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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 32P in the peptide substrate when it was phosphorylated by the kinase in the presence of γ-32P-ATP.

Results. Testing results for the selected compounds showed that when added to an IC50 concentration of 10 µM, 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.

Прогноз біологічної активності похідних спірохіназолонів як інгібіторів протеїнкіназ FGFR1 і СК2
О. К. Фарат, С. А. Варениченко, В. І. Марков

Мета роботи – пошук інгібіторів протеїнкіназ FGFR1 і СК2 серед похідних спірохіназолонів за допомогою рецепторно-орієнтованого 
віртуального скринінгу та біохімічного тестування in vitro, використовуючи кіназний домен СК2 людини.

Матеріали та методи. Докінг виконали в АТФ-зв’язувальні сайти протеїнкіназ СK2 та FGFR1 за допомогою програми Autodock4. 
Інгібувальну активність досліджуваних сполук щодо протеїнкінази СК2 визначали за включенням фосфатної групи, що містить 
радіоактивний 32Р, у пептидний субстрат при його фосфорилюванні кіназою за наявності γ-32P-АТФ.

Результати. Результати тестування серед обраних сполук показали, що при їх додаванні в концентрації IC50 10 µM залишкова 
активність протеїнкінази становить понад 45 %.

Висновки. Результати аналізу показників LogP і LogS дають змогу зробити висновок, що оптимізацію похідних спірохіназолонів 
потрібно здійснювати в напрямі збільшення гідрофобності цих сполук.

Ключові слова: похідні спірохіназолонів, інгібітори протеїнкіназ, рецепторно-орієнтований віртуальний скринінг, біохімічні про-
цеси, in vitro методи.
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Прогноз биологической активности производных спирохиназолонов в качестве ингибиторов  
протеинкиназ FGFR1 и CK2
О. К. Фарат, С. А. Варениченко, В. И. Марков

Цель работы – поиск ингибиторов протеинкиназ FGFR1 и СК2 среди производных спирохиназолонов с помощью рецепторно-ори-
ентированного виртуального скрининга и биохимического тестирования in vitro с использованием киназного домена СК2 человека.

Материалы и методы. Докинг проводили в АТФ-связывающие сайты протеинкиназ СK2 и FGFR1 с помощью программы Autodock4. 
Ингибирующая активность исследованных соединений относительно протеинкиназы СК2 определена по включению фосфорной 
группы, содержащей радиоактивный 32Р, в пептидный субстрат при его фосфорилировании киназой в присутствии γ-32P-АТФ.
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Результаты. Результаты тестирования среди выбранных соединений показали, что при добавлении в концентрации IC50 10 µM 
остаточная активность протеинкиназы составляет 45 %.

Выводы. Результаты анализа показателей LogP и LogS позволяют сделать вывод: оптимизацию производных спирохиназолонов 
необходимо проводить в направлении увеличения гидрофобности этих соединений.

Ключевые слова: производные спирохиназолонов, ингибиторы протеинкиназ, рецепторно-ориентированный виртуальный 
скрининг, биохимические процессы, методы in vitro.
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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 – 1.30Å) та FGFR1 
(database code RCSB 3GQI – 2.50Å), 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 μl. Initially, 0.5 ml of peptide substrate solution  
(RRRDDDSDDD (New England Biolabs), 135 μM), 15.5 
ml of water and 0.05 μl of protein kinase solution (0.01 of 
relative protein kinase activity) were added to 3 μl of reaction 
buffer (prepared by adding 200 mM of Tris-HCl (pH 7.5), 500 
mM of KCl, 100 mM of MgCl2). 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 µM of ATP 
solution, which also contained 1 µCi of γ -labeled 32P 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 oC. The reaction was stopped by adding 8 
μl 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 μl 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 32P 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 (Tables 1, 2) and the presence of hy-
drogen bonds with the corresponding amino acid residues, 

which are characteristic of kinase inhibitors (Fig. 1, 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 1H 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 1H 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. 1, Table 1) and 

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 СК2

№ Structure Score № Structure Score
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the amino acid residues GLU562 and ALA564. Compound 
3 formed hydrophobic contacts with the amino acid residues 
LEU630, VAL561, LYS514.

Hydrogen atoms of the NH2-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, 
VAL66, 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 32P into a peptide substrate with its phosphorylation 
with the kinase in the presence of [γ-32P]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 (IC50, µM) of 10 µM  
(Table 3).

Discussion
Biochemical tests showed that compound 1 was the most 
active. At a concentration of 10 μM 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.

№ Structure Score № Structure Score
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Cont. table 2

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

id MOLSTRUCTURE MW CLogP CLogS act, %

1

N CH3

NH

O

164.21 0.8 -1.5 79.31

2
NH2

N

O

O
272.35 1.6 -2.7 83.75
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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 FGFR1. 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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