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Abstract: The present study was mainly aimed at analyzing gyrase gene of Escherichia coli and modelling of
their respective protein, which will be of great interest in designing of antibiotic using Gyrase-A coded protein
as a potential target. The prediction of secondary structure of Escherichia coli gyrase coding gene was carried
out using SOPMA tool. Results of the NCBI queries reveals significant identity with the Escherichia coli Gyrase
B subunit for strain TR 32 and 33 and Gyrase A subunit for strain EC 1 confirming the sequences as Gyrase gene
of Escherichia coli. The nucleotide sequence alignment reveals 73 conserved regions with varying degree of
transition and transversion while the amino acid sequences of the nucleotides reveals 6 conserved sites among
all the sequences. The template that showed high percentage of identity with all the isolates were B,D,F and H
fragments of crystal structure of gyrase bound to its inhibitor YACG. The isolates contain comparatively higher
alpha helix than the Beta turn which is present in less percentages ranging from 5.21-10%. In conclusion, this
study confirmed the conservation of QRDR coding regions in prokaryotes and the possibility of targeting the
alpha helix in case of drug development.
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INTRODUCTION mechanisms in Gram negative bacilli is the accumulation

Escherichia coli is a common constituent of the fluoroquinolones; DNA gyrase and DNA topoisomerase
gastrointestinal flora of most vertebrates, including IV [6]. 
humans and may be isolated from a variety of The other described mechanism of resistance
environmental sources [1]. Most strains of these operates by decreasing intracellular drug accumulation by
organisms are nonpathogenic while certain ones can up regulation of native efflux pumps [7, 8] either alone or
cause a variety of intestinal and extraintestinal infections together with decreased expression of outer membrane
as a result of gene-encoding virulence factors (VFs) such porins [9, 10]. Chromosomal resistance to
as adhesins, toxins and polysaccharide surface coatings fluoroquinolones (FQs) due to amino acid substitutions
[2]. This organism is the primary cause of urinary tract in the quinolone resistance-determining regions (QRDRs)
infections in humans [3] and is the most frequent of DNA gyrase (GyrA) and/or topoisomerase IV (Par C)
nosocomial and community-acquired pathogen in all has been reported [11], while higher levels of quinolone
regions [4]. Resistance to fluoroquinolones develops resistance arose readily by mutation [12, 13]. The two
more rapidly in E. coli than in other members of the genes encoding DNA Gyrase are present next to each
Enterobacteriaceae [5]. Two mechanisms of resistance other in the genome with gyrB upstream of gyrA genes.
have been found to determine resistance to Majority of the fluroquinolone resistant isolates have
fluoroquinolones. The most important of these amino  acid  substitution in the  regions  of  DNA  Gyrase

of mutations in the bacterial enzymes targeted by
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subunit homologous to a conserved fluoroquinolone reveals 73 conserved regions with varying degree of
resistance determining regions [14]. Therefore, this study transition and transversion. The amino acid sequences of
is mainly aimed at analyzing quinolone resistance- the nucleotides reveal 6 conserved sites among all the
determining regions (QRDRs) of Gyrase gene sequences sequences. The isolates EC1, ECTR32 and EC TR33 show
of Escherichia coli isolates for their sequence similarity, 96,  140 and  133  amino  acids residues respectively.
protein structure prediction and conserved regions. These protein  sequences  however  when  queried

MATERIALS AND METHODS EC1 isolate with 96 amino acid produced significant

In Silico: The sequences AB823545.1, KJ920434.1 and KJ domain  of  GyrA,  Escherichia  coli GyrB domain
920435.1 were obtained using nucleotide BLAST (http:// insertion and the crystal structure of Gyrase bound to its
blast.ncbi.nlm.nih.gov/ Blast.cgi) [15] and subjected to inhibitor YACG. The EC TR32 isolate contains 140
evolutionary analysis using the MEGA explorer [14]. residues and shares significant relationship with domain
Pairwise distances were calculated using Kimura 2 insertion in E. coli GyrB which adopts a novel fold that
parameter. In MEGA explorer, translate option was used plays a critical role in gyrase function. It also shares
for converting the gene sequence into amino acid significant relation with the B,D,F and H fragment of
sequence. Sequence similarity search with BLASTP [16] crystal structure of Gyrase bound to its inhibitor YACG
and best homologous protein was found using the and 3.5A Crystal structure of the catalytic core of
multiple sequence alignment. Secondary structure of the S.aureus DNA gyrase. The EC TR33 isolate contains 133
protein sequences were predicted using SOPMA tool [17]. aminoacid  residues  and  it  produced significant

RESULTS chain A fragment of 3.5A Crystal structure of the catalytic

The isolate EC1 showed maximum identity of 100% fragment of crystal structure of Gyrase bound to its
with the Escherichia coli gyrase A subunit. The inhibitor YACG. 
sequence of the isolate TR32 showed 100% identity with
the Escherichia coli TR33 Gyrase B subunit. The Secondary Structure Prediction: The secondary
phylogenetic tree revealed evolutionary relation between structure of the protein sequences was predicted from the
the sequences while the nucleotide sequence alignment raw sequence using the tool SOPMA.

against the protein databank database using BLASTp, the

alignment with the crystal structure of the N-terminal

alignment with the Chain B fragment of E. coli Gyrase B,

core of S.aureus DNA gyrase and the B, D, F and H

10 20 30 40 50 60 70
| | | | | | |
LKPVHRRVLYAMNVLGNDWNKAYKKSARVVGDVIGKYHPHGDLAVYNTIVRMAQPFSLRYMLVDGQGNFG
ccccchhhheehhhhttchhhhhhhhhhhhhhheeccccccchhhhhhhhhhccttteeeeeecccccee
SIDGDSAAAMRYTEIRLAKIAHELMA
eeccchhhhhhhhhhhhhhhhhhhhh
Sequence length of Escherichia coli strain EC1: 96
SOPMA:
Alpha helix (Hh): 54 is 56.25%
3  helix (Gg): 0 is 0.00%10

Pi helix (Ii): 0 is 0.00%
Beta bridge (Bb): 0 is 0.00%
Extended strand (Ee): 14 is 14.58%
Beta turn (Tt): 5 is 5.21%
Bend region (Ss): 0 is 0.00%
Random coil (Cc): 23 is 23.96%
Ambiguous states (?): 0 is 0.00%
Other states: 0 is 0.00%
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Fig. 1: Chromatographical representation of the secondary structure of Escherichia coli strain EC1

The secondary structure prediction of Escherichia coli strain TR32
10 20 30 40 50 60 70
| | | | | | |
KDKLVSSEVKSAVEQQMNELLAEYLLENPTDAKIVVGKIIDAARAREAARRAREMTRRKGALDLAGLPGK
cchhhhhhhhhhhhhhhhhhhhhhhhccttcceeeehhhhhhhhhhhhhhhhhhhhhhtcceehttccth
LADCQERDPALSELYLVEGDSAGGSAKQGRNRKNQAILPLKGKILNVEKARFDKMLSSQEVATLITALGC
hhhhhcccthhhheeeeccccttcccccccccttceeeeettceeeechhhhhhhhhhhhhhhhhhhhtc
Sequence length: 140
SOPMA:
Alpha helix (Hh): 77 is 55.00%
3  helix (Gg): 0 is 0.00%10

Pi helix (Ii): 0 is 0.00%
Beta bridge (Bb): 0 is 0.00%
Extended strand (Ee): 19 is 13.57%
Beta turn (Tt): 14 is 10.00%
Bend region (Ss): 0 is 0.00%
Random coil (Cc): 30 is 21.43%
Ambiguous states (?): 0 is 0.00%
Other states: 0 is 0.00%

Fig. 2: Chromatographical representation of the secondary structure of Escherichia coli strain TR32.
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The secondary structure of Escherichia coli strain TR33

10 20 30 40 50 60 70
| | | | | | |
KDKLVSSEVKSAVEQQMNELLAEYLLENPTDAKIVVGKIIDAARAREAARRAREMTRRKGALDLAGLPGK
cchhhhhhhhhhhhhhhhhhhhhhhhccttcceeeehhhhhhhhhhhhhhhhhhhhhhtcceehttccth
LADCQERDPALSELYLVEGDSAGGSAKQGRNRKNQAILPLKGKILNVEKARFDKMLSSQEVAT
hhhhhcccthhhheeeeccccttcccccccccttceeeeettceeeechhhhhhhhhhhhhhh
Sequence length : 133
SOPMA:
Alpha helix (Hh): 72 is 54.14%
3  helix (Gg): 0 is 0.00%10

Pi helix (Ii): 0 is 0.00%
Beta bridge (Bb): 0 is 0.00%
Extended strand (Ee): 19 is 14.29%
Beta turn (Tt) : 13 is 9.77%
Bend region (Ss): 0 is 0.00%
Random coil (Cc): 29 is 21.80%
Ambiguous states (?): 0 is 0.00%
Other states: 0 is 0.00%

Fig. 3: Chromatographical representation of the secondary structure of Escherichia coli strain TR33

DISCUSSION AND CONCLUSION using Gyrase-A and B- coded protein as a potential target.

Molecular identification of Gram negative organisms bioinformatics tools and queried against the nucleotide
including Escherichia coli is gaining importance due to database using the BLAST algorithm [22]. The BLAST
their rapid and accurate results in identifying the analysis revealed homology with the available
pathogens [18, 19]. In infections due to Gram negative Escherichia coli gyrA and B gene sequence in the
bacteria including Escherichia coli, the PCR based Genbank. The sequence similarity confirms the isolates as
amplification of target sequence is carried out mainly for Escherichia coli. The first isolate produced 100%
identifying the resistance coding genes [20, 21]. The homology with Escherichia coli Gyrase A coding partial
present study is aimed at analyzing Gyrase gene of codons. The second isolate was 100% identical with the
Escherichia coli and modelling of the respective protein, Escherichia coli TR32 gyrB coding genes. Alignment of
which will be of great interest in designing of antibiotic the sequences of fragments defining the QRDR in the gyr

The sequences obtained were analyzed using



Intl. J. Microbiol. Res., 6 (3): 230-235, 2015

234

A genes showed high degree of homology while the REFERENCES
protein sequences queried against the protein databank
sequences also revealed significant similarities with EC1 1. Moniri, R. and D. Kamran, 2005. Fluoroquinolone-
producing significant alignments with the crystal resistant Escherichia coli isolated from healthy
structure of the N-terminal domain of GyrA , a domain broilers with previous exposure to fluoroquinolones:
insertion in Escherichia coli Gyr B and crystal structure Is there a link? Microbial Ecology in Health and
of Gyrase bound to its inhibitor YACG. The EC TR32 Disease, 17: 69-74.
isolate contains 140 amino acid residues and shares 2. Blanco, J., M. Blanco, A. Mora and J. Blanco, 1997.
significant  relationship  with domain insertion in E. coli Prevalence of bacterial resistance to quinolones and
GyrB which adopts a novel fold that plays a critical role in other antimicrobials among avian Escherichia coli
gyrase function, 3.5A Crystal structure of the catalytic strains isolated from septicemic and healthy chickens
core of S.aureus DNA gyrase and B,D,F and H fragment in Spain. J. Clin Microbiol., 35: 2184-2185.
of crystal structure of Gyrase bound to its inhibitor 3. McDonald, L.C.F.C., L.O. Hsiu-Jung, Y. Hsiao-
YACG. On the other hand, the EC TR33 isolate contains Chuan, L.U. Po-Ling and H. Cheng-Hua, 2001.
133 amino acid residues and it produced significant Emergence of reduced susceptibility and resistance
alignment with the chain B fragment of E. coli Gyrase to fluoroquinolones in Escherichia coli in Taiwan
B,D,F and H fragment of crystal structure of Gyrase and contributions of distinct selective pressures.
bound  to  its inhibitor YACG and chain A fragment of Antimicrob Agents Chemother., 45: 3084-3091. 
3.5A Crystal structure of the catalytic core of S. aureus 4. Tuber,  M.,  1999.  Spread  of   antibiotic  resistance
DNA  gyrase.  This  significant  relationship  observed with  food-borne   pathogens.   Cell  Mol.  Life  Sci.,
with the other gyrase enzymes may not be unconnected 56: 755-763. 
to the fact that the primary structures of the A and B 5. Diekema, D.J., M.A. Pfaller, R.N. Jones, G.V. Doern,
subunits of DNA Gyrase are conserved among P.L. Winokur and A.C. Gale, 1990. Survey of
prokaryotes probably because of the essential function of bloodstream infections due to gram-negative bacilli:
Gyrase  enzymes  [23]. The  templates that showed high frequency of occurrence and antimicrobial
percentage of identity with all the isolates were B, D, F susceptibility of isolates collected in the United
and H fragment of crystal structure of Gyrase bound to its States, Canada and Latin America for the SENTRY
inhibitor YACG. This however, may be due to the Antimicrobial  Surveillance Program. Clin Infect Dis.,
conservation of the QRDR and its flanking region. The 29: 595-607. 
prediction of secondary structure of Escherichia coli 6. Gales, A.C., R.N. Jones, G.A. Kelley, H.S. Sader,
Gyrase  coding  gene  was  carried  out  using  SOPMA. W.W. Wilke and M.L. Beach, 2000. Activity and
The  isolates  contain comparatively higher alpha helix spectrum  of  22   antimicrobial   agents  tested
than Beta turn. Beta turns  are  present  in  less against urinary tract infection pathogens in
percentages  of   5.21-10%. This  knowledge  is  important hospitalized patients in Latin America: Report from
as  it  helps   us  design low-molecular-weight synthetic the second year of the SENTRY Antimicrobial
agents that reproduce their  essential  features  by using Surveillance Program (1998). J. Antimicrob
synthetic agents to mimic the helices. This also in Chemother., 245: 295-303.
particular, has immense interest in drug discovery 7. Hooper, D.C., 2003. Mechanisms of quinolones
because of the central role that the a-helical regions play resistance. In: Hooper DC, Rubenstein E. eds.
in  many  biological  processes.   Again,  information Quinolone antimicrobial agents. 3  edn. Washington,
about the amino acid residues in the Gyrase QRDR DC: American Society for Microbiology Press 41-67.
determining region is needed to study the binding of 8. Webber, M.A. and L.J.V. Piddock, 2001. Absence of
target drugs in these regions. This is because changes in mutations in mar RAB or sox RS in acrB-
these  residues  results in the modification of drug binding overexpressing fluoroquinolones-resistant clinical
sites. In conclusion, this study confirmed the and veterinary isolates of Escherichia coli.
conservation of QRDR coding regions in prokaryotes and Antimicrob Agents Chemother, 45: 1550-1552.
the possibility of targeting the alpha helix in case of drug 9. Poole, K., 2005. Efflux-mediated antimicrobial
development. resistance. J. Antimicrob Chemother., 56: 20-51.

rd



Intl. J. Microbiol. Res., 6 (3): 230-235, 2015

235

10. Ruiz, J., J. Gomez, M.M. Navia, A. Ribera, J.M. Sierra, 17. Tamura, K., J. Dudley and M. Nei, 2007. MEGA 4:
F. Marco, 2002. High prevalence of nalidixic acid Molecular Evolutionary Genetics Analysis (MEGA)
resistant, ciprofloxacin susceptible phenotype software version 4.0. Molecular Biology and
among clinical isolates of Escherichia coli and other Evolution, 24: 1596-1599.
Enterobacteriaceae. Diagnostics Microbiology and 18. Patel, J.B., 2001. The 16S rRNA gene sequencing for
Infectious Disease, 42: 257-261. bacterial pathogen identification in the clinical

11. Piddock, L.J.V., 2006. Multidrug-resistance efflux laboratory. Mol. Diagn., 6: 313-321. 
pumps-not just for resistance. Nature Reviews 19. Clarridge, J.E., 2004. Impact of 16S rRNA gene
Microbiology, 4: 629-36. sequence analysis for identification of bacteria on

12. Jacoby, G.A., 2005. Mechanisms of resistance to clinical microbiology and infectious diseases. Clin.
quinolones.    Clinical      Infectious    Diseases, Microbiol. Rev., 17: 840-862. 
41(S2): S120-S126. 20. Trotha, R., T. Hanck, W. Konig and B. Konig, 2001.

13. Martinez-Martinez, L., A. Pascual, I. Garcia, J. Tran, Rapid ribosequencing; an effective diagnostic tool
G.A. Jacoby, 2003. Interaction of plasmid and host for detecting microbial infection. Infection, 29: 12-16.
quinolone  resistance.   J.  Antimicrob   Chemother., 21. Nemec, A. and L. Krizova, 2012. Carbapenem-
51: 1037-.1039 resistant Acinetobacter baumannii carrying the

14. Wang, M., D.F. Sahm, G.A. Jacoby, Y. Zhang and NDM-1  gene,  Czech  Republic,  2011. Euro Surveill,
D.C. Hooper, 2004. Activities of newer quinolones pp: 17-20.
against Escherichia coli and Klebsiella pneumoniae 22. Teo, J., G. Ngan, M. Balm, R. Jureen, P. Krishnan and
containing the plasmid mediated quinolone R. Lin, 2012. Molecular characterization of NDM-1
resistance determinant qnr. Antimicrob Agents producing Enterobacteriaceae isolates in Singapore
Chemother, 48: 1400-1401. hospitals. Western Pac Surveill Response J., 3: 19-24.

15. Musser, J.M., 1995. Antimicrobial agent resistance in 23. Deshmukh, S.R., P. Chunarkar and M.D.A. Islam,
mycobacteria: molecular genetic insights. Clin 2013. In silico analysis of gyrase subunits A and B in
Microbiol. Rev., 8(4): 496-514. Prokaryotes. Int J. Pharm. Pharm Sci., 5(4): 339-345.

16. Altschul,  S.F.,  W.  Gish   and   W.   Miller,  1990.
Basic  local  alignment  search  tool.  J.  Mol.  Biol.,
215: 403-410.


