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Abstract:
Objective: Tuberculosis (TB) is among the widespread and rapidly growing infections in the world. 
Furthermore, TB is one of the major public health problems in Pakistan as every year 48,000 Pakistani dies 
due to this infection. Pakistan ranks fifth among high burden countries worldwide. As the TB has become 
most threatening because of the epidemics of human immune deficiency virus (HIV), Covid-19 and the 
emergence of multi-drug resistance (MDR) strains of Mycobacterium tuberculosis (M. tb). This study was 
aimed to understand the genetic mechanism of drug resistance in local TB isolates. Methodology: For 
the genetic studies of INH resistance, KatG (encoding catalase peroxidase) hotspot region was amplified 
through PCR followed by RFLP and sequencing. Results: The study of PCR-RFLP showed that forty-five 
out eighty INH resistant M. tb strains had mutations in KatG (codon 315) which is 56.2% of all cases. 
Sequencing results revealed that this is substitution mutation; AGC to ACC (Ser315Thr). Conclusion: 
It may be concluded that majority of INH resistance is due to the mutation in the codon 315 of KatG in 
local isolates. Furthermore, PCR-RFLP technique could be considered as a reliable method for the early 
detection of KatG mutations in MDR-TB.
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 Introduction:
Tuberculosis (TB) is a communicable disease caused 
by bacillus Mycobacterium tuberculosis (M. tb). 
This disease has afflicted approximately 33% of 
the population globally, causes 9 million new cases 
per year, and kills more people compared to any 
other infectious disease.1. It spreads via respiratory 
droplets from patients suffering from pulmonary 
tuberculosis who expectorate cough. According 
to the natural history of tuberculosis, only 5% of 
infected people develop active TB 2. However, human 
immunodeficiency virus (HIV) infected patients are 
more vulnerable to TB. The incidences recorded in 

Pakistan were 0.5 million in 20203. Most susceptible 
people are those living with active TB patients, are 
poor, homeless and prisoners4. Pakistan ranks fifth 
among high burden countries worldwide5. Covid-19 
pandemic is another threat contributing to emergence 
of MDR-TB as Pakistan ranks fourth in the world in 
terms of MDR-TB prevalence. 
Multidrug resistance develops because of 
inappropriate use of antituberculosis drugs and the 
use of poor-quality drugs for the treatment TB6. 
Mutations in a specific set of genes leads to emergence 
of MDR-TB7. MDR-TB refers to tuberculosis that is 
resistant to RIF and INH, the two most important 
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first-line antituberculosis drugs8. For nearly half 
a century, INH has been the most effective drug in 
tuberculosis pharmacotherapy. The prodrug INH is 
converted into a clinically effective antituberculosis 
drug by KatG (an enzyme with both catalase and 
peroxidase activity)9.
INH works by inhibiting mycolic acid synthesis, 
which is a necessary component of mycobacterial 
cell wall  (inhibitor of cell wall sythesis). INH 
is thought to inhibit enzymes enoyl acyl protein 
reductase (InhA) and β ketoacyl acyl protein 
synthase that synthesize/elongate β fatty acids during 
synthesis process 10. KatG, on the other hand, acts as 
a catalase, remove hydrogen peroxide as oxidative 
protection system of M. tb. Its catalytic activity is 
thought to be a crucial virulence factor because it 
aids M.tb  intramacrophage survival 11,21. Keeping in 
view the importance of KatG gene, the present study 
was carried out to detect mutation(s) in this gene in 
local MDR-TB isolates.
Materials and methods:
Mycobacterium Tuberculosis MDR Strain 
Collection 
Eighty MDR isolates and control H37Rv were 
collected from the National Reference Laboratory, 
National TB Control Program, Islamabad after 
conducting drug susceptibility test on sputum of 
the patients. The drugs used for susceptibility test 
were isoniazid (INH), rifampin (RIF), streptomycin 
(STR) and ethambutol (EMB) on Lowenstein-Jensen 
[Susceptibility Media] media12.
DNA Extraction and Quantification
DNA of M. tb isolates was extracted using CTAB 
method initially described by Somerville et al., 
200513 with few modifications done by14. Extracted 
DNA was quantified spectrophotometrically at 260 
nm and 280 nm wavelength. The ratio of 260/280 nm 
was used to assess the quality of DNA. 
PCR- RFLP
Online bioinformatics tool Primer 3 was used to 
design primers for the amplification of specific 
region of KatG. The sequence of forward and reverse 
primers was.5’ AGCTCGTATGGCACCGGAAC3’ 
and 5’ACGGGTCCGGGATGGTG3’ respectively.
The polymerase chain reaction (PCR) was run 
using master mix after optimizing the conditions. 
An estimated fragment of 200bp was amplified 
which contained KatG codon 315 from 904 to 1103 
nucleotide using a master cycler gradient (Eppendorf, 

USA). The reaction mixture contains 15 pmoles of 
primers in 30 ul of PCR mixture, 1.5 mM of MgCl2, 
1U recombinant Taq DNA polymerase (Fermentas, 
USA) and 200 uM of each deoxyribonucleotides 
triphosphate (Fermentas, USA). The reaction was 
performed by initial denaturation at 95˚ C for 4 
minutes, 30 PCR cycles with denaturation at 95˚ C 
for 20 second, annealing at 54˚ C for 33 seconds and 
extension at 72˚ C for 1 minute in each cycle and a 
final elongation at 72˚ C for 8 minutes. 
Agarose gel of 1.5% was prepared in 1X Tris-
Acetate-EDTA (TAE) buffer for the confirmation of 
PCR results. After electrophoresis, the gel containing 
PCR products was stained in 1 % ethidium bromide 
staining solution for 1 minute, visualized and 
recorded using gel documentation system (Kodak, 
USA). The PCR-RFLP assay was carried to detect 
mutation, if any. The restriction digestion was carried 
out for 2 hours in a mixture containing 18 ul DNAse 
and RNAse free water, 10 ul of PCR products, 2 ul of 
HapII and 2 ul of Tango buffer. The largest restriction 
product obtained after restriction digestion for 
isoniazid resistant strains (INHr) were 132 bp and 
for wild type the KatG codon 315 digested products 
were 153 bp. The restriction digested and undigested 
products as control were electrophoresed using 3% 
agarose gel for 30 minutes at 100 voltages. 
DNA Sequencing
The desired KatG region of 200bp was amplified via 
PCR for sequencing. The amplified PCR products 
were first analyzed by gel electrophoresis, then 
purified by mixing 40 µl PCR product with 5 µl 
of 10 M ammonium acetate and 80 µL of ice-cold 
absolute ethanol in 0.2 ml Eppendorf tube. The 
products obtained were centrifuged at 14,000 rpm 
and 40C for about 12 minutes. The supernatant was 
removed, pellet was washed with 70% ethanol. The 
pellet was reconstituted in 21 µL distilled H2O after 
being air dried thoroughly. Thereafter sequencing 
reaction was prepared. For which a mixture of dye 
terminator cycle sequencing 8 µl using big dye, 
forward primer 1 µl, distilled water 8 µl, 2 µl of 
already purified PCR products were added to a 0.2 ml 
sterilized microcentrifuge tube. All the ingredients 
were mixed properly and were amplified on Master 
Cycler Gradient (Eppendorf, USA) using optimized 
cycling parameters as described earlier. The 10 µl 
amplified product was then purified by mixing 2.5 
µl of 125 mM sodium-EDTA plus 30 µl of absolute 
ethanol. Then centrifugation was done at 14,000 rpm 
for about10 minutes, the supernatant was discarded, 
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and pellet was washed with 70% ethanol. Then 
ethanol was removed, and pellet was, fully air dried 
and heated at 96 0C for 1 minute, and then cooled on 
ice and loaded to the sample plate wells. The plate 
of samples was placed in the 3130 Genetic Analyzer, 
Hitachi (Japan). The data obtained was subjected for 
comparison with database using basic local alignment 
research tool (BLAST) program.
Ethical Approval: This study was approved by the 
Research Ethical Committee, Riphah International 
University Malakand Campus. 
Results: 
Collection and Quantification of Genomic DNA of 
MDR M. Tb Strains 
Eighty isolates of MDR-M. tb were collected 
from National Reference Laboratory, National TB 
Control Program, Islamabad. DNA concentration 
was analyzed spectrophotometrically at 260 nm and 
280 nm and run on 1% agarose gel. A representative 

result is shown in Fig: A. 

Amplification of KatG Specific Region through 
PCR

The genomic DNA was subjected to PCR 
amplification of the specific region of KatG gene 
using forward and reverse primers. Two hundred 
base pairs region of KatG spanning codon 315 was 
successfully amplified through PCR and analyzed on 
1% agarose gel (Fig: B).

RFLP Analysis of the Amplified PCR Products

Thereafter, the PCR products of KatG specific region 
were subjected to HapII digestion for two hours. The 
RFLP products were examined on 2% agarose gel. 
The largest product obtained after the RFLP digestion 
was 153 bp for wild type and 132 bp for mutant 
type as shown in Fig. 3. Digested PCR product was 
compared with 50bp ladder and a negative control 
i.e., the undigested PCR products (Fig: C.).

Figure A: DNA extracted from M. tb isolates run on 1 % agarose gel. Lane 1- 8: samples of DNA 
and M:  100bp DNA marker Fermentas, USA. Figure B: PCR products with KatG forward and 
reverse primers run on 1% agarose gel. M: 100 bp DNA ladder Fermentas, USA, Lane 1-10: M. 
tb PCR products. Fig. C: PCR-RFLP for MDR M. tb using HapII restriction enzyme. M: 50bp 
DNA ladder Fermentas, USA. Lane 1: 153bp restriction products. Lane 3 and 4 containing 132 bp 
restriction products. Lane 2 and 5 mixed digested restriction products Fig. D: DNA sequencing of 
PCR-RFLP products showing mutation in KatG codon 315. The encircled sequence shows GGT 
which is reverse complement of ACC.
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DNA Sequencing of PCR-RFLP Products
After confirmation of band shifts by RFLP the 
apparently mutant strains were analyzed by DNA 
sequencing technique to get more information. The 
results of DNA sequencing revealed that there is no 
mutation other than Ser/Thr at position 315 in these 
isolates which is shown by one of the representative 
results in (Fig: D). 
Discussion:
Tuberculosis is one of the most lethal human 
infections. It is one of the major killers amongst 
the infectious diseases. Although the use of a live 
attenuated vaccine and antibiotics can limit the 
infection. But the progress of drug resistance in the 
population has augmented concern that TB again 
can become an incorrigible disease13. In the present 
study clinical isolates of M. tb were used to detect 
molecular drug resistance patterns M. tb isolates 
locally in Islamabad, Pakistan. Total confirmed 80 
MDR-TB samples were collected and their DNA was 
extracted using CTAB method. Extracted DNA was 
amplified using PCR, restriction of amplified DNA 
product was done by Hap II restriction enzyme that 
yielded 132 and 153bp product for drug resistant 
and wild type isolates respectively. Each digested 
PCR product’s position was tested along with a 50bp 
ladder and an undigested PCR product as a negative 
control. According to RFLP, 45 out of the 80 isolates, 
or 56.2% of the total, were mutants. The incidence of 
patients diagnosed with MDR-TB in the Netherlands 
(55%) and Kuwait (65%) was similar to our findings 
for the KatG Ser315 mutation. Frequency of KatG 
mutation in Pakistan, on the other hand, is lower 
than Russia’s, which is 95%15,16. Recent studies 
also support the notion that INH resistance is most 
commonly caused by a mutation in the KatG gene at 

codon 315.17, 18,19. DNA sequencing was also carried 
out to confirm the KatG gene mutation in INH 
resistant isolates. The DNA sequencing results in 
these isolates showed only the Ser/Thr315 mutation 
but no other mutations. These results were similar 
with already reported results by20. PCR-RFLP is a 
reliable, cost-effective, and specific method, but it 
needs a restriction site for the mutant allele detected 
by the enzyme, particularly when more than one 
allele is associated with the mutation. Although 
sequencing is currently regarded as the gold standard, 
with benefits such as rapid and precise determination 
of the location and nature of mutations, its high costs 
and requirement for sophisticated infrastructure limit 
its potential application in low-income setups.
Conclusion:
Among eighty INH resistant strains 45 (56.2%) had 
substitution mutation of AGC to ACC in KatG codon 
315 while 35 (43.75) isolates had no mutation in 
this region confirmed by DNA sequencing, which 
confirm that most of the drug resistance is due to 
KatG Ser315Thr in the local isolates. 
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