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ABSTRACT

Minimum energy structure of Guanosine-5'-Diphosphate (GDP) has been obtained
from DFT-B3LYP/6-311++G(d,p) level of theory. The intermolecular hydrogen bonding
possibility of GDP has been predicted from optimized parameters, MEP surface
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analysis and molecular docking approach. The hyper conjugative interaction energy
has been analyzed from NBO approach and the significant interaction energy for
stability of the molecule is the delocalization of lone pair electron n (1) C21—
n*(N18-C30) and yields 271.82 kcal/mol energy. For the ligand protein interaction, the
protein Cdc42 is predicted for the ligand GDP and the three PDB codes 1ANO, 1A4R
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and 1DOA has been taken into consideration. The Inhibition constant for 1DOA is least
which emphases the most binding energy -7.2 kcal/mol. The MEP surface analysis

exhibits the most negative potential across 031 and N20 whereas the positive
potential cloud is seen across the hydroxyl groups (08-H9, 03-H4, 035-H36) and
amine groups (N26-H,, N23-H). These regions have significant roles in hydrogen
bonding which is satisfied from the molecular docking approach.

*Corresponding author

Email: manoj.chaudhary@ac.tu.edu.np
Orcid: 0000-0002-49351827 (M.K. Chaudhary)
Phone: + 977-9841436728

1. INTRODUCTION

Guanosine-5' -Diphosphate (GDP) is a nucleoside diphosphate
which consists of a pyrophosphate group, a pentose sugar
ribose and the nucleobase guanine [1]. The chemical formula of
GDP is C;9H15sN5Oq1P,. It is prepared from condensation of the
hydroxy group at the 5' position of quanosine with
pyrophosphoric acid. GDP is the uncoupling inhibitor as well as
Escherichia coli metabolite and mouse metabolite. According to
its biological activity it lies in Homo sapiens, Escherichia coli
and other organism [2-4]. The anti-bacterial activity of
Guvermectin (GV) with Guanosine-5' -Monophosphate (GMP)
was studied from molecular docking, genetic and biochemical
approach [5]. Guanosine-5' -Triphosphate (GTP) exhibit the
good binding behavior with the many proteins like: NS3, NS4A
and NS5 by analyzing from AutoDockVina [6].

The geometry optimization, binding sites and molecular
docking with Cell division control protein 42 homolog (Cdc42)
of GDP have not been performed in the literature. In this
manuscript we have focused on these properties of GDP from
density functional theory (DFT) and molecular docking
approach.

2. METHODS AND METHODOLOGY

The geometry optimization has been carried out from quantum
chemical calculation by using Gaussian 16 software [7] from
DFT approach by using the hybrid functional B3LYP [8-11] with
6-311++G(d,p) basis set [12]. The GausssView 06 [13] software
is implemented to visualize the optimized parameter to study
the distribution of charge around the molecule from molecular
electrostatic potential (MEP) surface and charge on the orbital
lob in highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO). The natural bond orbital
(NBO) analysis is studied from NBO 3.1 which is included in
Gaussian 16 software [14]. The binding activity of GDP with the
protein codes 1ANO, 1A4R and 1DOA have been examined
from AutoDock Tools and Discovery Studio Visualizer 4.5 [15,
16].
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3. RESULTS AND DISCUSSION

3.1 Geometry Optimization

The compound GDP has been optimized from DFT/B3LYP/6-
311++G(d,p) and the 3D least energy structure with atoms
labeling of GDP is presented in Fig. 1. The minimum energy was
calculated as 1364642.78 kcal/mol. The optimized parameters
of GDP such as: bond length and bond angles are depicted in
Table 1. The least value of bond length has been obtained
across 035-H36, 03-H4, and 08-H9 and their respective values
are 0.962, 0.966 and 0.966 A. This least values of bond length
are due to high positive potential analyzed from MEP and these
regions have prominent role in hydrogen bonding. Similarly,
the longest bond length was found across O5-P6 and its value is
1.647 A. This is due to intra molecular hydrogen bonding across
02-H11. The least value of angle was obtained across 03-P1-
012 and its value is 99.815 this is also due to interamolecular
hydrogen bonding across 02-H11. The highest bond angle is
obtained across C21-C22-031 and its value is 131.379, this is
due to high negative potential across 031 and it takes part in
intermolecular hydrogen bonding which is satisfied by
molecular docking and MEP surface analysis.
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Fig. 1: 3D optimized structure of Guanosine-5' -Diphosphate
with atoms numbering from B3LYP/6-311++G(d,p).



Chaudhary et al. / Api Journal of Science: 1(1) (2024) 84-91

Table 1: Optimized parameters (bond length and bond angle) of Guanosine-5' -Diphosphate from B3LYP/6-311++G(d,p).

Bond Length (A)
R(P1-02) 1.486
R(P1-03) 1.590
R(P1-05) 1.628
R(P1-012) 1577
R(03-H4) 0.966
R(O5-P6) 1.647
R(P6-07) 1.477
R(P6-08) 1.595
R(P6-10) 1578
R(08-H9) 0.966
R(010-H11) 0.988
R(012-C13) 1.467
R(C13-C14) 1518
R(C13-H37) 1.089
R(C13-H38) 1.087
R(C14-C15) 1538
R(C14-032) 1.424
R(C14-H40) 1.099
R(C15-C16) 1535
R(C15-035) 1.425
R(C15-H41) 1.090
R(C16-C17) 1.553
R(C16-033) 1.419
R(C16-H42) 1.093
R(C17-N18) 1.445
R(C17-032) 1.441
R(C17-H43) 1.090
R(N18-C19) 1.394
R(N18-C30) 1.378
R(C19-N20) 1.304
R(C19-H39) 1.078
R(N20-C21) 1381
R(C21-C22) 1.437
R(C21-C30) 1.391
R(C22-N23) 1.440
R(C22-031) 1215
R(N23-H24) 1.012
R(N23-C25) 1.369
R(C25-N26) 1.377
R(C25-N29) 1308
R(N26-H27) 1.009
R(N26-H28) 1.010
R(N29-C30) 1.356
R(033-H34) 0.970
R(035-H36) 0.962
Bond Angle (°)

A(02-P1-03) 118.465
A(02-P1-05) 109.874
A(02-P1-012) 117.830
A(03-P1-05) 103.112

A(03-P1-012)
A(05-P1-012)
A(P1-03-H4)
A(P1-05-P6)
A(05-P6-07)
A(05-P6-08)
A(05-P6-10)
A(07-P6-08)
A(07-P6-10)
A(08-P6-10)
A(P6-08-H9)
A(P6-10-H11)
A(P1-012-C13)
A(012-C13-C14)
A(012-C13-H37)
A(012-C13-H38)
A(C14-C13-H37)
A(C14-C13-H38)
A(37-C13-H38)
A(C13-C14-C15)
A(C13-C14-032)
A(C13-C14-H40)
A(C15-C14-032)
A(C15-C14-H40)
A(032-C14-H40)
A(C14-C15-C16)
A(C14-C15-035)
A(C14-C15-H41)
A(C16-C15-035)
A(C16-C15-H41)
A(035-C15-H41)
A(C15-C16-C17)
A(C15-C16-033)

A(C15-C16-H42)
A(C17-C16-033)

A(C17-C16-H42)
A(033-C16-H42)
A(C16-C17-N18)
A(C16-C17-032)
A(C16-C17-H43)

A(N18-C17-032)
A(N18-C17-H43)
A(032-C17-H43)

A(C17-N18-C19)
A(C17-N18-C30)
A(C19-N18-C30)
A(N18-C19-N20)
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99.815
106.069

114.487
131.209

111.642
102.479

104.429
114.210
119.290
102.986
112.482
114.386
124.021
109.827
109.392
104.751
111.460
111.077
110.114
116.134
107.658
109.588
105.214
108.474
109.574

99.942
112.890
112.728
109.057
110.858
110.846
103.642
111.260

111.554
106.217

112.172
111.613
116.410
105.998
108.813

109.563

106.355
109.618

129.319
124.843
105.744
112.965

A(N18-C19-H39)
A(N20-C19-H39)
A(C19-N20-C21)
A(N20-C21-C22)
A(N20-C21-C30)
A(C22-C21-C30)
A(C21-C22-N23)
A(C21-C22-031)
A(N23-C22-031)
A(C22-N23-H24)
A(C22-N23-C25)
A(H24-N23-C25)
A(N23-C25-N26)
A(N23-C25-N29)
A(N26-C25-N29)
A(C25-N26-H27)
A(C25-N26-H28)
A(H27-N26-H28)
A(C25-N29-C30)
A(N18-C30-C21)
A(N18-C30-N29)
A(C21-C30-N29)
A(C14-032-C17)
A(C16-033-H34)
A(C15-035-H36)

120.728
126.306
105.007
130.438
110.667
118.892
109.520
131.379
119.100
113.548
126.344
119.984
116.999
123.328
119.629
117.881
113.448
114.438
113.100
105.613
125.575
128.803
109.305
110.931
109.010
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3.2 Molecular Electrostatic Potential (MEP) Surface Analysis
The distribution of charge in the molecular system is not
uniform and its presence around the compound is visualized
in terms of pictorial presentation by using MEP surface
analysis. The color codes identify the potential due to charge.
The red region for most negative potential, green one for zero
potential whereas the blue one for positive potential. The
potential increases in terms of color as red > yellow > green >
blue. The molecular electrostatic potential due to combined
effect of electrons and protons in the molecular system is
given by the formula [17, 18].

V(T):Z A)ZA _f i(r)
T Ra—7 -7

Where p(r') stands for negative concentration and Z, is the
positive charge concentration on nucleus A, present at Rp.
The MEP surface of GDP is presented in Fig. 2. The most
negative potential in GDP was found across 031 and N20 after
that certain negative cloud was seen across 02, 07, 032 and
033. These reasons have prominent participation in hydrogen
bonding as well as reactive sites.

-0.141 a.u.
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Fig. 2: MEP surface of Guanosine-5'-Diphosphate.

This is verified by molecular docking in section 3.5. Similarly,
the positive cloud has been fond across the hydroxyl groups
(O8-H9, 03-H4, 035-H36) and amine groups (N26-H,, N23-H).
These functional groups has wide role to take part in chemical
reaction as well as in hydrogen bonding. This is also satisfied
by molecular docking analysis, explained in molecular docking
in section 3.5.
3.3 Natural Bond Orbital (NBO) Analysis
NBO analysis is the significant tool to study the stability of
compound in terms of delocalization of charge from donor (i)
to acceptor (j) orbitals. The concentration of charge in the
donor orbital ED(i)/e is more than the concentration of charge
in acceptor orbital ED(j)/e. The electron in the molecular
system delocalized from higher concentration to lower
concentration and gains the stability. The stability is measured
in terms of stabilization energy E(2) and is given by the
formula [19,20]
o FZ

E@Q=E@LD=—q [ELTE]]
Where E;is the energy of (i) orbital and E; is the energy of (j)
orbital, F;; is the off-diagonal element of Fock matrix and q; is
the occupancy of NBO.
The stabilization energy E(2) when the electron delocalized
from donor (i) to acceptor (j) orbital along with electron
density of donor and acceptor orbital for GDP is presented in
Table 2. The stability of GDP is due to delocalization of charge
from o0—d*, n— n* and from LP orbital n—>n* and o*.The
delocalization of charge from n(1) C21— m*(N18-C30) and
1*(C22-031) stabilizes the GDP significantly with respective
stabilization energy 271.82 and 89.23 kcal/mol. Similarly, the
others prominent transitions are rt (C25-N29) — m*(N18-C30)
and 1 (N18-C30) — m*(C19-N20) with stabilization energy
32.62 and 23.47 kcal/mol respectively. The remaining
transitions are presented in Table 2.

Table 2: Stabilization energy E(2), electron density of donor ED(i)/e and acceptor ED(j)/e orbitals

of GDP from B3LYP/6-311++G(d,p) level of theory.

Donor NBO (i)  ED(i)/e Acceptor NBO (j) ED(j)/e E(2) kcal/mol E(j)-E(i) a.u. F(i,j) a.u.
a(N29-C30) 1.97757 0*(C25-N26) 0.03056 5.41 1.24 0.073
o(N26-H28) 1.98642 0*(N23-C25) 0.04918 5.27 1.11 0.069
o(C25-N29) 1.97916 o*(N18-C30) 0.04158 5.17 1.32 0.074
0(C21-C30) 1.97244 o *(C17-N18) 0.04858 5.39 1.05 0.067
0(C19-N20) 1.98322 o *(C21-C22) 0.06324 5.00 1.34 0.074
o(N18-C19) 1.98426 o *(N29-C30) 0.01977 5.07 1.29 0.072
0(C17- H43) 1.97543 o *(N18-C19) 0.04370 5.69 0.94 0.066
1t (C25-N29) 1.83879 n*(N18-C30) 0.71341 32.63 0.29 0.102
1t (C19-N20) 1.89207 n*(N18-C30) 0.71341 6.26 0.26 0.043
1t (N18-C30) 1.84422 0*(C17-032) 0.04765 8.65 0.60 0.066
1t (N18-C30) 1.84422 n*(C19-N20) 0.29151 23.47 0.36 0.085
n(3)o7 1.80654 o*(05-P6) 0.20849 25.87 0.46 0.097
nB)o7 1.80654 o (P6-010) 0.15182 10.67 0.53 0.068
n(3)02 1.80720 o*(P1-03) 0.15661 20.47 0.51 0.092
n(3)02 1.80720 o*(P1-012) 0.15707 14.59 0.52 0.079
n(2) 010 1.90864 o*(P6-07) 0.09341 10.97 0.71 0.079
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n(2) 010 1.90864 0*(P6-08)
n(2)0s 1.91490 0*(05-P6)
n(2)07 1.81388 0*(P6-08)
n(2) o7 1.81388 0*(P6-010)
n(2)0s 1.90273 0*(P1-012)
n(2)05s 1.90273 0*(P6-07)
n(2)03 1.91712 0*(P1-02)
n(2)03 1.91712 0*(P1-05)
n(2)02 1.81301 0*(P1-05)
n(2)02 1.81301 0*(P1-012)
n(2)02 1.81301 0*(010-H11)
n(2) 035 1.95584 0*(C14-C15)
n(2) 033 1.94855 0*(C16-H42)
n(2) 032 1.91580 0*(C14-H40)
n(2) 032 1.91580 0*(C17-N18)
n(2) 032 1.91580 0*(C17-H43)
n(2) 031 1.84655 0*(C21-C22)
n(2) 031 1.84655 0*(C22-N23)
n(2) 012 1.89372 0*(P1-05)
n(1)08 1.96615 0*(P6-07)
n(1)0s 1.93975 0*(P1-02)

n (1) N29 1.89453 0*(C21-C30)
n (1) N29 1.89453 0*(N23-C25)
n (1) N26 1.82065 T*(C25-N29)
n (1) N23 1.64915 T*(C22-031)
n (1) N23 1.64915 T*(C25-N29)
n(1)c21 1.13946 T*(N18-C30)
n(1)c21 1.13946 T*(C19-N20)
n(1)c21 1.13946 *(C22-031)
n (1) N20 1.92308 0*(N18-C19)
n (1) N20 1.92308 0*(C21-C30)
n (1) 012 1.94323 0*(P1-02)

0.15436 7.12 0.57 0.058
0.20849 12.15 0.53 0.074
0.15436 22.77 0.51 0.097
0.15182 11.17 0.53 0.069
0.15707 8.35 0.61 0.065
0.09341 6.96 0.75 0.064
0.09512 7.41 0.71 0.065
0.20259 10.24 0.55 0.069
0.20259 25.01 0.49 0.099
0.15707 8.80 0.53 0.062
0.03570 11.28 0.70 0.083
0.04816 8.37 0.67 0.067
0.03294 8.60 0.70 0.069
0.03590 8.06 0.69 0.067
0.04858 5.64 0.66 0.055
0.02719 5.49 0.72 0.057
0.06324 16.98 0.74 0.102
0.09970 32.16 0.60 0.126
0.20259 13.13 0.54 0.077
0.09341 5.23 1.01 0.066
0.09512 5.19 0.92 0.062
0.03940 8.54 0.93 0.081
0.04918 12.83 0.80 0.092
0.40604 36.51 0.31 0.101
0.33643 40.24 0.30 0.099
0.40604 61.09 0.27 0.116
0.71341 271.82 0.07 0.128
0.29151 48.48 0.13 0.084
0.33643 89.23 0.14 0.115
0.04370 8.32 0.77 0.072
0.03940 5.61 0.92 0.065
0.09512 7.36 0.92 0.074

3.4 Frontier Molecular Orbital (FMO’s) and Global Reactivity
Descriptor

The FMO'’s have the prominent role to take part in chemical
reaction in the molecular system. The highest occupied
molecular orbital (HOMO) has the major role to donate the
electrons whereas the lowest unoccupied molecular orbital
(LUMO) has significant role to absorb the electrons. The
HOMO-LUMO energy (AE;_y) determines the stability of the
compound. Higher the value of (AE;_p) more the stability of
the compound and less the value of AE;_y the compound is
more reactive. The HOMO-LUMO plot of GDP with TD-
B3LYP/6-311++G(d,P) is presented in Fig. 3. In HOMO the
concentration of charge is found across amine group N26H,,
imidazole as well as benzene rings, but in LUMO this charges is
diverges to carbonyl group C22=031 and to the benzene and
imidazole rings. These regions have significant role in
hydrogen bonding as well as ligand protein binding interaction
which is also justified in section 3.5.

The HOMO energy (E), LUMO energy (E), the value of
AE;_y, electronegativity (x), softness (S), hardness (n),
electrofilicity index (w), value of chemical potential (u) for
GDP is depicted in Table 3. These values is calculated in terms
of Ey and E, and is given by the formulae [17, 21].

1
xX= _E(EH +E)

1
p=-x=5Ey+E)

n=o (B~ E)
_ 1
STy
ool
27
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MO energy state

E,=—14778 ¢V

AE, y=4.3588 ¢V

Ey; = -5.8366 eV

MO energy state

Fig. 3: HOMO -LUMO plot of Guanosine-5'-Diphosphate.

Table 3: Calculated values of E, E(AE;_y, X, S, n, ®, 1 from B3LYP/6-311++G(d,p) of Guanosine-5'-Diphosphate.

Ey (eV) E (eV) (E(L;\::)H ) x(ev) u(ev) n(ev)  Sev?) w(eV)  ANmax
58366 -14778 43588 36570 36572 21794 02294  3.0685  1.6781

3.5 Molecular Docking

Molecular docking is the essential tool to identify the binding
of ligand with predicted target protein. The target protein of
GDP which is unigue ligand of Cell division control protein 42
homolog (Cdc42) is predicted from the Swiss Target Prediction
[22]. The three PDB codes 1ANO, 1A4R and 1DOA have been
downloaded from the RCSB data bank [23] and proteins have
been cleaned by removing the water molecules and docked
ligand by using Discovery Studio Visualizer 4.5 [16]. After that
the docking has been performed by AutoDock Tools and the
docked conformers have been visualized from Discovery

Studio Visualizer 4.5. Out of the many docked conformer the
only best conformers are presented in Fig. 4 and the 2-D
structure of docked conformers is depicted in Fig. 5. The
conventional hydrogen bond, inhibition constant, ligand
efficiency and the binding atoms of GDP is presented in Table
4. Generally the atoms 02, 03, 05, 07, 033, 035, H4,H11,
H24, H28, and H34 binds with residue of protein Cdc42. These
atoms are also predicted in geometry optimization and MEP
surface analysis in sections 3.1 and 3.2. Out of three PDB
codes the 1DOA has highest binding energy -7.2 kcal/mol.
The protein Cdc42 shows the good inhibitor for GDP.

Fig. 4: Residues of amino acids with ligand Guanosine-5' -Diphosphate.
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Fig. 5: 2 D structures of docked conformers with ligand Guanosine-5’ -Diphosphate.

1A4R @
Al80
| | §
4 i, VP | Lt
\ B378 A
| " [ : .
i " ' & e
._'- .H H;. Ig‘ .J F‘r
THR :‘;‘[g N
35 : . = ARG
l‘;‘; . TYR ALEE B%L:?
PRO GIN B:251
A3 Bi202
PHE
; AL Interactions - Unfavorable Positive-Positive
(s i van der Waals . Unfavorable Metal-Donar
r.._'}'” P - Conventional Hydrogen Bond l:] pi-Alky
s [ Cabon Hydrogen and Pi-Pi T-shaped
i Metal-Acceptor
Horay,, St [ Athractive Charge
B145
: PRO
ARG A106
Ba1Y

Table 4. Molecular docking parameters of Guanosine-5' -Diphosphate with protein code 1ANO, 1A4R and 1DOA of Cell division control

protein 42 homolog.

Ligand Protein PDB Bond Binding Amino acid Binding Inhibition Ligand

code length Atoms energy constant efficiency
(A) (kcal/mol) (uMm)
2.50 H34 VAL A:33
2.68 03 ALA A:13
2.68 02 GLN A:61

1ANO 241 02 GLY A:60 -6.6 14.35 -0.24
2.41 o7 VAL A:14
2.15 o7 GLY A:15
2.13 07,05 LYSA:16
2.52 033 ARG A:186

GDP Cded2 2.50 035 TIR B:251

1A4R 2.17 H11 GLN B:202 -6.6 14.35 -0.24
2.36 07 GLU B:378
2.76 H9 GLU B:378
3.07 H24 HIS A:104
2.60 H24 MET B:145

1DOA 218 H28 MET B:145 -7.2 5.21 -0.26
3.38 033 ARG B:111
241 H4 THR A:75
2.40 H11 ALA A:176
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4. CONCLUSIONS

The three dimensional optimized structure of GDP has been
obtained from DFT-B3LYP/6-311++G(d,p) and the optimized
energy is calculated as 1364642.78 kcal/mol. The least bond
length is calculated as 0.962 and 0.966 A across (035-H36) and
(03-H4). These moieties will take part in inermolecular
hydrogen bonding. The longest bond length is calculated as
1.647 A across (05-P6). This is due to intramolecular hydrogen
bonding across (02-H11). MEP analysis conformed that the
concentration of negative charge is more across 02, 07, 032
and 033. These moieties have prominent role to take part in
hydrogen bonding as well as reactive sites in molecular
docking. Moreover, the positive concentration of charge in
GDP is most across the hydroxyl groups (08-H9, 03-H4, 035-
H36) and amine groups (N26-H,, N23-H). These regions have
maximum possibility to take part in hydrogen bonding which is
justified by molecular docking. The HOO-LUMO energy gap is
obtained as 4.3588 eV, chemical potential is obtained as -
3.6572 eV. The highest binding energy -7.2 kcal/mol is found
across PDB code 1DOA of protein Cdc42. The atoms which
bind with residue of amino acid are 02, 03, 05, 07, 033, 035,
H4, H11, H24, H28, and H34 which is also justified from
geometry optimization and MEP analysis.
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