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1999; Gandhi et al, 2006).  Patients infected 
with these MDR-TB strains are difficult to 
treat, and this becomes increasingly more 
difficult the longer the strains are allowed 
to evolve within individuals, but also, in 
the community, the disease can spread 
to the other people the longer it remains 
undetected within individuals. For these 
reasons, an immediate prevention of the 
spread of MDR-TB strains is of utmost 
important.  

To treat MDR-TB cases, fluoroqui-
nolone drugs, including ofloxacin and 
ciprofloxacin have been currently used 
(Cambau et al, 1994). Fluoroquinolone 
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Abstract. In order to identify mutations in gyrA and gyrB genes in 92 ofloxacin-
resistant Mycobacterium tuberculosis (OFXr-MTB) clinical isolates collected from Siriraj 
Hospital, Mahidol University and Chest Disease Institute, Thailand. The quino-
lone resistance-determining regions (QRDR) of gyrA and gyrB in all 92 OFXr-MTB 
isolates were amplified using polymerase chain reaction and sequenced. There 
were 70 isolates with point mutations associated with ofloxacin resistance. In gyrA 
QRDR, 69 isolates had mutations in gyrA Gly88 (Ala/(75), Ala90 (Val), Ser91 (Pro) 
and Asp94 (Gly/Ala/His/Asn), the latter being the most common (42%). Only one 
isolate was found with mutation at position Asp495 (Asn). The other 22 isolates 
had no mutations in both gyrA and gyrB QRDR.  Thus, point mutations in gyrA and 
gyrB QRDR were responsible for OFXr-MTB clinical isolates in Thailand.
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INTRODUCTION

Tuberculosis (TB) is the cause of death 
worldwide, especially when it associated 
with AIDS pandemic, and the emergence of 
multidrug-resistant (MDR) strains of Myco-
bacterium tuberculosis, has led to increased 
fatalities rates (Bifani et al, 1996; Dye et al, 
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drugs are also being widely used to treat 
other bacterial diseases. The widespread 
use of these drugs has led to the marked 
emergence of fluoroquinolone resistant 
MTB (FQ r-MTB) in many countries (Fang 
et al, 1999; Espinal et al, 2001) and also in 
Thailand (Prachaktam et al, 2001). 

The resistance mechanism to quino-
lone drug of Mycobacterium spp has been 
associated with mutations in DNA gyrase, 
a tetrameric protein composed of two 
A and two B subunits, encoded by gyrA 
and gyrB, respectively (Cambau and Gut-
mann, 1993). Missense mutations within 
quinolone resistance-determining region 
(QRDR) in gyrA and gyrB subunits have 
been identified as being associated with 
fluoroquinolone resistance.  For A subunit, 
the most common mutations involved 
a substitution of Asp 94 His/Tyr, Ala 
90 Val, and Ser 91 Pro. For B subunit, 
mutations are frequently found at Asp  
495 His/Asn, Arg 516 and Asn 533 
(Kocagöz et al, 1996; Siddiqi et al, 2002). 
Detection of mutations in these hot spot 
regions at positions 90, 91, and 94 in gyrA 
and positions 495, 516, and 533 in gyrB 
is a rapid and efficient test for molecular 
biology detection of FQr-MTB. These muta-
tions can be detected, directly or indirectly, 
by different molecular biology techniques, 
such as polymerase chain reaction (PCR)-
DNA sequencing, and PCR-single strand 
conformation polymorphism (SSCP) (Sou-
gakoff et al, 1997). 

This study identified mutations in 
the QRDRs of both gyrA and gyrB genes 
in ofloxacin-resistance Mycobacterium 
tuberculosis (OFXr-MTB) clinical isolates 
from Thailand using direct PCR-DNA 
sequencing.

MATERIALS AND METHODS

A total of 92 OFXr M. tuberculosis 

clinical isolates (16 isolates from Siriraj 
Hospital, Mahidol University, Bangkok 
and 76 isolates were from Chest Disease 
Institute, Bangkok) were tested for drug 
susceptibility by absolute or proportion 
method (Prachaktam et al, 2001). MICs of 
ofloxacin were detected at 2 µg/ml of drug 
concentration. 

Mutations in gyrA and gyrB QRDRs 
from all isolates were analyzed by DNA-
sequencing as described by Pitaksajjakul 
et al (2005). In brief, genomic DNA was 
purified by CTAB/NaCl and phenol/chlo-
roform extraction methods and purified 
by 70% ethanol. For gyrA and gyrB QRDR 
amplification, primers GyrA-f (5’-CAGC-
TACATCGACTATGCGA-3’), and GyrA-r 
(5’GGCTTCGGTGTACCTCAT-3’) and 
primers GyrB-f (5’-CCACCGACATCG-
GTGGATT-3’) and GyrB-r (5’-CTGC-
CACTTGAGTTTGTACA-3’) were used 
to generate amplicons of the 320 bps and 
429 bps of gyrA and gyrB, respectively. 
Amplicons were sent for DNA sequenc-
ing by a commercial sequencing service 
(BSU, Thailand). Mutations in each iso-
lates were identified by comparing with 
standard H37Ra 25177 and ofloxacin-
sensitive M. tuberculosis strains using 
BLAST program.

RESULTS

Out of 92 isolates, there were 70 (76%) 
isolates with single missense mutation. 
No double point mutation was found. In 
gyrA QRDR, 69 of 92 (75%) isolates have 
mutations in gyrA hot spot region (Table 1). 
Four codons (Gly88, Ala90, Ser91, and 
Asp94) were identified as being affected, 
resulting in 8 amino acids changes. Among 
these codons, Asp94 mutation (Gly/Ala/
His/Asn) was the most common. In gyrB 
QRDR, only one isolate (1%) had mutation 
at Asp495Asn (Table 2).  
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DISCUSSION

As fluoroquinolone resistance is 
mainly due to mutations in DNA gyrase, 
encoded by gyrA and gyrB in the QRDR 
region (Cambau and Gutmann, 1993; Cam-
bau et al, 1994; Takiff et al, 1994; Alangaden 
et al, 1995; Xu et al, 1996; Siddiqi et al, 1998), 
direct DNA sequencing was used in this 
study.

The majority (76%) of OFXr-MTB 
clinical isolates revealed  mutations in gyrA 
QRDR at Asp94, Ala90, Ser91, and Gly88, 
which have been frequently found to be 
associated with fluoroquinolone resistance 
(Cambau et al, 1994; Kogacöz et al, 1996; Xu 
et al, 1996; Siddiqi et al, 2002). In addition, 
mutation at Asp94 (Gly/Ala/His/Asn) has 
been reported to result in the higher level of 
fluoroquinolone resistance and considered 
to be high-level resistance mutation posi-
tion (Alangaden et al, 1995; Siddiqi et al, 

1998),  and is the most common mutation 
found in this study. 

For mutations occurred in gyrB QRDR, 
we found only one isolate with mutation 
at position Asp495 in gyrB QRDR. This 
mutation was also found in laboratory 
strains of M. tuberculosis by Kocagöz et al 
(1996) and in clinical isolates reported by 
Zhou et al (2000).    

Zhou et al (2000) found that fluoro-
quinolone drug concentration is mainly 
responsible for the mutation selection 
pattern of FQr-MTB. At low levels of drug, 
the resistant mutant is usually recovered 
in non-gyraseA target, whereas many dis-
tinct mutations were observed at moder-
ate drug concentrations, at Gly88, Ala90, 
Ser91, Asp94 in gyrA. By increasing drug 
concentration, the mutant selection occurs 
predominantly at the high-level resistance 
mutation position, Asp94. Similarly our 

Codon Mutation Amino acid change No. of isolates/(%)
    
88 GGC  TGC Gly  Cys   1 (1)
88 GGC  GCG Gly  Ala   1 (1)
90 GCG  GTG Ala  Val 19  (20)
91 TCG  CCG Ser  Pro   9  (10)
94 GAC  GGC Asp  Gly 22  (24)
94 GAC  GCC Asp  Ala   6 (6)
94 GAC  CAC Asp  His   7 (8)
94 GAC  AAC Asp  Asn   4 (4)

Table 1
Point mutations in gyrA QRDR of 92 ofloxacin-resistant M. tuberculosis isolates from 

TB patients in Thailand.

Codon Mutation Amino acid change No. of isolates/(%)
    
495 GAC  AAC Asp  Asn 1 (1)

Table 2
Point mutation in gyrB QRDR of 92 ofloxacin-resistant M. tuberculosis isolates from TB 

patients in Thailand.
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study with MDR-TB clinical isolates with 
ofloxacin resistance (C8-H fluoroquino-
lone) at 2 µg/ml (moderate concentration) 
showed that most of mutations occurred 
at Asp94Gly/Ala/Asn/His.

Zhou et al (2000) also found that the 
distinct mutation position occurred with 
moxifloxacin at the lower concentration 
tested (0.5 µg/ml)  In Thailand, moxifloxa-
cin or other more effective drugs in this 
group are not yet clinically used for MDR-
TB treatment due to their high toxic side ef-
fects. Accordingly, to reduce the chance of 
relapse, emergence of drug resistance and 
successful treatment, a shorter protocol 
with more effective drugs is recommended. 

We found only one isolate has gyrB 
mutation of Asp495Asn and 22 isolates 
with fluoroquinolone resistance phenotype 
showed no mutation in both gyrA and of 
gyrB QRDR gene. Perhaps the drug concen-
tration used (2 µg/ml) was not high enough 
for these latter isolates to select mutation 
in the primary drug target (gyrA gene), or 
in gyrB QRDR. Mutation in other positions 
outside these regions may involved other 
mechanisms, such as decreased influx or 
increased efflux by multidrug-mediate 
pump encoded by lfrA, may be involved, 
as reported in Mycobacterium smegmatis 
(Denis and Moreau, 1993; Sander et al, 2000; 
Silva et al, 2001). 
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