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ABSTRACT

Study of biofilms in Mycobacterium smegmatis can aid in understanding biofilm
formation in other pathogenic Mycobacteria like Mycobacterium tuberculosis.
Biofilms may contribute in therapeutic failure by protecting the bacteria from
effective penetration and action of antimicrobial agents and immune factors and
consequently leading to inefficient clearance of pathogens, relapse of infection, and
selection and propagation of drug-resistant Mycobacteria. Biofilm formation by
Mycobacterium smegmatis was evaluated using various qualitative and quantitative
techniques. Subsequently, in an attempt to search for effective biofilm controlling
natural agents, antimicrobial and antibiofilm activity of five different plant extracts
(Azadirachta indica, Hippophae rhamnoides, Juglans regia, Vaccinium oxycoccos,
and Spices) was tested, using disk diffusion, microbroth dilution and quantitative
spectrometric methods, respectively. Mycobacterium smegmatis exhibited strong
biofilm production, when analyzed both qualitatively and quantitatively. The test
of efficacy of plant extracts as antimicrobial and antibiofilm agents revealed that
the extracts of Spices and Vaccinium oxycoccos (Cranberry) exhibited efficient
antimicrobial potential, while extract of Azadirachta indica (Neem) was most
efficient in reducing and removing M. smegmatis biofilms. Our study supports the
use of plant extracts as effective natural agents to control Mycobacterium
smegmatis biofilms. These results might be extrapolated to other pathogenic
Mycobacteria, which may help in efficient control of biofilm forming
Mycobacteria.

I ntroduction

Many microbial species have evolved to
survive in stressful environments by self-

assembling in highly organized, surface
attached, and matrix encapsulated
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structures called biofilms (Hall-Stoodley
and Stoodley 2005). Growth in
communities appears to be a preferred
survival strategy of microbes, and is
achieved through genetic components that
regulate surface attachment, intercellular
communications, and synthesis of
extracellular polymeric substances (EPS)
(Kolter 1998; Henke and Bassler 2004).
The tolerance to environmental stress is
likely facilitated by EPS, and perhaps by
the physiological adaptation of individual
bacilli to heterogeneous
microenvironments within the complex
architecture of biofilms (Branda, Vik et al.
2005).

Mycobacterium smegmatis with its short
generation time and low biosafety
requirements serves as an appropriate
model to study Mycobacteria in general
(Reyrat and Kahn 2001). Mycobacterium
smegmatis also share some of its virulence
gene homologues with Mycobacterium
tuberculosis (Reyrat and Kahn 2001;
Gopalaswamy, Narayanan et a. 2008;
Altaf, Miller et al. 2010; Pacheco, Hsu et
a. 2013). Therefore, the better
understanding of Mycobacterium
smegmatis might be helpful to understand
different aspects of other highly virulent
Mycobacteria.

Biofilm formation has been described as
an important factor having significant
implications in pathogen virulence (Shi,
Fu et a. 2011; Lebeaux, Chauhan et al.
2013). Biofilms protect the pathogens
from inhibitory effect of antibiotics and
immune cells, because it prevents their
effective penetration (Ojha, Anand et a.
2005; Begun, Gaiani et a. 2007; Qjha,
Trivelli et a. 2010). In cases like
Mycobacterium Tuberculosis, successful
treatment is a long task with viable
chances of infection relapse, if pathogen is
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not completely eliminated from the body.
In such scenarios, biofilms can cause
failure of therapy because biofilm-forming
communities are often drug-resistant and
hard to clear (Ojha, Baughn et al. 2008).
Although biofilm formation has not been
fully  described in  Mycobacterium
tuberculosis; other Mycobacteria like, M.
avium, M. marinum, and M. smegmatis,
have been described as potent biofilm
producers (Shi, Fu et al. 2011). Therefore,
development of proper biofilm detection
techniques and identification of potent
biofilm controlling agents in Mycobacteria
models such as M. smegmatis holds a
significant value in designing effective
biofilm control strategies against other
Mycobacteria of clinical significance.

Severd efficient  qualitative  and
quantitative  techniques have been
described for rapid and efficient detection
of biofilms (Merritt, Kadouri et a. 2005;
Hannig, Follo e a. 2009), and
simultaneous screening of different agents
for their anti-biofilm potential (Pitts,
Hamilton et al. 2003), where, many of
these anti-biofilm agents reported are
synthetic or of chemical origin (Chen and
Stewart 2000; Cserhati, Forgacs et al.
2002). In the current study, both
gualitative and quantitative techniques
have been utilized for the detection of M.
smegmatis biofilms. Additionally, an
efficient guantitative  spectroscopic
technique was aso employed to anayze
the potential of several plant extracts in
simultaneously reducing M. smegmatis
biofilm formation and removing pre-
formed biofilms.

Materialsand Methods

Mycobacterium smegmatis culture

The culture of Mycobacterium smegmatis
was obtained from laboratory’s culture
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bank and maintained on Trypton Soy Agar
(Sigma-Aldrich) platesat 37 °C.

Evaluation of Biofilm For ming Potential

The biofilm formation potential of
Mycobacterium smegmatis was evaluated
by following methods. 1) Air Liquid
Interface Assay, 2) Scanning Electron
Microscopy, and 3) Microtitre-plate
method.

Air Liquid Interface Assay

The Mycobacterium smegmatis biofilm
was microscopicaly visualized using Air
liqguid interface assay as described
previously (Merritt, Kadouri et al. 2005;
Abidi, Sherwani et al. 2013). Briefly, the
culture of Mycobacterium smegmatis was
1:100 diluted in 3 ml Tryptone Soy Broth
(TSB; Sigma-Aldrich). Subsequently, 300
ul of each diluted culture was pipetted into
each well of a 12-well, flat-bottom plates.
The plates were covered with lid and
incubate at 37°C for 48 hour, in a position
that they were making a 45° angle to the
surface of incubator. After incubation, the
cultures were aspirated, and the wells were
gently washed twice by adding 400 pl
sterile TSB medium. After two washes,
200 pl of TSB medium was added to each
well. The plate was laid flat on the stage of
an inverted microscope (Olympus, Japan)
and biofilm formation was visualized. The
pictures of the biofilm were taken using a
digital camera (Canon-A450, Malaysia).

Scanning Electron Microscopy (SEM)

The biofilm formation by Mycobacterium
smegmatis was also visualized using
Scanning electron microscopy. Briefly,
Mycobacterium smegmatis culture was
inoculated in polystyrene tube containing
5 ml Tryptone Soy Broth (TSB) and
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incubated for 24 hours at 37 °C. After
incubation, 2 ml of 20% glucose was
added to the culture tube and incubation
was further carried out for 24 hours at 37
’C. Subsequently, the contents of the tube
were decanted and the tube was washed
with PBS (pH 7) and air-dried. Dried tube
was fixed using 5ml of 99% Methanol.
Methanol was discarded and the tube was
stained with 5ml Crystal Violet (0.1%) for
approximately 20 minutes. Afterwards, the
stain was removed and tube was washed
with distilled water. The tube was then air-
dried in an inverted position. Prior to
electron microscopy, the tube was cut,
with help of a sterile blade, into sections of
about 2 mm. The stained sections were
placed on a gold coater (SEM JEOL JFC-
1500 Quick auto sputter) and coated with
the gold film up to 300 Armstrong. The
sample was then placed in a sample
chamber of the microscope (SEM JEOL
JSM-6380A) and scanning was performed
under different magnifications ranging
from 1500x to 3000x, at a voltage of 15kV
(Ganderton, Chawlaet a. 1992).

Microtitre-plate method

Mycobacterium  smegmatis biofilm
forming potential was quantitatively
analyzed using microtitre-plate method as
described previously (O'Toole, Pratt et al.
1999; O'Toole, Kaplan et al. 2000; Merritt,
Kadouri et a. 2005). Briefly,
Mycobacterium smegmatis culture was
inoculated in 3-5 ml TSB and incubated
for 24 hours at 37°C. After incubation,
cultures were 1:100 diluted in the TSB,
and 100 pl of each diluted culture was
pipetted in each well of 96-well flat-
bottom microtitre plate (non-tissue culture
treated, Sigma-Aldrich). Plates was
covered and incubated at 37°C for 48
hours. After incubation, contents of the
well were aspirated out and the wells were
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washed thoroughly with PBS.
Subsequently, the wells were stained for
10 min by adding 125 ul of 0.1% Crystal
Violet (w/v) solution to each well.
Afterwards, the stain was removed and the
plate was washed with clean tap water and
left to air dry. Subsequently, 200 pl of
95% Ethanol was added to each stained
well and plates were incubated for 10 to
15 min at room temperature. Contents of
each well were mixed by pipetting, and
then 125 pl of the Crystal Violet/Ethanol
solution was transferred from each well to
a separate well of an optically clear flat-
bottom 96-well plate. Optical densities
(OD) of each of these 125-ul samples were
measured a 630 nm using
spectrophotometer (Starfax 2100,
Awareness Technology Inc). Experiment
was performed in duplicate.

Antimicrobial and Antibiofilm activity
of Plant extracts

Antimicrobial activity of several plant
extracts has been well documented against
many pathogens (Mahesh and Satish 2008;
Das, Tiwari et al. 2010; Bibi, Nisa et al.
2011). In this study, we evaluated the
antimicrobial and—antibiofilm activity of
five different plants extracts against
Mycobacterium smegmatis (Table 1).

Preparation of agqueous plant extracts

The 5% aqueous extracts of plants (Table
1), were used in the study. Briefly, 2.5 g
dried leaves/bark/powder were soaked into
50 ml autoclaved distilled water and
boiled for three minutes for three times
with two minutes interval between each
boiling time. Subsequently, the extract or
supernatant was collected in a separate
50ml tube and centrifuged for 15 minutes
a 5000 rpm. The clear supernatant
obtained was collected and filter sterilized
using 0.2 um filter (Micropore filters), and
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stored at -20 °C. In this study, maximum a
week old extracts were used, otherwise
fresh extracts were prepared. For
Cranberry extracts, 5 ml of pure
concentrate was poured in 95 ml sterile
distilled water to yield 5 % solution.

Deter mination of antimicrobial
potential of plant extracts

The antimicrobial potential of plant
extracts against Mycobacterium smegmatis
culture was examined by Disk Diffusion
method (Binutu and Laubutu 1994).
Briefly, Mycobacterium smegmatis culture
was inoculated in 5ml Mueller-Hilton
Broth at incubated at 37 °C for two hours.
After the incubation, microbial lawn was
prepared by pouring 100 pl of culture on
the Mueller-Hilton Agar plates. Disks
soaked with 30 ul of plant extracts (Table
1) were placed onto the lawn and plates
were incubated at 37 °C for 24-48 hours.
Antimicrobial potential of the plant
extracts were evaluated on the basis of
appearance and size of the zone of
inhibition.

Determination of Minimum inhibitory
concentration (MIC) of plant extracts

Minimum inhibitory concentration (MIC)
of the plant extracts were determined by
Micro Broth Dilution method using 96-
well microtitre plate (Aboaba, Smith et al.
2006). Briefly, Mycobacterium smegmatis
culture was inoculated in 5ml Mueller-
Hilton Broth at incubated at 37 °C for two
hours. Simultaneously, 1 mg/ml stock
solutions of plant extracts (Table 1) were
prepared in sterile distilled water, and two
fold serial dilutions of plant extracts were
made in 100 ul Mueller-Hilton broth to
achieve afinal concentration of 4 ug/ml in
the last well. Subsequently, 10 ul of two
hour old culture was added to each well.
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One well served as a medium control
while other served as culture control. The
plates were incubated for 24 hours at 37
°C. The MIC was considered as the lowest
concentration of the well that exhibited no
visible bacterial growth.
Reduction and Removal of
Mycobacterium smegmatis Biofilms

A quantitative spectrophotometric method,
as described by PFitts, et a., (Pitts,
Hamilton et al. 2003), was used, with
modification, to measure the biofilm
disinfection and removal efficacy of the
plant extracts. This method allows a rapid
detection of concentration—dependent anti-
biofilm activity of various agents (Pitts,
Hamilton et al. 2003). The experiment was
performed in two ways. In first
experiment, biofilm reduction potential of
the plant extracts was evaluated. Briefly,
Mycobacterium smegmatis culture was
inoculated in 5-ml TSB and grown to
stationary phase. The culture was diluted
1:100 in the Tryptone Soy Broth (TSB)
and 100 pl of diluted culture was pipettein
12 different wells i.e. two wells for plant
extracts, one for blank (B) and one for
control (C), in a fresh 96-well, non-tissue
culture treated microtiter plate. Hundred
microliter of each extract — to be evaluated
for antibiofilm potential — was inocul ated
in each well; and plate was covered and
incubated at 37 °C for 24 hours.

In the second experiment, potential of
plant extracts to remove pre-formed
biofilm was evauated. Briefly, microtitre
plate was inoculated as mentioned above,
and incubated at 37 °C for 24 hours. After
incubation, plates were washed with sterile
water to remove planktonic cells and 200
ul of each plant extract was inoculated in
each well. Plates were then incubated for a
period of 1.5 hour.
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After incubation, four small trays were set
up in a series, and 1 to 2 inches of
autoclaved tap water was added to the last
three, while first tray served as waste.
Planktonic bacteria were removed from
the microtiter plates by vigorously shaking
the plates over the waste tray. Wells were
washed, by submerging the plates in the
first water tray and then emptied over
waste tray by vigorous shaking.
Subsequently, for biofilm staining, 125 ul
of 0.1% crystal violet solution was added
to each well and incubated for 10 min at
room temperature. Following incubation,
the stain was emptied over the waste tray
and plates were washed consecutively in
each of the next two water trays with
vigorous shaking to remove al liquid.
Subsequently, the plates were inverted and
vigorously tapped on paper towels to
remove all the contents and left to air dry.
Finally, the dye was solubilized by adding
200 pl of 95% ethanol to plate, and
incubating the plate for 10 to 15 min at
room temperature. In the next step,
contents of each well were mixed by
repeated pipetting, and then 125 pl of the
crystal  violet-ethanol  solution  was
transferred from each well to a separate
well of a new optically clear flat-bottom
96-well plate. Optica densities (OD) of
each of these 125-ul samples were
measured at a wavelength 630 nm.

Measurement of anti-biofilm efficacy
called Percentage Reduction/Removal was
calculated from blank, control and test
OD, using equation:

Per centage Reduction/Removal = [(C-B)
- (T-B) / (C-B)]*100%

Where B = absorbance of blank (no
biofilm, no treatment), C = absorbance of
control (biofilm, no treatment) and T =
absorbance of test (biofilm and treatment)
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Results and Discussion

Qualitative and quantitative analysis of
Mycobacterium smegmatis biofilm

In our study, Air-liquid assay and
Scanning Electron Microscopy (SEM) was
used to qualitatively analyze the biofilm
formation by Mycobacterium smegmatis.
In the Air-liquid assay, dense matt
(biofilm) formation and strong aggregation
by the Mycobacterium smegmatis was
observed (Figure 1). Similarly, scanning
electron microscopy reveded that the
Mycobacterium smegmatis exhibits strong
cellular aggregation and dense matt
(biofilm) formation, as evident at 1500x
(Figure 2a) and 3700x magnification
(Figure 2b).

The quantitative biofilm analysis aso
revealed Mycobacterium smegmatis isolate
as the dominant biofilm former with an
ODes30 of 0.79.

Antimicrobial activity of plant extracts
against Mycobacterium smegmatis

In our study, antimicrobial potential of 5
different plant extracts (Table 1) was

evaluated against Mycobacterium
smegmatis. The results revealed that
extracts of Spices and Vaccinium

oxycoccos, with zones of inhibition of
12mm, respectively, were found to be
effective against Mycobacterium
smegmatis (Table 2). Minimum inhibitory
concentration (MIC) values of Spices and
Vaccinium oxycoccos were 500 ug/ml and
1000 ug/ml, respectively (Table 2). The
extracts of Juglans regia, Hippophae
rhamnoides and Azadirachta indica
exhibited no antimicrobial activity against
Mycobacterium smegmatis (Table 2).
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Biofilm Reduction and Removal

potential of plant extracts

In this study, biofilm reduction and
removal potential of five different plant
extracts were evaluated. The extracts of
Azadirachta indica, Vaccinium oxycoccos
and Spices displayed substantial biofilm
reduction potential, which was 173%, 28%
and 26%, respectively (Figure 3a).
Similarly, extracts of Azadirachta indica,
Hippophae rhamnoides, and Vaccinium
oxycoccos exhibited significant biofilm
removal potential, which was 32%, 13%
and 12%, respectively (Figure 3b). In our
study, we evauated biofilm forming
potential of Mycobacterium smegmatis
and employed a quantitative spectroscopic
technigue to anayze the antibiofilm
potential of several plant extracts in
simultaneously reducing M. smegmatis
biofilm formation and removing pre-
formed biofilms. The results identified
Mycobacterium smegmatis as a dominant
biofilm former, which supports earlier
studies that M smegmatis has a strong
propensity to form biofilms (Ojha, Anand
et a. 2005; Shi, Fu et a. 2011).

Mycobacterium smegmatis has been
implicated as a causative agent of
peritoneal dialysis-related peritonitis and
venous catheter-associated bacteremia,
which has been partly attributed to the
biofilm forming potential of the organism
(Chang, Tsay et a. 2009; Jang,
Senanayake et al. 2011). It has aso been
used as a model to study Mycobacterium
tuberculosis, because it has been shown to
have the fastest growth rate of biofilm
formation compared with other
Mycobacterium species such as M. phlei
and M kansasii (Bonkat, Bachmann et al.
2012).
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Table.1 List of plant extracts tested for reducing and removing
Mycobacterium smegmatis biofilms

Botanical Name klgrcr?é Part used Extract Concentration
Azadirachta indica Neem Fresh Leaves Aqueous 5%
Hippophae rhamnoides buci?ﬁorn Dried Berries Aqueous 5%
Juglansregia Dandasa Dried Bark Aqueous 5%
Vaccinium oxycoccos | Cranberry Juice consg;(ti‘r e 5%
Culinary 0
Spices Grounded powder Aqueous 5%

Table.2 Antimicrobial activity of five different plants extracts: The table shows antimicrobial
activity of plants extracts measured in terms of zone of inhibition (mm) and Minimum
Inhibitory concentration (MIC).

Plant Extracts Zone of Inhibition (mm) Clvclnlrlr::ler?\?rn;tilgr?l(ﬂ;?rrnsll)
Soices 12 1000
Vaccinium oxycoccos 12 500
Juglansregia 0 NI
Hippophae rhamnoides 0 NI
Azadirachta indica 0 NI

Figure.1l Qualitative analysis of biofilm formation by Mycobacterium smegmatis: Biofilm
formation by Mycobacterium smegmatis as observed under inverted microscope using Air-
liquid interface assay. Dense matt formation and microbial aggregation is clearly evident in

the wells.
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Figure.2 Scanning electron microscopic analysis of biofilm formation by Mycobacterium
smegmatis: Dense matt formation and microbial aggregation is clearly evident at A) 1500x,
and B) 3,700x magnification.
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Figure.3 Potential of various plant extracts to reduce and remove Mycobacterium smegmatis
biofilms: Graph showing A) percent reduction in biofilm formation, and B) percent removal
of pre-formed biofilms. Error bars represent standard error of mean.
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Plant extracts used

Air-liquid interface was performed in
polystyrene wells as has been described by
Ojha, et al., [6], which gives a rough
estimation of biofilm forming potential of
the pathogen (Merritt, Kadouri et al.
2005). M. smegmatis appeared to
effectively adhere to plate wells and form
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biofilms. This observation was further

confirmed by  Scanning  Electron
Microscopy, which gives an ultra
magnified visualization of different
patterns of microbia adherence and

biofilm formation (Hannig, Follo et al.
2009).
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In the next stage, we tested severa plant
extracts for their anti-biofilm potential
(Table 1 and 2). The inhibitory potentia
was tested against both biofilm
disinfection/reduction and biofilm
removal, by using a quantitative microtitre
plate technique employing crystal violet
dye as biomass indicator (Pitts, Hamilton
et a. 2003; Silva, Pires et a. 2012). This
technique is a sensitive and rapid method
to determine concentration-dependent
efficacy of different test agents. Our
results indicated several of the plant
extracts were effective in both reducing
biofilm formation and removing pre-
formed biofilms with 36% to 56% biofilm
reduction and 34% to 35% biofilm
removal.

The extracts of Azadirachta indica
(Neem), Vaccinium 0XYyCOCCOS
(Cranberry), Hippophae rhamnoides (Sea
buckthorn) and Spices displayed a
substantial anti-biofilm potential.
Vaccinium oxycoccos extracts have been
known to contain fructose and other
polymeric compounds as active agents
(Ofek, Goldhar et al. 1991). These active
compounds have the potential to inhibit
adhesins and prevent matrix formation.
Spices - mixture of different plants - have
Terpenoids as active compound, which has
an active ability to disrupt cellular
membranes (Cowan 1999). Azadirachta
indica contains more than 140 active
compounds which are grouped into
isoprenoids and nonisoprenoids
(Subapriya and Nagini 2005). The
terpenoids and essential oils possessed by
the Azadirachta indica agueous extracts
can actively disrupt cellular membranes
(Cowan 1999). Flavonoids are present as
active agents in Hippophae rhamnoides
extracts (Teng, Lu et a. 2006), which
forms complexes with cell wall and
inhibits enzyme activity. They also binds
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to adhesins and inhibit matrix formation
(Cowan 1999). The biofilm remova or
reduction potential of the plant extracts
can be through the mechanisms mentioned
thereof, which are attributed to their
congtituent active compounds. These
plants can be studies for the identification
of the active anti-biofilm compounds.

In conclusion, we have shown and
corroborated earlier studies that M.
smegmatis forms peculiar biofilms which
can be used to further our understanding of
biofilm formation in of Mycobacterium
tuberculosis and devising effective control
measures. Furthermore, we have tested
easily available traditional plant extracts
and proved their anti-biofilm potential,
which can be tapped by identifying active
antibiofilm agents.
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