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ABSTRACT

The present communication deals with 3D QSAR analysis on series of quinoline derivatives for the designing of
DNA Gyrase inhibitors with antitubercular activity by using k-NN MFA. The 3D QSAR models are generated using
data set of 35 molecules as DNA Gyrase inhibitors from literature studies. Alignment of the 3D optimized structures
was done by template based alignment method by taking quinoline as the template. The 3D QSAR result gives
insights for understanding of the relationship between structural features of substituted quinoline derivatives and
their activities which should be useful to design newer potential antitubercular agents. The best model showed ¢
value = 0.6422 and predicted r? of 0.6198 with three descriptors namely S 1046, S 517, and S 926. k, number of
nearest neighbors were observed 2 for this model.
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INTRODUCTION

Tuberculosis (TB) is one of the first identifiedfentious diseases and remains a major health prokligh two
million deaths and eight million new cases annudlly3]. Due to multi-drug resistant (MDR) straing o
mycobacterium and to a high prevalence of tubestsilm patients who have acquired human-immunoibefoy
syndrome (AIDS) the number of patients infectedhvitte disease is increasing worldwide [4-6]. Tlhigical
management of TB has relied heavily on a limitednbar of drugs such as Isonicotinic acid, Hydrazide,
Rifampicin, Ethambutal, Streptomycin, Ethionami@grazinamide, Fluroquinolones etc.[7,8]. No newitaatics
against

TB has been developed in the last 30 years. Clyrgudtients require 6-9 months of treatment. Thisy period
leads to the lack of compliance, which in turn, tanresponsible for the relapse and emergencesistaat strains
[9]. There are several reasons that justify thedrieesearch for new drugs for TB, like improvemehtcurrent
treatment by shortening its duration, to achieVieieht treatment for MDR TB and to eradicate tateht infection.
So, the improvement of new drugs for shortening doeation of the treatment and to fight against tiduig

resistant tuberculosis strains is urgent [10].

Quinoline is an important scaffold due to variefypharmacological properties associated with thevdgves
bearing this heterocycle [6]. We chose to searchgignoline derivatives displaying significant daabercular
properties, considering the possible affinity oflsunolecular scaffold foDNA Gyrase which is bacterial targets of
prime strategic importance for the future developtod new antitubercular drug-compounds.
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The present 3D QSAR study has been done by VLifeSMDftware by using various regression methodss®rias
of compounds, as novel quinoline derivatives fairtipotent antitubercular activity, reported bySenthilkumaset
al. and M. Dinakaranat al. [11, 12]. Regression methods were used to buil@SAR model in the form of a
numerical equation. Explains variation of one orendependent variables in terms of independenabbas by this
equation. The QSAR models can be used to predintitees for screening a large set of molecules &rdnew
molecules whose activities are not known and teaeltean lead to design and synthesis of new comgsu

MATERIALSAND METHODS

Data Set

A data set of 35 molecules reported by P. Senthitkuet al. and M. Dinakaranat al. published in journal
Bioorganic and Medicinal Chemistry available online at www.sciencedirect.com. All theries were reported to
have antitubercular activity. The series has acbhgsinoline moiety on which different substitutiomere done at R
and R positions (Fig. 1a & 1b). The antitubercular aityiwas expressed in terms of MIC. All the biologjic
activity data was converted to negative logarithrifdiom to reduce skewness of data sehe structures and
antitubercular activity data of compounds are tisteTable 1.
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Fig. 1a: Basic Moiety (1) Fig. 1b: Basic Moiety (2)

Table 1: List of Compoundsused for QSAR studies having Antitubercular Activity

S. No. R Ry MIC pMIC
/ K\N/CHS
1. H o \ N\) 13.72 | -1.1373
e}
/ K\N/CH3
2. NO; o \ N\) 6.25 | -0.7958

o
o) K\N/CHS

3. H <j©\/ \) 1.57 | -0.1958
o N
o) K\N/CHS

4. NO, <:©\/ \) 0.35 | 0.4559
o N
T

5. NH, < \) 3.06 | -0.4857
o N

46
Pelagia Research Library



Abha Shrivastava et al

Der Pharmacia Sinica, 2014, 5(1):45-52

CH
- 3
N
6. H 2.06 | -0.3138
S
N/CH3
7. NO, 1.84 | -0.2648
S
8. H O’ 7.06 | -0.8488
9. NO, O\‘ 6.41 | -0.8068
N/CH3
OH
10. H 6.43 | -0.8082
cl
N/CH3
OH
11. NO, 5.88 | -0.7693
Cl
CH
12. H SN 594 | -0.7737
—h
H (@]
N/CH3
13. NO, J JN 547 | -0.7379
N\
H \0
H3cW N ~_CH,
14. H HiC N 1.69 | -0.2278
o)
chﬁ R} —_CH,
15. NO, HiC N 1.55 | -0.1903
o]
CHj
N/
16. H O 0.93 | 0.0315
L
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CH
N
17. NO, <0/ 0.84 | 0.0757

o
N /C H 3
18. H / 3.53 | -0.5477
\ N
H O
[e)
’/\N /C H 3
N
19. NO, \ 3.120| -0.4941
N
H O
o]
H,C
H3C CH
20. H N 414 | -0.6170
o) J
H3;C
H3C CH,4
21. | NO, N~ 1.85 | -0.2671

o N /CH3
22 F < \) 147 | -0.1673
O

N
o /CH3
23 | NO < 5.60 | -0.7481
O
24 F 252 | -0.4014
Fo
25 | NO F 485 | -0.6857

S

26 F \) 3.76 | -0.5751

27 NG \) 7.09 | -0.8506
S
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—CHa
28 F O\‘ 0.39 | 0.4089

o
N 3.08 | -0.4885

—CH
OH
30 F 0.36 0.4436
Cl
N
/@/@

29 NG

31 NG 2.84 | -0.4533

s
cl
32 F /N 277 | -0.4424
A

N/CH3
cl
33 | NO /N 531 | -0.7250
Y
34 F O 0.86 | +0.0655
3

CH
NS
35 | NG <0/ 1.62 | -0.2095

Molecular structure generation

Molecular modeling and correlation analysis wereceed on the Vlife Molecular Design Suite (MDS) 8ersion
software. Structures were builded using 2D appboatool and exported in 3D format. Energy minintiaa and
batch optimization was carried out using Merck molar force field method by fixing root mean squgradient to
0.01 kcal/mol, dielectric constant 1, number oflegcl,00,000 and gradient type analytical. All thelecules were
initially optimized and then used for the calcidatiof descriptors, regression analysis and modergion.

Alignment

Molecular alignment is a crucial step in 3D-QSARdst to obtain meaningful results. This techniqubased on
moving of molecules in 3D space and related todteformational flexibility of molecules. The goal to get
optimal alignment between the molecular structmexsessary for ligand-receptor interactions.

Alignment of optimized molecules was carried ouhggemplate based alignment method. Compound Tyhét
dihydroquinoline-3-carboxylic acid was consideresl r@&ference molecule as template. The alignmen8of
molecules is shown in Fig. 3.
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Figure 3: Template Based Alignment of all 35 Compounds

Calculation of Descriptors

All three fields electrostatic, hydrophobic andristavere computed at the lattice points of gridusn@ aligned
molecules in space and calculated using GasteigesiM charges. The values 10 kcal/mol and 30keal/were
used as cut-offs of electrostatic and steric resgy. Dielectric constant of medium was takenlad/ethyl probe
of charge +1.0 was used to compute interactionggerAt the end, it provided how descriptors gaveinding of
each molecule at the active site in the form of bers.

Data selection

In numerical data of different variables, activapd all the other descriptors were considered aerdient and
independent variables respectively. Data set waejoszed in to two parts, test set and training Galy training
set is exclusively used for building QSAR model.n&mted model is applied to predict activity ofttest to
evaluate its predicting ability. Sphere exclusioetiod was used to generate training set and test se

3D QSAR Model Generation
For model generation the data set was dividedtmaioing set and test set. Regression was appliagsing k-NN-
MFA with stepwise forward backward variable selectmethod by fixing cross correlation limit: 0.8rrn selection
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criteria: d, F-Test in: 4.00, F-Test out: 3.99, variance déit20, auto scaling, number of maximum neighbds:
number of minimum neighbors: 3, selection predittinethod: distance based weight average and mtse:ac
positive. Models were validated by both internabgs-validation, %) and external validation (predicted).r

RESULTSAND DISCUSSION

For QSAR analysis, regression performed by using(Walues as dependent variables and calculated pgewsri
as independent variables. The model generated ibyniethod showed the® yalue 0.6422 and Pred value
0.6198. In the 3D map, the steric interaction Belde represented in green lattice points at S ,184617, and
S 926 (Fig. 4) implies that the steric interacti@hsng these lattice points are required to be extdd. All the
steric points showed positive contribution, so¢benpounds which have bulky substituents at theajimia moiety
can show the increased activity. Fitness plot bebtnartual and predicted activity is shown in Fig. 4

Figure4: Show points (Descriptorswith range)
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Fig. 5: Fitness Plot of between Actual and Predicted Activities of 3D QSAR Model [Training set (red spot) and Test set (blue spot)]
CONCLUSION

From the derived QSAR model, it is concluded thatitabercular activity of quinoline derivatives srongly
influenced by the steric interactions. The shownpaf 3D model with positive values suggested pattef
substitution to improve the biological activity afready existing compounds. This study has beendotery
helpful in development and optimization of thissdaof compounds as well as designing of new congieowith
improved antitubercular activity.
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