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Abstract  Multi Drug Resistant Tuberculosis (MDR-TB) is an emerging problem of great importance to public 
health worldwide. Resistance to Rifampicin (RIF) and Isoniazid (INH) are considered as surrogate markers for 
MDR-TB. Resistance in Mycobacterium tuberculosis to Rifampicin is reported to be conferred by mutation in an 
81bp rifampicin resistance determining region (RRDR) of the β subunit of RNA polymerase encoded by rpoB gene 
corresponding to codons 507-533. Resistance to Isoniazid is conferred by mutation in Catalase-peroxidase gene 
(katG), alkyl hydroperoxidase gene (aphC) and enoyl acyl reductase gene (inhA). The aim of this study was to 
identify the mutation conferring resistance to INH and RIF by automated DNA sequencing. Seventy-four isolates of 
M. tuberculosis were tested phenotypically with four anti tuberculosis drugs namely Rifmapicin (RIF), Isoniazid 
(INH), Ethambutol (EMB) and Streptomycin(SM) by absolute concentration method. Three isolates from pulmonary 
tuberculosis (PTB) patients were resistant to RIF with minimum inhibitory concentration (MIC) greater than or 
equal to 128µg/ml and to INH with MIC greater than are equal to 5µg/ml. The genome of these three MDR-TB 
isolates were amplified by Polymerase Chain Reaction (PCR) and DNA sequencing was performed. All three 
isolates showed a point mutation at codon 315 (Ser ® Thr) in the sequenced katG region for INH resistance, but did 
not show any mutation in the 81bp hotspot sequenced rpoB region for RIF resistance and promoter region of inhA 
and aphC for INH resistance. Two of three isolates were from patients who had not taken treatment previously 
which is of great concern with respect to public health. 
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1. Introduction 
Tuberculosis (TB) remains a public health issue in 

many parts of the world [1]. The situation is further 
complicated by the emergence of multidrug–resistant TB 
(MDR-TB) [2]. MDR-TB is recognized as infection with 
Mycobacterium tuberculosis resistant to isoniazid and 
rifampicin. India and China carry almost 50% of worlds 
MDR-TB burden [3]. Recent data from the World Health 
Organization (WHO) estimated that 4, 89,139 MDR-TB 
cases were prevalent in 2006, arising from a global 
proportion of 4.8% of all TB cases (95% CI 4.6-6.0). 
Despite the formidable burden, it is estimated that less 
than 5% of existing MDR-TB cases are currently being 
detected [4]. 

The most effective pharmacotherapy is a multidrug 
combination of Isoniazid (INH), Rifampicin (RIF), 
Pyrazinamide (PZA) and Ethambutol (EMB) for an initial 

two month intensive treatment (initial intensive phase). 
This is followed by a continuation phase, usually four 
month treatment with RMP and INH exclusively [5]. INH 
and RIF, the most potent anti-tuberculosis drugs, kill more 
than 99% of tubercle bacilli within two months of 
initiation of therapy and while any residual dormant bacilli 
or replicating RIF resistant mutants are eliminated during 
the continuation phase [6,7]. The complete genome of 
M.tuberculosis strains has been mapped as a length of 
about 4.4Mb, however each gene of M.tuberculosis may 
have separate function including the specific complex 
formation with important drugs being used as tuberculosis 
treatment regime. Unusual genetic alteration of drug 
resistance [8]. 

The mechanism of action of rifampicin is to inhibit 
mycobacterial transcription by targeting DNA-dependent 
RNA polymerase. RNA polymerase is a complex 
oligomer composed of four different subunits (α, β, β` and 
∞ encoded by rpo A, rpo B, rpoC and rpoD) is highly 
conserved among bacterial species. The development of 
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resistance to rifampicin is due to mutations in well-defined, 
81 base pair (bp) (27 codons) central region of the gene 
that encodes the β-subunit of RNA polymerase (rpoB) [9]. 
Most reference laboratories that use molecular methods 
examine only the 81bp region. Previous work indicates 
that more than 95% of RMP resistant strains are 
associated with mutations within an 81bp region of the 
rpoB gene. Specific mutations, insertions, and deletions 
have been detected, and this 81bp region has been termed 
the rifampicin resistance determinant region [RRDR] [10]. 

Isoniazid, a first line anti-TB drug, has a simple 
chemical structure consisting pyridine ring and hyrazide 
group. INH is a pro drug that enters actively growing 
tubercle bacilli by passive diffusion [11]. The bifunctional 
bacterial enzyme Catalase–peroxidase (katG) converts 
INH to a range of oxygenated and organic toxic radicals 
that attack multiple targets in the mycobacterial cell wall 
[12,13]. The best characterized target of these radicals is 
the cell wall mycolic acid, but DNA, carbohydrates, lipids, 
and DNA metabolism may be targeted as well [14]. 
Reports suggest that an NADH- dependent by inhA and 
kasA are involved in the biosynthesis of mycolic acids and 
are two potential intracellular enzymatic targets for 
activated INH [15,16]. Mutations in dispersed gene loci 
including katG (Catalase-peroxidase), the promoter region 
of aphC (alkyl hydroperoxidase), inhA (enoyl-acyl 
reductase), kasA (beta ketoacyl ACP synthase), mabA (3-
ketoacyl reductase), and ndh (NADH dehydrogenase) 
have been found to associated with INH resistance 
[17,18,19,20] Mutations in the oxyR-aphC intergenic 
region, where the putative promoter of aphC is located, 
are considered to be a compensatory mechanism for the 
loss of katG function in resistant strains [19,21]. 
Sequencing of PCR-amplified products of rpoB and katG 
has become the most widely used genotypic method for 
detecting drug resistance in M.tuberculosis; it is accurate 
and reliable and it has become the reference standard for 
mutation detection [22]. The aim of this study was to 
identify the mutation conferring resistance to INH and RIF 
by automated DNA sequencing method. 

2. Materials and Methods 

2.1. M.tuberculosis Isolates 
Seventy four clinical isolates of M.tuberculosis were 

included in this study; sixty-eight isolates from sputum 
AFB smear positive pulmonary tuberculosis patients 
samples and six isolates from suspected extra pulmonary 
tuberculosis patients, clinical specimens included; pus (1), 
synovial fluid (1) urine (2), fine needle aspirates (2) in 
SRM Medical College Hospital and Research Centre, 
Kattankulathur, Kanchipuram District, Tamilnadu, South 
India during the period of May 2008 to May 2010. 
Informed written consents were taken from all patients 
and the study was approved by the Institutional Ethical 
Committee (IEC), SRM Medical College Hospital & 
Research Centre, SRM University, Kattankulathur-603203, 
Kanchipuram District. 

2.2. Antimycobacterial Susceptibility Assay 
Conventional indirect susceptibility testing was done in 

Middle brook 7H10 agar medium and tested to four anti-

TB drugs of Rifampicin (RIF), Isoniazid (INH), 
Ethambutol (EMB) and Streptomycin(SM) and 
determined by the MIC method. The following critical 
concentrations of anti-TB drugs were used in this study; 
16, 32, 64, 128µg/ml for RIF, 0.1, 0.2, 1, 5µg/ml for 
isoniazid INH, 1, 2, 4, 8µg/ml for EMB and 4, 8, 16, 
32µg/ml for SM. A strain was considered as MDR-TB if 
the cut off value more than 64µg/ml for RIF, 1µg/ml for 
INH, 4µg/ml for EMB and 32µg/ml for SM. 

2.3. DNA Extraction and Polymerase Chain 
Reaction (PCR) 

Chromosomal DNA was extracted by the conventional 
CTAB (Cetyl-tri-methyl ammonium bromide) phenol 
chloroform extraction method [23]. 

2.3.1. Primers 
Rifampicin resistance determining region (RRDR) rpoB 

gene was amplified by using primers rpo3 
(5’CAGACGTTGATCAACATCCG 3’) and rpo4 (5’ 
TACGGCGTTTCGATGAAC 3’) to generate an 803 bp 
product that contains the 81bp hot spot RRDR. The 209bp 
katG gene was amplified by using primers such as forward 
sequence (5’GAAACAGCGGCGCTGGATCGT 3’) and 
reverse sequence (5’GTTGTCCCATTTCGTCGGGG 3’). 
The 248bp inhA gene was amplified by using primers such 
as forward sequence (5’CCTCGCTGCCCAGAAAGGGA 3’) 
and reverse sequence (5’ATCCCCCGGTTTCCTCCGGT 
3’). The 236bp aphC was amplified by using primers such 
as forward sequence (5’ACCACTGCTTTGCCGCCACC 3’) 
and reverse sequence (5’CCGATGAGAGCGGTGAGCTG 
3’). 

2.3.2. Amplification Master Mix 
Amplification was performed using the mixture 

containing 1µl of nuclease free water, 1 µl of forward and 
reverse primers (10 pmol) each, 6 µl of 
deoxyribonucleoside triphosphate (d NTP) mix (10Mm), 
2.5 µl of 10X PCR buffer, 10-50ng of template genomic 
DNA(5µl) and 1U of Taq DNA polymerase (4.5µl). Final 
volume of the sample was 20µl. 

2.3.3. Amplification Condition 
The following protocols used for rifampicin and 

isoniazid resistant genes amplification. The amplification 
cycles were performed on an automated thermal cycler 
(Applied biosystem Gene Amp PCR system 9700). 

Resistant 
Genes Denaturation Annealing Extension No of 

cycles 

rpoB 94°C, 
1 min 

54°C,  
1 min 

72°C  
1 min 40 Cycles 

katG 94°C,  
1 min 

63°C,  
1 min 

72°C  
1 min 30 Cycles 

inhA 94°C,  
1 min 

56°C,  
1 min 

72°C  
1 min 30 Cycles 

aphC 94°C,  
1 min 

55°C,  
1 min 

72°C  
1 min 30 Cycles 

The last cycle was followed by cooling to 4°C and 
holding at this temperature until the tubes were taken out 
off the machine. 

2.3.4. Detection of Amplified Products 
Amplified products were resolved by agarose gel 

electrophoresis (2%) at 80 volts for 40 min. Gel was 
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stained with ethidium bromide (0.5 µg/ml) and viewed 
under UV transilluminator (VILBER–LOURMAT, France, 
TCP – 20.M). 

2.4. Purification of PCR Products 
Prior to sequencing, the PCR product was purified 

using PCR purification kits (QIAmp DNA purification 
mini kit). The amplicons were subjected to electrophoresis. 
The agrose gel piece containing the amplicons were 
dissolved in gel extraction (Capture) buffer at 56°C, 
vortexed and added to the columns. The tube was briefly 
centrifuged at 13,000rpm for 1 minute. 300µl of wash 
buffer was added to the column and centrifuged at 
13,000rpm for 1 minute. After discarding the flow through 
column was spun once to removal residual wash buffer 
with in the column. The column was then transferred to 
fresh tube and DNAse free water was added to the column 
and amplicons were eluted by centrifugation for 1 minute 
at 13,000rpm. The purification eluant was used for 
automated sequencing method. 

2.5. DNA Sequencing Method 
Sequencing work was carried out by using an 

automated DNA sequencer (ABI prism 310 Genetic 
Analyzer, version 3.1-applied biosystems, USA) using both 
forward and reverse primers to confirm the results. 

3. Results 
Among seventy-four clinical isolates of M.tuberculosis 

(M.tb) (sixty-eight isolates of M.tb obtained from sputum 
AFB smear positive pulmonary tuberculosis (PTB) 
patients and six isolates of M.tb obtained from extra-
pulmonary tuberculosis patients) tested for drug 
susceptibility against first-line anti-TB drugs (RIF, INH, 
EMB, SM), seventy-one (95.9%) isolates were found to be 
sensitive to all the four anti-TB drugs. Three (4.1%) 
isolates showed resistance to two anti-TB drugs (RIF, 
INH). For therapy guidance, isolates with 64 or 128µg/ml 
for RIF and 1 or 5µg/ml for INH reported as intermediate 
resistant. For national and international surveillance of 
antituberculosis drug resistance, intermediate-resistant 
isolates were reported as resistant. So totally, three 
phenotypically resistant isolates were selected on the basis 
of minimum inhibitory concentration (MIC) value greater 
than or equal to 128µg/ml for RIF resistance and INH 
with MIC greater than or equal to 5µg/ml from AFB 
smear positive PTB patients. Three MDR-TB pulmonary 
isolates were successfully amplified the following RIF and 
INH drug resistant genes were; β-subunit of RNA 
polymerase encoded rpoB gene, Catalase-peroxidase 
encoded katG gene, alkyl hydroperoxidase encoded aphC 
gene and enoyl acyl reductase encoded inhA gene by PCR 
assay (Figure 1, Figure 2 and Figure 3). 

All three MDR-TB isolates showed a point mutation at 
codon 315 (Ser @ Thr) in the sequenced katG region for 
INH resistance (Figure 4). In addition, a strong correlation 
was found between the MICS of INH and the level of 
mutation in the isolates. The high MIC values of ≥ 5µg/ml 
of three isolates had AGC-ACC nucleotide alteration but 
no mutation was detected in the promoter region of inhA 
and aphC by sequencing method for INH resistance. No 

mutation was detected in the 81bp hot-spot RRDR in three 
MDR-TB isolates by sequencing method and this result 
correlated with high MIC value of 128µg/ml for RIF 
resistance. However, not all mutations within the 81bp 
hot-spot region exhibit the same level of resistance. Most 
of the reference laboratories that use molecular methods 
examine only the 81 hot-spot bp region. 

 

Figure 1. 

(From right side lane 1, 2 and 3 – 236bp aphC gene 
amplified in three MDR-TB isolates, lane 4 – Positive 
control of Mycobacterium tuberculosis H37RV, lane 5 – 
Negative Control, Lane 6 – 1Kb Molecular Marker, lane 
7,8 and 9 – 209bp katG gene amplified in three MDR-TB 
isolates). 

 

Figure 2. 

(M - 1Kb Molecular Marker, Lane 1, 2 and 3 – 248bp 
inhA gene amplified in three MDR-TB isolates) 

 

Figure 3. 

Lane 1, 2 and 3 – 803 bp hotspot RRD region of rpoB 
gene amplified in three MDR-TB isolates, Lane 4 - 
Positive Control of Mycobacterium tuberculosis H37RV, 
lane 5 – Negative Control, Lane 6 – 1Kb Molecular 
Marker. 

 



 American Journal of Infectious Diseases and Microbiology 89 

 

Figure 4. 

4. Discussion 
The three to five percentage of RIF resistant isolates do 

not possess any mutations in the rpoB gene [24]. The 
mutation responsible for RIF resistance in these strains 
could be located either outside the region of analysis or 
changes that might have occurred in genes whose product 
participate in antibiotic permeation or metabolism [25]. 
There are also reports from India on mutations outside the 
81bp hotspot region [26]. Mercy Aparna et al., found one 
out of 34 M.tuberculosis isolates from Koraput; showed 
rifampicin resistance and this isolate had no mutation in 
RRDR and outside of hotspot region [27]. Report of a RIF 
resistant strain from Australia indicated a mutation outside 
the core region of rpoB [28]. In other similar studies, 
Khamis et al., found ten out of the eleven rifampicin 
resistant specimens (90.9%) showing gene mutation 
versus only one (9.1%) with no mutation. The molecular 
mechanism of resistance in 4% of RIF resistant 
tuberculosis isolates that lack RRDR changes is unknown 
[29]. An another explanation was hetero resistance; that 
means the presence of mixture of susceptible and resistant 
subpopulation in culture which could be an obstacle 
against the sensitivity of molecular drug resistance testing 
and successive therapy [30]. 

The INH resistance mechanism is more complex and 
not as well understood as the mechanism responsible for 
RIF resistance. Currently 80 to 90% of INH resistance 
phenotypes have been discovered to be associated with 
mutations in KatG, inhA, aphC and ndh genes. INH 
resistance occurs due to substitutions in the Catalase-
peroxidase katG gene in more than three quarters of cases 
and more rarely, due to mutation in inhA (less than 10%) 
and the aphC gene. The predominant mode of acquisition 
of resistance via katG alteration is the selection of 
particular mutation i.e. the transversion of codon 315 
AGC-ACC (Ser-Thr) that decrease the catalase activity, 

but maintains a certain level of the peroxidase activity of 
the enzyme in viable INH-resistant organisms [31]. 

 In 60 to 70 % of the cases, INH resistance is associated 
with mutations in the Catalase-peroxidase coding katG 
gene at codon 315(Ser-Thr) [32]. The majority of hot 
mutation in katG gene of M.tuberculosis have been 
reported in codon 315(Ser-Thr) and less in other codons 
[33]. Mutation at codon 315 of KatG gene is most 
prevalent in isoniazid resistant Mycobacterium 
tuberculosis and is high in area with high TB incidence. 
The prevalence of mutations at codon 315 varies greatly in 
different geographical regions [34]. 

Several studies have revealed that mutation in KatG 
gene is responsible for 60-70% of INH resistant strains 
[35]. A study by Negi et al., in India revealed KatG S315T 
mutation in 74.19% of strains of MTB from Delhi [36]. 
Similar study conducted by Bhatt CP et al., in Nepal 
revealed point mutation in 9 (45%) new and 8 (40%) old 
PTB cases from 20 MDR-TB strains [8]. 

In contrast the Ser315Thr mutation accounted for INH 
resistance in 52-64% of strains in Central Africa [31,37]. 
Similarly, Wang Y.C et al., from China reported 68.6% 
[38]; Hass W.H [37] from West Africa reported 60% of 
INH resistant strains associated with mutation in KatG 
due to S315T substitution is similar to those reported in 
other parts of the world, which reflects a global pattern. 
Furthermore, in current study association was conformed 
between the common KatG Ser315Thr mutation in INH 
resistant strains and the presence of resistance to other 
first line drugs (RIF, EMB, SM). Hu Yi et al., in their 
study correlation similar between INH resistance and 
development of resistance to other first line drugs [39]. 

The molecular mechanisms responsible for the 
incidence of MDR-TB in Kattankulathur Village, 
Kanchipuram district have been reported first time in this 
hospital area. Although current MDR-TB rates are low in 
this area and major limitation to molecular genetic 
detection of drug resistance by any technique is that 
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molecular genetic tests detect only known mutation. 
Prevalence of mutations may vary by geographical area, 
identification of a resistance associated mutation can be 
informative, but lack of a mutation in the target sequence 
must be interpreted with caution. 

5. Conclusion 
Majority of the MDR resistant isolates of 

M.tuberculosis showed common point mutations in the 
katG gene. Our study also revealed mutation in katG gene 
was Ser315Thr (S315T) and thus serves as potential 
genetic marker for the detection of INH resistance. The 
absence of mutation in 81bp hotspot rpoB region of 
cluster II in three isolates may be attributed to the 
presence of mutation in a region outside the specific 
sequence of the primers in the 3.5kb rpoB region. In this 
study, an additional interesting finding was that three 
isolates were showed MIC of 128µg/ml for rifampicin 
drug. This resistant was determined by the conventional 
drug sensitivity (absolute concentration) method. But 
sequencing analysis did not find any mutation within the 
81bp hot spot core region. The genomic mutation 
responsible for RIF resistance in this study must be lying 
outside of the 81bp hotspot RRDR region. The 
possibilities are that, in this resistant isolates could be 
attributed other mechanism of resistance may be involved. 
Previous studies reported 3-5% of rifampicin isolates that 
lack of RRDR region. Comparative to previous report, this 
study also supported to gives the additional information of 
unknown rifampicin resistance mechanism. 
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