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Abstract

Biofilms formed by many pathogenic bacteria, such as Escherichia coli and Micrococcus

luteus, are highly resistant to antibiotics and cleaning agents, allowing pathogens to thrive

within them. Biofilms are formed through Quorum sensing (QS) properties of bacterial cells.

Lactobacillus is known to have antimicrobial properties and produce lactic acid that lowers

pH and reduces indole production, a Quorum Sensing molecule. Lower pH levels have also

been proven to be effective at inhibiting growth of pathogens. Literature suggests that a

reduction in swimming and swarming motility of pathogens signifies impaired quorum

sensing and thus a reduction in biofilm formation. Hence it is of interest to study the

antimicrobial and anti-biofilm forming properties of Lactobacillus. This study aimed to

investigate the antimicrobial properties of Lactobacillus acidophilus and Lactobacillus

rhamnosus on Escherichia coli and Micrococcus luteus through well diffusion tests. The

study also aimed to investigate the antibiofilm properties of Lactobacillus rhamnosus and

Lactobacillus acidophilus on Escherichia coli and Micrococcus luteus via motility assays. No

zones of inhibition were observed for all well diffusion set-ups. This suggests that there was

no antibacterial activity against E. coli and M. luteus. However, significant reduction in

pathogen diameter in the swarming and swimming motility experiments respectively from the

control were observed. This indicates that the filter-sterilised culture supernatant of

Lactobacillus has QS-suppressing properties and can effectively suppress biofilm formation.

Our findings suggest Filter Sterilised Culture supernatant of L. acidophilus and L. rhamnosus

can be applied as a coating on hospital bed frames, IV poles, handrails, and tray tables to

reduce growth and spread of pathogenic bacteria E. coli and M. luteus.

1. Introduction

Many pathogenic bacteria, such as Escherichia coli and Micrococcus luteus, have the ability

for biofilm-formation (Fey & Olson, 2010; Soto et al., 2006). In biofilms, cells are enclosed
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in a matrix of primarily polysaccharide material. Vidyasagar (2016) reported that biofilms are

extremely resistant to antibiotics and cleaning agents, and this allows pathogenic cells to be

protected and hence be able to thrive, making it extremely harmful for humans. The United

States National Institutes of Health (NIH) also estimates that 80% of microbial infections are

caused by biofilms (Barzegari et al., 2020).

A key aspect of biofilm formation lies in the quorum sensing properties of the bacterial cells.

Quorum sensing (QS), or cell-to-cell communication, is defined as the cell density-dependent

bacterial response mediated by compounds called autoinducers. Autoinducers accumulate in

the environment as bacterial population density increases, and bacteria collectively alter their

gene expression. QS-dependent gene expression controls processes such as biofilm formation

and virulence factor secretion. QS inhibition is considered as a new approach to antimicrobial

chemotherapy. Flagella motility-dependent swimming is regulated by quorum sensing.

Hence, a reduction in the swimming area suggests the presence of anti-QS compounds.

Likewise, anti-QS compounds result in a reduction in swarming motility, which impedes

bacterial adhesion to different surfaces (Chu et al., 2013).

The genus Lactobacillus is a classification of several strains of gram-positive beneficial

bacteria that mainly exists in gut and colon areas. Lactobacillus strains are capable of

inhibiting the growth of harmful bacteria, inhibit the growth and attachment of pathogens to

the intestinal surfaces and boost the immune system of the host (Rao & Sreenivasa, 2016).

They do so by producing lactic acid and enzymes, which have been proven to have

antimicrobial properties against bacteria like Enterococcus faecalis and Enterococcus durans

(Arias-Moliz et al., 2012). The lactic acid also reduces the pH level and indole production (a

QS signal molecule), preventing biofilm formation (Donlan, 2002).

Hence it is of interest to study the effects Lactobacillus acidophilus and Lactobacillus

rhamnosus have on the biofilm-forming properties of Escherichia coli and Micrococcus

luteus .
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2. Objective and hypotheses

The objective of this experiment is to investigate the antimicrobial properties of L.

acidophilus and L. rhamnosus on E. coli and M. luteus via well diffusion tests. To also

investigate the antibiofilm properties of L. acidophilus and L. rhamnosus on E. coli and M.

luteus via motility assays.

The hypothesis is that L. acidophilus and L. rhamnosus will be able to effectively inhibit the

growth of E. coli and M. luteus. The diameter of the experimental inhibition zones in the well

diffusion tests will be larger than that of the control. L. acidophilus and L. rhamnosus will

also have effective antibiofilm properties against E. coli and M. luteus, hence diameters of

swimming and swarming zones will be smaller than the control.

3. Materials and Methods

a) Materials

L. acidophilus ATCC 4356 , L. rhamnosus ATCC 7469, M. luteus ATCC 4698 and E.
coli ATCC 49979 were obtained from ATCC (American Type Culture Collection).
MRS broth and LB broth from BD (Becton, Dickinson and Company) were used.
Nutrient broth, Mueller-Hinton agar, and Agar Technical from Oxoid™ were used.

b) Methods
Preparation of filter-sterilised culture supernatant (FSCS) of L. acidophilus and
L. rhamnosus

L. acidophilus and L. rhamnosus were inoculated separately into 6 tubes of 25 ml of
MRS broth and left to grow over 2 days on a shaking incubator at 30°C. The tubes
were standardised to 0.8 at 600 nm using a UV spectrophotometer. The tubes were
centrifuged at 7500 rpm for 15 mins and the supernatants were filter-sterilised. The
FSCS were stored in the fridge until use.

Inoculation of E. coli and M. luteus

E. coli and M. luteus were inoculated separately into 1 tube of 12 ml of LB broth and
left to grow over 2 days on a shaking incubator at 30°C, before being standardised to
0.8 at 600 nm with a UV spectrophotometer.
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Well diffusion experiment

For L. acidophilus, 10 MH agar plates were used. E. coli and M. Luteus were spread
onto the surfaces of the 5 agar plates each using a sterile swab. In each of the MH
agar plates, 2 wells were created on each side. To one of the wells, 80µl of MRS broth
was added (this acts at the control). To the other, 80µl of culture supernatant of L.
acidophilus was added. The same procedures were carried out with 10 other MH agar
plates with L. rhamnosus. Then, the agar plates were incubated in an incubator at
30˚C for 24h. The next day, the diameters of the zones of inhibition were measured.

Swimming motility assay - 0.3% nutrient agar

For experimental set-ups, culture supernatant of L. acidophilus, nutrient broth and
agar technical powder were added in ratios of 25ml : 75ml : 0.3g to achieve 0.3%
nutrient agar with 25% v/v of culture supernatant of L. acidophilus. During
preparation, nutrient broth powder weighed for 100ml and 0.3g of agar technical
powder was added to 75ml of water. The mixture was autoclaved. After that, 25ml of
culture supernatant of L. acidophilus was added to the autoclaved mixture, then the
mixtures were poured onto agar plates to solidify. For control set-ups, 25ml of MRS
broth was used instead of culture supernatant of L. acidophilus to prepare the control
0.3% nutrient agar plates. E. coli culture was inoculated to the center of each agar
plate using sterile toothpicks, 5 replicates were prepared. The same procedure was
repeated with M. luteus for another 5 plates.

The procedures were repeated using culture supernatant of L. rhamnosus.

The plates were then incubated in an incubator at 30˚C for 24h. The next day, the
diameters of the E. coli or M. Luteus growth were measured.

Swarming motility assay - 0.5% nutrient agar

For experimental set-ups, culture supernatant of L. acidophilus, nutrient broth and
agar technical powder were added in ratios of 25ml : 75ml : 0.5g to achieve 0.5%
nutrient agar with 25% v/v of culture supernatant of L. acidophilus. During
preparation, nutrient broth powder weighed for 100ml and 0.5g of agar technical
powder was added to 75ml of water. The mixture was autoclaved. After that, 25ml of
culture supernatant of L. acidophilus was added to the autoclaved mixture, then the
mixtures were poured onto agar plates to solidify. For control set-ups, 25ml of MRS
broth was used instead of culture supernatant of L. acidophilus to prepare the control
0.5% nutrient agar plates. E. coli culture was inoculated to the center of each agar
plate using sterile toothpicks, 5 replicates were prepared. Similarly, M. luteus culture
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was inoculated to the center of each agar plate using sterile toothpicks, another 5
replicates were prepared.

The procedures were repeated using culture supernatant L. rhamnosus in place of that
of L. acidophilus.

The plates were then incubated in an incubator at 30˚C for 24h. The next day, the
diameters of the E. coli or M. Luteus growth on the plates (due to swimming and
swarming motility) were measured.

4. Results and Discussions

a) Well diffusion experiments
Fig. 1.1: Well diffusion set-ups

Top row; 1, 2:
E. coli with L. rhamnosus supernatant, M.
luteus with L. rhamnosus supernatant

Bottom row; 1, 2:
E. coli with L. acidophilus supernatant, M.
luteus with L. acidophilus supernatant

No zones of inhibition were observed for all plates

b) Swimming motility assays

Fig 1.1: Mean diameter of E. coli
and M. luteus on 0.3% nutrient
agar plates with 25% v/v culture
supernatant of L. acidophilus

The P-value after Mann-Whitney
U tests for LA + E. coli vs MRS +
E. coli was 0.005 which is < 0.05.
Hence, the mean difference
between mean and control is
statistically significant (n=5).

The P-value after Mann-Whitney
U tests for LA + M. luteus vs MRS
+ M. luteus was 0.043 which is <
0.05. Hence, the mean difference
between mean and control is
statistically significant (n=5).
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Fig 1.2: E. coli and M. luteus
growth on 0.3% agar plates

Order 1, 2, 3, 4:
E. coli with L. acidophilus
supernatant, M. luteus with L.
acidophilus supernatant, E. coli
with MRS control, M. luteus with
MRS control

Fig 1.3: Mean diameter of E. coli
and M. luteus on 0.3% nutrient
agar plates with 25% v/v culture
supernatant of L. rhamnosus

The P-value after Mann-Whitney
U tests for LR + E. coli vs MRS +
E. coli was 0.020 which is < 0.05.
Hence, the mean difference
between mean and control is
statistically significant (n=5).

The P-value after Mann-Whitney
U tests for LR + M. luteus vs MRS
+ M. luteus was 0.012 which is <
0.05. Hence, the mean difference
between mean and control is
statistically significant (n=5).

Fig 1.4: E. coli and M. luteus
growth on 0.3% agar plates

Order 1, 2, 3, 4:
E. coli with L. rhamnosus
supernatant, M. luteus with L.
rhamnosus supernatant, E. coli
with MRS control, M. luteus with
MRS control

From Fig 1.1, the mean diameters of growth of E. coli and M. luteus in 0.3% nutrient agar

with 25% v/v culture supernatant of L. acidophilus were 4.5mm and 2.5mm respectively,

while that in 0.3% nutrient agar with 25% v/v MRS broth were much higher at 46.8mm and

36.2mm respectively. These results show that E. coli and M. luteus have significantly weaker

swimming motility when grown in the experimental mediums (L. acidophilus) as compared

to the control mediums.

From Fig 1.3, the mean diameters of growth of E. coli and M. luteus in 0.3% nutrient agar

with 25% v/v culture supernatant of L. rhamnosus were 36.0mm and 23.8mm respectively,
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while that in 0.3% nutrient agar with 25% v/v MRS broth were also higher at 47.8mm and

48.0mm respectively. These results show that E. coli and M. luteus also have weaker

swimming motility when grown in the experimental mediums (L. rhamnosus) as compared to

the control mediums.

c) Swarming motility assays

Fig 2.1: Mean diameter of E. coli
and M. luteus on 0.5% nutrient agar
plates with 25% v/v culture
supernatant of L. acidophilus

The P-value after Mann-Whitney U
tests for LA + E. coli vs MRS + E.
coli was 0.005 which is < 0.05.
Hence, the mean difference
between mean and control is
statistically significant (n=5).

The P-value after Mann-Whitney U
tests for LA + M. luteus vs MRS +
M. luteus was 0.043 which is <
0.05. Hence, the mean difference
between mean and control is
statistically significant (n=5).

Fig 2.2: E. coli and M. luteus
growth on 0.5% agar plates

Order 1, 2, 3, 4:
E. coli with L. acidophilus
supernatant, M. luteus with L.
acidophilus supernatant, E. coli
with MRS control, M. luteus with
MRS control

Fig 2.3: Mean diameter of E. coli
and M. luteus on 0.5% nutrient agar
plates with 25% v/v culture
supernatant of L. rhamnosus

The P-value after Mann-Whitney U
tests for LR + E. coli vs MRS + E.
coli was 0.011 which is < 0.05.
Hence, the mean difference
between mean and control is
statistically significant (n=5).

The P-value after Mann-Whitney U
tests for LR + M. luteus vs MRS +
M. luteus was 0.033 which is <
0.05. Hence, the mean difference
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between mean and control is
statistically significant (n=5).

Fig 2.4: E. coli and M. luteus
growth on 0.5% agar plates

Order 1, 2, 3, 4:
E. coli with L. rhamnosus
supernatant, M. luteus with L.
rhamnosus supernatant, E. coli
with MRS control, M. luteus with
MRS control

From Fig 2.1, the mean diameters of growth of E. coli and M. luteus in 0.5% nutrient agar

with 25% v/v culture supernatant of L. acidophilus were 6.5mm and 3.7mm respectively,

while that in 0.5% nutrient agar with 25% v/v MRS broth were much higher at 41.2mm and

13.2mm respectively. These results show that E. coli and M. luteus have significantly weaker

swarming motility when grown in the experimental mediums (L. acidophilus) as compared to

the control mediums.

From Fig 1.3, the mean diameters of growth of E. coli and M. luteus in 0.5% nutrient agar

with 25% v/v culture supernatant of L. rhamnosus were 12.6mm and 8.8mm respectively,

while that in 0.5% nutrient agar with 25% v/v MRS broth were also higher at 49.0mm and

16.0mm respectively. These results show that E. coli and M. luteus also have weaker

swarming motility in the experimental mediums (L. rhamnosus) as compared to the control

mediums.

d) Data table

Table 1: Percentage reduction in swimming/swarming diameters of E. coli and M. luteus caused by culture
supernatants of L. acidophilus and L. rhamnosus

Lactobacillus species Bacteria species % Reduction in
Swimming diameter

% Reduction in
Swarming diameter

L. acidophilus E. coli 90.4 84.2

M. luteus 93.1 72.0

L. rhamnosus E. coli 24.7 74.3

M. luteus 50.4 45.0
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e) Data analysis

Mann-Whitney U Tests were used to determine if the data between each group of the

experiments is statistically significant. All p-values were <0.05, showing the data is

statistically significant.

f) Discussion of results

Negative results were achieved in the well diffusion tests. This goes against our hypothesis

that there will be zones of inhibition of E. coli and M. luteus because of the culture

supernatant of L. acidophilus and L. rhamnosus. However this does not necessarily mean that

there is no antimicrobial activity. A possible explanation for this is that the concentration of

lactic acid in the 80µl of culture supernatant of Lactobacillus may be too low to have a

significant enough antimicrobial activity against the E. coli and M. luteus, hence no zone of

inhibition is seen. These negative results do not agree with the research done by Arias-Molis

et al. (2012), on antimicrobial properties of lactic acid.

Positive results achieved for both swimming and swarming motility tests suggest that L.

acidophilus and L. rhamnosus have anti-QS properties which translates to anti-biofilm

forming properties. As illustrated by table 1, L. acidophilus decreased biofilm diameter of E.

coli and M. luteus by an average of 90.4% and 93.1% in swimming motility respectively, and

84.2% and 72.0% in swarming motility tests respectively. L. acidophilus decreased biofilm

diameter of E. coli and M. luteus by an average of 24.7% and 50.4% in swimming motility

respectively, and 74.3% and 45.0% in swarming motility tests respectively. Hence, it can be

concluded that the lactic acid in the culture supernatant of L. acidophilus and L. rhamnosus

prevent biofilm formation, and these results agree with research done by Nickzad, Lépine,

and Déziel (2015). According to Kearns (2010), swarming motility refers to the spread of

bacteria onto a bigger area on a solid medium like agar, and it is caused by rapid multicellular

bacterial surface movement. Swimming motility is the individual cell movement in a less

viscous medium. Both are powered by rotating flagella which is controlled by quorum

sensing (Chu et al., 2013). As biofilm formation is triggered by quorum sensing, a reduction

in swimming/swarming motility signifies impaired quorum sensing between bacteria cells
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which implies the absence or reduction of biofilm formation.

5. Conclusion

No antimicrobial activity of Lactobacillus was observed in the well diffusion tests. However,

L. acidophilus and L. rhamnosus have proven to have effective anti-biofilm forming

properties against E. coli and M. luteus.

These findings can be applied in real life to reduce biofilms formed by pathogens. Culture

supernatant of L. acidophilus and L. rhamnosus can be applied as a coating on high contact

points such as hospital bed frames, IV poles and tray tables to prevent reduced growth of

pathogens. According to Enoch and Pius (2017), handrails in Nigerian hospitals were

investigated to identify important bacteria associated with them. Results show the prevalence

of E. coli on the handrails was 31.3%, suggesting that these high contact points may harbour

high concentrations of pathogenic bacteria. By applying a coat of culture supernatant of L.

acidophilus or L. rhamnosus, it can potentially help reduce the spread of pathogenic bacteria

like E. coli and M. luteus in these hospitals.

Future research could entail experimenting with more Lactobacillus strains with more types

of pathogenic bacteria. The efficacy of biofilm removal of Lactobacillus could be studied too,

through experiments like the crystal violet assay.
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