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Revisiting the Culture of Latent Stage Mycobacterium smegmatis

on a Standard Agar Plate
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Abstract: Disc diffusion assay is a basic and initial test in the search for potential inhibitor against bacteria, including
high pathogenic bacteria, i.e. Mycobacterium tuberculosis. Mycobacterium smegmatis, due to the characteristics of non-
pathogenic, fast growing and can be handled by Biosafety Level 1 facility, is therefore widely used as the replacing
model to study M. tuberculosis. However, Mycobacterium spp. can exist in active and latent stage by utilizes different
metabolism pathway. Under the circumstances of nutrient or oxygen depletion, Mycobacterium spp. shift the energy
generation cycle from tricarboxylic acid cycle (Krebs cycle) to glyoxylate cycle to progress into latent stage. It is
challenging to obtain Mycobacterium spp. at latent stage. Here, we revisited the preparation of latent form M. smegmatis.
We reported the medium, supplement and inoculum size to produce a reasonable lawn of M. smegmatis in a standard

agar plate.
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1. INTRODUCTION

Tuberculosis is still a public health concern in
developing countries, affecting one-third of the world
population. New drugs are needed due to the rise of
multidrug resistant strains as well as total drug resistant
strains. Biosafety Level 3 facility is must to study the
causative agent, Mycobacterium tuberculosis (MTB). In
order to minimize the risk of infection, Mycobacterium
smegmatis is usually used at the preliminary stage for
MTB drug discovery [1-5]. M. smegmatis is a well-
known replacing model to study MTB [6-13] as this
non-pathogenic strain is fast growing and can be
studied with Biosafety Level 1 facility [14].

Mycobacterium spp. can exist in two phases during
infection: the active and latent stages [15]. Both
infections have the bacteria undergo different
metabolism [16]. For instance, both stages have
different energy generation cycle [17]. In active stage,
Mycobacterium utilizes glucose as carbon source,
generating energy via tricarboxylic acid cycle (Krebs
cycle). Meanwhile, in latent stage Mycobacterium uses
lipid as carbon source and generate energy via
glyoxylate cycle to skip beta-oxidation steps during
oxygen or nutrient depletion. Eradicating latent stage
Mycobacterium, i.e. M. tuberculosis is as important as
eliminating active stage tuberculosis as it can avoid
‘recurrent” infection. Thus, in order to obtain latent
stage Mpycobacterium spp., the culture media,
supplement given and numbers of cell used are some
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of the influential factors. Here, we revisited and
summarized the optimization of M. smegmatis latent
stage culture in agar plate.

2. MATERIALS AND METHODS
2.1. Medium Preparation

Middlebrook 7H9 Broth with ADC Enrichment

7.85g ADC enrichment (Middlebrook Albumin
Dextrose Catalase Supplement; BD Difco, USA) was
dissolved and brought to 100ml with dH,O and
sterilized with Sartorius Minisart 0.2um syringe filter.
4.7g Middlebrook 7H9 (BD Difco, USA) was dissolved
and brought to 900ml with dH,O, autoclaved and
aseptically added with 100ml of the earlier prepared
ADC enrichment.

Middlebrook 7H10 Agar with OADC Enrichment.

7.9g OADC enrichment (Middlebrook Oleic Albumin
Dextrose Catalase Supplement; BD Difco, USA) was
dissolved and brought to 100 ml with dH,O and
sterilized with Sartorius Minisart 0.2um syringe filter.
19.0g Middlebrook 7H10 (BD Difco, USA) was
dissolved and brought to 900 ml with dH,O, autoclaved
and aseptically added with 100ml of the earlier
prepared OADC enrichment. Middlebrook 7H10 agar
was then plated in 90mm (diameter) polystyrene Petri
dishes.

M9 Minimal Broth

11.28g M9 minimal media (BD Difco, USA) was
dissolved and brought to 1 L with dH,O before
autoclaving. 2ml 1 M MgSO,4 and 0.1ml 1 M CaCl, have
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then added aseptically. (i) 0.4% glucose, or (ii) 0.4%
acetate was also added accordingly.

M9 Minimal Agar

11.28g M9 minimal media (BD Difco, USA) and
3.75g agar powder were dissolved and brought to 1 L
with dH,O before autoclaving. 2ml 1 M MgSO, and
0.1ml 1 M CaCl; have then added aseptically. (i) 0.1%
glucose, or (i) 0.1% acetate, or (iii) 0.4% glucose, or
(iv) 0.4% acetate was also added accordingly. M9
minimal agar was then plated in 90mm (diameter)
polystyrene Petri dishes.

2.2. Media Selection

Mycobacterium smegmatis strain mc*155 (ATCC
700084) was purchased from American Type Culture
Collection (ATCC). M. smegmatis stock culture store in
-80°C was used to grow in (A) Middlebrook 7H9 broth
with ADC enrichment (37°C, 200 rpm, 3 days), (B) M9
minimal broth with 0.4% glucose (37°C, 200rpm, 6
days), and (C) M9 minimal broth with 0.4% acetate
(37°C, 200rpm, 4 days). 10ul of each culture was spot
inoculated on M9 minimal agar plate supplemented
with (i) 0.1% glucose, or (ii) 0.1% acetate, or (iii) 0.4%
glucose, or (iv) 0.4% acetate as the carbon source. M9
minimal media with glucose and acetate represents
environment for active stage and latent stage,
respectively, for Mycobacterium.

2.3. Inoculum Size Selection

The inoculum which showed the highest cell density
on the M9 minimal agar plate best was subsequently
batch cultured in 20ml media with the same condition
(37°C, 200rpm, 3 days). The inoculum was then either
diluted with dH,O or concentrated by centrifugation to
obtain a cell density of ODggonm 0f 0.1, 1.0, 1.5, 2.0 and
2.6. These inoculums with different cell density were
then spread on M9 minimal agar with 0.1% acetate.

2.4. Spreading Method Selection

Inoculum of ODggonm 0.1, 1.0, 1.5, 2.0 and 2.6 was
spread on M9 minimal agar with 0.1% acetate by, (i)
dipped cotton swab in the inoculum and spread directly
on the agar plate, (ii) 100 pl inoculum was pipetted to
the agar plate and spread with cotton swab pre-dipped
with M9 minimal broth, and (iii) 100l inoculum was
pipetted to the agar plate and spread with L-shape
disposable plate spreader.

3. RESULTS AND DISCUSSION

In general, disc diffusion assay supposed to have
inoculum with turbidity equivalent to 0.5 McFarland
standard spread on agar medium, applying paper disc
soaked with test extracts or antibiotic and observing the
zone of inhibition. Initially, we used this general
guideline but could not obtain a lawn of M. smegmatis.
Thus, we revisited and carried out some modification to
address a few suspected factors such as the carbon
source, the inoculum size, and spreading method.

3.1. Effect of Medium

M. smegmatis was cultured in (A) Middlebrook 7H9
with ADC enrichment (represented active
mycobacterium), (B) M9 minimal media with 0.4%
glucose (control, active mycobacterium), and (C) M9
minimal media with 0.4% acetate (represented latent
mycobacterium). Inoculum from (A), (B) and (C) was
then plated on M9 minimal agar with different carbon
source, i.e. (i) 0.1% glucose, (ii) 0.1% acetate, (iii) 0.4%
glucose and (iv) 0.4% acetate. Figure 1 shows the
growth of inoculum (A) to (C) on M9 minimal agars. All
inoculums (A) showed growth in M9 minimal agars.
The best culture was observed on M9 minimal agar
with 0.4% glucose as this medium was its optimum
growth condition (sufficient concentration of glucose as
the favourite carbon source). The cell density was very
much lower in 0.4% acetate compared with 0.4%
glucose because M. smegmatis has shifted the
metabolic pathway to use acetate, which was a less
favourable carbon source. The cell density in 0.1%
glucose was also lower compared to 0.4% glucose.
However, no significant difference in cell density was
observed between 0.1% glucose and 0.1% acetate as
0.1% glucose has limited carbon source while 0.1%
acetate caused the shift metabolic pathway. Inoculums
(B), representing active stage Mycobacterium in
minimal media, showed lower growth compared with
active mycobacterium inoculum in optimum media.
Inoculum (B) was unable to grow in M9 minimal agar
with 0.4% acetate and 0.1% glucose. Surprisingly, the
growth was observed in M9 minimal agar with 0.1%
acetate, indicating that the percentage of lipid carbon
source could affect the growth of latent mycobacterium.
Inoculum (C), representing the latent form
Mycobacterium, was unable to grow in all agar plates.
This could be due to the insufficient of cell density.
Inoculum of latent stage Mycobacterium should be able
to grow in lipid carbon source but might need longer
growing time (> 4 days), in order to obtain cell density
that was able to show growth like inoculum (B).
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Figure 1: Spot inoculation of M. smegmatis on M9 minimal agar with (A) 0.1% glucose, (B) 0.1 acetate, (C) 0.4% glucose, and
(D) 0.4% acetate. A1-D1 are inoculums from Middlebrook 7H9 with ADC enrichment; A2-D2 are inoculum from M9 minimal
media with 0.4% acetate; A3-D3 are inoculums from M9 minimal media with 0.4% glucose.

As overall, inoculum (A) is the best to be used for
preparing latent stage M. smegmatis due to its ability to
grow well when the carbon source shifted from glucose
into acetate. This is due to the fact that culturing M.
smegmatis in optimum media took 3 days prior to
harvest but culturing M. smegmatis in M9 minimal
media will need at least than 6 days. Therefore, seed
culture of M. smegmatis that growth in optimal media
would be more time and cost effective in the
consequence works. In addition, M9 minimal agar with
0.1% acetate would be more suitable to culture M.
smegmatis compared to M9 minimal agar with 0.4%
acetate. On the other hand, M9 minimal agar is meant
to be supplied with carbon source prior use. The media
is to be supplied with 0.4% carbon source according to
the standard preparation protocol. However, other
studies showed that M. smegmatis can be grown with
as little as 0.1% carbon source [18]. After the
comparison between 0.1% and 0.4% of carbon source
(glucose or acetate), results showed in agreement with
the above-mentioned studies that 0.1% carbon source
performed better in the case of M. smegmatis. Thus,

inoculum from Middlebrook 7H9 with ADC enrichment
was used as seed culture to grow M. smegmatis on M9
minimal agar with 0.1% acetate to obtain the latent
stage. It is, however, only media selection was not
sufficient to obtain bacterial lawn on M9 minimal agar.

3.2. Inoculum Size Selection

Inoculums of different OD were spread on the agar
plates with three different spread plate methods.
Regardless of spread plate method, all agar plates with
inoculum ODggonm 0.1 and 1.0 did not show growth of
M. smegmatis (Figure 2). Inoculum ODggonm 0.1
(equivalent to McFarland standard of 0.5) is a general
standard for bacterial lawn preparation for disc diffusion
assay.

However, the recommended cell density with
McFarland standard is usually for Escherichia coli. E.
coli has a relatively fast doubling time where ODggonm
1.0 can be gained within 4 hours [19]. On the other
hand, M. smegmatis need at least 3 days to obtain
ODggonm 1.0. Inoculum ODggonm 1.5, 2.0 and 2.6 showed

Figure 2: The culture of M. smegmatis (on M9 minimal agar with 0.1% acetate) with cell density (A) ODsoonm 0.1, and (B)
ODgoonm 1.0. No growth was observed after 3 days of incubation at 37°C.



18 Journal of Advanced Biotechnology and Bioengineering, 2018, Vol. 6

Lee and Choong

Figure 3: (A) The culture of M. smegmatis (on M9 minimal agar with 0.1% acetate) with cell density of ODggonm 2.0 and 2.6 with
different spreading methods (A1- 100ul inoculum ODeoonm 2.0 spread with plate spreader; A2- 100ul inoculum ODggonm 2.0
spread with pre-dipped cotton swab with M9 minimal media). (B) The lawn of M. smegmatis (on M9 minimal agar with 0.1%
acetate) produced from 100pl inoculum ODggonm 1.5 spread with pre-dipped cotton swab with M9 minimal media.

growths on M9 minimal agar with 0.1% acetate.
However, the lawn produced from inoculums ODggonm
2.0 and 2.6 were too thick and might influent the actual
result for disc diffusion assay. Therefore, with ODggonm
1.5 is a more suitable cell density to be used for
bacterial lawn production for disc diffusion assay.

3.3. Effect of Spreading Method

Inoculum ODggonm 0.1 and 1.0 also did not show any
growth regardless of spreading methods. Spread 100yl
inoculums ODgponm 2.0 and 2.6 with L-shape disposable
plate spreader showed uneven lawn (Figure 3). The
cotton swab that was directly dipped and spread on
agar caused most of the cells being retained in the
cotton, thus fewer cells were transferred to the plate.
This was evidenced from the spread of inoculum
ODgoonm 2.0 with direct dipped and spread method, no
growth was observed. Pre-dipped cotton swab with M9
minimal broth and spread 100ul inoculums ODggonm 1.5
produced lawn that is more uniform (Figure 3).
Therefore, inoculum ODeggonm 1.5 that was spread using
pre-dipped (with M9 minimal broth) cotton swab would
the most suitable for disc diffusion assay.

In conclusion, bacterial lawn preparation prior to
disc diffusion assay is an established technique and
widely used for antimicrobial susceptibility testing for
common bacterium such as E. coli. As per M.
smegmatis, the detailed methodology for disc diffusion
assay is limited. This work revisited and addressed
challenges in order to obtain bacterial lawn for latent
stage M. smegmatis prior to disc diffusion assay. The
factors that affected the bacterial lawn for M.
smegmatis were including the concentration of carbon

source (acetate) in the media; inoculum size as well as
spread plate method. These factors could easily be
overlooked when only the general guidelines of the disc
diffusion assay were followed. It is expected that this
work could benefit more works in preliminary
antimycobacterial drug screening for the discovery of
new tuberculosis drug.

ACKNOWLEDGEMENTS

This work was funded by Malaysian Ministry of
Higher Education for Fundamental Research Grant
Scheme (FRGS; 203/CIPPM/6711439) and Higher

Institution Centre of Excellence Grant (HICoE;
311/CIPPM/44001005). Y.-V. Lee would like to
acknowledge  Malaysia  Ministry of  Science,

Technology, and Innovation for National Science
Fellowship. Thanks also to Prof. A. Acosta and Prof.
M.E. Sarmiento for their advice.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

[1] Koseki Y, Kinjo T, Kobayashi M, Aoki S. Identification of
novel antimycobacterial chemical agents through the in silico
multi-conformational structure-based drug screening of a
large-scale chemical library. Eur J Med Chem 2013; 60: 333-
339.
https://10.1016/j.ejmech.2012.12.012

[2] Agrawal P, Miryala S, Varshney U. Use of Mycobacterium
smegmatis deficient in ADP-ribosyltransferase as surrogate
for Mycobacterium tuberculosis in drug testing and mutation
analysis. PLoS One 2015; 10: e0122076.
https://10.1371/journal.pone.0122076

[3] Tiwari R, Miller PA, Chiarelli LR, Mori G, Sarkan M,
Centarova |, Cho S, Mikusova K, Franzblau SG, Oliver AG,




Revisiting the Culture of Latent Stage Mycobacterium smegmatis

Journal of Advanced Biotechnology and Bioengineering, 2018, Vol. 6 19

4

(5]

6l

[

8]

&l

[10]

(1]

Miller MJ. Design, syntheses, and anti-TB activity of 1,3-
benzothiazinone azide and click chemistry products inspired
by BTZ043. ACS Med Chem Lett 2016; 7: 266-270.
https://10.1021/acsmedchemlett.5b00424

Koseki Y, Kanetaka H, Tsunosaki J, Munier-Lehmann H,
Aoki S. Tetrahydro-2-furanyl-2,4(1H,3H)-pyrimidinedione
derivatives as novel antibacterial compounds against
Mycobacterium. Int J Mycobacteriol 2017; 6: 61-69.
https://10.4103/2212-5531.201893

Yagi A, Uchida R, Hamamoto H, Sekimizu K, Kimura KiI,
Tomoda H. Anti-Mycobacterium activity of microbial peptides
in a silkkworm infecton model with Mycobacterium
smegmatis. J Antibiot (Tokyo) 2017; 70: 685-690.
https://10.1038/ja.2017.23

Tyagi JS, Sharma D. Mycobacterium smegmatis and
tuberculosis. Trends Microbiol 2002; 10: 68-69.
https://10.1016/S0966-842X(01)02296-X

Andreu N, Soto CY, Roca |, Martin C, Gibert |I.
Mycobacterium smegmatis displays the Mycobacterium
tuberculosis virulence-related neutral red character when
expressing the Rv0577 gene. FEMS Microbiol Lett 2004;
231: 283-289.

https://10.1016/S0378-1097(04)00008-4

Ahangar MS, Khandokar Y, Nasir N, Vyas R, Biswal BK.
HisB  from Mycobacterium  tuberculosis: cloning,
overexpression in Mycobacterium smegmatis, purification,
crystallization and preliminary X-ray crystallographic analysis.
Acta Crystallogr Sect F Struct Biol Cryst Commun 2011; 67:
1451-1456.

https://10.1107/S1744309111037201

Chauviac FX, Bommer M, Yan J, Parkin G, Daviter T,
Lowden P, Raven EL, Thalassinos K, Keep NH. Crystal
structure of reduced MsAcg, a putative nitroreductase from
Mycobacterium smegmatis and a close homologue of
Mycobacterium tuberculosis Acg. J Biol Chem 2012; 287:
44372-44383.

https://10.1074/jbc.M112.406264

Junqueira-Kipnis AP, de Oliveira FM, Trentini MM, Tiwari S,
Chen B, Resende DP, Silva BD, Chen M, Tesfa L, Jacobs
WR, Jr., Kipnis A. Prime-boost with Mycobacterium
smegmatis recombinant vaccine improves protection in mice
infected with Mycobacterium tuberculosis. PLoS One 2013;
8: e78639.

https://10.1371/journal.pone.0078639

Tsolaki AG, Nagy J, Leiva S, Kishore U, Rosenkrands I,
Robertson BD. Mycobacterium tuberculosis antigen 85B and

2]

(3]

[14]

(18]

[16]

7]

(18]

[19]

ESAT-6 expressed as a recombinant fusion protein in
Mycobacterium smegmatis elicits cell-mediated immune
response in a murine vaccination model. Mol Immunol 2013;
54: 278-283.

https://10.1016/j.molimm.2012.11.014

Tirado Y, Puig A, Alvarez N, Borrero R, Aguilar A, Camacho
F, Reyes F, Fernandez S, Perez JL, Acevedo R, Mata
Espinoza D, Payan JA, Garcia ML, Kadir R, Sarmiento ME,
Hernandez-Pando R, Norazmi MN, Acosta A. Mycobacterium
smegmatis proteoliposome induce protection in a murine
progressive pulmonary tuberculosis model. Tuberculosis
(Edinb) 2014; 101: 44-48.

https://10.1016/j.tube.2016.07.017

Sha S, Shi X, Deng G, Chen L, Xin Y, Ma Y. Mycobacterium
tuberculosis Rv1987 induces Th2 immune responses and
enhances Mycobacterium smegmatis survival in mice.
Microbiol Res 2017; 197: 74-80.
https://10.1016/j.micres.2017.01.004

Li JM, Li N, Zhu DY, Wan LG, He YL, Yang C. Isocitrate
lyase from Mycobacterium tuberculosis promotes survival of
Mycobacterium  smegmatis  within  macrophage by
suppressing cell apoptosis. Chin Med J (Engl) 2008; 121:
1114-1119.

Rinaggio J. Tuberculosis. Dent Clin N Am 2003; 47: 449-465.
https://10.1016/S0011-8532(03)00015-6

Russell DG, Barry CE, 3rd, Flynn JL. Tuberculosis: what we
don't know can, and does, hurt us. Science 2010; 328: 852-
856.

https://10.1126/science.1184784

Dunn MF, Ramirez-Trujillo JA, Hernandez-Lucas |. Major
roles of isocitrate lyase and malate synthase in bacterial and
fungal pathogenesis. Microbiology 2009; 155: 3166-3175.
https://10.1099/mic.0.030858-0

Smith CV, Huang C-c, Miczak A, Russell DG, Sacchettini JC,
Honer zu Bentrup K. Biochemical and structural studies of
malate synthase from Mycobacterium tuberculosis. J Biol
Chem 2003; 278: 1735-1743.
https://10.1074/jbc.M209248200

Pefiuelas-Urquides K, Villarreal-Trevifio L, Silva-Ramirez B,
Rivadeneyra-Espinoza L, Said-Fernandez S, de Leén MB.
Measuring of Mycobacterium tuberculosis growth. A
correlation of the optical measurements with colony forming
units Braz J Microbiol 2013; 44: 287-289.
https://10.1590/S1517-83822013000100042

Received on 20-07-2018

DOL: http://dx.doi.org/10.12970/2311-1755.2018.06.03

© 2018 Lee and Choong; Licensee Synergy Publishers.
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in

any medium, provided the work is properly cited.

Accepted on 24-09-2018

Published on 04-10-2018



