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Abstract

Tobacco mosaic virus causes great economic damage to tobacco, pepper, cucumber and ornamental flowers all
over the world. In the current work, the relationship between the structure and activity of novel series
echinopsin derivatives containing acylhydrazone fragments as antiviral activity against tobacco mosaic virus
(TMV) was studied using quantitative structure-activity relationship (QSAR) calculations and molecular
docking analysis. Molecular docking analysis of echinopsin derivatives with tobacco mosaic virus (20M3)
protein was done using AutoDock software and descriptors such as binding energy, electroestatic energy and
hydrogen bond energy were calculated. The negative values of the binding energy illustrated that the binding
nature of these derivatives, as the ligand with the 20M3 protein is strong. For QSAR maodel first, the dataset
was divided into two groups of training and test sets. Then, descriptors were calculated using quantum
mechanics, molecular docking and molecular descriptors. Then, modeling was done by multiple linear
regression (MLR) method. It was found that of the lowest unoccupied molecular orbital (LUMO) and Gibbs
free energy changes play a role in the model. Also, the descriptors of the total energy of van der Waals
interactions, hydrogen bond and energy of vdW + H-bond + desolvation of the molecular docking descriptors
have an effect in the regression model. This study can play an important role to design anti —~-TMV inhibitors.
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1.INTRODUCTION synthesize is Quantitative structure-activity

Plant virus diseases can be reducing grain
production and can cause many economic losses
[1]. Tobacco mosaic virus (TMV) can infect leaves
of plants such as tobacco, cucumber, tomato, and
pepper [2]. Commonly, antimicrobial agents like
Ningnanmycin and Ribavirin are used against
TMV [3, 4]. Also, plant virus inhibitor derived
from natural products such as purine nucleoside
derivative [5], phenanthroindolizidine alkaloid [6],
and natural alkaloids derivatives [7] due to many
advantages are widely used to control TMV. But
only a limited number has been used in agriculture.
Recently, a series of echinopsine derivatives
containing acylhydrazone moieties have been been
synthesized by Cui et al. and their antiviral
activities against tobacco mosaic virus (TMV)
have been investigated [8]. An important approach
for designing novel drugs without the need to
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relationship (QSAR) [9]. Also, this approach could
be predicting physicochemical properties of novel
drugs [10]. On the other hand, molecular docking
is one of the most important methods to evaluate
the binding compatibility between the ligands and
the active site residues of protein [11].Study of
Reactivity, molecular docking of antofine
analogues as anti-tobacco mosaic virus has been
perfomed by Abdulhassan and coworkers [12].
Xiao et.al have been designed and synthesized a
series of novel pyrazole amide derivatives. They
have been investigated activity of Anti-Tobacco
Mosaic Virus (TMV) and study of molecular
docking of these compounds with the binding sites
of 20M3 protein has been performed [13]. Also,
Ren and coworkers have been synthesized a series
of ferulic acid ester-containing sulfuonamid
moieties and their anti-TMV activity have been
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investigated by molecular docking [14]. A series of
novel 1, 4-pentadien-3-one derivatives containing
triazine moieties have been synthesized and their
antibacterial activities against TMV have been
evaluated by molecular docking [15]. Long and
coworkers have performed QSAR study on A
series of novel 1,4-pentadien-3-one derivatives
containing 4-thioquinazoline moiety as anti-
tobacco mosaic virus which they themselves had
designed and synthesized[16].

The aim of this research was to develop QSAR
model to predict the activity of of echinopsine
derivatives containing acylhydrazone moiety and
to investigate the interaction between the
echinopsine derivatives and tobacco mosaic virus
target site (20M3).

2.EXPERIMENTAL

27 molecules of echinopsine derivatives
containing acylhydrazone moieties with good
antiviral activities against tobacco mosaic virus
(TMV) with experimental ECso (Half maximal
effective concentration) values were obtained from
the literature [8]. The structures of different groups
of studied compounds along with different
substituents are shown in Table 1. The chemical
structures of the molecules were drawn with
ChemDraw Ultra. All compounds were optimized
using the GAUSSIAN 09 suite program [17]. The

6

computation was performed using with density
functional theory (DFT) utilizing the B3LYP and
6-31G basis set [18, 19] and quantum descriptors
are calculated. The single-crystal x-ray structure of
tobacco mosaic virus (TMV) protein was retrieved
from Protein Data Bank (PDB ID: 20M3) [20],
and structures of echinopsine derivatives are
obtained of the output from DFT optimization.
The preparation of the ligand and the protein files
was done by AutoDock Tools. After that, hydrogen
was added to the protein and the ligands, and all
the water molecules were deleted from the protein
structure. The grid box size and center were set at
60 x 60 x 60 A’ and 40.52, 57.592, 30.349 for x-,
y-, and z-coordinates to allow the ligand to rotate
freely. AutoGrid4 and AutoDock4 [21, 22],
implemented in MGL tools 1.5.4, were utilized for
docking ligands with 20m3 protein.

The structure with the lowest free energy of
binding in the highest-populated cluster was
chosen as the optimal docking pose, and
interactions of the ligand with active sites of
protein were analyzed automatically using Ligplus
version 2.2.5 [23]. Also, docking descriptors are
calculated from docking output. On the other hand,
the optimized geometries were loaded into Dragon
software [24] to calculate 1481 descriptors in 18
different classes.

27

(;::jf% y‘\%
Serd9(A)

LysS3(A)

Fig. 1. The docked protein—ligand complexes with hydrogen bond interactions(6,7,8, and 27)
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Table 1. Structural features of echinopsine derivatives and ECso(experimental) [8]

Entry R ECso Entry R ECso Entry R ECso
1 14.60 10 56.10 19 @% 19.50
O,
\\s N
/\\O H
2 64.60 11 11.00 20 @% 13.40
S
F
3 62.20 12 /Oﬁ“ 35.40 21 ©i\>vw 14.60
X@MJ . H
4 Qﬂ 1240 13 /OHJJ 74.40 22 63.40
HO Br
N
5 /@4“ 13.40 14 50.00 23 \ 56.10
O
| o}
OCFj3
6 /@;J 25.60 15 AN 13.40 24 N\ 26.80
i N| >/\/\/\A
) 7 N
~
7 89.00 16 AN 37.80 25 O 17.10
9 g >
N N\\
8 Qﬂ 53.70 17 17.10 26 11.00
N
7 x
7 |
© \\/o /
9 12.20 18 / \ 39.00 27 18.30
Qﬂ O QOO
S
3.RESULTS AND DISCUSSION The molecular docking calculations were

3.1.Molecular Docking

performed for systems of 20M3 protein and 27

molecules of echinopsine derivatives. Docking
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properties for the best configuration of 2o0m3
protein-ligand, such as binding energy, inhibition
constant (Kj), intermolecular, and Energy of
Vdm+Hbond +desolve. for the best-docked
structures, have been listed in Table 2. The negative
values of the binding energy illustrated that the
binding nature of these derivatives, as the ligand
with the 2om3 protein is strong, and compounds of
8, 25, 26, and 27 have the highest binding energy.
Also, compounds of 8, 25, 26, and 27 have the
smallest inhibition constant (Ki).

Two dimensions structures the best configurations
of protein-ligand have generated by using LigPlot
program. For instance, the docked protein—ligand
complexes with hydrogen bond interactions of
compound 6, compound 7, compound 8, and
compound 27 illustrated in Fig. 1. Compound 6
forms hydrogen bonds with Lys53, Trp52, and
Glu50 residues. Compound 7 forms hydrogen
bonds with Glu50, Glu22, and Lys53 residues.
Compound 8 forms hydrogen bonds with Lys53
and Glu50 residues. Finally, compound 27 forms
hydrogen bonds with Serl5 residues. The
hydrogen bonds are created through atoms O and
N of echinopsine derivatives. Also, the number of

hydrogen bonds in the complex of compounds 6
and 7 with the 20M3 protein is more than others.

3.2.QSAR study

A QSAR study was performed for echinopsine
derivatives.as anti-TMV agents, for characterizing
a quantitative relationship between structure
chemical and anti-virus activity. The multiple
linear regression statistic method is used to study
the relation between one dependent variable and
several independent variables. Also, minimizes
differences between experimental and predicted
values. The choice of the training set is one of the
most significant stages in the QSAR modeling,
since the confirmation and optimization of a
QSAR model are based on this training set.
Applicability and predictability of a QSAR model
also relay on the training set selection. The data set
(n=27) was divided casually into two groups: train
set (n = 20) and test set (n=7). The Pearson
correlation coefficients are listed in the following
table 3. The correlation coefficient (R?) matrix for
the descriptors used in different MLR equations
shows that no significant correlation exists
between pairs of descriptors. The acquired matrix
gives information on the positive or negative
correlation between variables.

Table 2. Docking properties for the best docked structure (Energies are in kcal mol™).

Entry Binding Energy 't:lc?ﬁ ;f Hydrogen Ki (M) Egzggrvg'f Vdm-+Hbond E\r':g:g;olecular
1 -5.18 0 129.07 -6.19 -6.20
2 -5.59 2 47.02 -6.35 -6.80
3 -5.32 2 96.88 -6.28 -6.37
4 -5.85 1 38.16 -7.29 -7.22
5 -5.54 0 47.77 -6.88 -7.09
6 -5.83 4 46.80 -6.76 -7.10
7 -6.08 4 32.91 -6.68 -7.31
8 -6.43 3 10.95 -7.66 -8.26
9 -5.21 1 73.76 -6.73 -6.83
10 -5.86 3 26.50 -7.31 -7.44
11 -5.04 1 148.18  -5.98 -6.12
12 -5.67 3 63.73 -6.47 -6.61
13 -5.30 1 12340 -6.24 -6.23
14 -4.75 1 28480 -6.35 -6.33
15 -5.51 3 80.26 -6.10 -6.48
16 -5.63 3 40.54 -6.51 -6.89
17 -5.69 3 59.33 -6.27 -6.66
18 -5.58 3 67.56 -6.02 -6.58
19 -5.39 3 97.99 -5.93 -6.36
20 -3.34 0 3.22 -4.29 -4.29
21 -5.40 3 95.08 -6.33 -6.38
22 -5.45 2 60.00 -6.62 -6.65
23 -6.18 2 22.15 -7.14 -7.24
24 -5.61 2 66.75 -6.48 -6.59
25 -6.42 1 11.73 -7.76 -7.92
26 -6.31 1 11.43 -7.26 -7.64
27 -6.75 1 10.53 -7.68 -7.69

We used the ECs of the echinopsine derivatives as
the dependent wvariable. This model with

acceptable statistical quality (R?=0.787) indicated
that the anti-virus activity of compounds is
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influenced by topological parameters AROM,
GATS8p, and R2m, and quantum chemical
descriptors of LUMO and AG and also, energy of
Vdm+Hbond+ desolve. as docking molecular
descriptor. Among these descriptors, AROM has
the highest average positive effect and energy of
vdW+Hbond+desolv has the highest average
negative effect. In general, an increase in the
amount of descriptors that have an average
negative effect leads to a decrease in the anti-virus
TMV activity of the compounds. In other words,
compounds with smaller amounts of these

descriptors will have lower ECs values and more
effective molecules in the antiviral activity, and on
the contrary, an increase in the amount of
descriptors that have an average positive effect
leads to an increase in the antiviral activity of the
compounds. Therefore, an increase in the values of
AROM, R2m, LUMO and AG descriptors
increases the antiviral properties of compounds
and an increase in the values of GATS8p, R2e+
and energy of Vdm+Hbond+desolve. descriptors
decreases the activity and antiviral properties of
compounds.

Table 3. Correlation coefficient (R?) matrix for descriptors represented in multiple linear regressions

AROM  GATS8p R2m Re* LUMO  AG  Energyof VdmHbond+

desolve.

AROM 1

GATS8p -0.070 1

R2m 0.292 0.324 1

R2e* 0.266 0.113 0.610 1

LUMO 0.204 0.020 0.125 0.047 1

AG 0.078 0.143 0.348 0076  -0.054 1

Energy of

Vdm+Hbon  -0.104 -0.267 0205  -0181 0265 -0.736 1

d+ desolve.

Table 4. List of molecular descriptors involved in MLR model

Descriptor symbol Coefficient regression Standard division

Geometrical AROM -455.635 180.837

2D autocorrelations GATS8p 76.658 26.742

Geometry, Topology, and Atom-Weights

Assembly (GETAWAY) R2m -44.964 22.239

Geometry, Topology, and Atom-Weights

Assembly (GETAWAY) R2e* 1005.623 237.978

Quantum chemistry LUMO 1.739 0.450

Quantum chemistry AG -286.887 126.769
Energy of

Docking molecular Vdm+Hbond+  -14.422 6.497
desolve.

----- Constant 525.405 179.037
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The ECso predicted of echinopsine derivatives by
this model is partly like that observed. Fig. 2
displays a very orderly distribution of ECso values
based on the observed values. The leave—one—out
(LOO) approach was applied to carry out the cross-
validated analysis. Q? (cross—validated coefficient)
is computed using the following equation [25, 26]:
2 Z(}’i_yipred)2
Q =1- Z(¥i~Yimean)? (Eq 1)
Where y; is the iy, experimental ECso value, Vipred iS

the i predicted ECso and Ymean is the mean of the
experimental ECso. The accuracy of the model
was mostly estimated by Root Mean Square Error
(RMSE) that calculated using the following
equation:

RMSE = /HT"“‘ (Eq. 2)

Where n = number of compounds, yi =
experimental value, Yipres = predicted value [27].
The RMSE and Q? of the calibration using MLR
method were obtained as 0.419 and 0.781,
respectively. Q? is used as a criterion of both
validity and predictive ability of the model.

801 y=0718x+068
0 R2=0.787 A

n [=3
L] =1

(Ve
L)

EC;y(calculated)
S

]
L=}

—
=3

B Test

0 10 2 30 4 0 6 70 8
ECy(experimental)

Fig.2.  Correlation of  ECso(calculated)  vs.

ECso(experimental).

Table 5. The statistical parameters of different
created QSAR models

Number
of R2 SE F RMSE Q2
series
Train 20 0.787 5.665 8.523 0.419 0.781
Test 7 0.821 3.746 22.857 0.810

4.CONCLUSION

Molecular docking as silico approach is performed
to explore detailed information about systems of
the echinopsine derivatives — 20M3 protein. The

active sites of 27 echinopsine derivatives in the
20M3 protein are specified by molecular docking.
The residues of Serl5, Arg4l, Glu50, GIn45,
Lys53, and GIn45 have an essential role in binding
with many of echinopsine derivatives. The
negative values of the binding energy illustrated
that the binding nature of these derivatives, as the
ligand with the 20M3 protein is strong, and
compounds of 8, 25, 26, and 27 have the highest
binding energy. Also, compounds of 8, 25, 26, and
27 have the smallest inhibition constant (Kj). In
this work, a QSAR study was performed for
echinopsine derivatives as anti-TMV agents. With
considering the error, the prediction of the ECsg
values was quite satisfactory and the performance
of the QSAR model to predict ECso value was also
calculated using the internal cross-validation
method. By defining the molecular descriptors in
the regression model, we finalize that an increase
in the values of AROM, R2m, LUMO and AG
descriptors increases the antiviral properties of
compounds and an increase in the values of
GATSSp, R2e+ and energy of
Vdm+Hbond+desolve. descriptors decreases the
activity and antiviral properties of compounds.
This study can provide clear directions to design
anti —TMV inhibitors.
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