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Background:  The  MDR  (multidrug  resistance)  tuberculosis  is  a  serious  public  health  concern.  Fluoro-
quinolones  are  in  use  to  treat tuberculosis,  but M.  tuberculosis  strains  have  now  become  resistant  due
to several  mutations  in  different  genes.  We  evaluated  mutations  in  gyrB  gene  at  amino  acid  positions
G481A  and  D505A  of M.  tuberculosis  by semi-multiplex  allele specific  (MAS)  PCR.
Methods:  The  information  on  gender,  age,  type  of  tuberculosis  (TB),  positive/negative  for  MDR-TB  and
HIV  infection  was gathered.  The  genomic  DNA isolation  from  sputum  culture  samples  (n = 53)  was  carried
out  by  non-column  based  method.  The  gyrB  mutations  were  investigated  by using  self-designed  primers
in  semi  MAS-PCR,  at mentioned  amino  acid  positions.
Results: There  were  38% male  patients  and  62%  were  female  patients.  Most  of  MDR-TB  patients  (58.5%)
were  in  the  age  between  16–30 years.  There  were 90.5%  cases  of  pulmonary  TB and  9.4%  cases  of extra
pulmonary  TB.  Only  1.8%  patients  were  co-infected  with  HIV.  The  24 samples  had  mutation  in  gyrB
gene  out  of  53  (45.28%),  on  both  of positions  of  amino  acids  Gly481Ala  and  Asp505Ala.  All  samples  had

mutations  at Gly481Ala,  whereas,  24  samples  (45.28%)  had mutations  at Asp505Ala.
Conclusion: Mutations  at  amino  acids  positions  481  and  505  were  involved  in  MDR-TB,  which  could
further  develop  into  an  extensively-drug  resistance  (XDR)  TB.  Therefore,  there  is  a  need  to  explore  all
mutations  in  gyrB gene  in  MDR-TB,  because  it can result  in  a Fluoroquinolones  resistance.

©  2019  Published  by  Elsevier  Limited  on  behalf  of King  Saud  Bin  Abdulaziz  University  for  Health
Sciences.  This  is  an open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
ntroduction

The multi-drug resistant tuberculosis (MDR-TB) and exten-
ively drug resistant tuberculosis (XDR TB) are emerging as a
ost catastrophic ailments around the world [1–4]. The multi-drug

esistant (MDR) TB is defined as a resistance against first-line anti-
uberculosis drugs, i.e., resistance to at least Isoniazid (INH) and
ifampin (RIP) [5,6]. In Pakistan, 2.0–3.2% of new cases of MDR-
B are reported each year, with 35% of post-diagnosed cases are

lready existing [7]. The MDR-TB occurs due to under or over dosage
f anti-tuberculosis drugs [5,6,8]. Primarily, the treatment of Flu-
roquinolones is important as they reduce the infection [9,10]. In
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current research, the tuberculosis patients (n = 53) with a history
of multidrug resistance (MDR) were included to evaluate muta-
tions in gyrB gene at amino acid positions G481A and D505A of M.
tuberculosis (Mycobacterium tuberculosis) by semi-multiplex allele
specific (MAS) polymerase chain reaction (MAS-PCR). There is no
report in literature about G481A and D505A mutation spectrum
in local MDR-TB patients from Pakistan. Moreover, the method
used in this study is very simple which involved semi-multiplex
allele specific PCR strategy in which we used self-designed primers
and the reported mutations were detected by using this simple
method first time. Cigarette smoking and low socioeconomic status
are considered significant risk factors for TB [11]. The immuno-
compromised patients and those undergoing chemotherapy are at

a higher risk [1,2,4]. The prevalence of extensively drug-resistant
(XDR) TB is elevating, because the use of second-line TB drugs is
also increasing. Any previous treatment with second-line drugs
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to proceed further for subsequent molecular analysis. The
genomic DNA analysis on 0.8% agarose gel was also performed
for samples. The intact DNA band showed a non-degraded
DNA.
N. Mahmood et al. / Journal of Infect

s also a major risk factor for this resistance. The World Health
rganization [12] WHO, has mentioned that worldwide, 450,000
eople had developed MDR-TB with 170,000 deaths. In 2012,
he MDR-TB cases were reported 29% from South-East Asia, 27%
rom Africa, 19% from Western Pacific regions, 26% from India
nd 12% from China. The high prevalence of MDR-TB cases were
lso found in Central Asia and Eastern Europe. In the WHO  report
12], Pakistan has been included in the list of high-burden coun-
ries for tuberculosis [12]. In Pakistan, approximately 51% cases
f tuberculosis were recorded from Punjab, 23% from Sindh, 15%
rom Khyber Pakhtunkhwa and 3.5% from Azad Kashmir and
aluchistan [13].

The genetic variations can induce drug resistance and hence
hese variations transfer from one generation to another [14]. The
rug resistance of M.  tuberculosis can be due to an insertion or dele-
ion of single base and may  also due to base substitutions [15]. A
roup of mutations may  also responsible for this resistance in MDR-
B strains [16]. The M.  tuberculosis also shows resistance against
nzymes of drug inactivation or efflux pump mechanisms [17]. In
leiotropism, many phenotypes are affected by a single gene [18]
nd mutations caused by pleiotropism that lead MDR  production
re not reported in M.  tuberculosis. A mutation in chromosomes
y sequential accumulation generates a resistance to many drugs.
ometimes, if a strain gets resistant directly by one drug, it becomes
esistant to one or more drugs without a direct exposure (i.e., cross
esistance). There is a probability that a strain can be resistant to
wo drugs on different resistance mechanisms. The rate of mutation
or Rifampin (RIF) is approximately one in one hundred and eight
rganisms [19]. The M.  tuberculosis has an efflux mechanism which
s an important factor in developing a resistance against antibi-
tics, such as Amino-glycoside, Fluoroquinolones and Tetracyclines
20]. It was mentioned by Stephan et al. [21], that certain species
f mycobacterium lack mspA gene, which encode major porins
spA Msp, and lacking this gene can increase MIC  (minimum

nhibitory concentration) of Vancomycin, Erythromycin, Ampicillin
nd Cephaloridine by 2–10 folds. The deletion of the porins MspA
nd MspC can increase the resistance against �-lactam antibiotics
nd hydrophilic Fluoroquinolones such as Norfloxacin [22]. Song
t al. [23] has mentioned that mycobacterial outer membrane pro-
eins (RB1698 and RB1973) are involved in natural resistance in

ycobacterium [23]. The acquired drug resistance in M. tubercu-
osis is also due to spontaneous mutations in chromosomal gene
24].

The Rifampin (RIF) drug targets the �-subunit of RNA poly-
erase in M.  tuberculosis and inhibits the elongation of mRNA [24].

t was mentioned by Telenti et al. [19], that Rifampin (RIF) resistant
train develops due to the mutation in rpoB gene that encodes the �-
ubunit of RNA polymerase and then conformational changes occur
n RNA polymerase. Due to this, Rifampin (RIF) shows lower bind-
ng affinity with the RNA polymerase [19,24]. The extensive drug
esistance (XDR TB) strains can be resistant to Fluoroquinolones
nd to the other injectable second-line of drugs such as Amikacin
AMK), Capreomycin (CAP) and Kanamycin (KAN) [25]. The Fluoro-
uinolones mainly affect the topoisomerase-II or DNA gyrase [26].
he DNA gyrase is tetramer and contains two �-subunits and two  �-
ubunits. The �-subunits are encoded by gyrA gene and �-subunit is
ncoded by gyrB gene [27]. Resistance against Quinolones is due to
utations occurrence in gyrA and gyrB genes [28]. Quinolones bind
ith gyrA and gyrB genes to stop DNA relaxing. Bacteria become

esistant by substituting the amino acid in the Quinolones’ binding
egion and this region is called Quinolones resistance-determining
egion (QRDR) of gyrA and gyrB genes [29,30].
d Public Health 12 (2019) 496–501 497

Materials and methods

Background information and sample collection

The information on gender, age, positive/negative for MDR-TB,
type of tuberculosis (pulmonary/extra-pulmonary) and HIV infec-
tion (positive/negative) was gathered. In this research work, fifty
three (n = 53) MDR-TB sputum culture samples were collected from
patients by informed consents. The clinical history of tuberculosis
resistance against first-line anti-tuberculosis drugs was taken. The
samples were collected from Gulab Devi Hospital, Lahore, in col-
laboration with University of Health Sciences (UHS), Lahore. After
sample collection, each sample tube was labeled with a random
number. Each sputum culture sample was mixed with 0.5 ml auto-
claved sterile water to make suspension in an autoclaved Eppendorf
tube. The Eppendorf tubes were stored at −70 ◦C for molecular
analyses. During sampling and processing of samples in molecular
work, proper biosafety conditions were followed.

Genomic DNA isolations

The genomic DNA isolation from sputum culture samples was
carried out by non-column based method from the genomic DNA
isolation kit (Gene All, Inc. Korea) with some alterations. The sus-
pension of sputum culture sample was  centrifuged at 12000 rpm
for 3 min. The supernatant was  discarded, 300 �l RL buffer was
added in bacterial cell pellet and mixed well until cell-pellet com-
pletely homogenized. The 300 �l AL buffer was  added into the pellet
and mixed well with vortex machine until it completely homog-
enized. The tubes were incubated at 37 ◦C for an hour in case of
inhomogeneous mixing of buffer with the pellet. A 3 �l of Pro-
teinase K was added into microfuge tube and incubated it at 37 ◦C
overnight. The Proteinase K was  used to degrade all types of pro-
teins from the sample. The sample containing microfuge tube was
cooled at room temperature for 5 min. The 100 �l of PP buffer was
added in tubes and mixed well by using a vortex machine to pre-
cipitate protein. The PP buffer was a protein precipitating buffer.
These samples were then incubated in a freezer at −10 ◦C for 5 min.
These samples were then centrifuged at 10,000 rpm for two min-
utes and removed the supernatant carefully. This supernatant was
then transferred into a new autoclaved and labeled microfuge tube.
The 300 �l chilled absolute ethanol was then added into the super-
natant. The solution was  gently mixed and incubated in a freezer for
an hour. This solution was centrifuged at 12,000 rpm for 8 min  after
incubation. The supernatants were immediately discarded and the
DNA pellet was dried at 50 ◦C for half an hour. After drying, the
50–100 �l injection water was added into the DNA pellet and mixed
well for 4–5 min. Finally, the DNA sample was  stored at −10 ◦C.

Quantitative & qualitative analyses of genomic DNA

The UV (ultraviolet) spectrophotometer was used to quan-
tify the isolated genomic DNA. The dilution of isolated DNA
was prepared and the optical density (OD) was  checked at
the ratio of 260 mm and 280 mm.  The DNA concentration was
determined by using following equation: [�g/ml of nucleic
acid = OD260 × 50 × dilution factor]. In 260/280 ratio with the
value above 1.5, the DNA quality was  considered good enough
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ig. 1. Physical mapping of primers on the gyrB gene (NCBI accession number L27
orward primer (gyrBD505A, 5′GAGAAAGCGCGCATCGA′3); Blue: Common reverse 

rimer designing & translation of gyrB gene

The designing of primers was performed by using the gyrB gene
equence (NCBI accession number L27512) and an oligonucleotide
roperties calculator. The BLAST analysis of designed primers was
erformed for the specificity. The gyrB nucleotide sequence along
ith its protein and its physical position of designed primers are
escribed in Fig. 1. At amino acid position 481, the Gly is converted

nto the Ala, while at amino acid position 505, Asp is converted
nto the Ala, in case of mutation. Therefore, two forward primers
nd one reverse primer were designed. The gyrBG481A forward
rimer 3′ end contained GG nucleotide, because Gly is encoded by
GT,GGC,GGA,GGG codons and Ala encoded by GCT,GCC,GCA,GCG
odons. The Gly is a normal amino acid and Ala is a mutated
mino acid. The gyrBD505A forward primer 3′ end contained GA
ucleotide, because Asp is encoded by GAC and GAT codons and
la encoded by GCT, GCC, GCA, GCG codons. The Asp is a normal
mino acid and Ala is a mutated amino acid. A common reverse
rimer gyrBR was designed as described in Fig. 1. The primers used

n current research were self-designed and confirmed by physical
apping on gyrB gene and BLAST analysis therefore, these were
utations specific primers. Secondly, these were also checked on

ealthy individuals DNA samples and no any amplification was
bserved in all healthy individuals under optimized semi multiplex
CR conditions. The designed primers were used in semi multi-
lex allele specific (MAS) PCR, the product sizes were determined
n 1.2% agarose gel. In this research, the primers for each muta-
ion type were designed and were physically mapped on gyrB gene
nd further validated by NCBI BLAST analysis. Moreover, experi-
entally, the DNA isolated from five healthy individuals were used

s control and primers did not produce any amplification in those
amples. This showed that molecular assay was validated and was
ccurate. Further, PCR was performed under aseptic conditions and
ater was also used as negative control in the PCR reactions instead

f DNA in each set of PCR reactions performed for MDR-TB patients.

n the current research, two types of negative controls were used;
ne was pure water instead of Mycobacterium tuberculosis DNA and
econd negative control was DNA of healthy individuals. In both
ypes of negative controls, no amplification was observed.
 Key: Yellow: Forward primer (gyrBG481A, 5′CTGAATTCGCAAAAAGCGG′3); Grey:
r (gyrBR, 5′TGCGAATTCCGGGTCAC′3).

The semi-multiplex allele specific (MAS) polymerase chain
reaction (PCR)

The semi multiplex allele specific PCR was carried out to detect
mutations (G481A, D505A) in the gyrB gene of M.  tuberculosis. The
PCR was  carried out for 40 cycles. The melting temperature was
55 ◦C for 1 min. In PCR, the initial denaturation was conducted at
94 ◦C for 4 min, denaturation at 93 ◦C for 30 s, annealing at 55 ◦C for
1 min, polymerization at 72 ◦C for 45 s and final extension was car-
ried out at 72 ◦C for 7 min. After PCR amplification, the fragments of
347 bp and 278 bp were amplified by forward primer gyrBG481A
and gyrBD505A respectively, whereas the reverse primer (gyrBR)
was common. The presence of 347 bp fragment showed no muta-
tion, whereas the absence of 347 bp fragment showed G481A
mutation in samples. Similarly, the presence of 278 bp fragment
showed no mutation, whereas the absence of 278 bp fragment
showed D505A mutation in samples. The semi multiplex allele spe-
cific PCR master mixture (45.5 �l) for each sample was prepared
by mixing PCR buffer (1X), MgCl2 (1.5 mM),  dNTPs (0.2 mM)  and
dH2O (32.5 �l) in a PCR reaction tube. Further, the 2.5 �l of puri-
fied DNA, 0.5 �l (2.5 units) of Taq DNA polymerase and 0.5 �l (50
pmols) of each of three primers were added into PCR tube to make
a total PCR mixture volume equal to 50 �l. After that, all reaction
tubes were transferred in PCR machine with predefined PCR con-
ditions for 40 cycles. After PCR, the mixture was  loaded into the
wells of 1.2% agarose gel. The DNA ladder was used to determine
the required PCR fragments sizes for mutation(s) detection. After
gel electrophoresis, the gel-documentation system was  used for gel
imaging.

Results

Clinical information for tuberculosis patients

Among 53 patients included in this study, 20 (38%) were male

and 33 (62%) were females. Most of the patients (31; 58.5%) were
infected with MDR-TB and were found in the age group of 16–30
years. This is the highest ratio of infected patients in this study.
According to the cultured sputum samples, the 48 (90.5%) patients
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Table  1
Presence and absence of mutations G481A and D505A based on amplified PCR frag-
ments of gyrB gene from sputum cultured samples of MDR-TB patients products.

S. No. Sample Number 347 band (Gly481Ala) 278 band (Asp505Ala)

1 TB-1 − +
2  TB-2 − −
3  TB-3 − −
4  TB-4 − −
5  TB-5 − −
6  TB-6 − −
7  TB-7 − −
8  TB-8 − −
9  TB-9 − −
10  TB-10 − −
11  TB-11 − −
12  TB-12 − +
13  TB-13 − +
14  TB-14 − +
15  TB-15 − +
16  TB-16 − +
17  TB-17 − +
18  TB-18 − +
19  TB-19 − +
20  TB-20 − −
21  TB-21 − −
22  TB-22 − +
23  TB-23 − +
24  TB-24 − +
25  TB-25 − −
26  TB-26 − +
27  TB-27 − +
28  TB-28 − −
29  TB-29 − +
30  TB-30 − +
31  TB-31 − +
32  TB-32 − +
33  TB-33 − +
34  TB-34 − +
35  TB-35 − −
36  TB-36 − −
37  TB-37 − +
38  TB-38 − +
39  TB-39 − +
40  TB-40 − +
41  TB-41 − −
42  TB-42 − −
43  TB-43 − +
44  TB-44 − −
45  TB-45 − +
46  TB-46 − +
47  TB-47 − −
48  TB-48 − −
49  TB-49 − +
50  TB-50 − +
51  TB-51 − −
52  TB-52 − −
53  TB-53 − −

K
m

w
s
t

Q

q

M

p
a

Table 2
The Prevalence of G481A and D505A Mutations in gyrB Gene.

Targeted Positions No. of Occurrencea Percentages Prevalence (%)

Gly481Ala (G481A) 53 100
Asp505Ala (D505A) 24 45.28
Gly481Ala (G481A) 24 45.28
Asp505Ala (D505A)

a Total Sample Size, n = 53.

Fig. 2. Semi-Multiplex PCR analysis of gyrB gene of Mycobacterium tuberculosis from
MDR-TB patients on 1.8% agarose gel electrophoresis. Lane 1: Band appears on
the position of amino acid 505 which means normal amino acid was not replaced
by  mutated amino acid (Asp505Ala). Mutation present on the position of 481.
Lane 2,3,4,5,6: both type of mutation present (Gly481Ala,Asp505Ala). Lane M:  DNA
marker. Lane-c: negative control only had water to check the contamination. Lane
7,8,9,10,11: also had both type of mutation.

Fig. 3. Semi-Multiplex PCR analysis of gyrB gene of Mycobacterium tuberculosis from
MDR-TB patients on 1.8% agarose gel electrophoresis. Lane M:  DNA marker or a
ladder sequence. Lane 1,2,3,4,5,6,7,8: showing that mutation present on the position
of  481 while on the position of 505 bands were appear which means normal amino
ey: + means amplification present and no mutation present at that position. −
eans amplification absent and mutation present at that position.

ere suffering from pulmonary TB and only 5 (9.4%) patients were
uffering from extra-pulmonary TB. The patient history showed
hat only 1 (1.8%) patient was co-infected with HIV.

uantification of DNA by UV spectrophotometer

The highest quantity of DNA was 67 ng/�L and the minimum
uantity was 20 ng/�L.

utational analysis: the gyrB gene
With PCR (polymerase chain reaction) setup, the amplified PCR
roduct was run on the 1.5% gel. Table 1 shows the presence and
bsence of bands on both amino acid positions i.e., Gly481Ala and
acid not replaced by mutated amino acid (Asp505Ala).

Asp505Ala. The 24 samples had mutation in gyrB gene out of 53
(45.28%) at both positions of amino acid: Gly481Ala and Asp505Ala
(Table 2). All samples were having mutation (100%) at amino acid
position Gly481Ala. The 24 samples (45.28%) had mutation at posi-
tion Asp505Ala (Table 2). The images of gel electrophoresis are

represented by Figs. 2–5.
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Fig. 4. 1.5% agarose gel showing PCR products. Lane M:  DNA marker. Lane 1,2,3,4,5:
had  one type of mutation. Lane 6: both type of mutation present (Gly481Ala,
Asp505Ala).

Fig. 5. The 1.5% agarose gel showing PCR products. Lane M:  DNA marker. Lane 2,3:
m
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utation are absent. Lane 3: mutation present on the position of 481 and 505 amino
cid. Lane 4,5,6: mutations are absent on the position of 481 because normal amino
cid is not replaced by mutated amino acid (Gly481Ala).

iscussion

The M.  tuberculosis has become resistant toward many drugs
nd treatment is getting difficult now. The MDR-TB is a very seri-
us public health concern. The Fluoroquinolones are used to treat
uberculosis, but M.  tuberculosis strains have also become resis-
ant to the Fluoroquinolones due to many gene(s) mutations [31].
he gyrB gene protein amino acid positions 481 and 505 were
ot studied earlier in MDR-TB patients of Pakistan. Moreover, the
ethodologically used was cost effective i.e., semi multiplex allele

pecific PCR by using self-designed primers. We  selected these posi-
ions, because, the amino acid position 481 is very close to QRD
egion of gyrB gene protein of Mycobacterium tuberculosis while,
05 is within QRD region. The main objective of this study was
o determine the Fluoroquinolones resistance in MDR  tuberculosis
atients based on mutational analysis of gyrB gene. The multidrug
esistance (MDR) tuberculosis patients were evaluated for the pres-
nce of mutations in gyrB gene at amino acid positions G481A and
505A of M.  tuberculosis by semi-multiplex allele specific poly-
erase chain reaction (MAS-PCR). This research work targeted two

ew amino acid positions 505 and 481. Pakistan stands at fifth
osition of top TB burden countries of the world [32]. Further, this
esearch work was carried out with semi multiplex allele specific
CR, which was cost-effective. In our study, 90% patients were hav-
ng pulmonary TB whereas, 9.4% were having extra-pulmonary. We
ound that MDR  tuberculosis was more reported in young individ-

als of age between 16–30 years. In the current study, the ratio
f female patients was higher (62%) as compared to male patients
38%). It was mentioned by the WHO  report [12], that although

ore TB related deaths prevail with men, but TB is considered
d Public Health 12 (2019) 496–501

among the top three causes of death in women as well. It was esti-
mated that 410,000 TB deaths had occurred in women in the year
2012 [12]. Moreover, half of HIV-positive people who died from TB
were women  [12].

The current research’s results have shown that 24 samples
(45.28%) had mutations in gyrB gene out of 53 at both positions
of amino acids i.e., Gly481Ala and Asp505Ala. All samples (100%)
had mutations at amino acid position Gly481Ala. The 24 samples
(45.28%) had mutation at the position Asp505Ala. The mutations
in gyrB gene at positions 481 and 505 can cause resistance and
can convert MDR-TB into XDR TB. The gyrase enzyme contains two
genes gyrA and gyrB and it was  found that M.  tuberculosis had a
gyrase enzyme that carries both genes gyrA and gyrB [26]. Pitak-
sajjakul et al. [33] used 35 isolates of MDR  TB; among them there
were 22 samples having mutations at gyrA (codons 88, 90, 91, 94)
and one sample had mutation at gyrB (codon 493). It is known
that the M.  tuberculosis shows drug resistance against Quinolones.
This resistance can be due to mutation in both of these genes.
The A90V, D94G and D94H mutations at gyrA and N510D muta-
tion in gyrB were responsible for resistance against Ofloxacin as
reported by Aubry et al. [26]. The mutations occur in different genes
and develop Isoniazid (INH) resistance. Zhang et al. [34] reported
mutations in following: katG, ahpC, inhA, ndh and kasA. The M. tuber-
culosis becomes resistant toward following second-line drugs TB
drugs: Viomycin, Capreomycin Amikacin and Kanamycin [35] due
to the mutation in rrs gene (A1401G) as reported by Jugheli et al.
[36]. The M. tuberculosis strains become resistant toward Capre-
omycin and Viomycin due to mutation in the tlyA gene as well [37].
Soudani et al. [9] discovered mutations in gyrA gene of gyrase in all
samples, whereas, no mutation was  detected in gyrB gene in any
sample. Yin & Yu [31] found that all M. tuberculosis strains were
having mutations in QRD region of gyrA gene at codon positions
90, 91 & 94 and only one strain had mutation in QRD region of
gyrB gene at codon position 511. It is now believed that several
mutations in different genes can prompt Fluoroquinolones resis-
tance in M. tuberculosis strains [31]. Maruri et al. [10] reviewed
different articles and mentioned that Fluoroquinolones resistance
is due to mutations in gyrA and gyrB genes. In 42 researches, 780
out of 1220 M. tuberculosis samples were found with mutations in
gyrA gene in QRDR and 17 samples had mutations in gyrB gene.
Chernyaeva et al. [38] reported mutations in gyrA and gyrB genes
of M. tuberculosis strains with both high level (54.3%) and low level
(76.9%) resistances. Chernyaeva et al. [38] found mutations in QRD
region of gyrA gene and few mutations in gyrB gene. Singh et al.
[39] also reported that M. tuberculosis becomes resistant toward
Fluoroquinolones due to mutations in gyrB and gyrA genes. Accord-
ing to the research conducted by An et al. [40], Fluoroquinolone
resistant isolates were identified and QRDR of the gyrA and gyrB
genes were used to identify the Beijing genotype of M.  tuberculosis.
They found 82.6% of isolates were having mutations in gyrAB.  They
further discovered nine other mutations in gyrB gene.

Conclusion

The mutations at amino acid positions G481A and D505A of gyrB
gene of Mycobacterium tuberculosis are involved in MDR-TB and
can be further developed into XDR-TB. Therefore, there is a need
to explore all the mutations in gyrB gene as well as in other genes
involved in MDR-TB, because they may  result in the development

of Fluoroquinolones resistance. We  recommend that the mutation
frequency at amino acid position 481 of gyrB gene protein may
be further validated in MDR-TB samples of different geographical
regions.
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