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The effect of protein kinase CK2 inhibitors (with IC,, from 0.004 pM to 0.7 uM) from different
chemical classes on the activity of CK2a and CK2a' recombinant proteins have been studied.
Biochemical tests shown that isozymes have different sensitivity toward same compounds. The most
isoform-selective inhibitor was 4'-hydroxyflavone derivative (FLC26) with IC;, value 0.020 nM
(CK2a) and 0.003 uM (CK2a/'). To explain the difference between influence of FLC26 on the activi-
ties of two CK2 catalytic subunits their complexes with ATP-binding site of CK2a and CK2a' were
analyzed using molecular modeling techniques. The data obtained by molecular dynamics simulation
(10 ns) has not provided a clear explanation of the difference between the inhibitory potency
of the compound FLC26 towards the CK2 catalytic subunits. Thus, the reasons underlying the
different activities of the same inhibitor on CKo and CKo' require further investigations.
An effective approach for this purpose would be X-ray analysis of complexes «compound
FLC26-CKo/CKa'».
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Protein kinase CK2 is a conserved Ser/Thr
kinase that present in all eukaryotic cells. CK2
is highly pleiotropic and have many target-
proteins (more than 300) which are present
in most cell compartments. This enzyme is
essential for cell viability and it takes part
in such important processes as t-RNA and
r-RNA synthesis, apoptosis, transformation,
transcription, proliferation and control of
cellular cycle [1]. The role of this protein
kinase in the development of cancer, diabetes,
viral, inflammatory and neurodegenerative
diseases was determined [2].

Taking into consideration that CK2
regulates important physiological and
pathological processes many studies have been
directed towards determination of its three-
dimensional structure. It was shown that
CK2 is a tetramer consisting of two catalytic
(oo and/or o) and two regulatory (B) subunits.
Recently third catalytic subunit CK20/' has
been identified and characterized in human
[3]- So, enzyme tetramer may be composed of
aofB, ao'BB, o'o’BP, ao’BP, o'o’BR, oo’ BP.

Both subunits CK20 and CK2o’ have
catalytic domains and are constitutively
active whereas CK2f3-subunits are regulatory

and influence on the stability and substrate
specificity of a-type subunits [4]. The global
sequence similarity between catalytic subunits
is about 75%, and this value increases to
86% if we consider the N-terminal fragment
1-329 (1-330 in CK20/). On the contrary,
the C-terminal domain is different in length
(CK20a/ is 41 residues shorter then CK2a) and
sequence similarity (only 38%) [5]. Other
important feature of the isoenzymes structure
is difference in the amino acid sequence of
their ATP-binding sites hinge regions: CK2c.-
subunit contains His115-Vall16 residues,
and CK20” — Tyr116-Ile117. This feature can
be used for development of isoform-specific
inhibitors.

Although catalytic subunits are the
products of the expression of different
genes it was found that o-subunit is able to
compensate the absence of CK2ao/. Mice which
have knock-out gene coding CK2a can birth
viable offspring. It has to be noted that the
ability of CK20. to compensate functionally for
the lack of CK20a is not absolute because the
male offspring was born sterile and displayed
a defect in spermatogenesis while knock-out
of the gene encoding CK2a-subunit led to
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the animal death [6]. In experiments in vitro
CK2a and CK2a showed similar enzymatic
properties [7], so many researchers made no
distinction between them. However, nowadays
there are many evidences which prove the
different localization of CK2 catalytic
subunits in the organism, their various kinds
of functions in the cell and their diverse role
in the development of different diseases. For
example, experiments with mice showed that
CK20 is detected in almost all organs, whereas
CK20' is found only in brain and testicles and
had specific functions in these organs [8]. In
adult chicken the highest level of CK20 was
observed in spleen and heart tissue, the CK2o/-
subunit — in liver, brain and ovaries [9]. In
Saccharomyces cerevisiae the first isozyme
(CKA1) is required for maintenance of cell
polarity whereas the other isoform (CKAZ2) is
involved in cell cycle progression. Additional
confirmation of functional differences
between CK2a and CK2o!” are isoform-specific
interacting proteins the list of which is
regularly updated [10].

Catalytic subunits have different levels
of expression in various types of tumor.
For example, D.W. Litchfield showed the
difference between expression levels of CK2
catalytic subunits in metastatic tumors [11].
We have also carried out the theoretic analysis
of data of gene expression of CK2 catalytic
subunits in different types of tumor and cancer
cell lines (SAGE analysis) using web resource
(http://cgap.nci.nih.gov/SAGE). As a result
of this study the following data have been
obtained: the highest level of CK20 expression
was observed in pancreatic and skin tumor
cells; the highest level of CK20 expression
was found in tumor cells of brain, breast and
liver. In tumor cells of other organs there was
no significant difference in the level of CK2
catalytic subunits.

Thus, the various functions and properties
of CK2 individual molecular forms are the
basis for development of isoform-specific
inhibitors, which can be used for study and
regulation of potentially pathogenic processes
in cells.

In this paper it was determined the activity
of known low molecular inhibitors [12-18]
on the recombinant proteins of CK2 catalytic
subunits and the attempt to explain the
difference in activity of the same inhibitors
towards the different subunits was made using
molecular modeling techniques.
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Materials and Methods

Production of recombinant protein of CK2c.
catalytic subunit

To amplify nucleotide sequence coding CK2a
catalytic subunit the plasmid pCDNA4/TO
containing insert of human CK2a cDNA
clone (kindly provided by Dr. Ivan Gut, LICR
London) and a pair of oligonucleotide primers
were used. These primers (Forvard 5- CAT
GGA TCC CAT ATG TCG GGA CCC GTG CCA
AGC AGG-3" and Reverse 5- CATA AAGCTTA
CTG CTG AGC GCC AGC GGC AG -3’) have
restriction sites of Ndel and HindIII. PCR-
amplification was performed on thermocycler
Perkin Elmer, Cetus using of native form
of Pfu-polymerase (#EP0571, Fermentas,
Lithuania) and dNTPs (#R0241, Fermentas,
Lithuania) under the following conditions: at
94 °C for 5 min, 31 cycles (at 94 °C for 45 s,
at 56 °C for 30 s, at 72 °C for 150 s), at 72 °C
for 7 min. PCR-product (insert) after partial
DNA reprecipitation (by Na-acetate-ethanol)
was treated by Ndel (#FD0583, Fermentas,
Lithuania) and HindIII (#FD0504, Fermentas,
Lithuania) restriction endonucleases. The
vector pET-28a was treated by the same
restriction enzymes. The products of
restriction were loaded onto the 0.8% agarose
gel (TopVision LE GQ Agarose, #R0491,
Fermentas, Lithuania) and electrophoresis
was carried out in Tris-acetate buffer (50 mM
Tris-acetate, pH 8.0, 20 mM Na-acetate, 2 mM
EDTA) at 120 V. DNA of vector and insert
was isolated from the gel using DNA isolation
kit (QIAEX II Gel Extraction Kit, QIAGEN,
Germany).

The purified fragments were ligated in
ratio vector:insert as 1:5 during 3 hours at
23 °C. The cells of E. coli XL1 were transformed
with products of ligation. The clones were
selected directly on the solid nutrient medium
LB with kanamycin. After transformation the
plasmid was isolated from the clones by the
alkaline lysis method [19].

The presence of CK20 insert in recombinant
clones was confirmed by restriction with
HindIII and Ndel and characteristic restriction
with HincIIl (FD0494, Fermentas, Lithuania)
and Xhol (FD0694, Fermentas, Lithuania),
whose restriction sites are in the insert of
CK20 cDNA.

Construct which was used for trans-
formation had 20 additional N-terminal amino
acids (MGSSHHHHHHSSGLVPRGSH), His-
tag was among them (theoretical molecular
weight of the recombinant protein was
47,306 kDa). The plasmid was isolated from
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the clones that have fragments with the same
size as target sequence. Competent cells of
E. coli BL21 DE3 Rosetta were transformed
by this plasmid and plated on the Petri dishes
with the solid nutrient medium with selective
antibiotics (kanamycin and chloramphenicol).
Derived clones were cultivated at 30 °C on
the liquid medium LB with 0.5 mM IPTG
(isopropyl-B-D-thiogalactopyranoside) to
induce protein expression. The recombinant
protein was extracted from cell cultures
by lysis and was analyzed in 10% PAGE by
Laemmli method [20].

Producers of the recombinant protein
were grown on the nutrient medium LB
with selective antibiotics (kanamycin and
chloramphenicol) up to optical density
Agoo = 0.5—-1.0. After that the expression
inducer IPTG was injected (final concentration
was 0.5 mM) and incubation was continued
for 16 hours at 30 °C. The cells were pelleted
by centrifugation (10,000 g for 15 min at
+4 °C) and resuspended in lysis buffer A
(150 mM NaCl, 50 mM Tris, pH 7.5, 1 mM
beta-mercaptoethanol) which amount was
equal to 1/70 of the volume of cell culture
and frozen. Then cells were thawed on ice and
buffer A with lysozyme (final concentration
20 pg/ml) and PMSF (final concentration 2
mM) was added. After 20 min of incubation
at +4 °C obtained suspension was exposed to
ultrasonic treatment by disintegrator Labsonic
(Sartorius, Germany). The fraction of soluble
proteins with the target protein was isolated
from the insoluble fraction by centrifugation
(20,500 g for 20 min at +4 °C) and the
concentration of total protein in the cell lysate
was determined by Bradford [21].

Recombinant protein CK2o was purified by
metal sepharose chromatography (TALON®
Metal Affinity Resins, Clontech Laboratories,
Inc., USA) using batch-method. Lysate
was added to the sorbent (40 ul per 1 ml of
the sorbent) and incubated for 2 hours at
4 °C under constant stirring (on the rotor).
Sepharose with the bound protein was washed
twice with buffer A and twice with buffer B
for 5 min using inversion. The product was
centrifuged between washes (3,000g for 45 s).
The elution buffer composed of 300 mM NaCl,
350 mM imidazole, 50 mM Tris-HCI, pH 7.5.

To remove imidazole the obtained protein
was dialyzed for 16 hours in the following
buffer: 350 mM NaCl, 20 mM Tris-HCI, pH 7.5,
1 mM Na,EDTA, 2 mM DTT and 0.1% Triton
X-100. The amount of the purified protein was
determined by Bradford, the purity was visually
evaluated by electrophoresis in 10% PAGE.

Production of the recombinant protein of
CEK20! catalytic subunit

To amplify the sequence coding CK2o’
catalytic subunit (theoretical molecular weight
of the recombinant protein was 43,749 xDa)
the plasmid pCDNA4/TO containing the insert
of human CK2a ¢cDNA clone (kindly provided
by Dr. Ivan Gut, LICR London) and the pair
of oligonucleotide primers were used. These
primers (Forvard -5'-CAT GGA TCC CAT
ATG CCC GGC CCG GCC GCG GGC AG -3’
and Reverse 5- CA TAA AGC TTA TCG TGC
TGC CGT GAG ACC ACT GGA A -3’) have
restriction sites of Ndel and HindIII. PCR-
amplification was performed on thermocycler
2720 Thermal Cycler (Applied Biosystems,
USA) using the native form of Pfu-polymerase
and dNTPs under the following conditions:
at 95 °C for 10 min, 31 cycles (at 94 °C for
40 s, at 55.5 °C for 35 s, at 71.5 °C for 120 s),
at 72 °C for 7 min. DNA of vector and insert
was isolated as it was described for CK2a
catalytic subunit. Recombinant protein
had 20 additional N-terminal amino acids
(MGSSHHHHHHSSGLVPRGSH), His-tag
was among them. The purified fragments
were ligated in ratio vector:insert as 1:3
during 3 hours. The cells of E. coli XL1 were
transformed with products of ligation. The
plasmid was extracted from the clones obtained
as it was described for CK2a catalytic subunit.
The recombinant protein CK2o was isolated
and purified the same way as CK2a..

Estimation of inhibition degree of human
protein kinase CKZ2 catalytic subunits
enzymatic activity

The kinase activity in the presence of
synthetic compounds was determined using
in vitro kinase assay (y-**P-ATP method). The
volume of the reaction mixture was 20 ul and
had the following composition: 3 ul 10* buffer
for CK2 (20 mM Tris-HCI, pH 7.5, 50 mM KCl,
10 mM MgCl,); 3 pl (6 ng) of peptide substrate
RRRDDDSDDD (New England Biolabs);
0.02 pl of recombinant protein of CK2a
catalytic subunit (approximately 20 ng
of recombinant protein) or 0.035 ul of
recombinant protein of CK2a’ catalytic
subunit (approximately 7 ng of recombinant
protein); 13 ul of distilled water. Aliquots
of reaction mixture (19 pl per probe) were
added to Eppendorf tube (volume 1.5 ml),
then 1 pl of the inhibitor (previously solved in
DMSO) in required concentration was added.
To start the reaction the special mixture was
added to each sample; this mixture had the
following composition: 10 pl 150 uM ATP
and 0.01 pl y-[**P]JATP with the activity

31



BIOTECHNOLOGIA ACTA, V.7, No 6, 2014

10 mCi/mM/ml (i.e.100 puCi per reaction).
The final concentration of ATP in the reaction
mixture was 50 pM. After incubation (for
25 min at 30 °C) the reaction was stopped by
adding 8 ul of 5% solution of orthophosphoric
acid; after that the reaction mixture was
applied onto 20 mm phospocellulose disk paper
(Whatman). Disks were washed three times
with 0.75% solution of orthophosphoric acid
and dried at room temperature. The level of
radioactive signal was measured according to
Cherenkov technique in a beta-counter (Rack
Beta, Pharmacia). As the negative control
1 pl probe of DMSO (3.8% ) was used. The
degree of inhibition of CK2 catalytic subunits
was defined as -32P incorporation ratio with
or without inhibitor. The IC;, value was found
by determination of the enzyme activity
at different compound concentrations. To
evaluate IC;, the concentration range of
the compound (titration) was selected and
coordinated by repeated experiments with
the aim to plot the titration curve with
upper and low asymptotes. The inhibitor
was titrated at 10—-16 concentration points
which were obtained by two-fold dilution.
Titration curves were plotted in the following
coordinates: Y-axis — enzyme activity at each
concentration of the inhibitors in CPS (counts
per second); X-axis — logarithm of inhibitor
concentration (1g[I]). For the mean value
(the level of inhibitor concentration in the
point which corresponds to the middle of the
segment between upper and low asymptote) the
inverse logarithm of inhibitor concentration
was found, this calculated value is ICj,.

Molecular docking method

To obtain complexes «ligand-protein» we
used DOCK 4.0 [22—-25]. Molecular docking was
carried out in ATP-binding sites of catalytic
subunits of CK2 human protein kinase (PDB id:
1JWH and 30FM) as previously described [16].

Molecular dynamics of complexes CK2-
inhibitor in water environment

To study molecular dynamics simulation
we used the crystal structures of catalytic
subunits of CK2 protein kinase from Brookhaven
Protein Data Bank (PDB id: 1JWH and 30FM).
Start position of the ligand in the active site of
receptors was generated with DOCK software
package. Molecular dynamics simulation was
performed with GROMACS software package
in the GROMOS96 force field [26]. Energy
minimization of molecular complexes was
carried out in explicit water environment with
steepest descent energy minimization algorithm
for 1,000 relaxation steps. At the next stage we
calculated «limited» molecular dynamics. The
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period of water relaxation was 20 ps. The system
«protein-ligand-water» was used for calculation
of molecular dynamics simulation (10 ns).

Integration of the equations of motion was
performed using the leapfrog algorithm [27],
the initial velocity of atoms was randomly
generated using Maxwell distribution. Molecular
dynamics was evaluated at the temperature
300 K. To calculate electrostatic interactions we
used algorithm Particle Mesh Ewald [28].

Results and Discussion

The study of inhibitory potency of
compounds from different chemical classes
toward catalytic subunits of protein
kinase CK2 (CK20 and CK2a’) have been
performed. These compounds belong to the
classes of 4-aminothieno[2,3-d]pyrimidines
[12], 3,4,5,6-tetrahydro-thiopyrano[2,3-d]
thiazoles [13], 3-carboxy-4(1H)-quinolones
[14], 4,5,6,7-tetrahalogeno-1H-isoindole-
1,3(2H)-diones [15], 4’-hydroxyflavones [16],
4’-carboxyflavonoles [17], (thieno[2,3-d]
pyrimidin-4-ylthio) carboxylic acids [18] and
are selective ATP-competitive inhibitor with
IC5, value in the range 0.004—0.9 pM.

Compounds test in vitro was carried out
on the recombinant proteins CK2o and CK20o'.
The process of their isolation and purification
were described in «Materials and Methods».
Purity of the derived proteins was confirmed
by electrophoresis (Fig. 1, A, B). It has to
be noted that in case of CK2a-subunit we
revealed two protein bands instead of one. This
degradation is due to protein cleavage by an
‘autoproteolytic’ process during purification.
It is well-known feature of recombinant CK2a
which is purified in heterologous systems by
one-step chromatography. The reason for this
cleavage of recombinant protein CK2o into two
parts were throughly studied and described in
[29, 30]. The electrophoregram of recombinant
protein CK20 is shown at Fig. 1, B; the similar
results were described in [7].

The results of biochemical tests in vitro are
given in the Table.

Subunit CK2o was more sensitive
towards the compounds from the classes of
3-carboxy-4(1H)-quinolones (compound 7),
4,5,6,7-tetrahalogeno-1H-isoindole-
1,3(2H)-diones (compounds 43 and 46) and
(thieno[2,3-d]pyrimidin-4-ylthio) carboxylic
acids (compounds 5p, 6a, 6b and 6d). The
activity of CK2o’ was more efficiently
inhibited by the compounds from the classes
of 3,4,5,6-tetrahydro-thiopyrano[2,3-d]
thiazoles (compounds TTT1 and TTT7) and
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CK2a

1 2 3 4 5 6

CK20o/

12 3 4 5

Fig. 1. The electrophoregram of recombinant proteins:
A — CK2a: I — protein fraction after cell lysis, the fraction contains target-product;
2, 8 — protein lysates of E. coli BL21 DE3 Rosetta cells, which were cultivated on LB medium

without IPTG and with it, respectively;

4 — gap; 5 — recombinant protein after purification; 6 — marker.

B — CK20': 1 — marker;

2, 3 — protein lysates of E. coli BL21 DE3 Rosetta cells, which were cultivated on LB medium

without IPTG and with it, respectively;

4 — gap; 5§ — recombinant protein after purification.
Hereinafter the results of typical experiments were shown.

4’-carboxyflavonoles (compounds FLC21 and
FLC26). For 4-aminothieno[2,3-d]pyrimidines
(compounds NHTP23, NHTP25 and NHTP33)
and 4’-hydroxyflavones (compounds FNH68
and FNH79) the situation was ambiguous:
some compounds had stronger inhibitory
properties toward CK2o, whereas the other —
toward CK2a'. On the whole, the inhibitory
potency (value IC;,) of the inhibitors of CK2a
and CK20' subunits was differed in 1.6-6.7
times, flavone derivatives had pronounced
difference. The most isoform-selective
compound was 4-(6,8-dibromo-3-hydroxy-4-
ox0-4H-chromen-2-il) benzoic acid (FLC26).
This inhibitor suppressed CK2a/' activity more
than 6 times compare with CK2o (ICj, for
CK2a=0.02 pM and for CK20a' = 0.003 uM). It
was interesting that compound FNH79 which
has the chemical structure similar to FLC26
had stronger inhibitory potency against CK2a
catalytic subunit.

To explain the different activity of the
same inhibitors towards two isoforms CK2 the
«compound FLC26-CK20,/CK2a'» complexes
have been obtained with the molecular docking
method. As mentioned before ATP-binding
sites of human catalytic subunits CK2 differ
a few residues (CK2a' has Tyr116-1Ilel117;
CK2o has His115-Val116) [31]. These amino
acids are localized in the hinge region, which is
important for the formation of ligand-receptor
interaction [32].

After analysis of obtained «ligand-
CK20/CK20'» complexes (Fig. 2, A, B) it was
established that the difference in amino
acid residues of ATP-acceptor sites of the
catalytic subunits had no effect on the
location of studied ligands. All inhibitors were
complementary to ATP-binding pockets of
CK2o0 and CK20/ and formed some hydrophobic
contacts and hydrogen bonds. For example,
compound FLC26 formed hydrophobic
interactions with amino acids Leu45, Val66,
I1e95, Phell3, Valll6, Met163 and Ilel74
in the CK2a active site. Besides them this
inhibitor formed four intermolecular hydrogen
bonds. The first one was between oxygen atom
in the fourth position of heterocycle and
nitrogen atom of the main chain of Vall16;
the second one was between 3-hydroxyl group
and the main chain of Glull4. The third
and the fourth hydrogen bonds were formed
due to the ligand carboxyl group which was
oriented towards the hydrophobic site 1,
namely between oxygen atoms of carboxylic
acid residue and nitrogen atoms of the side
chain of Lys68 and main chain of Aspl175. In
the active site of CK20a' the compound FLC26
was fixed due to hydrophobic contacts with the
same amino acid residues (Leu46, Val67, I1e96,
Phell4, Ilel117, Met164, Ile175). Hydrogen
bonds were formed between Ilel17, Glullb,
Lys69, Aspl176 and the same ligand atoms as
in the case of the «ligand—CK2a» complex.
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The structure of the compounds and in vitro data (IC;,, nM) of their inhibitory activity towards
protein kinase CK2 holoenzyme and its catalytic subunits

Ne IC50, ],IM
. Chemical structure
of the compounds CK2 (aofp), ptM | CK20, pM | CK20/, pM
NHTP23 0.01[12] 0.126 0.025
NHTP25 0.065[12] 0.04 0.2
NHTP33 0.008[12] 0.02 0.005
TTT1 0.7[13] 3.3 1.48
TTT7 0.15[13] 1.4 0.4
7 0.3[14] 0.25 0.52
43 0.3[15] 0.12 0.45
46 0.15[15] 0.1 0.16
FNHG68 0.01[16] 0.005 0.003
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Table

FNH79 0.004 [16] 0.003 0.006
FLC21 0.04[17] 0.016 0.003
FLC26 0.009[17] 0.02 0.003

5p 0.175[18] 0.08 0.2

6a 0.1[18] 0.16 0.32

6b 0.175[18] 0.07 0.25

6d 0.125[18] 0.11 0.63

Fig. 2. Binding mode of compound FLC26 in the ATP-binding site of catalytic subunits CK2o (4) and CK20/
(B) obtained with molecular docking method. Intermolecular hydrogen bonds are shown by the dotted lines
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To study why FLC26 had different
inhibitory activity towards CK2o and CK2a’
the analysis of complexes of this compound
with CK2 catalytic subunits was carried out
with molecular dynamics simulation. This
method shows the presence of hydrogen
bonds more accurately and evaluates their
stability over time. The molecular dynamics
simulation of «compound FLC26-CK2a/
CK20/'» complexes was performed in explicit
water environment during 10 ns.

The RMSD plot (Fig. 3) for this ligand
demonstrates that the both complexes were
stable, the tendency to dissociation wasn’t
observed.

RMSD, nm

Time, ps

Fig. 3. The root-mean-square deviation (RMSD)
of compound FLC26 in the complex with CK2a
(red colour) and CK20.' (green colour) subunits
during molecular dynamics simulation (smoothed
by Savitzky-Golay method, 13 steps)

The presence of nine hydrogen bonds
formed between compound FLC26 and CK2a
during molecular dynamics simulation was
shown at Fig. 4, A. The bonds with Valll6,
Lys68 and Aspl75 were stable. The bonds
between oxygen #4 and main chain of Glul14
and between oxygen #3 and side chain of Ser51
periodically occurred for a few ps.

The hydrogen-bond existence map (Fig. 4, B)
obtained from molecular dynamics simulation
of the «compound FLC26-CK2a/» complex was
something different. Initially the hydrogen
bonds were formed between the oxygen atom
#5 and the main chain of Aspl176 and the side
chain of Lys69. However, from 4,100 ps the
carboxyl group of ligand rotated and formed
two new hydrogen bonds [O3 — Aspl76(N)
and O3 — Lys69(N)]. These bonds were stable
until the end of molecular dynamics. The
hydrogen bond between the nitrogen atom of
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Ile117 with oxygen atom of chromenone was
stable all time. The bonds between the ligand
and Glul1l5 and Ser52 were same to ones with
Glull4 and Ser51 in the «compound FLC26—
CK20» complex.

The described hydrogen bond networks
(Fig. 4, A, B) correlates well with the curves
of the sum of Culomb and Lennard-Jones
interaction energies (Fig. 5, A, B). Significant
slump of the energy curve of interaction of
compounds FLC26 with CKo and CKo! subunits
(to —375 Kj/mol) during molecular dynamics
simulation is associated with emergence and/
or disruption of hydrogen bonds between
oxygen of carboxyl group of ligand and
Ser51 (CKa) and Ser52 (CKa') amino acids
residues, respectively. Obtained data suggest
an important role of these intermolecular
hydrogen bonds in the «compound FLC26—
CKo/CKo'» complexes.

Time, ps

Time, ps

Fig. 4. Hydrogen-bond existence map of complexes
«compound FLC26-CKa» (A4) and «compound
FLC26-CKo/'» (B) during a 10 ns molecular
dynamics simulation
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Energy, Kj/mol

Time, ps

Energy, Kj/mol

Time, ps

Fig. 5. Sum of Coulomb and Lennard-Jones
interaction energies for complexes «compound
FLC26-CKo.» (A) and «compound FLC26-CKa'» (B)
during a 10 ns molecular dynamics simulation
(smoothed by Savitzky-Golay method, 13 steps)

The binding mode calculated with
molecular dynamics simulation (Fig. 6, A,
B) had slight difference compared to the one
obtained with docking (Fig. 2, A, B). The thirst
is that the docking determined no hydrogen
bonds with Ser51 and Ser52 for «compounds
FLC26-catalytic subunits» complexes. The
second is that the data obtained during
molecular dynamics simulation shown that
the hydrogen bonds with Lys68/69 and
Aspl75/176 amino acids residues were formed
by two different oxygen atoms of carboxyl
group, not one.
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BIIJIUB IHTTBITOPIB ITPOTETHKIHA3HU CK2
HA II KATAJIUTAYHI CYBOJWMHHUITI
CK20 I CK2a/

O. B. Ocmpuncvka, O. I1. Kyxaperko,
B.TI. Boxoaa,C. M. Apmoniok

TacTuTyT MOJNIEKYyIAPHOI 6iosorii i reHETUKY]
HAH VYxpainu, Kuis

E-mail: o.v.ostrynska@gmail.com

MeToro poboTu 6yJI0 HOCHiMKEHHSA BIJIUBY
19 imri6iropiB nporeinkinasu CK2 (3 ICj, Bix
0,004 mxM g0 0,7 mxM) pisHuUX XiMiuHUX KJaciB
Ha aKTHUBHiCTh pekoMOimauTHuX nporteinis CK2a
ta CK20/'. BioximiuHi TecTu mokasaiuu, 10 i303u-
MU MalOTh Pi3HY UyTJIUBICTH CTOCOBHO IIUX CIIO-
ayk. Hafi6inbIr isohopMHO-CeIeKTUBHUM iHTi0i-
TOPOM BUABUJIOCA MoXigHe 4'-TrigpoKcudiaBoHy
(FLC26) 3 IC5, = 0,020 mxM (CK2a) Ta 0,003 mxM
(CK20). [Ina nmosacHeHHs pisuutli suiauby FLC26
Ha aKTHUBHICTH KaTaliTUUYHUX CYOOQUHUILL
CK2 6yno mpoaHajizoBaHO HOTO KOMILJIEKCH 3
AT®-38’azyBanbsaoio Kuienero CK2a ra CK2a!/
3a IOIOMOTOI0 METOMiB MOJIEKYJISPHOTO MOJe-
amoBaHHA. laHi, omep:xkaHi B pe3dyabTaTi Moje-
JIOBAHHS MOJIEKYJIAPHOI JMHAMIKN KOMILJIEKCiB
npotaroMm 10 HC He Jaau YiTKOTro MOSCHEHHS BU-
HUKHEHHIO Pi3HUI MiXK iHTi6iTOpHOIO aKTUBHIiC-
Tio crnosyku FLC26 Ha KaTamiTHYHUX CyOOqUHY-
max CK2. IIpuuunu, gKi JeXaTh B OCHOBI BUSIBY
PisHOI aKTUBHOCTi OJHOTO I TOTO camMoro iHribi-
Topa Ha CKao ta CKo' moTpedyoTh HOAANIBIINX
mocJimKeHb. EQeKTUBHUM IIiIXOI0M AJIA IITHOTO
MOXKe OYyTH PEHTTeHOCTPYKTYPHUH aHAJi3 KOMII-
aekciB «cnoayka FLC26-CKao/CKa'»

Knwouwosi cnosa: xataliTuuyHi cyOOIMHUIIL IPO-
reiakinasu CK2, nokiHr, MoJIeKyIsTpHA TUHAMIKA.

BJIUAHUE HHI'NBUTOPOB
INPOTEMHKHNHASDBI CKR2 HA
EE RATAJITUTHYECRHUE CYBBEJINHHUIIbI
CK2a 1 CK2o/

O. B. OcmpuHnckas, A. I1. Kyxapenko,
B.T. Boxcona, C. H. Apmoniox

VHCTUTYT MOJIEKYJIAPHOUN OMOJIOTUY U T€eHETUK Y
HAH Vxkpaunsl, Kues

E-mail: o.v.ostrynska@gmail.com

ITenbro paboThl OBIJIO MCCIELOBAHUE BJIUA-
HuA nHruouropos nporenHkuHassl CK2 (¢ IC;, ot
0,004 mxM no 0,7 MmKM) pasiInuHBIX XUMUUYECKUX
KJIACCOB HA aKTHWBHOCTHb PEKOMOMHAHTHBIX IPO-
TenHoB CK2a 1 CK20'. BuoxumMuuecKue TeCThI
TMOKAa3aJu, YTO U303UMbI IMEIOT Pa3HYIO UYBCTBU-
TeJIbHOCTD II0 OTHOIIEHUIO K 9TUM COEIUHEHUIM.
HawubGonee nsopopMHO-CEIEKTUBHBIM UHTUOUTO-
POM OKasaJioch IPOu3BOAHOE 4'-TUAPOKCcU(IaBOHA
(FLC26) c IC5, = 0,020 mxM (CK2a) u 0,003 mxM
(CK2a'). [Insa o6bACHeHUS PA3HUIILI BIUIHUSI
FLC26 Ha aKTUBHOCTH KaTAJIUTUUYECKUX CYOBEIU-
uun, CK2 6bLIM mpoaHaAJIM3UPOBAHBI €I0 KOMII-
nexckl ¢ ATP-ceasytomnum kapmanom CK20 u CK2a/
C IIOMOII[BI0 METOZ0B MOJIEKYJISPHOr0 MOIEJIHUPO-
BaHuA. [[aHHbIe, TTOJyUYeHHBIE B Pe3yIbTaTe MOIe-
JUPOBAHUSA MOJEKYJIAPHON TUHAMUKYN KOMILJIEK-
coB B Teuenue 10 Hc, He g 4eTKOTro O0'bACHEHU S
BOBHUKHOBEHUIO PA3HUIILI MEXKIY MHTMOUTOPHOI
aKTUBHOCTBIO coenquuenus FLC26 Ha KaTajauTmue-
ckux cyobeauauiiax CK2. Ilpuunnbl, Jexallfye B oc-
HOBE IIPOABJIEHUS Pa3IMYHON aKTUBHOCTH OJHOTO U
Toro ke naHrnouTopa Ha CKo u CKao', TpebyioT Jars-
HeHImux ucciaenoBanuii. OGHHEeKTUBHBIM IIOIX0I0M
JIJISI TOTO MOYKET OBbITh PEHTTeHOCTPYKTYPHBIH aHa-
a3 KomIneKkcoB «coequuenre FLC26—CKo/CKa'».

Kntouesvle cnosa: xartaiutuueckne Ccyo0beIUHU-
bl mporemHKnHasbl CK2, MTOKMHT, MOJIEKYJSAp-
Had TUHAMUKA.
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