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Abstract: Gastrointestinal systemic infections caused by bacteria and fungus as well recognized to be the
main reason for causing acute gastroenteritis; Bacteriocins have a wide spectrum of antibacterial and
antifungal efficiency. Hence the present experiment was designed to examine the antibacterial, antifungal
and antibiofilm eligibility of Bacteriocin over locally isolated pathogens including Staphylococcus
aureus, Escherichia coli and Candida albicans. Bacteriocin was purified from local strain of
Lacticaseibacillus paracasei that identified by the 16S rRNA gene, the identification of Candida albicans
isolate was confirmed by ITS gene. The antimicrobial activity was examined by well diffusion assay and
MIC method by the concentration 0.54 mg/ml for Bacteriocin. Meanwhile, antibiofilm dispersal
consideration have been completed by Microtiter plate method. The outcomes revealed to highest
inhibition observed over S. aureus isolates ranged from 23.5 mm to 39 mm, the minimum inhibitory
concentrations were 0.05 mg/ml for all pathogenic indicators, while biofilm suppression show high
reduction in biofilm against C. albicans with OD (0.13). In conclusion, Bacteriocin has obvious
antibacterial, antifungal effect and biofilm dispersal ability and could be used towards Gram- positive,
Gram- negative and yeast.
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Introduction

Gastrointestinal infections (GlIs),
mostly obvious as clinical syndromes,
involving enteric fever, acute vomiting,

Lacticaseibacillus paracasei, as the
previous name is  Lactobacillus
paracasei is a Gram-positive and
facultative heterofermentative

and diarrhea, induced by the digestion
of pathogens as well as the deactivation
of normal microbiota, Gls are caused by
bacteria, viruses, fungi, protozoa all
together with parasites (2).
Enteropathogenic microbes including E.
coli recorded an essential global health
burden especially in developing nations
and a major cause for children mortality
and morbidity (2). The probiotic

lactobacilli, mainly from dairy products,
this bacterium is able to survive under
acidic conditions and shows bile salts
resistance as well (3). Bacteriocins are
multi efficacious, ribosomally made,
proteinaceous components with
prominent  antimicrobial  efficiency
when used with specified
concentrations (4). Bacteriocins
antimicrobial peptides (5), have various
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action modes including the formation of
pores, the Inhibition of peptidoglycan
mechanism in addition to the interaction
with Lipid Il as a biosynthesis mediated
activity, moreover bacteriocins able to
bind to teichoic and lipoteichoic acids
and displace enzymes were involved in
cellular lysis(6). Bacteriocin purified by
the beneficial Lacticaseibacillus
paracasei isolated from milk yoghurts
considered to be safe and boost
tendency in phagocytic activity (7).
Materials and methods
Collection and isolation of pathogenic
samples

Exactly two hundred and three
clinical  samples  (Staphylococcus
aureus, Escherichia coli and Candida
albicans) were obtained from children’s
patients for both genders aged between
two- ten years old suffering from
diarrhea and gastrointestinal infections
who settled in Al-Yarmouk Teaching
Hospital, Baghdad, Irag. All collected
clinical specimens that represent three
pathogenic indicators were grown,
individually, each on its selective
medium and then incubated under each
required condition, S. aureus has been
grown on Mannitol salt agar at 37°C for
24hrs (8), E. coli specimen was

incubated aerobically at 37°C for 24hrs
on MacConkey agar and C. albicans
cultured on Sabouraud dextrose agar
(SDA) at 37°C for 24hrs. Furthermore,
after incubation and depending on
colonies morphology (shape, size, color
and texture), isolates suspected to
belonging to S. aureus, E. coli as well
as C. albicans were taken for primary
identification (9). Pathogenic samples
also  subjected for  macroscopic,
microscopic and biochemical, also
isolates were subjected for VITEK 2
system identification (10).
Identification of Candida albicans by
ITS gene

Candida albicans isolates were
subjected for an advance confirmative
molecular identification by ITS gene
(11), fungal DNA extracted, quantified
then the electrophoresis has been done
to determine DNA pieces after the
process of extraction to detect the result
of the interaction of PCR during the
presence of the standard DNA to
distinguish the bundle size of the
outcome of the interaction of PCR on
the Agarose gel. The primers have been
used according to (12) used included
within (Table 1).

Table (1): The specific primer of gene ITS gene for Candida albicans.

Primers Sequence Tm (°C) (Cj/g:) Prsoitzj:ct Ref.
Forward 5'- TCCGTAGGTGAACCTGCGG -3’ 60.3 50 500-650 | (Zarrinet
Reverse 5'TCCTCCGCTTATTGATATGC-3’ 57.8 41 base pair | al., 2016).

Collection and isolation of
Lacticaseibacillus spp.

A total of thirty-six samples
were gathered for obtaining
Lacticaseibacillus species from
different non-clinical sources
(homemade yoghurt and cheese),
cultivated in sterile tubes containing de
Man, Rogosa and Sharpe (MRS) broth

and then incubated at 37°C for 24hours

in microaerophilic conditions in a
candle jar then re-cultured as single
colony and spread in the selective MRS
agar medium plate (pH 6.5) at 37°C for
24hours in same manner with (13).
Identification of Lacticaseibacillus
spp. by 16S rRNA gene
Lacticaseibacillus isolate that
are able to produce bacteriocin
subjected for an advance confirmative
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molecular identification by 16 S rRNA
(14), bacterial DNA extracted,
quantified then the electrophoresis has
been done to determine DNA pieces
after the process of extraction to detect
the result of the interaction of PCR

during the presence of the standard
DNA to distinguish the bundle size of
the outcome of the interaction of PCR
on the Agarose gel. The primers have
been used according to (15) used
included within (Table 2).

Table (2): The sequences of primers of 16S rRNA gene for Lacticaseibacillus isolate.

8 Tm GC Product
Primers Sequence ©C) (%) size Ref. (12)
Forward | 5- AGAGTTTGATCCTGGCTCAG- 3' 54.3 50.0 1250 (Srinivasan
Reverse 5-GGTTACCTTGTTACGACTT- 3’ 494 42.1 base pair etal., 2015

Bacteriocin partial purification

The Precipitation of bacteriocin
peptide was carried out via ammonium
sulphate (16), the cell free supernatant
(CFS) of lacticaseibacillus paracasei
culture was prepared from 400 ml of
24hrs grown culture. Afterward, the
CFS was transferred into a beaker
placed in an ice bath on a magnetic
stirrer. Additionally, an exact amount
(3.3, 11.3, 18.05, 21.8. and 25.8 grams)
of ammonium sulphate (NH4); SOs
according to the specific addition
standard related to the experiment was
added gradually to the CFS in order to
achieve 30, 40, 50, 60, 70, and 80 % of
saturations, respectively, through slow
and constant stirring at 4°C. Notably,
the stirring process was continued for
an additional 30min. Furthermore, the
precipitate formed in every saturation
level was subjected for centrifugation
for 30min at 10000 rpm. Afterward,
supernatant was decanted and the
precipitates were redissolved in buffer
of phosphate (pH 7.2, 0.1M) in an
appropriate volume. Further purification
was carried out by gel filtration
chromatography using Sephadex G-150
gel. The gel was loaded carefully in the
column to obtain 2.6 x 90 cm (diameter:
height). The column was equilibrated
with 0.1M phosphate buffer with 7.2
pH. The dialyzed protein sample was

then applied to the column and proteins
were eluted using 0.1M phosphate
buffer pH 7.2 within room conditions.
Forty fractions were obtained and the
absorption of these fractions was tested
via 280 nm by UV-spectrophotometer.
Moreover, each fraction was examined
for antibacterial and antifungal impact
against the indicator isolates by the well
diffusion method. The fractions that
showed antimicrobial activity were
gathered in one tube, and the protein
concentration and bacteriocin activity
has been determined (17).
Antimicrobial assays

The agar well diffusion method
was applied to screen the antimicrobial
activity of bacteriocin with
concentration 0.54 mg/ml (obtained
from Table 3) against three pathogenic
microbes (S. aureus, E. coli and C.
albicans). Following (18), the
inhibition zones measurements were
measured in  millimeter (mm) as:
(Inhibition zone (mm)= Diameter of
growth inhibited zone- Diameter of the
well). Additionally, The Minimum
inhibitory concentration (MIC) has been
completed following (19) steps.
Formation of pathogenic
microorganisms’ biofilm

The qualitative method, Congo
red agar assay (CRA) used for the
detection  of  biofilm  producing
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pathogens which depends on the change
in colonies color grown on CRA
medium (20). Moreover, the quantitative
assay, Microtiter plate method is a used
to determine biofilm using the
microplate reader, data were calculated
exactly as (20).
Antibiofilm assay

The dispersal activity of
Bacteriocin against the formation of
biofilm by S. aureus, E. coli and C.
albicans isolates was determined by
using the wells polystyrene plate
method (20).
Detection of microbial viability after
dispersal of biofilm

According to the culture-based
detection method, the three pathogenic
indicators S. aureus, E. coli as well as
C. albicans were tested for their
viability after the treatment with
Bacteriocin to confirm the restrict
activity of Bacteriocin for the removal
of biofilm only. Moreover, the three
pathogenic  isolates were grown,
separately, each on its selective medium

and then incubated under each required
condition. Furthermore, after incubation
and depending on colonies morphology
(shape, size, color and texture), isolates
were identified by their growth (21).
Results and discussion
Identification of pathogenic microbes
According to  macroscopic,
microscopic and biochemical tests
(catalase, oxidase and VITIK 2 system)
isolates of pathogenic microorganisms
proved to be S. aureus, E. coli and C.
albicans (22,23).
Molecular identification of Candida
albicans by the detection of ITS gene
Depending on the ITS gene -
based molecular identification of
clinical isolates and to confirm the
identification of C. albicans, ITS gene
amplification was performed using PCR
technique to detect the positive result as
imaged in (Figure 1) and compatible
100% with reference strain ID:
OKO030637.1 in Gen Bank this assured
the correct diagnosis (24).

Figure (1): The PCR product of ITS gene using Candida albicans primers (Ca 37), the band size 600
bp. The product was electrophoresis on 1.5 % agarose gel at 75 volt/cm2. 1x TBE buffer for 40 min.
M: ladder.
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Molecular identification of
Lacticaseibacillus spp. by 16S rRNA
gene

All colonies of isolation MRS
agar were white, rounded in shape and
range in consistency from creamy white
in color to glossy white and moist-
mucoid colony appearance on the
surface (25). The results of microscopic
examination showed that the isolates
were Gram positive and were negative
to catalase and oxidase biochemical
tests. According to the 16S rRNA-based

molecular recognition technique of
clinical isolates and to confirm the
identity of Lacticaseibacillus paracasei,
16S rRNA gene amplification was
performed via the Polymerase Chain
Reaction technique to detect the
positive result as imaged in (Figure 2), a
new strain of L. paracasei namely
(MOIQ35) with identity percentage
99% were obtained from local
homemade yoghurt sample have been
registered in The National Center for
Biotechnology Information (NCBI)(26).

Figure (2): The PCR product of 16S rRNA gene using Lacticaseibacillus paracasei (L) primers, the
band size 1250 bp. The product was electrophoresis on 1.5 % agarose gel at 75 volt/cm2. 1x TBE
buffer for 40 min. M: ladder.

Bacteriocin partial purification

The outcomes illustrated to
maximum bacteriocin precipitation was
obtained at 80% saturation level as
indicator strains, S. aureus, E. coli and
C. albicans were used to confirm the

effectiveness of the formula confirmed
by (Figure 3), the obtained
concentration of purified Bacteriocin
was 0.54 mg/ ml illustrated within
(Table3) (27).

Table (3): The purification steps of Bacteriocin produced from Lacticaseibacillus paracasei.

Bacteriocin

Total

Protein

Specific

Purification stage sl activity activity | Conc activity P sz viee
by (ml) (AU/mI) (AU) | (mg/ml) | (AU/MQ) (folds) concentration%
The crude Extract 40 40 1600 0.23 173.9 1 100
Ammonium sulfate
precipitation 80% 12 40 480 0.25 160 0.92 30
Gel- filtration
Sephadex G-150 15 40 600 0.54 74.07 0.425 375
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Figure (3): Bacteriocin activity precipitated with different concentrations of ammonium sulfate
over three indicators (Staphylococcus aureus, Escherichia coli and Candida albicans) by well
diffusion assay at 37°C for 24hrs.

Antimicrobial effect of bacteriocin
The inhibitory  effect of
Bacteriocin over the three S. aureus
isolates explicated that that all isolates
were affected as shown there in (Table
4) and (Figure 4), the highest inhibition

diffusion method illustrated that all
isolates were affected based on (Table
5) and (Figure 5), the highest inhibition
zone (21.5 mm) in dimeter was
recorded and much close diameter
recorded (18 mm). The inhibitory

area (39 mm) in average dimeter was
registered, while the lowest inhibition
circle diameter was (23.5 mm).
Moreover, the inhibitory effect towards

impact of Bacteriocin over C. albicans
isolate leaded to inhibition circle
measured exactly (34 mm) diameter
(28) as Shown by (Figure 6).

E. coli isolates depending on the well

Table (4): inhibition zone data for S. aureus isolates after treatment with Bacteriocin by well
diffusion process.

S. aureus Isolates Inhibition zone (mm) by Results
Bacteriocin
St2 34.5 +++
St 17 23.5 +++
St44 39 (average) +++

+++= Strong inhibition

34.5 mm
St2
Bacteriocin

javg: 39 mm

St 44

Bacteriocin /
A

Figure (4): Antibacterial activity of Bacteriocin against S. aureus isolates symbolled (St 2, St 17 and
St 44) by well diffusion assay at 37°C for 24hrs.




Table (5): Inhibition zone data for E. coli isolates after treatment with Bacteriocin by well diffusion
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process.

E. coli Isolates Inhibition zone (mm) Results
Ec 28 18 +++
Ec 51 21.5 +++
Ec 67 12.5 +++

+++= Strong inhibition.

Figure (5): Antibacterial activity of Bacteriocin against E. coli isolates symbolled (Ec 28, Ec 51 and
Ec 67) by well diffusion technique at 37°C for 24hrs.

Figure (6): Antibacterial activity of Bacteriocin against C. albicans strain symbolled (Ca 37) by well
diffusion process at 37°C for 24hrs

The minimum
concentration (MICs)

By using microtiter plate
method, Bacteriocin had minimum
inhibitory concentration 0.5 mg/ml for

inhibitory

all tested isolates for the three
pathogenic indicators S. aureus, E. coli
and C. albicans. Conformationally, the
colors had transformed from blue to
pink or pale pink (29).
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Biofilm formation

After incubation of three S.
aureus isolates, three E. coli isolates,
and one isolate of C. albicans were
found have the capability to form
biofilm when black colonies were
observed for the biofilm production via

Congo red agar (30). Additionally, the
outcomes of the Microtiter plate (MtP)
method for biofilm formation by S.
aureus, E. coli and C. albicans are
shown within (Tables 6,7 and 8)
illustrated the strong formation of
chosen isolated (31).

Table (6): Detection of biofilm formation by S. aureus isolates depending on microtiter

plate method

Isolate NO Isolate OD Results
St 2 0.58 et
St17 0.33 tt
St 44 0.15 +
NC 0.05 0

0= No biofilm, + = Weak biofilm, ++= Moderate biofilm, +++= Strong biofilm; NC= Negative

control; SD=0.001.

Table (7): Detection of biofilm formation by E. coli isolates depending on microtiter plate method

Isolate No. Isolate OD Results
Ec 28 0.33 ++
Ec 51 0.32 ++
Ec 67 0.58 +++

NC 0.05 0

0= No biofilm, + = Weak biofilm, ++= Moderate biofilm, +++= Strong biofilm; NC= Negative

control; SD=0.001.

Table (8): Detection of biofilm formation by C. albicans strain depending on microtiter plate

method
Strain No. Strain OD Results
Ca37 0.60 +++
NC 0.05 0

0= No biofilm, + = Weak biofilm, ++= Moderate biofilm, +++= Strong biofilm; NC= Negative

control; SD=0.001.

Antibiofilm efficiency of bacteriocin
Biofilm produced by S. aureus
isolates has been eradicated by
Bacteriocin when the documented
averages of biofilm OD values were
minimized from averages of each
isolate control mentioned via (Figure 7).
However, highest dispersal in biofilm
OD (0.13). Moreover, highest reduction
in biofilm of E. coli OD (0.15) was
registered, drawn within (Figure 8).

Also, Biofilm produced by C. albicans
strain has been eradicated in same
manner when recorded an average of
biofilm OD value (0.12) was reduced
from the average of the isolate control
(0.49) according to (Figure 9). In same
manner, (32) proved by their study the
ability of bacteriocin to eradicate
biofilm formed by S. aureus. Moreover,
(33) mentioned antibiofilm efficiency of
bacteriocin over E. coli isolates.
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Dispresal of S. aureus biofilm by Bacteriocin

0.7
0.6
0.5
0.4
0.3
0.2
0.1

OD AT 560 NM

St2 St 17 St 44 Negative Control
Isolate OD 0.13 0.12 0.12
Isolate Control 0.58 0.33 0.15 0.05

Isolate OD Isolate Control

Figure (7): The antibiofilm effect of Lacticaseibacillus paracasei Bacteriocin on Staphylococcus
aureus isolates biofilm using microtiter plate assay.

Dispresal of E.coli biofilm by Bacteriocin

= 0.6
0.5
=2
2 0.4
S0
'_
ke }
= 0.1
o 0 .
Ec28 Ec 55 Ec 67 Negative
control
Isolate OD 0.1 0.11 0.15
CONTROL 0.31 0.29 0.49 0.05

Isolate OD CONTROL

Figure (8): The antibiofilm effect of Lacticaseibacillus paracasei Bacteriocin on Escherichia coli
isolates biofilm using microtiter plate assay.

Dispresal of C. albicans biofilm by Bacteriocin

0.6
0.5
>
Z 0.4
3
n 0.3
=
8 0.2
0.1
0
Ca37 Negative control
Isolate OD 0.12
Isolate Control 0.49 0.05
M Isolate OD Isolate Control

Figure (9): The antibiofilm effect of Lacticaseibacillus paracasei Bacteriocin on Candida albicans
biofilm using microtiter plate assay
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Microbial viability after biofilms
dispersal

The results for the viability of
the three pathogenic indicators S.
aureus, E. coli as well as C. albicans
after the treatment with antibiofilm
compound (Bacteriocin) showed that all
microorganisms isolates were viable

. T~

Figure (10): Pathogenic isolates of C. albicans and E.coIi shows viability after treatment with

depending on colonies morphology
(shape, size, color and texture) when
grown separately, each on its selective
medium as pointed within (Figure 10).
In same pattern, (34) obtained
viable cells of Pseudomonas aeruginosa
after antibiofilm application of
curcumin.

Bacteriocin

Conclusion

Considering the results of the

current work, the outcomes were
showed that a significant efficiency of
Bacteriocin as antimicrobial and
antibiofilm metabolites against the
Gram negative, Gram positive and yeast
microorganisms as well, it might
consider a promising new aera that
could be used within pharmaceutical
purposes in instead of common more
resisted drugs.
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