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Сучасне поширення лісів в Україні є результатом впливу і кліматичних, і 

геологічних, і ґрунтових факторів, але, передусім, антропогенних. За даними 

останнього обліку, ліси вкривають 15,7 % території нашої держави, тобто 

Україна є малолісною і лісодефіцитною країною. Згідно Наказу Державного 

комітету лісового господарства України оптимальна лісистість для нашої 

країни повинна складати 20 %. 

Згідно з Державною цільовою програмою «Ліси України» для досягнення 

оптимальної лісистості необхідно провести лісовідновлення на площі 

231,2 тис. га. та створити нові ліси на площі 429,5 тис. га. Для виконання 

запланованих програмою робіт виділяється 22 млрд. гривень, у тому числі 

7,9 млрд. - із загального фонду державного бюджету. 
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Abstract: Computer modeling of potential inhibitors of hBACE1 in relation to 

ADAM10 and γ-secretase was carried out. The influence of the basicity of the ligand 

molecule and the presence of a trifluoromethyl group in the aromatic ring the affinity 

energy and selectivity of individual members of the protease membrane complex 

consisting of hBACE1, ADAM10 and γ-secretase was studied. The influence of the 

molecular weight of the ligand on the affinity energy was studied as well. A number 

of potentially the most selective compounds that form stronger complexes with 

hBACE1, selectively inhibiting hBACE1 in the enzymatic membrane complex, 

compared to the original ligand, were identified 
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The rapid development of technology, the standard of living in developed 

countries, the decrease in the birth rate and the increase in the age of women giving 

birth for the first time have led to the inevitable aging of the population, which has 

led to a rapid increase in diseases common among the elderly population, 

respectively, among which the most common are dementia, Parkinson's and 

Alzheimer's diseases (АD) [1].  
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It is well known that the key point in the development of AD is the 

accumulation of β-amyloid (Aβ) in brain neurons, which is the leading molecule in 

pathogenesis [2]. The amyloidogenic pathway occurs due to the partial proteolysis of 

amyloid (APP) in a two-step reaction under the influence of a membrane-bound 

enzyme complex consisting of α-secretase (ADAM10), β-secretase (BACE) and 

γ-secretase [3, 4].  

However, clinical trials of hBACE1 inhibitors have been stopped for ethical 

reasons due to ineffective improvement of cognitive functions or safety issues related 

to low biopenetration through the blood-brain barrier (BBB), metabolic instability, 

inability to achieve minimum therapeutic concentration, non-selective inhibition of 

α-secretase (ADAM10) and γ-secretase, and/or irreversible inhibition of the 

membrane-bound protease complex [5]. Thus, in silico hBACE1 inhibition studies 

using a multistep virtual screening protocol to identify potential hBACE1 inhibitors 

are critical to the therapeutic approach of treating AD, understanding the detailed 

molecular interaction of these inhibitors [6]. 

This work is the next step of the previous research [7] where modelling 

directions were defined. In our current research crystallographic models of the 

enzymes ADAM10, hBACE-1 and γ -secretase were taken from the Protein Data 

Bank database: under the 6BDZ, 2ZJM and 4R12, respectively. Modified PDB files 

were converted to PDBQT format using AutoDockTools-1.5.7 [8]. Structure figures 

were generated using ChimeraX [9] and substrate binding sites were mapped using 

LigPlot+ v.2.2.5 [10].  

Docking experiments were performed using AutoDockTools-1.5.7 employing 

AutoGrid4 for grid pre-calculations and AutoDock4 for docking simulations[11] 

using ADAM10 chain as receptor with a grid size set to 68×56×54; points with 0,375 

Å (volume: 10 844 Å
3
) spacing centred on the receptor (x: 30.73; y: 47.103; 

z: -8.897), using hBACE1 chain as receptor with a grid size set to 120×126×108 68; 

points with 0,375 Å (volume: 86 113Å
3
) spacing centred on the receptor (x: 43,833; 

y: 65,437; z: 48,425). Tetramer γ-secretase chains as receptor with a grid size set to 

86×80×116 points with 1 Å (volume: 798 080 Å
3
) spacing centred on the receptor 
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(:174.374; y: 175.203; z: 187.042). The Lamarckian genetic algorithm (LGA) with 

ten runs, population size of 150, maximum number of generations of 27,000 and a 

maximal number of energy evaluations of 25,000,000 was employed due its 

robustness and efficient performance [8, 12]. In the docking was using AutoDock 

Vina [11] to benchmark docking results of flexible docking. Binding energies in 

docked compounds can be found in. 

As a result of the study, it was established that the basicity of the ligand plays a 

key role in the orientation relative to the active centre and the strength of the 

enzyme-substrate complex. Moreover, the replacement of the Nitrogen atom with 

Oxygen and/or Carbon significantly reduces the affinity energy of hBACE1 

complexes, from 2.0 to 0.9 kcal/mol. Due to studying of the effect of the introduction 

of a trifluoromethyl group to the aromatic ring was found that the position of the 

group in the aromatic ring did not play a significant role, and such models formed the 

strongest ligand-enzyme complexes for the entire triad of the enzyme complex, which 

negatively affects the selectivity of these models. The influence of molecular weight 

on the affinity energy of hBACE1, ADAM10 and γ-secretase ligand-enzyme 

complexes was investigated. Also, it was established that similar patterns are weakly 

observed for ADAM10 and γ-secretase. It was found that γ-secretase is the least 

sensitive to changes in molecular weight, and the difference in affinity energies did 

not exceed 2.3 kcal/mol, while hBACE1, on the contrary, showed a significant 

dependence of affinity energy on the molecular weight of the ligand, and the 

difference in affinity energies was almost 4 kcal/mol. 
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