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ABSTRACT

Non Tuberculous Mycobacteria (NTM) comprises of more than 170 different species. Their resistance
and lack of new therapeutic agents poses the challenge to the effective treatment of diseases caused by
NTM pathogens. Mycobacterium kansasii is one of the most frequently isolated NTM which cause
pulmonary diseases in humans. The treatment of M. kansasii disease includes multiple antimicrobials
for the period of more than 12 months. However, their adverse effects and uncertain effectiveness
remains challenging. Lactic Acid Bacteria (LAB) is a diverse group of bacteria who inhabits in a wide
range of environment such as dairy, vegetables, gastrointestinal tract of humans, etc., They produces
an antimicrobial peptide called Bacteriocins which are active against closely related species as well as
others. In this study, we have screened the partially purified bacteriocins (PPB) extracted from LAB
of cow milk samples against M. kansasii (MTCC3058). PPB of LAB strain BLN34 showed more than
50% of reduction in the growth of M. kansasii by Colony Forming Unit (CFU) estimation method and
exhibits less in vitro toxicity in Vero cell lines. Also 50% of zebrafish larvae were survived upto 144
hpf in the presence of BLN34 PPB. The LAB strain BLN34 was identified as Enterococcus italicus by
16s rRNA analysis.
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INTRODUCTION

Non Tuberculous Mycobacteria (NTM) comprises of ever growing list of 170 different species
(Forbes, 2017; Ahmed et al., 2020). The importance and interest towards NTM are recently increasing
due to their intrinsic resistance to antibacterial agents, lack of new therapeutic agents, poor therapeutic
strategies, etc., (Huang et al., 2020a). NTM infections are rising in the immunocompromised and
vulnerable individuals. Mostly NTM infections are not considered as a problem till the end of the
treatment course of disease (Ahmed et al., 2020). Frequent exposure to the NTM inhabitants accepts
the transmission mode (Honda et al., 2018).Usually, they transmits by aerosol, ingestion, inoculation,
inhalation, etc., and also by human to human transmission (Bryant et al., 2016).

Mycobacterium kansasii is one among the six frequently isolated NTM species worldwide. It is highly
virulent NTM strains causing pulmonary disease in humans and rarely reported in wildlife. M.
kansasii was first described by Buhler and Pollak in 1953 from the respiratory sample of patients with
TB like disease. The treatment of M. kansasii diseases includes multiple antimicrobials for more than
12 months however the challenges in the effective treatment remains like intolerable adverse effects,
uncertain effectiveness, etc., (Buhler and Pollak, 1953; Ford et al., 2020; Huang et al., 2020b).

Lactic Acid Bacteria (LAB) are diverse group of organisms phylogenetically which includes gram
positive, cocci or bacilli, non sporulating, non motile, aerophilic bacteria. They produces lactic acid as
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major fermentation product. Some of the important genera of LAB includes Aerococcus,
Enterococcus, Lactobacillus, Streptococcus, Pediococcus, etc., It inhabits a wide range of
environment such as dairy, vegetables, meat, gastrointestinal and vaginal tract of humans, etc.,
(Roberts et al., 2020). Many health benefits have been seen with LAB like lactose intolerance
prevention, anticarcinogenic, anti obesity, anti diabetic, antimicrobial activity, etc., (de Melo Pereira
etal., 2018).

LAB produces potential antimicrobial peptides called bacteriocins that are active against closely
related species as well as others. Bacteriocins from LAB are effective in lower concentration when
compared to the bacteriocins from eukaryotic origin (Nissen-Meyer et al., 2001). Non-toxic and
Generally Recognised As Safe (GRAS) status of LAB bacteriocins made them a most extensively
studied subject in biotechnology (Riaz et al., 2020).

In this study, we have screened four bacteriocins extracted from Lactic Acid Bacteria (LAB) isolated
from cow milk samples against M. kansasii using Colony Forming Unit (CFU) estimation method.
The toxicity analysis of potential bacteriocin was assessed under both in vitro and in vivo conditions
and their taxonomy was also defined.

MATERIALS AND METHODS

Bacteriocins of LAB

Four partially purified bacteriocins (PPB) were obtained from LAB of cow milk samples and the
method was published in Revathy et al., (2019 & 2020)

Anti M. kansasii activity of PPB

PPB were dissolved in PBS and the stock was made in the concentration of 10mg/ml (w/v). The stock
was filtered using membrane filter with a pore size of 0.45 micron. Subsequently, suspension of M.
kansasii (MTCC3058) was prepared by inoculating a loopful of culture into 0.3ml of Middlebrook
7H9 broth and vortexed for 30 seconds to homogenize. Then the volume was made upto the required
volume using 7H9 broth. In a sterile cryovial, 400ul of 7H9 broth was taken as growth control, 350pl
and 50ul of PPB was taken as test. 100ul of M. kansasii suspension was added to both the vials and
incubated at 37°C for 72 hours. Following incubation, 100ul of aliquot from both the vials was
spreaded onto Middlebrook 7H11 agar plate and incubated at 37°C for 15 days. After incubation, the
colonies were counted and the percentage of inhibition by PPB was evaluated in test by compared to
control.

Taxonomy of potential LAB

The genomic DNA of LAB strain BLN34 was isolated using solute ready genomic DNA kit. The
isolated DNA was analysed by gel electrophoresis and quantified using a spectrophotometer
(Nanodrop ND-1000, Thermo Scientific, Gloucester, UK). The 16S rRNA gene sequence of the strain
was amplified using the primers: 27F 5" AGAGTTTGATCMTGGCTCAG3" (forward) and 1492R
5TACGGYTACCTTGTTACGACTT3  (reverse) (Kumar Gothwal et al., 2007). The PCR amplified
product of the strain was sequenced and analyzed at National Chemical Laboratory (NCL), Pune,
India. The sequence obtained was aligned with similar sequences available in GenBank using MEGA
7 program (Saitou and Nei, 1987). The aligned sequences of the strain BLN48 was used to construct
the phylogenetic tree by following neighbor joining algorithm (Saitou and Nei, 1987) in MEGA 7
program. The bootstrap estimation (Felsenstein, 1985) was used to determine the confidence of the
branches of the phylogenetic tree. The partial 16S rRNA nucleotide sequence of all the four strains
has been deposited in GenBank database.
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In vitro toxicity analysis

Toxicity of potential PPB BLN34 was evaluated under in vitro conditions by MTT (3-(4,5-dimethyl
thiazol-2yl)-2,5-diphenyl tetrazolium bromide) assay using Vero cell lines. In the assay, 100ul of
desired concentration of PPB was added to 100ul of RPMI 1640 medium and mixed well. Then 100ul
of the aliquot was serially diluted to the next well. The cultured Vero cell lines were harvested by
trypsinization and pooled in 50ml vial. Then the plating of cells were done were done at 1x100
cells/ml. 200ul of Vero cells alone were used as control. The culture plate was incubated for 24 hours
at 37°C in incubator with 5% CO2. After incubation, 20ul of MTT solution was added to all the wells
and incubated 37°C for 4 hours. The media and MTT was mixed well and the absorbance was
measured at 450nm and the percentage of viability was calculated manually (Vijayarathna and
Sasidharan, 2012; Revathy et al., 2020).

In vivo toxicity analysis

Toxicity analysis of PPB under in vivo condition was done using zebrafish model (Sisman et al.,
2008). Freshly laid zebrafish eggs were obtained from zebrafish aquarium in Kanchipuram district,
Tamil Nadu, India. Twenty healthy post hatched eggs were inoculated to the 24 well plate containing
1ml of embryo water (60mg of sea salt per litre of ultra pure water). Different concentrations of PPB
were added to them and incubated upto 144h at 28.5°C. Mortality of the zebrafish was noted at 24, 48,
96 and 144h. The embryos appeared opaque and white in colour. The dead embryos were degraded
whereas the intact embryo structures were more visible by 48 hours post fertilization (hpf) which
showed a clear difference between dead and alive embryos. The mortality rate was calculated. The
embryos were photographed using light microscope at 10X magnification.

RESULTS AND DISCUSSION

Anti M. kansasii activity of PPB

Among the four PPB tested against M. kansasii (MTCC3058), BLN34 showed 0.37 log reduction viz.,
57.34% of reduction in the growth of M. kansasii followed by BLN48 showed 0.15 log reduction viz.,
28.44% of growth reduction whereas BLN36 and BLN39 did not show any inhibitory activity against
M. kansasii (Table 1).

Taxonomy of BLN34

Amplification of 16S rRNA gene from BLN34 strain resulted in 894 bp sequences. BLAST analysis
and phylogenetic tree also showed that LAB strain BLN34 is closely related to Enterococcus italicus
(Figure 2). The nucleotide sequence of strain BLN34 was submitted to Genbank with accession
number MT322789.

In vitro toxicity analysis
In MTT assay, BLN34 showed 75% of viability in 10mM concentration and 64% of viability in
100mM concentration. The result shows that BLN34 is less cytotoxic to Vero cell lines (Table 2).

In vivo toxicity analysis

In the toxicity study done using zebrafish larvae, around 50% of zebrafish were survived in the
different concentration of PPB upto 144 hpf with healthy morphology under microscopic observation.
The features like fin movement, swimming nature, tail development, etc., are active and normal with
the viable embryos (Table 3) (Figure 1).

Antimicrobial peptides like bacteriocins are considered as promising candidates for drug development
due to their various functions such as direct killing, immune modulators in infectious diseases, etc.,
Bacteriocins from LAB are extensively studied against M. tuberculosis whereas very few studies
focused on their screening against non tuberculous mycobacteria (Teng et al., 2015; Abedinzadeh et
al., 2015). Carroll et al (2010) have screened the bacteriocin produced by Lactococcus lactis, named

http://annalsofrscb.ro 6717



10.

11.

12.

Annals of R.S.C.B., ISSN: 1583-6258, Vol. 25, Issue 1, 2021, Pages. 6715 - 6721
Received 15 December 2020; Accepted 05 January 2021.

Lacticin 3147 against M. kansasii along with other NTM, M. avium. In this study, Lacticin 3147
showed 90% of reduction in M. kansasii growth. da Silva et al (2020) have screened various
antimicrobial peptides against M. abscessus.

CONCLUSION

The importance and incidence of NTM diseases growing worldwide. Mycobacterium kansasii is one
of the clinically significant slow growing NTM causing severe pulmonary diseases in humans and
rarely wildlife infections. The complex treatment, their adverse effects and ineffectiveness
necessitates the development of new therapeutic agents against M. kansasii. This study showed that
partially purified bacteriocin of Enterococcus italicus BLN34 could be able to inhibit the growth of
M. kansasii and also exhibits less toxicity under both in vitro and in vivo analysis. Therefore, further
purification and characterisation of bacteriocin of E. italicus BLN34 can develop an effective
candidate against M. kansasii as well as other slow growing NTM.
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Table 1: Anti M. kansasii activity of PPB

Log Percentage
PPB Reduction Reduction
BLN34 0.37 57.34
BLN36 0.04 9.4
BLN39 0.02 3.9
BLN48 0.15 28.44

Table 2: In vitro toxicity analysis by MTT Assay

PPB Test concentration Perc_ent_a_ge of
Viability
100mM 64.18
BLN34 10mM 75.23
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Table 3: In vivo toxicity analysis using zebrafish larvae

Concentration | Control | 10 pg/ml | 50 pg/ml | 100
HPF pg/ml
0 20 20 20 20

24 20 18 18 17

48 18 14 13 12

96 16 11 9 9

144 13 8 7 6

Figure 1: Phylogeny of BLN34
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Figure 2: Microscopic Observation of Zebrafish Larvae
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