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Abstract
Bacillus thuringiensis are agriculturally and medically important bacteria as they produce insecticidal Cry
proteins and can form bio�lm on different plant surfaces. Previous studies reported that the ubiquitous
carbon source glucose could induce restricted motility and fractal pattern formation in the growing
colonies of pH, salt and arsenate tolerant Bacillus thuringiensis KPWP1. As bacteria are evolved with the
ability to exhibit multicellular behaviour and bio�lm formation under limiting conditions for survival, the
present study was focused on exploring the effect of glucose in bio�lm formation by Bacillus
thuringiensis KPWP1. Signi�cant rise in bio�lm loads were observed with increased glucose
concentrations in growth media. Compared to control, six times more bio�lm load was marked in
presence of 2% of glucose. Interestingly, it was observed that the effect was glucose speci�c and also not
due to any change in sugar induced physicochemical property of the growth media as addition of
galactose or arabinose could not induce any signi�cant increase in KPWP1 bio�lm load. Scanning
electron-, confocal laser scanning-microscopic studies and biochemical tests revealed that increased
concentrations of glucose could induce increased production of exopolymeric substances, increased
number of densely-packed micro-colonies in KPWP1 bio�lm and increased hydrophobicity and adherence
properties in KPWP1cells.

1. Introduction
Thousands of years ago, human beings adapted a survival strategy to stay in communities, especially
communities inclusive of people with one-of-a-kind abilities. They realized that a community is far more
likely to continue to exist through the department of hard work– one makes food, other gathers source,
nonetheless any other protects the community towards invaders (Johnson LR et al.2008; Verplaetse et
al.2015; Verplaetse et al.2017). Microbes exhibit two kinds of growth modes i.e. planktonic cells and
sessile aggregate that is called the bio�lm. Bio�lms are a critical component of the natural surroundings
(Jamal et al.2015) and they are found in multiple habitats from soil (Maeder et al.2002) to space
(Horneck et al.2006), roots of the tree to the leaves, outer dead skin layer (Grice et al.2009) to the
intestines.

Majority of microorganisms have the potency to construct bio�lm on a wide range of surfaces including
biotic and abiotic surfaces (Verplaetse et al.2015) by producing the extracellular polymeric substance
(EPS) (Jamal et al.2015; Verplaetse et al.2015). For the most part in bio�lm, microorganisms involve
about 10% of the dry mass, whereas the remaining 90% are possessed by EPS (Kavitaet al. 2013). It
mainly consists of different macromolecules like proteins, polysaccharides, lipids and extracellular DNA
(Kavita et al.2014). The EPS �ll in between the shape of the bio�lm constituents.

Numerous factors, including source and abundance of nutrients, osmolality, temperature, and
anaerobiosis were suggested to affect bio�lm formation and EPS production (Lim et al. 2004). Although
glucose is a preferred carbon source for most of the living organisms, there are con�icting reports on the
effect of glucose in bacterial bio�lm formation. Although it was observed that glucose can inhibit bio�lm
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formation by multiple species of Enterobacteriaceae, it was reported that glucose supplementation in
growth media enhance bio�lm formation in E. faecalis. Such divergent results indicate a bimodal fashion
in occurrence of glucose mediated bio�lm formation in enterococci (Pillai et al.2004).

Bacteria belonging to Bacillus cereus group display a broad range of existence and ecological niches and
consist of useful as well as pathogenic lines. Bacillus thuringiensis, a Gram-positive, spore-forming
microbe, belong to Bacillus cereus group which is used as a biological pesticide as this microbe produces
insecticidal toxins (cryI, cryIV, cryIII etc) that target selected insect hosts ( Gill et al.1992;Bravo et al.2007;
Gill et al.1992; Guan et al. 2014;Qi JiaHeLing et al. 2016).Initially, spores and crystalline insecticidal
proteins produced by B. thuringiensis have been used to control insect pests since the 1950s and are
often applied as liquid sprays (Saiyad et al.2017). But the problems arise when they get washed off from
the plant surface due to heavy rainfall and irrigation. If bio�lm formation of B. thuringiensis is
encouraged onto the plant surface, the cells can adhere to the plant surface by secreting an extracellular
matrix and ensure the insecticidal property without being engineered the crop. Therefore, studies on
bio�lm formation by Bacillus thuringiensis are increasingly recognized as an important area of research.
Previous studies from our laboratory revealed that increased concentration of glucose in growth media
resulted in decreased number of �agella on KPWP1 cell surface (Roy et al.2010). There are contrasting
reports on the relation between swarming and bio�lm formation in bacterial world. In one hand, it is
generally observed that swarming motility and bio�lm formation are inversely correlated (Caiazza et
al.2007;Verstraeten et al.2008; Guttenplan et al.2013) whereas, recent �ndings indicate that for some
bacteria, there may be a positive correlation between bacterial swarming and bio�lm formation (Fuente-
Núñez et al.2012; Park et al.2018). It is, therefore, important to know whether swarming and bio�lm
formation are inversely or positively correlated in Bacillus thuringiensis KPWP1 and also to know whether
glucose can in�uence the bio�lm formation by Bacillus thuringiensis KPWP1.

The aim of the present study was to investigate the effect of glucose in bio�lm formation of Bacillus
thuringiensis KPWP1 and also to characterize the changes in EPS composition, cell morphology and
surface hydrophobicity in KPWP1 bio�lms due to the presence of differential concentrations of glucose in
growth media.

2. Materials And Methods

2.1 Bacterial strains and growth conditions
Bacillus thuringiensis KPWP1, (Roy et al.2010) isolated from Kolkata port water, were grown in 24-well
plates in nutrient broth (peptone − 0.5%, NaCl-0.5% and beef extract-0.3%) in presence of different
concentration of glucose, arabinose and galactose as required for experiments. Planktonic growth of
bacteria was monitored by measuring the turbidity/O. D of bacterial suspension at 600 nm by using a UV-
vis spectrophotometer (Schimadzu UV 2600)

2.2 Bio�lm assay
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Bio�lm formation was assayed was performed by the method described by (Pui et al.2017) with minor
modi�cation. For assay of bio�lm formation by Bacillus thuringiensis, 106 cells number of KPWP1 cells
in 1 ml were grown for 48 hours in nutrient broth in 24 well plates n presence of 1 % and 2% of sugars at
37 ˚C under shaking condition (150 rpm). The planktonic cells were removed and the growth of
planktonic cells was measured spectrophotometrically. Wells (contained bio�lm) of plates were gently
washed with phosphate buffered saline (PBS) twice and incubated with 0.1% crystal violet (CV) for 15
mins at room temperature. After incubation, excess stain was removed by washing the wells with PBS.
CV attached to the bio�lm was extracted with 1 ml of 30% acetic acid. The bio�lm load was calculated by
measuring the optical density (O.D) of the extracted crystal violet at 600 nm by using microplate.

2.3 Confocal laser scanning microscopy of bio�lm
Confocal laser scanning microscopy (CLSM) was performed to measure three-dimensional structure and
related topological parameters of KPWP1 bio�lms. For that, KPWP1 bio�lms were formed on coverslip by
using the same method as described above (method Sect. 2.3). The coverslips, containing the bio�lms,
were washed with PBS two times gently and then stained with 0.001% acridine orange and incubated in
dark for 10 mins. The stained coverslips were washed with PBS to remove the excess stain and observed
under confocal microscope

The bio-volume (µm3 /µm2), mean thickness (µm), volume (µm3), skewness and kurtosis of KPWP1 were
quanti�ed from the confocal stacks using the Zen software. The bio-volume is de�ned as the volume of
the biomass (µm3) divided by the surface area of the substratum (µm2). The skewness determines the
porosity in the bio�lm which helps the cells to get access to the nutrient. The kurtosis value determines
the adherence property of the bacteria (Dasgupta et al.2013).

2.4 Scanning Electron Microscopy
In order to visualize the bio�lm formed by KPWP1 cells, SEM was performed by using the protocol
described by Chakraborty et al.2016 with minor modi�cation.

Bio�lm was �rst formed onto the coverslip placed vertically in 24 well plates. The coverslips were washed
with PBS and �xed with 200 µl of glutaraldehyde (2.5%) solution for 1 hour at room temperature in dark.
The coverslips were then re-suspended in 200 µl of 0.1% OsO4 and incubated at room temperature for 30
minutes. After repeated (three times) wash with PBS, cells were again washed in 30%, 50%, 70%, 90%, and
100% alcohol respectively. Finally, 20 µl of 100% ethanol was added onto the coverslips. The samples
were then dried using desiccators and then were coated with a thin layer of conducting metal, (gold-
palladium) in sputter coater (Quorum technologies ltd.) The samples were observed under �eld emission
scanning electron microscope (Carl Zeiss) using smart SEM software

2.5 Live-dead staining of bio�lm
The presence of live and dead cells in KPWP1 bio�lm was measured by staining the bio�lm (formed on
coverslips) with the live/dead BACLIGHT bacterial viability kit (Invitrogen, paisley, UK) (He et al.2017). The
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images of live and dead cells were stained with SYTO 9 dye and Propidium iodide (PI), respectively and
the images were captured by using �uorescence microscope (Olympus provis ax70)

2.6 Microbial adhesion to the hydrocarbons (MATH) assay
In order to measure the hydrophobicity of cell surface of bacteria grown under different conditions, MATH
assay was performed by using hydrophobic hydrocarbon n-hexadecane (Sigma, purity > 99%) (Tyfa et al.
2015). For that, KPWP1 cells were grown in Nutrient Broth in presence of different concentrations of
glucose. The optical densities of cell suspensions were adjusted to 0.6 by diluting the suspensions with
PBS (A0). Next, 1.5 ml of adjusted cell suspensions were thoroughly mixed with 0.5 ml of n-hexadecane
for 30 min at room temperature. The mixtures were then allowed to settle for 30 min and the aqueous
layers were collected and OD of the collected aqueous layers was measured at 600 nm (A1). The
percentage hydrophobicity was calculated by the formula;

Percentage hydrophobicity = [1-A1/A0]*100

2.7 Staining of Exopolymeric substances (EPS)
components with concanavalin A and Nile red
The EPS is consisting of embedded carbohydrate, proteins and lipids which gives a structural integrity for
the three-dimensional bio�lm lattice. The dispersion of extracellular polysaccharides was examined
utilizing �uorochromes that interact with particular oligosaccharide subunits. Concanavalin A (Con A)
was used to stain glycoconjugates (mannose speci�c) part of bio�lm �ocs. The bio�lm onto the
coverslips was stained with 500 mg/l of the dye followed by incubation for 15 mins in dark [35]. The
samples were washed with PBS and observed under confocal laser scanning microscopy with an
excitation wavelength of 485 nm and emission at 530 nm. Similarly, Nile red (2.5mg/l) localized lipids
such as triglycerides phospholipids, and neutral lipid droplets within cells. The staining procedure was the
same as above about the incubation time, in this case, is 10 mins followed by PBS wash (Chen et
al.2009).

2.8 Quanti�cation of carbohydrate, protein and eDNA in EPS
of KPWP1 bio�lms
The anthrone method was used for quanti�cation of the carbohydrate content of EPS (Khan et al.2014).
In brief, 160 µl of anthrone reagent (0.125% anthrone [wt./vol] in 94.5% [vol/vol] H2SO4) was mixed with
80 µl of the sample and incubated at 100°c for 14 min and after that cooled at 4°C for 5 min. The
absorbance at 625 nm was measured utilizing a microplate reader. The Bradford method was used to
measure the protein concentration in EPS. In brief, 400 µl of the �ltered sample was blended tenderly with
100 µl of Bradford reagent 96 well plate. After 5 min of blending, 200 µl of the blend was utilized to
measure the absorbance at 595 nm with a microplate reader ( Kawaguchi et al.2000).For eDNA
quanti�cation, KPWP1 bio�lms were grown in 24 well plates. The planktonic cells were discarded after 48
hours of incubation and the wells were washed with 0.9% NaCl solution for two times. 1 ml of the 0.9%
NaCl was added to the wells and dispensed properly. The mixture was vortexed vigorously for 1 min and
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centrifuged at 5,500 x g at 4°C for 10 mins (Panariello et al.2017). The supernatant was collected and the
eDNA content was measured by using Nanodrop 1000 spectrophotometer (Thermo scienti�c Asheville,
NC, USA).

2.9 Statistical analysis
Graph Prism 6 was used to analyse the data. At least three independent data of anindividual experiment
were taken and mean ± SE was used to express all the results.

3. Results

3.1 Effect of glucose on growth and bio�lm formation of
Bacillus thuringiensis
Planktonic cell growth of KPWP1 in presence of glucose was monitored by measuring the turbidity (A600)
by using UV- visible spectrometer. 1.33- and 1.35-fold increase in the growth of the planktonic cells was
observed in case of glucose supplemented media with 1 % and 2 % of glucose with respect to control,
although, no signi�cant difference in planktonic growth was observed between media containing
different glucose percentage (Fig. 1A).

Interestingly, signi�cant rise in bio�lm load was observed with the increase in glucose concentrations in
growth media. An increment of 11.45 and 18.36-fold in bio�lm load was marked in 1% and 2 % of
glucose supplemented nutrient broth respectively, with respect to control (Nutrient broth without added
glucose) (Fig. 1B). The results indicate that KPWP1 was able to form better bio�lm in presence of
glucose. Moreover, the observed increase in bio�lm formation was found to be glucose speci�c and also
not due to any change in physicochemical property (e.g., osmolarity) of growth media as addition of
increased concentrations of galactose or arabinose could not induce signi�cant bio�lm formation as
compared to glucose (Fig. 1C).

3.2 Topological parameters of KPWP1 bio�lm
In order to characterize the topological parameters of KPWP1 bio�lm, confocal laser scanning
microscopy was done on KPWP1 bio�lm formed on glass coverslips. The bio-volume, mean thickness,
biomass, kurtosis and skewness of the 48-hour grown bio�lms were analysed to evaluate changes in the
bio�lm structure with increased glucose concentrations in growth media. As shown in Fig. 2A, 2B and 2C
the mean thickness, biovolume and biomass of the bacterial micro-colonies of the 48-h bio�lms
increased gradually as the glucose concentration increased. The thickness of the bio�lm in 1% and 2%
glucose supplemented media was found to be 1.43 and 1.86 times more than the control while the
volume increases by 1.48 and 1.82-folds, respectively (Fig. 2A). The biomass of the KPWP1 bio�lm was
also observed to be increased by 2.06-fold in 2% glucose concentrations (Fig. 2C).

The skewness and kurtosis value are the two statistical parameters that measures porosity in bio�lm and
adherence of the bacteria to the surface respectively. Lesser the skewness value more is the porosity that
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enables the bacteria to access more nutrient. From the �gure (Fig. 2D), the lowest skewness value was
observed in the case of 2% glucose containing media which implies the presence of more porosity in the
formed bio�lm. The highest kurtosis value (Fig. 2E) was again noticed in 2% glucose supplemented
media states that the adherence property of bacteria increases as glucose is added in the media.

Figure 2F shows representative CLSM images of KPWP1 bio�lms, in which the bacterial micro-colonies at
in 1% and 2% of glucose-containing media were denser, and more aggregated than that of control.

3.3 Scanning Electron Microscopy of KPWP1 bio�lm
We further explored the effect of glucose on Bacillus thuringeinsis KPWP1 bio�lm at the levels of cell
morphology and presence of EPS by scanning electron microscopy (SEM). Bio�lms were formed on glass
coverslips in 24-well microtiter plates and visualised by SEM. The scanning electron microscopy images
of KPWP1 cells in bio�lms grown in absence of any added glucose revealed that monolayer of a few
spores adhering to the coverslips (Fig. 3A.i and 3A.ii). Interestingly, the outcome due to the addition of 1%
glucose in growth media presents a contrasting picture. At the lower magni�cation, it was detected that
heterogenous cell population of KPWP1 adhering to the substratum forming multiple layers with void
spaces (Fig. 3B.i. and 3B.ii.) which most probably help in nutrient circulation and excretion of the waste
products. The higher magni�cation of the images revealed that the heterogenous cell population consist
of densely packed region of elongated cells, normal healthy cells and spores embedded in EPS of KPWP1
bio�lm. The effect of 2% glucose on KPWP1 bio�lm is also captivating. The images revealed the
presence of densely packed 3-D structure of KPWP1 cells along with the void spaces with more EPS
compare to the 1% glucose and the higher magni�cation gives an exact view of the cell morphology
where it is observed that the heterogeneously cells population is present trapped in EPS (Fig. 3C.i and
3C.ii.)

3.4 Glucose induced change in cell surface hydrophobicity
in KPWP1 cells
Cell surface hydrophobicity (CSH) was assessed using the microbial adhesion assay for hydrocarbons
(MATH). High CSH enables microorganisms to attach to the hydrophobic surface and form a bio�lm. The
results show that the least percentage hydrophobicity in control. The maximum percentage
hydrophobicity is observed in case 2% glucose (Fig. 4). The CSH changes as the cell surface
macromolecules changes with response to environmental stimulus and nutrient variation. The results
clearly depict that addition of 1% and 2% glucose in nutrient media increases the percentage
hydrophobicity by 3.77 and 4.85 folds respectively. Cell surface hydrophobicity has been distinguished as
a measurable trademark for microscopic organisms. This property has been usually investigated in the
adherence of microscopic organisms to surfaces. Nutrients play an important role in altering the cell
surface hydrophobicity which eventually assists the bacteria to form bio�lms. Thus, glucose treatment
applied in the present study caused signi�cant variation in bio�lm organization.
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3.5 Live dead staining of bacteria in KPWP1 bio�lms
Both live and dead bacteria embrace the bio�lm of Bacillus thuringiensis were observed when they were
allowed to develop on 18mm coverslips in 24 well plates. By using the BACLIGHT live/dead viability
probe (molecular probes), we observed that cell death is manifested, in the micro colonies (Fig. 5). As it is
reported that dead cells play important role in the adherence of the bacteria while forming bio�lm (Desai
et al.2019), imaging of live/dead cells in KPWP1 bio�lm, grown in absence and presence of added
glucose was performed. The overlapped images of SYTO 9 and PI of the live dead staining depicts that
the dead cells (indicate by red) are present at the bottom while the live cells (indicate by green) are
present at the top of the bio�lm. It is also observed that with the increase of the glucose percentages, the
intensity of the dead cells also increases in the KPWP1 bio�lm which indicates that the dead cells might
helped the live cells to adhere to the substratum during bio�lm formation.

Cell death inside microcolonies is an imperative physiological occasion that plays a part in subsequent
differentiation and dispersal of a subpopulation of surviving bio�lm cells (Webb et al.2003).

3.6 Identi�cation and estimation of EPS in KPWP1 Bio�lm
Exopolymeric substances in bacterial bio�lm are generally made of polysaccharides, proteins, glycolipids
and eDNA.

Total polysaccharide was determined biochemically by utilizing anthrone reagent. The carbohydrate
content is 8.45 and 31.70-fold more in 1% and 2% glucose (Fig. 6A). Bradford reagent is used to quantify
the protein content in the EPS matrix. The results suggest that the total protein content is 9.8 and 36.24-
fold more in more in 1% and 2% glucose with respect to control (Fig. 6B). eDNA was quanti�ed by
spectrophotometric analysis. Notably, eDNA contents in KPWP1 bio�lm was found to be 1.9 and 5.01
folds more in 1% and 2% glucose with respect to the control condition with no added glucose in growth
medium (Fig. 6C).

In order to check the relative presence and quantify the carbohydrate residue the EPS matrix was stained
with Con A Fig. (6D). The observed intensity for Con A which binds with the mannose residue is 2.8 and
3.1 folds (Fig. 6E) more in the matrix 1% and 2% glucose with respect to control.

Nile red was used for the assessment of lipids residue present in the EPS matrix of KPWP1. The lipophilic
stain Nile red shows the presence of lipid or exceedingly hydrophobic areas within bio�lms (Fig. 6F). The
intensity for Nile red was 1.74 and 4.60 times more in the EPS matrix of 1% and 2% glucose with respect
to control (Fig. 6G).

4. Discussion
Bio�lm development is a multiplex procedure that is in�uenced by many factors, which include growth
condition, stress and surface attributes (Kostakioti et al.2013). Microbial bio�lms are captivating areas to
study because of their wide varieties in nature, importance in infection and use in bioremediation and
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industries. Advances in molecular and biochemical methods have helped in improving our
comprehension of bio�lm structure and functions (Velmourougane et al.2017). Exploiting naturally
occurring- and in-situ bio�lm devolvement are promising ways for future advances in agricultural �eld as
they can possibly give different advantages like increase crop production, protection of the economically
important plants from insects and improvement of the crop variety (Franklin et al.2015).Investigations
uncovered the intricate conditions experienced in bio�lms and during infection create extraordinary
heterogeneity inside the populace (Bisht et.al 2019).

Regarding the regulation of bio�lm formation, it was reported that in case of Bacillus subtilis, glucose
repressed bio�lm development through the catabolic control protein CcpA (Stanley et al.2003). On the
other hand, interesting and contrasting reports showed that addition of glucose with NaCl in Tryptic Soy
broth (TSB) altogether favoured more bio�lm formation in Bacillus cereus cells compared to the addition
of glucose or glycerol or NaCl in growth media (Kwon et al.2017). Many studies suggest that the bio�lm
develops in restricted supplement of nutrients or in the presence of any sort of stress i.e. antibiotic, high
salt or a corrosive substance like acid (Khatoon et al.2018).It is also reported that the nutrient
accessibility affects adherence, bio�lm arrangement and synthesis of EPS (Xiao et al.2017).

Recent studies revealed the bio�lm forming abilities the Bacillus thuringiensis isolates invitro and on
plant surfaces (Verplaetse et al.2015). B. thuringiensis bio�lms on plant surfaces thus can help the plant
by protecting it from the pathogens like agricultural pests. It is also reported that Bacillus thuringiensis
spores have a higher hydrophobicity, conferring them a higher adhesive potential to diverse materials
(Wiencek et al.1990 ). Interesting �ndings in recent times revealed that Bacillus thuringiensis cells
undergoes differentiations and represent a mixed population of heterogenous cells under stressed
conditions (Verplaetse et al.2015).

Previous study from our laboratory revealed that addition of higher concentrations of glucose in growth
media could induce restricted swarming motility due to impaired �agellation in Bacillus thuringiensis
KPWP1 on nutrient agar plates (Roy et al.2010). This �nding had raised the question whether the
restricted motility in presence of glucose can trigger the bio�lm forming ability in Bacillus thuringiensis
KPWP1 cells? The present study was therefore to explore whether restricted motility induced by glucose
can regulate the adherence property, production of EPS components, thus bio�lm formation ability in
Bacillus thuringiensis KPWP1. The results from this present study clearly indicate that the presence of
added glucose in nutrient-rich media induces bio�lm formation (Fig. 1B) by KPWP1 as a result of
increase in EPS production (Fig. 6) and cell surface hydrophobicity (Fig. 4) and such induced bio�lm
formation is glucose speci�c as addition of galactose or arabinose in growth media could not induce any
signi�cant bio�lm formation by KPWP1(Fig. 1D).

The increased bio�lm formation, in presence of glucose, was manifested by the increased thickness
(Fig. 2A), bio-volume (Fig. 2B), and biomass (Fig. 2C). Moreover, it was observed that the skewness
(Fig. 2D) which re�ects the intracellular void spaces and the kurtosis values (Fig. 2E) which expresses the
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adherence of microscopic organisms in KPWP1 bio�lm also increased with the increased glucose
concentrations in growth media.

It is reported that EPSs add to the mass and 3-D structure of the bio�lm framework [46]. The present
study revealed that the EPS components i.e. polysaccharides, proteins, lipids and eDNA concentrations
increased (Fig. 6A, 6B and 6C) in KPWP1 bio�lms with the increase in glucose concentration in growth
media. In the 48-h grown bio�lms, EPS contents - sugar, proteins lipid and eDNA were altogether higher in
the presence of higher concentrations of glucose than that of control condition and supports the
observed increase in physical appearance of EPS in SEM images of KPWP1 bio�lms grown in different
glucose concentrations (Fig. 3). Furthermore, it is also indicative that the EPSs formed in presence of 1
and 2% glucose helps in the adherence of the bacteria to the surface (Fig. 6). Collectively, the present
study uncovered the effect of glucose on bio�lm arrangement of KPWP1 cells. Glucose prompts the
adherence property of the Bacillus thuringiensis KPWP1 cells and induces more EPS production resulting
in more bio�lm formation.

The results of the present study signify that restricted motility in Bacillus thuringiensis KPWP1 induced by
glucose helps the bacterial cells to form bio�lm, thus give a major premise to a more elaborate
investigation of the in-vivo bio�lm formation by this insecticidal bacterium Bacillus thuringiensis on plant
surfaces, particularly in response to glucose.
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Figures

Figure 1

Growth and bio�lm formation by Bacillus thuringiensis KPWP1 in absence and presence of glucose.
Planktonic growth of KPWP1 in NB after 48 hours of incubation in absence and presence glucose (A) and
other sugars (C). Bio�lm formation of KPWP1 in NB after 48 hours of incubation in absence and presence
of glucose (B) and other sugars (D). Data represent mean values ±SE of 3 biological replicates. The
experiment was repeated three times. Asterisks indicate statistically signi�cant differences when
compared to control (*P<0.05; **P<0.01; ***P<0.001; two-tailed Student’s-test).
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Figure 2

Topological feature of the bio�lm formed by Bacillus thuringiensis KPWP1 in 1% Glucose and 2%
Glucose after 48 hours of incubation,thickness (A) volume, (B) biomass (C), kurtosis (D), skewness (E)
and representative CLSM images of bio�lm grown in presence of different percentages of glucose of
KPWP1 (F). Data represent mean values ±SE of 3 biological replicates. The experiment was repeated
three times. Asterisks indicate statistically signi�cant differences when compared to control (*P<0.05;
**P<0.01; ***P<0.001; two-tailed Student’s-test).
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Figure 3

Scanning Electron Micrograph (SEM) of bio�lm of KPWP1 that developed on a glass coverslip after 48
hours period in nutrient broth with different percentage of glucose, Control (no Glucose added) at 3.00K X
and 10.00K X magni�cation (A.i, A.ii), 1% Glucose at 3.00K X and 10.00K X magni�cation (B.i, B.ii), 2%
Glucose at 3.00K X and 10.00K X magni�cation (C.i, C.ii) respectively.

Figure 4

Estimation of adhesion property of KPWP1 cells grown in absence and presence of glucose.
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Figure 5

Analysis of Live /dead cells in the bio�lm of KPWP1by using PI and Syto 9.
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Figure 6

Quanti�cation of Exo polymeric substance in KPWP1 bio�lm in absence and presence of Glucose.
Carbohydrate residue (A), Protein (B), eDNA (C), Staining and quanti�cation of mannose respectively by
Con A (D, E) and Staining of lipid by quanti�cation of respectively by Nile Red. Data represent mean
values ±SE of 3 biological replicates. The experiment was repeated three times. Asterisks indicate
statistically signi�cant differences when compared to control (*P<0.05; **P<0.01; ***P<0.001; two-tailed
Student’s-test).


