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Abstract. Adenosine receptors (ARs) have garnered attention as valuable
targets in drug discovery due to their widespread expression across various
tissues and their unique, tissue-specific roles. These receptors regulate
numerous physiological processes, and drugs that selectively target ARs
hold great therapeutic potential. Although several AR structures have
been experimentally resolved and are available in structural databases
like the Protein Data Bank (PDB), some receptor forms remain structurally
undetermined. This gap limits the comprehensive molecular modeling
needed to explore receptor-ligand interactions and accurately predict the
potential therapeutic effects of candidate ligands. Recognizing the therapeutic
promise of targeting adenosine receptors, we explored the feasibility of using
AlphaFold2-predicted structures in drug design. Specifically, we examined
the structure of the active A ; AR predicted by AlphaFold2 and compared it
with its experimentally determined PDB counterpart. Our analysis revealed
a high degree of similarity, with a TM-score of 0.96 and a root mean square
deviation (RMSD) of 1.48 A, underscoring the viability of AlphaFold2
models for molecular docking and drug discovery applications. In addition,
we performed comparative analyses of the active and inactive forms of A_,
and A, receptors and their associations with G-proteins. This assessment
provided further insights into receptor functionality and structural dynamics,
enhancing our understanding of their structure-activity relationships.
Our findings support AlphaFold2 as a valuable tool in structural biology,
especially for drug discovery targeting ARs, some experimental structures of
which are unavailable. This approach holds promise for expanding in silico
modeling possibilities, aiding in the development of specific and effective
therapeutics.
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Introduction

The A, adenosine receptor (AR) was initially identified and cloned in 1992 by Rivkees
and Reppert from rat hypothalamus and Pierce et al. from human hippocampus tissue [1, 2].
The receptor’s structure was classified as a typical G protein-coupled receptor (GPCR) with
a molecular mass of approximately 36-37 kDa, and the subsequent studies confirmed its
GPCR classification [3]. Despite being identified decades ago no high-resolution structure
of A, AR has yet been obtained through X-ray crystallography [1, 2]. The only available
experimentally determined structure to date is depicted in Figure 1 (published in the
PDB on January 18, 2023, accession code 8HDO) and was determined using cryo-electron
microscopy (cryo-EM), a less precise technique [4].

Figure 1. The structure of the active A, adenosine receptor (PDB accession code SHDO) [4].
The structure of the A | chains is shown in green, and the structures of the G proteins are shown
in other colors

Functionally, the A, AR primarily signals through the adenylate cyclase (AC) pathway,
leading to elevated levels of intracellular cyclic adenosine monophosphate (cAMP) and
activation of protein kinase A (PKA) and other cAMP-dependent effectors, such as the
exchange protein Epac [5]. Additionally, A,, AR can signal via the Gg-phospholipase C
(PLC) pathway, which is connected to mitogen-activated protein kinase (MAPK) and
arachidonic acid pathways. These pathways may regulate membrane ion channels via the
Y subunits of the G protein.

A, AR is widely expressed in various cell types, including type II alveolar epithelial
cells, endothelial cells, chromaffin cells, astrocytes, neurons, taste cells, and immune
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cells such as mast cells, neutrophils, dendritic cells, macrophages, and lymphocytes [5].
Environmental factors like inflammation, cellular stress, injury, and hypoxia can modulate
A, AR expression. For instance, interferon-y increases A,, AR transcription in mouse
macrophages, TNF-a upregulates A,, AR mRNA and protein in human colonic epithelial
cells, and other mediators like IL-1(3, reactive oxygen species, and endogenous adenosine
further enhance its expression [6-10].

Despite the significant role of A ; AR in cellular signaling pathways, the lack of high-
resolution structural data poses challenges to fully understanding its activation mechanisms
and interaction with potential drug candidates. While cryo-EM has provided a glimpse into
the active state of A ; AR, shown in Figure 1, the inactive form remains experimentally
unresolved, limiting our ability to study both forms in parallel [4]. Structural insights into
both states are essential, as they reveal critical details about receptor function and ligand
binding, which are key for drug development. To address these gaps, recent advances in
computational modeling, particularly through AlphaFold2, have enabled the prediction
of both active and inactive protein structures, offering a new avenue for exploring GPCR
conformations (https://gpcrdb.org/structure/homology_models) [11]. The AlphaFold2-
MultiState model, which includes A, ; AR, now provides accessible predicted models for
numerous human GPCRs, offering valuable insights for research and drug design [12,13].

Another important GPCR without an experimentally resolved structure is the A, AR.
This protein consists of 318 amino acids and features a GPCR architecture [14]. The A,
AR’s C-terminal domain has multiple serine and threonine residues, which may act as
phosphorylation sites and contribute to receptor desensitization following agonist binding
[15]. A, AR shows high expression in liver, lung, and immune cells, with lower levels
detected in the heart and brain [16, 17]. This receptor has attracted attention as a potential
therapeutic target in inflammation, cancer, and cardioprotection [15]. Adenosine-based
A, AR agonists have shown efficacy as antinociceptive agents in preclinical pain models
and are under clinical trials for treating rheumatoid arthritis, psoriasis, and hepatocellular
carcinoma [18, 19]. Additionally, heterocyclic-based A, AR antagonists are being studied for
use in glaucoma and inflammatory airway diseases like asthma [20-22].

Understanding protein structures is fundamental in drug discovery, as it reveals critical
details about how proteins interact with potential drug molecules. For GPCRs like the
adenosine receptors, structural information is especially important, given their role in
numerous signaling pathways related to various diseases. Detailed structural data enable
researchers to analyze the binding sites, activation mechanisms, and potential conformational
changes of these receptors, which are essential for designing effective and selective drugs.
TheA, AR, despite its therapeutic potential, lacks experimentally resolved structures in both
active and inactive states. Without this data, it remains challenging to determine precisely
how this receptor could be targeted with new drugs. However, computational tools such as
AlphaFold2 have helped fill this gap by predicting the active and inactive forms of A, AR,
providing an initial model for study [23, 24]. Yet, because these structures have not been
experimentally verified, their reliability for drug design remains uncertain.
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An interesting approach to assessing the usability of these predicted structures is through
the structural homology shared among adenosine receptors. Given that A ; AR and A; AR
share significant sequence and structural similarities, insights from A ; AR structures may
support and validate the use of A, AR models. This homology allows researchers to make
cautious inferences about A, AR’s predicted structure and its potential for ligand binding,
aiding in the initial stages of drug discovery even for receptors without high-resolution data.
This study aims to evaluate adenosine receptor structures predicted by AlphaFold2 alongside
experimentally derived cryo-EM structures, determining their utility in drug design. Such
an approach is particularly valuable for receptors like A, AR, where the identification of
new ligands is hindered by a lack of structural data. By focusing on A,, and A, AR, both
of which hold significant promise for treating conditions such as inflammatory diseases
and cancer, this study seeks to advance our understanding of using predicted structures as
reliable models for drug discovery.

Material and Methods
Protein Structure Prediction with AlphaFold?2

AlphaFold2, an Al-based algorithm, predicts protein structures from amino acid
sequences with high precision [25, 26]. Its potential applications extend across various
tields, including medicine, biology, and pharmaceuticals, facilitating more effective study
of protein interactions and expediting new drug discovery [27]. Using deep learning
techniques, AlphaFold2 generates initial protein folds and refines atomic-level structures.
For prediction, it employs a multi-stage convolutional neural network to analyze amino
acid sequences, predicting atomic pair distances and optimizing structural configurations
based on energy constraints. The study used protein structures predicted by AlphaFold2-
MultiState (https://gpcrdb.org/structure/homology_models) [11-14, 23, 24].

3D Structure Comparison and TM-Score Analysis

To assess and compare 3D protein structures, computational tools based on alignment
algorithms, like DaliLite, VAST, and FATCAT, are commonly used [28]. These tools employ
structural comparison algorithms that measure the similarity or difference between two
protein structures. One key metric is the TM-score (Template Modeling score), calculated
based on atomic contact analysis and enables structural alignment and similarity scoring [28].
For structural comparison, 3D protein models were sourced from the GPCRdb and RCSB PDB
databases. Comparative structural analysis was performed using the TM-align tool (http://
zhanglab.ccmb.med.umich.edu/TM-align/), which outputs TM-scores indicating structural
similarity (0 to 1, where 1 implies identical structures). A TM-score below 0.5 typically suggests
structural divergence. RMSD values were also provided, quantifying atomic deviations
between structures, with lower RMSD indicating greater structural similarity [28].
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Visualization of Structural Comparisons

To visualize and analyze 3D protein alignments, PyYMOL software was utilized. This
approach allowed the inspection of structural regions with key similarities and differences,
facilitating an understanding of protein conformational variations in potential drug-target
interactions.

Results and discussions
Comparative analysis of A,, AR structures obtained by Cryo-EM and AlphaFold

For analysis, we used TM-align (version 20190822) with a statistical algorithm to
align and compare protein structures: 0.0 < TM-score < 0.30 indicated random structural
similarities; 0.5 < TM-score <1.00 indicated a high degree of similarity. The length of the
reference A, structure obtained by cryo-EM was 280 residues, while the structure predicted
by AlphaFold2 had 332 amino acid residues. The discrepancy in the amino acid residue
count between the protein structures can be attributed to the inherent limitations of cryo-
EM, which often exhibits poor resolution, potentially leading to the incomplete or absent
visualization of certain structural elements. The alignment of the AlphaFold2-generated
structure to the Cryo-EM structure was conducted. The structures were found to be almost
identical, with a TM-score of 0.96143, indicating a similarity of 96% (Figure 2).

Visual analysis of the alignment revealed that the primary discrepancies are observed
in the linkers that connect the a-helices. Figure 2 provides a clear visual representation of
the structural differences between the AlphaFold2-predicted and experimental structures.
Particularly, the AlphaFold2-predicted structure has a longer linker between the 4a and
5a helices compared to the experimental structure. Furthermore, analogous discrepancies
are observed between the 5a and 6a, as well as the 6a and 7« structures. We attribute this
discrepancy to the low resolution of Cryo-EM. More significant differences are observed in
the intracellular helix 8a located in the C-terminal zone. This is attributed to the combination
of the low resolution of Cryo-EM and the capabilities of AlphaFold2 in predicting protein
structures. Nevertheless, visual analysis of the alignment demonstrated that the binding
pocket in the two proteins is identical, as illustrated by the ligand bound to the reference
structure. The ligand in question is adenosine, which has been demonstrated to function as
a natural agonist of AR in several studies [3, 18, 29-31].

Furthermore, in order to ascertain whether there is a similarity or a difference between
the two structures, we employed the parameter RMSD (Root Mean Square Deviation),
which is a measure of the deviation between the corresponding atoms of the two structures.
A smaller RMSD value indicates greater structural similarity. In the majority of cases,
the RMSD is expressed in angstroms (A). A comparison of the Cryo-EM-derived and
AlphaFold2-predicted structures of A ; revealed an RMSD value of 1.48, thereby confirming
the similarity of the structures. Furthermore, the sequence identity was evaluated, resulting
in a value of 0.989 (on a scale from 0 to 1, where 1 means 100% similarity). Therefore, we
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demonstrated that the structures predicted by AlphaFold2 can be utilized further in silico
experiments.

Figure 2. Visualization of structural comparisons between the active A ; AR obtained by
Cryo-EM (purple) with the ligand adenosine (blue) and the predicted active A ; AR structure
AlphaFold2 (green). The intensity of the color shows the sites that differ between the two. The
following views are provided for illustrative purposes: top view (extracellular region), side view
(extracellular, intracellular, and transmembrane regions), bottom view (intracellular region)

To gain insight into the distinctions between active and inactive forms of adenosine
receptors, we compared AlphaFold2-predicted active and inactive conformations of ARs.
The TM-score of the aligned active and inactive conformations of A ; AR yielded a value
of 0.85, corresponding to 85% similarity. The RMSD was 2.91, and the sequence identity
was 0.975, indicating that the structures are similar but nevertheless exhibit differences.
The results of visual analysis with alignment showed that upon activation of A, AR, the
part of the 1a chain directed to the extracellular space (N-terminal region) changes its
location. This change is visualized in Figure 3. Possibly, after binding to the ligand, the
protein conformation begins to change precisely from this chain. The active center begins to
narrow, which leads to conformational changes in other a chains. A change in the location of
5a and 6a chains is also clearly visible. This change occurs on the side directed toward the
intracellular space. In this case, the shift during activation occurs away from the central axis.
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This change is necessary for dissociating from the Gs protein and activating the intracellular
signal (this has already been shown for A , proteins) [32].

Figure 3. Visualization of the alignment of active (green) and inactive (red) A, AR predicted by
AlphaFold2. The intensity of the color shows the sites that differ between the two.
The following views are provided for illustrative purposes: side view (extracellular,
intracellular, and intramembrane regions), bottom view (intracellular regions)

Furthermore, a structural analysis was conducted to examine the binding of both the active
and inactive conformations of A2B to G-proteins. The visual representation of the relationship
between receptor activation and association with Gs-protein is illustrated in Figure 4. The
structural analysis images were generated in the PyMOL program by comparing the active
and inactive A ; structures, predicted by AlphaFold2, with the Cryo-EM-derived structure
of the A, receptor bound to the Gs-protein. There is a minimal distinction between the 6a
and 7a chains. It seems reasonable to posit that this change is necessary for the movement
of the 8a chain, which is located in the interior of the cell. The 8«x chain orientation affects
modifications of the intracellular regions such as phosphorylation and ubiquitination after
signal transduction by the Gs-protein [33].
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Figure 4. Changes in the arrangement of the 5a and 6a chains in the active (green) and inactive
states of the A,; AR (red) predicted AlphaFold2 with visualization of the Ga protein binding
site (blue)

AlphaFold-predicted A3 AR conformational features

After assessing the similarity of the AlphaFold-predicted structure of the A, AR with the
experimentally obtained structure of this receptor, an analysis was performed to determine
the structural features of the AlphaFold-predicted A, ARin active and inactive conformations
(Figure 5). TM-score of the aligned active and inactive conformations of A, AR showed a
value of 0.92, which corresponds to 92% similarity. RMSD was 2.23, and sequence identity
shows a value of 1.0, this indicates that the structures are similar but have large differences.

However, compared to A, in the active and inactive state (Figure 3), A, has fewer
conformational changes (Figure 5). Visual analysis of the active and inactive A, receptor
structures revealed similar changes, as those in the A_; receptor. A similar change in the 1a
chain is also observed in A.. It is plausible that during receptor activation, the activation
signal is transmitted starting from a change in the conformation of the la chain. Then,
the 5a and 6a chains directed toward the intracellular space undergo a structure change,
responsible for signal transmission through the G protein.

Similar changes are also shown in the transition from the 6« to the 7o and the 8a chain.
These changes are necessary for further utilization of the receptor. However, in the A, active
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structure, the changes in the 5a and 6a chains are less significant compared to the active A .
We explain this by the fact that A, binds not to the Gs protein, which affects the activation of
AC, but to the Gi protein, which is responsible for inhibiting this membrane enzyme.

Figure 5. Visualization of the alignment of active (green) and inactive (red) A, AR predicted by
AlphaFold2. The intensity of the color shows the sites that differ between the two.
The following views are provided for illustrative purposes: side view (extracellular,
intracellular, and intramembrane regions), bottom view (intracellular regions)

When attempting to conduct a structural analysis of the A, binding to the G protein,
we encountered the previously described problem - no experimental structures of the A,
adenosine receptor are available. The solution in this case was to test the interaction of A; AR
with the Cryo-EM-derived structure of the Gi protein bound to A; AR [22,34]. Visualization
of A, with the Gi protein of the Al adenosine receptor is shown in Figure 6. As shown,
for the activation of the Gi protein, fewer changes in the 5a and 6a chains are required
compared to the activation of the Gs protein.
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Figure 6. Changes in the arrangement of the 5a and 6a chains in the active (green) and inactive
(red) states of the A, AR predicted by AlphaFold2, with visualization of the Gi protein binding
site (blue)

Comparative analysis of AlphaFold-predicted active and inactive AR structures

To understand the structural changes of proteins associated with different G protein
subtypes, we also performed TM-scoring and alignment of the structures of active A_, with
the active conformation of A, AR (Figure 7). TM-scores showed a value of 0.85 when using
the active A, structure as a reference, which means that the similarity of the structures is
85%. However, when using the active A, structure as a reference, TM scores showed a value
of 0.89, which corresponds to a similarity of 89%. RMSD calculation showed a value of
2.52, while sequence identity showed a value of 0.394, equivalent to a sequence similarity of
39.4%. This proves the differences between proteins in amino acid sequence and at the same
time structural similarity.

Visual assessment of the differences and similarities between structures using alignment
showed us very interesting results, which may be useful. The first similarity that was
determined is in the a chains located in the bilayer of the membrane. This structure, as seen
from the data shown above, is conserved between A ; and A,, and possibly all adenosine
receptors. The main distinguishing feature between the structures of the two proteins, in
our opinion, is the difference in the linkers between various a chains, such as between 2«
and 3a, between 4a and 5a directed to the extracellular space. These sites are known to
be amino acid sequences responsible for the primary binding to ligands. Considering the
difference between the chains directed toward the intracellular space, the positions of 5a
and 6a chains seem to distinguish GPCRs depending on their Ga types. Structural analysis
of A, bound to Gs and A, bound to Gi are shown in Figures 4 and 6.
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Figure 7. Alignment of the structures of active A, (green) with active A, (purple) ARs.
The intensity of the color shows the sites that differ between the two. The following views are
provided for illustrative purposes: top view (extracellular regions), side view (extracellular,
intracellular, and transmembrane regions), bottom view (intracellular regions)

Additionally, a similar analysis was conducted for the inactive structures of A, with A,
AR. TM-score when the A, structure was used as a reference was 0.87, and 0.90 when A,
was used as a reference, which shows the identity of 87% and 90%. The RMSD value was
1.81, which indicates their greater similarity compared to the active states. In the inactive
state, sequence similarity is almost identical, with a deviation of less than 1%, much less
compared with the similarity between the active receptors (0.404, that is, 40.4%). Visual
assessment of the difference and similarity of the structures by alignment showed that the
inactive structures are almost identical (Figure 8). The main differences are the linker regions
in the direction of the extracellular space.
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Figure 8. Alignment of the structures of inactive A ; (red) with inactive A  (blue) AR.
The intensity of the color shows the sites that differ between the two. The following views are
provided for illustrative purposes: top view (extracellular regions), side view (extracellular,
intracellular, and transmembrane regions), bottom view (intracellular regions)

Conclusion

During the study, we confirmed the relevance of using protein structures by the AlphaFold2
program. This study was done due to the lack of available A, AR and A, structures for
molecular in silico research. According to our studies, the homology between the active
structures of A, obtained experimentally and by modeling was 96%, with a sequence identity
of 98%. We also conducted a comparative analysis of the active and inactive structures of
adenosine receptors and determined regions that underwent changes under the influence
of agonists. Structural analysis showed that a5 and a6 helices are responsible for releasing
the Ga subunit. These data are supported by previous publications. Comparative analysis
of the inactive forms of A and A ; AR showed structural homology from 87% to 90% with
an amino acid sequence identity of 40%. Comparative analysis of the active forms of these
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receptors showed homology of 85% to 89% depending on the reference protein, with an
amino acid sequence identity of 40. However, visual analysis and also structural analysis
showed that the release of Gas, which is mediated by the A ; AR signal, requires more
conformational changes compared to the release of Gai by the A, AR protein.
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IMoTeHIMaa CTPYKTYp aA€HO3MHOBBIX pelenITOPOB, IpedckasanHbix AlphaFold2,
B pa3pabOTKe 1€KapCTB ¥ MOAEKYASIPHOM MOJAEAMPOBAHNN

AnHOTaLMsA. AAeHO3MHOBBIE penenTopsl (AP) npuBaekAyu BHMMaHMe KakK LIeHHbIe L[eAl P
pa3paboTKe 4eKapCTB M3-3a MX IIMPOKONM DKCIPECCUN B Pa3AMYHBIX TKAHAX UM MX YHUKAAbHBIX,
TKaHecIIeMPUUHBIX poaeil. DT pelenTophl peryAupyioT MHOTOYMCAeHHbIe (PU3MO0AOTMIecKre
IIpOLIecchl, ¥ IpellapaThl, KOTOpble M30MpaTeAbHO BO3AeMCTBYIOT Ha AP, obaasaioT 00AbIINM
TepaneBTUYeCKMM TIOTeHIIMaA0M. XOTs HEeCKOABKO CTPYKTyp AP Oblam »KcriepuMeHTaabHO
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paspelrieHsl 1 AOCTYIIHBI B CTPYKTYPHBIX Oa3ax 4aHHBIX, Taknx Kak Protein Data Bank (PDB), nekotopsie
(pOpPMBI perenTopoB OCTAIOTCSA CTPYKTYPHO HeollpejeleHHBIMI. DTOT IpoOea OrpaHMYMBaeT
BCeCTOpOHHee MOJAeKyAspHOe MOAeANpOBaHNe, HeoOXOAUMOe AAsl M3Y4eHMs B3aMOAENICTBUIL
PeLleTOpOB U ANTaHAOB 1 TOYHOT'O IIPOTHO3V POBAHNA IIOTEHITVIAAbHBIX TeparieBTIIecKuX 9P PeKToB.
OcosHaBasl TepamneBTHUeCK/e IIepCIIeKTVBBl HalleAMBaHUs Ha aAeHO3MHOBLIE pPelleNTOPbl, MBI
1ccaeA0BaAV BO3MOXKHOCTD JICIIOAB30BaHI CTPYKTYp, IpeAckazaHHbIX AlphaFold2, mpu pazpabotke
AexapcTB. B wactHOCTH, MBI U3y4unau CTPYKTypy akTuBHOTO A, AP, mpeackasannyio AlphaFold2,
U CpaBHIAM ee C ee DKCIIepMMEeHTaAbHO OIlpejeaeHHbIM aHaaoroM u3 PDB. Ham anaaus BersaBua
BBICOKYIO CTeIleHb cxoAcTBa ¢ onjeHkon TM 0,96 u cpeaneksagpatuyeckum oTkaoHeHueMm (RMSD)
1,48 A, uto IoA4epKuBaeT XXI3HeCcrIocoOHOCTh Moeaelt AlphaFold2 441 MoaexyaspHOIT CTHIKOBKI
U IIPUAOXKEHNI 10 TTOUCKY AeKapcTB. Kpome TOro, MBI IIpOBeAN CpaBHUTEAbHBIV aHAAU3 aKTUBHBIX
U HeaKTUBHBIX (pOPM perenTopoB A, 1 A, u ux cBsaseii ¢ G-Oeakamu. DTa OlleHKa 4a4a AaAbHelIee
rpejcraBieHne O (PyHKIIMOHAABHOCTY PeLIeNTOPOB U CTPYKTYPHOI AMHaMMKe, pacIlMpUB Hallle
ITIOHMMaHIIe UX CTPYKTYPHO-aKTUBHOCTHBIX B3aIMOCBs13el1. Harrm pesyabTaThl IoATBEPIKAAIOT, YTO
AlphaFold2 sBasteTcs 11eHHBIM MHCTPYMEHTOM B CTPYKTYPHOI OM0OAOTHM, OCOOEHHO AAsl IIOMCKa
AeKapcTB, HalledeHHBIX Ha AR, rae skcmepuMeHTaAbHbIE CTPYKTYPHI HEAOCTYIIHBL. DTOT ITOAXOA
oOelllaeT pacIIMpPUTh BO3MOXKHOCTI MOAeAMpoBaHus in silico, momoras B pa3zpaboTke ceAeKTUBHBIX
11 9P PEKTUBHBIX TEPAIIeBTUIECKIIX CPEACTB.

KaroueBble caoBa: IIpOrHO3MpoOBaHMe CTPYKTyphl Oeaka, TM-align, crpykrypHas G6moaorms,
CTPYKTYPHBIN aHaAU3, ITIOUCK AeKapCTB

M.Carkanos*, E.Uynaxmnmu
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Aapiaik 3aTTapapl anry >KoHe MOAeKyaAaabIK Mojeabaey KesiHge AlphaFold2 6oaskaran
aJeHO3VMHAIK pellennTopaap KYphlabIMAapbIHBIH d1€yeTi

AngaTtna. AseHosuHaik penjenitopaap (AP) aprTypai TiHaepae KeH TapaadfaH 9KCIIPecCHsChIHA
>KoHe 01apAblH Oipereis, TiHre ToH peAJepiHe OailaaHBICTHI A9PiiK 3aTTapAbl TaOyAa KYHABI MaKcaT
peTiHAe Hasap ayaapAbl. bya penienTopaap kemrereH (PpU3MOAOTUAABIK IIpOLieCTepAi peTTeiiai
>koHe AP-ra TaHAaMaabl Typae OarbITTaAFaH IIperapaTTap yAKeH eMJAik aaeyeTke ne. bipuerie AP
KYPBLABIMAAPBl DKCIIEPUMEHTaAABl TypAe ILIeNIiAreH >KoHe aKybl3 agepekTtep OaHki (Protein Data
Bank, PDB) cusAKTBI Ky PBIABIMABIK AepeKKopaapaa K04 KeTiMai 6o4ca Aa, KeitOip pelienTopaapAbIH
HmimriHAepi KYpPBIABIMABIK TYpAe aHbIKTaAMaraH Kylide Kadadbl. bya OAKBIABIK pelienTopaap-
AUTaHATapABIH ©3apa 9peKeTTeCcyiH 3epTTey >KoHe BIKTMMaad eMAiK acepaepai 494 0oaxay YIIiH
Ka’KeT KellleHAl MO/eKyAaAblK MOAeAbAey Al IeKTelal. AAgeHO3MHAIK pelleliTopAapFa OarbITTaAraH
eMJiK yoaeHi MOMbIHAAN OTHIPHII, 0i3 Aopiaik ausaitHaa AlphaFold2-604xaMabl KypblabIMAapAbI
KO/AJaHyAbIH OPBIHABIABIFBIH 3epTTeik. ATtan aliTkaHaa, 0i3 AlphaFold2 Goaxaran Oeacenai A,
AP KYpBIABIMBIH 3epTTeJiK >KoHe OHBI DKCIlepUMeHTaAAbl Typde aHbiKTaaraH PDB anazorsiven
caAbICTRIpABIK. bisain TaasaysimMbis TM-6aasr 0,96 >keHe opTaliia KBadpaTThIK aybITKyel (RMSD)
1,48 A Goaarein YKCaCTBIKTBIH >KOFaphl AdpesKeciH aHBIKTaAbl, Oya AlphaFold2 moaeabaepinin
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MOJ€eKyaAbIK KOHABIPY JKoHe A9piiK 3aTTapAbl TaOy K0A4aHOaAaphl YIIIiH ©MipIIleHAiriH aTall oTTi.
Comnnimen Karap, 0i3 A, JxeHe A, pellenITopAapbiHbIH OeaceHAi XKoHe OeaceHal eMec popMasapbiHa
>KoHe oaapAblH G-OeaoKkTapbiMeH OaildaHBICTapblHA CaABICTBIpMAaAbl Taaday >KacagbelK. bya
Oarasay perentopaapAblH (QYHKIIMOHAAABIFEI MeH KYPBIABIMABIK AVHaMMKachlHa KOCBIMIIIA
TYCiHIK OepiI, oaapablH KYpBLABIM-0OeAceHAiAiK KaTbIHACTaphl TypaAbl TYCIHITiMi3Al JKakcapTaAbl.
bisain HoTMKeAepimis AlphaFold2-1i KypBslABIMABIK OM0AOTUAAAFBI KYHABI KYpaa peTiHAe, acipece
DKCIIEPUMEHTTIK KYpPBLABIMAAp K04 >KeTiMcis AP-ra OarbITTaAraH 49pidepai Taly yIIiH KOAAAMABL.
Bya Tacia in silico Mogeabaey MyMKiHAIKTepiH KeHelTyre yode Oepeai, ceAeKTUBTI KoHe TUiMAI
TepalnsHbl AaMBITyFa KOMeKTeceal.

Tyitinai cesgep: 6e10K KypbLabIMBIH O0aKay, TM-align, KypbLabIMABIK OMOA0TH S, KYPBLABIMABIK,
Taaaay, A9pidik 3aTTapThl 3epTTey
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