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THE VIRTUAL SCREENING FOR POTENTIAL ALLOSTERIC INHIBITORS
TARGETING PIF-POCKET OF MAST PROTEIN KINASES

Aim. The objective of current study was the
virtual screening for potential allosteric inhibitors of
MAST protein kinases, as well as revision of their
isotype-specific potential. Methods. Literature and
database search. Molecular modeling,
pharmacophore screening, artificial intelligence,
molecular docking, etc. Results. Based on
pharmacophore screening of Enamine Ltd chemical
space, 23 potential effectors of the PIF site of MAST
protein kinases were selected. Based on Al
reconstruction of protein-ligand complexes, the
ATP-, PIF- and K-sites of MAST protein kinases
where predict for potential binding of selected
compounds. Subsequent CCDC GOLD molecular
docking, identify the PIF-pocket asthe priory sitefor
selected compounds hinding, and the leaders of
screening where selected. Conclusions. Based on
the complex protocol of Enamine Ltd. (4,117,328
compounds/60,516,302 conformers) chemical space
virtual screening, 23 perspective PIF-site specific
inhibitors of MAST protein kinases were selected.
The possibility of isotype-specific inhibition of
representatives of the MAST family was revealed.
The leading compounds were selected for further
combinatoria design and laboratory testing.

Keywords. MAST family, protein kinases,
inhibitors, ligands, binding site.

Microtubule-Associated ~ Serine/Threonine
Kinases (MAST) play acritical rolein cellular func-
tionsand in pathogenesis of awide range of diseases,
including types of cancer, venous thrombosis, neu-
rological disorders (encephal opathy, epilepsy, men-
tal retardation), inflammatory bowel disease (includ-
ing Crohn's disease), metabolic disorders, type 2 di-
abetes, autoimmune disorders, etc [1]. Also, the
members of the MAST family have been shown to
beinvolved in cytoskeletal regulation[2]. Since dis-

covery of MAST2, in 1993, four new family mem-
bers have been identified, and currently, MAST fam-
ily isdivided into two subfamilies: MAST (MAST1,
MAST2, MAST3, MAST4) and MASTL (MAST-
like), aso known as GreatWalL (GWL) protein ki-
nase [3]. However, despite of the fact that these pro-
tein kinases are sited as promising molecular targets,
selective inhibitors of MAST family members are
currently unknown [4].

It is worth noting that small molecule inhibi-
tors are a convenient and affordable tool for experi-
mental study of protein kinases function and role.
The vast majority of inhibitors of these enzymes are
ATP-competitive. Because of common substrate
(evolutionarily conserved from Escherichia cali to
human), the ATP-pocket demonstrates strong simi-
larity not only at the AGC family, but also at thelevel
of whole kinome. Inevitably, it entailsto undesirable
nonspecific and alternative interactions of ATP-
pocket effectors. Our previous revision of protein-
ligand pockets showed complete a.a. conservationin
ATP-binding site in all MAST subfamily members
and minor differences in MASTL [5]. Despite the
fact that inhibition of MAST protein kinases by the
ATP-competitive compoundsis quite effective, these
interactions are not specific even at AGC superfam-
ily [6]. Despite differences in MASTL, these varia-
tions are not sufficient to ensure selectivity of pro-
tein-ligand interactions. Nevertheless, in addition to
ATP-pocket, the inhibition of AGC protein kinases
is possible to processes through alternative sites of
ligand binding [5]. For example, site PIF (PDK1 In-
teracting Fragment), firstly identified in PDK1, is
currently considered as one of the most promising
sites of allosteric inhibition. Appearing in all AGC-
kinases, it demonstrates significantly more obvious
variances in amino acid composition, and its effec-
torsreveal strong suppressing effect on different su-
perfamily members[7].
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There are severa protocols of selective inhi-
bition of various AGC family members based on
specific ligand interaction with PIF-pocket [8]. Con-
sequently, such selectivity, opens up prospects for
clinical implementation of such alosteric effectors.
However, it should be noted that the vast majority of
known PIF-inhibitors were developed for other
members of the AGC superfamily: PDK1 (PS210,
1F8, Aurothiomalate, RS1, RS2, SBF1l), PKC
(PS267, MP7, PSA32, PS423, PS168, PS171), Pkh2
(PS77, P48), and S6K (P$423).

The objective of the study was the virtual
screening for MA ST-specific inhibitors and analysis
of their isotype-binding variability, grounded on
PIF-pocket differences in MASTY, 2, 3, 4 and
MASTL.

Materialsand methods

Amino acid sequences of MAST kinaseswere
obtained from the UniProtKB database (www.uni-
prot.org): MAST1 HUMAN (Q9Y 2H9),
MAST2 HUMAN (Q6P0Q8), MAST3 HUMAN
(060307), MAST4 HUMAN (015021) and
GWL_HUMAN (MASTL, Q96GX5).

Structural studies were grounded on experi-
mental models from the RCSB Protein Data Bank
(www.rcsb.org), as well as, on computational mod-
elsreconstructed with artificia intelligence methods
and tools. In particular, 3D-models of proteins and
protein-ligand complexes, were computed with Pro-
tenix service (https://protenix-server.com/), assem-
bled on AlfaFold3 (https://deepmind.google/;
https://al phaf ol dserver.comy/).

Theligands (in *.SD/.sdf and *.mol 2 formats)
were  downloaded  from  Enamine  Ltd
(https:.//enamine.net/) and PubChem (https://pub-
chem.nchi.nlm.nih.gov/) databases. Also, in this
study we used structures of compounds, deposed in
MedChemExpress (https://www.med-
chemexpress.conv).

Pharmacophore-based virtual screening was
performed with  Pharmit on-line service
(https://pharmit.csb.pitt.edu/), integrating academic
and commercial databases of compounds, including
libraries of Enamine Ltd. and PubChem. Shaping
pharmacophore descriptors, their radii (Radius —
«r») and vectors of interaction (0: /@:) were taken
into account. Steric constraintswere applied to shape
target sites pockets (Exclusive Shape: Receptor; Tol-
erance=1), the radius of the descriptors were
amounted to 1 (r = 1), and the number of hits per
ligand was reduced to single upper-score confor-
mation (Max Hits per Mal: 1). Upon pharmacophore

screening, standard filters and thresholds were ap-
plied: MaxScore = 0; Max mMRMSD = 1; Single con-
former = ON. The best hits of screening were se-
lected based on the rate of Score («minimisedAffin-
ity») and mRMSD («minimisedRM SD») indicator.

Ligand-protein docking was performed using
CCDC GOLD 2023.2.0 (www.ccdc.cam.ac.uk). The
ranking of docking complexes was performed based
on the rates of ChemPLP and ASP fitness functions.

The final processing and analysis of pharma-
cophore screening and molecular docking data were
performed in MS Excel. The resulting heat map of
ligand-protein interactions was constructed based on
resulting scores of ChemPLP
(www.ccdc.cam.ac.uk), using original tools, inbuilt
into MS Excel.

Visuaization and analysis of molecular struc-
tures were performed using PyMOL v.3.1.3 software
(Schrodinger LLC, www.pymol.org) and BIOVIA
Discovery Studio 2024 Client (https//dis-
cover.3ds.com/).

Results and discussion

Currently, there are no any PIF-effectors, re-
ported for protein kinases of MAST family. At the
same time, the PIF pocket (Fig. 2) is considered to
be one of the most promising experimentally proven
sitesfor allosteric inhibition of AGC protein kinases
[9]. Preliminary studies of the MAST protein kinases
PIF pocket were performed using reference ligand
78W (PSE10 = 2-oxidanylidene propyl~{N}-(2-
chloroanil-6-fluorophenyl)carbonyl-~{ N} '-(4-chlo-
rophenyl) carbamimidothioate) transferred from the
PDB structure 5LV O of the human PDK1 (PDPK1).
At the same time, under the distance of 6 A from re-
frence structure (78W), for al members of the
MAST family, it was selected 13 a.a. amino acids of
predicted PIF pocket. At the same time, some a.a.
variations, were discovered
(K/LI/I/[AV]5F/R/ISHED]10/LCM), alowing us to
expect certain isotype differences in protein-ligand
interactions. Since PDB structures of MAST protein
kinases are not available, the reconstruction of the
primary complexesof MAST1, 2, 3, 4 and GWL pro-
tein kinases, in complex with 9EJ (PDB: 78W) were
performed with application of artificial intelligence
tools (Protenix + AlphaFold3 service). After struc-
tural optimization of complexes, the generalized
pharmacophore was constructed, and Pharmit virtual
screening of Enamine Ltd. chemical space was per-
formed (Fig. 1). At the time of the study, the library
of Enamine Ltd. provided 4117328 individual com-
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pounds, and considering conformationa and stereo-
isomerism, the screening library consisted of
60516302 exclusive conformers.

Performing pharmacophore screening, some
steric constraints were applied based on the shape of
the site pocket, radius of descriptors, and the maxi-
mum number of hits per molecule (see Materialsand
Methods). Subject to the application of standard fil-
ters and threshold restrictions (MaxScore=0; Max
MRMSD=1; Single conformer=0ON), as well as re-
strictions on the number of screening hits by affinity
(minimisedAffinity) and root mean sguare deviation
(minimisedRM SD), the list of virtual screening hits
comprised 23 compounds (Fig. 1).

The subsequent Al reconstruction of protein-
ligand complexes with Protenix network service
revealed, that selected compounds, can bind to three
sites located in catalytic domain of MAST protein
kinases (Fig. 2): allosteric PIF pocket, the pocket of
ATP and pocket K (predicted by homology to the
Aurora-A/TPX2 complex, PDB: 50RL).

The interaction potential of the selected com-
pounds was tested based on the results of molecular
docking inthe PIF, ATPand K pockets. The group of

Application of artificial intelligence
for protein-ligand complex
reconstruction (with MAST-kinases)

Initial protein-ligand complex

inhibitors, with proved crystallographic evidence of
interaction with AGC protein kinases, was used as a
positive control (see earlier). As mentioned before,
protein-ligand docking of joint library of control lig-
ands and the hits of pharmacophore screening, was
performed with application of CCDC GOLD, sup-
ported with ChemPLP and ASP fitness functions.
The Genetic Algorithm of the program was precon-
figured for «\Very Flexible» docking with double
Search Efficiency = 200 %. Upon completion of lig-
ands docking into the PIF, ATP and K sites, the re-
constructed complex hypotheses were ranked with
inner filters of CCDC GOLD (Fig. 3). For each com-
pound, the program generated up to 10 hypotheses
of complex, and theinitial hierarchical ranking of the
results was performed according to the best
ChemPL Pand ASPvalues. Based on theranking, the
single top hypothesis of the complex was selected
for each «compound/ site» pair. The fina results
were transferred into MS Excel, finally ranked and
heatmap of interactions was constructed. The key
measure for affinity prediction was the main of the
evaluation function of

Pharmacophore modeling and virtual screening
with PharmIT network service

Max Score = -9.2
Max mRMSD = 1
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Fig. 1. The screening for inhibitors of the all osteric site (PIF-pocket = ‘C”).
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Fig. 2. The ligand-binding pockets, predicted for pharmacophore search leaders, based on artificia intelligence
methods of complex reconstruction (AlphaFold3 + Protenix). A — ATP site, C — PIF-pocket and K — the pocket predicted
by homology to the Aurora-A/TPX2 complex (reference PDB structure: 5ORL).

The analysis of the joint database reveaed
that all selected inhibitors demonstrate preferentia
binding to the PIF site of MAST protein kinases.
This conclusion remains true even for those com-
pounds that also revealed alternative affinity for the
K pocket and ATP-binding site. It is noteworthy that
the predicted affinity of al selected compounds for
the studied MASTL protein kinase sites was inferior
to other family members. At the same time, unique
interaction profiles inherent in individual ligands
were asoidentified. For example, SBF1 almost does
not interact with the PIF-site of MASTL and the
ATP-binding pocket of MAST2. However, SBF1
shows potential strong affinity for the PIF and K
sites of other family members. The highest potential
affinity of SBF1, was predicted for the PIF site of
MASTA4. Also, adightly lower value was observed
in the case of a similar site of MAST3. A potential
inhibitor from the Enamine library, 218477561, was
characterized by the absence of interaction with the
ATP-binding site of MAST3 protein kinase. The
control compound PS423 showed the highest poten-
tial affinity for the PIF site of MAST1, MAST2 and
MAST 3 protein kinases. The commercia compound
Z87739851 mainly interacts with the PIF site of
MAST4, while 219748016 displays increased po-
tential affinity for MAST2 and MAST4. Among al

the compounds from the Enamine chemical library,
compound Z15749680 demonstrates the best poten-
tia binding parameters, making it areferencefor fur-
ther combinatorial optimization and in vitro testing.
It is assumed that compound Z318373636 is able to
effectively interact with the PIF-site of MAST 1 and
MAST3, and compound 256794203 is most closely
related to the mentioned site of MAST1, MAST?2
and MAST3. At the same time, compound
7279671592 was selected as the most versatile can-
didate for isotype-neutral inhibitor of MAST family
members.

Conclusions

Based on a comprehensive virtual screening
of the Enamine Ltd. chemical space (4,117,328 com-
pounds/60,516,302 conformers), 23 promising in-
hibitors of the allosteric PIF site of MAST family
protein kinases were selected. The possibility of iso-
type-specific inhibition of MAST family members
was shown. Theleader-compounds were selected for

further combinatorial design and laboratory testing.

Themolecular docking study was compiled using CCDC
GOLD software, kindly provided by the Cambridge
Crystallographic Data Center (CCDC) as part of a grant from
the Frank H. Allen International Research and Illumination
Program. Allen International Research and Education
Program, FAIRE) — ID: 21554.
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Fig. 3. The heatmap of predicted affinity, calculated for virtual screening hits against three priority sites (PIF, ATP and K) of MAST-kinases. The ranking was
processed based on the ChemPL P fitness function of the CCDC GOLD. NO — no hypothesis of ligand binding for indicated site.
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BIPTYAJIbHU CKPUHIHI TOTEHLIAHUX AJOCTEPUYHUX IHIIBITOPIB NPOTEIHKIHA3
POJUHU MAST, 1110 B3AEMO/IIIOTH 3 CAMTOM PIF

Mema. MeToro TaHOTO TOCIIKEHHS OyB BipTyalbHUH CKPUHIHT MOTEHLIHHUX aJIOCTEPUYHUX IHTIOITOPIB MPOTETHKIHA3
MAST, a Takox mnepeBipka iXHbOI i30THIOBOI crenudivnocti. Memoou. Ilouryk B JiTeparypi Ta 0azax JaHHX.
MornekynsipHe  MOJIeNoBaHHS, (GapMakoQOpPHUIl CKPUHIHI, INTYYHHH IHTEJEKT, MOJEKYISPHHUH JOKIHT TOLIO.
Pesynomamu. Ha ocHOBi (apMakopOpHOro CKpUHIHTY XimiuHoro mpoctopy Enamine Ltd Gyno Bimibpano 23
noreHiiHNUX epexropu PlF-caiity nporeinkinaz MAST. Ha ocHoBi Al-pekoHCTpYKII1 JTiraa-01IKOBUX KOMILIEKCIB OYI10
Bm3HaueHO ATP-, PIF- ta K-caiitn mporeinkinaz MAST, e Oymo mependadeHo MOTEHIIIIHE 3B'I3yBaHHS BiliOpaHHUX
cnonyk. [loganemuit monekyspauii qokinr 3a gqormomororo CCDC GOLD BusiBuB PlF-kumieHro sik IpiopUTETHHI calT
JUIsl 3B'A3yBaHHS OOpaHUX CIOJIYK Ta BU3HA4YMB JIi/IEpiB CKpHUHIHTY. Bucnoexku. Ha 0CHOBI KOMIUIEKCHOTO IPOTOKOIY
kommanii Enamine Ltd. (4 117 328 cnonyk/60 516 302 xordopMmepiB) BipTyalbHOrO CKPHHIHTY XiMi4HOTO MPOCTOPY
BimiOpano 23 mepcnektuBHUX PlF-caiiT-cnenmdivni iHriditopu nmporeinkinaz MAST. BusBieHo MOXIHBICTH 130THII-
cneuudivyHoro iHriOyBaHHs mnpexnctaBHUKiB poauHu MAST. TlpoBinni crnonyku BifiOpaHo [Uisi TOJAJIBIIOTO
KOMOIHATOPHOTO JAM3aiiHy Ta JIA0OPATOPHOTO TECTYBAHHS.

Kniouosi crnosa: pomuaa MAST, nporeiHKiHa3H, iHT10ITOPH, JIIraHIH, CAiTH 3B’ I3yBaHHS.
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