOBaH-
Hs B Protenix, i3 3aJlydeHHSIM LUITYYHOTO iHTEIEK-
Ty. He3Baxarouu Ha Te, 110 pe3yJbTaTy TaKOro de
n0vo MOJEJIIOBAHHSI HE ileabHi, TOYHICTh ITPOT-
HO3Yy € BHUIIIOIO 3a pe3yJbTaTh XeMoiHpopMaLiiiHOl
Kiactepu3salii i ¢papmakodopHoro mnomryky. Ile-
peBaxkHa OiIBIIICTh MPOTrHO3iB cepBicy Protenix
criBraga€e 3 (iHAJIBbHUMHU pe3yJbTaTaMM HAlloTo
paHXyBaHHS i, 30KpeMa, 3 pe3yjabTaTaMu JOKiHTY
B CCDC GOLD. Tak, xomHa 3 paHilue Bigmi-
YeHUX MOXUOOK xeMoiHdopmaliiiHoro i dapmako-
¢dopHoro mouryky He Oyna 3acdikcoBaHa IIiJ yac
PEKOHCTPYKIII i3 BUKopucTtaHHsAM Al. Takum 4yu-
HOM, MM BBaXXKa€EMO, 110 3a YMOB aBTOMaTH3allii
i TIPUCKOPEHHS MNOMIOHMX OOpaxyHKiB METOAU
Al 3paTHi He Jjullle KUIBKICHO, ajie 1 $SIKiCHO
KOHKYpYBaTH Ta IOIOBHIOBATH METONU TPaaWLIiii-
Horo BipTyaiabHoro ckpuHinry (Karpov et al., 2016).

ITigBonsuM MiaACyMKU MPOBEAECHOTO ITOCIiIKEH-
HsI, MOXHa KOHCTaTyBaTW, IO 3aBOSKA KOMII-
JIeKCHOMY Tminxony 3 379 06ioxiMiYHO HOBEIEHUX
epexropiB FtsZ nuuie anas 23 3 HUX OTPUMaHO
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MATBepMKEeHHS cTartycy edekrTopiB canty NBS.
BonHouac, 3aBasiki aabTepHATMBHOMY MPOTOKOJY
CKpMHIHTY i Bepudikalii, 10 CHUcKy edeKTopiB
caiity iHTepaoMeHHo1 wwinuHu (IDC) Oyno Bin-
HeceHo 1e 16 HoBux edekropiB. Pasom i3 pe-
3yJbTaTaMy MONEPEAHBOTO MOCITIMIKEHHS, 1€ BXe
Oyio imentudikoBaHo 88 edexktopiB caity IDC
(Karpov et al., 2024), cnucok ajJoCTepUYHUX iH-
riditopiB  FtsZ-6inky Oyno 30imbiieHo mo 104
peyoBUH. TakuM YMHOM, aKTyaJlbHi pe3yJabTaTh
CIIPOCTOBYIOTH VSIBJIEHHS, 110 IlepeBakHa 4acTU-
Ha BilOMUX iHTiOiTOpiB OakTepianbHux FtsZ — 1e
epekropn ['TO-KOHKYPEHTHOrO TUIY, i HaIamOTh
nepiicTs epekropam aocrepuuHoro caiity IDC.

Jocaidncenns 3 monexyaapHoeo 00KiHey 0ya0 6u-
KOHAHO 3a 00NOMO020K0 NPOSPAMHO20 3a0e3NeYUeHHs
CCDC GOLD, arw6’a3no nHadanoeo Kembpuoncco-
Kum uenmpom kpucmanoepagiunux oarux (CCDC)
y pamkax epaumy Mincuapoonoi npoepamu Dpenka
Annena 0aa niompumku docaidxcens i oceimu (Frank
Allen International Research and Education Program,
FAIRE) — ID: 21554.

Jlompumanna emuunux cmandapmis. CtatTs He
MICTUTb KOJHUX JOCJIIXKEHb, SIKi OyJM BUKOHA-
Hi i3 BUKOPUCTAaHHSM JIAOOpAaTOPHUX IpeTaparis,
KJIITUHHUX JIiHifA a00 iHTaKTHUX OpPTaHi3MiB TBa-
PUH YU JIIOJUHU.

Kondhaixm inmepecie. ABTopHU 3as1BJISIIOTH PO Bija-
CYTHICTb OyIIb-SIKOTO KOH(IIKTY iHTepeCiB.
Dinancysannsa. Pobora BUKOHaHA B paMKax OIOm-
>KeTHO1 TeMu HauioHanbHOI akameMii HayK YKpa-
iHn (HoMep nmepxaBHOI peectparuii 0120U100937,
2020-24).

IDENTIFICATION OF FtsZ PROTEIN
NUCLEOTIDE-BINDING SITE EFFECTORS
BASED ON CHEMINFORMATICS AND
STRUCTURAL BIOLOGICAL ANALYSIS

D.S. Ozheriedov, S.P. Ozheredov, O.M. Demchuk,
S.1. Spivak, Ya.B. Blume, P.A. Karpov

Institute of Food Biotechnology
and Genomics NAS of Ukraine,
Baidy-Vyshnevetskoho str., 2A, Kyiv, 04123, Ukraine
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There is a large group of bacterial FtsZ inhibitors, the
biological activity of which has been confirmed bio-
chemically. However, the sites of protein-ligand inter-
action for most of them remain unknown, significantly
complicating the further search and combinatorial
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design of FtsZ inhibitors. This study presents the results
of bioinformatic analysis of bacterial FtsZ effectors, the
interaction of which has been proven and documented in
the ChEMBL database of biologically active molecules.
Using an integrated approach, based on chemo- and
bioinformatic methods, and Al-based predictions, 23
inhibitors of Nucleotide-Binding Site (NBS), as well as
16 new effectors of the Inter-Domain Cleft (IDC) site,
were identified.
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