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Melanin and bacteriocin from marine bacteria inhibit biofilms of
foodborne pathogens
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Biofilms are widespread and a bane in food based industry for being associated with the outbreaks of several food related
diseases. Biofilms are also a cause for concern for their resistance to antimicrobial agents. In the present study, the
biocontrol of biofilm forming food pathogens was achieved using two bioactive compounds, namely, melanin and
bacteriocin, obtained from marine bacteria. Partially purified melanin and bacteriocin BL8 were observed to show great
reduction in the biofilm formation of food pathogens, even in minute quantities, and showed high antibiofilm activity.
Multiple antibiotic resistance (MAR) index showed the multiple resistance of nine food pathogens. FTIR spectrum of the
melanin used in the study showed two peaks, which are the characteristic features of standard melanin IR spectrum.
Scanning electron micrographs showed the variation in the microbial mass and biofilm formation before and after treatment
with the two bioactive compounds, evidently showing their antibiofilm activity.
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Introduction

Biofilms are designated as a *city of microbes’* and
are defined as communities of microorganisms
attached to a surface. It is proved that microorganisms
undergo profound changes during their transition
from planktonic organisms to cells that are part of a
very complex, surface-attached community. These
changes are reflected in the new phenotypic
characteristics developed by biofilm bacteria and
occur in response to a variety of environmental
signals. Studies till date suggest that the planktonic-
biofilm transition is a complex and highly regulated
process. Biofilm formation involves several steps,
including an initial attachment, formation of
microcolony and production of extracellular
polymeric substances (EPS), followed by maturation?.
In food systems, the attachment of microorganisms
leading to biofilm formation may not only be
undesirable but also detrimental®. Biofilms with
human pathogens can impair food safety and are,
therefore, a significant threat to the food industry.
Several recent outbreaks of food borne illnesses can
be clearly attributed to biofilms®. The ability of
biofilm forming microorganisms to act collectively to
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make a microbial colony stronger and more resistant
to conventional methods of sanitation and food safety
methods is intimidating®. The most important
biofilm associated microbes belong to the genera
Vibrio, Salmonella, Pseudomonas, Listeria, Bacillus,
Escherichia and Clostridium, to name a few.

Control of biofilms remains the most persistent
challenge in the food industry*. With the emergence
of resistance to the traditional antibiotics, the
development of alternative methods of control has
been the focus of interest. The different strategies
currently used for biofilm control methods can
be classified as physical, chemical and biological.
Physical methods include super-high magnetic fields,
ultrasound treatment, high pulsed-electrical fields®
etc. Chemical methods include the use of different
detergents like EDTA, EGTA, per acetic acid and
chlorinated compounds’, while biological methods
include use of several enzymes and various bioactive
compounds from bacteria®,

Melanin production is universal, with several
different kinds being produced by different
microorganisms. Melanins are brown to black colored
complex natural pigments, widely distributed
throughout all living forms in nature and the three
main types being eumelanins (black or brown),
pheomaelanins (yellow red) and allomelanins®. They
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exhibit several biological functions, such as, photo
protection, thermoregulation, act as free radical sinks,
cation chelators and antibiotics. In plants, melanin is
incorporated in the cell walls as strengtheners’, while
in humans it not only determines skin colour but also
protects skin against UV light injury’®. In the
microbial world, melanin acts as a protective agent
against environmental stresses. For example melanin-
producing bacteria are more resistant to antibiotics**
and, in fungi too, melanins are involved in
pathogenesis'?>. Vasanthabharathi and coworkers
reported that crude melanin from Streptomyces sp.
showed antibacterial activity against E. coli and
Lactobacillus wvulgaris®®. Melanin derived from
Auricularia auriculara, an edible jelly mushroom,
significantly inhibited biofilm formation of E. coli
K-12, P. aeruginosa PAO1 and P. fluorescens P-3*.

Bacteriocins produced by several species of
bacteria are proteins/small peptides, which possess
antibacterial activity and kill or inhibit the growth of
other closely related bacteria by various mechanisms
like increasing cell membrane permeability, inhibiting
cell wall synthesis or by inhibiting DNAse or RNAse
activity’. They were first characterized in Gram-
negative bacteria and were found safe for use as
natural preservatives in food industry**. Colicins, a
type of bacteriocin, produced by E. coli were
thoroughly studied by Lazdunski®. The term ‘natural’
is compromised when bacteriocin is obtained from
genetically modified microorganism. Though nisin is
currently the only bacteriocin approved for use as
food preservative, several other bacteria are reported
to produce bacteriocins that can safely be used in
food industry’. The genus Bacillus includes
representatives, such as, B. subtilis and B.
licheniformis, those are ‘generally recognized as safe’
(GRAS)® and thus find application in food processing
environment, especially in the control of
food pathogens and spoilage microorganisms. The
qualification concerning ‘qualified presumption of
safety’ (QPS) for Bacillus sp. is modified to ‘absence
of food poisoning toxins, absence of surfactant

activities and absence of enterotoxic activities’*>.

In the present study, ability for biofilm inhibition
of nine strong biofilm forming food pathogens
by melanin from Providencia rettgeri (BTKKSL1)
(GenBank acc. no.: KF515633) and a bacteriocin BL8
from B. licheniformis (BTHT8) (GenBank acc. no.:
HMO030819)"° was evaluated. In vitro biofilm
formation and inhibition was tested using microtiter

plate assay with crystal violet staining. Multiple
antibiotic resistance (MAR) index was calculated
after demonstrating the presence of antibiotic
resistance/sensitivity of the nine food pathogens.
Scanning electron microscopy (SEM) was used
to visualize biofilm inhibition by these two
biomolecules.

Materialsand M ethods

Extraction and Purification of M elanin Pigment

Extraction and purification of melanin was
performed according to Sajjan et al'’ from P. rettgeri
(BTKKS1), which was available in the culture
collection of the Department of Biotechnology,
Cochin University of Science and Technology
(CUSAT), Kochi (Kerala), India. Cell free
supernatant was acidified to pH 2 using 1 N HCI to
precipitate melanin. Precipitate was continuously
re-precipitated with 0.1 N HCI and further washed
in ethanol to obtain pure melanin.

Chemical Analysis of Melanin

Solubility of melanin in deionized water, 1 N HCI,
1 N NaOH, 1IN KOH, ethanol, acetone, chloroform,
benzene, xylene, hexane and acetonitrile was
evaluated. Reaction with oxidizing agents, such as,
hydrogen peroxide (H,O,) and reducing agent sodium
sulfite (Na,SO;) was determined™®. All estimations
were compared with synthetic melanin (Sigma) as
standard.

FTIR Analysis of Pigment

FTIR was done as a part of melanin
characterization to prove its structural similarity to the
published reports of standard melanin®. IR spectrum
was recorded at 4,000-400 cm™ using a Thermo
Nicolet, Avatar 370 spectrophotometer.

Characterization of bacteriocin from B. licheniformis

The bacteriocin BL8 was extracted and partially
purified from the strain B. licheniformis (BTHTS),
which was also available in the culture collection of
the Department of Biotechnology, CUSAT, Kochi.
Bacteriocin BL8 was partially purified by ammonium
sulphate fractionation and was subjected to glycine
SDS-PAGE. The band exhibiting antimicrobial
activity was electroeluted®.

Bacterial Strainsand Growth Conditions

For the antibiofilm experiment, nine bacteria, viz,
B. altitudinis (KF460551), B. pumilus (KF460552),
P. aeruginosa (KF460558), Brevibacterium casei
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(KF573739), Saphylococcus warneri (KF573740),
Micrococcus luteus (KF573741), B. niacini
(KF573743), Bacillus sp. (KF573744) and Geobacillus
stearothermophilus ~ (KF573747)  were  cultured
routinely in Tryptic soy broth (TSB) (Hi Media) at
37°C for 24 h. All the nine pathogens are reported to be
strong biofilm producers®.

Antibacterial Activity of Melanin and Bacteriocin BL8

The antibacterial activity of melanin and
bacteriocin BL8 at different concentrations was tested
against all the nine test pathogens using liquid
broth assay?".

Antibiofilm Activity, Determination of Biofilm Inhibitory
Concentration and Calculation of MAR Index

The quantification and inhibition of biofilm
formation by melanin was tested using microtiter
plate assay using crystal violet dye?. Based on the
absorbance (As7o) produced by the bacterial films, the
biofilm formation and inhibition was noted. All tests
were interpreted thrice independently®®. Statistical
evaluations were done by ANOVA, followed by
Sign Test using StatsDirect statistical software
(version 3.0, Cheshire, UK) computer program. The
concentration of both compounds used for the assay
was previously estimated and it was 100 pg/mL for
melanin, while 2380 pg/mL for bacteriocin. The
melanin and bacteriocin samples were serially diluted
and checked for antibiofilm activity.

The biofilm inhibitory concentration (BIC) was
determined. All strong biofilm producers® were
tested for antibiotic sensitivity in accordance with the
Kirby-Bauer method® with 12 different antibiotics
(HiMedia, Mumbai, India) belonging to different
classes, namely, ampicillin, azithromycin, cefixime,
cefuroxime, ceftriazone, chloramphenicol, ciprofloxacin,
gentamicin, nalidixic acid, norfloxacin, tetracycline
and trimethoprim. The results were interpreted as
per Clinical and Laboratory Standards Institute
(CLSI).The MAR index was also calculated in
accordance with the antibiogram drawn for all the
biofilm forming food pathogens used in the study®.

Scanning Electron Microscopy for Visualizing Biofilm
Biocontrol by Melanin and Bacteriocin BL8

The SEM was used to visualize the effect of
melanin on biofilm formation. The bacterial culture
was inoculated and kept for biofilm formation in an
incubator for 24 h at 37°C. Apart from control, the
BIC of melanin and bacteriocin were added separately
to all bacterial cultures and cultures were incubated as

above. Fixation for SEM was done with little

modifications as shown in Table 1%.

Results and Discussion

Extraction and Purification of Melanin

The melanin was extracted and purified from
P. rettgeri (BTKKS1) (KF515633) and the concentration
used for the assay was 100 pg/mL.

Chemical Reactivity of Melanin

Melanin from BTKKSL1 strain was found to be
soluble in alkaline solvents like sodium hydroxide and
potassium hydroxide. However, the pigment showed
least solubility in water and common organic
solvents. Oxidizing (30% H,O,) and reducing
(Na,SOs) agents decolorized the pigment.

IR spectrum showed a broad absorption peak around
3400 cm™, which indicated the presence of the -OH
group. Peak around 1600 cm™ was attributed to aromatic
ring C=C stretching. Both peaks are characteristic
features of melanin IR spectrum. The spectrum also
showed similarity with those in earlier reports® and with
the synthetic and sepia melanin standards included in
the study. The data is shown in Fig. 1.

Antibacterial Activity and MIC of Mdanin and Bacteriocin
BL8

The antibacterial activity of melanin and
bacteriocin BL8' at different concentrations was
tested against 9 food pathogens using liquid broth
assay. MIC was calculated to be 100 ug/mL for
melanin and 2380 pg/mL for bacteriocin where no
visible growth was obtained (Tables 2 & 3).

Antibiofilm Activity and BIC of Melanin and Bacteriocin BL8

The antibiofilm activity was tested with the
purified melanin (100 pg/mL) and bacteriocin BL8
(2380 pg/mL) samples after serial dilutions.

Table 1—Fixation procedure of Scanning Electron Microscopy

Steps Solution Time Repetitions
1 Primary fixation 2.5% lhatRT*
gluteraldehyde
2 Wash 0.1 M Sodium 5-10 min 3-5
phosphate buffer
(pPH7.3)
3 Dehydration 25% ethanol 5 min
50% ethanol 5 min
75% ethanol 5 min
90% ethanol 5 min -
100% ethanol 5-10 min 2

*RT=Room temperature
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Treatment with melanin (100 pg/mL) caused
inhibitory effect (p>0.5) on the biofilm forming
capability of 6 of the 9 isolates tested. It caused
significant reduction of biofilm formed by

™

S Transmittance

O

Fig. 1—FT-IR spectrum of melanin from P. rettgeri strain
BTKKS1 in comparison to standards. [(1) BTKKS1 melanin;
(2) Sepia melanin; & (3) Synthetic melanin.]

B. altitudinis (57%), P. aeruginosa (65%), B. casei
(75%), S warneri (69%), B. niacini (37%) and
Bacillus sp. (55%). However, biofilm formation by
B.pumilus, M. luteus and G. stearothermophilus
could not be controlled (Fig. 2). The minimum
concentration at which melanin inhibited the biofilm
formation for all the isolates (BIC) was found to be
16x 10 ng/uL after proper dilutions (10™-10%).

Fig. 3 shows the percentage of biofilm inhibition
(p>0.5) by bacteriocin BL8 where the bacteriocin was
observed to inhibit the biofilm formation of all the 9
strains of food pathogens used in the study. There was
a greater reduction of the biofilm formation by all
organisms under study ranging from 61% in B. casel
to 83% in Bacillus sp. The BIC of bacteriocin BL8
was calculated to be 3.8 ng/uL after appropriate
dilutions (1010 for all test organisms under study.

The melanin from different bacteria and fungi are
reported to have antibiofilm activity*”?. In this study,
melanin from marine P. rettgeri proved to be effective
in controlling biofilm formed by most food pathogens
tested. Remarkably, melanin was also successful in
controlling biofilm formed by P. aeruginosa, which is
the most pathogenic among all the isolates tested and
a strong biofilm producer in the food industry. It was
shown to be resistant to multiple antibiotics®®. The
melanins are reported to be safe for consumption in
minor quantities and thus provide an effective strategy
for biocontrol of biofilms.

There are also several reports that bacteriocins are
safe antimicrobials for food preservation**. Marugg
et al”® reported a method of inhibiting bacteria using
novel lactococcal bacteriocin. Nisin compositions are
also used as food preservatives®. Pediocin, enterocin.
lactocin and several other bacteriocins are also
reported to be safe for consumption through food™.

Table 2—Antibacterial activity of melanin of different concentrations against nine foodborne pathogens using broth assay

Test organism

(%108 cfu/mL)
Bacillus altitudinis (BTMW1) 3.1+£0.1414
B. pumilus (BTMY?2) 2.7+0.2828
Pseudomonas aeruginosa (BTRY1) 3.6 £0.2828
Brevibacterium casei (BTDF1) 2.4 +0.2121
Saphlococcus warneri (BTDF2) 1.35+0.2121
Micrococcus luteus (BTDF3) 2.05 +0.0707
B. niacini (BTDP3) 2.15+0.2121
Bacillus sp. (BTSD1) 3.6+0.1414
Geobacillus stearothermophilus (BTFF2) 2.2+0.2828

Positive control  On addition of melanin

(25 pg/mL) (50 pg/mL) (100 pg/mL)
(x10* cfu/mL) (cfu/mL) (cfu/mL)
1.25+0.2121 65 +0.1414 0
2.1+0.1414 198 £0.2828 50 £0.2121
2.8+0.1414 97 £ 0.0707 0

1.9 £0.0707 78 £0.2121 0
0.97 £0.0070 39 +0.1414 0
1.75 £0.0707 169 £0.1414 40 £0.2828
1.91 £0.0707 89 +0.2828 0
2.85+0.0707 94 +0.0707 0
1.85 +£0.0707 177 £0.2121 20 £0.0141

*MIC of melanin=100 pg/mL (at which no visible growth is obtained)

On addition of melanin On addition of melanin
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Table 3—Antibacterial activity of bacteriocin BL8 at different concentrations against nine foodborne pathogens by broth assay

Test organism

Bacillus altitudinis (BTMW1)

B. pumilus (BTMY2)
Pseudomonas aeruginosa (BTRY1)
Brevibacterium casei (BTDF1)
Saphlococcus warneri (BTDF2)
Micrococcus luteus (BTDF3)

B. niacini (BTDP3)

Bacillus sp. (BTSD1)
Geobacillus stearothermophilus (BTFF2)

Positive control
(x10°® cfu/mL)

3.10£0.1414
2.70 £0.2828
3.60 +£0.2828
2.40+0.2121
1.35+0.2121
2.05+0.0707
2.15+0.2121
3.60 £0.1414
2.20+0.2828

On addition of On addition of On addition of  On addition of
bacteriocin bacteriocin bacteriocin bacteriocin
(1500 pg/mL) (2000 pg/mL) (2380 pg/mL) (2500 pg/mL)

(x10™* cfu/mL) (cfu/mL) (cfu/mL) (cfu/mL)

0.945 +0.2121 120 £0.0141 0 0
0.970 +0.0141 150 £ 0.0212 0 0
0.870 +0.0141 70 £0.0707 0 0
2.050 +0.0707 300 +0.0707 0 0
0.880 +0.0141 95 +0.0212 0 0
1.815 +0.0212 85 +0.0141 0 0
0.930 +0.0707 110 +0.0212 0 0
1.915 +£0.0212 90 +0.0707 0 0
1.310 £0.0141 80 £0.0141 0 0

*MIC of bacteriocin=2380 pg/mL (at which no visible growth is obtained)
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Fig. 2—Effect of melanin on in vitro biofilm formation by various
food pathogens.
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Fig. 3—Effect of bacteriocin BL8 on in vitro biofilm formation by
various food pathogens.
MAR Index

The test organisms were all found to be multiple
drug resistant®” and the MAR index was calculated to
be >0.2 (20%), which indicates that these organisms
originated from an environment where several
antibiotics were used. It also showed the high

Table 4—Multiple antibiotic resistance (MAR) index of the nine
strong biofilm producers studied

No. of Total no. of MAR
Isolate antibiotics to antibiotics to index
which isolate which isolate (a/b)

was resistant was subjected

@) (b)

Badillusaltitudinis (BTMW1) 10 12 0.83
B. pumilus (BTMY1) 4 12 0.33
Pseudomonas aeruginosa 10 12 0.83
(BTRY1)

Brevibacterium casel 5 12 0.42
(BTDF1)

Saphylococcus warneri 8 12 0.66
(BTDF2)

Micrococcus luteus (BTDF3) 6 12 0.50
B. niacini (BTDP2) 4 12 0.33
Bacillus sp. (BTSD1) 5 12 0.42
Geobacillus staerothermophilus 2 12 0.17

(BTEF2)

resistance pattern of these biofilm forming food
pathogens. Table 4 shows the MAR index values of
the nine food pathogens and Fig. 4 depicts the MAR
index expressed in percentage.

Scanning Electron Microscopy for Visualizing Biocontrol of
Biofilm by Melanin and Bacteriocin BL8

The scanning electron microscopy was utilized to
observe the effect of melanin and bacteriocin BL8
on the biofilm formation of all test isolates. Fig. 5
shows the scanning electron micrographs of
untreated and melanin-and  bacteriocin-treated
samples. Significant oservable reduction in microbial
number and also in the biofilm formation could be
seen in the test (melanin- & bacteriocin-treated)
samples in comparison to the control (melanin &
bacteriocin BL8 untreated) samples.



LAXMI et al: ANTIBIOFILM ACTIVITY OF MELANIN AND BACTERIOCIN 397

Thus, in this study, two biomolecules sourced from
marine bacteria were proved to be potent biofilm
inhibitors. In an effort to find viable sources of anti-
biofilm agents, many researchers have extracted and
analyzed natural products from countless plants and
marine organisms®. Many of the compounds are
secondary metabolites generated by the host organism
in response of external stresses, such as, competition
for space and potential predators®. Marine biofouling
is mainly due to the biofilm formation by several
marine microorganisms. In the marine environment,
antimicrobial and antifouling metabolites are vital for
many sessile organisms to insure that they do not
form hazardous biofilms on their exposed surfaces,

a0 = MAR Index (%)
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1 il
| §
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Food pathogens

Fig. 4— Showing MAR index in percentage.

Staphylococcus warneri(BTDF2)

Bacillus sp(BTSD1)

especially given that an overwhelming majority of the
planet’s microbial biomass prefers to be in a biofilm
state®. Of all the species studied, marine sponges
(Phylum: Porifera) have been the most valuable.
Sponges have been the source of > 30% of marine
natural products, generating a diverse array of
molecules that not only have antimicrobial and
antibiofilm capabilities, but also have potential cancer
therapeutics®. Despite this, very few metabolites and
their derivatives can serve as biofilm modulators in a
non-microbicidal manner. Different marine bacteria
and fungi are therefore promising alternatives for
marine drugs against marine biofouling®

In the present study, bacteriocin BL8 from marine
B. licheniformis inhibited biofilm production of all
food pathogens included in the study. B. licheniformis
is already reported to be safe for use in food industry*®
and can thus be used as an effective biocontrol
mechanism for biofilms in common foods. The
scanning electron  micrographs also  showed
significant decrease of biofilms on treatment with
both melanin and bacteriocin in the study. It can be
observed that both melanin and bacteriocin in small
guantities inhibited bacterial growth as well as biofilm
formation. The significance of the study is that
nanogram quantities of the compounds helped to
control biofilm formation.

Geobacillus staerothermophilus
(BTFF2)

Fig. 5—Scanning electron micrographs showing inhibition of biofilm produced by nine pathogens on treatment with melanin and
bacteriocin BL8. [(al-i1) Control (melanin & bacteriocin untreated); (a2-i2) Melanin treated; & (a3-i3) Bacteriocin BL8 treated.]



398

Conclusion

The biofilms in food industries are mainly
produced by pathogenic microorganisms and are
therefore a source of contamination. As the demand
for fresh, ready to eat and processed foods increase,
several efforts are essential to accomplish biofilm
removal in food industries. Even though conventional
control strategies are used even today, a more
economical and environment friendly control
strategies are inevitable, to satisfy the requirement of
industrial food safety. One of the alternatives is the
use of bioactive compounds isolated from the
microorganisms itself. It should be taken into account
that it shall provide a desirable cost-effective result
and do not cause any adverse effect on human health
as well as the environment.

Further studies on the application of these
biomolecules on the stronger biofilm producers in the
food industry can challenge the current antibiofilm
therapies in food safety as mentioned. The study
revealed the importance of using bioactive
compounds to inhibit the biofilm formation of food
pathogens instead of the amplified use of the
antibiotics and could help change the era of multiple
resistances of the pathogens in the food industry. Both
compounds used in the study can be considered as a
weapons to add to the current antibiofilm strategies.
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