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Identification of Several Mycobacterium Species by Using
Amplified 16S Ribosomal DNA
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Abstract—In order to diagnose MOTT species M. smegmatis
and M. kansasii along with M. tuberculosis, species specific
primers were designed using PRIMER-BLAST which amplified
particular 16S rRNA genes having variable amplicons sizes. All
primer sets were found to be specific for their target 16S regions
of mycobacterium species. Easy and fast DNA isolation protocol
developed that could be implemented directly for PCR reaction
of the samples. By involving standardized PCR conditions with
defined primers and genome combinations, we have
successfully reported the 16S rRNA gene based PCR detection
of several mycobacterium species which has highlighted the
MOTT detection capabilities.

Index Terms—MOTT, Mycobacterium species, PCR, 16S
rRNA.

I. INTRODUCTION

The pathogenicity of Mycobacterium tuberculosis is
known worldwide and proves to be epidemic to HIV positive
patients [1]-[3]. Severity also carries with mycobacterium
other than Mycobacterium tuberculosis (MOTT) mainly with
Mycobacterium smegmatis and Mycobacterium Kansasii
[4],[5]. M. smegmatis is known as environmental
mycobacterium first identified in 1884, yet is a rare pathogen
in humans. The few M. smegmatis infections reported and
those occurred in association with a primary lesion in
otherwise immunocompetent individuals. Studies evidenced
M. smegmatis acts as a new opportunistic agent that may be
responsible for disseminated disease in
immunocompromised individuals [6]. In several cases, M.
kansasii reported for an endobronchial, ulcerated lesion and
in view various methods were suggested for infection
diagnosis one of it was fiberoptic bronchoscopy [7].

Involving risk factors related to mycobacteria other than
Mycobacterium tuberculosis are iatrogenic
immunosuppression, preexisting lung disease e.g., chronic
obstructive pulmonary disease, and a previous tuberculosis
[8].

Atypical mycobacteria previously been recognized as
saprophytic organisms for coming years, but with the advent
microbiological culture techniques, those were recognized as
potentially pathogenic to man [9]. Geographical distribution
of MOTT sensitivity supported the theory that large bodies of
water are the main source of infection with MOTT [10].

MOTT infection is a rare event but emerging problems of
infliximab therapy. MOTT cases tend to progress rapidly in
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infliximab-treated patients and withdrawal of infliximab
therapy can result in immune reconstitution [11]. The rate of
isolation of MOTT has increased over the past several
years,in some areas the isolation rate for Mycobacterium
avium-Mycobacterium intracellulare has surpassed that for
M. tuberculosis. Simultaneously, the spectrum of clinical
manifestations with the various species has widened [12].
By looking at the severity of the MOTT, it is required to

diagnose these MOTT species with respect to
Mycobacterium  tuberculosis. In  concern, several
methodologies were developed which encompasses

traditional staining methods and several sophisticated
techniques like PCR and ELISA. The differential diagnosis
between tuberculosis (TB) and lymphadenitis caused by
MOTT in children is often based on epidemiologic and
clinical data. Where it was reported that such data was useful
in the differential diagnosis between TB and NTM
lymphadenitis when etiologic diagnosis was not available
[13]. Technique like PCR-restriction fragment length
polymorphism (PCR-RFLP) was used for the early detection
and identification of Mycobacterium tuberculosis directly
from clinical samples. PCR amplification of 16S rRNA gene
sequence for the detection of several MOTT species against
M. tuberculosis has been developed for early detection of the
infection [2],[14]-[17].

In view, present study was planned for PCR based
detection of M. tuberculosis, M. smegmatis and M. kansasii
using several species specific primers and results were
confirmed by homology study.

II. MATERIALS AND METHODS

A. Culture Collection

The lyophilized pure cultures of Mycobacterium
tuberculosis (mtb) (MTCC MTB 300), Mycobacterium
smegmatis (msm) (MTCC MSM 06) and Mycobacterium
kansasii (mka) (MTCC MKA 3058) were collected from
Institute of Microbial Technology, Chandigarh, India.

B. Maintenance on L J medium

The lyophilized cultures were grown on Lowenstein-
Jensen (LJ) media for three weeks at 37°C for initial growth
and then sub cultured after 25 days.

C. Isolation of Genomic DNA

The genomic DNA of mtb, mka and msm were isolated by
using NaOH / Tris buffer protocol as mentioned below:-

A loopful culture from LJ media was put in microfuge
tube (2.0 ml). Then 1.5 ml Tris EDTA buffer (10mM tris HCI,
ImM EDTA, pH 8.0) was added followed by vigorous
pipetting which ensured proper distribution and separation of
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the cultures in TE buffer. Tubes were further centrifuged at
10,000 rpm for 5 min. Obtained supernatants were decanted
and pellet washed twice with sterile distilled water and
drained. 25 pl of 0.5 N NaOH added further and incubated
for 30 min. at room temperature. It was supplemented with 25
ul of Tris buffer and mixed properly. After mixing, 450 ul
sterile distilled water was added and stored at -20°C for 1
hour or used immediately.

D. Primer Designing

Specificity and success of PCR generally depends on the
primer sets used for the amplification of specific locus. In
concern, the 16S rRNA gene sequences of mtb, msm and mka
were used as a template to design the specific primer sets for
each mycobacterium species. Respective primer set
possessed specificity for mtb, mka and msm 16S ribosomal
DNA. The Primer BLAST program was used to design the
primer sets. In primer setting parameters, common forward
primer was designed for all three mycobacterium studied
while reverse primers brought about the specificity and
differences in the amplicon sizes for 16S rRNA of each
species. The web Address is:
www.ncbi.nlm.nih.gov/tools/primer-blast/.

E. Polymerase Chain Reaction

The PCR reaction was carried out in the Applied
Biosystem thermal cycler using 50pul reaction mixture
comprised of PCR water (29ul), 10X reaction Buffer (05ul),
Primers (06 pl), DNA template (05ul), ANTP mix (2.5ul) and
Taq Polymerase (2.5u1).While the PCR condition was set as
follows: - In which, initial hold up temp. set at 94°C for 3
min., denaturation at 94°C for 1.5 min., annealing at 65°C for
2 min., extension at 72°C for 3 min. and final hold up at 4°C
and cycles were repeated for 40 times.

F. DNA Sequencing

The PCR amplicons were sequenced using 50ng of PCR
product in a sequencing reaction that contained 8 pl of ready
reaction mix (BDT v 3.0, Applied biosytems, Foster city, CA)
and 5pmol of forward primer. The cycling condition was set
at: 25 cycles of 96°C for 10 sec., 50°C for 5 sec. and 60°C 4
min. The sequencing was carried out in ABI Prism 3100
Genetic Analyzer (Applied Biosystems).

III. RESULTS

A. Culture Collection

Fig. 1. (aandb). Culture of mtb, msm and mka grown on L-J slants. Cream
colored colonies (lawn) appeared after incubation.

The lyophilized cultures of mtb, msm and mka were
successfully maintained on L-J media. The growth was
apparent on each media with cream colored colonies
appeared on the onset of 30™ day (Fig.1).
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B. Primer designing

By using the 16S ribosomal DNA sequences of mtb, mka
and msm in PCR-BLAST using diagnostic based parameter
settings, we have successfully retrieved forward and reverse
primer sets. Those have demonstrated higher specificity and
selectivity because of the non-availability of the binding
site/s in the species other than interested. Specificity was
confirmed by performing the nucleotide BLAST against the
genome of mycobacterium excluding a genome to which
primer belongs. The primer designing was intended to design
two types of primer sets. One set was highly specific to all
three Mycobacterium species and nominated as universal
primers and named as CMYC20F and CMYC518R, while
other sets were made specific according to mtb, mka and
msm. This gave us the opportunity to screen the comparative
sensitivity of each primer set with their respective genome. In
study, diagnosis remained dependent on the reverse primers
used, as forward primer is common to both the species. The
designed primers were highlighted below in Table 1.

C. Polymerase Chain Reaction

The PCR based diagnostics of msm and mka along with
mtb could dramatically shift the diagnostic sensitivity and
specificity to higher level. By analyzing results, it could be
demonstrated that by using designed primers along with
particular genome with mentioned PCR conditions, diagnosis
of msm, mka and mtb is possible with higher specificity. The
results were encouraging and explained its success in a
greater detail (Fig. 2 and 3) (Table II and III). By using the
specified primer sets as in tables II and III along with the
particular genomes, results highlighted the specificity of the
primers for their target sequences. For e.g. in lane 01 of Fig.2
and lane 2 of Fig.3, positive 16S amplicons were obtained
when mtb genome was amplified with mtb specific Primers.
While no amplifications were observed in lane 06 of Fig. 2
and lane 4 of Fig.3 where mtb genome was amplified with
msm and mka specific primers respectively. These results
have demonstrated the selectivity and specificity of the
species specific primers for their templates and similar
results were documented for msm as well as for mka (Fig. 2
& 3). Along with these three specific primer sets for mtb,
msm and mka, another primer set was analyzed, these
primers have detected all the three mycobacterium species, as
amplification was observed with every genome tested this
suggested that use of CMYC20F and CMYC518R, together
could identify presence of these mycobacterium species (Fig
2 & 3).

D. Sequence data

The amplicons obtained for 16S specific PCR of mtb, msm
and mka were sequenced and these were named as sequenced
tagged sites (STS). Every STS reported a varying sequence
length and reported below in detail:-
> STS 16S mtb 209 bp (mtb sp. primers CMYC20F +
SMTB18R and mtb genome)
GAGATACTCGAGTGGCGAACGGGTGAGTAACACGT
GGGTGATCTGCCCTGCACTTCGGGATAAGCCTGGG
AAACTGGGTCTAATACCGGATAGGACCACGGGATG
CATGTCTTGTGGTGGAAAGCGCTTTAGCGGTGTGG
GATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGT
GACGGCCTACCAAGGCGACGACGGGTAGCCGGCC
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>STS 16S mka 114 bp (mka sp. primers CMYC20F +
SKAN20R and mka genome)
TACTCGAGTGGCGAACGGGTGAGTAACACGTGGGC
AATCTGCCCTGCACACCGGGATAAGCCTGGGAAAC
TGGGTCTAATACCGGATAGGACCACTTGGCGCATG
CCTTGTGGT

> STS 16S 149 bp (Common primers CMYC20F +
CMYCS518R and msm genome)
GGGGTACTCGAGTGGCGAACGGGTGAGTAACACGT
GGGTGATCTGCCCTGCACTTTGGGATAAGCCTGGG
AAACTGGGTCTAATACCGAATACACCCTGCTGGTC
GCATGGCCTGGTAGGGGAAAGCTTTTGCGGTGTGG
GATGGGCCC

> STS 16S 106 bp (msm sp. primers CMYC20F +
SMSM19R and msm genome)
GGGGTACTCGAGTGGCGAACGGGTGAGTAACACGT
GGGTGATCTGCCCTGCACTTTGGGATAAGCCTGGG

AAACTGGGTCTAATACCGAATACACCCTGCTGGTC
GCATG

> STS 16S mtb 149 bp (Common primers CMYC20F +
CMYC518R and mtb genome)
GAGATACTCGAGTGGCGAACGGGTGAGTAACACGT
GGGTGATCTGCCCTGCACTTCGGGATAAGCCTGGG
AAACTGGGTCTAATACCGGATAGGACCACGGGATG
CATGTCTTGTGGTGGAAAGCGCTTTAGCGGTGTGG
GATGAGCCC

> STS 16S mtb 143 bp (Common primers CMYC20F +
CMYC518R and mka genome)
TACTCGAGTGGCGAACGGGTGAGTAACACGTGGGC
AATCTGCCCTGCACACCGGGATAAGCCTGGGAAAC
TGGGTCTAATACCGGATAGGACCACTTGGCGCATG
CCTTGTGGTGGAAAGCTTTTGCGGTGTGGGATGGG
CCC

TABLE I. PRIMER SEQUENCE INFORMATION FOR MTB, MKA AND MSM 16S RRNA DNA

Primer names Primer seq. 5'-3' Length  Melting temp. °C ~ Mol. wt.
CMYC20F GAGATACTCGAGTGGCGAAC 20 54 6191.05
SMTBI8R GGCCGGCTACCCGTCGTC 18 59 5452.51
SMSM19R CATGCGACCAGCAGGGTGT 19 55 5853.8

SKAN20R ACCACAAGGCATGCGCCAAG 20 56 6105.06
CMYCS518R GGGCCCATCCCACACCGC 18 59 5390.55

CMYC20F = common mycobacterium species 20 nucleotides forward primer
SMTBI18R = specific mtb 18 nucleotides reverse primer

SMSMI9R = specific msm 19 nucleotide reverse primer

SKAN20R = specific mka 20 nucleotides reverse primer

CMYCS518R = common mycobacterium species 18 nucleotides reverse primer

TABLE II. PRIMER USED IN 16S RRNA GENE AMPLIFICATION OF MTB AND
MSM

TABLE III. PRIMER USED IN 16S RRNA GENE AMPLIFICATION OF MTB AND
MKA

Lane  Primer type and genome used Amplicon size (bp)

M 100 bp DNA ladder

1 mtb sp. Primers with mtb genome 209
(CMYC20F + SMTBI18R)

2 Common primers with mtb genome 149
(CMYC20F + CMYC518R)

3 Mtb sp. Primer with msm genome No

4 msm sp. primers with msm genome 106

5 Common primers with msm genome 149

6 msm sp. primers with mtb genome No

M 1 2 3 4 5 6

Fig. 2. 16S Ribosomal DNA PCR amplicons of mtb and msm resolved on
1 % agarose gel as per table II.

M 1 2 3 4 5 6

Fig. 3. 16S Ribosomal DNA PCR amplicons of mth and mka resolved on
1 % agarose gel as per table III.
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Lane Primer type and genome used Amplicon size (bp)
M 100 bp DNA ladder o
Mtb sp. Primers with mka genome No
1 (CMYC20F + SMTB18R)
mtb sp. primers with mtb genome 209
? (CMYC20F + SMTBI8R)
Common primers with mtb genome 149
’ (CMYC20F + CMYC518R)
A mka sp. primers with mtb genome No

(CMYC20F + SKAN20R)
mka sp. primers with mka genome 114
(CMYC20F + SKAN20R)

Common primers with mka genome 143

(CMYC20F + CMYC518R)

IV. DiscussioN

In our study, focus was made on the methodology
development which involved 16S rRNA based PCR
amplification study for early diagnosis of Mycobacterium
tuberculosis, Mycobacterium smegmatis and Mycobacterium
kansasii, where msm and mka belongs to MOTT family. By
involving e-PCR (Primer BLAST) specific primers were
designed for 16S locus of all three species along with one
universal primer set which can detect all three species. Use
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of 16S ribosomal DNA for PCR based diagnosis was
recommended for many instances and registered a
remarkable sensitivity and success especially with clinical
samples [2], [14]-[17]. According to results, primer
combination of CMYC20F with SMTB18R has given the
specific amplification of 209 bp with mtb genome. While,
primers combination of CMYC20F with SKAN20R shown
the amplicons of 114 bp with mka genome and CMYC20F
with SMSM19R shown the amplicon of 106 bp with msm
genome. In decision, these three primer sets were nominated
as marker primers for unambiguous identification of mtb,
mka and msm respectively. In contrast when species specific
primers mixed with non specific genomes, amplifications
were not recorded this further ensured its specificity and
sensitivity.

Along with this, a universal primer set has been tested and
they possessed the ability to detect and amplified 16S regions
of all three mycobacterium species and hence could be
considered as positive control for previous three primer sets.
When sequences of amplicons obtained from CMYC20F +
CMYC518R along with mtb, msm and mka genome, it was
found of 149 bp, 149 bp and 143 bp respectively.

Based on the results of 16S PCR and sequencing it could
be concluded that, the PCR based diagnosis of the mtb, mka
and msm could be possible in the patient samples by using
specified primer sets and defined PCR conditions. In order to
gain early detection other mycobacterium species, similar
methodology could be adopted. This step in treatment
procedure requires higher specificity and sensitivity in order
to prescribe proper therapy to the patients. Our work will
provide a platform for early detection of MOTT against TB
infection and certainly a cheaper method developed for DNA
isolation and PCR will lower down the cost of the diagnosis.
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