
Study of Amino Acid Alteration in graA & parC Genes in 
Quinolone Resistant Klebsiella pnemoniae

Introduction
Quinolones are a class of broad-spectrum antibiotics that 
are effective against Enterobacteriaceae. Ciprofloxacin is a 
second-generation antibiotic of fluoroquinolones which 
is effective against Gram-negative and -positive bacteria 
(1,2). DNA gyrase and topoisomerase IV are the targets 
of this drug. DNA gyrase, a type II topoisomerase that 
is required for DNA replication and transcription, is the 
primary target of fluoroquinolones in Gram-negative bac-
teria. Ciprofloxacin prevents bacterial DNA from recon-
struction, translation, and restoration through constrain-
ing DNA gyrase enzymes in Gram-negative bacteria (3,4). 
Topoisomerase IV is also as a secondary target of fluo-
roquinolones in Gram-negative bacteria (5). The resis-
tance of Gram-negative bacteria against fluoroquinolones 
occurs due to chromosomal mutations in the quinolone 
resistance determining region (QRDR) of gyrA and gyrB 
genes, which code for DNA gyrase, and parC and parE 
genes, which code for topoisomerase IV (6,7). Mutations 
in the regions of the QRDR lead to changes in the enzyme 
structure and reduction of their binding to fluoroquino-
lones. In the present study, we aimed to determine ami-
no acid alterations in gyrA and parC genes in quinolone 
resistant Klebsiella pnemoniae isolated from urinary tract 

infections in Rasht, Iran.

Materials and Methods
Test Bacteria
A total of 68 K. pneumoniae strains were isolated from 
urinary tract infections in Rasht, Iran, using convention-
al microbiological methods and confirmed by 16S rRNA 
gene amplification, as described previously (8, 9).

Identification of Ciprofloxacin Resistant Strains
Resistance of K. pneumoniae to ciprofloxacin and the MIC 
of ciprofloxacin were determined according to the Clini-
cal and Laboratory Standard Institute (CLSI) guideline. K. 
pneumoniae ATCC 10031, a standard strain, was used as 
a control. 

Detection of Mutations in gyrA and parC
Genomic DNA was extracted from each strain using a 
DNA isolation kit (CinnaGen, Iran). The extraction of 
nucleic acid was confirmed by agarose gel electrophore-
sis and subsequently used as the template DNA for poly-
merase chain reaction (PCR). PCR was performed in a to-
tal volume of 25 μL containing 0.5 μL dNTPS (10 mM), 5 
μL enzyme buffer (10×), 3 μL forward and reverse primers 
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(10 pmole), 2 μL template DNA (2 μg), 0.5 μL Pfu enzyme 
(2.5 U), and 14 μL deionized water. The gyrA and parC 
genes were amplified using specific primers (10). The 
primers used in this study are shown in Table 1.
The thermocycler program consisted of initial denatur-
ation at 94°C for 4 minutes, 30 cycles of denaturation at 
94°C for 45 seconds, annealing at 50°C for 45 seconds, and 
elongation at 72°C for 45 seconds. A final extension step 
was included for 10 minutes and the PCR products were 
detected by electrophoresis using a 1% agarose gel. 
The PCR product was sent to Bioneer Company (South 
Korea) to determine the nucleotide sequence. After de-
termining the nucleotide sequence of gyrA and parC, the 
change in base and amino acid sequences were compared 
to the standard strain of K. pneumoniae ATCC 13883 
in the GeneBank using online software such as BLAST, 
Chromas v 1.45, and CLC main workbench v3.5.

Results
Out of 68 K. pneumoniae clinical isolates, 16 isolates 
(23.5%) were phenotypically resistant to ciprofloxacin an-
tibiotic, and 10 isolates (14.7%) had high levels of resis-
tance (completely resistant in antibiogram test and MIC 
> 64 µg/mL). 
The amplifications of gyrA from ciprofloxacin resistant 
strains in the PCR reaction produced bands with an ap-
proximate length of 366 bp and from the amplification of 
parC, 312 bp bands were generated in all 10 tested isolates 
and subsequently confirmed by sequencing. Six different 
types of mutation patterns were found amongst the col-
lection analyzed (Table 2). Investigation of the sequence 
of gyrA showed that in 7 out of 10 isolates, the mutation 
results in the substitution of an amino acid. In 3 strains, a 
double mutation of Ser83Phe + Asp87Ala was observed. 
In addition, 3 other different strains had a double muta-
tion of Ser83Phe + Asp87Asn. In 1 strain, a single muta-
tion of Ser83Ile was seen. In 6 out of 10 strains, the muta-
tion in parC led to an amino acid substitution and such a 
substitution of serine to isoleucine occurred in 4 isolates 
at codon 80 and substitution of glutamic acid to lysine oc-
curred in 2 isolates at codon 84.

Discussion
In this study, of 68 K. pneumoniae strains isolated from 
urinary tract infections, 10 isolates completely resistant 
to ciprofloxacin (MIC value between 64 and 1024 µg/
mL) were investigated. Comparing nucleotide sequence of 
gyrA of the test strains with standard strain showed that 
the most common mutation occurred in codon 83 (70%). 

In 6 isolates, the mutation was a conversion of ATC to 
TTC, which led to the substitution of serine to phenylal-
anine. The second common mutation site (6 isolates) was 
in codon 87. Amongst them, 3 strains had a GAC to GCC 
conversion and the other 3 strains had a GAC to AAC 
conversion. This respectively led to the replacement of al-
anine and asparagine instead of aspartic acid, which have 
a high hydrophobicity in comparison with normal amino 
acids. In addition, one isolate had a conversion of ACC to 
ATC, which lead to a substitution of threonine instead of 
isoleucine in codon 161. Similarly, in parC, 4 isolates had 
a TCC to ATC conversion, which led to a substitution of 
threonine instead of isoleucine and 2 isolates had a GAA 
to AAA conversion, which led to a substitution of lysine 
instead of glutamic acid. The majority of ciprofloxacin re-
sistant K. pneumoniae isolates in this study (60%) showed a 
QRDR region with double mutations in codons 83 and 87 
of gyrA. This pattern was associated with high resistance 
to ciprofloxacin (MIC >256). This result is similar to Vila 
et al where they demonstrated that a mutation in codon 
87, in addition to codon 83, was associated with increased 
fluoroquinolone resistance (11). In addition, Ardebili et 
al found that double mutations in gyrA and parC showed 
a higher level of ciprofloxacin resistance compared to the 
isolates with single mutations in gyrA or parC (12).
Mutations in codons 83 and 87 of gyrA and codon 80 of 
parC are among the most common mutations of K. pneu-
moniae strains resistant to fluoroquinolones. The change 

Table 1. Oligonucleotide Primers Used for Amplification of Particular Sequences of Klebsiella pneumoniae gyrA and parC Genes

Gene Primers Amplicon Size (bp) Ref.

gyrA F: 5′ CGCGTACTATACGCCATGAACGTA 3’ 366 10

R: 5′ ACCGTTGATCACTTCGGTCAGG 3′

parC R:5' CTGAATGCCAGCGCCAAATT3' 321 10

F: 5' TGCGGTGGAATATCGGTCGC 3'

Figure 1. Agarose Gel Electrophoresis of gyrA and parC Genes PCR 
Amplicons. Lane M: 100bp DNA marker; lanes 1 and 2: 366bp 
amplicon of gyrA gene; lanes 3 and 4: 312bp amplicon of parC.
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in amino acids of 83 and 87 in the gyrA subunit of DNA 
gyrase enzyme is of special importance in the diagnosis 
of quinolone resistance such that it is reported in various 
studies (13,14). According to Heiat et al, based on Gen-
Bank data and reported studies, two codons (serine 83 and 
aspartic acid 87) in gyrA have the most frequent muta-
tions including Ser83Phe (33%), Ser 83Tyr (20%), Asp87 
Asn (25%), and Asp87Ala (8%) (15).
Norouzi et al (16) reported other different amino acid sub-
stitutions including Lys154→Arg and Ser171→Ala in gyrA 
and Ser129→Ala and Ala141→Val in parC in clinical iso-
lates of K. pneumoniae from Kerman, Iran. Mutations in 
gyrA, as the primary target of fluoroquinolones, and com-
plementary mutations in parC lead to the development 
of higher resistance levels in bacteria (17). In the present 
study, we had 3 ciprofloxacin resistant isolates that lacked 
any amino acid substitutions in gyrA. However, they had 
aSer80Ile conversion in parC. This result suggests the im-
portance of mutations in parC in ciprofloxacin-resistant 
K. pneumoniae.

Conclusion
Our results showed the high distribution of muta-
tion hotspots in gyrA and parC in local isolates of K. 
pneumoniae.
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