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Abstract

Objectiv: Mycobacterium tuberculosis (Mtb), is agent of tuberculosis. A series of novel
N-Oxide-Containing Heterocycles have been reported as selective Mycobacterium tuberculosis
inhibitors. QSAR, Docking, and Molecular Dynamics Simulation studies were investigated.

Materials and Methods: Imperialist Competitive Algorithm (ICA), Partial least
squares (PLS), Principle Component Regression (PCR), Least Absolute Shrinkage,
Selection Operator (LASSO), and Monte-Carlo simulation were used to create QSAR
models. The molecular docking and molecular dynamics simulation were carried out on
Mycobacterium tuberculosis (Mtb) strain H37Rv (PDB: 4XGQ).

Findings: Atomic masses, atomic sanderson electronegativities, Ghose—Viswanadhan-
Wendoloski antiinfective-like index and Ghose —Viswanadhan-Wendoloski hyptonic-like
index were important in our study. The SMILES files have been used with coralsea
software. The root-mean square errors of the training set, and the test set for ICA model,
were 0.2970, 0.1395 respectively. The results of the Monte-Carlo method were the
following: n=7, R2=0.9931, Q2=0.9857, MAE=0.039 (Training set); n=6, R2=0.9413,
Q2=0.9107, MAE=0.367 (Test set).

Conclusion: Molecules 10 and 11 were presented as the most stable ones that may be
introduced for further investigations, including clinical experiments.

Keywords: N-Oxide-Containing Heterocycles, QSAR, Tuberculosis, Molecular docking,
Molecular dynamics simulation.

Cite this article: Ghasemi Gh, Motahary B & SayadikordAbadi R. QSAR studies, docking and molecular
dynamics simulation of a number of heterocyclic compounds including nitrogen oxide as new anti-
tuberculosis agents. Applied Biology. 2022; 12(48): 23-40.

Received: 2022/10/02 ; Revised: 2022/10/24 ; Accepted: 2022/11/16 ; Published online: 2022/11/21

© the authors Publisher: Qom Islamic Azad University

http://sjoapb.journal.qom-iau.ac.ir


https://www.orcid.org/0000-0001-8938-5362

YOYA-YFYY osasisli s -/)/‘/-K/jijfj

Homepage: http://sjoapb.journal.qom-iau.ac.ir

R AFA
Swoligd (5 jlwdans g FuS1S ¢ Ul —Cudled o5 andltao
w1 (3 59 g Jolo JSw g 5 OS5 3 (g0Iai (S g0
WS> Juw w5l Jols oyl gis 4

(J $ess ouiens 93) &1l ecaadiy oodheal 915 T 8IS oy anl s ¢ o uudigs 5 garcd 058 GLalicl sowuld auls
ghasemi@iaurasht.ac.ir

b.motahary@gmail.com .|l coucd 5 ¢ sl 15T 8181 cmacty anl g 5 sa00lS wigen 05, (5,30 (5 patils Stk Sy

sayadi@iaurasht.ac.ir .ol ! coat; «podcal ol 3T o&3s conidi; daly oand i 5 sancd 858 Sbalial | SalaTa S subews by

oS>

0397 ol ISmg o o DS 355 (6wt ol 315 258 oo pSLgSolo (oo ole id
ol Giegh Bas diuly cpl jo aileads (5155 e 3slS ps3 po xS LsSle (sloodijlosh (lsie 4y oS
5oy Jals S m SLS 5 51 ool J5Slpe Salis (giluared 5 K515 QSAR aslline
el Sz o 25 sl Jole (lgie a4y o]

Slewloee 4 gl)I5 alige (55lwdis s LASSO PCR PLS (g loxinl cold, pi,53! s gy g Slgo
02385 295 psr S by (JoSge Salins (55lusannd 5 SiS1s Slawlone (rizean 335 plil QSAR
el 00 ol AXGQ oS L

Ghose-Viswanadhan-  a3ls  jewyaile (o3l 0ssg xS0l o a3l slop > claassl
,» Ghose—Viswanadhan-Wendoloski antiinfective-like asL: 5 Wendoloski hyptonic-like
50 S g Losgal sl RMSE o soliswl blowsl (b 51 oo J1)s5 aalip ;0 .0509 s oy o
O590) S Sl ol )5 Age Bgy 40 Adg YAV 5 /NTAD ol 4 s lomil ol o3 5ol
R2=-/AF\Y N=F & )0 Ced 5w sl g MAE=-/-Y4 5 Q%=-/3A0Y R%=-/24Y) N=V & 504

Saslus olwans 5 KuSls oylsle —e s 58 adlas Ly 63U1s S ols (o ks G ) lis ol 4 stz

NN 0 5 (e Ao J Ao sl Jule Glsie 4 ST 55 25 Jols 1Ky o SLS S 51 gl JSse
Py (FANY

VAT U EB €YV [ A/YO s B VYLV /A7 0 16, B € VFL /Y)Y - iedlys f

03 d>lg (Dol ST o8 3 G OBy ©

http://sjoapb.journal.qom-iau.ac.ir


https://www.orcid.org/0000-0001-8938-5362

Yo ooy Kl sl — b LS andline

ol Cewds MAE=/YFY 5 Q2=+/3) - Y
Slalllas abox 5l i slaom; 2 61y &5 wten (Il SLS 3N 5V slaJsSge 1 S s

o ST 3 eSSy ¢ J5Sga Saliss (65l «KSTs QSAR oo jlgands



AP PA LAY 055 652,05 5505 v

dodds .Y

ekl Wl o gl oo dbm) G550 5 0 SLRLe £ & 6L G s
s by Aoy Gew ILYS (o JeSty OLSS (Y-)) Coll H3TRV 5,lS, 5
A3l ) S5 WHO L(F=F) Wloads eslinul fuw dio SLSS plsie 4 camlaSyliy)
Sl s Ses Lo Clas L(A=0) Cosl 03,5 araogs 1y Aol o 5 55001 ¢ pmmmenslis
3S QSAR a3 1l L(M=8) Sl bogy o (33081 Jlabd (sl M55 4 OS5
D515 Codlad gon 5T IS5 @0 3510 55 i ST 5Sole b o Olin 5 ) oST oS ol ok
P Senls Silwand 5 KSl QSAR oS5 Slallles (Ji- e 53 (V1Y)
035 dombns ol 48 85 S pg0 o L (lgie @ o] 035550 Jols [y 0 DS
V) ol o ool o 158 40l b oS s 5 Stamsos

L gy 9 3g0 .Y
S ol gl oSy T S5 Olarpe JBlas b bl —Cullad oS ity N -Y
" e (L JBlao U pSinogi IS 5 © g lamiusl Cold ) o o)1

st 0303 03 8 s 1S ola sl 55 ST (330 8 el Sy a oS5 Y sl
A Gl aesS 55 DL aen lle LOVA) Sl odel s b 3l 55 (MICq)
35 Kl arwloes 55815 aslp b s Kivogs 54 B3LYP/6-311+G(d,p) (s)lwang: s,
Gz glaasl 35 V0 asel s OLSH slias Gl —E b L3S alaly Sleloes

. Z - . T . A v
J\.:..%JSJ‘J;QOJLQ:\...»‘ )4 6)[.;0‘(5&.)—%‘)3&‘}: J‘L"“Jg“‘“‘ d‘j d»‘ w‘&d»‘

1. Quantitative structure Activity Relationship (QSAR)

2. Partial least squares (PLS)

3. Principal Component Regression (PCR)

4. Imperialist Competitive Algorithm (ICA)

5. Least Absolute Shrinkage, Selection Operator (LASSO)
6. Matlab

7. SPSS

8. Unscrambler
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