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Abstract

Background: Fluoroquinolones are the most effective antibiotics against Staphylococcus aureus isolates. In hospitals,
excessive use of antibiotics has led to the emergence of highly resistant strains of S. aureus isolates. Objective: The
aim of this study was to detect the mutations that occur in the gyrA gene encoding for DNA gyrase, which is one of
the targets for fluoroquinolone resistance. Methods: Fifty clinical isolates were diagnosed as S. aureus according to
molecular and bacteriological methods. The susceptibility tests were performed on all bacterial isolates by the disc
diffusion method using methicillin and six fluoroquinolone antibiotics. Results: Out of fifty isolates, twelve were
resistant to methicillin and all six antibiotics (nalidixic acid, lomefloxacin, ciprofloxacin, norfloxacin, ofloxacin, and
levofloxacin). From the fifty isolates, 12 were resistant, 3 were intermediate, and 38 were sensitive to three or more
tested antibiotics. The resistance of S. aureus isolates was also confirmed by the minimum inhibitory concentration
test. The main sources of isolates were burns (10%), nose (16) wounds (8%), operation room (10%), ear (20%), urine
(8%), skin (6%), and throat (22%). Twelve resistant isolates were used to examine the mutations in the gyrA gene. A
direct sequence analysis found eight mutations in the gyrA gene; these mutations included 2 (25% missense
mutations), 1 (12.5%) deletion mutation, and 5 (62.5%) silent mutations at various sites. Conclusion: gyrA mutations
resulting from the excessive use of antibiotics may be one of the mechanisms leading to fluoroquinolone resistance.
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INTRODUCTION

Antibiotic resistance indicates the ability of bacteria to
survive the effects of drug treatment. Bacterial
resistance was developed naturally due to genetic
mutations or natural selection. The bacteria might
evolve a mechanism to eliminate them and grow in the
presence of antibiotics [1]. Staphylococcus aureus is a
gram-positive, round-shaped bacterium that is found
in the natural, normal flora of the human body. It is
located in the skin, nose, and respiratory tract of
humans [2]. Many of the coding genes for antibiotic
resistance were located on mobile genetic elements
(MGEs), considering the horizontal transfer of these
genes between Staphylococcus aureus and other
staphylococci species [3]. Generally, for the time
being, S. aureus strains were resistant to penicillin
groups and popular antibiotics such as tetracycline,
fluoroquinolones, macrolides, aminoglycosides, and
chloramphenicol. The mucosal surfaces were the
favorite sites for S. aureus, like the throat,
gastrointestinal tract, and vaginal wall [4].
Transportation of the bacterium from the nose occurs
due to nose picking dispersing to other hosts or
mucosal surfaces of the other body. The
fluoroquinolone family is a synthetic compound
containing a core that has a bicyclic structure used to
treat many types of bacterial Gram-negative, Gram-
positive, and other types of infections with anaerobic
microorganisms [5]. The primary actions of
fluoroquinolones were to inhibit the nucleic acid
synthesis of bacteria by causing damage to the active
sites of DNA gyrase and topoisomerase IV enzymes
or the separation of chromosomes [6]. The resistance
of S. aureus to fluoroquinolones has been acquired
like other types of antibiotics due to two types of
mechanisms: the first mechanism is mutations that
occur in the bacterial encoding genes for DNA gyrase
or topoisomerase 1V by alterations in antibiotic genes;
the second mechanism is acquisition; mutations of
resistance genes come from many sources, like
plasmid acquisition from resistant strains, which have
many pathways for resistance, or from other
environments [7]. The aim of the study is to detect the
mutations in the gyrA gene that may be leading to
fluoroquinolone resistance in S. aureus strains.

METHODS
Isolation and
aureus

identification of Staphylococcus

A total of 185 bacterial specimens of burns, wounds,
urine, skin infections, operation room noise, ear, and
throat were collected aseptically from various clinical
sources, and swap specimens were transferred to the
laboratory under cooling conditions. Specimens were
cultured in mannitol salt agar (MSA) and chrome agar
and incubated at 37°C for 24 hours under aerobic
conditions (Table 1). All the S. aureus isolates are
subjected to different biochemical and morphological
tests, in addition to the VITEK2 system, to ensure
their identity [8].
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Table 1: Sources and percentages of Staphylococcus aureus
samples and isolates

Sample source Number of Number of isolates
samples n(%)
Burn 23 5(10)
Ear 25 10(20)
Nose 21 8(16)
Operation room 20 5(10)
Skin 28 3(6)
Throat 23 11(22)
Urine 18 4(8)
Wound 27 4(8)
Total 185 50(100)

Antibiotic susceptibility of Staphylococcus aureus

Kirby-Bauer disc diffusion was the basic method used
for bacterial investigation for susceptibility testing. It
was used to detect the most effective bacterial therapy
technique on Muller-Hinton agar media. In this study,
disc diffusion was used for fifty S. aureus isolates
against methicillin and fluoroquinolone antibiotics
(Nalidixic ~ Acid,  Ciprofloxacin,  Norfloxacin,
Ofloxacin, Lomefloxacin, and Levofloxacin) [9,10].
Fifty Staphylococcus aureus isolates identified
previously were cultured in nutrient broth to get
turbidity equal to McFarland and incubated for 24
hours at 37°C. Then immerse a sterile cotton swab in
a nutrient broth tube. Streaked the cotton swab on
Muller-Hinton agar media in several directions from
the plates. Place the plates at room temperature and
wait for 10 minutes for complete absorption. Then, via
antibiotic forceps, press discs of antibiotics on agar.
Only four discs were placed in the plate. After fifteen
minutes of discs being applied, incubate the plates for
24 hours at 37°C. The inhibition zone diameters of
isolates were compared with CLSI 2021 [11].
Determination of minimum
concentrations

inhibitory

Based on the CLSI, 2021 [11], the agar dilution
method was used to find the minimum inhibitory
concentration (MIC) for S. aureus isolates that were
resistant. Nine-fold dilutions (0.25 to 64 pg/ml) were
prepared for  Ciprofloxacin, Ofloxacin, and
Levofloxacin; nine-fold dilutions (0.5 to 128 pg/ml)
were prepared for Cefoxitin and Lomefloxacin; nine-
fold dilutions from 1 to 256 pg/ml were prepared for
Norfloxacin; and nine-fold dilutions from 2 to 512
pg/ml were prepared for Nalidixic acid using D.W.
Prepare Muller-Hinton agar (MHA) and sterilize in an
autoclave, then cool to 45°C. After mixing the media
well, pour it into Petri dishes. Take three colonies by
using a sterile loop and transfer them into a tube of
Brain Heart infusion broth. Incubate at 37°C for 24
hours; it should be equal to the 0.5 McFarland
standard. Add 1 ml of broth and dilute with normal
saline (1:10), then place 100 microliters from each
inoculum on the agar surface via a micropipette.
Leave plates to dry for 10 minutes, and make wells on
each agar plate by using Cork Borer agar. Label the
tubes with the concentration of diluted antibiotics on
each agar plate to identify the activity of diluted
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antibiotics and their concentration in every well by
placing 75 pl of each dilution in each well. The plates
were basically incubated neatly overnight. incubate
for 24 hours at 37°C and use one plate of MHA
without antibiotics as a control [12].

Amplification of gyrA gene

The extraction of bacterial DNA (template) was
carried out for fifty S. aureus isolates with the
Wizard® Genomic DNA Purification Kit (Promega,
USA). In PCR amplification, 25 pl was performed by
using 3ul of DNA template, 9.1 pl nuclease-free
water, 12.5 pl of PCR 2X Master Mix Kits, and 0.2 pl
of each oligonucleotide (10 uM) primers that we
designed for the gyrA gene with the following
sequence: gyrA F: GAACAAGGTATGACACCGGA
gyrA R: AATACGTTGACGTCCGCC. A thermo-
cycler device (Eppendorf, Germany) was used with
the appropriate conditions (Table 2). After that, 5 ul
of PCR product for the sample was analyzed using gel
electrophoresis on 1% (w/v) Tris-acetate buffer
agarose gel containing 0.5 pg/mL of ethidium
bromide.

Table 2: The optimal conditions of PCR amplification

Step No. of Temperature Time
Cycles (°C) (Sec)
Initial 1 94 300
Denaturation
Denaturation 94 30
Annealing 30 58 30
Extension 72 30
Final-Extension 1 72 600

Note: the annealing temperature for fluoroquinolone resistance
gene (gyrA) was 58°C.

DNA Sequencing

Twenty microliters of PCR products that screened the
gyrA gene and primers were sent for DNA sequencing
to Macrogen Company in Korea. The resulting
sequences of S. aureus isolates were aligned by
BioEdit software and compared with NCBI databases
to test the presence of mutations in the gyrA gene [13].

RESULTS

One hundred eighty-five bacterial samples were
gathered from different clinical sources. Of these, only
Table 4: Actual MIC ranges for S. aureus resistance isolates

gyrA gene mutation in Staphylococcus aureus

fifty samples, or 27% of the total isolates, were
subjected to the standard biochemical tests and
morphology characteristics of S. aureus strains. There
were fifty isolates that turned phenol red to golden
yellow and formed colonies that were yellow. This
was because they were able to handle the high salt
levels in the MSA-selective medium (Mannitol salt
agar). These biochemical reactions gave the typical
characteristics of S. aureus strain morphology [14].
The basic biochemical tests used for specimens
showed a positive reaction for catalase, coagulase,
MR-VP, and Voges-Proskauer tests. However, it gave
a negative reaction for oxidase tests. To ensure
identification of Staphylococcus aureus, we used the
VITEK2 system [8]. The main sources of S. aureus
isolates were burns (10%), nose (16%) wounds (8%),
operation room (10%), ear (20%), urine (8%), skin
(6%), and throat (22%). All S. aureus isolates were
subjected to primary identification tests using
different biological methods (gram staining, cultural
characteristics, and biochemical tests). All bacterial
isolates were subjected to the VITEK2 system to
identify suspected bacteria at the species level. In this
study, antibiotic disc diffusion was used in fifty S.
aureus isolates against methicillin and
fluoroquinolone antibiotics. The tested S. aureus
isolates revealed various ranges of susceptibility and
resistance to six antibiotics. The inhibition zones were
compared with the CLSI (2021) diameter of the isolate
(Table 3) [11].

Table 3: Antibiotics susceptibility of S. aureus isolates to
Fluoroquinolones antibiotics and percentage of each antibiotic

Antibiotic S % | % R %
Ciprofloxacin 38 76 0 0 12 24
Levofloxacin 38 76 0 0 12 24
Lomefloxacin 34 68 4 8 12 24
Nalidixic acid 20 40 2 4 28 56
Norfloxacin 38 76 0 0 12 24
Ofloxacin 38 76 0 0 12 24

Note: S = Sensitive, | = Intermediate, R = Resistance.

Of the fifty S. aureus isolates, 12 were resistant to all
selected antibiotics in this study. These isolates were
subjected to MIC tests in accordance with antibiotic
disc  diffusion, depending on the CLSI
recommendations [14]. Take into account the
diameter inhibition zones of each antibiotic by
comparing them to the standard diameters of CLSI
2021 (Table 4).

Resistant Isolates

Actual MIC range (pg/ml)

Source No. NA cIp NOR OFX LOM LEV FOX
Bum 1 64 05 16 32 512 16 128
4 512 2 32 64 512 32 128
Ear 9 512 1 32 128 256 32 32
Nose 16 512 1 32 32 256 32 128
17 512 2 32 32 512 32 64
Operation room 24 512 1 32 64 512 32 64
Skin 29 512 2 32 64 512 32 128
32 1024 1 64 32 64 16 64
Throat 42 512 2 32 32 512 32 256
Urine 43 32 2 64 64 128 32 64
47 128 1 16 32 32 32 128
Wound 50 1024 1 32 1024 16 64
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The fluoroquinolone-resistant isolates were associated
with the gyrA 660 bp gene. They were amplified by
conventional PCR techniques based on annealing
temperature. In agarose gel electrophoresis, the PCR
product of this gene appears as clear bands with the
same molecular size as the gene (660 for gyrA) (Figure
1).

Figure 1: An agarose gel stained with Ethidium Bromide
dye showing PCR products with gyrA gene 660bp primers
for an extracted DNA. The electrophoresis process resulted
at 70 volts for 70 min. Lanel and lanel6 for DNA marker
(100-1000 bp), Line 2, Lane3 : Negative control, Lane 4-15:
represented for a band of the positive results of amplified
PCR product (660 bp).

The gyrA nucleotide sequences were analyzed using
program software (Bio-Edit) when using the toggle
translation option from the alignment menu. The
sequence alignment was used to detect the alterations
or any changes in the nucleotides of S. aureus isolates
(Figure 2). The mutations occurred in many amino
acids and nucleotides due to alterations or
substitutions, as mentioned in Table 5. In gyrA
alignment experiments on amino acid sequences of S.
aureus resistant isolates between mutant and wild-
type (RF122), many positions of mutation were
detected, including Phel10Ser, Alal19Ser, and
Alal19X [15]. Silent mutations (Leul67Leu,
Glu211Glu, Pro219Pro, Thr132Thr, and Arg323Arg)
(Figure 3).

DISCUSSION

Catalase is a catalytic enzyme that decomposes
hydrogen peroxide into water and oxygen. Then, it
prevents the toxic metabolites from accumulating. The
S. aureus isolates differentiated from other
Streptococcus genera by giving a positive catalase
reaction [16]. S. aureus gave a negative reaction to the
oxidase enzyme, which differentiated it from other
Micrococcus genera. They were subjected to
coagulase reactions that differentiated between S.
aureus species (positive coagulase) and other
Staphylococci species (negative coagulase) due to the
reaction of coagulase enzymes of bacteria with
prothrombin ~ of human blood to form
staphylothrombin (clot of blood), which led to
converting the fibrinogen into fibrin [17].
Staphylococcus aureus isolates gave positive results
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in the methyl red reaction and the VVoges-Proskauer
reaction [18]. In this study, the percentage of
resistance isolates to Ciprofloxacin, Norfloxacin,
ofloxacin, and levofloxacin antibiotics was 12% of the
total fifty S. aureus isolates. These results did not
relate to the antibiotic sensitivity of Al-Marjani et al.
[19], who showed that 16% of bacterial isolates were
resistant to Ciprofloxacin antibiotics, and disagreed
with Al-Jebouri and Mdish [20], who showed that
40% of bacterial isolates were resistant to
Ciprofloxacin, disagreed with Rong et al. [21],
Ikeagwu et al. [22], who showed 6.7% resistance to
norfloxacin, 35% resistance to ofloxacin, and 40% to
levofloxacin. Lomefloxacin antibiotics 24% of S.
aureus isolates were resistant; this case disagreed with
Abd El-Tawab [22], who found 12% of S. aureus
isolates were resistant to lomofloxacin. In nalidixic
acid, the results showed that 56% of S. aureus isolates
were resistant, 40% were sensitive, and 4% were
intermediate. These results disagreed with Khaleel et
al. [23], who showed all S. aureus isolates (100%)
were resistant to nalidixic acid. The 12 resistant
isolates in the disc diffusion method were subjected to
MIC tests. The results presented test that of S. aureus
isolates were resistance to nalidixic acid and
Lomefloxacin at MIC ranged 32, 64, 128, 512, and
1024 pg/ml, and the highest MIC in wound and throat
(1024 pg/ml). However, the lower MIC range can be
seen in Ciprofloxacin antibiotics in the range of 0.5,
1.0, and 2.0 pg/ml, specifically in burn samples with
0.5 pg/ml. While S. aureus isolates were resistant to
other types of fluoroquinolone antibiotics that ranged
from 8-512 pg/mL, In this study, the PCR method was
completed at a 58°C annealing temperature. The 12
resistant isolates to fluoroquinolone antibiotics group
showed a clear band in agarose gel with the same
molecular weight of gyrA primer that compared with
DNA ladder (1_kb DNA Ladder, BIORON_GmbH,
Germany) at 70 volts for 70 min. However, after the
DNA sequencing of 12 isolates of resistance to six
tested fluoroquinolone antibiotics, mutations were
identified in 12 S. aureus isolates located with the
gyrA gene at various positions. In the gyrA gene, there
were identified 5 (62.5%) silent mutations, 2 (25%),
missense mutations, and 1 (12.5%) deletion mutation
at various positions. Eight mutations in the gyrA gene
occurred in codons 329, 355, 355, 396, 501, 633, 657,
and 696. While in gyrA alignment experiments on
amino acid sequences of S. aureus resistant isolates
between mutant and wild type, many positions of

mutations, including  Phel10Ser, Alal19Ser,
Alal19X, and Thr132Thr, occurred in 12.5% of one
resistance isolate. Leul67Leu, Glu211Glu,

Pro219Pro, and Arg323Arg occurred in 100% of
isolates in the entire DNA gyrase subunit A (gyrA).
The changes in amino acids disagreed with Hashem et
al. [24], who found these mutations in gyrA Ser84Leu,
lle86lle, LeulO3Leu, Glu88Lys, Glyl06Asp, and
Ser112Arg. The results were not related to McCurdy
et al., who found point mutations in gyrA; seven of
these mutations were Ser84Leu, and other mutations
were Glu88Lys and Ser85Pro [25].
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Table 5: All amino acids and nucleotides with alterations in the gyrA gene

Number of mutant Nucleotide Amino Acid Mutation type
isolates Position Changed codon Position Changed amino acids P
42 329 TTT-TCT 110 F-S Missense
50 355 GCA-TCA 119 A-S Missense
50 355 GCA 119 A-X Deletion
50 396 ACA-ACT 132 T-T Silent

1-50 501 TTA-TTG 167 L-L Silent
1-50 633 GAA-GAG 211 E-E Silent
1-50 657 CCA-CCT 219 P-P Silent
1-50 696 CGC-CGT 232 R-R Silent
250 260 270 280 2350 300 310 320

SRR -1 I- -1 I- -1 -1 - -1 -1 - L 1 -1 - -1 I----1
Tref. CATGG'TGACT CA'I'CTATTTA '!‘GAAGCAATG G’I‘ACGI'ATGG CTCAAGAT’I-I‘ (‘A.G'I-TA'I'CGT TATCCGC'I'I'G 'l"!'GATGGCCA

330 340 350 360 370

1----1 | IR S | I e | I - 1
ref. AGGTAAC'I"I’"P GG'I‘TCAA’I‘GG ATGGAGATGG CGCAGCAGCA ATGCG"I‘TATA

570 580 590 600 610 620 630 640
[ B | I - 1 D e I | I T B I | R | R S |
ref. CTTAACAGAA TTAATQ\ATG G'I'GTAC'I"I‘AG C'I"I'AAGTAAG AACCC'I'GATA '!"I‘TOAA'I"I‘GC TGAGTTAATG GAAGATA’I‘TG

730 740 750 760 770 780 7950 800

«be-- 1 «eleeca-l 1 1 P B | B B | PR | - 1 eleaaaal
GAACGTGGAG GCCGACGTCA ACGTATTGTT GTCACTGAAA TTCCTTTCCA

Figure 2: DNA Nucelotide sequences alignment of S. aureus isolates with its corresponding reference sequence of the gyrA gene by BioEdit
software, with alterations in each isolate (Table 5). Ref= Reference sequence of gyrA gene of S. aureus strain RF122 (Wild type). The symbol "s"
indicates to resistant isolates.
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ce 100 11e 120 130 14e 1s5@ 160
B L e B B I I e e I B e I B L I B B
ref. HGDSSIVEAM VRMAQDFSYR YPLVDGOGNF GSMDGDGAAA MRYTEARMTK ITLELLRDIN KDTIDFIDNY DGNEREPSVL
ST —-————————— ————— FSYR YPLVDGQGNF GSMDGDGAAA MRYTEARMTK ITLELLRDIN KDTIDFIDNY DGNEREPSVL
L I FSYR YPLVDGOGNF GSMDGDGAAA MRYTEARMTK ITLELLRDIN KDTIDFIDNY DGNEREPSVL
BT s e e e FSYR YPLVDGOGNF GSMDGDGASA MRYTEARMIK ITLELLRDIN KDTIDFIDNY DGNEREPSVL
o FSYR YPLVDGQGNF GSMDGDGAAA MRYTEARMTK ITLELLRDIN KDTIDFIDNY DGNEREPSVL
S5 @ —————————— - FSYR YPLVDGQGNF GSMDGDGAAA MRYTEARMTK ITLELLRDIN KDTIDFIDNY DGNEREPSVL
S6é ————————— - ———— FSYR YPLVDGOGNF GSMDGDGAAA MRYTEARMTK ITLELLRDIN KDTIDFIDNY DGNEREPSVL
S7 e mmmmm—— —— - FSYR YPLVDGQGNF GSMDGDGAAA MRYTEARMTK ITLELLRDIN KDTIDFIDNY DGNEREPSVL
s8 -—-——-———--- -—————- FSYR YPLVDGOGNF GSMDGDGAAA MRYTEARMTK ITLELLRDIN KDTIDFIDNY DGNEREPSVL
S9 @ e —— FSYR YPLVDGOGNF GSMDGDGAAA MRYTEARMTK ITLELLRDIN KDTIDFIDNY DGNEREPSVL
S1® -—-—--—-—----- —————- FSYR YPLVDGQGNF GSMDGDGAXA MRYTEARMTK ITLELLRDIN KDTIDFIDNY DGNEREPSVL
SAF —S—m—————— ——o=o FSYR YPLVDGOGNS GSMDGDGAAA MRYTEARMTK ITLELLRDIN KDTIDFIDNY DGNEREPSVL
S12 @ ———-—mm - —————— FSYR YPLVDGQOGNF GSMDGDGAAA MRYTEARMTK ITLELLRDIN KDTIDFIDNY DGNEREPSVL

17e 180 190 200 210 220 230 2ae
L B B I e e B B e e B B I LI B R |
ref. PARFPNLLAN GASGIAVGMA TNIPPHNLTE LINGVLSLSK NPDISIAELM EDIEGPDFPT AGLILGKSGI RRAYETGRGS
= PARFPNLLAN GASGIAVGMA TNIPPHNLTE LINGVLSLSK NPDISIAELM EDIEGPDFPT AGLILGKSGI RRAYETGRGS
s2 PARFPNLLAN GASGIAVGMA TNIPPHNLTE LINGVLSLSK NPDISIAELM EDIEGPDFPT AGLILGKSGI RRAYETGRGS
s3 PARFPNLLAN GASGIAVGMA TNIPPHNLTE LINGVLSLSK NPDISIAELM EDIEGPDFPT AGLILGKSGI RRAYETGRGS
sa PARFPNLLAN GASGIAVGMA TNIPPHNLTE LINGVLSLISK NPDISIAELM EDIEGPDFPT AGLILGKSGI RRAYETGRGS
ss PARFPNLLAN GASGIAVGMA TNIPPHNLTE LINGVLSLSK NPDISIAELM EDIEGPDFPT AGLILGKSGI RRAYETGRGS
s6 PARFPNLLAN GASGIAVGMA TNIPPHNLTE LINGVLSLSK NPDISIAFLM EDIEGPDFPT AGLILGKSGI RRAYETGRGS
s7 PARFPNLLAN GASGIAVGMA TNIPPHNLTE LINGVLSLSK NPDISIAELM EDIEGPDFPT AGLILGKSGI RRAYETGRGS
s8 PARFPNLLAN GASGIAVGMA TNIPPHNLTE LINGVLSLSK NPDISIAELM EDIEGPDFPT AGLILGKSGI RRAYETGRGS
s9 PARFPNLLAN GASGIAVGMA TNIPPHNLTE LINGVLSLSK NPDISIAELM EDIEGPDFPT AGLILGKSGI RRAYETGRGS
s1 PARFPNLLAN GASGIAVGMA TNIPPHNLTE LINGVLSLSK NPDISIAELM EDIEGPDFPT AGLILGKSGI RRAYETGRGS
S11 PARFPNLLAN GASGIAVGMA TNIPPHNLTE LINGVLSLSK NPDISIAELM EDIEGPDFPT AGLILGKSGI RRAYETGRGS
S12 PARFPNLLAN GASGIAVGMA TNIPPHNLTE LINGVLSLSK NPDISIAELM EDIEGPDFPT AGF ™ _.>GI RRAYETGRGS

250 260 270 280 290 300 310 320
B e e I B e . T e L e L I e e
ref. IQOMRSRAVIE ERGGRRORIV VTEIPFQVNK ARMIEKIAEL VRDKKIDGIT DLRDETSLRT GVRVVIDVRK DANASVILNN
s1 IQMRSRAVIE ERGX-————— ———————— = —mmmm e
s2 IQMRSRAVIE ERGX-————— ———mmmmm o e m e
s3 IQMRSRAVIE ERGX-————— ——mmm oo e m e e
sa IQMRSRAVIE ERGX-————— ———————— = — e e o .
ss IOMRSRAVIE ERGX- - — - —— — oo m o e o oo e e
s6 IQMRSRAVIE ERGX-— —— —— —————— == — = — o
s7 IOMRSRAVIE ERGX-————— — - —m—mm . — e
s8 IOMRSRAVIE ERGX-————— ———————— == ———mm e —— e — e o
so IOMRSRAVIE ERGX-————— ————————— = — o m o
S10 IQMRSRAVIE ERGX- - ———— ————————— = — o m e m e m e — e
S131 IQMRSRAVIE ERGX--————— —————————— —————————— —mmm———m—— —m e — e —
S12 IQMRSRAVIE ERGX-————— ———mmm oo m o m o e e

Figure 3: Amino acid alignment of the gyrA sequences by Bio-Edit software with alterations and substitutions in each isolate.

Conclusion

The resistant isolates to fluoroquinolones were
selected to check the mutation occurrence by a direct
sequence that identified 8 mutations in gyrA gene
mutations at various positions. Some missense and
deletion mutations may be related to antibiotic
resistance in S. aureus.
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