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9
10 Abstract: An important parameter in the development of a new drug is the drug's affinity to the
11 identified target (protein/enzyme). Predicting the ligand binding to the protein assembly by
12 molecular simulations would allow the synthesis to be restricted to the most promising drug

13 candidates. A restricted hybrid HF-DFT calculation was performed in order to obtain the most stable
14 conformer of studied ligands and a series of DFT calculations using the B3LYP levels with 6-31G*

15 basis set has been conducted on their optimized structures. The docking studies of the quinolone
16 compounds have been carried out with CLC Drug Discovery Workbench software to identify and
17 visualize the ligand-receptor interaction mode.

18 Keywords: molecular docking; fluoroquinolones; antimicrobial activity

19

20 1. Introduction

21 Infectious diseases are the second important cause of death global [1]. Treatment of infectious
22 diseases becomes more difficult when common pathogens, such as Staphylococcus aureus and
23 Mycobacterium tuberculosis develop drug resistance to drugs that were considered at one time,
24 effective. Antibiotic drugs are a special class of therapeutic agents whose misuse have affected not
25  only the individual patient, they have affected also the entire community. This is why, at some point
26  after the widespread introduction and use of new antibiotics, antibiotic-resistant bacteria occurring
27 in significant waves appear almost inevitable. In medical practice, many fluoroquinolones with
28  antimicrobial activity are used, some of them are considered by pharmacists as the primary drugs in
29  anti-infective therapy. Fluoroquinolones have a broad spectrum and a strong antibacterial activity [2-
30 8]. They are characterized by pharmacokinetics that allows their use in all localized infections. In the
31  development of a new antimicrobial agent, an important parameter is the affinity of a drug to the
32 identified target (protein/enzyme). Predicting the binding of the ligand with the target
33 (protein/enzyme) by molecular simulation would allow to restrict the synthesis to the most promising
34 compounds [9-20]. Molecular docking can be accomplished by two interdependent steps [17-20]. The
35  first step consists in sampling the ligand conformations in the active site of the protein receptor. The
36  second step involves the classification of these conformations by a scoring function.

37  The objective of these paper is to evaluate in silico anti-pneumococcal activity of some
38  fluoroquinolone derivatives (Table 1) by using CLC Drug Discovery Workbench Software. Docking

39  studies have been conducted for all ligands and the docking scores were compared with the scores
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Table 1. The structure of the fluoroquinolone compounds.
2D Structure 3D Structure 2D Structure 3D Structure
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NEF: 1-Ethyl-6-fluoro-7-(piperazin-1-yl)-1,4-dihydro-4-oxo-quinoline-3-carboxylic acid ~ FPQ50:1-Ethyl-6-fluoro-7-(piperazin-1-yl)-8-chloro-1,4-dihydro-4-oxo -quinoline-3-carboxylic acid

Ci16H18FN30s: M = 319.336 g/mol; m.p. = 218.3-220.6"C [25] CisH17CIFN3Os: M = 353.781 g/mol; m.p. = 227-230°C [25]
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PF:1-Ethyl-6-fluoro-7-(4-methyl-piperazin-1-yl)-1,4-dihydro-4-oxo -quinoline-3- FPQ51:1-Ethyl-6-fluoro-7-(4-methyl-piperazin-1-yl)-8-chloro-1,4-dihydro -4-oxo-quinoline-3-
carboxylic acid; C1i7H20FN3Os: M = 333.363 g/mol; m.p. =269.2-271.8°C [26] carboxylic acid; C17H20CIFN3Os: M = 367.808 g/mol; m.p. = 219.6-221.5°C [26]
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FPQ27: 1-Ethyl-6-fluoro-7-(3-methyl-piperazin-1-yl)-1,4-dihydro-4-oxo -quinoline-3- ~ FPQ29.HCI: 1-Ethyl-6-fluoro-7-(3-methyl-piperazin-1-yl)-8-chloro-1,4-dihydro-4-oxo-quinoline-3-

carboxylic acid; C17H20FN3Os: M = 353.781 g/mol; m.p. =177.6-180.6°C [24] carboxylic acid. HCI CizH19CIFN20s. HCl: M = 353.781 g/mol; m.p. = 227-230°C [26]
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FPQ35: 1-Ethyl-6-fluoro-7-(pyrrolidin-1-yl)-1,4-dihydro-4-oxo-quinoline -3- FPQ36: 1-Ethyl-6-fluoro-7-(pyrrolidin-1-yl)-8-chloro-1,4-dihydro-4-oxo-quinoline-3-carboxylic
carboxylic acid; CicHi17FN203: M = 304.321 g/mol; m.p.= 336.6-337.9°C [25] acid; CisHi6CIFN203: M = 338.766 g/mol; m.p. = 214.5-217.8°C [25]
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FPQ32: 1-Ethyl-6-fluoro-7-(piperidin-1-yl)-1,4-dihydro-4-oxo-quinoline -3-carboxylic =~ FPQ33: 1-Ethyl-6-fluoro-7-(piperidin-1-yl)-8-chloro-1,4-dihydro-4-oxo-quinoline-3-carboxylic acid

acid; C17H19FN20s: M = 318.348 g/mol; m.p. = 202.4-204.4°C [26] Ci7H1sCIFN20s: M = 352.793 g/mol; m.p. = 187-190°C [26]
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Q83: 1-Ethyl-6-fluoro-7-(4-methyl-piperidin-1-yl)-1,4-dihydro-4-oxo-quinoline-3- Q85: 1-Ethyl-6-fluoro-7-(4-methyl-piperidin-1-yl)-8-chloro-1,4-dihydro-4-oxo-quinoline-3-
carboxylic acid; C1sH21FN20s: M = 332.37 g/mol; m.p. = 234.7-237.1°C [22] carboxylic acid; CisH20CIFN203: M = 366.815 g/mol; m.p. = 201-202.5°C [22]
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FPQ24: 1-Ethyl-6-fluoro-7-(3-methyl-piperidin-1-yl)-1,4-dihydro-4-oxo-quinoline-3- FPQ30: 1-Ethyl-6-fluoro-7-(3-methyl-piperidin-1-yl)-8-chloro-1,4-dihydro-4-oxo-quinoline-3-
carboxylic acid; C1sH21FN20s: M = 332.37 g/mol; m.p. = 188.1-189.4°C [23] carboxylic acid; C1sH20CIFN203: M = 366.815 g/mol; m.p. = 163-165.3°C [24]
o}
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FPQ25: 1-Ethyl-6-fluoro-7-(morpholin-1-yl)-1,4-dihydro-4-oxo-quinoline-3-carboxylic FPQ28: 1-Ethyl-6-fluoro-7-(morpholin-1-yl)-8-chloro-1,4-dihydro-4-oxo-quinoline-3-carboxylic
acid; CisHi7FN20a: M = 320.32 g/mol; m.p. = 257.4-258.7°C [23] acid: CisHi7CIFN204: M = 354.76 g/mol ; m.p. = 244.6-246°C [23]
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43 Figure 1. Clinafloxacin.

44 of standard drugs: Clinafloxacin (7-[(3R)-3-aminopyrrolidin-1-yl]-8-chloro-1-cyclopropyl-6-fluoro-4-
45 oxo-1,4-dihydroquinoline-3-carboxylic acid) (Figure 1).

46 2. Computational details

47 Molecular Docking studies have been realized with CLC Drug Discovery Workbench Software
48  to obtain accurate predictions on optimized conformations for both, the ligand (fluoroquinolone
49  compound) and their target receptor protein to form a stable complex. The fluoroquinolone
50  compounds have been synthesized in our laboratory [21-26] and their 2D structure is shown in Table
51 1. The protein-ligand complex has been realized based structure of Clinafloxacin (Figure 1) with
52 Streptococcus pneumoniae serotype 4 (strain ATCC BAA-334/TIGR4) which was available through the
53 Protein Data Bank (PDB entry 3FOE) [28]. The score and hydrogen bonds formed with the amino
54 acids from group interaction atoms are used to predict the binding modes, the binding affinities and
55 the orientation of the docked ligands derivatives in the active site of the protein-receptor.

56  2.1. Ligand preparation

57 The ligands, fluoroquinolone derivatives, have been prepared using SPARTAN’14 software
58  package [29]. Their molecular structures have been determined using DFT/B3LYP/6-31 G level of
59  basis set. In Table 2 are shown the electronic properties such as: HOMO (Highest Occupied Molecular
60  Orbital) and LUMO (Lowest Unoccupied Molecular Orbital) energy values, HOMO and LUMO
61  orbital coefficients distribution, molecular dipole moment, polar surface area (PSA), ovality,
62 polarizability, octanol water partition coefficient (log P), volume, area, number of hydrogen-bond
63  donors (HBDs) and acceptors (HBAs). The DFT calculations were performed according to the

64  protocol described in our previous paper [30].

65  2.2. Molecular docking studies

66  Molecular docking studies have been performed with CLC Drug Discovery Workbench Software to
67  obtain accurate predictions on optimized conformation for both, ligands and their target receptor
68  protein, as well to their resulted complexes. The protein-ligand complex has been realized based on
69  the structure of Clinafloxacin with Streptococcus pneumoniae serotype 4 (strain ATCC BAA-334/TIGR4)
70  assembly available from Protein Data Bank (PDB entry 3FOE). The docking simulations were
71 performed according to the docking protocol described in a previous paper [30], and involve the next
72 steps: setup the binding site and setup binding pocket in a Molecule Project, dock ligands imported
73 toaMolecule Table, inspect the docking results. To ensure that the ligand orientations and positions
74 obtained by the molecular docking studies are valid, the used docking methods and parameters have
75  been validated by redocking. The docking score and hydrogen bonds formed with the amino acids
76  from group interaction atoms are used to predict the binding modes, the binding affinities and the
77  orientation of the docked quinolone derivatives in the active site of the protein-receptor. Using the

78  Calculate Molecular Properties tool it has been calculated commonly used properties of small
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80

Table 2. Molecular properties for CPK Model computations for quinolone compounds using Spartan’14 V1.1.4 software.

Compound Molecular properties
Energy Dipole EHOMO ELUMO HOMO- Polarizability PSA[A?] Ovality LogP Aria Volume HBA HBD
[au] moment [eV] [eV] LUMO [10°0 m?] [A2] [ A3 count count
[Debye] GAP

NF -1110.31833 12.76 -5.76 -1.41 4.35 65.09 56.587 1.45 1.37 317.19 305.05 5 1
FPQ50 -1569.88534 8.71 -6.00 -2.02 3.98 66.33 57.344 1.46 1.92 329.98 319.25 5 1
PF -1149.63032 12.36 -5.77 -1.43 4.34 66.65 46.369 1.48 1.74 336.83 324.22 5 1
FPQ51 -1609.19720 8.91 -5.79 -1.97 3.82 67.92 46.808 1.49 2.30 349.36 338.39 5 1
FPQ27 -1149.63593 12.86 -5.76 -1.40 4.36 66.57 56.053 1.48 1.68 336.69 323.35 5 1
FPQ29 -1609.20487 9.10 -6.01 -1.96 4.05 67.80 56.717 1.49 2.24 349.71 337.57 5 1
FPQ35 -1054.99047 12.50 -5.77 -1.39 4.38 64.18 44.034 1.43 2.30 305.75 293.94 4 1
FPQ36 -1514.55632 8.83 -6.14 -1.97 417 65.44 44.405 1.45 2.86 319.72 308.85 4 1
FPQ32 -1094.30033 9.49 -6.63 -1.82 481 65.58 45.402 1.46 2.72 323.90 311.68 4 1
FPQ33 -1553.87373 8.28 -6.33 -2.05 4.28 66.75 44.781 1.47 3.28 336.69 325.36 4 1
Q83 -1133.61569 9.49 -6.36 -1.82 4.54 67.06 45.389 1.49 3.05 343.24 329.85 4 1
Q85 -1593.18913 8.29 -6.33 -2.05 4.58 68.23 44.785 1.50 3.61 356.00 343.54 4 1
FPQ24 -1133.61279 9.48 -6.34 -1.82 4.52 67.07 45.295 1.48 3.12 342.68 329.92 4 1
FPQ30 -1593.18622 8.23 -6.33 -2.06 4.27 68.24 44.768 1.50 3.68 355.38 343.58 4 1
FPQ25 -1130.18716 10.15 -6.02 -1.58 4.44 64.87 51.758 1.44 1.59 314.60 302.53 5 1
FPQ28 -1589.75575 8.26 -6.24 -1.97 497 66.00 51.859 1.45 215 325.74 316.05 5 1
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81  molecules, such as Lipinski’s rule of five: the molecular weight, number of hydrogen bond donors,

82  number of hydrogen bond and Log P (octanol-water partition coefficient).
83

84  3.Results and Discussion

85 The carried-out work was aimed to in silico assessment of biological activity of some
86  fluoroquinolones using the CLC Drug Discovery Workbench Software. The library of compounds
87 used for this study is shown in Table 1. These molecules were obtained by synthesis according to
88  Scheme 1 [21-26].

F CO,CoHs F COCoH5 COH
1. EMME _ DESKicOs 1.NaOH
a NH, 2 Dowterm 2. CH;COZH

3 CH
1 2 Csz

1. DES/NaOH 40%

2.HCA
R;H

COH COH
: sozc12 :@\)ﬁ/ 2 CH,COCI / CH3COH F COH
h |

K\ — N N
N Csz C2H5 forR,= HN  NH ‘c B
CH,cO”™ CH3CO/ — 25

R 5
R 7 R R=H, CH;

F. COH
hydrolyses ‘

89 e
90

91 Scheme 1. Preparation of fluoroquionolone compounds.

92

93 Appropriate unsubstituted aniline (1) is reacted with diethylethoxymethylenemalonate (EMME)

94  [21] to produce the intermediate anilinomethylenemalonate, intermediate, which is subjected to a
95  thermal process, for performing the Gould-Jacobs cyclization. The following operation is the
96  alkylation of the quinolone (2) which is usually accomplished by reaction with a suitable alkyl halide
97  or dialkyl sulphates to produce the ginolone-3-carboxylate ester (3). The final manipulation is acid or
98 basic hydrolysis to cleave the ester generating the biologically active free carboxylic acid (4). The
99  Dbiologically active free carboxylic acid (4) was also obtained from the corresponding 4-hidroxy-
100  quinoline-3-carboxylate ester (2) by alkylation with dialkyl sulphates in presence of alkali. The

101  displacement of 7-chloro group with a heterocyclic: substituted or unsubstituted piperidine,
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102 pyrrolidine, morpholine, 4-methyl-piperazine, yielded fluoroquinolone compounds (5). 8-Chloro-
103 quinoline-3-carboxylic acid (8) have been synthesized from 8-unsubstituted quinoline-3-carboxylic
104 acid (5) by chlorination with sulfuryl chloride. When, R = 3-methyl-piperazine, or piperazine, is
105  necessary to protect the nitrogen atom from piperazine group. After chlorination and hydrolysis, the
106 final fluoroquinolones, (8) (R7 = 3-methyl-piperazine, or piperazine), have been obtained [22-26].

107 The antimicrobial activity of fluoroquinolones from studied compound library was evaluated

108  against the Gram-positive and Gram-negative microorganisms [26].

109  Based of the results of the antimicrobial evaluation, the compound FPQ-30 (1-Ethyl-6-fluoro-7-(3-
110 methyl-piperidin-1-yl)-8-chloro-1,4-dihydro-4-oxo-quinoline-3-carboxylic acid) seems to be a
111 promising compound. For this reason, studies of biological activity prediction have been extended to
112 Staphylococcus aureus MRSA isolated from hospital infections [24] and to wild-type strains of
113 Staphylococcus aureus MRSA, Streptococcus spp. B-hemolytic, Streptococcus spp. y-hemolytic and
114 Escherichia coli [29]. The fluoroquinolone FPQ30 demonstrated an increased antimicrobial activity
115  against Staphylococcus aureus MRSA and against Streptococcus spp. y-hemolytic, a moderate effect
116  against Streptococcus spp. B-hemolytic and a limited action against Escherichia coli strains.

117 The promising in vitro results on some bacterial strains, correlated with the previous in silico
118  molecular docking study against protein receptor S. Aureus DNA GYRASE sustain a potential
119 therapeutic effect of the FPQ30 fluoroquinolone [26,29].

120 Starting from these results we have extending the in silico molecular docking study for the
121  prediction of biological activity against other targets. Molecular docking studies have been conducted
122 to achieve precise predictions on optimized conformation for both, the fluoroquinolone derivatives
123 (as ligand) and their targets, receptor protein, to form a stable complex. The protein-ligand complex
124 has been realized based of the structure of Clinafloxacin with Streptococcus pneumoniae serotype 4
125 (strain ATCC BAA-334/TIGR4) imported from Protein Data Bank (PDB ID: 3FOE) [28]. After the
126  import of the protein receptor file from Protein Data Bank and after its preparation, the next step was
127 the search of the binding site and the binding pockets. The NFX have been considered as reference
128  ligand to compare the docking results of fluoroquinolone compounds. The ligand binding mode
129 search was carried out inside the binding site volume. Binding pockets were used to guide the
130  molecular docking of the ligands.

131 The binding site and docking pose of the co-crystallized NFX (clinafloxacin) interacting with
132 amino acids residues are shown in Figure 2a and in Figure 2b the binding pocket is represented.
133
e
. SER 80 1
e
_ | SEF 19p 4
X da,
o o T " ARe 17 TYR 118
134
135 Figure 2. (a) Binding pocket and docking pose of the co-crystallized NFX; (b) Binding site and
136 docking pose of the co-crystallized NFX.

137
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138 The docking score, the interacting group (Figure 3c) and hydrogen bonds (Figure 3a) formed with
139 the amino acids from group interaction atoms are shown in Table 2. Clinafloxacin (Score 49.78; RMSD
140 0.10) forms three hydrogen bonds, two with SER 79: A (bond length: 3.182 and 3.103) and one with
141 Asp 83: A (bond length 3.048 A). In Figure 3b, docking validation of co-crystallized clinafloxacin is
142 shown. The score and hydrogen bonds formed with the amino acids from group interaction atoms
143 areused to predict the binding modes, the binding affinities and the orientation of the docked ligands

144 derivatives in the active site of the protein-receptor.

145

146

147

148 Figure 3. (a) Hydrogen bonds between amino acids residues and co-crystallized NFX;
149 (b) Docking validation of the co-crystallized; (c) Docking pose of the co-crystallized NFX
150 interacting with amino acids residues.

151

152 Also, molecular docking studies have been performed relating to some quinolone compounds

153  known in medical therapeutics: norfloxacin (Score -50.50; RMSD 0.02) and pefloxacin (Score -51.90;
154  RMSD 0.08). Norfloxacin (NF) and pefloxacin (PF) reveal a better docking score than docking score
155  of the co-crystallized NFX (clinafloxacin). Norfloxacin forms two hydrogen bonds with HIS 76:A
156  (bond length: 3.065 A and 3.096 A) and one with Asp 83:A (bond length 3.048 A) (Figure 4a).
157  Pefloxacin forms one hydrogen bond with HIS 76:A (bond length: 2.972 A)(Figure 4b). Acording to
158 the score docking evaluation, it was observed that, all the fluoroquinolone derivatives reveal docking
159  score greater than -40. Only two compounds: FPQ 35 (Score -44.17; RMSD 0.09) and FPQ 36 (Score -
160 45.99; RMSD 0.77) reveal docking scores less than docking score of the co-crystallized NEX.

161

162

163 Figure 4. (a) Docking pose of the NF ligand interacting with amino acids residues;

164 (b) Docking pose of the PF ligand interacting with amino acids residues.

165

166 The results of evaluation of the docking score for fluoroquinolones FPQ 33, FPQ 28, FPQ 51 and

167  Q85, compounds with a good activity in vitro against Staphylococcus Aureus ATCC 6538 [26] (MIC=0.32
168  pg/ml) and with a good activity against MRSA for compound FPQ 28 [24] reveals better docking
169  score than co-crystallized NFX, norfloxacin (NF) and pefloxacin (PF). Interactions of fluoroquinolone
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Table 2. List of intermolecular interactions between the ligand molecules docked with 3FOE.

Comp.

NEX

(Clinafloxacin)
NF

(Norfloxacin)

FPQ50

PF
(Pefloxacin)

FPQ 51

FPQ 27

FPQ 29

FPQ24

FPQ 30

Score

-49.78

-50.50

-50.15

-51.90

-51.92

-50.15

-51.70

-51.52

-50.15

RMSD

0.10

0.02

0.0094

0.08

0.08

0.02

0.86

0.15

0.02

Group interaction

ASP 508: C, HIS 76: A, PRO 75: A, SER 80: A, ASP 83: A, SER79: A,
GLY 77: A, ASP 78: A, ARG 117: B, ALA 115: A, TYR 118: B

ASP 510: C, ASP 508: C, HIS 76: A, GLY 77: A, PRO 75: A, ASP 78:
A,SER79: A, SER 80: A, TYR 118: B, ARG 117: B, ALA 115: B

ASP 510: C, ASP 508: C, LYS 581: C, HIS 74: A, HIS 76: A, PRO 75:
A, GLY 77: A, ASP 78: A, SER 79: A, SER 80: A, TYR:118: B, ARG
117:B

ASP 510: C, ASP 508: C, LYS 581: C, HIS 76: A, PRO 75: A, GLY 77:
A, ASP78: A, SER 79: A, TYR:118: B, ARG 117: B, ALA 115: B
ASP 510: C, ASP 508: C, HIS 76: A, GLY 77: A, PRO 75: A, ASP 78:
A,SER79: A, SER 80: A, TYR 118: B, ARG 117: B, ALA 115: B

ASP 510: C, ASP 508: C, GLY 111: C, HIS 76: A, PRO 75: A, GLY 77:
A, ASP 78: A, SER 79: A, TYR:118: B, ARG 117: B, MET 116: B,
ALA 115:B

ASP 510: C, ASP 508: C, HIS 76: A, SER 80: A, GLY 77: A, ASP 78:
A,SER79: A, TYR:118: B, ARG 117:B, ALA 115: B

ASP 510: C, ASP 508: C, HIS 76: A, GLY 77: A, ASP 78: A, SER 79:
A, TYR118: B, ARG 117: B, MET 116: B, ALA 115: B

ASP 510: C, ASP 508: C, LYS 581: C, HIS 74: A, HIS 76: A, GLY 77:
A, ASP78: A, SER 79: A, SER 80: A, TYR:118: B, ARG 117: B

Hydrogen bond

- O sp?2from COOH(CO) - O sp® from SER 79: A
- O sp*from COOH (OH)- O sp? from SER 79: A
- O sp*from COOH (OH)- O sp? from ASP 83: A
- O sp*from COOH(CO) - N sp? from HIS 76: A
- O sp*from COOH (OH)- N sp? from HIS 76: A
- O sp*from COOH(CO) - N sp? from HIS 76: A
- O sp*from COOH (OH)- O sp? from ASP 508: C
- O sp*from COOH (OH)- O sp? from ASP 508: C
- O sp*from COOH (OH)- N sp? from HIS 76: A

- O sp*from COOH(CO) - N sp? from HIS 76: A

- O sp*from COOH (OH)- N sp? from HIS 76: A

- O sp*from COOH (OH)- N sp? from HIS 76: A

- O sp*from COOH (OH)- N sp? from HIS 76: A

- O sp*from COOH (OH)- N sp? from HIS 76: A

- O sp?from COOH(CO) - N sp? from HIS 76: A

- O sp*from COOH (OH)- O sp? from ASP 508: C
- O sp*from COOH (OH)- O sp? from ASP 508: C

Bond
length
3182 A
3.103 A
3.048 A
3.065 A
3.096 A
2.957 A
3.056 A
2.990 A
2978 A

3.064 A

3.102 A

2972 A

2967 A

2.989 A

2938 A

2.826 A
2.965 A
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FPQ 32 -53.11 0.02 ASP 510:C, ASP 508:C, GLY 511: C, HIS 76: A, PRO 75: A, GLY 77: - O sp*rom COOH (OH)- N sp? from HIS 76: A 2,997 A ?{
A, ASP78: A, SER79: A, TYR:118: B, ARG 117: B, MET 116: B, ALA e
Q
115: B, LYS 581: C =
FPQ 33 -54.47 0.005  ASP 510: C, ASP 508: C, LYS 581: C, HIS 74: A, HIS 76: A, PRO 75: - O sp*from COOH(CO) - N sp? from HIS 76: A 2,984 A (ZD
A,GLY 77: A, ASP 78: A, SER 79: A, SER 80: A, TYR:118: B, ARG - O sp3from COOH (OH)- O sp? from ASP 508: C 3.046 A ;
117:B - O sp*from COOH (OH)- O sp? from ASP 508: C 2.906 A rr||:||
. Py
Q83 -51.53 0.51 ASP 510: C, ASP 508: C, LYS 581: C, HIS 74: A, HIS 76: A, PRO 75: - O sp*from COOH(CO) - N sp? from HIS 76: A 2.998 A T
o m
A, GLY 77: A, ASP 78: A, SER 79: A, SER 80: A, TYR:118: B, ARG - O sp*from COOH (OH)- O sp? from ASP 508: C 3.063 A <
R m
117:B - O sp*from COOH (OH)- O sp? from ASP 508: C 2965 A F%T
Q85 -51.85 0.02 ASP 510: C, ASP 508: C, LYS 581: C, HIS 74: A, HIS 76: A, PRO 75: - O sp*from COOH(CO) - N sp? from HIS 76: A 2,977 A O
A, GLY 77: A, ASP 78: A, SER 79: A, SER 80: A, TYR:118: B, ARG - O sp*from COOH (OH)- O sp? from ASP 508: C 3.022 A 3
117:B - O sp*from COOH (OH)- O sp? from ASP 508: C 2.847 A %
FPQ 25 -51.73 0.03 ASP 508: C, ASP 510: C, HIS 76: A, PRO 75: A, GLY 77: A, ASP 78: - O sp3*from COOH (OH)- N sp? from HIS 76: A 2,964 A z
A, SER79: A, TYR:118: B, ARG 117: B, ALA 115: B 8
X o
FPQ 28 -52.81 0.23 ASP 510: C, ASP 508: C, HIS 76: A, GLY 77: A, ASP 78: A, SER79: - O sp*from COOH(CO) - N sp? from HIS 76: A 3.141 A =
. Y
A, SER 80: A, TYR 118: B, ARG 117: B, ALA 115: B - O sp*from COOH (OH)- N sp? from HIS 76: A 3.110 A <
. N
FPQ35 -44.17 0.09 ASP 508: C, ASP 510: C, HIS 76: A, PRO 75: A, SER 80: A, ASP 83: - O sp?from COOH(CO) - O sp® from SER 79: A 3.215A =
. ©
A,SER79: A, GLY 77: A, ASP 78: A, ARG 117: B, TYR 118: B - O sp*from COOH (OH)- O sp? from ASP 83: A 3.081 A
FPQ36 -45.99 0.77 ASP 510: C, HIS 76: A, PRO 75: A, GLY 77: A, ASP 78: A, SER 79: - O sp*from COOH (OH)- N sp? from HIS 76: A 3.057 A

A, SER 80: A, TYR:118: B, ARG 117: B, MET 116: B, ALA 115: B,

171

o
=)
=
o
N
[=}
©
D
IN
I~
=

D

=,
=i

—+
(]

N
o
(=Y
©
o
=
o
w
(=}
B
<

=



http://dx.doi.org/10.20944/preprints201901.0307.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 January 2019 d0i:10.20944/preprints201901.0307.v1

172 derivatives: FPQ 33 (score: -54.47; RMSD: 0.005), FPQ 28 (score: -52.81; RMSD: 0.23), FPQ 51(score: -
173 51.92; RMSD: 0.08), and Q 85 (score: -51.85; RMSD: 0.02) are shown in Figure 5. The most active
174 compound, FPQ 33 has been predicted to have a significant docking score (-54.47; RMSD 0.005); FPQ
175 33 shows the occurrence of two hydrogen bonds, one bond with HIS 76:A (bond length: 2.984 A) and
176  two bonds with ASP 508:C (bond length: 3.046 A and 2.906 A).

177
u \ ASP 510
ASP508
J.YSS!.
«®
HIS 76
178
‘VSER\BB ,Q-Y 77' :
179
180 Figure 5. (a) Docking pose of the FPQ 33 ligand interacting with amino acids residues;
181 (b) Docking pose of the FPQ 28 ligand interacting with amino acids residues; (c) Docking pose
182 of the FPQ 51 ligand interacting with amino acids residues; (d) Docking pose of the Q 85 ligand
183 interacting with amino acids residues.

184  In the Figure 6 is shown the docking pose of the all quinolone derivatives in the binding site of 3FOE.
185  Results of the docking studies showed that fluoroquinolones have adopted various orientations. The

186  same orientation with the co-crystallized ligand NFX (clinafloxacin) shows the compound FPQ 35
187 (Figure 7a). Fluoroquinolones FPQ 51, FPQ 27, FPQ 29, FPQ 24, FPQ 32, FPQ 25, FPQ 28 and FPQ 36
188  have adopted the same orientation with the norfloxacine (NF) and pefloxacine (PF) (Figure 7b). The
189  compounds FPQ 50, FPQ 30, Q 83, Q 85 have adopted the same orientation with the compound FPQ
190 33, compound with the better predicted activity against Streptococcus pneumoniae (Figure 7c).

191  Important molecular properties: molecular weight, flexible bonds, the number of hydrogen bond
192 donors, the number of hydrogen bond acceptors and log P have been calculated (Table 3). These
193 parameters can predict if a molecule possesses properties that might turn it into an oral active drug,
194 according to the Lipinski’s rule of five [30]. The number of violations of the Lipinski rules allows to
195  evaluate drug likeness for a molecule. According to the data presented in Table 3, two
196  fluoroquinolones (Q 85 and FPQ 30) failed to respect one parameter (Log P >5) of the Lipinski Rules
197  (Lipinski violation is 1).

198
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199
200 Figure 6. (a) Docking pose of the all compounds in the binding site of 3FOE; (b) Binding pocket
201 and docking pose of the all compounds.
202
203
204 Figure 7. (a)Docking pose of the compound with the same orientation of the co-crystallized
205 NF; (b)Docking pose of the compounds with the same orientation of the NF and PF; (c)
206 Docking pose of the compounds with the same orientation of the FPQ 33.
207 Table 3. Calculated properties of ligands.
Compound Atoms  Weight Flexible Lipinski  Hydrogen Hydrogen Log P
[Daltons] bonds violations donors acceptors
NEX 42 365.79 3 0 3 6 0.82
NF 41 319.33 3 0 2 6 0.48
FPQ50 41 353.78 3 0 2 6 1.11
PF 44 333.36 3 0 1 6 0.95
FPQ51 44 367.80 3 0 1 6 1.57
FPQ27 44 333.36 3 0 2 6 091
FPQ29 44 367.80 3 0 2 6 1.54
FPQ35 39 304.32 3 0 1 5 3.90
FPQ36 39 338.76 3 1 1 5 4.53
FPQ32 42 318.34 3 0 1 5 4.26
FPQ33 42 352.79 3 1 1 5 4.89
Q83 45 332.37 3 1 1 5 4.70
Q85 45 366.81 3 1 1 5 5.32
FPQ24 45 332.37 3 1 1 5 4.70
FPQ30 45 366.81 3 1 1 5 5.32
FPQ25 40 320.32 3 0 1 6 3.04
FPQ28 40 354.76 3 0 1 6 3.67
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208 4. Conclusions

209  In silico molecular docking simulations have been performed to position all fluoroquinolone
210  compounds into the preferred binding site of the protein receptor Streptococcus pneumoniae, to predict
211 the binding modes, the binding affinities and the orientation of all ligands, corelating with the co-
212 crystallized NFX. Molecular docking studies have been carried out relating also to some quinolone
213 compounds known in medical therapeutics, norfloxacin and pefloxacin. The docking studies
214 revealed that all compounds showed good docking score (Figure 8). The docking score is a measure
215  of the antimicrobial activity of the studied compounds.

216 The studies presented in this paper show the importance of molecular docking approaches in the
217  design and development of new compounds with biological activity. The prediction of the binding
218  affinity of a new compound (ligand) to an identified target (protein/enzyme) is a significant
219  parameter in the development of a new drug. The prediction of the binding mode of a ligand (a new
220  compound) to the target (protein/enzyme) by molecular simulation would allow restricted the

221  synthesis to the most promising compounds.

Score
N oV D o DS s N
-* e M e L (e et M 2 o)

<¢Qr
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-49.78 -51.85 ' 901 0. -51.9

60 5152 7 5281 5 s1op 5015
oy 51.53 53.11-54. 47 51 7 5
223
224 Figure 8. Docking score of fluoroquinolone compounds.
225

226 Author Contributions: L.P coordinated the study. L.P and A.S carried out design and molecular docking studies
227 and contributed to the writing of the manuscript.

228
229  Acknowledgments: This paper has been financed through the NUCLEU Program, which is implemented with
230 the support of Ministry of Research and Innovation (MCI)

231

232 Conflicts of Interest: “The authors declare no conflict of interest.”

233


http://dx.doi.org/10.20944/preprints201901.0307.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 January 2019 d0i:10.20944/preprints201901.0307.v1

14 of 15
234  References
235 1.  World Health Organization: The world health report 2004 - changing history, http:
236 /[www.who.int/whr/2004/en/index.html
237 2. DPintilie, L. Quinolones: Synthesis and Antibacterial Activity. In: Bobbarala V. editor. Antimicrobial
238 agents. Ed. INTECH; 2012. p. 255-272. DOL 10.5772/33215
239 3. Pintilie, L. Quinolone compounds with activity against multidrug-resistant gram-positive
240 microorganisms. In: Bobbarala V. editor. Concepts, Compounds and the alternatives of antibacterials.
241 Ed. INTECH;2015. 2015, p. 45-80. DOI: 10.5772/60948
242 4. Guyue Cheng, G.; Hao, H.; Dai, M,; Liu, Z.; Yuan, Z. Antibacterial action of quinolones: From target to
243 network. Eur. J. of Med.Chem., 2013, 66, 555-562.
244 5. Dong, Y.; Xu, C,; Zhao, X.; Domagala, J.; Drlica, K. Fluoroquinolone action against mycobacteria:
245 Effects of C-8 substituents on growth, survival, and resistance. Antimicrob. Agents Ch., 1998, 42, 2978-
246 2984.
247 6. Aubry, A; Pan, X.S,; Fisher, L.M,; Jarlier, V.; Cambau, E. Mycobacterium tuberculosis DNA Gyrase:
248 Interaction with Quinolones and Correlation with Antimycobacterial Drug Activity. Antimicrob. Agents
249 Ch, 2004, 48, 1281-1288.
250 7. Rizvi, I; Malhotra, H.S.; Garg; R.K,; Kumar, K.; Uniyal, R.; Pandey, S. Fluoroquinolones in the
251 management of tuberculous meningitis: Systematic review and meta-analysis. ]. of Infection, 2018, 77,
252 261-275.
253 8.  Fan, Y.L; Wu, ].B.; Cheng, X.W.; Zhang, F.Z. Fluoroquinolone derivatives and their anti-tubercular
254 activities. Eur. J. of Med.Chen., 2018, 146, 554-563.
255 9. Heddle, ]J.G,; Barnard, F.M.; Wentzell, L.M.; Maxwell, A. The interaction of drugs with DNA Gyrase:
256 amodel for the molecular basis of quinolone action. Nucleosides Nucleotides Nucleic Acids, 2000, 19, 1249-
257 1264.
258 10. Daisy, P.; Vijayalakshmi, P.; Selvaraj, C., Singh, S.K; Saipriya, K. Targeting multidrug resistant
259 Mycobacterium tuberculosis htra2 with identical chemical entities of fluoroquinolones. Indian | Pharm
260 Sci, 2012, 74, 217-222.
261 11. Drlica, K,; Mustaev, A.; Towle, T.R.; Kerns, R.J.; Berger, ]. M. Bypassing Fluoroquinolone Resistance
262 with Quinazolinediones: Studies of Drug-Gyrase-DNA Complexes Having Implications for Drug
263 Design. ACS Chem. Biol. 2014, 9, 2895-2904.
264 12. Meng, X.Y.; Zhang, H.X.; Mezei, M.; Cui, M. Molecular docking: A powerful approach for structure-
265 based drug discovery. Curr Comput Aided Drug Des. 2011, 7, 146-157.
266 13. Ferreira, F.G.; dos Santo, R.N.; Oliva, G.; Andricopulo, A.D. Molecular docking and structure-based
267 drug design strategie. Molecules, 2015, 20, 13384-13421.
268 14. Trager, E.; Giblock, P.; Soltani, S.; Upadhyay, A.A.; Rekapalli, B.; Peterson, Y.K. Docking optimization,
269 variance and promiscuity for large-scale drug-like chemical space using high performance computing
270 architectures. Drug Discov. Today, 2016, 21, 1672-1680.
271 15.  Chen, Y.; Pohlaus, D.T. In silico docking and scoring of fragments. Drug Discov. Today Technol. 2010, 7,
272 149-156.
273 16.  Xu, M; Lill, M.A.; Induced fit docking, and the use of QM/MM methods in docking, Drug Discov. Today
274 Technol. 2013, 7, 411-418.
275 17.  Alonso, H.; Bliznyuk, A.A.; Gready, J.E. Combining docking and molecular dynamic simulations in
276 drug design. Med. Res. Rev., 2006, 26, 531-568.
277 18. Agarwal, S.; Mehrotra, R. An overview of Molecular Docking. J[SM Chem, 2016, 4, 1024-1027.
278 19. Dar, AM.; Mir, S. Molecular docking: approaches, types, applications and basic challenges. | Anal
279 Bioanal. Tech., 2017, 8, DOI: 10.4172/2155-9872.1000356
280 20. Kroemer, R.T. Structure-based drug design: docking and scoring. Curr. Protein Pept. Sc.i, 2007, 8, 312-
281 328.
282 21. Oniscu, C.; Dumitrascu, A.; Curteanu, S.; Pintilie, L, Cernatescu, C.; Mocanu, A. New antimicrobial
283 quinolones 1. Mathematical and neural modeling of diethyl ethoxymethylene malonate synthesis.
284 Rom. Biotech. Lett., 2007, 12, 3089-3101.
285 22. Pintilie, L.; Oniscu, C.; Voiculescu Gh.; Draghici, C.; Caproiu, M.T.; Alexandru, N.; Paraschiv, L;
286 Damian, E.; Dobrovolschi, D.; Diaconu, L. Synthesis and antibacterial activity of some novel

287 fluoroquinolones. Rom. Biotech. Lett., 2003, 8, 1197-1204.


http://dx.doi.org/10.20944/preprints201901.0307.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 January 2019 d0i:10.20944/preprints201901.0307.v1

15 of 15
288 23. Pintilie, L.; Negut, C.; Oniscu, C.; Caproiu, M.T.; Nechifor, M.; Iancu, L.; Ghiciuc, C.; Ursu R. Synthesis
289 and antibacterial activity of some novel quinolones. Rom. Biotech. Lett., 2009, 14, 4756-4767.
290 24. Pintilie, L.; Dorobat, O.; Caproiu, M.T.; Maganu, M. Quinolone derivatives with activity against multi-
291 drug resistant gram-positive microorganisms, Rev. Chim. Bucharest, 2014, 65, 1176-1181.
292 25. Pintilie, L.; Stefaniu, A.; Nicu, A.I; Caproiu, M.T.; Maganu, M. Synthesis, Antimicrobial Activity and
293 Docking Studies of Novel 8-Chloro-quinolones. Rev. Chim. Bucharest, 2016, 67, 438-445.
294 26. Pintilie, L.; Stefaniu, A.; Nicu, A.I,; Maganu, M.; Caproiu, M.T. Design, Synthesis and Docking Studies
295 of Some Novel Fluoroquinolone Compounds with Antibacterial Activity. Rev. Chim. Bucharest, 2018,
296 69, 815-822.
297 27. Nicorescu, I.; Udeanu, D.I; Pintilie, L.; Mititelu M.; Morosan E.; Ionita, A.C.; Cobelschi. C.Pa.; Arsene,
298 A.L. Antimicrobial Activity of a Synthesized Fluoroquinolone with Potential Therapeutic Use.
299 Proceedings of The International Conference on Transltational and Integrative Medicine, Bucharest,
300 Romania, 22-25 May 2018, Motofei, I.G.; Rowland, D.L., Filodiritto Publisher, Italy, 2018; 6-11.
301 28. Laponogov, I.; Sohi, M.K,; Veselkov, D.A.; Pan, X.S.; Sawhney, R.; Thompson, A.W.; McAuley,
302 K.E.; Fisher, L.M.; Sanderson, M.R. Structural insight into the quinolone-DNA cleavage complex
303 of type IIA topoisomerases. Nat. Struct. Mol. Biol. 2009, 16, 667-669.
304 29. Spartan’14 Wavefunction, Inc. Irvine, CA
305 30. Pintilie L, Stefaniu A. Docking studies on novel analogues of 8-chloro-quinolones against
306 Staphylococcus aureus. In: Vlachakis DP. editor. Molecular Docking. Ed. INTECH; 2018. p. 77-98. DOI:
307 10.5772/intechopen.72995

308 Sample Availability: Samples of the compounds are available from the authors.

309


http://dx.doi.org/10.20944/preprints201901.0307.v1

