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ABSTRACT

Mutations in embB306 are the most common polymorphisms linked with ethambutol
(EMB) resistance, accounting for 40-60% of EMB resistant tuberculosis clinical cases
(TB). The current investigation looked for further mutations linked with EMB
resistance in the embB, embC, embA, and Rv3806¢ (ubiA) genes in 29 EMB resistant
and 29 EMB susceptible clinical isolates of M. tuberculosis from 360 TB patients. DNA
sequencing was used to screen for polymorphisms in the entire ubiA gene, mutational
hotspot regions of embB, embC, and the upstream region of embA, and the results were
correlated with minimum inhibitory concentrations (MIC) of EMB. The most common
polymorphism in ubiA was at codon 149 (GAA to GAC), which was found in 5/29
(17.2%) resistant isolates and 7/29 (24%) susceptible isolates. Mutations in embB were
most common at codon 306 (ATG to ATC/GTG), and were found only in EMB resistant
isolates (20/29; 69 % ).Mutations in the upstream region of embA at -8, -11, -12, and -60
codons were also found in EMB resistant organisms (8/29; 27.5 percent), with 6/8 (75
percent) occurring in isolates with an EMB MIC of 16 g/ml. Although no
polymorphisms in ubiA were found to be related with EMB resistance, polymorphisms
upstream of embA may contribute to high levels of EMB resistance.
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INTRODUCTION

Ethambutol (EMB) is a first-line anti-tuberculosis medication that inhibits arabinogalactan
biosynthesis in the cell wall of Mycobacterium tuberculosis. Arabinogalactan polymerization
occurs as a result of the action of a number of arabinan-transferases, the most important of
which is EmbCAB. Mutation study of the embC (Rv3793), embA (Rv3794), and embB
(Rv3795) genes reveals a moderate (50-60 percent) connection between genotypic
polymorphisms and phenotypic EMB resistance [1, 2, 3, 4, 5]. Many of these variants have
also been discovered in EMB susceptible clinical isolates as well as EMB resistant isolates in
other studies [3, 7].

Recent allelic exchange experiments have indicated that mutations in the ubiA (Rv3806c)
gene, which encodes the decaprenyl-phosphate-phosphoribosyl transferase required for the
production of a viable cell wall in M. tuberculosis, result in EMB resistance [8]. Mutations in
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the ubiA codons Ala237Val and Arg240Cys have been linked to EMB resistance in clinical
1solates from Africa [9, 10]. In the absence of the conventional mutations in embB, XDR TB
isolates from China were discovered to have mutations Lys174Thr, Trp175Cys, and
Phel76Leu in ubiA. Non-synonymous mutations in ubiA at Ser244Thr, Ile179Thr,
Glul49Asp, and Ala38Thr were recently identified to occur only in EMB resistant isolates in
another investigation from China [11, 12, 13].

There have been few reports from India about EMB resistance to date. Existing investigations
have confirmed the findings from different regions of the world, where mutations at the
embB 306 codon were the most common, followed by the mutation Thr270Ile in embC.
Tyr103Asp, Alal02Gly, and Arg67Arg polymorphisms in ubiA have been discovered using
whole genome sequence data from clinical isolates from India [14, 15]. The reported SNPs in
these studies have not been explored in relation to EMB resistance.

Because traditional culture-based drug susceptibility testing methods are time consuming and
labour costly, molecular diagnostic tests are becoming more popular in laboratories. The
existing molecular approaches for determining EMB resistance, such as the GenoType
MTBDREsl test, have a low sensitivity of 56-70 percent [16, 17, 18]. A deeper understanding
of the mutational hotspots linked with drug resistance may point to genomic regions that
should be targeted in order to detect emerging and new drug resistance.To the best of our
knowledge, this is the first study to look into the significance of mutations in ubiA and the
upstream area of embA in EMB resistant M. tuberculosis clinical isolates from India. The
entire gene ubiA, including its putative promoter region, was examined for mutations, as
were the mutational hotspot sections of embC, embB, and the upstream region of embA
genes, in order to determine their significance in EMB resistance.

MATERIALS AND METHODS

SAMPLE

The study included a total of 360 M. tuberculosis culture isolates obtained as part of a
convenience sample collected from new smear positive patients of pulmonary tuberculosis
over a 5-year period. Patients suffering from tuberculosis though not on antituberculosis
treatment were recruited in an outpatient facility a selected tertiary hospital in East India.

The study only included patients above the age of >15. Following approval from the
Institutional Ethical Committee, informed consent and a comprehensive history of contact
were obtained from each patient prior to sample collection. A total of 360 M. tuberculosis
isolates were studied, with 29 randomly selected EMB susceptible strains (ASTS 1-29) who
were found as resistant to EMB (ASTR 1-29) included.

DRUG SUSCEPTIBILITY TESTING

PROPORTION METHOD

Well-characterized M. tuberculosis strains were tested for drug susceptibility to INH (critical
concentration or CC: 0.2ug/ml), RIF (40ug/ml), SM (4ug/ml), and EMB (2ug/ml) using the 1
percent proportion method, as recommended by the World Health Organization (WHO) and
the Revised National Tuberculosis Control Programme (RNTCP) of India. An Intermediate
Reference laboratory in New Delhi validated drug susceptibility testing on a selection of the
isolates (New Delhi TB Center). M. tuberculosis H37Rv was utilised as a quality control
isolate, and each batch of DST medicines was tested with it.

MICROPLATE ALAMAR BLUE ASSAY (MABA)

MABA was used to calculate the Minimum Inhibitory Concentration (MIC) of EMB. The test
was carried out in triplicates in 96 wells U bottom plates for each concentration (0.5ug/ml
105 to 64ug/ml) and was repeated a minimum of three times to record the concordant
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observation. As a growth control, drug-free media was employed, and as a sterility control,
medium without antibiotics and inoculum was used. Because there is no agreement on the
epidemiological cut off (ECOFF) for EMB, the strains were classified as susceptible if their
MIC was less than 2 ug/ml and low-level resistance (LLR) if their MIC was more than 2
ug/ml.

DNA EXTRACTION, PCR AMPLIFICATION AND SANGER SEQUENCING
Mycobacterial DNA was isolated from culture isolates as previously described. Using
previously reported primers, the full ubiA gene was amplified. In a preliminary study, 12
EMB susceptible and 11 EMB resistant isolates were tested with primers F-ubiA and R-ubiA
to generate an amplicon complementary to the ubiA gene's region -116 to +15. (Table 1). The
study was expanded to include 29 EMB resistant and 29 EMB susceptible isolates, resulting
in a product that was complementary to an extended area of the ubiA gene (-172 bp to +92
bp) (Table 1). Primers were also developed to amplify portions of the embB and embC
genes.The primers for the embA upstream region were constructed in such a way that the
expected promoter region of embA (-85 to -77 and -120 to -112 on the + strand) was included
in the amplicon (Table 1). The amplified products were gel purified according to the
manufacturer's directions using a Gel Extraction Kit.

The amplified products were Sanger sequenced on an Applied Biosystems 3130 Genetic
Analyzer. In a nutshell, the gel-purified amplicons were employed in a sequencing PCR with
the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems). Purification was
carried out using HighPrep DTR magnetic beads (MAGBIO) according to the manufacturer's
instructions prior to sequence analysis by the genetic analyzer. To find SNPs, sequence
alignment and polymorphism were performed using BioEdit version 7.2 and NCBI BLAST
with the genome of M. tuberculosis H37Rv as a reference.

RESULTS

TESTING FOR DRUG SUSCEPTIBILITY

Of the 360 isolates tested, 258 (71.7%) were pansusceptible, 69 (19.2%) were resistant to
SM, 64 (17.8%) were resistant to INH, 53 (14.7%) were resistant to RIF, and 29 (8%) were
resistant to EMB. MDR was found in 39 (10.8 percent) of the isolates, including 23 isolates
that were also resistant to EMB. One of the EMB resistant isolates was discovered to be
XDR.

EMB'S MINIMUM INHIBITORY CONCENTRATION (MIC)

The MIC findings for 24 EMB susceptible and 24 EMB resistant strains were available
(Tables 2 and 3). Among the resistant strains, 4/24 (16.6 percent) had a low level MIC of
4ug/ml and 20/24 (83.3 percent) had a high level MIC. 10/24 (41.7 percent) of the high level
resistance isolates had a MIC of 8ug/ml, 5/24 (20.8 percent) had a MIC of 16ug/ml, 2/24 (8.3
percent) had a MIC of 32ug/ml, 2/24 (8.3 percent) had a MIC of 64ug/ml, and 1/24 (4.2
percent) had a MIC value >64ug/ml (Table 3).The EMB susceptible isolates' MIC ranged
from 0.5ug/ml to 2ug/ml (Tables 2).

SINGLE NUCLEOTIDE POLYMORPHISM (SNP) ANALYSIS

POLYMORPHISMS UPSTREAM TO embA

The findings of Sanger sequencing are shown in Tables 2 and 3. Mutations in the embA
upstream region were found in 8/29 (27.5%) of the EMB resistant strains. In 4/29 (13.8
percent) of the isolates, the most prevalent mutation occurred at position -11 (C to A or C to
T). Position -8 mutations (C to T/A) were found in 2/29 (6.9%) of the isolates. One isolate
had mutations at positions -12 (C to T) and -60 (C to A). To the best of our knowledge,
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polymorphism at -60 of embA has never been documented. Except for ASTS29/14 and
ASTS2/11, which contained mutations at locations -16 (C to T) and -43 (G to C), the
susceptible isolates had no changes in upstream embA.

POLYMORPHISMS IN embB

Except for two resistant isolates, all contained a non-synonymous mutation in embB. (Table 2
and Table 3). Met306Val/lle was the most common mutation among EMB resistant isolates,
identified in 20/29 (69%) strains, followed by Glu378Ala, found in 5/29 (17.2%) resistant
isolates. The variant Glu378Ala was found in 7/29 (24%) of EMB susceptible isolates.
GIn497Arg in 2/29 (6.9%), Ala328His in 1/29 (3.5%), and Asp354Ala in 1/28 (3.5%) isolates
were the additional non-synonymous mutations found only in EMB resistant strains (Table
3). Only EMB susceptible isolates have the mutations Glu504Asp and Asp311Phe (Table 2).
Previously, no studies had reported a polymorphism at codon 311.

CORRELATION BETWEEN MINIMUM INHIBITORY CONCENTRATION AND
POLYMORPHISMS

In 4/29 (13.8 percent) EMB resistant isolates, an upstream polymorphism at -11 in embA was
found, with three isolates having MICs greater than 16ug/ml. In EMB resistant isolates, all -
11 mutations were accompanied by Met306Val changes in embB. (Table 3). Mutations at
position -8 of embA were found in two isolates, one of which (ASTR7/11) was high level
resistance and lacked a non-synonymous mutation at embB, while the MIC for the second
was unavailable. 14 of the 20 isolates with the Met306Val/lle mutation at embB exhibited
MICs of 8ug/ml (Table 3).

Only one isolation had a MIC of 4ug/ml, while the MIC for five other isolates was
unavailable. Six isolates with high levels of EMB resistance lacked any non-synonymous
mutations at embB codon 306. Instead, two of the six isolates had a GIn497 Arg mutation, one
isolate had an Asp328His mutation, one isolate had a Leu402Val mutation, and one isolate
had a synonymous Ala505Ala mutation in embB. (See Table 3). The mutation Glu378Ala in
embB was found in 7/29 (24%) EMB susceptible isolates, 3/4 (75%) low level resistant
isolates, and 1/20 (5%) high level resistant isolates. In 7/29 (24.1 percent) EMB sensitive
clinical isolates and 5/29 (17.2%) EMB resistant isolates, mutations in ubiA codons 76 and
149 were found.

DISCUSSION

Despite the fact that studies from throughout the world have identified strong links between
mutations in the embCAB genes and EMB resistance, mutations in embB codon 306 cannot
entirely explain for all instances of EMB resistance or predict the EMB MIC [19, 20].
Furthermore, 35-40% of EMB resistant clinical isolates lack an embB mutation. Rv3806c¢,
which encodes UbiA, was recently discovered to be mutated with the well-known embB306
mutations, and ubiA mutations were closely related with high-level resistance
[21].Furthermore, overexpression studies in reference strains revealed that increased UbiA
levels promoted EMB resistance by increasing the decaprenylphosphate-arabinose (DPA)
substrate for EmbCAB and so competing with EMB for binding to EmbB. This finding
supported the hypothesis that areas outside of the embCAB genes could influence the level of
resistance as well as the acquisition of resistance to EMB in general [22, 23].

EMB resistance-causing embB mutations were detected in 24/29 (82.8 percent) of the EMB
resistant isolates. Whereas 17/29 (58.6 percent) had polymorphisms only in embB, 7/29 (24.1
percent) had polymorphisms in both embB and embA. The embB mutation Met306Val was
found in high-level resistance isolates in our analysis, which was consistent with prior reports
from India. In contrast to Jadaun et al. [17] findings that Met306Ile was associated with low-
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level EMB resistance in clinical isolates from Eastern India, we found this mutation
predominantly in high-level resistant isolates, comparable to Garg et al. [16].

A variation in embB codon 497 has been found in clinical isolates all over the world. In the
current study, two high-level EMB resistant clinical isolates, but no EMB susceptible isolate,
had a GIln497Arg polymorphism in embB in the absence of a Met306Val/lle mutation. This
mutation, which has been discovered in multiple investigations, may be responsible for
conferring EMB resistance, but has yet to be described in an Indian study [24].

CONCLUSION

To summarise, our findings show that mutations in Mycobacterium TB ubiA codons 76 and
149 do not result in EMB resistance. Rather, EMB resistant isolates from our location were
found to have upstream embA mutations, which linked to high level EMB resistance when
present alongside the embB Met306lle/Val alteration. It is probable that embA upstream
region mutations, rather than ubiA alterations, play a greater role in EMB resistance in
isolates from Eastern India.Inclusion of upstream embA loci in diagnostic assays may
improve the sensitivity of molecular testing for detecting high levels of EMB resistance.
Although our study is the first to look at ubiA mutations and embA upstream area mutations
in the Indian subcontinent, more research from other parts of the country is needed to back up
our findings.
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