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Cyclic peptides attract attention for possible applications in cancer treatment. We examined the abili-
ty of six cyclic RGD-containing peptides-based compounds to inhibit B-cell lymphoma-extra-large (Bcl-X )
(PDB ID: 3zk6) using the in silico method. We observed that the addition of electron withdrawing group (—Cl)
to cyclic RGD-containing peptides-based compound induced a radical improvement in the hydrogen bond
strength with Argl39 in Bcl-X . Compound F with -9.2 kcal/mol was observed to be positioned at the best-
docked site in the binding pocket of Bcl-X, and, therefore, suggested to have greater potential anticancer
ability than other studied compounds as well as the referenced compound (Doxorubicin). The ADMET prop-
erties of compound F and Doxorubicin were investigated and reported. Our findings may open door for the
design and development of library of efficient cyclic RGD-containing peptides-based drug-like compounds as

potential anti- cancer agents.
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C ancer is a serious metabolic disorder. It re-
mains one of the top causes of mortality de-
spite the efforts to curb the activities of can-
cer among human race by scientists globally [1-3].
The number of cancer cases has been observed to be
rising and it has been estimated to be above eighteen
million cases by 2030 [4]. According to Asma et al.,
2022, the cancer-related death of several people has
been attributed to four (4) kinds of cancer (Colon,
breast, lung and prostate) with unidentified etiology
[5]. Muhammad et al., 2023 described cancer as a
malignant neoplasa as well as complicated disease
with a rise in glucose secretion [6]. Several scien-
tists also revealed that each stage of cancer relies on
high manufacture of adenosine triphosphate and re-
orientation of human metabolism [7].

Prostate cancer begins in human body when
prostate gland develops uncontrollably. This gland

can only be located in men and this makes prostate
cancer peculiar to men [8]. The report shows that
over twenty-five percent of men in their 40 years of
age have a tendency to have this disease. This dis-
ease is considered to be type of cancer that is more
common in the United States even than other types
of cancer, such as skin cancer [9]. It grows slowly
and other complications can lead to death of prostate
cancer patients. Many researchers have developed a
series of efficient drugs to combat this menace, yet
death of men through prostate cancer still occur and
this calls for lasting solution [10].

B-cell lymphoma-extra-large (Bcl-X ) belongs
to B-cell lymphoma-2 family. Increased produc-
tion of intracellular level of Bel-X| is connected to
growth of cancer in human being [11]. It is also re-
sponsible for growth of drug opposition by shield-
ing cancerous cells from apoptosis [12]. Several
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scientists have targeted this protein with a series of
small molecules with the aim of developing efficient
potential anticancer agents [13-15]. The role played
by this protein in cancer initiation and progression
has drawn our attention to using it as our target in
order to develop more efficient anticancer drug-like
molecules.

Peptides are referred to as small chains of
amino acids interconnected with peptide bonds [16].
They are promising therapeutic agents such as anti-
cancer agents etc [17]. Peptide derivatives possess
enhanced selectivity as well as specificity which help
them to effectively combat cancerous cells [18-20].
Report by Tsuji, 2005 showed that peptides can pro-
duce normal proteins in order to improve or prevent
signal transduction [21]. They can be synthesized
using mechanized approaches, and cyclic peptides
have drawn the attention of several researchers due
to their importance in pharmaceutical industries
such as high level of selectivity, specificity, good
binding affinity as well as low poisonousness [22].
Cyclic peptides are steadier and this has been report-
ed to have enhanced their biological activities than
linear peptides [23]. This work is aimed at investi-
gating the anti-B-cell lymphoma-extra-large activity
of the studied cyclic RGD-containing peptides using
in silico approach.

Materials and Methods

Software and hardware. The studied cyclic
RGD-containing peptides were optimized to get
the full geometry of the studied compounds via
Spartan’l4 software [24]. The ability of the cyclic
RGD-containing peptides to inhibit BCL-X was
examined via density functional theory method
and docking method. The softwares required for
the docking study were Pymol for treating enzyme,
Discovery Studio for viewing the interaction be-
tween the docked complexes, AutoDock tool for lo-
cating binding site in the studied protein and Auto-
Dock Vina software for docking calculation.

Studied receptor. B-cell lymphoma-extra-large
(Bcl-X)) (PDB ID: 3zk6) was retrieved from protein
data bank which was considered to be recognized
protein database [25].

Studied pharmacophore. Six ligands were se-
lected for this study and the selection was based on
investigating the effect of electron withdrawing and
electron donating groups on the parent compounds.

Preparation of B-cell lymphoma-extra-large
(Bcl-X ) (PDB ID: 3zk6). The retrieved B-cell lym-
phoma-extra-large (Bcl-X ) (PDB ID: 3zk6) from
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Fig. 1. Studied RGD containing peptide

the recognized protein database was subjected to
discovery studio software for treatment (i.e. remov-
al of small molecules downloaded with the protein
and water molecules) [26]. The resolution, R-value
free, R-value work and R-value observed for Bel-X
were 2.48 A, 0.261, 0.221 and 0.222, respectively.
The binding site in the studied receptor was iden-
tified, as shown in Fig. 2, using Discovery Studio
software and the receptor was converted to .pdbqt
using AutoDockTools-1.5.6 [27]. The calculation
and analysis of site map of the studied receptor
revealed the likely binding site and the figure for
center (center_x = 21.072707; center_y = 49.644951
and center_z = 1.327122) as well as size of the site
area (size_x = 20; size_y = 20 and size_z = 20) were
reported accordingly. Also, the exhaustiveness was
set to be 8 which was considered to be default. The
docking calculation was executed using AutoDock
Vina software so as to calculate binding affinity be-
tween the studied complexes.

ADMET investigation. This study was executed
using ADMETsar 2.0 online software [28]. The li-
gands with higher binding affinity were subjected to
investigation, and a series of ADMET factors were
considered and reported.

Molecular dynamic simulation analysis. The
stability of the studied complex formed by com-
pound F (compound with potential anti-prostate ac-
tivity) with B-cell lymphoma-extra-large (Bcl-X)
(PDB ID: 3zk6) was ascertained using 100,000 ps
molecular dynamic simulation [29]. Also, the refer-
ence compound (Doxorubicin) with Bcl-X, (PDB
ID: 3zk6) was simulated and compared with com-
pound F - Bcl-X complex. The selected force field
for topology files was Charmm36m which was ob-
served to be compatible with the studied complexes.
The compound F - Bcl-X complex system was es-
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Fig. 2. 3-Dimensional structure of Bcl-X, with iden-
tified binding site

tablished via a TIP3P water molecule together with
an orthorhombic box of 10 A on every side. In the
developed system, Na* and Cl- ions were added at
appropriate proportion to neutralize the charged
system [30]. NVT ensemble was used to execute
equilibration in the system and this was followed
by NPT ensemble to accomplish equilibration and
minimization for another 100 nanoseconds with a

300 K as temperature and 1 bar of Pressure. Also,
molecular dynamics trajectories analysis was exe-
cuted via CPPTRAJ module [31].

Results and Discussion

Calculated geometries. The calculated
geometries for the studied compounds were dis-
played in Table 1. The effect of the attached deriva-
tives to the parent structure was investigated by
observing bond length, bond angle and dihedral
which were measured in A and degree (°), respec-
tively. It was observed that the attached derivatives
have equal effect on the bond length in C7-C41 and
C46-C45 but the bond length between C7 and C41
as well as C46 and C45 for compound C proved to
be shorter than others; thus, 3-Me has greater effect
on the length of bond between C7 and C41 as well
as C46 and C45. Also, 4-F has much effect on bond
length in C45-C44, C44-C43 and C43-C42 for com-
pound D while 4-Me and 4-oMe have similar and
highest effect in compounds A and B. The bond an-
gle and dihedral angle were calculated and reported
in Table 1.

Calculated electronic properties for studied
compounds. The descriptors obtained from opti-
mized studied peptides are presented in Table 2. The

Table I Selected geometry parameters obtained by B3LYP/5-31G* for the studied molecules

A B C D E F
C7-C41 1.515 A 1.515 A 1.514 A 1.515 A 1.515 A 1.515 A
C46-C45 1.397 A 1.397 A 1.395 A 1.396 A 1.397 A 1.398 A
C45-C44 1.398 A 1.395 A 1.394 A 1.388 A 1.392 A 1.392 A
C44-C43 1.398 A 1.393 A 1.398 A 1.388 A 1.392 A 1.392 A
C43-C42 1.397 A 1.400 A 1.401 A 1.395 A 1.397 A 1.397 A
C42-c41 1.403 A 1403 A 1.405 A 1.406 A 1.404 A 1.404 A
C41, C46, C45 120.56° 120.37° 120.38° 120.45° 120.56° 120.53°
C46, C45, C44 120.64° 120.90° 120.23° 119.70° 119.870 119.94°
C45, C44, C43 118.97° 119.09° 120.34° 120.85° 120.37° 120.29°
C44, C43, C42 120.44° 120.18° 119.12° 119.61° 119.73° 119.81°
C43, C42, C41 120.75° 120.93° 121.00° 120.55° 120.68° 120.64°
C42, C41, C46 118.59° 118.48° 118.87° 118.81° 118.76° 118.76°
C41, C46, C45, C44 -1.36° -0.75° -0.77° -0.93° -0.81° -0.81°
C45, C44, C43, C42 -0.55° 0.82° 1.65° 0.56° 0.51° -0.48°
C44, C43, C42, C41 1.45° 0.90° -0.07° 0.53° 0.85° 0.84°
C43, C42, C41, C46 -2.25° -2.51° -1.89° -1.78° -2.15° -2.10°
C42, C41, C46, C45 2.20° 2.43° 2.31° 1.97° 2.13° 2.08°
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E,.omo (highest occupied molecular orbital energy)
and E

Lumo (lowest unoccupied molecular orbital
energy) play a crucial responsibility calculating the
release and receiving of electron in any compound.
Also, both descriptors possess the ability to reveal
the level of reactivity, biological strength and stabili-
ty of the studied compound [32]. Cao et al., 2005,
reported that efficient donating strength of any mole-
cule is a function of the highest E_ ., while effec-
tive ability to receive charge from nearby compound
is a function of lowest E, ,,,, value [33]. In this work,
compounds E and F proved to have highest strength
to react well than other studied compounds, while
compound E with lowest E ., value (-1.00) also
proved to have tendency to react well.

The calculated band-gap originated from
E. uvo - Enomor The closer the reacting compounds
to each other, the chemically active the reacting
compound is and this could also be regarded as soft
molecule; thus, compound E with -1.00 eV have the
greatest tendency to chemically react than other
studied compounds (Table 2). The decreasing order
of the calculated band gap is as follows: A =B > D

Table 2. Calculated reactivity descriptors from
optimized 3D structures of studied peptides

E, om0 €V) E umo E€V) BG (V)
A -6.08 -0.74 5.34
B -6.09 -0.75 5.34
C -6.03 -0.85 5.18
D -6.05 -0.85 5.20
E -5.77 -1.00 477
F -5.77 -0.98 4.79

> C > F > E revealing the increasing order of the
chemical reactivity of the studied compounds.
Calculated molecular docking study. In this
work, the studied compounds A-F were docked
into the active site of B-cell lymphoma-extra-large
(Bcl-X)) (PDB ID: 3zk6) to investigate the inter-
molecular interactions between studied complexes.
Also, the prospective binding configurations that
back these studied peptides’ inhibitory abilities were
observed. In each of the docking studies, nine con-

Table 3. Calculated binding affinity and residues involved in the interaction

Binding
Affinity . . . . . o .
(kcal/ Residues involved in the interactions Types of Non-bonding interaction
mol)
A -9.0 | Phe97, Tyrl0l, Vall4l, PhelO5, | Conventional Hydrogen Bond, Pi-Pi
Argl39, Alal42, Leul08 Stacked, Alkyl, Pi-Alkyl
B -8.6 | Tyrl01, Phe97, Vall4l, Argl39, | Conventional Hydrogen Bond, Pi-Pi
Alal42, Leul30, Phel05 Stacked, Alkyl, Pi-Alkyl
C -8.0 |Alal04, Phel05 Phe97, Leul30, Conventional Hydrogen Bond,
Alald2, Asn136, Argl39, Tyrl95, | Unfavourable positive-positive,
Vall41, Ala93, Unfavourable Donor-Donor, Pi-Cation,
Pi-Donor Hydrogen Bond, Pi-Pi Stacked,
Alkyl, Pi-Alkyl
D -81 | Argl39, Phel05, Leul30, Phe97, |Conventional Hydrogen bond, Halogen
Alald2, Tyrl95, Vall4l, Ala93, Tyrl01 | (Fluorine), Pi-Donor Hydrogen Bond, Pi-Pi
Stacked, Alkyl, Pi-Alky
E -8.9 | Argl39, Phel05, Phe97, Tyrl01 Pi-Pi Stacked, Conventional Hydrogen
Bond, Pi-Pi T-shaped, Pi-Alkyl
F -9.2 Leul08, Phel05, Aspl33, Argl02, Conventional Hydrogen Bond, Attractive
Phe97, Alal42, Vall4l, Leul30, | Charge, Unfavourable Donor-Donor, Pi-Pi
Argl39, Alag3, Tyr195 T-shaped, Alkyl, Pi-Alkyl
Doxorubicin -7.8 - -
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figurations were observed and the pose with lowest
binding affinity value was selected. As shown in Ta-
ble 3, the binding score for the docked complexes
were -9.0, -8.6, -8.0, -8.1, -8.9 and -9.2 kcal/mol
for compounds A-F, respectively. The calculated
binding affinity revealed that all the studied com-
pounds were located at the best-docked site in the
active site of B-cell lymphoma-extra-large (Bcl-X)
(PDB ID: 3zk6) when compared to binding affinity
for the referenced compound (Doxorubicin) with
-7.8 kcal/mol. According to report by Oyebamiji et
al., 2022, the lower the calculated binding affinity,
the more strength to the target; therefore, compound
F has potential greater strength to inhibit B-cell lym-
phoma-extra-large (Bcl-X|) (PDB ID: 3zk6) thereby
down-regulate prostate cancer [34]. More so, among
the studied compounds, compound F proved to be
positioned at best docked site in the active site of the
studied receptor (Fig. 3 and 4).

Furthermore, the amino acid residue found in
the pocket site of B-cell lymphoma-extra-large (Bcl-
X,) (PDB ID: 3zk6) was observed to play crucial
role in establishing non-bonding interaction with the
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studied compounds. Compound F forms attractive
charge with Aspl33; conventional hydrogen bond
with Arg 139; unfavorable donor-donor with Argl39;
Pi-Pi T-shaped with Phel05 and Phe97; Alkyl and pi-
Alkyl with Val-141, Ala93, Tyr195, Leul30, Leu 108,
Alal42 and Argl02. The non-bonding interactions
formed with other studied compounds were reported
in Table 3.

Molecular dynamic simulation analysis

Root mean square deviation analysis. The root
mean square deviation (RMSD) of compound F
(compound with best binding affinity from docking
study) was used to quantify the amount of noncon-
formity from the original structure and the steadi-
ness of the studied complexes all through 100,000 ps
(100 ns) simulation time. The RMSD revealed that
compound F reacted well with Bcl-X (PDB ID:
3zk6) and it proved that it has greater ability to in-
hibit the studied receptor than the referenced com-
pound, as shown in Fig. 5.

Calculated binding energy. Table 4 revealed
the calculated binding energy components which
was measured in kcal/mol for compound F and

Interactions

:I Attractive Charge
- Conventional Hydrogen Bond

- Unfavorable Donor-Donor

0’: - Pi-Pi T-shaped
Alkyl
.? []
|| Pi-Alkyl
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Fig. 3. Two dimensional (2D) binding configuration of compound F in the binding pocket of Bcl-X|

(PDB ID: 3zk6)
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Fig. 4. Three dimensional (3D) binding configu-
ration of compound F in binding pocket of Bcl-X,
(PDB ID: 3zk6)

referenced compound (Doxorubicin) against B-cell
lymphoma-extra-large (Bcl-X ) (PDB ID: 3zk6) via
molecular dynamic simulation study. The binding
energy calculated for compound F - Bcl-X com-
plex revealed its ability to inhibit B-cell lymphoma-
extra-large (Bcl-X|) than Doxorubicin (reference
compound). The binding energy for compound
F - Bcl-X, and reference compound - Bcl-X com-

RMSD

plexes were 10.35 + 1.84 and 12.26 + 1.08 kcal/
mol, respectively. Other calculated free energy
for compound F - Bcl-X, were van der Waal ener-
gy (AE ) (-60.65 + 0.61 kcal/mol), electrostatic
energy (AE,) (-133.39 * 3.24 kcal/mol), gas-
phase molecular mechanics free energy (AG,,)
(-194.04 + 3.49 kcal/mol) and polar solvation energy
(AG,,) (204.38 + 4.64 kcal/mol) while other calcu-
lated free energy for reference compound (Doxoru-
bicin) - Bcl-X| were -41.04 + 0.7 kcal/mol for van
der Waal energy (AE ), 10.3 £ 2.76 kcal/mol for
electrostatic energy (AE, ), -2.65 * 0.44 kcal/mol for
gas-phase molecular mechanics free energy (AGgas)
and -51.33 £ 0.65 kcal/mol for polar solvation energy
(AG,,). As shown in Table 4, van der Waal energy,
electrostatic energy and gas-phase molecular me-
chanics free energy were favorable towards binding
of compound F to the active site of B-cell lympho-
ma-extra-large (Bcl-X)) (PDB ID: 3zk6) (Fig. 6).

ADMET Evaluation

In drug design and discovery, the in silico ap-
proach to develop the drug-like features is very time
and cost-effective before the synthesis of targeted
compounds. Blood brain barrier value for compound
F was greater than -1 which revealed that the com-
pound has the ability to be fairly distributed through
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Fig. 5. RMSD of Comp F-Bcl(X) and Ref-protein complexes during 100 ns MD trajectories
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Table 4. Calculated binding energy components measured in kcal/mol for Comp F - Bcl-X, and Ref-protein

Binding energy components, kcal/mol

Complexes
p AEvdw AEele A(}gas ACisol AC}bind
CompF-Bcl- X~ -6065+061 -133.39+324 -19404+349  204.38 +4.64 10.35+1.84
REF-protein -41.04 £ 0.70 10.30 £ 2.76 -2.65+0.44 -51.33 £ 0.65 12.26 £ 1.08
Energetic components
Prot-Lig-CHARMM | Normal | PB | Delta
GGAS GSOLV TOTAL
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Fig. 6. Chart for calculated binding energy components

the brain. This was well correlated with the BBB
value calculated for the referenced compound. As
shown in Tables 4 and 5, the calculated value for
human intestinal absorption for compound F and
the referenced compound were 0.9652 and 0.8092,
respectively. This proved to be above the threshold
value of 30% and this showed that both compound F
and doxorubicin have high human intestinal absorp-
tion features. As shown in Table 4, compound F

was observed to be non-substrate to CYP450 2C9
Substrate, CYP450 2D6 Substrate and was observed
to be substrate to CYP450 3A4 Substrate and these
properties agreed well with the properties observed
for referenced compound. More so, compound F
was non-inhibitor to CYP450 1A2, CYP450 2C9,
CYP450 2D6 and CYP450 2C19, but it only has the
ability to inhibit CYP450 3A4. The selected com-
pound was observed to be non-carcinogenic, non-
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Table 4. ADMET features for compound F (compound with highest binding affinity)

ADMET Predicted Profile — Classification

Model \ Result Probability
Absorption
Blood-Brain Barrier BBB- 0.8667
Human Intestinal Absorption HIA+ 0.9652
Caco-2 Permeability Caco2- 0.6709
P-glycoprotein Substrate Substrate 0.9069
P-glycoprotein Inhibitor Inhibitor 0.5239
Non-inhibitor 0.7775
Renal Organic Cation Transporter Non-inhibitor 0.7290
Distribution
Subcellular localization Lysosome 0.4864
Metabolism
CYP450 2C9 Substrate Non-substrate 0.5915
CYP450 2D6 Substrate Non-substrate 0.7832
CYP450 3A4 Substrate Substrate 0.6931
CYP450 1A2 Inhibitor Non-inhibitor 0.7147
CYP450 2C9 Inhibitor Non-inhibitor 0.5867
CYP450 2D6 Inhibitor Non-inhibitor 0.8513
CYP450 2C19 Inhibitor Non-inhibitor 0.5904
CYP450 3A4 Inhibitor Inhibitor 0.8571
CYP Inhibitory Promiscuity High CYP Inhibitory Promiscuity 0.5952
Toxicity
Human Ether-a-go-go-Related Gene Inhibition Weak inhibitor 0.8309
Inhibitor 0.5978
AMES Toxicity Non AMES toxic 0.5854
Carcinogens Non-carcinogens 0.6548
Fish Toxicity High FHMT 0.9990
Tetrahymena Pyriformis Toxicity High TPT 0.9770
Honey Bee Toxicity Low HBT 0.6606
Biodegradation Not ready biodegradable 1.0000
Acute Oral Toxicity Il 0.5599
Carcinogenicity (Three-class) Non-required 0.5712
ADMET Predicted Profile — Regression
Model Value Unit
Absorption
Aqueous solubility -3.9321 LogS
Caco-2 Permeability 0.0007 LogPapp, cm/s
Toxicity
Rat Acute Toxicity 2.5817 LD50, mol/kg
Fish Toxicity 1.3470 pLC50, mg/I
Tetrahymena Pyriformis Toxicity 0.5693 pIGC50, ug/l
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Table 5. ADMET features for doxorubicin (Referenced Compound)

ADMET Predicted Profile — Classification
Model \ Result Probability

Absorption
Blood-Brain Barrier BBB- 0.9951
Human Intestinal Absorption HIA- 0.8092
Caco-2 Permeability Caco2- 0.7990
P-glycoprotein Substrate Substrate 0.7861
P-glycoprotein Inhibitor Non-inhibitor 0.8782
Non-inhibitor 0.8382
Renal Organic Cation Transporter Non-inhibitor 0.9053

Distribution
Subcellular localization Nucleus 0.8460

Metabolism
CYP450 2C9 Substrate Non-substrate 0.8042
CYP450 2D6 Substrate Non-substrate 0.9116
CYP450 3A4 Substrate Substrate 0.5888
CYP450 1A2 Inhibitor Non-inhibitor 0.9045
CYP450 2C9 Inhibitor Non-inhibitor 0.9209
CYP450 2D6 Inhibitor Non-inhibitor 0.9231
CYP450 2C19 Inhibitor Non-inhibitor 0.9025
CYP450 3A4 Inhibitor Non-inhibitor 0.8310
CYP Inhibitory Promiscuity Low CYP Inhibitory Promiscuity 0.8911

Excretion
Toxicity

Human Ether-a-go-go-Related Gene Inhibition Weak inhibitor 0.9752
Non-inhibitor 0.7195
AMES Toxicity AMES toxic 0.9198
Carcinogens Non-carcinogens 0.9534
Fish Toxicity High FHMT 0.8704
Tetrahymena Pyriformis Toxicity High TPT 0.9877
Honey Bee Toxicity Low HBT 0.5612
Biodegradation Not ready biodegradable 0.9672
Acute Oral Toxicity Il 0.7766
Carcinogenicity (Three-class) Non-required 0.6246

ames toxic and not readily biodegradable. Other cal-
culated ADMET features for compound F and the
standard are shown in Tables 4 and 5.

Conclusion. Six cyclic RGD-containing pep-
tides were explored using in silico approach. Series
of descriptors that revealed the properties of the
studied compounds were obtained via 6-31G* as
basis set using Spartan’14 software. The descriptors

obtained from the optimized peptides revealed that
the studied peptides have potential anti-prostate can-
cer capacity. Also, the studied peptides were docked
into the binding pocket of the studied receptor and it
was observed that all the studied peptides proved to
be active and possess greater ability to inhibit Bel-X |
(PDB ID: 3zk6) than the doxorubicin (Referenced
compound). Compound F with the highest binding

101



ISSN 2409-4943. Ukr. Biochem. J., 2023, Vol. 95, N 2

Table 5. (Continuation)

ADMET Predicted Profile — Regression
Model Value Unit

Absorption
Aqgueous solubility -2.7191 LogS
Caco-2 Permeability -0.5350 LogPapp, cm/s

Distribution

Metabolism

Excretion

Toxicity

Rat Acute Toxicity 2.6644 LD50, mol/kg
Fish Toxicity 1.3320 pLC50, mg/I
Tetrahymena Pyriformis Toxicity 0.3955 pIGC50, ug/I

affinity and the binding score of -9.2 kcal/mol proved
to be potent to inhibit B-cell lymphoma-extra-large
(Bcl-X,) than other studied compounds. The AD-
MET features calculated for compound F and Doxo-
rubicin (ref drug) revealed that compound F has
potential characteristic to act as potential drug-like
compound with anti-prostate ability.
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[{ukaiuHi  [ENTUAM  [PUBEPTAOTh  yBary
MOKJIMBUM 3aCTOCYBaHHSM Yy JIIKyBaHHI paky.
Mu nepeBipuiaM 3aTHICTh IMIECTH MHKJIIYHUX
RGD-BMicHUX meNTUiB I1HTIOyBaTH HAJABEIIHKY
B-xnitunny gimpomy (Bcl-X|) (PDB ID: 3zk6)
3 BHKOpUCTaHHsSM Metomy In Silico. omaBanus
enekTpoHoakienTopuoi rpynu (—Cl) 710 crionyku Ha
ocHOBI 1uKIIYHUX RGD-BMiCHUX NMENTHIIB CIIpPHU-
YUHSJIO paJUKalibHE TOKPAIICHHS MIIHOCTI BO-
nHeBoro 38’13Ky 3 Argl39 y Bel-X| 3 Argl39. byno
BUSIBIICHO, 1110 cnionyka F 3 -9,2 xkan/Monb po3ra-
[I0BaHAa B HAMKPAIIOMY MiCIli CTUKYBaHHS B KUIICH]
3B’a3yBanHs Bel-X| i Mae Ginbiny noteHuiny npo-
THUPAKOBY 3[aTHICTh, HIK 1HIII JOCIIIKYBaHI CIIOJTY-
KH, @ TAKOXK KOHTPOJIbHA CHOJyKa (I0KCOpPYOIlIHH).
BnactuBocti cnonyku F i jgokcopyOinuHy Oyiin
nociijpkeHi 3a nornomoror mnporpamu ADMET.
Hamni pe3ynbraTtu BiJKpHBAIOTh MOMIJIHMBOCTI AJIS
MPOEKTYBaHHs Ta po3poOku 0ibmioTekn edeKkTHB-
HUX DUKINYHNX RGD-BMICHUX IMENTHAIB HA OCHOBI
JMKapChbKUX PEYOBHH SIK MOTEHI[IHHUX TPOTUPAKO-
BUX arcHTIB.

KnwuoBi cmosa: nukiniydai RGD nentu-
o, Bcl—XL, MIENTUI-IPOTETHOBA B3a€MOJIisl, KaHIIE-
porenes, in silico mocmimKeHHs, MOJCTIOBAHHS.
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