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ABSTRACT 
Few quinoline-based synthetic compounds (2, 8 Dicyclopentyl-4-methyl quinoline and 2, 8 Dicyclohexyl-4-methyl quinoline), the synthesis of which have 
been already shown by our medicinal chemistry group, were found to be potent inhibitor of mycobacterial growth. Based on the results of cell culture-based 
cell killing assays using DNA gyrase positive E. coli strains, we presumed that bacterial DNA gyrase might be a probable target of quinolines. The 
resemblance of the basic skeletal structural moiety of quinolone and quinoline inspired us to hypothesize that these quinolines might inhibit DNA gyrase. 
While the non-gyrase inhibitors like ethambutol and isoniazid did not inhibit the growth of these strains. The genesis of the notion of using E. coli DNA gyrase 
as an alternative to DNA gyrase from the pathogenic Mycobacterium, stems from the fact that E. coli DNA gyrase is found to be about eighty times more 
sensitive to the action of quinolones than the Mycobacterium DNA gyrase. Therefore, we had used E. coli DNA gyrase as a model enzyme for studying the 
action of some synthetic quinoline compounds synthesized by us. In the present work, we have used cell killing assay, gel electrophoresis assay (for DNA 
supercoiling) and UV spectroscopy-based coupled assay (for ATP hydrolysis) for characterizing the activity of DNA gyrase. Quinolones exhibited low IC50 
values as compared to the studied quinolines on DNA gyrase positive E. coli strains We found that although quinolones are the potent inhibitors of 
supercoiling activity of E. coli DNA gyrase, quinolines are not. We further found that ATPase activity of E. coli DNA gyrase (Non-specific inhibitor) was 
inhibited to a very minor extent in the presence of very high concentration of these synthetic quinolines. DNA gyrase is not the primary target of these 
synthetic quinolines (2, 8 Dicyclopentyl-4-methyl quinoline and 2, 8 Dicyclohexyl-4-methyl quinoline). 
Keywords: DNA Gyrase, Ciprofloxacin, Novobiocin, 2,8 Dicyclohexyl-4-methyl quinoline, 2,8 Dicyclopentyl-4-methyl quinoline. 

 
INTRODUCTION 
DNA gyrase, a type-II DNA topoisomerase converts relaxed, 
closed and circular duplex DNA to the negative superhelical 
form, a more favorable substrate for the recombination event 
both in vitro and in vivo. The supercoiling activity of DNA 
gyrase, an ATP-mediated process is associated with events of 
DNA replication, transcription, repair and recombination. E. 
coli DNA gyrase is composed of two subunits A (GyrA) and 
B (GyrB). Active gyrase is a heterotetramer (A2B2 type 
complex) of 374 kDa.  DNA gyrase is the target of 
quinolones like ciprofloxacin and nalidixic acid and 
coumarins such as novobiocin and coumermycin. DNA GyrA 
and GyrB subunits of DNA gyrase are known to be the 
binding motifs for quinolones that inhibits supercoiling and 
coumarins that inhibit ATPase activity1, 2. From the 
enzymological viewpoint, DNA gyrase acts as a molecular 
motor, transforming the free-energy of ATP hydrolysis to 
superhelical free energy. DNA gyrase not only is spectacular 
in its mechanism of action but also is an important drug 
target as antimicrobial agent. 
Previously, it has been shown by us that some novel 
quinoline derivatives 2, 8 Dicyclopentyl-4-methyl quinoline 
and 2, 8 Dicyclohexyl-4-methyl quinoline (for structure see 
Table 1, Sr. No. 8 and 9) have exhibited potent anti-
tuberculosis activity against both sensitive and drug resistant 
strains of Mycobacterium3-5. The dicyclohexyl and 
dicyclopentyl disubstituted quinoline were synthesized in a 
single step from inexpensive commercially available 4-
methyl quinone via a hemolytic free radical alkylation3. 
Considering some of the structural similarity of quinolines 
with quinolones and the possibility of gyrase inhibition, we 
studied the effect of the novel quinoline derivatives on E. coli 

DNA gyrase6. Result from some of our preliminary screening 
experiments suggested that these compounds might inhibit 
DNA gyrase activity. To confirm this, we performed 
supercoiling and ATPase assay using a coupled assay system 
consisting of DNA gyrase, pyruvate kinase, lactate 
dehydrogenase in the presence of PEP, NADH and ATP 
(Scheme I). In the present work an attempt was made to 
explore the interaction of these quinolines with bacterial 
DNA gyrase. 
MATERIAL AND METHODS 
Chemicals 
Ciprofloxacin, ofloxacin, norfloxacin, nalidixic acid, 
ampicillin, HEPES, magnesium acetate, ammonium sulfate, 
potassium chloride (KCl), calcium chloride (CaCl2), and 
polyethylene glycol were obtained from Himedia 
Laboratories Ltd. India. Reduced nicotinamide adenine 
dinucleotide (NADH), phosphoenol pyruvate (PEP), pyruvic 
acid, pyruvate kinase (PK), lactate dehydrogenase (LD), 
bovine serum albumin (BSA), mercaptoethanol, spermidine, 
adenosine triphosphate (ATP), dithiothreitol (DTT), 
phenylmethanesulphonyl fluoride (PMSF), ethylene diamine 
tetracetic acid (EDTA), magnesium chloride (MgCl2), 
novobiocin and glycerol were purchased from Sigma, (St. 
Louis, MO, USA). 2, 8 Dicyclopentyl-4-methyl quinoline, 2, 
8 Dicyclohexyl-4-methyl quinoline were synthesized in the 
Medicinal Chemistry Department of our Institute as described 
by Jain et al., 20033. 
Bacterial Strains 
E. coli strains DH5α, JM107, K-12, C-600 and K-16 used in 
the present study were procured from Microbial Type Culture 
Collection, Institute of Microbial Technology, Chandigarh, 
India.  
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Cytotoxicity Assay and IC50 determination 
A single colony of E. coli was picked out from the agar plate 
and inoculated in 8 ml of Luria Bertani (LB) media 
supplemented with ampicillin (100 µg/ml). The culture was 
incubated at 37°C for 16 hr with continuous shaking at 200 
rpm. One ml of the culture was transferred into the fresh 
conical flask containing 15 ml of LB media supplemented 
with ampicillin (LB-amp). Different concentrations of 
standard drugs ciprofloxacin, ofloxacin, norfloxacin, 
nalidixic acid, ethambutol, isoniazid and the above mentioned 
synthetic quinoline derivatives (For structure see Table 1) 
were added to the respective flasks along with a control. 
Incubation was further carried out at 37°C at 200 rpm for 15 
hr. Turbidity was measured spectrometrically at 600 nm and 
IC50 values of these drugs were calculated from the 
percentage inhibition of growth using grafit software7. 

Preparation of relaxed DNA 
The pBR322 vector having ampicillin resistance gene was 
purchased from Bangalore Genei, India. When this plasmid 
was transformed into the competent cells made from DH5a 
strain of E. coli, only the transformed cells survived on the 
LB-amp agar plate. After the incubation period the colony 
was picked up and plated on to ampicillin agar medium. The 
cells were grown (OD in between 0.4 to 0.6), centrifuged and 
the pellet obtained was washed twice in cold CaCl2 solution 
(100 mM). The cell suspension was kept at ice-cold 
temperature for 5-6 hr and a glycerol suspension was made, 
and the aliquots were frozen in liquid nitrogen for storage. 
The pBR322 DNA (2-5 ng) was added to the treated cells and 
the temperature was increased to 42oC. The cells were then 
grown for plasmid amplification. Plasmids were further 
purified following the standard protocol of alkaline lysis 
method8. The supercoiled pBR322 plasmid was then 
suspended in relaxation buffer containing 25 mM HEPES, 
pH 7.2, 50 mM KCl, 10 mM magnesium acetate, 1 mM DTT 
and 0.6 mM ATP. Subsequently, 8 µg of topoisomerases-I 
(Topo-I) (purified according to the method of Javaherian et 
al., 19979 was added to the above reaction mixture and 
incubated at 37°C for 45 min. The reaction was then stopped 
by the addition of equal volume of phenol and chloroform. 
The reaction mixture was centrifuged in a microcentrifuge 
and the aqueous phase containing the relaxed DNA was 
withdrawn. Relaxed DNA was concentrated from aqueous 
phase by ethanol precipitation and kept for 5 hr at –20°C and 
centrifuged at 13,000g for 15 min to remove ethanol. The 
relaxed plasmid DNA obtained was then air dried and 
dissolved in Tris-EDTA buffer. Finally the purity of the 
plasmid was analyzed by electrophoresis for 7 hr at 40 V on a 
1% agarose gel containing 1 µg/ml ethidium bromide10. 
Purification of DNA gyrase  
The purification of DNA gyrase from E. coli (strain C-600) 
was performed following the method of Guipaud et al., 1997 
with minor modification11. A single colony of E. coli C-600 
was picked up from the agar plate, inoculated in 5 ml of LB 
media and then incubated at 37°C for 16 hr with constant 
shaking at 200 rpm. Subsequently 5 ml of this starter culture 
was transferred to 250 ml of LB media and cells were grown 
for 16 hr. Cells were pelleted at 5,000g for 10 min at 4°C and 
resuspended in 10 ml of buffer-A (10 mM Tris-HCl, 1 mM 
DTT, 1 mM PMSF, pH 7.2) and incubated on ice for 5 min. 
The cell suspension was sonicated and centrifuged for 90 min 
at 33,000g at 4°C. The supernatant was saturated with the 
addition of 35% ammonium sulfate and stirred for 1 hr at 4°C 
in dark. The suspension was then centrifuged at 10,000g for 

20 min and the pellet discarded. The supernatant was further 
treated with ammonium sulfate to adjust its final 
concentration up to 55% and further stirred for 1 hr at 4°C. 
The solution was centrifuged at 10,000g for 20 min at 4°C to 
obtain the pellet. This pellet was then dissolved in minimum 
amount of buffer-B (25 mM HEPES, 1 mM EDTA, 1 mM 
DTT, 0.2 M KCl and 10% ethylene glycol). The solution was 
then dialyzed overnight in buffer-B.  It was further purified 
and concentrated by passing through a molecular weight filter 
of 100 kDa (Millipore). The ammonium sulphate 
precipitation and filtration through the cut off filter steps 
were repeated for obtaining semi purified DNA gyrase. The 
final fraction was then snap frozen in liquid nitrogen and 
stored at –80oC.    
Supercoiling Assay 
Relaxed plasmid (pBR322, 3 µg) DNA was mixed with DNA 
gyrase and varying concentration of the compounds. The 
final reaction volume was made up to 35 µl with the 
supercoiling buffer containing 35 mM Tris-HCl (pH 7.5), 4 
mM MgCl2, 5 mM spermidine, 0.25 mg/ml BSA, 2 mM 
DTT, 1 mM ATP and 1 mM EDTA10, 12. The supercoiling 
reaction was carried out at 37°C for 45 min. The reaction was 
then terminated by the addition of phenol-chloroform (1:1 
v/v) mixture. The suspension was vortexed and centrifuged at 
13000g for 10 min at 4°C. The aqueous layer formed was 
withdrawn and 5 µl of ammonium acetate (7.5 M) and 90 µl 
of prechilled ethanol were added. The resultant reaction 
mixture was kept at –20°C for 5 hr and then centrifuged at 
13000g to pellet down the plasmid DNA. The pellet was then 
air dried and dissolved in Tris-EDTA buffer. The DNA was 
analyzed by electrophoresis on 1% agarose gel containing 
ethidium bromide. Control assays were done in the presence 
of DNA gyrase and with out addition of compounds. 
ATPase assay 
ATPase assay was carried out in HEPES buffer (50 mM 
potassium HEPES, pH 7.5, 150 mM potassium acetate, 8 mM 
magnesium acetate, 5 mM mercaptoethanol and 250 µg/ml 
BSA) containing 2 mM PEP, 0.16 mM NADH, 5U PK, 8U 
LD, 2 µg relaxed pBR322 plasmid DNA and optimum 
amount of DNA gyrase with the synthetic quinolines (Table 
1, Sr. No. 8 and 9 for the name of the compounds) in a 
microfuge tube. Scheme I depicts the basis of coupled assay 
for ATP hydrolysis catalyzed by DNA gyrase. The reaction 
was initiated by the addition of ATP (2.5 mM) and the 
decrease in the absorbance at 340 nm was monitored at 37oC 
with time13-15. The residual ATP concentration present in the 
reaction mixture after the reaction period was calculated by 
applying 1:1 reaction stoichiometry. Standard plot was 
constructed from the absorbance change of NADH (Molar 
extinction coefficient of NADH e340nm=6.22 mM-1cm-1) using 
different concentrations of ATP. Control assays were also 
performed in the absence of these compounds. 
Statistical analysis 
The data are expressed as mean±SEM. For comparison of 
two groups, P-values were calculated by two-tailed unpaired 
student’s t-test. In all the cases P<0.05 was considered to be 
statistically significant. 
RESULTS  
Table 1 shows the IC50 values of different compounds and 
drugs for the killing of different DNA gyrase positive E. coli 
strains. It may be noted that all the quinolone group of 
compounds inhibited the cell growth very efficiently in the 
screening assay. The quinoline-based compounds 2, 8 
Dicyclopentyl-4-methyl quinoline and 2, 8 Dicyclohexyl-4-
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methyl quinoline (Table 1) also exhibited cell killing. The 
IC50 for 2, 8 Dicyclopentyl-4-methyl quinoline in various 
strains of E. coli (DH5α, JM-107, K-12, K-16) were found to 
be in between 24.66 to 39.96 µg/ml while 2, 8 Dicyclohexyl-
4-methyl quinoline exhibited antibacterial activity against the 
above E. coli strains with an IC50 in the range between 47.67 
to 54.44 µg/ml. In order to see, whether this cell killing effect 
was due to any non-specific effect, some of the non-gyrase 
inhibitor drugs like isoniazid and ethambutol were also 
included for the cell killing experiment. It was found that the 
cell killing was not achieved even at higher concentrations of 
isoniazid and ethambutol. Figure 1 illustrates the SDS gel 
pattern of the semi-purified DNA gyrase sample. Figure 2 (A, 
B and C) upper panel shows the agarose gel electrophoresis 
data of DNA gyrase-mediated supercoiling activity of 
pBR322 DNA in presence of Ciprofloxacin, 2, 8 
Dicyclopentyl-4-methyl quinolone and 2, 8 Dicyclohexyl-4-
methyl quinolone respectively. Figure 2 (A, B and C) lower 
panel represents the densitometric analysis of the 
corresponding relaxed and supercoiled bands.  For the 
purpose of inducing supercoiling by DNA gyrase, pBR322 
was first converted into relaxed DNA by using DNA Topo-I. 
The data in lane 1 shows the presence of relaxed DNA which 
is obtained from supercoiled DNA by the action of Topo-I. 
As the DNA gyrase was added to this relaxed DNA in the 
presence of ATP, it was found that the relaxed DNA was 
converted into supercoiled DNA (lane 2, Figure 2A). In the 
presence of ciprofloxacin the supercoiling activity of DNA 
gyrase was found to be inhibited in a dose-dependent manner 
(lane 3-6, Figure 2A), thereby suggesting that the enzymatic 
conversion of relaxed DNA into the supercoiled DNA was 
inhibited. In the presence of novobiocin (data not shown), the 
supercoiling of relaxed DNA was inhibited but the 
concentration required for novobiocin (40 µg/ml) was much 
higher as compared to ciprofloxacin (0.8 µg/ml).  
The effect of 2, 8 Dicyclopentyl-4-methyl quinoline on the 
supercoiling activity of DNA gyrase was very clearly shown 
in Figure 2B. The relaxed DNA (lane1) was found to be 
completely converted into supercoiled DNA in the presence 
of DNA gyrase (lane 2). As the 2, 8 Dicyclopentyl-4-methyl 
quinoline (Table 1, compound 8) was added in different 
concentrations (lane 3-5); it was found that this compound 
did not inhibit supercoiling activity of DNA gyrase at all, 
even at the concentration of 200 µg/ml as the supercoiled 
DNA formation by the action of DNA gyrase was continued 
without any inhibition. This suggests that the DNA gyrase 
was still active in converting the relaxed DNA into 
supercoiled DNA in the presence of these synthetic 
quinolines. On the other hand, the quinolone drug 
ciprofloxacin at a concentration of 1 µg/ml was almost 
completely inhibiting DNA gyrase activity (lane 6, Figure 
2B) suggesting very clearly that the synthetic quinolines did 
not inhibit supercoiling activity of DNA gyrase unlike 
quinolones. Figure 2C shows the effect of 2, 8 Dicyclohexyl-
4-methyl quinoline (Table 1, compound 9) and found clearly 
that the effect of this compound was very similar to the other 
synthetic quinoline compound (Table 1, compound 8) used. 
DNA gyrase is known to have two domains as represented by 
its supercoiling and ATP hydrolysis activity as discussed in 
our introduction section. 
It was shown very clearly (Figure 3A) that just at a 
concentration of 20 µM, novobiocin was inhibiting ATPase 
activity to the extent of almost 90%. Where as when 2, 8 
Dicyclopentyl-4-methyl quinoline (compound 8) was used 
(Figure 3B), it was found that at the concentration of as high 

as 400 µM, the compound was inhibiting ATPase activity to 
the extent of only 20-30%. Figure 3C shows the effect of 2, 8 
Dicyclohexyl-4-methyl quinoline (compound 9) on ATP 
hydrolysis activity of DNA gyrase. A similar was exhibited 
by compound 9 on DNA gyrase-mediated ATP hydrolysis.   
DISCUSSION 
The standard quinolones were selected as these drugs bind 
with the two strands of relaxed DNA by H bonding (Scheme 
II) and inhibits DNA gyrase activity. Quinolines on the other 
hand do not posses any carbonyl group on their C4 position 
(see Table 1) instead they contain methyl group. We however 
assumed that due to the presence of the N1 atom and planarity 
of the structure the quinolines may participate in H bonding 
and intercalate with the DNA, Inspite of the fact that unlike 
quinolones, quinolines have lesser tendency to make H bond 
formation within the two strands of DNA. The two quinoline 
compounds 2, 8 Dicyclopentyl-4-methyl quinoline 
(compound 8) and 2, 8 Dicyclohexyl-4-methyl quinoline 
(compound 9) were found to have potent anti-tuberculosis 
activity3-5. From our preliminary result of the cytotoxicity 
activity of these synthetic quinolines and keeping in mind 
some of the structural resemblance with quinolones, we 
presumed that these compounds might target DNA gyrase in 
bacteria. Zhao et al., 19977 successfully showed that 
screening of some antibacterial compounds can be performed 
by the cell killing assay using gyrase positive E. coli strains. 
Drilca et al., 1996 have shown that Mycobacteria and E. coli 
respond to quinolone treatment in similar ways, justifying 
extrapolation of the concepts developed in E. coli to 
Mycobacteria16. It may be worthwhile to mention here that 
Drilca et al., 1996 further showed that E. coli DNA gyrase is 
about eighty times more sensitive to the action of quinolones 
than the Mycobacterium DNA gyrase therefore justifying the 
use of these strains for our work. The selected E. coli strains 
were also found to be susceptible to DNA gyrase inhibiton 
hence we have selected non-gyrase inhibitor drugs like 
ethambutol and isoniazid as negative control. Isoniazid has 
been reported to inhibit mycolic acid biosynthesis pathway in 
Mycobacteria while ethambutol inhibits incorporation of 
mycolic acid into the mycobacterial cell wall and also inhibit 
RNA polymerase. Ethambutol and isoniazid did not exhibit 
any cell killing effect in these E. coli strains probably due to 
the absence of mycolic acid synthesis pathway. Therefore we 
initially argued that the synthetic quinoline-based compounds 
having anti-tuberculosis activity1 might exhibit the 
bactericidal activity through the inhibition of bacterial DNA 
gyrase. Subsequently in order to further confirm whether the 
bacterial DNA gyrase is specifically inhibited by these 
synthetic quonoline compounds, we further checked the 
effect of these compounds on the supercoiling and ATPase 
activity of DNA gyrase. The results suggested that these 
compounds were not at all inhibiting supercoiling activity 
(unlike ciprofloxacin) and inhibiting ATPase activity to a 
very minor extent at a very high concentration (unlike 
novobiocin). The differences in the concentration 
requirement attributable to the inhibition of supercoiling and 
ATPase activity of DNA gyrase by ciprofloxacin and 
novobiocin is related to the structural differences of the two 
compounds. The inhibition of supercoiling activity of DNA 
gyrase in the presence of quinolones is related to the 
formation of a ternary complex (through H bonding between 
the drug and DNA) consisting of DNA, DNA gyrase and 
quinolone group of drugs1. The H bonding ability of 
novobiocin is relatively inefficient as compared to 
ciprofloxacin. Therefore, ciprofloxacin being a quinolone 
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group of drug inhibits the supercoiling activity of DNA 
gyrase with high efficiency while novobiocin being a 
coumarin group of compound also inhibits supercoiling 
activity of DNA gyrase but with little lesser efficiency. 
Spectroscopic and physiochemical studies also revealed that 
quinolines inhibit the gastric proton pump ATPase (H+-K+) 
activity17. Therefore we predicted that ATPase activity of 
DNA gyrase might be inhibited by the action of quinolines. 
But contrary to our assumption, these quinolines did not 
inhibit the ATPase activity of DNA gyrase. Hence it is 
concluded, that these synthetic quinolines are not the specific 
inhibitor of DNA gyrase and it is now clear that ATPase 
linked to different kinds of enzymes like gastric (H+-K+ 

ATPase) pump, F1-Fo ATPase proton pump and DNA gyrase 
etc. have different types of biochemical activity and are 
inhibited by different types of inhibitors.  
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Scheme I: UV spectroscopy-based coupled assay of ATPase activity of DNA gyrase; PK: Pyruvate kinase; 
PEP: Phosphoenol pyruvate; LD: Lactate dehydrogenase. 
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Table 1: Antibacterial activities of different standard quinolones and synthesized quinoline compounds against various gyrase positive and wild 
strains of E. coli 

Sr. No Compounds Structure Strains of 
E. coli 

IC50+SEM 
(µg/ml) 

1.  
Ciprofloxacin 
(Quinolone) 

N
H

O

OH
F

N
HN

O

 

DH5a 
JM107 
K-12 
K-16 

0.63±0.04 
0.62±0.02 
1.08 ±0.02 
1.06 ±0.16 

2.  
Ofloxacin 

(Quinolone) 

N
N N

F

H3C
O

CH3

COOH
O

 

DH5a 
JM107 
K-12 
K-16 

0.69±0.06 
0.72±0.08 
0.97±0.04 
0.86±0.04 

3.  
Norfloxacin 
(Quinolone) 

HN
N N

F

H3C

COOH
O

 

DH5a 
JM107 
K-12 
K-16 

0.54±0.03 
0.67±0.06 
0.79±0.05 
0.67±0.02 

4.  
Nalidixic acid 
(Quinolone) 

N N
CH2CH3

COOH
O

H3C

 

DH5a 
JM107 
K-12 
K-16 

0.90±0.05 
0.86±0.08 
0.80±0.16 
0.72±0.03 

5. Ethambutol 

HOH2C N
H

H
N

C2H5
CH2OH

C2H5  

DH5a 
JM107 
K-12 
K-16 

No inhibition 
 

6. Isoniazid 

N

H
N

NH2
O

 

DH5a 
JM107 
K-12 
K-16 

No inhibition 

7. 2,8 Dicyclohexyl-4-methyl quinoline 
(Quinoline) 

N

CH3

 

DH5a 
JM107 
K-12 
K-16 

47.67±3.25 
54.88±3.30 
48.15±3.52 
54.44±3.14 

 
8. 

 
2,8 Dicyclopentyl-4-methyl quinoline  (Quinoline) 

N

CH3

 

DH5a 
JM107 
K-12 
K-16 

24.66±1.95 
38.11±1.32 
37.92±2.94 
39.96±1.44 
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Figure 2A. Relaxed plasmid was treated with crude 
DNA gyrase (8 µg) and varying concentrations of 
standard DNA gyrase-inhibitor ciprofloxacin and 
analyzed in 1% agarose gel. Upper panel: Lane 1; 
relaxed DNA (3 µg), Lane 2; DNA (3 µg) in presence of 
DNA gyrase (8 µg), Lane 3-6; relaxed pBR322 DNA is 
incubated with 8 µg of DNA gyrase and varying 
concentrations of ciprofloxacin. Lane 3; 0.2 µg/ml, lane 
4; 0.4 µg/ml, lane 5; 0.8 µg/ml, lane 6; 1 µg/ml. Lower 
panel: Densitometric analysis of supercoiled and relaxed 
DNA bands. Each bar represents relative densitometric 
values of supercoiled (white bars) and relaxed (black 
bars) DNA bands. Experiments were repeated thrice. 
Values represents mean±SEM. **P<0.05, *P<0.01 
compared to lane 1 of relaxed DNA. Only relaxed DNA 
bands has been analyzed for the sake of clearity of 
understanding. 2B. Relaxed plasmid was treated with 
crude DNA gyrase (8 µg) and varying concentrations of 
2, 8 Dicyclopentyl-4-methyl quinoline (compound 8, 
Table 1). Upper panel: Lane 1; relaxed DNA (3 µg), 
Lane 2; DNA treated with DNA gyrase, Lane 3; 50 
µg/ml, lane 4; 100 µg/ml, lane 5; 200 µg/ml of the 
compound 8, Table 1 and lane 6; 1 µg/ml ciprofloxacin.  
 2B: Lower panel: Each bar represents relative densitometric values of supercoiled (white bars) and relaxed (black 

bars) DNA bands. Values represents mean±SEM. *P<0.01 compared to lane 1 of relaxed DNA. Only relaxed DNA 
bands has been analyzed for the sake of clearity of understanding.  2C. Relaxed plasmid was treated with crude 
DNA gyrase (8 µg) and varying concentrations of 2, 8 Dicyclohexyl-4-methyl quinoline. Upper panel: Lane 1; 
relaxed DNA (3 µg), Lane 2; DNA treated with DNA gyrase, Lane (3-5); relaxed DNA incubated with 8 µg of 
DNA gyrase and different concentrations of 2, 8 Dicyclohexyl-4-methyl quinoline. Lane 3; 50 µg/ml, lane 4; 100 
µg/ml, lane 5; 200 µg/ml of the compound 9, Table 1 and lane 6; 1 µg/ml ciprofloxacin. Lower panel: Each bar 
represents relative densitometric values of supercoiled (white bars) and relaxed (black bars) DNA bands. Values 
represents mean±SEM. *P<0.01 compared to lane 1 of relaxed DNA. Only relaxed DNA bands has been analyzed 
for the sake of clarity.  
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Figure 3A. ATPase assay in the presence of varying concentration of novobiocin. Left panel: Relaxed plasmid 
(pBR322, 2 µg) was incubated with different concentrations of novobiocin in HEPES buffer and decrease in the 
absorbance was monitored at 340 nm. 1: Control in presence of Pyruvate kinase and Lactate dehydrogenase, 2: 
Negative control without gyrase, 3: positive control with gyrase, 4: 20 µM, 5: 100 µM and 6: 200 µM of 
novobiocin. Right panel: DOD values at 340 nm for the same experiment represented as mean±SEM (n=3) at a 
time point of 2 min. *P<0.01 compared to lane 3. 3B. ATPase assay in the presence of varying concentration of 
2, 8 Dicyclopentyl-4-methyl quinoline (compound 8, Table 1). Left panel: 1: Control in presence of Pyruvate 
kinase and Lactate dehydrogenase, 2: negative control without gyrase, 3: positive control with gyrase, 4: 20 µM 
novobiocin and 5: 100 µM, 6: 200 µM and 7: 400 µM of compound 8. Right panel: DOD values at 340 nm for 
the same experiment represented as mean±SEM at a time point of 2 min. *P<0.01 compared to lane 3. 3C. 
ATPase assay in the presence of 2, 8 Dicyclohexyl-4-methyl quinoline (compound 9, Table 1). Left panel: 1: 
Control in presence of Pyruvate kinase and Lactate dehydrogenase, 2: negative control without gyrase, 3: 
positive control with gyrase, 4: 20 µM novobiocin and 5: 100 µM, 6: 200 µM and 7: 400 µM of compound 9. 
Right panel: DOD values at 340 nm for the same experiment represented as mean±SEM at a time point of 2 min. 
*P<0.01 compared to lane 3. 
 
 


