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The purpose. The search for FGFR1 and CK2 protein kinase inhibitors were performed among spiroquinazolone derivatives using
receptor-oriented virtual screening and in vitro biochemical testing using the human CK2 kinase domain.

Materials and methods. The docking was performed at ATP binding sites for protein kinases CK2 and FGFR1 using the Autodock4
program. The inhibitory activity of the studied compounds against the protein kinase CK2 was determined by the inclusion of a phosphate
group-containing radioactive 3P in the peptide substrate when it was phosphorylated by the kinase in the presence of y-2P-ATP.

Results. Testing results for the selected compounds showed that when added to an IC,; concentration of 10 uM, the protein kinase
residual activity was more than 45 %.

Conclusions. The results of the analysis of LogP and LogS indicated that the optimization of spiroquinazolone derivatives should be
carried out in the direction of increasing the hydrophobicity of these compounds.

MporHo3 GionoriyHoi akKTMBHOCTI NOXigHMUX CNipOXiHAa30MOHiIB fiK iHribiTopie npoteiHkiHas FGFR1 i CK2
O. K. ®apar, C. A. Bapennuenko, B. I. Mapkos

MeTa po6oTm — nowwyk iHribiTopie npoteiHkiHas FGFR1 i CK2 cepen noxigHyx cnipoxiHa3omnoHiB 3a JOMOMOro PeLenTopHO-0PIEHTOBAHOTO
BipTYyanbHOr0 CKPUHIHTY Ta GioXiMiYHOrO TeCTyBaHHS in Vitro, BUKOPUCTOBYOUM KiHa3HWIA aomeH CK2 moguHum.

Matepianu ta metoau. [lokiHr BukoHanu B AT®-38’a3yBanbHi cantu npoteiHkiHaz CK2 ta FGFR1 3a gonomoroto nporpamu Autodock4.
IHriByBanbHy aKTVBHICTb JOCMIAXYBaHUX CMOMYK LWoAo npoTeiHkiHaan CK2 Bu3Havanu 3a BkmoYeHHaM pocdaTHoi rpynu, Lo MiCTUTb
papioakTuBHMIA *2P, y nenTuaHuii cybetpar npu oro dhocopunoBaHHi kiHasok 3a HasiBHOCTI y-2P-ATO.

Pesynirartn. PesynsTari TecTyBaHHsl cepeqi 06paHix Cromyk nokasan, Wo npu ix goaasaHHi B koHueHTpauii IC,; 10 uM sanuwkosa
AKTMBHICTb NPOTETHKIHA3K CTaHOBUTL NoHag 45 %.

BucHoBku. Pesyneratu aHaniay nokasHukis LogP i LogS patoTb 3mory 3po6uTi BUCHOBOK, LLIO OMTUMI3aLlito MOXigHKUX CMipOXiHA30/0HIB
noTPIGHO 3AifcHI0OBaTM B HanpsaMi 36inbLUeHHS rigpodoBHOCTI LIMX Cronyk.

Kntouogi crnosa: noxigHi cnipoxiHasonoHis, iHribiTopy NpoTeiHkiHa3, peLenTOPHO-OPIEHTOBAHWIA BiPTYanbHUIA CKPUHIHT, BioXiMiuHi npo-
uecw, in vitro metoaw.

AxTyanbHi nuTaHHA hapmaLieBTUYHOI | MeauYHOI Hayku Ta npakTuku. 2020. T. 13, Ne 1(32). C. 84-90

MporHo3 6uonornyeckon akTMBHOCTM NPOU3BOAHBIX CMUPOXMHA30NIOHOB B KAa4€CTBE MHIMOUTOPOB
npotenHkmHas FGFR1 n CK2

O. K. dapar, C. A. BapeHuyeHko, B. 1. Mapkos

Llenk paboTki —nouck uHrMbutopos npoTtenHknHas FGFR1 1 CK2 cpeam npon3BoaHbIX CNMPOXMHA30MOHOB C MOMOLLbH0 PELIENTOPHO-0pH-
€HTVMPOBAHHOTO BUPTYanbHOMO CKPUHUHIA M BUOXMMIUYECKOro TECTUPOBAaHUS in Vitro ¢ NCnonb30BaHNeM KuHasHoro JomeHa CK2 yenoseka.

Matepuansi u Mmetoabl. [JJokuHr npoBoaunv B ATO-cBA3bIBatoLLMe cainTbl npoTenHkmHasd CK2 n FGFR1 ¢ nomoLubto nporpammbl Autodock4.
MHrbupytoLLas akTMBHOCTb MCCNEA0BaHHbIX COEAUHEHUIA OTHOCUTENBHO NpoTenHkMHa3sl CK2 onpeaenexa no BknoveHno ocgopHom
TPynnbl, COAepKalLeil paanoakTUBHbIN 2P, B nenTuaHblid cybeTpat npy ero hocthopunmnpoBaHim KuHason B npucyTcTeum y-2P-ATo.
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PesynkTatel. PesynkTaThl TECTUPOBAHMS CPeAM BbIBGPaHHBIX COEAMHEHMIA NoKasanm, YTo npu AobasneHnm B koHueHTpauum IC, 10 uM

ocTaTtovyHaa akTMBHOCTb NMPOTEUHKMHA3bl COCTaBNAET 45 %.

Brieoakl. Pesynstatel aHanusa nokasateneii LogP n LogS nossonstot caenarb BbIBOA: ONTUMMU3ALMIO MPON3BOAHBIX CIMPOXVMHA30M0HOB
HeobxoaMMOo NPOBOANTL B HaMpaBneHUn yBenuyeHns rmapoo6HOCTY 3TUX COEANHEHNI.

KntoueBbie cnoBa: Npon3BOAHbIE CMMPOXMHA30MOHOB, VIHI'VI6VITOpr NPOTENHKNHA3, PELEenTOPHO-OPUEHTUPOBAHHLIN BUPTYanbHbIN

CKPUHUHT, BUOXMMMYecKne npoLeccsl, MeToasl in vitro.

AxTyanbHble Bonpockl hapMaLieBTUYECKOW U MeaULMHCKON Hayku 1 npakTuku. 2020. T. 13, Ne 1(32). C. 84-90

Among the important tasks of the modern science and
pharmaceutical industry is the search and development of
new biologically active compounds. The leading position is
occupied by the search for highly effective drugs for cancer
treatment [1,2].

An important target in the therapy of various cancers is
the fibroblast growth factor receptor 1 (FGFR1) [3] and
the protein kinase CK2 [4]. FGFR1 plays a crucial role in
the development of cancer by enhancing a point mutation
or translocation. The increase or activation of FGFR1 has
been reported in many cancers [5]. There is strong evidence
that CK2 plays a role in the pathogenesis of cancer [6]. CK2
can regulate major cellular processes, many of which are
deregulated in cancer cells. In particular, CK2 increases cell
reproduction [7], cell growth [8] and cell survival [9], alters
cell morphology [10], enhances cellular transformation, and
promotes angiogenesis [11]. Given the role of FGFR1 and
CK2 in the development and progression of cancer, these pro-
tein kinases have been selected for further receptor-oriented
virtual screening as a molecular target.

Effective CK2 inhibitors have been found among various
classes of chemical compounds [7,8], for example among
coumarins [9], flavonoids [10], quinoline [ 11] and quinolone
[12], pyrimidinones [13] and chromenone [14]. It is known
that in the second stage of clinical studies, there is only one
compound CXX4945 as an anticancer drug [15].

In this way, the search for effective inhibitors of the pro-
tein kinase FGFR1 and CK2 does not lose its relevance.
Quinazolone derivatives are known for their biological activ-
ity in biomedical chemistry, in particular as one of the classes
of receptor protein kinase inhibitors [16-20].

Aim

To search for new low-molecular-weight inhibitors of
protein kinase FGFR1 and CK2, virtual screening of a col-
lection of compounds and biochemical testing of in vitro
selected substances was performed among quinazolone
derivatives.

Materials and methods

Molecular docking. Receptor-based virtual screening was
used to analyze the binding of the compound collection.
Docking was performed at ATP-binding sites of protein ki-
nases CK2 (database code RCSB 3NSZ — 1.30A) Ta FGFR1
(database code RCSB 3GQI — 2.50A), using Autodock4.
The structures taken for docking were kinase domains in
the active state.

Ligands were ranked by kinase domain binding energy.
This was done using the Autodock4 scoring function. The
Autodock4 scoring function estimated the free binding
energy of the ligand with the receptor in kcal/mol, smaller
values corresponded to more potent inhibitors. There was
also information on the presence of hydrogen bonds between
the ligand and the receptor, which were characteristic of
known inhibitors of the protein kinases studied. The vast
majority of inhibitors are characterized by the presence of
hydrogen bonds with the hinge region of the kinase domain,
which combines the N and C end domains and participates in
the binding of the natural substrate — ATP. Hydrogen bonds
with the conservative lysine, asparagine, and glutamine
residues involved in the catalytic transfer of the phosphate
group were also evaluated. It is also characteristic of many
protein kinase inhibitors. A visual evaluation of the ligand at
the binding site was performed to remove compounds having
an unrealistic position on the ATP-binding site.

Visual analysis. A visual analysis of the results of molecular
docking (interaction of compounds with the amino acid resi-
dues of CK2 and FGFR1 ATP-binding site) was carried
out in the Discovery Studio Visualizer 4.0 (http://accelrys.
com/).

In vitro testing. The total volume of the reaction mixture
was 30 pl. Initially, 0.5 ml of peptide substrate solution
(RRRDDDSDDD (New England Biolabs), 135 uM), 15.5
ml of water and 0.05 pl of protein kinase solution (0.01 of
relative protein kinase activity) were added to 3 pl of reaction
buffer (prepared by adding 200 mM of Tris-HCI (pH 7.5), 500
mM of KCI, 100 mM of MgCl,). Then, 1 ml of inhibitor was
added at the desired concentration and after 3 minutes, the re-
action was started by adding another 10 ml of 150 uM of ATP
solution, which also contained 1 uCi of y -labeled 3P ATP, to
20 ml of the reaction mixture. The final concentration of ATP
in the reaction mixture was 50 mCi/mmol. Incubation time
was 30 min at 30 °C. The reaction was stopped by adding 8
ul of 5 % phosphoric acid. The whole volume of the sam-
ple was transferred to Whatman P81 phosphocellulose
paper filters, which were washed with 0.75 % phosphoric
acid three times for 5 min. The filters were dried and their
radioactivity was measured on a PerkinElmerTri-Carb
2800-TR scintillation counter. A sample of 1 pl of dimethyl
sulfoxide (DMSO) was used as a negative control instead of
the inhibitor. The degree of inhibition of protein kinase was
determined by the ratio of P inclusion with the inhibitor
and in its absence.
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Results

14 compounds were isolated for the protein kinase CK2
and FGFR1 with the least free binding energy according to
the scoring function (Zables 1, 2) and the presence of hy-
drogen bonds with the corresponding amino acid residues,

which are characteristic of kinase inhibitors (Fig. /, 2).
These compounds were highly likely to be inhibitors of their
respective receptors.

Compounds 1 and 8 were synthesized following a
published method [21]. Authors have studied in detail
the Mannich aminoalkylation reaction of 5°,6°,7°,8’-tetra-

Table 1. The least free binding energy of compounds for the protein kinase FGFR1
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hydro-1"H,3’H-spiro-[cyclohexane-1,2-quinazolin]-4’-one
with primary amines containing different aliphatic and het-
erocyclic substituents. The structure of the aminoalkylation
products 2 and 7 were proved by 'H NMR spectroscopy and
by elemental analysis. Heating the aminoalkylation products
with a 10 % solution of hydrochloric acid gave the car-
boxamides 9, 11-13 [22]. Compounds 3, 5 and 10 were
synthesized by the method described in literature [23-25].

The spectroscopic parameters agreed with those in the
literature. Refluxing cyclohexanone-2-carboxamide with
ammonium acetate and cyclopentanone in toluene with
azeotropic distillation of water gives the spiran 6 and
refluxing cyclohexanone-2-carboxamide with ammonium
acetate — compound 14. The structures of compounds were
confirmed by 'H NMR, mass spectra and elemental analysis
[26].

The formation of two hydrogen bonds was due to the in-
teraction of the oxygen atoms and the hydrogen atoms
of the amide group of compound 3 (Fig. I, Table 1) and

VAL561

IG USBX\

Fig. 1. Ligand complex of compound 3 (Table 1) at the ATP-binding
site of receptor FGFR1 (model of the complex obtained by molecular
docking, hydrogen bonds are shown in green dashed line).

Table 2. The least free binding energy of compounds for the protein kinase CK2
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Cont. table 2
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the amino acid residues GLU562 and ALAS564. Compound
3 formed hydrophobic contacts with the amino acid residues
LEU630, VAL561, LYS514.

Hydrogen atoms of the NH_-group of ligand 3 (Fig. 2,
Table 2) and the amino acid residue GLU114 were involved
in the formation of the hydrogen bond. Ligand 3 formed
hydrophobic contacts with the amino acid residues ILE174,
VALG66, LYS68.

The selected 14 compounds were tested in vitro using
the human CK2 kinase domain. All potential inhibitors met
Lipinski’s rules [27].

The inhibitory activity of the studied compounds against
the protein kinase CK2 was determined by the inclusion of
a phosphate group containing incorporation of radiolabeled
phosphate P into a peptide substrate with its phosphorylation
with the kinase in the presence of [y->>P]ATP.

No more detailed studies were conducted for this sample
because the residual protein kinase activity was more than
45 % when added to the selected compounds.

The materials added indicated the structures of the com-
pounds and the residual activity of the protein kinase
CK2 when added at a concentration (IC_, uM) of 10 uM
(Table 3).

50°

Discussion

Biochemical tests showed that compound 1 was the most
active. At a concentration of 10 uM 1, it inhibited the activity
of protein kinase by 21 %. This is not enough though, more
than 50 % is required.

The average calculated LogP for the compounds tested
was 1.74 and did not exceed 3 (compound 3). The average
value of LogS was -2.84, and its maximum value -4.2 was
in compound 3.

According to the analysis of the calculated indicators
LogP and LogS, we can conclude that the optimization
of spiroquinazolone derivatives should be carried out in
the direction of increasing the hydrophobicity of these
compounds. This, in turn, should improve the inhibitory
activity of the compounds.

Fig. 2. Ligand complex of compound 3 (Table 2) at the ATP-bind-
ing site of receptor CK2 (model of the complex obtained by
molecular docking, hydrogen bonds are shown in green dashed
line).

Table 3. The residual activity of the protein kinase CK2 for
the structures of the compounds
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Conclusions

As a result of receptor-oriented virtual screening of
spiroquinazolone derivatives, 14 compounds have been
selected for protein kinases CK2 and FGFRI1. In vitro
biochemical tests have shown that the residual protein
kinase activity, when added to selected compounds, is more
than 45 %. The results of the analysis of LogP and LogS
have indicated that the optimization of spiroquinazolone
derivatives should be carried out in the direction of increasing
the hydrophobicity of these compounds.
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