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Abstract

“eZE72eS>1e T E" —ol ez’ Z01'SYZ1<ZZ—1ES>>'Ze17 721751812
receptor interactions. All the synthesized compounds have been subjected to molecular
"E" —+1SeS’ ' —(@eleSreZee1e'Se1'SYZ1<ZZ—1E""®Z—1<S®Z+1"—
the quinolones used in the antibacterial activity screening. A study of the characteristics and
—"eZ@EZ7eS>1™> ™75 71701l Z1@-Seel-"eZE72Z21"—" —1S0ele’es
stage of the study, the 2D and 3D structures have been generated. The most stable conformer
for each structure was obtained by geometry optimization and energy minimization. A series
of topological, conformational characteristics and QSAR properties, important to assess the
Zi'<'e’e¢1S—e1e'Z71Sc’e’e¢ 1 ele'Zleeze’' Ze1E"—e">—7>10 1c ' —pole 1
—— 718 —e1S—Se¢E£Zi1 ‘ZZ1™>"™M75e' 71 75721 @EZ®@eZel’ -
the binding ability of studied conformers to bind to the receptor protein. The docking stud
ies have been carried out. The score and hydrogen bonds formed with the amino acids from
>"Z™1 —e75SEe " —1Se"—01S>721720 721”1 ™7’ Eele'Z1lc —e —el—
orientation of the docked quinolones in the active site of the protein receptor.

1. Introduction

—1'—™"5eS 01 ™SS _ZeZ51 —1e'Z1eZYZe"™_-7—¢17e1S1—7 1>
target (protein/enzyme). Predicting the ligand binding to the target (protein/enzyme) by molec
ular simulation would allow the synthesis to be restricted to the most promising compounds
[1-9]. Molecular docking can be accomplished by two interdependent steps [7-9pi1 ‘Z1 >0
consists in sampling the ligand conformations in the active site of the protein receptor. The
second step is to classify these conformations by a scoring function. The sampling algorithms

[ 7KH $XWKRU V  /LFHQVHH ,QWHFK2SHQ 7KLV FKDSWHU LV GLVWULEXWHG
|ntech0pen &RPPRQV $WWULEXWLRQ /LFHQVH KWWS FUHDWLYHFRPPRQV RUJ OLFHQVHV E
GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP {9l KH RULILQD
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Figure 1. The structure of the quinolone compounds.

B'TZ2eel<Z1S<eZ1e 1572 ™ e ®Z1Z2Zi™Z>'—Z—Selc—e —el-"e7jl
S—Set®' ®©l1S>Z1-"¢ZE72+S51¢¢—S—"E®dl "—+Z1 S>e"1-Z+'"eq
methods, point complementary methods and distance geometry methods, systematic searches
The scoring function should classify the highest among all the generated conformations. These
—Se'Z-Se'E®Sel-—"eZee1S>Z170@Ze1Le"1 ™57 Eele'Z1loeerZ—es'1
interaction between two molecules after they have been docked. They have also developed scor
'—eleZ—Ee T —1e"1 ™7 Eele'Z1leesZ—es 17017 Z51e¢™Z 1"
«Ze 2Z—1e "1 ™57 e7’ — @1 >1<Ze 2Z—1™>7e7'—@1S—el 17>51T
" —©1S52172YSe2SeZel7@ —+1'Z10E "> —elez—E*""—@l"1
Seel”¢' 751 S¢lZj{™e 57¢1¢¢1e'Z10ZS>E '1See™>’e —j1 ‘Z1e " Sel"
eS¢ yZEZ™Me I E —™eZil@e>2Ee72>Z1<C1E —™ZeSe’ "1 7o
that bind to a biological target [ 10-14]. The main methods used for docking are Lock and Key/
"e’e] T(E" —e1S—e1l —eFEZe]l 'e& oZj'<eZ1 "E" —eil —1>'e’ele"
SZEZ™e™51S—ele'eS—el'@1"Z™el (Ze1S—ele " E" —el' @l ™Z>:
on the rotations of one of the molecules (usually smaller one) is performed. Every rotation, the
surface cell occupancy and energy are calculated; later, the most optimum pose is selected.

R 1IE ' S™MeZ 1 ™sZ@Z—eeleZe'c—1S—e1-"eZE2S>1"E" —
™7 —eil ‘Z1'— 2Z—@Z17e1¢'Z21™>7Z®@Z—EZ17+1E" '*">'—Z1S
ring (Figure 1, where R, = Cl) on the antimicrobial activity against Staphylococcus aureumas
<ZZ—10eez2e’'Zil ‘Z1™>Ze’'EeZ*1SE'Y'¢C1'Sel<«ZZ—1E >>Z.
has been determined by agar dilution method [15, 16].

Drugs belonging to the quinolone compound are characterized by a quicker biological activity
S—e1S1¢S50751S5—¢'«<SE+Z>'Sel®@®™ZEe>72-11 ‘ZC1S>Z1SE+'YZ:
bacteria, as well as on recently discovered bacteria with intercellular development (Legionella,
CE" ™MeSe-S81Z«Eildl1">12Y7Z—1" Midbecuosizos’ b ieprags ThSdlea H
70071701872 — e —7001'Se1Zi™MS—eZele> " —17>'—S>¢1" —eZE+""—
(lung and bronchus infections, osteitis, septicemia and endocarditis, chronic infections [chronic
bronchitis, purulent osteoarthritis, chronic prostatite, cystitis and chronic sinusitis]) [ 15, 16].

2. Materials and methods

Molecular docking studies have been performed with CLC Drug Discovery Workbench Software
in order to achieve accurate predictions on optimized conformation for both the quinolone (as
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o’ eS—e(j1S—ele'Z’>1eSr>eZe1>ZEZ™e">1™>%eZ’  —1e"1e">-1S10e*S<e
been performed on topoisomerase Il DNA gyrase with 32 quinolone compounds to understand
¢'Z1c'—e'—e1S —'e¢17e1See187 —"e"—Zcel 'e'l 1e¢>SeZil ‘Z1C
was downloaded from Protein Data Bank (PDB ID: 2XCT) [17]. The quinolone compounds have
been synthesized in our laboratory [16], and their structures are shown in Figure 1 and Table 1.

2.1. Ligand preparation

The ligands have been prepared using SPARTAN’14 software package [L8]. In this study, the
DFT/B3LYP/6-31G level of basis set has been used for the computation of molecular structure
vibrational frequencies and energies of optimized structures ( Figure 2). In order to perform struc
ture—activity relationship (SAR) studies, some electronic properties (Table 2) such as highes
occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) energy
YSe72Z®d1 1S—-1 17> eSel E"Z @' Z—ele'er'<Z2e’ " —81 "
®2>¢SEZ1S>ZS10 UBLe'Z17YSe'eC¢BL™ S5 £Sc’'e’e¢d1le'Z1 " ES
—7—<Z>17e1'Cer"eZ— "—ele"—"5@10 @ULS—e1S1SEEZ™">¢C
and positive and negative ionizable sites are derived from CFD assignments. HBA/HBD and
t+Centers, Hydrophobe Centers including aromatic centers, can be viewed inFigure 2, for the qui
nolones FPQ 28 and 6CIPQ 28 (compounds that showed good activity against MRSA 19)). The
polarizability is useful to predict the interactions between nonpolar atoms or groups and other
electrically charged species, such as ions and polar molecules having a strong dipole moment.

2.1.1. Molecular polar surface area (PSA)

Molecular polar surface area (PSA)[20] is a descriptor that has been shown to correlate well
with passive molecular transport through membranes and therefore allows the prediction
of transport properties of the drugs. Log P is estimated according to the method of Ghose,

>’e(E'Z41S —«1 21]."M Riiberlof important graphical quantities resulted from quan
tum chemical calculations were displayed, manipulated and interrogated. Another indicator
of electrophilic addition local map is provided by the ionization potential, an overlapping of
the energy of electron removal (ionization) on the electron density. In addition, the electrostati
potential map 1S —1 VY Z>eS¢1"ele ' Z17Z¢ZEe>"eSe’EL1™ eZ —e’Sel(
charge for a molecule) on the electron density, is valuable for describing the overall distri
bution of molecular charge, as well as to predict the sites of electrophilic addition. Another
indicator of the electrophilic addition is supplied by the local ionization potential ma@n over
lapping of the energy of electron removal (ionization) on the electron density. In the end, an
e’ ESe 17l —ZEeZ"™ e’ E 1S e |bUMO[Lap 1, anZovErtab «f the abgolute
value of the lowest unoccupied molecular orbital (LUMO).

2.1.2. Frontier molecular orbital analysis

The molecular orbital analysis of the Frontier molecular orbitals (FMOs) plays an essential
role in the chemical stability of a molecule and in the interactions between atoms. They pro

vide information that can be used to predict the characteristics of molecules such as optica
properties and biological activities. Between them, the most important are the highest occu

pied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO). The
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Compounds R. R R

6 7 8

NF:W, e¢Ce,\, 2757, ],0™ " ™MZ,S£ — W,¢ell,WdZ,e *¢Ce>",Z," | FSZPipctazinyl ,Y ,ES>H{ ¢
acid

FPQ50:W, «‘¢e,\, 2757, ],0™M " ™MZ,8£ — W, ¢eli,", E '*">" , WIZ,F *¢Pigerdzifyl”, 8§z’ —"«'C-2
ES><" ¢ ®RASE 1y

PF:W, e‘Ce,\, 2757,]1,0Z,-Ze¢'Ce, ™M ™MZ7,8£ W, Coll, WOZ,o ' §e> 77,7 057 ™M™ Zs FELY~
ES>< ¢ ELSE

FPQSL:W, ¢‘Ce,\, 2757,]1,0Z,~Z Ce, ™M ™MZ,8£"— W, ¢ell,", E F>" 2N 3Z, ¢ ¢ W M7 SR~
§7'—"¢ —Z,Y,ES> it EL1SE" -

FPQ27:W, «'Ce,\, 2757, ],0Y,=Ze‘Ce, ™M " ™MZ,8£" W, Celil, WOZ,F ' CY>5" 72 T, H7™M7%IFEZ
Y, ES>"jts " EL1SE -

FPQ29.HCIEW, e“¢e \, 2757, ],0Y,=Ze'Ce, ™M ™7, SE W, Coll,N\KE Y5~ AWEE, M ON S TH -
T, 82— —Z Y, ES><" it ELSE LIl Cer " E 0> 07

FPQ35:W, «‘Ce,\, 2757, ]1,0™¢>>" e e’ — W Celil, WBZ,o ' Co>",Z,"F", SByrrelithiriyl—Z 1 H
°Y ,ES><" it ELSE" -

FPQ36:W, «‘Ce,\, 2757, ],0™¢>> e o' — W, Ceii,N,E ‘"> ", WSZ,*F ¢ePyrdlidinyl, §7’—"+' €l Z,
Y, ES>< it ELSE"~

FPQ32:W, «‘Ce,\, 2757, ],0™ ™75 e’ — W, ¢elil, WOZ,o " Ce>~,Z, "F", SHiperidiny—7,Y, H
ES><" it ELSE

FPQ33:W, «‘Ce,\, 277, ],0™ ™75 ¢’ — W ¢eii,", E «">",WSZ,*F ¢ePipekidiny? , 7’ —"+'CIZ,
Y, ES><" it ELSE"~

Q83:W, «“Ce,\, 2757,],0Z,-Ze Ce, ™M ™75 e’ W Coli, WSZ,s " Ee>"ZZ 7" 57 ™2™ Z5 4 ¥,
ES><"j¢te ELSE

Q85:W, o“Ce,\, 2757, ]1,0Z,=Ze¢ Ce, ™M ™75’ W ¢oii, N, E "> FWIZ,LL0s ™ ™7, Cl—
§7'—"e'—Z7Z Y, ES><" it ' EL1SE">

FPQ24:W, «‘Ce,\, 2757, ],0Y,—=Ze Ce, ™M ™70 e'_ W Coilil, WOZ,eF Co¥Y", Z "7 9" IM ey W Z,
Y, ES>< it ELSE"~

FPQ30:W, «‘Ce,\, 2757 ,],0Y ,=Ze‘Coe, ™M ™75 e’ _ W ¢oii,", E B ,WOZ="¢6s™M T7}"Cl—
§7'—"e'— 7 Y, ES><" |t ELSE""

FPQ25:W, «‘Ce,\, 2757, ],0=-">™ ' — W ¢eli WEZ,s *Ce>",Z,"iF, § Mesdlhriy—2,Y, H
ES><"jte'"ELSE' -
FPQ28:W, ¢ Ce \, 2757, 1,0=">™ "e'— W ¢eii,N E "> ", WSZ,*" ‘B> Matfolingl, § 7' — "+’ —CI,
Y, ES>< it ELSE"~

NCIX AW, ¢ ¢Ce \,E e">",],0™ ™MZ58£— W,¢Celi, WOZ,s  ¢o>~ I " Pipéraziayl s’ —Z,Y, H
ES>< ¢t ELSE '

6CIPQ50AW, «“Ce \BN, e’ E ">, ], 0™ ™MZ,SE£'— W, ¢ei, WSZ,eCTl¢ +PipelaZinyl, $§2°— "+ ClZ "
ES>< ¢t ELSE’

PCIXAW, ¢ ¢Ce, \,E ">~ ,],0Z,-Z¢ Ce, ™M ™MZ,8£" _ W Colil, WOL|e ‘B>l ¢7¢5;™ EH'Zs>Sef
ES><"jte'ELSE -

B6CIPQ51AW, e‘Ce \dN, e’ E e">",],0Z,=Ze ¢Ce, ™M " ™MZ7,S£° _ W, ¢C€L, VLI Z,»"¢¢s™M1T™Z"SH, —
§72'— "¢ —7Z Y, ES> it EL1SE" -

B6CIPQ27AW, e“Ce \,E e">"],0Y,—-Ze¢'Ce, ™" ™MZ,S£ W, ¢eli, WOIZ, ¥ CAs"¢Z, ™ " ™Z>FE -
§7'—"¢' —7Z Y, ES><" ¢ EL1SE
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Compounds R, R, R,

6CIPQ29AW, « Ce \8", e’ E '™, ],0Y,=Z¢'Ce, ™" ™MZ,8§£" — W, ¢CLH, WO Z,»"¢¢s™ ®7;3H —
§72'—"¢' —7Z,Y,ES> it EL1SE

6CIPQ35AW, o‘Ce \,E +">",],0™¢>>"¢' e — W, ¢eil, WOZ,* " ¢e>"Cl, Pyfrofiding-"+"'— 7, YH
ES><7 it ELSE -

BCIPQ36AW, *‘Ce \BN, e " E e">",],0™¢>>" e e’ — W, Celi, WSZ,e ‘@le>PyRqlidifiyls§ 2’ —~«' €T, Y
ES><7 it ELSE

BCIPQ32AW, ¢ ¢e \,E +">" ], 0™ ™MZ5 e’ — W ¢eli, WEZ,*" " ¢o>"CIZ, Piperiiny—"+"—Z, YH
ES><7 it ELSE -

BCIPQ33AW, ¢ ¢e \BA o E o> ], 0™ ™Zs e’ — W, ¢oll, WSZ,e '@le>Pigritiny| 7' —"'—CIL,Y
ES><" it ELSE

Q80AW, e ¢e, \,E e™>",],0Z, -2 Ce, ™M " ™75 ¢’ _ W ¢oilil, WOHZ,ClI'C D, Ze, G5, 87 ™M7»" {2
ES><" it ELSE -

Q87AW, ¢ ¢e \3N, e’ E e™>",],0Z,-Z Ce, ™M ™75 0" _ W, ¢Coli, WBZ 2" Ceo>'T,eZ M ™MD LI a’
Y, ES>< it ELSE'~

6C|PQ24ﬁW, ot¢.'\'El.~)""]‘OY’_Z.£¢.‘TM7TM2)1.7_'W’¢.U’WGIZ'.YA,¢Z’7¢Z'1WTTMZ)1H|_
§7'— "' — 7 Y, ES><"jt ' ELSE"

BCIPQ30AW, o‘Ce \BA " E e">",],0Y,=Ze Ce, ™M’ ™75 0" _ W, ¢eQl,WBZ s Ce,™ZMZ5 Cl—
§7'—"e'— 7 Y, ES><"jt ' ELSE"

BCIPQ25AW, e ¢e \,E e">" ], 0=">™ "' — W, ¢eli, WOZ,+ " ¢e>~ @, ~ Markoliny-"¢"—7,Y H
ES><" it ELSE

BCIPQ28AW, ¢ Ge \BA o E "> ], 0=">™ "' — W, ¢eli, WOZ, e G " Morfoliiyls 7' —~«'—Z| Y,
ES><"jt'"ELSE

Table 1. The structure of the quinolone compounds.

HOMO represents the ability of a molecule to donate an electron, while the LUMO represents
the ability to accept an electron [22, 23pil ‘Z1 1S—-1 O1ESeE7eSeZe:
31G* level, can be seen irFigure 3 for the gas phase, for the quinolones FPQ 28 and 6CIPQ 2
(compounds that showed good activity against MRSA [ 19]). The graphic has ‘blue and red’
regions. These correspond to positive and negative values of the orbital.

“y1e'Z1 17e1], ™' ™MZ5SE —Ce N Z—0RZcRe 97207 %,87'— " — 71
X]1'ele " ESe'£Z2¢1 " —1 ™M ' ™M7,8£" _71Z¢7Z>"ECEEHL " —1
71 17e1], ™M ™MZ5,SE" —Co N E'e">",872 — ¢ " —7®@1LZ+ZE>"-
is localized on piperazine heterocyclic; for FPQ29 compound, electron density is localized
on piperazine heterocyclic and C6, C8 and C10 atoms from aromatic ring. For the HOMO
Tel], ™M ™M Z5 e’ G N F—eZc0Re 020,872 — "¢ —7®1ZeZE > —
localized on piperidine heterocyclic, and on C6, C7 and C8 atoms from aromatic ring. For
71 17e1], ™M ™75’ GCe AN E'e">" 82 —"¢"—7001ZeZE >~ —
33is localized on piperidine heterocyclic, on C6, C7 and C8 atoms from aromatic ring and on
E'e">'—71Se"—i1 ">1'71 17e1],=">™ "¢’ G N 7 —RZcERe ®7:
eZ—@'eC1 @1 ESEZel T —1-">™ "' _71'Ze7>"ECE EDL" -
71 17e1],=">™ e’ —¢o N E'e">",87" —"¢"—7081 1X"~1Z+7ZCQ
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Figure 2. Optimized geometry of quinolone compounds.



'"RFNLQJ 6WXGLHVY RQ 1RYHO $QDORJXHV REWRERFORF RKERR OXQ HX
KWWS G[ GRL RUJ LQWHFKRSHQ

Figure3.1 & 1S —e11 Z—e75081 Ce> "™ " «Z1EZ—eZ>001 1N E '*">",872'—"+"—27140

~

—Ty ™M Y e 7177 " ECECEDL —1S>"—Se'EL>—ed1"—1Z,7":

17e1], ™ E>> e’ e’ —Ge N 7 —RZcRe'e7ee 57 —"e"—781 1Y][1
™ME>>Te'e’ —71'Ze7Z>"ECEEDL —1S>"—-Se’E1>'—el1S—e1"—1;
o'’ —Ge N E'e>" 87 —"e"—781 1Y\1ZeZEe>"—1eZ—0e’'eCt1l'
"—1S5>"-SeE1>—eB1"—1Z,"i"1le>"2™M1S—e1"—1E'*">—718S
N F7—eZcoee’etele 87 —"e" —7081 &1 81 X]d81 17Yd1l 1XzZ
X[1S—e1 1Y[1'1e ESe'£Z+1°—1Z, ™" 5’e’ " _S1>5'—e1S—
],oeZcope’ezeZe N E'e">" 87— ¢ —700O1ZeZEe>"—1eZ—0e’+¢1"
YVd1 1YYd1 1X"A1S—el 1Y\1'ele " ESe'£Z¢1°—1Z,™ 5"’
E e">'—Z1Se" =11 51 Z1\,Ee">"§" — e " — 7001 212ZE+>"—1
Sele'Z1E H>>Z@™™—o'—e] 7275787 —"e"—Zcel

The frontier orbital gaphelps to characterize chemical reactivity of the molecule (Table 2).
HOMO and LUMOs determine the way in which it interacts with other species. The intro
¢ZEe"—1"el e 21 ZeZEe>"—, 'e'e>S '—el i<’z Z—1 GE" ":
E"-™"7—e@leZE>ZSeZel'Z1 , 1+S™M1Sel1E -™S>Z-1
stituted quinolone compounds ( Figure 4).

2.1.3. Molecular electrostatic potential (MEP)

Molecular electrostatic potential (MEP) has been evaluated using B3LYP method with the
«<Se’el®Zel\,YW 171’ —VYZee'+SeZ1+'Z1E'Z-"ES*1>2SE"’
—TMT5eS —ele™r1e 7107 —¢ ESe T —17e1'Z152SE'YZ1le'*ZE!
‘Cer e/ — «T—o'—e]1'—e7>SEe " —@1S—ele"r1e'Z17—e7>eS—o
nition [ 21, 23. An electrostatic potential map for quinolone compounds shows hydrophilic
regions in red (negative potential) and blue (positive potential) and hydrophobic regions in
green. In Figure 5 can be viewed the MEP of the quinolones FPQ28 and 6CIPQ28.

The local ionization potential map provides another indicator of electrophilic addition;
the local ionization map is an overlay of the energy of electron removal (ionization) on the
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Compounds  Molecular properties

Dipole E E HOMO-  Polarizability PSA(A?) Ovality LogP HBA HBD

moment HOMO LUMO LUMO (10°Y'Yn3®) count count

(debye) (eV) (eV) GAP
NF 12.76 o]\ OW1TZW.35 65.09 56.587 1.45 1.37 5 1
FPQ50 8.71 °\TVV o XT1VX98 66.33 57.344 1.46 1.92 5 1
PF 12.36 °[i]] OWITZMW.34 66.65 46.369 1.48 1.74 5 1
FPQ51 8.91 o[7]_ oWi_B.82 67.92 46.808  1.49 230 5 1
FPQ27 12.86 o]\ "W 1Z\A.36 66.57 56.053 1.48 1.68 5 1
FPQ29 9.10 °\TVW °W i 405 67.80 56.717 1.49 2.24 5 1
FPQ35 12.50 °[i]] OWTY 4.38 64.18 44.034 1.43 2.30 4 1
FPQ36 8.83 °\TWZ Wi 4]17 65.44 44.405 1.45 2.86 4 1
FPQ32 9.49 °\T\Y OWiArX °Zi6Mb8 45.402 1.46 2.72 4 1
FPQ33 8.28 °\TYY °X1V4.28 66.75 44,781 1.47 3.28 4 1
Q83 9.49 °\T YN\ OWiN K54 67.06 45.389 1.49 3.05 4 1
Q85 8.29 °\TYY °X17V4.58 68.23 44.785 1.50 3.61 4 1
FPQ24 9.48 °\iYZ oW 17 X52 67.07 45.295 1.48 3.12 4 1
FPQ30 8.23 °\TYY °X1VA.27 68.24 44.768 1.50 3.68 4 1
FPQ25 10.15 °\TV X OWi[4.44 64.87 51.758 1.44 1.59 5 1
FPQ28 8.26 °\iXZ Wi _4.97 66.00 51.859 1.45 2.15 5 1
NCIX 8.80 RAVAVAS OWT_4&15 65.98 57.537 1.47 1.77 5 1
6CIPQ50 7.81 °\iV\ o X TWHO5 67.11 56.756 1.48 2.32 5 1
PCIX 11.84 °o[inz °Wi[4.25 67.42 46.688 1.49 2.14 5 1
6CIPQ51 8.69 °[7]] °XiV]3.07 68.72 46.277 151 270 5 1
6CIPQ27 8.56 °\TWY °W1T 420 67.46 57.339 1.59 2.08 5 1
6CIPQ29 8.00 °\ivz ° X TW\3\W4 68.60 56.469 151 264 5 1
6CIPQ35 12.16 °o[i_X °Wi[Z4.38 64.92 44.303 1.44 2.70 4 1
6CIPQ36 8.51 °\TV] °X1V 3.96 66.27 43.934 1.47 3.26 4 1
6CIPQ32 9.48 O\ X[ OWin4.36 66.39 44.937 1.47 3.12 4 1
6CIPQ33 8.26 O\TW _ o XTW 08 67.57 44,194 1.49 3.68 4 1
Q80 9.47 o\ i X\ °Win5.07 67.86 44.979 1.50 3.45 4 1
Q87 8.26 O\TW _ O XTWMXR7 69.04 44.205 1.51 4.01 4 1
6CIPQ24 9.47 °\iXZ oW 174.35 67.88 44.863 1.50 3.52 4 1
6CIPQ30 8.27 O\TW _ o XTWXR7 69.05 44.304 151 4.08 4 1
6CIPQ25 7.85 o\T X\ OWi_$.29 65.69 52.427 1.46 1.99 5 1
6CIPQ28 6.68 O\ XV OXTXV °Z 16686 51.596 1.48 2.55 5 1

Table2.1 "eZE2S>1™> " ™Z75e’Z0ele™>1 1-—"eZelE " —-™3eSe'" —le >187'—"¢"—71CE
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Figure 4.1 81 le7>¢SEZe1™ 1N E e > 8§72 — e " —Z21E"-™"7—eefl0Sul X~ 10

electron density (Figure 6). LUMO| map , map that represents a superposition of the abso
lute value of the lowest unoccupied molecular orbital (the LUMO) on the electron density,
provides another indicator of the nucleophilic addition ( Figure 7).

Figure5.1 ‘Z1 "™’ " £7e1e7 —7e5¢1S—e17¢7ZEe>"00eSe’E1™ 7 —e'Se1™S475 1701
— 7S’V 78170 172072 Ee>"—1eZ—00'*¢d1c¢e27Z/™ e’ YZ1S>72881e¢” 1Z¢ZEe>"— 17
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Figure 6. The optimized geometry and local ionization potential map of (a) FPQ 28 and (b) 6CIPQ 28.

Figure 7. The optimized geometry and ILUMOI map of (a) FPQ 28 and (b) 6CIPQ 28.

2.2. Molecular docking

‘ZleeZ™ele " le le s 70 ' 1e”1Z{™e™ 571 ™3%e7’ — o’eS—0e1’'—o7
set up the binding site in a Molecule Project, import the dock ligands to a Molecule Table
and inspect the docking results. The docking studies have been carried out using CLC Drug
Discovery Workbench Software. The score and hydrogen bonds formed with the amino acids
> —1e>"7™1’ —e7>SEe""—1Se"—©1S>5Z17@Ze1 "1 ™57’ Eele'Z
and the orientation of the docked quinolone compounds ( Figure 8a—, €, f, h) in the active site
of the protein receptor (Table 3). The docking score used in the Drug Discovery Workbench
is the PLANTS, ,score R4pil ‘Z1™> eZ' — o'eS—e1E " -™eZi1'Se1<Z2Z~—

structure of S. aureudDNA GYRASE, who was downloaded from the Protein Data Bank (PDB
ID: 2XCT) [17].

2.2.1. Docking method validation

It ensures that the ligand orientations and position obtained from the molecular docking stud
ies are valid and reasonable potential binding modes of ligands; the docking methods and
parameters used have been validated by redocking (Figure 8d, f).
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Figure 8.1 “eZE7¢S>1¢"E" —eleeze’Z@l '«'1X 1>ZEZ™ 110801 "E"’ —e1™ " ®Z1
™ eZ1 el Z1E",E>¢eSes’£Zele’eS—el 1'—eZ5SEe’ —el 'e'1sZ0'e 2201 —1'Z
validation of FPQ 28. (e) Docking pose of the FPQ 28 interacting with residues in the binding site. (f) Docking pose of Q
83. (g) Docking validation of Q 83. (h) Docking pose of the Q 83 interacting with residues in the binding site.

2.2.2. Determining molecular properties

Using the “Calculate Molecular Properties” tool it have been calculated important molecular
properties such as logP, number of hydrogen bond donors, number of hydrogen bond acceptors
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Ligand Score/ Group interaction/hydrogen bond Bond
RMSD (&) length (A)
CP °Y]iX]& ASP510, ASP508, ASP512, GLY513, LYS460, GLY459,ARG458, GLU435,
0.79 GLY436, ASP437, SER438
-0 sp? from CO-0 sp? from SER 438 3.065
-0 sp? from COOH(CO)-0 sp?from SER 438 2.816
-0 sp® from COOH(OH)-O sp 2 from ASP 437 2.872
CIcP °Y\T\Y & GLU477, ASP512, ASP437, ARG458,LYS460, ASN475, GLY459, ASN476,
0.10 ILE461
-0 sp? from COOH(OH)-O sp 2 from GLU 477 2.933
—O sp? from COOH(CO)-N sp ? from ARG 458 3.125
NCIX °Y ZiNMX & ASP512, ILE 516, LYS459, ILE461, ARG458, GLU477
0.06 —O sp? from COOH(CO)—-Nsp 2 from LYS 460 3.036
NF °Y _1]_& LYS460, GLY459, ARG458, ILE516, GLU435, ASP512, ASP510, ASP508,
0.11 ARG1033, SER1085, GLY1082, HIS1081, PRO1080
—O sp? from COOH(CO)-N sp 2 from HIS 1081 2.765
-0 sp? from COOH(OH)-O sp 2 from ASP 510 2.802
6CIPQ50 °YYi\Y& ASP437, ARG458, GLY459, LYS460, ILE477, LEU462
0.07 —N spsfrom piperazine—O sp2 from ASP 437 2.840
-0 sp? from COOH(OH)-O sp 2 from LYS 460 3.149
-0 sp® from COOH(OH)-O sp 2 from ILE 461 3.818
FPQ 50 °YATYY & GLY582, GLY584, LEU5S83, ASP508, ASP510 ASP512,LYS460, ILE516,
0.19 GLY459, ARG458, LEU457, ASP437, GLY36, GLU435, SER438, ALA439
—N sp® from piperazine—N sp * from LYS 460 3.195
-0 sp* from COOH(OH)-O sp 2 from ASP 508 3.036
—O sp? from COOH(CO)-N sp 2 from ALA 439 3.027
PCIX °Y\1VV & ASP437, ARG458, GLU477,ILE461, LYS460, GLY459,TYR1025
0.04 —O sp? from COOH(CO)—-Nsp 2 from LYS 460 2.809
—O sp? from CO-Nsp?® from LYS 460 2.919
PF °Y _iM_& ASP512, LYS460, ILE461,GLU477 GLY459, ARG458, ARG1033
0.65 —O sp? from CO-N sp3 from LYS 460 2.732
—O sp? from COOH(CO)—N sp ® from LYS 460 2.934
-0 sp® from COOH(OH)-O sp 2 from ASP 512 2.948
6CIPQ51 °Y Zi_"~& ASP437, ASP512,GLY459, ARG458,GLU477, ASN4A76,ASN475, ILE461,
0.10 LYS460
-0 sp® from COOH(OH)-O sp 2 from GLU 477 2.821
—O sp? from COOH(CO)-N sp ? from ARG 458 2.929
FPQ 51 °Y\1[V& TYR1025, ASP512, HIS515, LYS460, ILE461, LEU519, LEU462, ASN463,
0.44 LYS466, VAL464, ALA467, ARGAT1
-0 sp* from COOH(OH)-N sp 2 from LYS 460 2.888
-0 sp? from COOH(CO)—N sp ® from LYS 460 2.722
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Ligand Score/ Group interaction/hydrogen bond Bond
RMSD (&) length (A)
6CIPQ27 °Y[1]X& SER438, ASP437, GLY436, GLU435, SP508, LEU457, ASP510, ILE516,
0.02 ASP512, LYS460, GLY459, ARG458
-0 sp® from COOH(OH)-O sp 2 from ASP 437 2.854
-0 sp? from COOH(CO)-0 sp® from SER 438 2.746
—O sp? from CO-0 sp® from SER 438 3.073
FPQ 27 °Y]iV\& ASP508, GLU435, ASP510, ASP512, ILE516, LYS460,ARG458, ARG1033,
1.50 GLY459, PRO1080, HIS1081, GLY1082, SER1085
-0 sp* from COOH(OH)-0 sp 2 from ASP510 3.081
—O sp? from COOH(CO)-N sp 2 from HIS 1081 2.726
6CIPQ29 oY X1V W &ASP437, ARG58, GLU477, LYS460, GLY459
0.16 —O sp? from COOH(OH)-O sp 2 from ASP 437 2.714
-0 sp* from COOH(OH)-O sp 2 from ASP 437 3.389
FPQ 29 °Y _7\]& SER185, ARG1033, GLY1082, HIS1081, PRO1080, LYS460, GLY459, ASP512,
0.21 ARG458, ILE516, ASP508, GLU435,ARG458
—0O sp? from COOH(CO)-N sp 2 from HIS 1081 2.768
-0 sp® from COOH(OH)-O sp 2 from ASP510 2.804
6CIPQ25 °Y[TIVAr& GLU477, ARG458, LYS460, GLY459, GLU435, ASP512
0.32 —O sp? from COOH(OH)—Nsp 2 from LYS 460 2.978
FPQ25 °Y T[[& LYS460, ARG458, GLY459, ILE516, GLU435, ASP512,ASP510, PRO1080,
0.04 HIS1081, GLY1082, SER1084, SER1085
—O sp? from COOH(CO)-N sp 2 from HIS 1081 2.905
-0 sp* from COOH(OH)-O sp 2 from ASP 510 2.632
6CIPQ28 °Y[i\[& ILE516, LYS460, GLY513, ASP512, GLY459, ARG458, GLU435, ASP510,
0.22 ASP508,GLY436, ASP437, SER438, ALA439
-0 sp® from COOH(OH)-O sp 2 from ASP 437 2.968
-0 sp? from COOH(CO)-0 sp? from SER 438 2.641
-0 sp from CO-0 sp® from SER 438 2.915
FPQ28 °Y _T\Y & LYS460, ARG458, GLY459, ILE516, GLU435, ASP508,ASP512, ASP510,
0.17 ARG1033, PRO1080, HIS1081, GLY1082, SER1085
—O sp? from COOH(CO)-N sp 2 from HIS 1081 2.863
-0 sp* from COOH(OH)-O sp 2 from ASP 510 2.671
6CIPQ35 °Y ZiW YV &SER438, ASP437, ALA439, GLY584, GLY436, GLU435, LEU457, ARG458,
0.02 GLY459, LYS460, ASP512, ILE516
—O sp? from COOH(CO)-0 sp® from SER 438 3.174
-0 sp? from COOH(CO)—N sp 2 from SER 438 3.017
-0 sp? from COOH(CO)—-N sp 2 from ASP 437 2.995
FPQ35 °Y _TWY &GLY582, ASP508, GLY584, LEU583, ALA439,SER438, ASP437,GLY436,
0.18 GLU435, ASP510, ASP510, ASP512,LEU457, ARG458, GLY459, LYS460

-0 sp® from COOH(OH)-O sp 2 from ASP 508 2.642
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Ligand Score/ Group interaction/hydrogen bond Bond
RMSD (&) length (A)
6CIPQ36 °Y[i[_& ASP437, ARG458, GLU477,ILE461, LYS460, GLY459,TYR1025
0.23 ~O sp? from COOH(CO)-Nsp * from LYS 460 3.070
—O sp? from CO-Nsp? from LYS 460 3.040
FPQ36 °Y]iXY& LYS460, GLY459, ILE516, GLU435, ASP508, ASP512, ASP510, ARG1033,
0.54 PRO1080, HIS1081, GLY1082, SER1085
-0 sp? from COOH(CO)—-N sp 2 from HIS 1081 2.896
-0 sp? from COOH(OH)-0 sp 2 from ASP 510 2.614
Q80 °YANTY & ASP437, ARG458, GLU477, ILE461, LYS460, GLY459
0.02 —0 sp* from COOH(OH)—Nsp * from LYS 460 2.935
Q83 °ZX7i]Y & PRO1080, HIS1081, GLY1082, SER1085, ARG1033, ASP510, ASP508,
0.07 GLU435, ASP12, ILE516, ARG458, LYS460 GLY459
—O sp? from COOH(OH)—-Osp 2 from ASP 510 2.855
—O sp? from COOH(CO)-N sp 2 from HIS 1081 2.761
Q87 °Y Zi]1X & ASP512, ASP510, GLY513, ASP508, ILE516, LYS460, GLY459, ARG458,
0.04 LEU457,GLY436, GLU435, ASP437, SER438,ALA439
—O sp? from COOH(OH)-Osp 2 from ASP 437 2.645
—O sp? from COOH(CO)—-Osp? from SER 438 2.778
—O sp? from CO-Osp® from SER 438 2.792
—O sp? from CO-Nsp? from SER 438 3.239
Q85 °ZXiV]& LYS460, GLY459, ARG458, ILE5S16, GLU435, ASP512, ASP510, SER1084,
0.08 SER1085, GLY1082, HIS1081, PRO1080
—O sp? from COOH(OH-N sp 2 from HIS 1081 2.981
—O sp? from COOH(OH)-0 sp 2 from PRO1080 2411
6CIPQ24 °Y]iV]& ASN475, ASN476, GLU477,ARG458,SER437, ILE461, LYS460, GLY459
Q2Y —O sp? from COOH(OH)-0 sp 2 from GLU 477 2.962
—O sp? from COOH(CO)-N sp 2 from ARG 458 2.821
FPQ24 °ZVi\Z& ASP510, ASP512, GLY582, ASP508, LEU583 GLU435, ILE516, LYS460,
0.18 GLY459, ARG458, GLY436, ALA439, SER438, SP437 LEU457
—O sp? from COOH(OH)-0 sp 2 from ASP 508 2.644
6CIPQ30 °Y]i\\& ARGA458, GLY459, GLU477, LYS460, ILE461, ASN475
0.0063 —O sp? from COOH(OH)-N sp 2 from LYS 460 3.060
FPQ30 °ZWi_V &ARG458, GLY459, LYS460, ILE461,LEU462, ASN463, LEU5S19, LYS466,
0.32 MET622, HIS515, ASP512, TYR1025
—0O sp® from CO-N sp?® from LYS 460 3.060
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Ligand Score/ Group interaction/hydrogen bond Bond
RMSD (&) length (A)
6CIPQ32 °YYir\& SER438, ASP437, ALA439, GLY436,GLU435, LEU457, ASP510, ASP512,
0.03 LYS460, ASP508, ARG458, ILE516, GLY459
—0O sp? from COOH(CO)-0 sp? from SER 438 2.852
-0 sp? from CO-0 sp? from SER 438 2.897
FPQ32 41.85/ SER1085, ARG458, GLY459, LYS460,ILE516, GLU435, SP508, ASP512,
0.07 ARG1033, LYS462, PRO1080, HIS1081, GLY1082
—O sp? from COOH(CO)—-N sp 2 from HIS 1081 2.775
-0 sp? from COOH(OH)-O0 sp 2 from ASP 510 2.817
6CIPQ33 OY [T X"N& LYS460, ILE461, ARG4A58, GLU477, ASNA76
0.57 —O sp? from COOH(CO)-N sp 3 from LYS 460 3.073
FPQ33 °ZXi[Y & ARG458, LYS460, GLY459, ILE516, GLU435, ASP508,ASP512, ASP510,
0.11 ARG1033, PRO1080, HIS1081, GLY1082, SER1085
-0 sp? from COOH(CO)-N sp 2 from HIS 1081 2.759
-0 sp* from COOH(OH)-O sp 2 from ASP 510 2.830

Table 3. The list of intermolecular interactions between the ligand molecules docked with 2XCT using CLC drug
discovery workbench software.

Compounds Atoms  Weight Flexible Lipinski Hydrogen Hydrogen Log P
(Daltons) bonds violations donors acceptors
NF 41 319.33 3 0 2 6 0.68
FPQ50 41 353.78 3 0 2 6 1.31
PF 44 333.36 3 0 1 6 1.15
FPQ51 44 367.80 3 0 1 6 1.77
FPQ27 44 333.36 3 0 2 6 1.11
FPQ29 44 367.80 3 0 2 6 1.74
FPQ35 39 304.32 3 0 1 5 3.90
FPQ36 39 338.76 3 0 1 5 4.53
FPQ32 42 318.34 3 0 1 5 4.26
FPQ33 42 352.79 3 0 1 5 4.89
Q83 45 332.37 3 0 1 5 4.70
Q85 45 366.81 3 1 1 5 5.32
FPQ24 45 332.37 3 0 1 5 4.70
FPQ30 45 366.81 3 1 1 5 5.32

FPQ25 40 320.32 3 0 1 6 3.04
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Compounds Atoms  Weight Flexible Lipinski Hydrogen Hydrogen Log P
(Daltons) bonds violations donors acceptors
FPQ28 40 354.76 3 0 1 6 3.67
NCIX 41 335.79 3 0 2 6 0.66
6CIPQ50 41 370.23 3 0 2 6 1.28
PCIX 44 349.81 3 0 1 6 1.12
6CIPQ51 44 384.26 3 0 1 6 1.75
6CIPQ27 44 349.81 3 0 2 6 1.09
6CIPQ29 44 384.26 3 0 2 6 1.72
6CIPQ35 39 320.77 3 0 1 5 3.88
6CIPQ36 39 355.22 3 0 1 5 451
6CIPQ32 42 334.80 3 0 1 5 4.24
6CIPQ33 42 369.24 3 0 1 5 4.86
Q80 45 348.82 3 0 1 5 4.67
Q87 45 383.27 3 1 1 5 5.30
6CIPQ24 45 348.82 3 0 1 5 4.67
6CIPQ30 45 383.27 3 1 1 5 5.30
6CIPQ25 40 336.77 3 0 1 6 3.02
6CIPQ28 40 371.22 3 0 1 6 3.64

Table 4. Ligands with properties.

and molecular weight, parameters that can be used to evaluate if a molecule has properties tha
“7001-S"71'01S1¢""Z2¢¢17>SeeC1SE'YZ1>701SEE>[R5e1 1"

o Z—<Z>17el'Ce>"eZ—1< —ele"—"s@leZ@oele'S—1[10'Z1e S
“iCeZ— ‘Coe>TeZ—1¢" —ee0

7—<Z>17e1‘Ce>"eZ —1<"—e1SEEZ™e" >eleZe®rle'S—1IWVI1Qas"
atoms);

The molecular weight less than 500 Daltons;

e "¢l 10"EeS—"e. SeZ>1™Sse’e’ " _1E"Z E'Z—elileZoeels'S—
S —1e'71 Y, 1-7Z26]e1ly

The number of violations of the Lipinski rules gives an indication of how drug-likenesdor a
molecule is. In general, orally active drugs have fewer than two violations.

‘2@Z1™>"™MZ5e' 71 ES—1<Z170@Ze7e1le 51’ e —e’e¢’'—e] ™M 07
— 370,071 —"e7ZEZ72e7Z01>"—-1S1IE  -™"7—e1e'5S>¢1<cZe">7
Zi™ 7> —Table 4)0
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3. Results and discussions

Molecular docking study has been performed relating to some quinolone compounds known
"—1-Z7¢'ESe1e'Z>S™Z77e EEALE ™>” i SE'—01—"> “jSE ' —1¢
“ele'Z1eSeS1'Sel<«ZZ—172@®Ze1'—1¢'Z1ezeCle'Z1EH>>Z™"

Figure 9. Docking pose of quinolone compounds in the binding site. (a) The quinolones with the similar binding mode
“ele'Z1E",Es>CeeSee’E£Z01le’eS—e1l ™MilQcll ‘2187 —"e"—Z@l 'e'1le‘Z1l0e’—"+S>1¢
the similar binding mode of the ligand NF. (d) The quinolones with the similar binding mode of the ligand PF. (e) The
quinolones with the similar binding mode of the ligand FPQ 35.
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e M1’ el1e'Z1E"-™M"Z72—¢]1'SY" —e¢1S1E s> —Z1S+"-1"—1\,™"
775 —Z721Se"—i

The result of molecular docking study for quinolone FPQ 28, compound with a good activity
‘in vitro’ against Staphylococcus aure#§ CC 6538 (MIC = 0.32 pg/ml) and with a good activity
against MRSA[19p 3 1>ZYZSeele " E" —eleE >Z1°Y _i\Y 10 1Viwl]u1
hydrogen bonds with HIS 1081 (2.863 A) and ASP 510 (2.671 A)Rigure 8c). The orientation of
«'Z1 1X"1'eele'Z1®S-Z1"+1 10—"> "jSE' —iil S-Z17>"Z—+S«
32, FPQ 33, Q 83, Q 85, FPQ 27, FPQ 29, FPQ24 and FPQRgUre 9c). Docking score of NF
E"-™"Z—e1’ccl°Y_i]_10 IVIWWEOiIl 1e'” ele'Z1"EEZ>>Z—
WVAWIOXiIMNY1#01S—e1 1[WVIOXI\]WI1#011 ‘Z1<Z472>1E">7
«"—71 AYRA1°ZXi]Y 10 1ViV]Uuil "Yle'™ ®le'Z1"EEZ>»Z—EZ1
(2.761 A) and ASP 510 (2.855 A), and its orientation is the same of NF. Compound Q83 shov
also a good activity ‘in vitro’ against Staphylococcus aureé§ CC 6538 (MIC <0.125 pg/ml).

Results of the docking showed that quinolones have adopted various orientations. The same
">'Z—eSe’ " —1 " 1 Z1E",Es>C@eSee’£Zele’eS—el ™MIGE'™>"

X]81\ ¢ 1X"A31\ ¢ Y[1S—e1l 17]i1l ", E>¢0eeSee’£71 Mle'™ @l
bonds with SER 438 (3.065 A), SER 438 (2.816 A) and ASP 437 (2.872&iy(rre 9a). The quino
lones with the similar binding mode of the CICp are 6CIPQ 51 and 6CIPQ 24 (Figure 9b). The
§7'—"e"—70l 'e'le'Z1@ —eSs>1c —e —el-_"eZ1%ele'Z1e’eS—01

6CIPQ 25, Q 80, FPQ 30, 6 CIPQ 33, PCIX, FPQ 51, 6 CIPQ 36 and 6CIPQ 30.Docking s
el 1'cel°Y i~ 10 IVI\[UT 1o ele'Z1 " EEZ>>Z—EZ1 1
(2.732 A), LYS 460 (2.934 A) and ASP 512 (2.948 Agigure 9d). Same orientation shows the
compounds FPQ 35, FPQ 24 and FPQ 50~gure 9e).

3.1. Drug-likeness of the quinolone compounds

According to the data presented in Table 4, four quinolones (Q 85, Q 87, FPQ 30 and 6CIPQ3(
failed to respect one parameter (Log P > 5) of the Lipinski rules (Lipinski violation is 1). It was
observed that 30 compounds of the study have zero violation of all the parameters involved
—1 ™ — e el>zeZ17e1 YZi

4. Conclusions

In silico molecular docking, simulation was performed to position all quinolone compounds
into the preferred binding site of the protein receptor S. aureudDNA GYRASE, to predict the
e’ —el-"eZ@PLle'Z1lc —e —e1S —e'7®@1S—e1e'Z175'Z—eSe’"
the all compounds showed good docking score. The docking score is a measure of the antimi
crobial activity of the studied compounds. A correlation of the predicted data was observed

CE1’0]17<eS —Ze1<t1-"eZE7S51e " E" —eloeeze¢tllE >Z1
obtained from the evaluation of the antimicrobial activity against Staphylococcus aured§ CC
6538 [16] of the quinolone compounds (Figure 10a, b, and 113 b).

The studies presented in this chapter show the importance of the design and the molecular
docking in the discovery of new compounds with biological activity. The prediction of the
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Figure 10. 10801 1''cee"e>S—1"«1\, 2757, 57 —" Niniduin@nhibitry ceneentidtion(MIC) of quinolone
compounds against St. aur.1 LN[YALON, |, 275782 —"e"—Z00,<o2281N, o, 275782 —"e"—7¢
Ty —TeT—7 0,0 272B1N, o, 275787 —Te"—

Figure 11. 10801 1 70ee”e>S—1"¢1\, E‘*">",872'— "¢ —7Z1E " -™"7 —eeil '—' —72-1"—""¢
compounds against St. aur.1 IN[YALON, ,E'e™> 872 —"e"—700,<22281N, ¢, E'e "> 872 — e —
\,E e ™ 87— " —Z1E " =™ 7 —e@l(”, ,E e > 87 —"e"— 7@, <o2281N, o E‘e">"§7 -
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<('—e'—e1S —'e¢17¢1S1—Z 1E " -™M"Z7Z—el(e'eS—elile"1S—1"¢.
®'e—' ES—e1™S5S_ZeZ51"—1e'Z1eZYZe"™_7 _217e18S1—27 1
of a ligand (a new compound) to the target (protein/enzyme) by molecular simulation would
allow restricting the synthesis to the most promising compounds.
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