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ABSTRACT 
 
Tuberculosis is one of the top ten causes of death worldwide. Isoniazid (INH) is 
one of the important major chemotherapeutic and prophylactic drug against TB 
and it is key component of global tuberculosis (TB) control programs which we 
cannot afford to lose. Generally, the two genes, KatG and inhA, are responsible for 
INH resistance. Varieties of studies have shown that katG is related to high-level 
isoniazid resistance in contrary with inhA which is responsible for low-level 
resistance. This study investigated which genetic mutations predict the level of 
phenotypic isoniazid resistance. Phenotypic resistance of 91 INH resistant isolates 
was determined at tow drug levels  0.2 μg/ml , 0.4 μg/ml INH and four gene 
regions associated with INH drug resistance, including katG, furA, fabGl-pro inhA 
and inhA, were amplified and sequenced. The results showed that from 91 INH 
resistant isolates at tow drug levels, 7% were  susceptible to  INH at 0.2  μg/ml and 
0.4 μg/ml, 54% were resistant to INH at 0.2 mg/mL but susceptible to INH at 0.4 
mg/mL and 39% were  resistant to INH at 0.2  μg/ml and 0.4 μg/ml. 86 had at 
least one mutation, 29 had mutations in katG , 21 had mutations in  inhA, and 36 
had mutations in both regions. Mutations in the promoter region of inhA tend to 
result in low-level, katG Ser315Thr mutations moderate and the combination of 
katG Ser315Thr and inhA c-15t tend to have resulted in high level phenotypic 
resistance. 
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INTRODUCTION 
 
Tuberculosis (TB) is an infectious and deadly diseases. 
Millions of new cases are documented globally every year 
and approximately more than 500 new cases per 100000 
population per year in 2018, 1.2 million TB deaths among 
HIV-negative people, 251000 deaths among HIV positive 
people (WHO, 2019).Tuberculosis is triggered by 
Mycobacterium tuberculosis (MTB) (Koch, 1882). 

The growing global problem for both multidrug-resistant 
tuberculosis (MDR-TB) and extensively drug-resistant TB 
(XDR-TB) required new anti tuberculosis agents to tackle 
this issue (Sullivan and Amor, 2016). Caused by M. 
tuberculosis bacilli resistant to at least isoniazid (INH) and 
rifampin (R), MDR-TB is currently widespread at the world 
level, with around 186772 cases documented in 2018 

(WHO, 2019). XDR-TB, which is resistant to rifampin , 
isoniazid, plus any fluoroquinolone, and at least one of the 
three injectable second-line drugs: amikacin, kanamycin, or 
capreomycin, has been recorded in 95 countries of the 
world  (Nachega and Chaisson, 2003; WHO, 2019).The first 
challenge of treating drug-susceptible tuberculosis is long-
lasting, which extends at least six months (Laurenzi et al., 
2007). Moreover, the most potent first-line oral agents, 
which are isoniazid (INH), ethambutol (EMB), 
pyrazinamide (PZA), and rifampin (R), must be taken 
concurrently in the first 2 months of treatment, and just 
INH and R for a successive period of 4 months in the 
continuation phase, resulting in the complications 
associated with the adherence of patients’ to the treatment. 
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Figure 1: Map of Turkey showing the study area and the source of samples (Adana, Mersin, 
Gaziantep, Hatay, Osmaniye,Kilis, Kahramanmaraş). 

 
 
These regimens, which are linked with patients’ non-
adherence and high death rates, can lead to establish 
incurable cases of drug-resistant tuberculosis (Arbex et al., 
2010a; Arbex et al., 2010b). 

This discovery also allows the development of vaccines 
and drugs against tuberculosis. Molecular mechanisms of 
drug resistance have been demonstrated for  the major 
first-and second-line drugs (Velayati et al., 2009). The 
proposed treatment regimens by WHO’s have diverse 
inherent problems for not only drug-susceptible but also 
drug-resistant tuberculosis, rendering the discovery of 
novel anti tuberculosis agents a priority for both clinical 
and public health (Falzon et al., 2011; Sacks and Behrman, 
2008; WHO, 2019). 

INH is one of the cornerstones of anti-tuberculosis 
treatment, as it exhibits mycobactericidal activity by 
inhibiting mycolic acid biosynthesis. Two mechanisms of 
action have been described: the first concerns the 
activation of INH by the catalase-peroxidase enzyme 
encoded by the katG gene. The oxidation of INH by this 
enzyme results in the formation of an active metabolite 
leading to cell death. The second mechanism concerns the 
inhibition of the synthesis of the inhA protein encoded by 
the inhA gene. This protein plays an important role in the 
synthesis of mycolic acids, major components of the wall of 
mycobacteria (Unissa et al., 2016). Spontaneous mutations 
in the genome causes the big phenomenon of drug 
resistance, This study aims to look for the mutation in katG 
and inhA which is typically linked with high and low level of 
drug INH resistance. 
 
 
MATERIALS AND METHODS 
 
Bacterial isolates 
 
The samples used in this study was collected as shown in 
Figure 1 from different areas in Çukurova region of south 
Turkey. 91 isoniazid resistant TB strains were included in 

our study which found phenotypic drug resistance tests 
performed at Cukurova University Tropical Disease 
Research and Application Center, Adana Regional 
Tuberculosis Laboratory. 
 
 
Drug susceptibility testing 
 
All clinical isolates, H37Rv were tested for drug 
susceptibility. Strains were analyzed by MGIT 960 Based 
Antimicrobial Testing (Becton, Dickinson and Company). 
Bacteria were cultured on medium which contained INH 
(0.2 μg/ml, 0.4 μg/ml) at 37°C constant temperature 
incubator for 3 to 4 weeks. Resistance is expressed as the 
percentage of colonies that grow on critical concentrations 
of the substances.      
 
 
DNA extraction  
 
500 μl of the bacterial suspension was collected from the 
liquid culture and subsequently heating at 80°C to 100°C 
for 30 minutes to kill and lyse the cells (van der Zanden et 
al., 2002).The mixture was centrifuged for 15 min at 15,000 
× g . 0.5 ml of 1xTE buffer was added. Next it was 
centrifuged for 15 min at 15,000 × g , 0.25 ml of 1xTE buffer 
was added. 50-100 µl of Glass beads (SIGMA acid washed) 
were added to the tube 2 minutes in the Mickle tissue 
disintegrator. In the end the aqueous supernatant was 
carefully transferred to a fresh tube. The lysates were 
stored at -20°C until further use. 
 
 
PCR amplification 
 
To amplify katG, furA-katG operon, fabGl-pro inhA and inhA 
,5 µl of the lysates obtained from the cultured M. 
tuberculosis strains was submitted to PCR amplification 
using the oligonucleotides primers −129furA 
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Table 1: Phenotypic drug resistance tests. 
 

Strain Susceptibility patter No. of isolates 

 

 

 

H37Rv strain 

Inhr 24 

Inhr , Rifr 20 

Inhr ,Rifr, Embr 4 

Inhr, Embr, 3 

Inhr, Strr, Rifr 18 

Inhr, Strr  4 

Inhr,Strr, Embr, 2 

XDR/ totally drug resistant 16 

 
 
(5′-GCTCATCGGAACATACGAAG-3′) and katG+50 (5′-
GTGCTGCGGCGGGTTGTGGTTGATCGGCGG-3′). The fabG1-
inhA operon and inhA were amplified, using primers 
−200fabG1 (5′-TTCGTAGGGCGTCAATACAC-3′)and inhA+40 
(5′CCGAACGACAGCAGCAGGAC-3′) . DNA was amplified 
with a GenAmp 9700 thermocycler (Applied Biosystems). 
 
 
Sequencing and genome analysis 
 
The reaction products were purified by ExoSAP® and for 
the second time cleanup by Sephadex Spin-Column. DNA 
sequencing reactions were performed with a BigDiye 
terminator cycle sequencing kit in ABI Prism 3730 
automated DNA sequencer (ABI Prism). The resulting DNA 
sequences were analyzed using the basic local alignment 
search tool BLAST and the computer software Molecular 
Evolutionary Genetics Analysis (MEGA) for conducting 
statistical analysis of molecular evolution.  
 
 
RESULTS 
 
As shown in Table 1, 24 isolates were resistant to INH but 
susceptible to other anti tuberculosis drugs, 42 were 
Multidrug-Resistant (MDR) isolates and 16 were 
Extensively Drug Resistant (XDR). Among  91 Inhr isolates, 
5 were susceptible in the same time  to  INH at 0.2  μg/ml 
and 0.4 μg/ml, the remaining  50 isolates were resistant to 
INH at 0.2 μg/ml but susceptible to INH at 0.4 μg/ml and  
36 isolates  were   resistant to INH at 0.4 μg/ml. 

We sequenced the fabG1-inhA operon, the furA-
katG operon, and their regulatory regions in all Inhr isolates. 
Of the 91 isolates, 86 had at least one mutation (see Table 
S1 in the supplemental material), while the remaining 5 had 
no mutations in the regions sequenced. Of the 86 isolates 
with mutations, 29 had mutations in katG, 21 had 
mutations in  inhA , and 36 had mutations in both regions. 
Of the 29 with mutations in the katG, 22 had a large-scale 
insertion adjacent to the furA-katG operon. But 15 out of 
the 21 with mutations in the inhA, had a substitution to 
the fabG1-inhA operon (see Table S1 in the supplemental 
material). 

Figure 2 shows the mutation c-15t  in the promoter 
region of inhA, , katG Ser315Thr mutation, tend to  the 
group of (R-S) low-level resistance , but the combination of 
katG Ser315Thr and inhA c-15t tend to the group (R-R) high 
level phenotypic resistance. 
 
 
DISCUSSION 
 
In order to establish a relationship between the level of 
phenotypic drug resistance and the presence of resistance-
associated mutations, four gene regions associated with 
INH drug resistance of  91 isolates  were amplified and 
sequenced. 

One particular amino acid substitution (serine to 
threonine) accounts for 95% of our isolates in all katG 315 
mutations. Mutations in katG are associated with a wide 
range of moderate-to high-level isoniazid resistance (Zhang 
et al.,1992; Zhang and Yew, 2009; Hazbón et al., 2006), 
above the commonly tested concentrations of 0.2 μg/ml 
and 0.4 μg/ml in liquid medium. The mutation of the inhA 
c-15t, in the promoter region, is the most prevalent and 
present by 19% in isoniazid resistant clinical isolates 
worldwide (Bainomugisa et al., 2018). A mutation only in 
promoter inhA is related to a "low level" resistance. The 
combination of katG mutations and inhA promoter region is 
associated with the high-level resistance, overtaking  
maximum level concentrations of the drug even at the 
highest doses in clinical use.  

Other results showed that in 2018, from The University of 
Queensland Australia, Beijing strains possessing signature 
fabG-inhA (C-15T) mutation that confers low-level isoniazid 
resistance with ethionamide cross-resistance has been 
observed in South Africa (Bainomugisa et al., 2018; Marais 
et al., 2006; loerger et al., 2010).  

From another country, Portual, another strain (LAM 
family) had cross-resistance to high level isoniazid and 
ethionamide resistance which was attributed to the double 
inhA mutations (C-15T and p.Ile21Val) (Machado et al., 
2013). Other genes including the ahpC-oxyR intragenic 
region, ahpC and kasA have been associated with resistance 
to INH, but their impact on resistance among clinical 
isolates remains unclear (Campbell et al., 2011; Mohammed

http://www.ncblast/
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Figure 2: Phenotypic resistance of 91 INH resistant isolates at tow drug levels 0.2 , 0.4 μg/ml INH;S-S 
: susceptible to  INH at 0.2  μg/ml and 0.4 μg/ml.  R-S: resistant to INH at 0.2 mg/mL but susceptible 
to INH at 0.4 mg/mL resistant .R-R:  to INH at 0.2  μg/ml and 0.4 μg/ml. 

 
 

Table 2: Proportions of katG and inhA mutations in different regions of the world, NA = not available. Data derived from Bollela et al. 
(2016) and Barnard et al. (2008). 

 

World region katG mutations % inhA mutations % inhA/katG mutations % 

Russia 73.5 1.5 23 

China 61.40 17.80 NA 

Italy 67.7 32.4 NA 

Germany 96.9 11.1 10.70 

South Africa 64.10 41.90 10.60 

Mozambique 84.20 10.50 5.30 

India 44.20 45.10 10.50 

Brazil (Southern) 59 36 4.50 

 
 
et al., 2014;). 

Mutations in inhA 88 is confer cross-resistance to the 
structurally related drug Ethionamide (ETH) not only cause 
INH resistance (Banerjee et al., 1994; Bollela et al., 2016).  
We can note the variation of INH mutations in different 
regions in the world from the Table 2 so the phenotypic 
drug resistance can help to find a standard TB regimen. 

The results obtained in this study are in agreement with 
what we found in the literature about the associations 
between known resistance-conferring mutations and the 
level of phenotype resistance. However, more studies are 
needed to increase our understanding of the systematic link 
between isoniazid resistance data and genomic mutations. 
 
 
Conclusion  
 
In conclusion, no clear association was found between 
mutations other than these and the level of resistance. 
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SUPPLEMENTARY  
 

Table S1: Mutations from the 91 isolates.  
 

   Strain N° 
Drug 
resistance 

INH(0.2) INH(0.4) 
katG inhA         furA-katG    fabG1-inhA 

Nucleotide Amino acid Nucleotide Amino acid Nucleotide Amino acid Nucleotide Amino acid 

3 strains Inhr R S Deletion C25 ser 315 thr    ----    ----    ----    ----     ----    ---- 

            

2 strains Inhr R S Delection C 29 glu 471  lys 
pro 371 gln 

C15T Met153val     ----    ----    ----    ---- 

            

4 strains Inhr R S Deletion C27  pro 226 thr   ----   ----   ----   ---- C15T Met153val   

            

11 strains Inhr R R Deletion C25    ser315 thr C15T Met153val   
Gly 167 cys 
val  169 ser  

 ----  ----  ----  ---- 

            

3 strains Inhr R S       ----    ----    ----    ----    ----    ---- C15T Met51 val  
thr 137 met 

            

1 strain Inhr R S C461G glu49 gly 
lys48 gln 
 ser315 thr 

  ----    ----    ----   ----    ----    ---- 

            

4 strains Inhr, Strr  S S       ----    ----   ----    ----    ----    ----   ----   ---- 

            

3 strains  Inhr, Embr, R S   ----   ----    ----   ---- Insertion A218 
G221A 

Val 218 Leu  C15T Met153 val  

            

8 strains Inhr , Rifr R S Deletion A29/68  ser315 thr   ----   ---- Insertion A 216 
G219A 

Val 216 Leu 
thr  270 gly 
glu 268 trp 

  ----   ---- 

            

2strains Inhr , Rifr R S Deletion C29 phe 457  trp   ----   ----   ----   ---- C15T Met153val   

            

9 strains Inhr , Rifr R R Deletion G23 
Deletion  C28 

ser 315 thr 
pro 227thr  

C15T Met153val      ----    ----    ----   ---- 

            

1 strain Inhr , Rifr R R Deletion C25 ser 315 thr C15T Met 50 val     ----    ----    ----   ---- 

            

4 strains Inhr, Strr, Rifr R S Deletion C25 ser 315 thr 
pro 225 thr 

   ----    ----    ----    ----    ----    ---- 

file:\\3


 

 
 

Table S1 Continues: Mutations from the 91 isolates.  
 

   Strain N° 
Drug 
resistance 

INH(0.2) INH(0.4) 
katG inhA         furA-katG    fabG1-inhA 

Nucleotide Amino acid Nucleotide Amino acid Nucleotide Amino acid Nucleotide Amino acid 

1 srtain Inhr, Strr, Rifr S S       ----    ----    ----    ----    ----    ----   ----   ---- 

            

5 srtains Inhr, Strr, Rifr R R Deletion C25 ser 315 thr   ----    ---- insertionA220/ 
G224A 

 Val221Leu  C15T Met153 val  
 thr 140 met 

            

4 srtains Inhr, Strr, Rifr R S Deletion C25 ser 315 thr   ----   ---- Insertion A 222 Val145Leu   ----   ---- 

            

2 srtains Inhr, Strr, Rifr R S   ----   C15T Met153 val  Insertion A 221 
G224A 

Thr 270 gly 
Val221Leu 

   ----    ---- 

            

1 srtains Inhr, Strr, Rifr R S Deletion C29 ser 315 thr    ----    ----    ----   ----   ----    ---- 

            

1 srtains Inhr, Strr, Rifr R S Deletion C21 
Insertion G467 

ser 315 thr 
 phe 457 trp 

   ----    ----    ----    ----    ----    ---- 

            

2 strains Inhr, Strr 
Embr, 

R S   ----   C15T Met153 val  Insertion A 223 Val 220Leu 
glu 62 gly 
thr 63 cys 
thr  64 gly 

   ----    ---- 

            

4 strains Inhr , Rifr, Embr R S Deletion C25 
Insertion C443 

ser 315 thr    ----    ----    ----    ----    ----    ---- 

            

2 strains XDR R S Deletion A51 lys 48 gln  
ser 315 thr 
pro 240 thr 

  ----    ----    ----    ----     ----   ---- 

            

7  strains XDR R R C335G ser 315thr 
Leu 371 val 

C15T Met153 val   ----  ----  ----  ---- 

            

3 strais XDR R S   ----   ----   ----   ---- Insertion A212 
G215A 

Val212Leu 
thr56 gly 
thr 55 cys 
glu 54 gly 

C15T Met153 val  

            

1 strain XDR R R G392C ser 315thr   ----   ----   ----   ---- C15T Met153 val  

            

 
 



 
 
 
 

Table S1 Continues: Mutations from the 91 isolates.  
 

   Strain N° 
Drug 
resistance 

INH(0.2) INH(0.4) 
katG inhA         furA-katG    fabG1-inhA 

Nucleotide Amino acid Nucleotide Amino acid Nucleotide Amino acid Nucleotide Amino acid 

2 strains XDR R R Deletion G28/58A/33C Lys 48 gln 
Glu49 gly 
 Ser315 thr  

 ----   ----    ----    ---- C15T Met51 val  

            

 1 strain XDR R S Deletion C 29  Ser315 thr    ----    ----    ----    ----    ----    ---- 

 
 


