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Mycobacterium tuberculosis is the agent that causes infectious and contagious tuberculosis disease.
The resistance of M. tuberculosis to ethambutol is caused by emb gene mutations. Our research group
had isolated and characterized 42 clinical isolates of Multi-Drug-Resistant Tuberculosis using multiplex
PCR. Some of these isolates are also resistant to ethambutol, but have not been characterized yet. The
purpose of this work is to determine the genotypic basis of the MDR-TB clinical isolate which is
resistant to ethambutol (L20). The steps in this work consist of sample selection, amplification of the
embB gene, nucleotide sequencing, and in silico analysis. The result showed a substitution mutation,
adenine to cytosine at position 918 of the embB gene, which is a first base of codon 306, corresponding

to mutation from methionine to leucine.
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INTRODUCTION

Tuberculosis (TB) commonly affects the lungs, but also
can affect other body parts such as brain, skin, bones,
and lymph nodes (WHO, 2008). Source of transmission
of TB is patient sputum containing Mycobacterium
tuberculosis, which floated in the air and inhaled by
others (Singh et al., 2006). Tuberculosis can be cured
with proper, complete, and orderly treatment. WHO
recommended treatment consists of a combination of
isoniazid (INH), rifampin (RIF), pyrazinamide (PZA), and
streptomycin (STR) or ethambutol (EMB) during the first
two months, followed by a combination of INH and RIF
for four months (Ducati et al., 2006). Treatment of
irregular and incomplete drug combination in the past led
to Multi-Drug-Resistant TB (MDR-TB) if M. tuberculosis
resistant to INH and RIF. The Extensively-Drug-
Resistant TB happen if MDR-TB is also resistant to
fluoroquinolones and at least one second-line drugs,
namely amikacin, kanamycin, and capreomycin (Rattan
et al., 1998; WHO, 2008; Tuberculosis, 2008).
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Previous studies estimated the resistance of M.
tuberculosis of EMB caused by mutations in the embB
gene codon 306 that converts methionine to valine,
leucine, or isoleucine (Alcaide et al., 1997; Lee et al.,
2002; Sreevatsan et al., 1997; Mokrousov et al., 2002;
Ramaswamy et al., 2000; Garg et al., 2006). EMB is
arabinose analog which inhibit the arabinosiltransferase,
so the synthesis of arabinan to the formation of cell wall
is disrupted and led to the accumulation of mycolate acid
that causes M. tuberculosis death (Wolucka et al., 1994;
Maddry et al., 1996; Belanger et al., 1996; Rattan et al.,
1998; Mokrousov et al., 2002a; Mokrousov et al., 2002b).
EMB target is EmbB protein that encoded by the embB
gene of the embCAB operon in M. tuberculosis.
Mutations primarily on amino acid position 306 embB
associated specifically with EMB-resistant, so embB
expressed as ethambutol resistance determining region
(ERDR) (Deng et al.,, 1995; Alcaide et al.,, 1997;
Sreevatsan et al., 1997; Telenti et al., 1997; Mokrouov et
al., 2002a; Sharma et al., 2006). Telenti et al. (1997)
estimated that amino acids 306 of EmbB located in the
cytoplasm grooves that form ERDR, and Alcaide et al.
(1997) showed that amino acids in this region are
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Figure 1. The results of agarose gel electrophoresis M. tuberculosis
H37Rv and L20 isolate. Lane 1 is pUC19/Hinfl DNA marker, lane 2
is L20 isolate, and lane 3 is M. tuberculosis H37Rv wild type.

sustainable, which is found in EmbB protein of M.
tuberculosis, M. leprae, M. smegmatis, and many other
species of mycobacteria (Alcaide et al., 1997; Telenti et
al., 1997; Tuberculosis, 2008).

Our research group that focus in MDR-TB in Bandung,
Indonesia had been succeeded to isolation and
characterization of 42 clinical isolates of MDR-TB using
the multiplex PCR. Several clinical isolates of MDR-TB is
also resistant to EMB but the cause of the resistance at
the genotype level has not been characterized (Noviana,
2007). The purpose of this work is to identify the
presence or absence of mutations at the embB gene in
L20 isolate which MDR-TB that resistant to ethambutol.

MATERIALS AND METHODS

Reagents: L20 MDR-TB isolates which has been characterized
in previous studies and M. tuberculosis H37Rv (ATCC 25618),
master mix (MDBio. Inc.), embF 5'-
GGTGCGCGCCATGCCACC-3' and embR 5'-
GGTCTGGCAGGCGCATCC-3' (Eurogentec Ait, Singapore)
based on Ramaswamy et al. (2000) research, agarose (Merck),
ethidium bromide (Merck), Tris acetate (Merck), EDTA (Merck),
sucrose (Merck), bromophenol blue (Pharmacia), and plasmid
pUC19/Hinfl (MDBio. Inc.).

Sample selection: The sample was L20 isolate which isolated
from patient sputums of BPLK Laboratory. Phenotype of L20
isolate was resistant to RIF, INH, EMB, PZA, kanamycin, and
mutated in rpoB and katG genes, but the genotype of the embB
gene have not been characterized yet.

PCR and product determination: DNA templates were
prepared by suspending a loop of the sputum patient in 100 mL

TE buffer (10 mM Tris-Cl, 1 mM EDTA, pH 8.0) and then
subjecting in to 20 min of deactivation at 80 °C and 30 min of
boiling (Telenti and Persing, 1996). For PCR, 0.2 uL of DNA
template was added to 25 uL PCR mixture (MDBio. Inc.)
containing reverse primer embR 5'-
GGTCTGGCAGGCGCATCC-3" and forward primer embF 5'-
GGTGCGCGCCATGCCACC-3, targeting 800 bp conserved
embB sequence region. Reaction mixtures were then heated in
thermal cycler (GeneAmp PCR system 2700) as follows: 95 °C
for 5 min followed by 30 cycles at 95 °C for 1 min, annealing at
72 °C for 1 min, and an extension at 72 °C for 1 min. Final
extension was done at 72 °C for 4 min. Efficient amplification
was confirmed by electrophoresis on 1.5% agarose gel.

Sequencing and in silico analysis: Sequencing of amplified
PCR products was carried out using the ABI PRISM 377
Genetic Analyzer (Perkin Elmer). Sequences generated using
the program were compared to their respective wild type
(H37Rv, Accession : AP012340.1 GIl: 379026087) sequences
using MegAlign program (DNASTAR, USA).

RESULTS AND DISSCUSSION

The target of amplification was the area before and after
the embB gene codon 306, which is ERDR. The product
of EmbB gene amplification of M. tuberculosis H37Rv
and L20 isolate performed at 72 °C annealing
temperature produces a 0.8 kb-sized band with the same
intensity to the intensity of the first band of the marker
PUC/HInfl (Figure. 1).

Figure.1 showed the estimated size of 0.8 kb DNA band
(Ramaswamy et al., 2000). The location of the band is
positioned between the first and second band of
pUC19/Hinfl DNA marker, i.e.1.4 kb and 0.5 kb. The size
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Figure 2. Electropherogram of the embB gene fragment of M. tuberculosis H37Rv and L20 isolate

of EmbB gene fragments agreed with the estimation of
the length fragment for embF and embR primers on
Editseq program, DNASTAR.

The results of alignment between the two samples
indicate different bases at position 918, namely adenine
(A) in M. tuberculosis H37Rv wild type and cytosine (C)
to L20 isolate, which indicates a substitution mutation of
A to C (Figure. 2). In the present study, the aim was to
identify the presence or absence of mutations at the
embB gene in L20 isolate that MDR-TB that resistant to
ethambutol. Our result exhibited substitution mutation at
codon 306 in the embB gene. Other studies have also
reported similar trend, e.g Korean study (Lee et al.,
2002), American study (Ramaswamy et al., 2000),
German study (Rinder et al., 2001), and Russian studies
(Mokrousov et al., 2002a; Mokrousov et al., 2002b).

The results of nucleotide sequence alignment found an
A918C mutation that changes the amino acid residues
Met306Leu, this result supports the previous research
which reported that the most frequent mutations in the
embB gene mutations was adenine substitution at
position 918 to cytosine, thymine or guanine residues that
would alter amino acid residues of methionine to leucine
or valine at codon 306. This mutation known as "hot
spots" cause of resistance of M. tuberculosis to EMB and
the most frequently found in publications (Lee et al.,
2002; Sreevatsan et al.,, 1997; Mokrousov et al., 2002a;
Mokrousov et al, 2002b; Ramaswamy et al,
2000).Nucleotide mutation in 918 position is located on
the first base 306, ATG to CTG, which altered the amino
acid residue from methionine to leucine. The Met306
mutations cause the area around ERDR, i.e. amino acid
residue at 302-310 position, had more hydrophobic
characteristic, so EMB was difficult to achieve the binding

site of EmbB protein (Lety et al., 1997; Sonnhammer et
al., 1998; Grag et al.,, 2006; Das et al., 2006). The
alteration of EMB-EmbB interaction is estimated to
cause the resistance of M. tuberculosis to EMB.

Conclusion

Substitution mutation (A918C) in the embB gene L20
isolate made base alteration, from methionine to leucine.
This mutation known as "hot spots" cause of resistance of
M. tuberculosis to EMB and the most frequently found in

publications.
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