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HucepramiitHa poOoTa TpHUCBAYEHA PO3pOOI Ta oONTHMI3alii METOJIB MAIIMHHOTO
HaBYaHHS JUIA Tiepen0adeHHs KIUTbKICHUX XapaKTepUCTUK O10JIOTIYHOT aKTUBHOCTI Ta
CTPYKTYPHHUX MapaMeTpiB MOJIEKYISIPHUX KOMILUIEKCIB MPOTETH-Mana OpraHiyHa MOJIEKya.
JlocnmiKeHHsT CTIPSIMOBAaHE HA PO3B’sI3aHHSA aKTyallbHOI HAyKOBO-TIPUKIIAJIHOT MpoOIeMu
MiBULIEHHS TOYHOCTI Ta HIBUIKOCTI OOYHMCIIIOBAIBLHOTO MOJEIIOBAHHS HEKOBAJIEHTHUX
B3a€EMOAIN y OIOJIOTIYHHX CHUCTEMAaX, IO Mae (pyHAaMEHTaJIbHE 3HAYECHHS s (PI3UKHU
010JIOTTYHUX CHUCTEM Ta MPaKTUYHE 3aCTOCYBAaHHA y MPOIECl PO3POOKH HOBUX JIKAPCHKUX

3ac001B.

B3aemomiss Mix mnpoTeiHaMM Ta MaJUMHU OPTaHIYHUMH MOJIEKyJaMu (JiraHgaMu) €
(yHIaMEeHTAIbHUM (DI3UYHUM HPOLECOM, IIO JIEKUTh B OCHOBI (DYHKI[IOHYBaHHS KUBUX
cucteM. PosymiHHS mpupomu 1€l B3aeMOAil Ma€ KPUTHUYHE MPAKTUYHE 3HAYCHHS IS
pallioHaJIbHOTO TIONIYKY JIKIB, SIKUM Tepeadadae 10CIiHKEHHS MUTBUOHIB MaJMX MOJIEKYII
3 MeTor iAeHTU(IKamii TakuX, M0 MOXYTh 3MIHIOBaTH OI0JOTIYHY aKTHUBHICTH
MOJICKYJIIPHUX MIIIeHeW (HaiyacTile MpOTEiHIB) BHACHIOK 3B’S3yBaHHS 3 HUMHU.
Bipryanbauii ckpuHiHr (oOuMcitoBaiibHA (QUIBTpALlisl BEJIUKUX O10JI0TEK CHONYK) €
KITFOYOBUM 1HCTPYMEHTOM Ha MOYATKOBUX €Tamax po3pOOKHU JKapChKuX 3aco6iB. OmpHak
KJIACUYHI OOYMCITIOBAJIBHI TIJIXOAH, 30KpeMa MOJICKYJISPHUN JOKIHT, 3HAYHOK MipOIO
JOCSIIVIM IIJIaTO CBOET MPAKTUYHOI TOYHOCTI, 1110 3yMOBJIIO€ AKTYaJbHICTh PO3POOKH HOBHUX

METO/IB Ha OCHOBI MAIlIMHHOTO HABYAHHS.



MeTow po6oTH € po3poOKka Ta ONTUMI3Allisl METOMIB MAIIMHHOTO HaBYaHHS IS
nepen0auyeHHs KIUIbKICHUX XapaKTepUCTHK OI0JNOrIYHOI aKTUBHOCTI Ta CTPYKTYpPHHX
XapaKTePUCTUK MOJIEKYJISIPHUX KOMIUICKCIB MPOTETH-Malia OpraHiuHa MOJIEKyJia Ha OCHOBI
aHaJI13y 3aKOHOMIPHOCTEH HEKOBaJIGCHTHHX B3aeMOJiH Ta (hi3UyHO OOTPyHTOBAHOTO BUOOPY
BXIJHUX PENpe3eHTallid, HABYAJIbHUX JAHUX 1 apXITEKTyp IITYYHUX HEUPOHHUX MEPEXK.
O0’exkTOM JOCTIIZKEHHS € B3a€EMOJis MDK TPOTEiHAMH Ta MaJUMHU OpPraHiYHUMU
MOJIEKYJIaMH Ta 11 3B’SI30K 13 KUIbKICHUMHU XapaKTEPUCTUKAMH 1X O10J0TTYHOT aKTUBHOCTI
Ta TPOCTOPOBOIO CTPYKTYpPOIO YTBOPEHHX MOJIEKYISIpHUX KoMmIuiekciB. IIpeamerom
JAOCJHIIsKeHHSI € MOJeJdl MAIIMHHOIO HaBYaHHSA JuId [epeadaueHHsl KUIbKICHUX
XapaKTepUCTUK OI0JNOrIYHOI aKTUBHOCTI Ta MPOCTOPOBOI CTPYKTYPH MOJIEKYISIPHUX

KOMILJIEKCIB MPOTETH-MaIa OpraHiyHa MOJIEKYJIa.

VY di3uuHOMYy KOHTEKCTI 3ajada mependadyeHHsl OI0JNOrIYHOI aKTHMBHOCTI Ta CTPYKTypHU
MOJICKYJIIPHUX KOMILJIEKCIB 3BOJMTHCS JI0 allPOKCUMAIIil 0araToBUMIPHOT 3aJIEKHOCTI M1k
KOOpAMHATaMHU Ta THUIAMH aTOMIB CHUCTEMH Ta il KUIBKICHUMH XapaKTepUCTUKAMU
3B’SI3yBaHHs, SKICTb SKOT IPUHLUIIOBO 3aJICKUTH BiJ MOBHOTHU MPEICTABICHHS CTaTUCTUK
PI3HHX TMOPSAKIB B TPEHYBAJIbHUX JAHWUX MOJEJIed MAIIMHHOTO HAaBYaHHS - 33 MPSIMOIO
aHaJIOTi€0 J10 1€papxii (QYHKIIM PO3MOAUTY B CTAaTMCTUYHIN (hi3ulll Oararo4aCTUHKOBUX

CHCTCM.

VY po0oTi BUKOPHUCTAHO METOAM OOYMCIIIOBAIBHOI 010(PI3UKH JUIsl BCTAHOBIEHHS (P13MYHO1
IPUPOIU MPOIIECIB MOJICKYISIPHOTO PO3IM3HABAHHS, aHAII3y HEKOBAJICHTHUX B3aEMOJIINA Ta
OoOTpyHTYBaHHS BHOOPY pempe3eHTallld BXIIHUX JIaHMX, & TaKOX METOIU YHUCEIBbHOIO
KOMIT FOTEPHOTO MOJICTIOBaHHS I peaiizaimii po3poOSieHWX TIiAXOMIB y BHIIAII

aHFOpHTMiB Ta MOI[GJIGﬁ MAallTMHHOT'O HaBYaHH:I.

Jluceprariisi CKJIAJa€ThCS 3 YOTUPHOX PO3AUIIB. Y MEPLIOMY PO3IiLTi MPOBEACHO OTIIS
CYy4acHOTO CTaHy JIOCITIDKeHb B3a€MOAIN MIX MNpOTeiHAMM Ta MaJlUMH OPraHiyHUMU
MOJIEKYJIAMH, SIKMM  OXOIUTIO€  (PI3MKO-XIMIYHI MEXaHI3MH 3B’s3yBaHHA (KIHETHKY,
TEPMOAMHAMIKY Ta MOJENl 3B’S3yBaHHA), EKCIIEPUMEHTalbHI METOAM BU3HAYEHHS

CTPYKTYpU KOMIUIEKCIB Ta a(iHHOCTI (CWJIM) 3B’SI3yBaHHS, KJIACH4YHI OOYMCIIIOBaJIbHI
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MIIXOAM MOJICTIOBAHHS B3a€EMOJINA, a TaKOX POJb Cy4YaCHHUX METOAIB MAaIIUHHOTO

HABYaHHS, BKJIIOYAIOYU TpadoBl HEUPOHHI MEpexi, TpaHnchopmepu Ta audy31iH1 MOJEI.

Y apyromy posniii npeactaBieHo po3poOKy rpadoBoi HelponHoi Mepexi 3DProtDTA
JUIs iepen0adeHHs aiHHOCTI 3B’ sI3yBaHHS JIIFaH/(1B 3 TPOTeiHAMU. 3alIPOINIOHOBAHO HOBUI
X110 KOAYBaHHS CTPYKTYPH MPOTEIHY HA PiBHI aMiHOKHUCIOTHUX 3aJIHINKIB Y BUTTISIL
rpadiB, 10 1HTErpye MPOCTOPOBY iHOpMaIlio, oTpuMany 3a jgomoMorow AlphaFold,
pazoM 13  (DI3UKO-XIMIYHUMH  BJIACTUBOCTSIMHM  aMIHOKHMCIIOT Ta  €BOJIOLIMHUMU
xapakrepuctukamu. [IpoBeneHo cucreMaTuuHuil miadip rineprnapaMeTpiB Ta MOPIBHIHHS
apXiTeKTyp rpadoBuUX HEHPOHHUX MEPEX, METOJIB TPadoOBOro MYJIHTY Ta TUIIIB BX1IHUX
penpesentamniii. Mogens 3DProtDTA mnepeBepiurye HasBHi ananoru Ha 1-20% 3a
3araJIbHOMPUMHATAMUA ~ KPUTEPISIMU  (CEpEeIHbOKBAPATUYHE BIIXWUJICHHS, KOEQIMIEHT
KOHKOpJiallii Ta KoedIilieHT KOpeJsilii) Ha eTaJoHHUX Habopax ganux Davis ta KIBA.
Takok OCHIIPKEHO 3JaTHICTh MOJENI y3arajdbHIOBaTH pe3yJbTaTH Ha ‘‘XOJIOIHUX

OUIKOBUX MIIIEHSX, [0 HE 3yCTpIYaIMCs M1/l YaC HaBYaHHS.

Y TperboMy PpoO3diJii TPOBEACHO [ETANbHUNA CTAaTUCTUYHUN aHali3 TEOMETPUYHHMX
napaMeTpiB OCHOBHHMX THIIIB HEKOBAaJIEHTHUX B3a€EMOMIM y CHCTEMI MpOTeiH-Maja
MOJICKYJIa, BKJIIOYalOYd TiApodoOHI KOHTAKTH, B3aEMOJII 3 7 CHCTEMaMH, BOJHEBI Ta
rajJoreHHl 3B S3KA Ta KaTlOH-aHIOHHI B3aeMoxili. Ha OCHOB1 BUSBIEHHUX CTAaTUCTHUYHUX
3aKOHOMIPHOCTEH  pPO3pOOJICHO aJropuTM TeHepallii MTY4YHUX KOMIUIEKCIB  CauT
3B’SI3yBaHHSl MPOTEIHY-JITaH, SIKI IMITYIOTh (DI3MKO-XIMIYHI 3aKOHOMIPHOCTI pealbHUX
(EKCIIepUMEHTAIbHO BU3HAUYEHUX) KOMILIEKCIB. Po3pobieHnit miixia po3B’si3ye mpoodiiemy
0OMEXEeHOT KUTHKOCTI HAsBHUX EKCIMEPUMEHTAIBHUX IaHUX Il TPEHYBaHHS MOJCIICH
MalIMHHOTO HaBuyaHHs. EQeKkTHBHICTH MiAXOMYy MIATBEp/KEHA Ha BIOCKOHAICHIN
reHepatuBHii AuQys3iiHii mogem PocketCFDM: 3acTocyBaHHS IITYyYHUX KOMIUIEKCIB IS
ayrMeHTallli TpPEeHyBaJbHUX JIaHUX JO3BOJWJIO TMiJIBHIIUTA YacTKy MPaBHIBHUX
nependadeHp MojoxkeHHs JiraHaiB g0 10% 3a kputepieM cepelHbOKBAJAPATUYHOTO
BIIXWJICHHSI KOOPAHMHAT aTOMIB y TpUBUMIpHOMY mnpoctopi (RMSD) Ta 3HM3UTH 4acTKy

nependadeHb 31 CTEpUYHUMU 3ITKHEHHAMH Ha 3-6%.



VY yerBepTOMYy poO3aiii npezactaBieHo cTtBopeHHs ArtiDock - meTomy momekynsipHOTO
JIOKIHTY Ha OCHOBI IJIMOMHHOTO HaBYaHHS, ONTHUMI30BAHOTO JJIsi BUCOKOMPOAYKTUBHOIO
BipTyanpHOTO CKpuHIiHTY. ArtiDock moemHye oGuucaioBalbHO €()EKTHBHY apXITEKTypy
MTYYHUX HEHPOHHUX MEPeX 13 (I3UYHO OOIPYHTOBAHOK MICII00pOOKOIO MependaucHb,
[0 JI03BOJISIE JOCSITH MPOMYCKHOI 3AaTHOCTI Ha pIBHI ab0 Kpamoi 3a HaWIIBUALI
TpaauiiitHi iHcTpyMmenTtu. Ha tectoBomy Habopi ganux PLINDER ArtiDock nmepenbauae
MOJOKEHHS JHirapmiB i3 Memianoro RMSD 2.0 A Ta MemiaHom YacTKH MPaBUIIBLHO
BinTBOpeHNX MikaromMHuX koHTakTiB (IDDT-PLI) 0.71, mopiBasHO 3 2.8 A ta 0.64 mis
HariepexTuBHImoro kiacuuHoro Merony Glide. ArtiDock crabinbHO mepeBepinye
KJIACUYHI METO/IU B PI3HOMAHITHUX PEAICTUYHUX CLIEHAPISX, BKIIOYAIOYH OLJIKOBI CalTH 3
KoakTopaMu, I0HaAMH Ta MOJIEKyaaMu Bogau. Ha posaineHoMy 3a yacoMm myOsTiKarii JaHux
TectoBoMy Habopi PoseX ArtiDock neMOHCTpye€ KOHKYPEHTOCIIPOMOXHY TOYHICTh
MOPIBHSAHO 3 HaWEe(PEKTUBHIIIMMHM 1HCTPYMEHTAMHU MAIIMHHOTO HABYAHHS, JOCSTAIOUYU
73.5% ycmimHux nepenbadens 3 RMSD < 2 A Ta maiikpamux pesyasTariB cepes ycix
NOpIBHAHUX MiAX0AiB (63.9%) 3 ypaxyBaHHSM XIMIYHOI BaJigHOCTI mnepeadadyeHb. Y
cueHapii, ne BXigHI KoH(poOpMmarii MmpoTeiHiB Oyau OTpUMaHI 3 EKCIEPUMEHTATBHHUX
CTPYKTYp He3B's3aHux 3 Jiranaom, ArtiDock 30epirae mepeBary, pocsraiouun 62.4%

TOYHUX Ta BaJIIIHUX MEepe0aueHb.

HaykoBa HOBHM3Ha oTpMMaHHUX pe3yabTaTiB. Po3pobieHo rpadoBy MITYy4HY HEHPOHHY
Mepexy 3DProtDTA nns mependadeHHss apiHHOCTI 3B’A3YBaHHs JITaHIB, sSKa KOIY€E
CTPYKTYpH MPOTETHIB HAa PIBHI aMiHOKMCIOTHUX 3aJIMIIKIB Ta HABYAETHCS HA CTPYKTYpaX,
nepenadayenux MeroaoM AlphaFold; monens € TouHIIIOK 3a HABHI M1XOAW MAIIMHHOTO
HapyaHHa Ha 1-20%. 3anpomoHOBaHO HOBUM MiAXia JO 30UIBIICHHS KUIBKOCTI
TPEHYBJIBHUX JAHUX JJI MOJEJIEeH MOJIEKYJISIPHOTO JOKIHTY HUISIXOM TeHepalli MTyYHUX
KOMILIEKCIB MPOTEIH-TIraH/, sKI IMITYIOTh CTaTUCTUYHI 3aKOHOMIPHOCTI HEKOBAJIEHTHHX
B3a€EMOJII peaJbHUX KOMIUIEKCIB, IO PO3B’SA3y€ MPpoOIeMy 0OMEKeHOT KITBKOCTI HassBHUX
EKCIIepUMEHTAIBHUX JaHuX. [[iATBEp/HKEHO, 10 TPEHYBaHHS MOCIICH 13 BUKOPUCTAHHIM
MTYYHUX KOMILJIEKCIB JO3BOJISE MiJBUINUTHA YAacTKy MpaBUWIbHUX mependaders mo 10%.

CrBopeHO HOBMI MeTOoA MoJekyisipHoro AokiHry ArtiDock, sikuii moenHye TOYHICTH
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CyYaCHUX INTyYHHX HEHPOHHHMX MEPEX 31 MIBUAKICTIO, HEOOXITHOIO JIJISi BIPTYyaJbHOTO
CKpPUHIHTY BEJIMKUX XIMIYHMX 0a3 JaHUX; METOJ Mepeadayae MmojoKeHHs Ta KoHpopmariii
miraaniB Ha 9-10% kpame 3a kmacwuHi Metonu 3a kpurepiem RMSD ta na 2-3% 3a
kputepismu  RMSD Ta XiMi4HOi KOPEKTHOCTI TOPIBHSHO 3 IHIIMMHU TI1JIXOJAaMHU

MAalllMHHOT'O HaBYaHHA.

IlpakTHyHe 3HAYEeHHS] OTPUMAHUX Ppe3yabraTiB. Po3poOieHi MiaXoau 103BOJSIOTH
MPUCKOPUTHU TIPOIIEC in Silico MOIIyKYy HOBUX JIIKAPCHKUX 3aCO0IB MUISXOM HIBHUAKOTO Ta
TOYHOTO TiependaueHHs agiHHOCTI Ta TeOMETpii 3B’SI3yBaHHS MIK TeparieBTUYHUMU
oUIsIMU  (MpOTeiHaMU) Ta MOTEHUIMHUMM JIIKAaMH (MajlMMU OPTaHiYHUMH MOJIEKYJIAMU).
MeTtogomnoris TeHepalii MTYy4YHUX KOMIUIEKCIB MPOTETH-TIraHa JO03BOJIAE TIIBUIIUTH
TOYHICTh MOJEJIed MAIIMHHOTO HaBYaHHS JIsi pOOOTH 3 HOBUMH KjacaMu MPOTEIHIB Ta
JraHAiB, JAJId SKUX BIACYTHI €KCIIEPUMEHTAILHO BU3HAUCHI JlaHi. Pe3ynbsratu qociiKkeHb
CTJId OCHOBOIO MPOrpaMHOro 3a0e3MeuUeHHs, IO 3aCTOCOBYETHCS Y MPOEKTAX

BIPTYaJIbHOTO CKPUHIHTY.

KarwuoBi cjoBa: HEKOBaJCHTHI B3aEMOJIi, €JIEKTPOCTAaTHYHI B3aeMoOli, MixdaszHi
rpaHulll, epexkTu MIeNTeKTPUYHOTO CEpPEIOBUINA, Malli OpPraHiyHl MOJEKYJIH, O10aKTHUBHI
MOJICKYJIH, OIOMOJICKY/IM, OlomoiniMepH, OOYHCIIOBaNbHA XiMis, OOYHCIIOBaIbHA
010¢i3uKa, MOJEKYISIpHE MOJCIIOBAHHS, BIPTYyaJIbHUN CKPHUHIHT, MalllMHHE HaBYaHHS,

IJIMOMHHE HaBYaHHS, Ipad OBl HEMPOHHI MEpexi



ABSTRACT

T Voitsitskyi. Determination of noncovalent interaction parameters for small organic
molecule-protein systems using machine learning models. - Qualifying scientific work on

rights of a manuscript.

Thesis for the degree of Doctor of Philosophy on specialty 104 - Physics and Astronomy
(10 - Natural Sciences). - Institute of Physics of National Academy of Sciences of
Ukraine, Kyiv, 2026.

The dissertation is devoted to the development and optimization of machine learning
methods for predicting quantitative characteristics of biological activity and structural
parameters of protein-small organic molecule complexes. The study aims to address the
relevant scientific and applied problem of improving the accuracy and speed of
computational modeling of non-covalent interactions in biological systems, which is of
fundamental importance for the physics of biological systems and has practical

applications in the drug discovery process.

The interaction between proteins and small organic molecules (ligands) is a fundamental
physical process underlying the functioning of living systems. Understanding the nature of
this interaction is of critical practical importance for rational drug discovery, which
involves screening millions of small molecules to identify those capable of modulating the
biological activity of molecular targets (most commonly proteins) through binding. Virtual
screening (computational filtering of large compound libraries) is a key tool in the early
stages of drug development. However, classical computational approaches, in particular
molecular docking, have largely reached a plateau in their practical accuracy, making the

development of new machine learning-based methods highly relevant.

The goal of the work is the development and optimization of machine learning methods
for predicting quantitative characteristics of biological activity and structural
characteristics of protein-small organic molecule complexes, based on the analysis of

non-covalent interaction patterns and physically motivated selection of input features,



training data and artificial neural network architectures. The object of the study is the
interaction between proteins and small organic molecules and its relationship with the
quantitative characteristics of their biological activity and the spatial structure of the
resulting molecular complexes. The subject of the study is machine learning models for
predicting quantitative characteristics of biological activity and the spatial structure of

protein-small organic molecule complexes.

In the physical context, the task of predicting biological activity and the structure of
molecular complexes reduces to approximating a multidimensional dependence between
the coordinates and atom types of the system and its quantitative binding characteristics,
the quality of which critically depends on how completely statistics of different orders are
represented in the training data of machine learning models - in direct analogy to the

hierarchy of distribution functions in the statistical physics of many-particle systems.

The work employs methods of computational biophysics to establish the physical nature of
molecular recognition processes, analyze non-covalent interactions, and justify the choice
of input data features, as well as numerical computer simulation methods to implement the

developed approaches in the form of algorithms and machine learning models.

The dissertation consists of four chapters. The first chapter provides a review of the
current state of research on protein-small organic molecule interactions, covering the
physicochemical mechanisms of binding (kinetics, thermodynamics, and binding models),
experimental methods for determining complex structure and binding affinity, classical
computational approaches to modeling interactions, and the role of modern machine

learning methods, including graph neural networks, transformers, and diffusion models.

The second chapter presents the development of the 3DProtDTA graph neural network
for predicting ligand-protein binding affinity. A novel approach to encoding protein
structure at the amino acid residue level as graphs is proposed, integrating spatial
information obtained via AlphaFold together with physicochemical properties of amino
acids and evolutionary features. Systematic hyperparameter tuning and comparison of

graph neural network architectures, graph pooling methods, and input representation types
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are conducted. The 3DProtDTA model outperforms existing counterparts by 1-20%
according to established criteria (root mean square deviation, concordance coefficient, and
correlation coefficient) on the benchmark Davis and KIBA datasets. The model's ability to

generalize to "cold" protein targets not encountered during training is also investigated.

The third chapter presents a detailed statistical analysis of the geometric parameters of
the main types of non-covalent interactions in protein-small molecule systems, including
hydrophobic contacts, interactions with m-systems, hydrogen and halogen bonds, and
cation-anion interactions. Based on the identified statistical patterns, an algorithm for
generating artificial protein-ligand binding site complexes is developed, mimicking the
physicochemical regularities of real (experimentally determined) complexes. The
developed approach addresses the problem of the limited number of available
experimental data for training machine learning models. The effectiveness of the approach
is validated on an improved generative diffusion model, PocketCFDM: using artificial
complexes for training data augmentation improved the fraction of correct ligand pose
predictions by up to 10% according to the RMSD criterion for atomic coordinates in
three-dimensional space, and reduced the fraction of predictions with steric clashes by

3-6%.

The fourth chapter presents ArtiDock - a deep learning-based molecular docking method
optimized for high-throughput virtual screening. ArtiDock combines a computationally
efficient neural network architecture with physically motivated post-processing of
predictions, achieving throughput at or better than the fastest classical tools. On the
PLINDER test dataset, ArtiDock predicts ligand poses with a median RMSD of 2.0 A and
a median fraction of correctly reproduced interatomic contacts (IDDT-PLI) of 0.71,
compared to 2.8 A and 0.64 for the best-performing classical method, Glide. ArtiDock
consistently outperforms classical methods across a variety of realistic scenarios, including
protein binding sites containing cofactors, ions, and water molecules. On the time-split
PoseX test set, ArtiDock demonstrates competitive accuracy compared to the
best-performing machine learning tools, achieving 73.5% successful predictions with

RMSD < 2 A and the best results among all compared approaches (63.9%) when
8



accounting for the chemical validity of predictions. In a scenario where input protein
conformations were taken from experimental structures of ligand-unbound proteins,

ArtiDock retains its advantage, achieving 62.4% accurate and valid predictions.

Scientific novelty of the results. The 3DProtDTA graph neural network for predicting
ligand binding affinity has been developed; it encodes protein structures at the amino acid
residue level and is trained on structures predicted by AlphaFold, outperforming existing
machine learning approaches by 1-20%. A novel approach to augmenting training data for
molecular docking models has been proposed, based on the generation of artificial
protein-ligand complexes that mimic the statistical patterns of non-covalent interactions in
real complexes, thereby addressing the problem of limited experimental data availability. It
has been confirmed that training models with artificial complexes improves the fraction of
correct predictions by up to 10%. A new molecular docking method, ArtiDock, has been
created, combining the accuracy of modern neural networks with the speed required for
virtual screening of large chemical databases; the method predicts ligand poses and
conformations 9-10% better than classical methods by the RMSD criterion, and 2-3%
better by combined RMSD and chemical correctness criteria compared to other machine

learning approaches.

Practical significance of the results. The developed approaches enable acceleration of
the in silico drug discovery process through fast and accurate prediction of binding affinity
and binding geometry between therapeutic targets (proteins) and potential drug candidates
(small organic molecules). The methodology for generating artificial protein-ligand
complexes improves the accuracy of machine learning models when applied to new
classes of proteins and ligands for which no experimentally determined data are available.

The research findings form the basis of software used in virtual screening projects.

Keywords: non-covalent interactions, electrostatic interactions, interfaces, dielectric
environment effects, small organic molecules, bioactive molecules, biomolecules,
biopolymers, computational chemistry, computational biophysics, molecular modeling,

virtual screening, machine learning, deep learning, graph neural networks



CIUCOK NMYBJIKALI 3105YBAUYA

HaykoBi npaui, B IKHX 0Iy0/1iKOBaHi 0CHOBHI HAYKOBI pe3yJIbTaTH AMcepTamil

1. T. Voeitsitskyi, R. Stratiichuk, 1. Koleiev, L. Popryho, Z. Ostrovsky, P. Henitsoi, I.
Khropachov, V. Vozniak, R. Zhytar, D. Nechepurenko, S. Yesylevskyy, A. Nafiiev, and S.
Starosyla. 3DProtDTA: a deep learning model for drug-target affinity prediction
based on residue-level protein graphs. RSC Adv., vol. 13, no. 15, pp. 10261-10272, Mar.
2023, DOI: 10.1039/D3RA00281K.

2. T. Voitsitskyi, V. Bdzhola, R. Stratiichuk, I. Koleiev, Z. Ostrovsky, V. Vozniak, I.
Khropachov, P. Henitsoi, L. Popryho, R. Zhytar, S. Yesylevskyy, A. Nafiiev, and S.
Starosyla. Augmenting a training dataset of the generative diffusion model for
molecular docking with artificial binding pockets. RSC Adv., vol. 14, no. 2, pp.
1341-1353, Jan. 2024, DOI: 10.1039/D3RA08147H.

3. T. Voeitsitskyi, 1. Koleiev, R. Stratiichuk, O. Kot, R. Kyrylenko, I. Savchenko, V. Husak,
S. Yesylevskyy, S. Starosyla, and A. Nafiiev. ArtiDock: Accurate Machine Learning
Approach to Protein—Ligand Docking Optimized for High-Throughput Virtual
Screening. J. Chem. Inf. Model., vol. 66, no. 4, pp. 2117-2128, Feb. 2026, DOI:

10.1021/acs.jcim.5¢02777.

10


https://doi.org/10.1039/D3RA00281K
https://doi.org/10.1039/D3RA08147H
https://doi.org/10.1021/acs.jcim.5c02777

Anpobanisi maTepiajaiB qucepranii

1. T. Voitsitskyi, O. Gnatyuk, F. Naeimaeirouhani, O. Skorokhod, G. Dovbeshko, G.
Gilardi. Universal force field minimization for predicting secondary structure changes
in proteins due to post-translational modifications. XXVI Galyna Puchkovska
International School-Seminar “Spectroscopy of Molecules and Crystals” (ISSSMC-2024).

[Tocrepna nonosias. Bepecens 2024, Bosinys, [lonbima.

2. T. Boiuiubkuii, B. bmxona, 1. Konees, C. €cunescekuii, C. Crapocuna. AHaui3
HEKOBAJICHTHHUX B3a€MOi B CHCTEMi Majga MOJIEKYJIAa-0iJI0K AJasi OonTUMI3aumii
npouecy TpPeHYBaHHS MoJejieil MAIIMHHOrO HaBuyaHHA. [lincymkoBa HaykoBa

koHbpepeniis [® HAH Ykpainu [THK-2024. Ycna nonosiase. Jlrotuit 2025, Kuis, Ykpaina.

3. T. Voitsitskyi, I. Koleiev, S. Starosyla, S. Yesylevskyy. Accurate machine learning
approach to protein-ligand docking. <NANOBIOPHY SICS: Fundamental and Applied
Aspects» (NBP-2025). Ycna nonosinb. Kosrens 2025, Xapkis, YkpaiHa.

4. T. Voitsitskyi. Protein-Ligand Docking with Machine Learning. APS Satellite
Workshop «Applied Problems of Theoretical and Computational Biophysics». Ycha

nonoBiak. bepesens 2026, Kui, Ykpaina.

5. T. Voitsitskyi, 1. Koleiev, S. Starosyla, S. Yesylevskyy. Molecular docking of ligands
in heteroatom-containing protein binding sites using machine learning. Biophysics
Week 2026 «Biophysics in Ukraine: Human Energy and Willpower in Science and

Education During the Wartime». Ycua nonosias. bepesens 2026, Kuis, YkpaiHna.

11



