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PROPOXAZEPAM CONFORMATION AND ITS ORIENTATION
IN THE GABA ,-RECEPTOR BINDING SITE

Introduction. One of 1.4-benzodiazepine 3-alcoxy derivatives - propoxazepam, possessing high analgetic action,
also effectively suppressed different experimental seizures types. Unexpected combination of pharmacological spectrum
components suggests its different binding sites of GABA, receptor.

The aim of the work was to determine the geometry of the ligand-receptor complexes of GABA-RC using experi-
mental data of the propoxazepam conformation and calculated data for the three-dimensional structure of the ligand-
binding site and subsequent docking to characterize its binding to this receptor.

Materials and methods. X-ray diffraction studies of the compound were performed using Xcalibur 3 single crystal
X-ray diffractometer. Calculation of the molecular docking parameters was performed using the iGEMDOCK v2.1 program
for the GABA receptor (GABA (A) R-beta3 homopentamer, 4COF), the molecular structures of propoxazepam conformers
were prepared using ChemAxon (MarvinSketch 17.11.0).

Results and discussion. Based on the X-ray diffraction analysis, the coordinates of the atoms, bond lengths and
valence angles in the propoxazepam molecule were calculated, it is found that it form crystallographic twins as racemate.
The molecular docking method showed that propoxazepam several binding sites with the energy of complex formation
from -78.64 to -85.29 kcal/mol exist on the isolated site of the GABA-receptor.

Conclusions. The highest contribution to the formation of the bond of the complex is carried out by residues of po-
lar amino acids (serine, asparagine, methionine and arginine in polar binding sub-center). However, also for individual
conformers, aromatic amino acids, predominantly phenylalanine (Phe-31, Ala-135 - hydrophobic binding sub-center)
make a significant contribution.
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Kondopmanisa nponokcasenamy Ta Moro opieHTauia y neHtpi 38’a3yBanHs TAMK,-penentopa

AkTtyanbHicTb. OfHe 3 3-anKoKcUNoxifHUX 1,4-6eH3ia3eniHy - ponokca3enam, IKUH NpoJeMOHCTPYBaB BUCOKY
AQHA/ITeTUYHY aKTUBHICTb, @ TaKOXK epEKTHBHO 0JIOKYBAB Pi3Hi TUIIM eKCIEPUMEHTAbHUX CyloM. HecTaHjapTHa KOM-
GiHallis KOMIIOHEHTIB GapMaKoJIOTIYHOrO CIeKTpa Nnepejbavae pisHi Micia Horo 3B’sa3yBanHs Ha TAMK,-penenTopi.

MeTa AoCaiAXKeHHA 1oJiAraja y BU3HadyeHHi reoMeTpil sirana-penentopHux koMmmaekciB TAMK-PK Ha migcTasi
BUKOPHCTAHHS eKCepUMeHTaJIbHUX AaHUX PO KoHpOopMalliio NpornokcasenaMy Ta po3paXyHKOBUX JJaHUX TPUBUMIp-
HOI 6y/{0BM JiraH/3B’sI3y1040T0 [leHTPa Ta MoAaJIblle POBeJileHHs JOKIHTY JIJI1 XapaKTePUCTHUKU HOTo 3B’sI3yBaHHS 3
JJaHUM pelenTOPOM.

Marepiai Ta MeTOAM. PeHTTeHOCTPYKTYPHe JOC/Ii/PKeHHS CIIOJIYKH 6y/10 BHKOHAaHO HA MOHOKPHUCTA/IbHOMY PEeHT-
reHiBcbkoMy audpaxtomeTpi Xcalibur 3, po3paxyHok napamMmeTpiB MoJIeKy/ISIPHOTO JJOKIHTY 6y3 3/iilicHeHUH y mporpa-
Mi GEMDOCK v2.1, nis TAMK-penientopa (GABA(A) R-beta3 nenTamep); MoJIeKyISpHi CTPYKTYpU KOHPOpPMeEPIB mpo-
nokcasenamy 6ysiv niarorosJieHi y nporpami ChemAxon (MarvinSketch 17.11.0).

Pe3ysibTaTH Ta iXx 06roBopeHHs. Ha mizcTaBi JaHUX peHTTeHOCTPYKTYPHOTO aHaJli3y po3paxoBaHi KOOPAMHATH
aToOMiB, JOBXKMHH 3B’SI3KiB Ta BaJIeHTHI KYyTH Y MOJIEKYJIi TPOIIOKca3enaMy, BCTAHOBJIEHO, 1110 BiH iCHYe Y BUIVIsALI KPH-
crasorpadiyHoro JBiliHMKa sIK paleMar.

BHCHOBKH. MeTO0Z10M MOJIEKYJIIPHOTO JOKIHTY II0Ka3aHo, 1110 Ha BU/ileHil yacTiHi TAMK,-penieniTopa icHye fekiibka
MicLb 3B’s13yBaHHS IPOIIOKCa3enamMy 3 eHeprielo yTBOpeHHs KOMIUIEKCIB Bif -78,64 1o -85,29 kxan/Mob. Hal6inbumi
BHECOK Y GOPMYBaHHS 3B’SI3KY KOMIJIEKCY 3/1iHCHIOIOTH 3Q/IMILIKH MOJISIPHUX aMiHOKUCJIOT (CEPUH, acnaparii, MeTioHiH
Ta apriHiH - NOJIAPHUH NiJLeHTp 3B’A3yBaHHsA). O JHAK TAaKOX JJ1s1 OKpeMUX KOHGOpMepiB 3HAYHUH BHECOK MAIOTh apo-
MaTHYHI aMiHOKHCJIOTH, TepeBakHO ¢peHinananiH (Phe-31, Ala-135 - rizpodo6uuii mianeHTp 3B’13yBaHHA).

Kawuosi caoea: nponokcasenam; penmeeniecoka dugpakyis; dokine; TAMK ,-peyenmop

B. B. J/lapuoHos, H. fl. TonoBeHko, A. C. Peaep

Kondopmanus nponokcasenamMa 1 ero opreHTanus B ieHTpe cBA3biBaHus TAMK,-penientopa

AkTyanbHOCTB. OHO U3 3-aJIKOKCUIIPOU3BOAHBIX 1,4-6eH3/iMa3enHa — IPONOKCca3enaM — IPoJeMOHCTPUPOBal
BBICOKYIO aHa/IbT€THYECKYI0 aKTUBHOCTb, a TaKxKe 3 PeKTUBHO GJOKHPOBaJ Pa3Hble THIIBI SKCIEePUMEHTa/bHBIX Cy-
Jopor. HectaHjapTHasa KOMOUHALMS KOMIIOHEHTOB GapMaKOJIOrMYeCKOro CleKTpa peAycMaTpUBaeT pa3Hble MecTa
ero cBsA3biBaHUdA Ha TAMK,-penenTope.

Llesib McceA0BaHUA COCTOs/IA B ONPe/leJIeHUH FeOMeTPHUH JIMTaH/pelenTopHbIx komiiekcoB TAMK-PK Ha oc-
HOBE HCII0JIb30BaHUs IKCIIEPUMEHTANTbHBIX JaHHBIX 0 KOHPOPMAaLMK ITPONIOKCca3enaMa U pacyeTHbIX JAHHbBIX O TPeX-
MepPHOM CTPOEHHH JIMTaH/CBSA3bIBAIOLIEr0 EHTPA U NOC/IeAyIolliee IPOBeJjeHUe JOKUHTA /I XapaKTePUCTHUKU ero
CBSI3bIBAHUS C JAHHBIM PELeNTOPOM.

Marepuasbl M MeTOAbl. PEHTTeHOCTPYKTYPHOE UCCIeA0BAHKE COEJMHEHHSI BBINIOJTHEHO HA MOHOKPUCTA/IBHOM PEHT-
reHoBCKOM AudpakTomeTpe Xcalibur 3, PacueT mapamMeTpoB MOJIEKYJISIPHOTO JOKMHTA ObLT OCYLIECTBJIEH C UCIIO/Ib30-
BaHueM nporpamMMbl iGEMDOCK v2.1, niisi TAMK-penentopa (GABA(A) R-beta3 romomnentamep, 4COF), MosieKysipHbIe
CTPYKTYpbl KOHGOPMEpOB MpoNoKca3enama OblIM OAroToBIeHbl B mporpaMMe ChemAxon (MarvinSketch 17.11.0).
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Pe3ysnbTaThl M UX 06CyXK/JeHue. Ha 0CHOBaHMM JJaHHBIX PEHTTeHOCTPYKTYPHOI'0 aHAIM3a PACCUUTAHbI KOOPAU-
HaTbl aTOMOB, AJIMHbI CBsI3el U BaJleHTHBIE YIJIbl B MOJIeKyJle IPONoKCca3enaMa, yCTAaHOBJIEHO, UTO OH CYIeCTBYeT B

BHUE Kpuc*ra}morpadml[ecxoro ,CLBOI‘/JIHPIKa B BH/Je palieMara.

BbIBOJBI. MeTOZI0M MOJIEKYJIIPHOTO JJOKMHTA [T0Ka3aHo, YTO Ha BbliesleHHOM yyacTke TAMK,-penientopa cyiecTBy-
eT HECKOJIbKO MECT CBSI3bIBAHUS IPOTIOKCa3enaMa ¢ SHeprueil o6pasoBaHust KOMIIeKca oT -78,64 110 -85,29 Kka/MoJib.
HauGosbuinii BkJIas B popMHUpOBaHME CBA3M KOMILJIEKCA OCYLIECTBJISAIOT OCTATKU MOJAPHBIX aMUHOKHCJIOT (CepuH,
acrnaparuH, MEeTHOHHUH U apTUHUH — NOJIIPHBIA OALEHTP CBsA3bIBaHMA). OIHAKO TaK»Ke /Js OTAebHBIX KOHGOpPMepoB
3HA4YUTEJIbHbIN BKJIAJ| UMEIOT apoMaTHYeCKHe aMUHOKHUCIOThI, perMylecTBeHHO ¢deHunananul (Phe-31, Ala-135 -

rUAPoPOGHBIN NOALIEHTP CBSI3bIBAHUS).

Kiouessle cnoea: nponokcazenam; penmeeHosckas dugpakyus; dokune; TAMK ,-peyenmop

INTRODUCTION

Pharmacological properties of medicinal products
are determined with their interactions with therapeuti-
cal targets (proteins and nucleic acids). The “drug-tar-
get” complex formation is tupical for chemical substances
of various structure, which can be either agonists or an-
tagonists (full or partial). In such complexes molecules-
ligands are spatially (geometrically) complementary to
binding site of the macromolecule surface and are ren-
dered on it by the help of Coulombe's forces, Van-der
Vaal interactions, hydrogen bonds etc.

Among the different biotargets (receptors, enzymes,
transporters, ion channels and others) of the drug's ac-
tion the main attention is paid to GABA,-receptor comp-
lex (GABA,-RC), impairments in which are connected with
such disorders as schizophrenia, bipolar disorders, in-
somnia epilepsy alcoholism and others [1-4]. In addition
to GABA-binding site the receptor complex contains allo-
steric segments, which are capable to bind benzodiaze-
pines, widely used for such disorders treatment [1]. Ho-
wever, for these substances insufficient action selectivi-
ty, leading to different side effects, still remains the main
problem. In this way, GABA, receptor and its subtypes
selective ligands finding is still actual and this is direc-
ted on creating of new medicines for these disorders
treatment, as well as for cognitive function stimulation.

Recently our attention was attracted by 3-alcoxy substi-
tuted 1.4-benzodiazepine derivatives which, despite others
members of this class, on the models of nociceptive pain
shared the prominent analgesic activity [5, 6]. One of them,
named propoxazepam - 7-bromo-5-(o-clorophenyl)-3-
propyloxy-1,2-dihydro-3H-1,4-benzodiazepine-2-one (I)
is considered to be the promising analgetic (Scheme).
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Scheme. Chemical structure of propoxazepam (I)

Paying attention that such antiepileptic drugs as ga-
bapentin and pregabalin successfully used for neuropa-
thic pain treatment [7, 8] we have undertaken the studies
of anticonvulsive action of this compound. Earlier we [9]
determined propoxazepam the mean effective doses
(EZs,) on the models of chemically induced seizures
by picrotoxin (1.67 + 0.09 mg/kg), penthylenetetrazole
(0.9 £ 0.04 mg/kg) and strychnine (14.24 + 0.47 mg/kg),
which prove the substance high anticonvulsive activity.

On the base of “dose-effect” curves shapes there were
demonstrated different stages of propoxazepam inter-
action with GABA and glycine receptors in vivo. It is as-
sumed that obtained data prove the preferential propoxa-
zepam anticonvulsive effect realization through GABA-
ergic mechanisms. Glycine-ergic components, participa-
ting in strychnine-induced seizures suppression, are in-
volved in the process when propoxazepan is administe-
red in doses higher than ED, and obviously serve as ad-
ditional anticonvulsive protection mechanism.

On the model of thiosemicarbazide-induced GABA-
deficient seizures propoxazepam had shown the high ac-
tivity and on the base of “dose-response” curve shape one
can assume the antagonistic interaction with GABA syn-
thesis inhibitor - thiosemicarbazide [10].

The use of mentioned methods of “pharmacological
probing” for propoxazepam action let reliably reveal the
possible structural-functional sites of GABA-RC, which are
responsible for neuronal effects realization on the whole
organism level. On the stage of new (original) medicines
the different approaches with computation technologies
are used. Recently the most effective one is docking pro-
cedure, which estimates energetic parameters of molecu-
lar matching of ligand (pharmacophore groups separa-
tely or the whole structure) to functionally important pro-
tein (receptor) sites. Using the docking mechanism one
can suggest the molecules interactions, determine spa-
tial structure of complexes and affinity of conformation-
dependent interactions. The docking algorithms of low-
molecular weights ligands to receptor molecules are es-
sential instrument for rational drug design and are ap-
plied on different stages of medicines R&D process (scree-
ning, ligand action mechanism clarification, identification
of receptor sites, involved in intermolecular interactions).
In this case necessary are both the data about spatial li-
gand structure and three-dimension structure of target
protein binding site, obtained by X-ray diffraction methods.
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The aim of the work was determination of ligand-GABA-RC
complex geometry determination on the base of experi-
mental data of propoxazepam conformations and calcu-
lated data of the ligand-binding site three-dimension struc-
ture as well as further ligand-receptor docking with its
process description.

MATERIALS AND METHODS

The X-ray diffraction study of the substance was per-
formed on monocrystal X-ray difractometer Xcalibur 3
(MoKa radiation, CCD-detector, graphite monochroma-
tor, w-scanning, 20, . = 50) using SHELXTL-97 software
[11] according to the standard method (MoKa-radiation,
T 130(2) K, w-scanning with step 1°). 0.882). The sample
was decoded in two spatial groups: three-wedged with
cell parameters a = 10.434(1), b = 10.873(1), c=17.837(2)
A, a=74.810(9)°, B="77.22(1)°,y = 66.06(1)°,V = 1769.6 A3,
spatial group PL. Monoclinic with cell parameters a = 11.695(2),
b=21.507(2),c=14.506(2) A, p=92.82(1)°, V= 3644.2)
A3, spatial group P2, /c. Minimal divergence factor for tri-
clinic structure was 38 %, while for monoclinic 25 %.

Compound structure war decoded by direct method
in isotropic approximation and specified in anisotropic
approximation for non-hydrogen atoms. Hydrogen atoms
were placed in geometrically calculated sites and inclu-
ded in the refinement on the “rider” model in isotropic ap-
proximation with U, = nU,,. Of the non-hydrogen atom,
connected with the given hydrogen (n = 1.5 for methyl
groups and n = 1.2 for other hydrogen atoms). The struc-
ture was refined using F? polymatrix LSM in the anisotro-
pic approximation for non-hydrogen atoms to wR, = 0.289
on the base of 6284 reflections (R, = 0.106 on the base
of 2142 reflections ¢ F > 40 (F), S = 0.882).

Molecular docking parameters calculation was ma-
de using iGEMDOCK v2.1 software [12, 13] (freeware,
http://gemdock.life.nctu.edu.tw/dock/download.php).
As macromolecule the GABA-receptor (crystalline struc-
ture, GABA(A) R-beta3 romonentamep, 4COF) was cho-
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sen, being received from biological macromolecules da-
tabase (http://www.rcsb.org/) as *.pdb file. At the same
file extension the ligand structure was also prepared. Pro-
poxazepam conformers molecular structures were pre-
pared using ChemAxon (MarvinSketch 17.11.0) softwa-
re, conformers internal energy calculations were carried
out on Avogadro (v 1.2.0) software, cavities analysis and
mutual amino acids residues in active centers - on the
base of Mole 2.13.9.6. Docking parameters calculation for
ligand and receptor was performed using force field data
on 100 generations of flexible ligand conformations (300 sta-
tes for each population size); from 20 number of solu-
tions the most optimal was chosen. Automatic binding
site detection was determined by the referent ligand lo-
calization (benzamidine) [14].

Binding site radius was enlarged to 30 A for sub-
stance binding visualization with simultaneous ligand
excluding. Docking results were grouped according to the
hierarchic clustering procedure. Clustering was perfor-
med using K-means after previous estimation of binding
localization topography due to total interaction energy,
as well as hierarchic clustering.

RESULTS AND DISCUSSION
Propoxazepam molecular structure
Propoxazepam crystalline sample X-ray analysis (Fig. 1)

had shown that it exists as crystallographic twins with
different twinning degree, forming during crystallization.
The highest precise resolution of twinning was made
using Platon software, showing presence of more than
two components.

Molecule has asymmetric center at C8 (Fig. 2) and
is crystallized in center-symmetric spatial group, form-
ing racemate crystals. In the independent unit cell two
molecules were found (A and B) with different confor-
mations and asymmetric atom configurations (A mole-
cule with R-configuration while B molecule with S-con-
figuration).

Fig. 1. Common view of propoxazepam molecule (A and B) as represented by elipsoids of thermal
oscillations with 50 % possibility
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A B
Fig. 2. Molecules A and B conformations

Diazepine cycle is in the bath conformation, N1, C9,
C7, N2 atoms are coplanar while C1, C6 and C8 atoms
are deflected to one side of this plane on 0.70 4, 0.65 A
and 0.75 A in the molecule A accordingly and on -0.69 4,
-0.66 A and -0.74 A in molecule B accordingly. As a result
chlorobenzyl substituent deflects from the plane bicycle
fragment in the different sides and is rotated in relation
to endocyclic C6-C7 bond on the equal angle, but to dif-
ferent directions (torsion angles C1-C6-C7-C13 and Cé6-
C7C13-C14 are 144(1)o and -73(1)o in the molecule A
and -144(1) and 73(1) in the molecule B). The main dif-
ference in the unit cell structure, determining the presen-
ce of two molecules in it, is in propyl group conforma-
tion. The substituent at C8 position has equatorial orien-
tation (torsion angle N1-C9-C8-02 is 172.1(8)° in the mo-
lecule A and -170.4(8) in the molecule B), propyl group
in the molecule A is situated nearly orthogonally to the
cycle and has ap - -sc- conformation. Propyl group in the
molecule B is in +sc- position in relation to endocyclic
C9-C8 bond and has ap - -sc-conformation (Tab. 1).

In the crystal molecules A and B alternate forming
chains along the crystallographic direction [1 0 0] beca-
use of intermolecular hydrogen bonds N1a-H...N2b’ H...N
2.24 AN-H..N 162°, N1b-H..N2a’ (x-1,y,z) H..N 2.22 A
N-H..N 173°.

Atom coordinates, bonds lengths and valent angles
in the propoxazepam molecule were also calculated.

Structure and properties of the GABA,-receptor
complex

GABA,-receptor complex (GABA,-RC) belongs to the
ligand-depending ionic channels class and is the main the-
rapeutic target, participating in the human physiological
processes: education and memory formation, awaking and
sleeping. The terms GABA-benzodiazepine-receptor iono-
phoric complex, GABA-benzodiazepine-ionophore and
others are also often appear. In these terms not only compli-
city but tight junctions between its components are re-
flected.

GABA,-RC is built with fie subunits, which belong to
different classes (a, B, v, 6, € m, 6, p), forming the sym-
metrical ion channel, posing with second transmembra-
ne domain to each other. At present from the mammals
nervous system there were cloned and sequined six a-,
three 3-, three y-, one -, one €-, one 1-, one 6-, and three
GABA,-PC p-subunits, as well as forms which form as a
result of alternative splicing of some of these subunits
[1-4]. The most common subunits combination in the CNS

Table 1
THE RELEVANT TORSION ANGLES
Molecule A Molecule B
C9-C8-02-C10 -88(1) 75(1)
C8-C2-C2-C11 -172(1) 175.5(8)
02-C10-C11-C12 -82(1) -63(1)

(about 40 % of GABA,-RC) is formed from two al, two
2 and one y2s, surrounding the chloride-transporting
pore. When binding two GABA molecules complex chan-
ges its conformation, opens pore for anions transport and
as aresult hyperpolarization develops leading the cell to
be less sensitive to excitement signals of other neurons -
the process accompanied with postsynaptic inhibitory
potential development.

The main ligand-binding of the GABA,-RC is that of
GABA (agonist) binding site which is situated in the area
between a-and p- subunits contact. On the surface of a
and y subtypes contacts the benzodiazepine binding site
is located. Barbiturates and ethanol binding sites are sup-
posed to be located on the transmembrane domains in
the deep of the channel. In the first case, perhaps, the
main role is played by f3-subunit while ethanol interacts
with different subunits, including p and §, however with
different sensitivity.

Subunits combination in the pentamer determine li-
gand pharmacological profile. It was found that benzodi-
azepines pharmacological action as well as their analogs
is primarily determined by a-subunits subtype. Particu-
larly, al-selective ligands usually possess tranquilizing,
anticonvulsive amnesic action; a2 and o3 - anxyolytic hyp-
notic, anticonvulsive and muscle relaxation, though a5-
selective —stimulate education and memory processes [2].
Thus new ligands have to be highly selective to the cer-
tain GABA,-RC subtype for sharing unique therapeutic
properties simultaneously lucking side effects, inherent
to classical benzodiazepines.

The one of main molecular docking aims is new pos-
sible binding sites search. Correct screening algorithm
have to determine and estimate as much as possible the
modes of two molecules interaction. However this pro-
cess can be too calculation- and time consuming. Due to
this there have to be balance between computer process
costs and screening space. As a screening algorithm the
method of energy interaction estimating, calculated in ac-
cordance to ligand and receptor cavity fields, was used.

Despite the other 1.4-benzodiazepine derivatives pro-
poxazepam, as alcoxy derivative, possess mainly analge-
sicaction in its pharmacological spectrum while inhibito-
ry action (muscle relaxation, hypnotic and tranquilizing)
is markedly reduced. As the alcoxy radical is not the dra-
matic change in the substance structure, using molecu-
lar docking results there was made the attempt to ana-
lyze this flexible substituent influence on the ability to
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be bind to the GABA receptor. Detailed docking with this
receptor was analyzed on the base of 20 number of so-
lutions (19 conformations and one non-optimized struc-
ture, excluded from further analysis) for each the opti-
mal conformation 100-times generated in 500 approaches.
The most optimal from the energetic point of view (mini-
mal energy) conformers further were estimated as the most
favorable and effective (according to the binding energy).

It was rather unexpected that generated propoxaze-
pam conformers had not the only binding site (Fig. 3).
Maximal biding energies difference for all the conformers
is 6.65 kcal/mole (from -78.64 to -85.29 kcal/mole), that
is not a big value but can be significant in the substance
low concentrations in brain in vivo. Cluster analysis re-
vealed six binding sites with one only conformer (No. 5)
separate binding, which can be explained as non-specific
binding with surface hydrophobic regions. This sugges-
tion is supported also with the low complex formation
energy (-79.76 kcal/mole, Tab. 2).

The rest conformers form five classes (clusters) se-
cond of them is the most numerous (Tab. 2) with similar
binding energy values. Though one have to mention that
similar values of complex formation total energy consist
of Van-der-Vaal interaction energies and hydrogen bond
energies with quite different impacts. As the benzodiaze-
pine “bath” conformation is very rigid and changes negli-
gibly, the difference can be due to conformation mobility/
flexibility of alcoxy (propyl) radical. In is confirmed by the
calculated every conformer intrinsic energy with nearly
similar for each representative (Tab. 2).

As the alcoxy radical flexibility plays such a big role
for binding site preference, the main amino acids resi-
dues, participating this process were also determined.

Fig. 3. Schematic localization of propoxazepam
conformers preffered binding sites

For data reduction to the most significant in a z-normali-
zation procedure the binding energy values, nearest to the
representative mean, for each amino acid residue were
selected (which equals to z = 0, Tab. 3). For conformer
Ne 5 with low binding energy value there haven’t been
reveled amino acid residues with energy, near to mean
values of other conformers. As it was found earlier, the
main impact in the complex formation residues of polar
amino acids which can fix polarization-able parts and groups
of ligand (M-Ser-10, M-Asp-30, S-Asn-100, S-Met-137,
S-Lys-13, M-Asp-30, S-Arg-71, M - main chain, S - side
chain). Though for some conformers large contribution
have aromatic amino acids, mainly phenylalanine (M-Phe-31,
S-Phe-31, M-Ala-135) and even glycine (M-Gly-32). Be-

Table 2

CALCULATED PROPOXAZEPAM CONFORMERS BINDING ENERGY AND THEIR INTERNAL ENERGY

Cluster number Ligand conformer Total binding Van-der-Vaal interaction | Hydrogen bonds Internal conformer
(No.) energy kcal/mole energy, kcal/mole
1 -79.76 -61.50 -18.25 91.48
2 2 -80.01 -76.51 -3.50 91.50
2 3 -78.64 -61.72 -16.92 91.39
2 4 -81.96 -62.99 -18.97 91.41
2 9 -82.00 -63.03 -18.98 91.44
2 11 -79.98 -76.48 -3.50 91.53
2 12 -80.05 -76.55 -3.50 91.42
2 16 -80.04 -76.54 -3.50 91.47
2 19 -81.99 -63.00 -19.00 91.45
3 -83.75 -69.59 -14.17 91.45
3 8 -83.76 -69.59 -14.17 91.49
4 13 -83.49 -67.85 -15.63 91.45
4 14 -83.49 -67.75 -15.74 91.47
4 18 -83.49 -67.74 -15.75 91.44
5 6 -85.29 -74.91 -10.38 91.41
5 10 -85.29 -74.83 -10.46 91.51
5 15 -85.28 -74.86 -10.42 91.50
6 7 -82.29 -68.93 -13.36 91.48
6 17 -82.29 -68.95 -13.34 91.47
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Table 3

AMINO ACIDS RESIDUES WHICH PARTICIPATE BONDS FORMATION WITH DIFFERENT PROPOXAZEPAM
CONFORMATION (BOND ENERGIES NORMALIZATION AT z = 0, M - MAIN CHAIN, S - SIDE CHAIN)

Conformer

6 10 15 1 8 4 9
number

19 2 11 12 16 3 13 14 18

Energy,

kcal/mole 853

-85.3 | -85.3|-83.8|-83.8|-82.0 | -82.0

-82.0| -8.0 |-82.0|-82.0 |-82.0 |-78.6 | -83.5 | -83.5 | -83.5

M-LEU-99

-35 | -35]|-35 | -35

S-ASN-100 -3.5 | -3.5

-3.5 -1.9

M-ALA-135 -7.0 | -7.0

-7.0 -6.6

M-THR-151 -3.5 | -3.5

-3.5 -3.5

S-THR-151 -5.0 | -5.0

-5.0 -5.0

M-SER-10 -55 | -5.7 | -5.6

M-LYS-13 -3.2 | -31 | -3.7

S-ASP-30

-25 | -25 | -2.5

S-ASP-69

-55 | -5.6 | -5.6

M-LYS-70

-3.5 | -3.5 | -3.5

S-LEU-27 -4.2 | -4.2 | -4.2

M-ASP-30 -59 | -59 | -59 | -0.5

S-ASP-30 -4.4 | -4.4 | -4.4

M-PHE-31 -8.2 | -82 | -82 | -33 | -33

S-PHE-31 -6.3 | -63 | -6.3 | -5.7 | -5.7

M-GLY-32 -4.7 | -4.7 | -4.7 | -4.7 | -4.7

S-ARG-71 -6.6 | -6.5 | -6.5

M-LEU-99 -0.2 | -0.2

-0.2 | -47 | -5.0 | -46 | -4.6 | -0.3

S-LEU-99 -0.3 | -0.3

-03 | -52 | -48 | -5.0 | -5.0 | -0.4

M-ASN-100 -1.7 | -1.7

-1.7 |-11.8|-11.1|-119 | -119 | -2.4

S-ASN-100 -7.0 | -7.0

-69 | -43 | -44 | -45 | -45 | -6.6

M-ASP-101

-5.7 | -59 | -5.6 | -5.6 | -0.3

M-CYS-136 -1.2 | -1.3

-1.3 -8.8

M-MET-137 -1.5 | -1.5

-1.5 -9.7

S-MET-137 -5.8 | -5.8

-58 | -07 | -01 | -0.7 | -0.7 | -5.4

S-GLU-153 -5.5 | -5.5

-54 | -17 | -1.8 | -1.8 | -1.8 | -5.2

S-LYS-13

-6.9 | -69 | -6.9

S-LYS-13 -12.6 | -12.6 | -12.6

M-PRO-29

-6.5 | -6.5 | -6.5

M-ASP-30

-85 | -8.6 | -8.6

M-ALA-45 -0.3 | -0.4

-03 | -98 | -9.7 | -98 | -9.8 | -0.6

S-SER-46 -1.4 | -1.5

-1.5 | -51 | -59 | -53 | -53 | -1.3

M-ARG-71

-4.2 | -43 | -4.3

S-ARG-71

-14.7 | -14.6 | -14.6

cause propoxazepam conformers are bind with the polar
amino acids residues, one can suggest that flexibility of
the alcoxy radical can acquire conformations with ether
oxygen more available for binding.

Docking results visualization had shown that when
interacting with phenylalanine residues propoxazepam
conformer is situated in the way of the main influence to
be fulfilled through bromine atom (Fig. 4, A).

On the contrary the more polar subcentre carries out
the binding not only via phenylalanine residue (through
bromine atom), but also with more polar amino acids -
asparagine and arginine (Fig. 4, B).

Fig. 4. Spatial propoxazepam arrangement when
binding with esidues of phenilalanine and glycine (A)
and phenilalanine, asparagine, arginine and serine (B)




ISSN 2311-715X (Print)

YKpaiHCbKni biodapmaLeBTUUHII xypHan, Ne 1 (54) 2018

ISSN 2519-8750 (Online)

10.

11.

12.

13.

14.

10.

11

CONCLUSIONS

On the base of X-ray analysis data the propoxazepam
crystalline sample structure was described and its
existence as crystallographic twins was demonstra-
ted. The twinning appears due to crystallization in
centrosymmetric spatial group (racemate crystals for-
mation) as the compound has C8 asymmetric center.
The substituent at this position (alcoxy radical) is in
equatorial +sc- and -sc-position. Atoms coordinates,
bounds lengths and valence angles in the propoxa-
zepam molecule were determined, that gives the pos-
sibility to validate the computer methods of its struc-
ture description.

Using the molecular docking method on the selected

mined with complex formation energy from -78.64
to -85.29 kcal/mole.
The total binding energy of the most numerous pro-
poxazepam conformers cluster and GABA,-receptor
is similar though the contribution of Van-der-Vaal in-
teractions and hydrogen bonds are not equal for dif-
ferent conformers. The main contribution in the comp-
lex formation make polar amino acids residues (serine,
asparagine, methionine and arginine - polar binding
subcenter). However for some conformers the signi-
ficant contribution have aromatic amino acids, mainly
phenylalanine (Phe-31, Ala-135 - hydrophobic bin-
ding subcenter).
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