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The present study was initiated to (i) determine burned forest-inhabiting fungi in Zouagha,
TerriBeinéne, Mila and (ii) study the antagonistic activities of Trichoderma sp against Fusarium sp,
Penicillium sp, Rhizoctonia sp, and Alternaria sp. Eighteen fungal strains representing six genera were
isolated from soil samples obtained from the burned forest of Zouagha in the Mila region: Trichoderma
sp, Fusarium sp, Penicillium sp, Rhizoctonia sp, Alternaria sp, and Rhizopus sp. The direct antagonistic
activity assays of Trichoderma sp on Potato Dextrose Agar medium (PDA) against the four fungi:
Fusarium sp, Penicillium sp, Rhizoctonia sp, and Alternaria sp revealed that the fungus Trichoderma sp
reduced the mycelium growth of Fusarium sp, Penicillium sp, Rhizoctonia sp and Alternaria sp to 23.13,
33.13, 33.75, and 38.31%, respectively, compared to the control after six days at room temperature. The
results illustrated an inhibitory action of the antagonist Trichoderma sp characterized by slowing the
mycelial growth of fungal strains. Strains of Fusarium sp, Penicillium sp, Rhizoctonia sp and Alternaria
sp showed differences in the sensitivity to the antagonist. Because Trichoderma occurred more
frequently in burned soils and were more antagonistic to phytopathogenic fungi in culture than isolates
from unburned soils, the judicious use of fire may increase the abundance of Trichoderma isolates and
their inhibitory action may be used for the control of fungal plant diseases.

Key words: Fungi, burned soil, Zouagha, Antagonism, Trichoderma sp.

INTRODUCTION

Forest ecosystems of cork and oak often present a
balance of extreme complexity and their burning generate
a cascade of degradations, which spread over many
years and sometimes prove to be irreversible. Certainly,
the trees which are weakened after a wildfire, present the

ideal conditions for massive colonization by various
species of fungi. Some of these are phytopathogenic
fungi (Belhoucine and Bouhraoua, 2013). Some
microorganisms are considered to be more sensitive to
heat than others, for example fungi compared to bacteria
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Figure 1. The canton of BeniAfak (forest Zouagha, Mila) [source: Google Earth].

(Gema et al.,, 2011).The forest fire is one of the most
widespread disruption and potentially most destructive
affecting fungi that inhabit the soil (Lygis et al., 2010).
The genus Trichoderma includes a set of saprophytic
imperfect fungi which are commonly found in soil, dead
wood, plant debris and aerial parts of the plants. They are
easily recognized in the culture through the generally
greenish color of their spores and their typical phialides
(bowling-like).

The antagonistic properties of Trichoderma have long
been recognized since the first publication in 1887.
However, the comprehensive study of the phenomenon
of antagonism and its application as a means to fight crop
pests started between the two world wars (Johanne,
2002). Trichoderma has a set of potentially usable
mechanisms for attacking, but remain complex. It can use
one or more modes of action simultaneously to control a
pathogen. The deployment of modes of action also varies
according to the partners involved and the physical and
chemical conditions of the medium (temperature,
humidity, etc). Trichoderma is effective when it is allowed
to install before the pathogenic fungi. Therefore its action
is preventive (Johanne, 2002). In this study, the effects of
selected Trichoderma sp isolated from burned soils on
the growth and development of Fusarium sp, Penicillium
sp, Rhizoctonia sp and Alternaria sp were evaluated.

MATERIALS AND METHODS
Study site and sample collection

The work focuses on the study of antagonistic fungi isolated from
burned forests in Mila region. Soil, bark and leaves samples were
collected from different sites in the forest Zouagha which is bound
from the north by Dijijal, the west by OuledRabeh, the south by
BeniHaroune and the east by Grarem-Gouga. The study area is
located on the topographical map of SidiMarouane scale 1/50.000,
sheet N°50, between 804.8 to 805 altitude E and 366 a 366.2

longitude N. Z. Zouagha forest is spread over an area of 353, 50
ha and is entirely limited and divided into five regions: EI Bahloul,
Bouzourane, DjbelDaya, Arres and BeniAfek (Figure 1).

Sampling was conducted on February 19, 2014 at 11: 30 am.
Three random sites of burned forest of Zouagha, BeniAfek region in
Terri Beinéne, Mila were selected. Samples were taken from tree
bark and 1 kg of soil (after the removal of 3 cm of the upper layer of
soil) of each site and as well as leaves from site 2 to evaluate the
presence of fungi. After that, they were stored at 4°C in cooler, then
transported to the laboratory until use.

Isolation and purification of fungi

Isolation of fungal strains was carried out according to the
suspension dilution method (Davet and Rouxel, 1997). One gram of
the soil sample, from each site, was aseptically added to 9 ml sterile
saline water. The suspension was vortexed and diluted up to 107°.
The bark and leaves samples were washed first in bleach for 5 min,
then with ethanol for 5 min to remove microorganisms from the
surface. Purification of strains was done on PDA agar (pH =5.1).
Plates were incubated at 25°C for 6 days.

Identification of fungi

Strain’s identification was conducted following the conventional
dichotomous identification scheme. The macromorphology identifi-
cation was done on the basis of colonies’ properties of the isolation
media. The micromorphology of the isolates were determined by
direct light microscopic examination at 10X and 40X (optical
microscope EXACTA+OBTEC) according to the determination keys
of Botton et al. (1990).

Antagonism test

Direct confrontation method also called opposite cultures technique
was used to determine antagonism activity. In a Petri dish
containing 15 ml of PDA medium, two agar pellets (8 mm in
diameter) of antagonist and pathogen were placed 4 cm from each
other. Petri dishes containing pathogenic fungi were used as
control. The plates were incubated at a temperature of 25°C and
continuous light as an activation factor of certain enzymes. The
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Table 1. Source of isolates and their frequencies.

Fungal isolate Site Leaf

Bark Soil Frequency %

Trichoderma spl -
Trichoderma sp2 -
Fusarium spl -
Trichoderma sp3 -
Trichoderma sp4 -
Trichoderma sp5 -

Trichoderma sp6 -
Fusarium sp2 -
Alternaria sp
Trichoderma sp7 -
Rhizoctonia spl -

Rhizoctonia sp2 -
Rhizopus sp -
Trichoderma sp8 -
Fusarium sp3 3 -
Penicillium sp -
Trichoderma sp9 -
Trichoderma sp10 -

- +

33.33

.
+ + + + +

[
+

27.77

1
+

38.88

+ + + + + +

*(+) Presence of fungi, *(-) Absent of fungi.

development of mycelia growth was monitored every 24 h by
measuring diameters of mycelial colony in millimeter. The
percentage of mycelial growth inhibition was determined using the
following formula (Hmouni et al., 1996):

I{%)=(1- Cn/Cuo) x 100

1(%): is the percentage of mycelia growth inhibition

Cn: is the average diameter of the colonies in the presence of the
antagonist

Co: average diameter of the control colonies.

RESULTS
Isolation and identification of fungi

Fungi were isolated from almost all analyzed samples
and were identified. Eighteen fungal strains belonging to
six genera: Alternaria sp, Fusarium sp, Penicillium sp,
Trichoderma sp, Rhizoctonia sp and Rhizopus sp were
isolated. Results are illustrated in the Table 1. The
isolation results demonstrate that the highest frequency
of the fungal isolate which is 38.88% is from site number
3. Five different genera including Rhizoctonia sp2,
Rhizopus sp, Trichoderma sp 8, 9, 10, Penicillium sp, and
Fusarium sp3 were isolated. The site number 1 had
33.33%, including Trichoderma spl, 2, 3, 4, 5, and
Fusarium spl1 and finally the site number 2 had 27.77%;
Trichoderma sp6, 7, Fusarium sp2, Alternaria sp, and

Rhizoctonia spl.

The percentages of fungal isolates varied; 16.66% for
Fusarium sp, 5.55% for Alternaria sp, 55.55% for
Trichoderma sp, 5.55% for Rhizopus sp, 11.11% for
Rhizoctonia sp and 5.55% for Penicillium sp (Tables 2
and 3).

Antagonism

The results of antagonism test of Trichoderma against
four fungal isolates (Alternaria sp, Fusarium sp,
Penicillium sp, and Rhizoctonia sp) show a medium
reduction of mycelial growth of colonies of different fungal
isolates compared to control (Figure 2 and Table 4). The
tested colonies of Trichoderma sp inhibited the
germination of Fusarium sp conidia by 23.13%, followed
by Penicillium sp by 33.13%, Rhizoctonia sp by 33.75%
and Alternaria sp by 38.31% (Figure 3).

DISCUSSION

In the study, the fungus flora of the burned forest soil of
Zouagha, Mila region was determined. Among the genera
obtained Trichoderma sp, Fusarium sp, Penicillium sp,
Rhizoctonia sp, Alternaria sp, and Rhizopus sp.

Lucarotti (1981) obtained higher frequencies of
Trichoderma, Penicillium, MucorMich ex Fr. and
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Table 2. Samples analysis of unburned soil from Zouagha forest.

Parameter Content expressed as % by weight of dry materials
Sample Carbonates NF P(94-48) Sulfates MO CO» pH
Site 01 40.08 Traces 15,56 1.70 6.08
Site 02 40.27 Traces 6.14 1.30 6.27
Site 03 41.41 Traces 5.30 0.80 6.41

Table 3. Samples analysis of soil obtained from Zouagha forest.

arameter Content expressed as % by weight of dry materials
Sample Carbonates NF P(94-48)  Sulfates MO CO» pH

Site 01 4.88 Traces 10.0 2.15 7.0
Site 02 6.32 Traces 4.0 2.78 7.13
Site 03 6.32 Traces 4.0 2.78 7.80

917

Figure 2. Representative images of controls of five fungal genera after six days.

Table 4. The effect of Trichoderma sp on Fusarium sp, Penicillium sp, Rhizoctonia sp and Alternaria sp.

Antagonist — Pathogen Antagonistic activity

. Trichoderma sp

(5 ‘ T2

Fusarium sp

Trichoderma sp + Fusarium sp

Trichoderma sp
o v J I
Trichoderma sp + Penicillium sp ghs's T3

Penicillium sp
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Table 4. Contd.

Trichoderma sp + Rhizoctonia sp

Trichoderma sp + Alternria sp

Trichoderma sp

» %] T4
3*?

’ Rhizoctonia sp
|

- Trichoderma sp

| TS

Alternria sp

T2 :Fusarium sp, T3 :Penicillium sp, T4 : Rhizoctonia sp and T5: Alternaria sp.

100

Colony diameter(mm)

Fusarium Penicillium Rhizoctonia

m Witness

®m Witness+ Trichoderma

Alternria

Figure 3. Colony diameter of Fusarium sp, Penicillium sp, Rhizoctonia sp and Alternaria sp in the presence of

Trichoderma sp after 6 days.

Mortierella Coemans at in soil of burned forest in
Canada. It can be postulated that these species do not
show much sensitivity to ecological extremes and are
more resistant to negative conditions. Also, Reaves et al.
(1990) reported that they obtained Trichoderma
citrinoviride Bissett most frequently in burned forest soil.
Chwalinski (1989) determined that the variety of species
following a fire was renewed within a year but the fungal
density was not renewed completely in this period.

Many researchers reported that the soil humidity, soil
pH (RamaRao, 1970), salt amount (Hasenekoglu and
Sulun, 1990), and organic matter content (Behera and
Mukerji, 1985) influence the activity of soil
microorganisms. The fact that the amount of organic
matter is very high in all soils proves that the rapidly

spread fire, did not do much harm underground and the
fire was only on the surface (Hasenekoglu and Sulun,
1990).

In addition, 20% of organic matter is nitrogen, and thus
these soils are considered to be very rich in nitrogen.
This may have a positive effect on microorganism activity
in the soil (Table 2). The fact that the soil has a low rate
of salt and lime (Ca*z) could exclude their negative effect
on the activity of soil microorganisms.

Suciatmih (2006) found that a significant positive
correlation existed between the fungal population and the
total organic carbon content. Waid (1960), listed
temperature, humidity, CO,, oxygen concentration, size
of the soil pores, longevity of fungal mycelium, interaction
between soil fauna and soil fungi and soil reaction as



factors that may influence growth and production of the
mycelium of fungi in the soil.

According to Suciatmih (2006), the forest fire leads to a
reduction and possibly an elimination of soil fungi. Chet
(1984) reported studies on mode of action of
Trichoderma used for biological control against
Rhizoctonia solani in the case of cotton and strawberry
cultivation, the results highlighted the importance of
mycoparasitism phenomenon in the effectiveness of
Trichoderma.

In the case of direct confrontation between Alternria
alternata and Trichoderma harzianum. A. alternria has a
very short development time but T. harzianum grows
faster and surrounds the pathogen on the second day. T.
harzianum develops without obstacles, and it has
opportunities to stop the development of A. alternate. It
grows over the colony of the pathogen at the same time
(Biljlana and Jugosslave, 2011; Gveroska and Ziberosk,
2011).

Rajendiran et al. (2010) demonstrated the inhibitory
effect of Trichoderma viride against Fusarium sp.,
Penicillium sp. And Aspergillus sp. Growth inhibition of
these fungi is due to its rapid growth nature, extracellular
secretion of harmful compounds such as antibiotics,
enzymes that can degrade cell wall such as gluconases,
endochitinases, chitinases and mycoparasitism. Harman
et al. (2004) described the mycoparasitic action of
Trichoderma sp against pathogens. It coils around the
hyphae of pathogen and produced peptaible which
facilitate the entry of hyphae of Trichoderma sp into the
lumen of parasitic mold.
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Bacterial biofilms forming on indwelling urinary catheters continue to represent a public health problem
because they are associated with urinary tract infections (UTIs). This study was undertaken to evaluate
the ability of immobilized Lactobacillus acidophilus cells to inhibit biofilm formation on catheter
surfaces. Urine bacteria and Lactobacillus species were isolated from urine and vaginal swabs (HVS),
respectively. Immobilization of L. acidophilus on catheter samples was achieved using sodium alginate
and the inhibition of urine bacteria by the immobilized Lactobacillus cells was evaluated by microscopy
and viable cell count procedures following co-culture of the immobilized cells and urine bacteria.
Results showed that pre-coating of catheter surfaces with L. acidophilus before exposure to urine
bacteria significantly (p<0.05) reduced attachment of some urine bacteria to the catheter surfaces.
Staphylococcus aureus, Klebsiella and Escherichia coli were significantly inhibited, while
Pseudomonas aeruginosa was not inhibited. Furthermore, crude bacteriocin preparations from the
Lactobacillus cells had antimicrobial activity against the urine bacteria. This study shows that pre-
coating of catheter surfaces with L. acidophilus could be an effective strategy for controlling biofilm
formation on urinary catheters.

Key words: Biofilm, catheter, Lactobacillus, immobilization, sodium alginate.

INTRODUCTION

Urinary tract infections (UTIs) account for about 25-40%
of nosocomial infections, out of which about 90% are
catheter-associated (Trautner and Darouiche, 2004;
Ghanwate et al., 2012). The daily incidence of bacteriuria
in catheterized patients is approximately 3-10% and
among patients with bacteriuria, up to 25% will develop
symptoms of local UTI, while about 3% will develop
bacteremia (Saint et al., 2005). Studies have also shown
that the duration of catheterization is the important factor

of bacteriuria (Stickler, 2008; Al-Mathkhury et al., 2011).
Several strategies have been attempted to control
urinary catheter biofilms including application of
antimicrobial ointments and lubricants, bladder instillation
or irrigation, antimicrobial agents in the collection bags,
impregnation of catheter with antimicrobial agent such as
silver oxide or use of systemic antibiotics, but none of
these strategies proved very effective (Donlan, 2001;
Trautner and Darouiche, 2004). Currently, novel

*Corresponding author. E-mail: ifeoma.ezeonu@unn.edu.ng. Tel: +2348037954649.

Author(s) agree that this arficle remains permanently open access under the terms of the Creative Commons Atfribufion

License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

strategies are being attempted by researchers, including
coating of catheters with enzymes, EDTA, biosurfactants,
probiotics and other non-pathogenic  organisms
(Darouiche et al., 2001; Trautner et al., 2007; Borchert et
al., 2008; Fracchia et al., 2010; Ghanwate et al., 2012;
Sambanthamoorthy et al., 2014).

Lactobacilli are probiotic bacteria known to have a
positive effect on the maintenance of human health and
are considered to be generally safe (Merk et al., 2005;
Borchert et al., 2008). These bacteria, which constitute
an important part of the natural microbiota, are
recognized as potential interfering bacteria. In particular,
lactobacilli have long been known for their antimicrobial
activity and capability to interfere with adhesion of
pathogens to epithelial cells of the urogenital tract (Reid
et al., 2001; Reid and Burton, 2002; Borchert et al., 2008;
Fracchia et al., 2010; Ali 2012; Sambanthamoorthy et al.,
2014), hence their application in vaginal suppositories for
the treatment of vaginal and urinary tract infections (Reid
and Burton, 2002; Uehara et al., 2006; Borchert et al.,
2008). This property of bacterial interference of
lactobacilli therefore presents a potential intervention
strategy for the control of urinary catheter biofilms. Some
investigators have reported attempts to inhibit biofilm-
formation by applying Lactobacillus-derived bio-
surfactants, acid supernatants, bacteriocin or whole cells
to surfaces colonized by biofiim-forming bacteria
(Maldonado et al.,, 2007; Fracchia et al., 2010; Al-
Mathkhury et al., 2011; Sambanthamoorthy et al., 2014).
In  pre-coating and co-incubation assays, these
researchers showed that more effective inhibition was
achieved with higher concentrations of the Lactobacillus-
derived substances.

Alginates are hydrocolloids and water-soluble
biopolymers, which have been applied for immobilization
and proliferation of cells (Andersen et al., 2012). This
study evaluated the capabilty of Lactobacillus
acidophilus cells, immobilized on catheter surfaces with
sodium alginate, to inhibit the formation of biofilms by
Escherichia coli, Klebsiella, Staphylococcus aureus and
Pseudomonas aeruginosa in vitro.

MATERIALS AND METHODS
Collection of samples

Sterile Foley silicone catheters were purchased from the market;
urine specimens were collected aseptically from outpatients
attending a local hospital and from apparently healthy individuals
for the isolation of urine bacteria; and high vaginal swab (HVS)
specimens were collected from an apparently healthy female for
isolation of Lactobacillus spp.

Isolation and identification of organisms

In order to isolate urine bacteria, loopfuls of the urine samples were
cultured on MacConkey and Blood agar and incubated for 24 h at
37°C. Resultant colonies were sub-cultured onto fresh culture
plates of the same media to obtain pure cultures. Then, isolates
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were characterized and identified, using standard microbiological
procedures as described by Cheesebrough et al. (2000).

For Lactobacillus spp., the vaginal swab specimens were
inoculated onto De Man Rogosa Sharpe (MRS) agar (Oxoid). The
plates were incubated at 37°C in an anaerobic jar, for 24 to 48 h.
Thereafter, the creamy-white colonies, suspected to be
Lactobacillus, were sub-cultured on MRS medium to obtain pure
cultures. The isolates were further characterized and identified by
biochemical analyses as described by Cheesebrough et al. (2000).

Evaluation of growth of Lactobacillus in urine

Ten milliliters of urine was filter-sterilized to make the urine free
from bacteria. The sterile urine was then used as a culture medium
for Lactobacillus cells using an inoculum size of 10° cfu. The culture
was incubated at 37°C in an anaerobic jar. Viable cell counts were
taken from triplicate samples, each day, for seven days, to evaluate
the survival and growth of the cells in urine.

Evaluation of anti-biofilm effect of Lactobacillus using cover-
slip assay

The ability of Lactobacillus cells to inhibit biofilm formation by urine
bacteria was evaluated qualitatively by cover-slip assay by a
modification of the method of Ghanwate et al. (2012). Sterile Petri
dishes were filled each with 10 ml of MRS broth containing 1%
sucrose. Then, sterile glass cover-slips were added to each Petri
dish. Thereafter, each plate was inoculated with 0.1 ml of overnight
culture of L. acidophilus and incubated anaerobically at 37°C for 24
h to coat the cover-slips with Lactobacillus. The next day, the
Lactobacillus-coated cover-slips were extracted and introduced into
culture dishes containing 10 ml broth-culture of different urine
isolates (S. aureus, E. coli, Klebsiella sp. and P. aeruginosa) to
produce co-cultures of the Lactobacillus and urine organisms. The
dishes were then incubated aerobically at 37°C. On daily basis, a
cover-slip from each culture set-up was removed, unattached cells
were rinsed off with phosphate buffered saline and attached cells or
biofilms were stained with 0.1% crystal violet for 5 min (for S.
aureus) and Gram staining for E. coli, Klebsiella sp. and P.
areuginosa. Finally, stained biofilms were observed microscopically
and photographed using a 0.2 Mega pixel Motic camera. The co-
cultures were monitored over a seven-day period.

Immobilization of Lactobacillus acidophilus on catheter pieces

MRS broth containing L. acidophilus cells was incubated for 48 h at
37°C. The broth was then centrifuged at 5000 rpm for 15 min. The
supernatant was discarded while the pellet of cells was added into
a beaker containing exactly 2% (w/v) sodium alginate solution. The
catheter pieces were then introduced into the mixture and allowed
to stand for 1 h. Thereafter, the catheter pieces were extracted and
immersed in a beaker containing 2% CaCl;.2H,O to allow the
formation of a gel. The set-up was incubated for 24 h for stability of
the gel.

Evaluation of anti-biofilm immobilized

Lactobacillus cells

capability  of

The catheter pieces containing immobilized L. acidophilus cells
were immersed in broth cultures of the different urine isolates in
separate Bijoux bottles. The bottles were allowed to stand for 7
days at 37°C. Untreated catheter sections also immersed in broth
cultures of urine isolates served as control. Biofilm formation on the
catheter sections was evaluated by viable cell count procedures.
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Figure 1. Growth of L. acidophilus in urine over a period of 7 days.

On each day of counting, two catheter pieces were picked from the
various cultures and rinsed with sterile distilled water to remove
unattached cells. Then, the attached cells were gently scraped off
from both the outer and luminal surfaces of the catheters using a
wire loop and introduced into sterile beakers containing 10 ml of
phosphate buffered saline. The cells in the biofilm were dispersed
using a magnetic stirrer. Serial dilutions were prepared and the
cells inoculated onto MacConkey and blood agar plates for viable
counts.

Preparation of crude bacteriocin of L. acidophilus

The isolated L. acidophilus was propagated in a 100 ml-conical
flask containing 25 ml MRS broth and incubated anaerobically at
37°C for 24 h. Cells were separated by centrifugation at 5000 rpm
for 20 min at room temperature. The supernatant was adjusted to
pH 7 by using 1 N NaOH to remove the antimicrobial effect of
organic acids. The clear solution was then filtered using 0.22 u pore
size filter.

Determination of antimicrobial activity of crude bacteriocin

The inhibitory activity of the crude bacteriocin preparation against
the urine isolates was determined using disc diffusion method.
Paper discs of 6 mm diameter were prepared from Whatman No.1
filter paper. The discs were autoclaved for 15 min at 121°C and
allowed to cool. Then, the sterile discs were impregnated with the
bacteriocin preparation. The impregnated discs were placed on
solidified Muller-Hinton agar seeded with 18 h cultures of the test
organisms and incubated at 37°C for 24 h. The assay was
performed in triplicates. Zones of inhibition were then measured
and the values were recorded.

Statistical analysis
Analysis of variance (ANOVA) and LSDgos were employed to

analyze the data on viable counts using Microsoft Excel 2007
application.

RESULTS
Isolation of bacteria from urine and HVS

Four bacteria were isolated from the urine specimens.
These were: S. aureus, E. coli, Klebsiella sp. and P.
aeruginosa. All four organisms were used in the biofilm
studies. Two Lactobacillus species were identified from
HVS, namely: L. acidophilus and Lactobacillus plantarum.
The L. acidophilus was used for all the anti-biofilm
studies.

Growth of Lactobacillus in urine

L. acidophilus cells were able to survive and multiply in
urine, increasing in number from 6.5 x 10" to 1.5 x 10°
cfu/ml by the fifth day of culture, after which there was a
decrease in number (Figure 1).

Inhibition of urine bacteria by Lactobacillus cells on
coverslips

Evaluation of the inhibitory activity of Lactobacillus cells
against bacterial biofilms on coverslips showed that pre-
coating of coverslip surfaces with Lactobacillus cells prior
to exposure of the surfaces to urine bacteria reduced the
number of urine bacterial cells attaching to the coverslips.
For E. coli, cell numbers reduced relative to number of
Lactobacillus cells from the third day of culture, while
there was complete inhibition by the sixth day (Figure 2).

Similarly, numbers of attached cells of Klebsiella and S.
aureus reduced from the third day and complete inhibition
was achieved by the seventh day (Figures 3 and 4). For
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E. coli cells

Lactobacillus cell

Figure 2. Microscopic images of co-culture of L. acidophilus and E. coli on coverslip; a, Day 1; b, Day 3; c,
Day 6. Note the presence of a mixture of short rods of E. coli and large rods of Lactobacillus in panels a
and b, and the presence of predominantly large rods of Lactobacillus in panel c.

P. aeruginosa, on the other hand, reduction in humber
was observed only from the fifth day and attached cells
were still observed by the end of the experiment on the
seventh day (Figure 5).

Inhibition of catheter immobilized

Lactobacillus cells

biofilms by

Evaluation of attachment and growth of urine organisms
on catheter pieces containing immobilized Lactobacillus
cells was compared with growth on uncoated catheter
pieces. The results showed significant (p<0.05) reduction

in number of S. aureus and Klebsiella cells on the coated
catheter pieces when compared with the uncoated
catheters. E. coli and P. aeruginosa, on the other hand,
showed no reduction. Representative graphs of the
growth of S. aureus and P. aeruginosa are shown in
Figures 6 and 7, respectively.

Inhibitory activity of crude bacteriocin of L.
acidophilus against test isolates

The crude bacteriocin preparation from the Lactobacillus
isolate was tested for its activity against the urine
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»

» Klebsiella cells

Lactobacillus cells

Figure 3. Microscopic images of co-culture of L. acidophilus and Klebsiella on coverslip; a, Day 1; b, Day
3; ¢, Day 6. Note the presence of a mixture of short rods of Klebsiella and large rods of Lactobacillus in
panels a and b, and the presence of predominantly large rods of Lactobacillus in panel c.

isolates. The results showed that the highest activity was
against S. aureus, followed by Klebsiella before E. coli
(Figure 8).

DISCUSSION

The human normal bacterial flora is increasingly recog-
nized as an important defense to infection. Lactobacilli in
particular, are regarded to be generally safe and
recognized as potent interfering bacteria. Lactobacilli and
their derived substances have been used widely in both
clinical and experimental trials to inhibit growth of other

bacteria on various natural and artificial surfaces,
including urinary catheters (Reid and Tieszer, 1994; Reid
and Burton, 2002; Reid and Bruce, 2006; Maldonando et
al., 2007; Ruiz et al., 2009; Barrons and Tassone, 2008;
Fracchia et al., 2010; Ray, 2011; Al-Mathkhury et al.,
2011; Sambanthamoorthy et al., 2014; Abd-Alkareem,
2014).

In this study, L. acidophilus was isolated from HVS of a
healthy female. The Lactobacillus cells showed
appreciable growth in urine for up to 5 days in culture,
after which there was a decline in growth. The decline in
growth after five days could be attributed to culture
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S. aureus cells

Lactobacillus cells

Figure 4. Microscopic images of co-culture of L. acidophilus and S. aureus on coverslip; a, Day 1; b, Day
3; ¢, Day 7. Note the presence of a mixture of spherical cells of S. aureus and large rods of Lactobacillus
in panels a, b and c.

conditions, in which the cells had to survive in what could Lactobacillus cells by cover-slip assay showed that pre-
be described as stagnant urine. coating of the surfaces with Lactobacillus reduced the
Evaluation of the anti-biofilm potential of the attachment and growth of urine bacteria. The effect was
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Lactobacillus cells

Pseudomonas cells

Figure 5. Microscopic images of co-culture of L. acidophilus and P. aeruginosa on coverslip; a, Day 1; b, Day 3; c,
Day 7. Note the presence of a mixture of slim rods of Pseudomonas and large rods of Lactobacillus in panels a, b

and c.

more pronounced against E. coli, Klebsiella and
Staphylococcus, with near complete inhibition being
achieved by the fifth day of co-culture. For P. aeruginosa,
on the other hand, clearing required longer than seven
days. The inhibitory effect observed in the cover-slip
assay was confirmed quantitatively using viable cell count
procedures following immobilization of Lactobacillus cells
on catheter surfaces and exposure to urine bacteria. In
the quantitative assay, however, more inhibition was

recorded with S. aureus and Klebsiella than with E. coli
and Pseudomonas.

The results in this study agree with those of Maldonado
et al. (2007), in which whole cells and acid supernatant of
Lactobacillus fermentum inhibited biofilm formation and
growth of Klebsiella. Westbroek et al. (2010) reported
that Streptococcus pyogenes was not inhibited by
Lactobacillus crispatus and Lactobacillus jensenii. In
Westbroek’s (2010) study, the Lactobacillus and
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Figure 7. Growth of P. aeruginosa on untreated catheter and catheter material pre-coated
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Steptococcus cells were mixed before plating. It appears of the Lactobacillus or its products to the surface before
therefore that the inhibitory action requires pre-application exposure to the biofilm-forming organism, as was
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Figure 8. Inhibitory activity of crude bacteriocin from L. acidophilus against some test bacteria.

demonstrated in the study by Fracchia et al. (2010).
Similar results were also reported by Hall et al. (2000)
and Darouiche et al. (2001), working with benign E. coli
strains. In their studies, instillation of the benign E. coli
strains into the bladders of patients with recurrent UTI
and coating of urinary catheters with benign E. coli,
respectively, significantly reduced the occurrence of UTI
in the patients.

In the present study, cell-free supernatant from the L.
acidophilus was also evaluated for its activity against the
urine bacteria by disk-diffusion method and the results
showed that S. aureus, Klebsiella and E. coli were
inhibited, while Pseudomonas was resistant.

The results from this preliminary study showed that
Lactobacillus has the potential to inhibit urinary catheter
biofiims when applied to catheters and the inhibitory
action could be both by removal of attachment surface for
the wurine bacteria and production of antibacterial
substances.

The finding presents an interesting intervention strategy
that should be explored further for actual use. Concerns
that may come to mind in consideration of practical
application are those relating to safety and stability of
alginate, blockage of the catheter by the coating, as well
as possibility of infection by the Lactobacillus. These
guestions would be answered by carrying out further
trials using small animals.
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Strain Enterococcus sp. GHB26, isolated from the Algerian paste of dates "Ghars", produced a
bacteriocin. This bacteriocin was inactivated by proteolytic enzymes. Antibacterial activity of the
bacteriocin was heat stable at 120°C for 20 min (533 AU/ml), stable at pH range of 2 to 12 and resistant
to chemicals (SDS, EDTA, NaCl, Tween 80, Urea). The active bacteriocin from the cell-free supernatant
of Enterococcus sp. GHB26 was purified by precipitation with ammonium sulfate followed by various
combinations of gel filtration on a Sephadex G-25 column, cation exchange chromatography on a CM-
Sephadex Cellulose column and reverse phase-high performance liquid chromatography on a C18
column. The bacteriocin was eluted as a single peak on the chromatogram from reverse phase-high
performance liquid chromatography attesting the purity of this bacteriocin. The bacteriocin exhibited a
bactericidal mode of action. Sodium dodecyl sulphate - polyacrylamide gel electrophoresis indicated
that molecular weight of this bacteriocin is close to 3.5 kDa.

Key words: Paste of dates, bacteriocin, antibacterial activity, chromatography, mode of action.

INTRODUCTION

Lactic acid bacteria had largely been exploited in the food
fermentation and they display numerous antimicrobial
activities (De Vuyst and Leroy, 2007; Suskovi¢ et al.,
2010). Several lactic acid bacteria, mostly enterococci
strains, are also found in the gastrointestinal tracts of
humans and animals and are considered to exert health-
promoting effects which include antimicrobial activity

against pathogen strains. This is mainly due to the
production of organic acids, diacetyl, hydrogen peroxide
and acetaldehyde but also of other compounds, such as
bacteriocins (Gurakan, 2007).

Bacteriocins are ribosomally synthesized peptides
produced by bacteria that exhibit bactericidal or
bacteriostatic effect against closely related bacteria but
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also against pathogenic bacteria (Collins et al., 2009).
The bacteriocins are often cationic and amphiphilic or
hydrophobic  (Altuntas, 2013). The enterococcal
bacteriocins are small heat stable proteins that kill closely
related bacteria (Altuntas, 2013).

Bacteriocins from lactic acid bacteria have a wide
potential applications such as, for example food
biopreservatives and health care (Cotter et al., 2005;
Suskovi¢ et al., 2010). Antimicrobial activity is often
proposed as an important functional characteristic of
probiotic strains, because bacteriocin biosynthesis by
probiotics can contribute to eliminate undesirable bacteria
during host colonization, thereby helping to prevent host
from pathogen proliferation. Nisin and pediocin PA-1
produced by lactic acid bacteria are the only bacteriocins
used in food preservation (Altuntas, 2013).

Before any use of a bacteriocin in food industry, its
study must be done on biochemical and genetic
characteristics, its antibacterial spectrum, its
effectiveness in different food systems, and the
regulatory implications (Javed, 2009). Each bacteriocin
has unique properties and a particular efficiency in
targeting microbial pathogens. This is why isolation and
purification of new bacteriocins will be always beneficial
(Elegado et al.,, 1997; Merzoug et al, 2015).The
purification of bacteriocin uses different strategies
depending on the properties of the producer bacteria and
the experimental conditions available (Cintas, 1997), but
it follows a common protocol that includes salt
precipitation and various chromatography combinations
like gel filtration, ion-exchange, hydrophobic-interaction,
and reverse phase - high performance liquid
chromatography from culture supernatants (Altuntas,
2013).

The aim of the present study was to characterize and
investigate the antimicrobial activity of the cell-free
supernatant of Enterococcus sp. GHB26 isolated from
traditional date paste "Ghars" in different phases of
bacteriocin purification. Furthermore, the interest was to
find out the mode of action of the bacteriocin.

MATERIALS AND METHODS
Bacterial strains and media

In the present study, two strains from the Collection of the
Laboratory of Biology of Microorganisms and Biotechnology,
University of Oran, Algeria, were used: Enterococcus sp. GHB26
had been isolated from date paste "Ghars" (Dellali, 2012) and was
used as producer of the bacteriocin and the strain Enterococcus
faecium H3 (Lazreg et al., 2015), used as an indicator strain, had
been isolated from "hammoum”, a traditionally fermented barley.
Strains were conserved by storage at -20°C in reconstituted skim
milk (10% wi/v). The strains were cultured in MRS broth medium
(Fluka, Switzerland) at 30°C before use.

Detection of inhibitory activity

Bacteriocin screening was tested by the agar well diffusion method
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as described by Tagg and Mc Given (1971). 500 pL of a culture of
the indicator strain E. faecium H3 (30°C, 18 h) was inoculated in 30
ml of MRS with 0.75% (w/v) agar and then poured onto plates.
Aliquots of 60 uL from the cell-free supernatant, obtained after
centrifuging a culture of the inhibitory strain Enterococcus sp.
GHB26 (30°C, 18 h), were added to each well of the indicator lawn
poured on MRS soft agar. After a diffusion step at 4°C overnight,
the plates were incubated at 30°C for 24 h. The presence of the
inhibition zone was considered as a positive result for bacteriocin
production.

In order to exclude the inhibitory effect of lactic acid, the inhibitory
strain Enterococcus sp. GHB26 was cultivated in MRS broth
buffered with sodium phosphate buffer (0.1 M, pH 7). The activity of
cell-free supernatant was defined as the reciprocal of the highest
dilution value showing inhibition of the indicator strain and was
expressed in arbitrary units per mililiter (AU/ml) (Graciela et al.,
1995).

Physico-chemical characterization of the inhibitory substance
Preparation of cell-free supernatant

Enterococcus sp. GHB26 was cultivated 4% (v/v) in MRS broth
buffered with sodium phosphate buffer (0.1 M, pH 7) and was
grown for 18 h at 30°C. The cell-free supernatant was separated
from cells by centrifugation at 3000 g for 15 min.

Effect of enzymes

Aliquots of 200 pL of the cell-free supernatant were incubated for 2
h at 37°C in the presence of 1 mg/ml of catalase, trypsin, pepsin,
pronase E (Aktypis and Kalantzopoulos, 2003). All enzymatic
solutions  (Sigma-Aldrich) were prepared in buffer sodium
phosphate (0.01 M, pH 7) except for pepsin which was dissolved in
HCI of 0.02 M. Samples were boiled at 100°C for 5 min to stop the
enzymatic reactions. Untreated cell-free supernatant was used as a
control. The susceptibility of antibacterial activity to enzymes was
evaluated by the agar well diffusion method (Tagg and McGiven,
1971).

Effect of temperatures

To determine the effect of temperature on the antibacterial activity,
aliquots (200 pL) of cell-free supernatant were heated at 60, 80 and
100°C for 60 and 120 min and at 120°C for 20 min. The residual
activity was evaluated according to Graciela et al. (1995) against E.
faecium H3. The activity was expressed as arbitrary units (AU) per
milliliter.

Effect of different pH

Aliquots of 200 pL of the cell-free supernatant were adjusted to
different pH from 2 to 12 with HCI (5 M) or NaOH (5 M). After 4 h of
incubation at 30°C (Hernandez et al.,, 2005), the residual
antibacterial activity was tested as described before.

Effect of chemical agents

The chemical agents: SDS, Triton X-100, EDTA, NaCl, Tween 80
and Urea, were added separately (1% w/v) to the cell-free
supernatant. After homogenization, the samples were incubated at
37°C for 5 h. Untreated cell-free supernatant was used as a control.

The residual antibacterial activity was tested by the agar well
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diffusion method.

Purification of the bacteriocin GHB26
Precipitation by ammonium sulfate

Cell-free supernatant (140 ml) from Enterococcus sp. GHB26 was
treated with ammonium sulfate to 40, 60 and 80% saturation.
Mixtures were stirred at 4°C for 4 h and further centrifuged for 30
min at 3000 g. The precipitates were dissolved separately in 7 ml
sodium phosphate buffer (0.02 M, pH 7) and investigated for their
antimicrobial activity.

Sephadex G-25 Gel filtration chromatography

This chromatography separates molecules according to their size
and it can be used for desalting. 1.2 ml of the precipitate obtained
at 60% saturation of ammonium sulfate was applied to a Sephadex
G-25 gel filtration column (26 cm length, 1.4 cm diameter, 5000 Da
exclusion limit) that had been previously equilibrated with 0.1 M
sodium phosphate buffer (pH 7). Elution was conducted using 0.1
M phosphate buffer at pH 7 at a flow rate of 0.5 mL/min. Fractions
of 1 mL were collected and the absorbance measured at 280 nm.
The inhibitory activity was determined by the agar well diffusion
method. The active fractions were mixed and lyophilized.

Cation exchange chromatography on a CM- Sephadex
Cellulose column

This column separates the peptides according to their electric
charge at definite pH. The lyophilisate obtained from the gel
filtration chromatography was suspended in 500 pL sodium
phosphate buffer (0.1 M, pH 7) and separated by cation exchange
chromatography through CM-Sephadex Cellulose column (10 cm
length, 1.2 cm diameter) that had been previously equilibrated with
0.05 M sodium phosphate buffer (pH 7). Elution was conducted by
a continuous gradient-elution (0-0.1 M NaCl, 0.1-1 M NacCl in 0.05
M phosphate buffer pH 7.0), at a flow rate of 0.5 ml/min. Fractions
of 1 mL were collected and the absorbance measured at 280 nm.
The inhibitory activity was determined and the active fractions were
mixed and lyophilized.

Purification by reverse phase-HPLC

The lIyophilisate obtained from the cation exchange
chromatography was re-suspended in 250 pyL of 0.1 M sodium
phosphate buffer at pH 7 containing 10% (v/v) acetonitrile and
purified by reverse phase-high performance liquid chromatography
(RP-HPLC) on a column Inertsil ODS2 C18 (250 mm length, 4.6
mm internal diameter, 5 um particle size). Elution was performed
using a gradient of acetonitrile from 0 to 100% in 0.1% aqueous
trifluoroacetic acid (TFA) for 30 min, at a flow rate of 1 mL/min.
Eluted peaks were detected at 226 nm and the corresponding
fractions were collected. The active fractions were mixed and
lyophilized, then they were recovered and re-suspended in 50 pL
phosphate buffer (0.02 M, pH7), and tested against the indicator
strain E. faecium H3.

Estimation of the bacteriocin molecular weight by Sodium
dodecyl sulphate - polyacrylamide gel electrophoresis (SDS-
PAGE)

SDS-PAGE was performed according to the method of Schagger

(2006), using 4% stacking gel, 10% spacer gel and 16% separating
gel. The samples tested were the native supernatant, the
concentrated supernatant, the fractions obtained after purification
thanks to Sephadex G25, CM Sephadex Cellulose and HPLC.
Molecular weight protein standards (Nisin 3.5 kDa and BSA 67 kDa)
were used. SDS-PAGE was conducted overnight at 50V, 20 mA.
After electrophoresis, the gel was cut vertically into two parts, the
part of the gel that contained samples and protein markers was
stained with a solution of Coomassie Brilliant Blue R-250 (Merck,
Saint Louis, MO), while the remaining part containing only the
samples was fixed in a mixture of 20% isopropanol (v/v), 10%
acetic acid (v/v) for 1 h, and washed with sterile distilled water
overnight and used for detection of antibacterial activity by
overlaying with MRS soft agar inoculated with 800 yL of a 18 h
culture of the indicator strain E. faecium H3 and incubated for 24 h
at 30°C.

Mode of action of bacteriocin GHB26

The bacteriocin was tested for a bacteriostatic or bactericidal mode
of action against E. faecium H3 as follows: 2 ml of concentrated
bacteriocin was added to 10 ml growing cells of E. faecium H3 in
MRS broth medium in early exponential phase (4 h at 30°C). A
sample culture of E. faecium H3 without bacteriocin was used as a
control. Optical density at 600 nm was determined at appropriate
intervals.

RESULTS AND DISCUSSION
Detection of inhibitory activity

The strain Enterococcus sp. GHB26 inhibited the growth
of indicator strain E. faecium H3. This antibacterial
activity was recorded on buffered MRS broth with a
maximum activity level of 1066 AU/ml, which excludes
the possible effect of lactic acid. Enterococcus sp.
GHB26 was found to produce an inhibitory substance
against E. faecium H3.

Physico-chemical characterization of the inhibitory
substance

Effect of enzymes

The antibacterial activity of the cell-free supernatant was
sensitive to proteolytic enzymes, except pepsin, which
indicated the proteinaceous nature of the active
substance. The inhibitory activity was not affected by
catalase, indicating that inhibition was not due to
hydrogen peroxide production (Table 1). The inhibitory
substance produced by Enterococcus sp. GHB26 may be
considered as a bacteriocin, that we designated
bacteriocin GHB26. Klaenhammer (1988) reported that
the bacteriocins were sensitive at least for one proteolytic
enzyme.

Effect of temperature and pH

The antibacterial activity of the inhibitory agent was
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Table 1. Effect of enzyme, temperature, pH and chemical agents on

inhibitory activity.

Treatment

Inhibitory activity (AU/ml)

Untreated
Enzymes
Catalase
Trypsin
Pronase E
Pepsin

Temperature
60°C at 60 min
60°C at120 min
80°C at 60 min
80°C at120 min
100°C at 60 min
100°C at120 min
120°C at 20 min

pH
2
4
6
8
10
12

Chemical agents
SDS (1%)

Tween 80 (1%)
Urea (1%)

NaCl (1%)

EDTA (1%)
TritonX-100(1%)

1066

1066
0
0
1066

1066
1066
1066
1066
1066
1066
533

1066
1066
1066
1066
1066
533

1066
1066
1066
1066
1066

stable to heat treatment at 60, 80 and 100°C for 60 and
120 min (1066 AU/ml). However, heating at 120°C
reduced the activity to 50% after 20 min (533 AU/ml)
(Table 1).This was in line with enterococcal bacteriocins
that were reported to be heat stable (Park et al., 2003).
The antibacterial activity was maintained stable over the
range of pH from 2 to 10 (1066 AU/mI). However, a 50%
loss of this activity at pH 12 (533 AU/ml) was noticed
(Table 1). Similar results were observed for the
bacteriocins produced by E. faecium ST5Ha (Todorov et
al., 2010) and E. faecium GHB21 (Merzoug et al., 2015).
The resistance to heat and to a wide pH range is an
important characteristic for the application of this
bacteriocin GHB26 as food biopreservative.

Effect of chemical agents

Treatment of cell-free supernatant with different chemical
agents such as SDS, Urea, NaCl, Tween 80, EDTA did
not affect the antibacterial activity of the bacteriocin

GHB26, except Triton X100 (Table 1). Von Mollendorff et
al. (2006) noticed a total loss of antibacterial activity of
the bacteriocin JW11BZ from Lactobacillus fermentum
after treatment with Triton X-100.

Purification of bacteriocin GHB26

Precipitation by ammonium sulfate

Maximum antibacterial activity was obtained when the
cell-free  supernatant was precipitated with 60%
ammonium sulfate saturation (2132 AU/ml). Similar result
was observed by Ogunbanwo et al. (2003) for the
bacteriocin produced by Lactobacillus plantarum F1.

Sephadex G-25 gel filtration chromatography

Several fractions were collected (Figure 1). Only three
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Figure 2. CM-Sephadex cellulose chromatogram of concentrated active fractions

from Sephadex G-25 column.

fractions (16-17-18) have shown inhibitory activity against
E. faecium H3. Sephadex G-25 column can separate
proteins ranging in molecular weight from 1000 to 5000
Da. Obtained results suggest that the inhibitory
substance has a molecular weight lower than 5000 Da
since it was eluted with the elution volume. Similar result
was reported by Smaoui et al. (2009) for the bacteriocin
BacTN635 produced by L. plantarum TN635.

Cation exchange chromatography in a CM- Sephadex
Cellulose column

Several fractions were collected (Figure 2). Only two

fractions (42-43) have shown inhibitory activity against E.
faecium H3. The active substance obtained from cation
exchange chromatography was not eluted with a NaCl
concentration of 0 to 0.1 M, but at a gradient of 0.1 to 1
M. This result shows that the bacteriocin GHB26 is
cationic. Vera Pingitore et al. (2007) reported that in a
standard protocol, the bacteriocin extract is passed
through the cation exchange column; the bacteriocin
eluted using a gradient of NaCl from 0.1 to 1 M.

Purification by reverse phase-HPLC (RP-HPLC)

RP-HPLC chromatogram showed a single peak (Figure 3).
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Figure 3. RP-HPLC Chromatogram of concentrated active fractions from CM- Sephadex Cellulose

column.

This peak was eluted at 85% of acetonitrile,
corresponding to a retention time of 23.99 min. The peak
was shown to be active against E. faecium H3. This final
purification step by RP-HPLC indicates the purity of the
bacteriocin GHB26. Earlier reports (Elegado et al., 1997;
Srinivasan et al., 2012) have obtained a single peak by
RP-HPLC and these authors explain such a result by a
high purity of the pediocin AcM from Pediococcus
acidilacticic M and the bacteriocin produced by
Lactobacillus rhamnosus L34. However, it was observed
that the bacteriocin GHB26 was eluted at 85%
acetonitrile, which would correspond to an elution of
hydrophobic protein (Kawai et al., 1994).

Using nisin as a standard, its elution was recorded to a
retention time of 26 min. Verdon (2009) showed that the
bacteriocins that have the same size and the same
hydrophobicity properties will elute by RP-HPLC at very
near time; this is the case of the bacteriocin GHB26
(23.99 min) and nisin (26 min).

SDS-PAGE for molecular weight determination

A Coomassie blue-stained SDS-PAGE gel revealed a
diffuse band of the concentrated supernatant (Figure 4a).
A comparison of the band on the stained gel with the half
gel showing inhibition zones (Figure 4b) indicates that the
band contained the active bacteriocin GHB26. In the case
of native supernatant, no protein band was detected
despite the presence of the inhibition zone. This zone
was very close to nisin zone, corresponding to about 3.5
kDa. For the other samples (fractions obtained after

purification by Sephadex G25, CM Sephadex cellulose
and HPLC) no bands were observed on the stained gel
and no zone of inhibition was observed on the native gel.
BSA is observed in lanes 1 and 2 of the gel.

SDS-PAGE  electrophoresis showed that the
bacteriocin GHB26 has a molecular weight close to that
of nisin (3.5 kDa).This result confirms what was
previously observed by RP-HPLC. The obtained
molecular weight of bacteriocin GHB26 averages within
the size range of most bacteriocins from enterococcal
strains. For example, enterocin 1071B produced by E.
faecalis BFE 1071 was reported to have a molecular
weight of 3.899 kDa (Balla et al., 2000), enterocin MC13
from E. faecium MC13 was reported to be 2.148 kDa
(Satish Kumar et al., 2011).

Mode of action of bacteriocin GHB26

The optical density of the indicator strain culture
remained constant after the addition of the bacteriocin
(Figure 5). Hence the mode of action of the bacteriocin
GHB26 was considered as bactericidal. Similar results
were reported for bacteriocins produced by E. faecium
LR/ 6 (Kumar et al.,, 2009) and Lactobacillus salivarius
SMXD51 (Messaoudi et al., 2012).

Conclusion

Enterococcus sp GHB26 was able to produce an
effective bacteriocin with interesting features. The
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Figure 4. a. SDS-PAGE gel stained with Coomassie blue; b. Bacteriocin activity in native gel.
Lane 1: BSA (30 pl), lane 2: BSA (60 ul), lane 3: nisin (30 pl), lane 4: nisin (60 pl), lane 5:
concentrated supernatant (30 ul), lane 6: concentrated supernatant (60 ul), lane 7: native
supernatant (30 pl), lane 8: native supernatant (60 pl).
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Figure 5. Growth of Enterococcus faecium H3 without bacteriocin GHB26 and with bacteriocin

GHB26.

bacteriocin GHB26 was heat stable, sensitive to
proteolytic enzymes, resistant to different pH values and
to several chemical agents. For bacteriocin GHB26
purification, a four-step method including ammonium
sulfate precipitation, Sephadex G-25 gel filtration
chromatography, cation exchange chromatography on
CM-Sephadex cellulose and RP-HPLC allowed the
obtention of a pure bacteriocin, with a molecular weight
close to 3.5 kDa. These results indicate that the
bacteriocin GHB26 could be classified in the class Il of

bacteriocins. Bacteriocin GHB26 exhibited an inhibitory
effect against E. faecium a frequent contaminant of milk
and grains in our region. Based on these interesting
characteristics, bacteriocin GHB26 could be a promising
biopreservative in food.
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This study explores the production and characterization of an extracellular B-fructofuranosidase (FFase-
I) by Aspergillus versicolor newly isolated from Atlantic Forest-Brazil. The B-fructofuranosidase
production by fungus, after the optimization process using central composite design and response
surface methodology, showed that 3% (w/v) apple pomace, an initial pH 7.5, and 12 days of cultivation
provided the best conditions. The B-fructofuranosidase (FFase-l) was purified from the crude extract by
75% (NH4),SO, precipitation followed by DEAE-Sephadex, and the molecular mass of the FFase-lI was
estimated to be 75 kDa by SDS-PAGE. Furthermore, the enzyme exhibited unusual tolerance to cu?,
sodium dodecyl sulfate (SDS), Tween 80, ethanol and acetone. The purified enzyme had an optimum pH
of 6.0 and was stable over an acidic pH range of 3.0-6.0. The optimum temperature of the FFase-l was
55°C but was stable at 60°C for 7 h. Thus, the B-fructofuranosidase A. versicolor which has thermal
stability and activity under acidic conditions would have potential application in sugar cane molasses
hydrolysis for subsequent ethanol production.

Key words: Aspergillus, factorial design, fruit wastes, invertase.

INTRODUCTION

B-Fructofuranosidase (EC. 3.2.1.26), or invertase, catalyzes the irreversible hydrolysis of (-1,2-sucrose to



produce an equal mixture of glucose and fructose (Klotz
and Campbell, 2004). This enzyme has been grouped in
the glycoside hydrolase (GH) 32 family according to
Carbohydrate-Active enZYmes Database (Lombard et al.,
2014). This group of enzymes, together with the GH 68
family, is included in the GH-J clan. This family includes
enzymes that catalyze the release of B-fructose from the
non-reducing termini of various [B-D-fructofuranoside
substrates, such as invertases or B-fructofuranosidases;
inulinases and levanases, which act on sucrose;
raffinose; and inulin and levans, respectively (Alvaro-
Benito et al., 2007; Kadowaki et al., 2013). Additionally,
some B-fructofuranosidase enzymes have
fructosyltransferase activity, resulting in the production of
fructooligosaccharides  (FOS), which are used
commercially as prebiotics due to their physiological
properties (Alvaro-Benito et al., 2007). This enzyme is
also used extensively in lactic acid production, the
fermentation of cane sugar molasses into ethanol, and
calf feed production (Gehlawat, 2001; Rashad and
Nooman 2009). B-Fructofuranosidase is also employed in
the pharmaceutical industry in digestive aid tablets and
powdered milk for infant food (Uma et al, 2012;
Andrades et al., 2015). B-Fructofuranosidases from many
microorganisms  have been studied, including
Saccharomyces cerevisiae (Andjelkovic et al., 2012),
Pichia anomala (Rodriguez et al., 1995), Aspergillus
ochraceus (Guimardes et al., 2007), Aspergillus niveus
(Guimarées et al., 2009) and Aspergillus niger (Madhan
et al., 2010).

Enzyme production through bioprocess technology is
influenced by several variables, such as temperature, pH,
cultivation time, and carbon and nitrogen sources present
in the medium. Thus, optimization of culture conditions
for enzyme production using a statistical approach is one
of the first steps to develop a low-cost fermentation
process. One of the advantages of this method is the
possibility of observing the interactions between the
variables and their effects on the response (Cui and
Zhao, 2012).

In recent years, several lignocellulosic substrates have
been explored in bioprocess technology for enzyme
production or different bioactive molecules of
biotechnological interest. The use of agro-industrial
wastes as an alternative carbon source can reduce the
cost of enzyme production by microorganisms. In
general, sucrose has been reported in most studies as
the best inducer for B-fructofuranosidase (FFase)
production, but the use of agricultural residues, municipal
solid wastes, and different sources of lignocellulosic
biomass could reduce the cost of FFase production
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(Hayashi et al, 1992). Thus, investigations with
unconventional substrates or agro-industrial waste using
statistical tools can lead to the development of low cost
bioprocessing applications. Hence, in this study, the
apple pomace, a byproduct generated from fruit-
processing industries, was investigated as a carbon
source for B-fructofuranosidase production.

Brazil is among the nine biggest apple producers in the
world, with a production of around 1.3 million tons of
apples in 2011 (MAPA, 2013); the Brazilian apple
production sector provides the raw material for juice and
wine processing, releasing a significant amount of apple
pomace (20-35% of the production). Generally, this
waste is discharged into the soil as organic fertilizer or
used as animal feed.

However, apple pomace is an interesting raw material,
and it has attracted considerable attention as a potential
source of sugar, dietary fiber, pectin, and citric acid
flavoring, including for biotechnological applications
(Canteri et al.,, 2012). Aspergillus versicolor has been
reported to degrade compounds in environmental
pollutants (Zhao et al., 2005) and to be a producer of
xylanolytic enzyme complexes (Carmona et al., 1998).
Thus, a central composite rotational design (CCRD)-—
based response surface methodology (RSM) approach
was used to optimize cultivation conditions. Furthermore,
a partial purification and characterization of an
extracellular p-fructofuranosidase from A. versicolor
isolated from the Atlantic Forest biome-Brazil was
performed.

MATERIALS AND METHODS

Strain isolation and identification

A. versicolor was isolated from decaying plants obtained from the
Bela Vista Biological Refuge in Foz do lguacgu, Parand, Brazil.
Strain identification was based on an analysis of the internal
transcribed spacer (ITS) regions of the ribosomal DNA gene (White
et al., 1990). Genomic DNA of the fungus was extracted from
mycelium obtained from submerged fermentation supplemented
with 1% (w/v) glucose after 30 h of culture. The mycelium was
collected by centrifugation (5,000 x g, 10 min), and the pellet
obtained was then used for DNA extraction using the
hexadecyltrimethylammonium bromide method. The primers ITS1
(5'-TCCGTAGGTGAACCTGCGG-3' forward) and ITS4 (5-
TCCTCCGCTTATTGATATGC-3' reverse) were used to amplify the
ITS1, ITS2, and 5.8S regions (White et al., 1990). The sequence
determined was compared with other fungi sequences deposited in
the National Center for Biotechnology Information (NCBI) databank
using the Basic Local Alignment Tool (BLAST;
http://www.ncbi.nim.nih.gov). A neighbor-joining phylogenetic tree
was constructed from the sequence of the ITS regions of A.
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Table 1. Experimental design matrix and results of B-fructofuranosidase production by A.

versicolor
Variables Enzymatic activity (U mL‘l)
R X1 X2 X3
un . . .
Apple Cultivation Initial Experimental Predicted
pomace (%) time (day) pH

1 1(-1) 4 (-1) 4.5 (-1) 0.50 3.31
2 3(1) 4 (-1) 45 (-1) 1.37 0.03
3 1(-1) 12 (1) 4.5 (-1) 23.83 23.93
4 3(1) 12 (1) 45 (-1) 64.75 65.76
5 1(-1) 4 (-1) 7.5(2) 1.08 8.52
6 3(1) 4 (-1) 7.5(2) 2.25 5.25
7 1(-1) 12 (1) 7.5(2) 26.58 29.14
8 3(2) 12 (1) 7.5 (1) 77.92 70.97
9 0.32 (-1.68) 8 (0) 6 (0) 0.75 -5.89
10 3.68 (1.68) 8 (0) 6 (0) 22.92 26.50
11 2 (0) 1(-1.68) 6 (0) 1.50 -10.15
12 2 (0) 15 (1.68) 6 (0) 65.00 62.38
13 2 (0) 8 (0) 3.5(-1.68) 37.33 36.84
14 2 (0) 8 (0) 8.5 (1.68) 48.17 45.60
15 2 (0) 8 (0) 6 (0) 21.67 26.11
16 2 (0) 8 (0) 6 (0) 23.55 26.11
17 2 (0) 8 (0) 6 (0) 26.51 26.11
18 2 (0) 8 (0) 6 (0) 20.95 26.11

versicolor using MEGA 6 (Tamura et al., 2013).

Culture conditions

A. versicolor was grown in 125-mL Erlenmeyer flasks containing 25
mL of sterile mineral medium comprised of the following (g/L):
NaNQOs, (3), KH2PO4, (1), MgS04.7H,0O (0.5), KCI (0.5), Fex(SO4)3
(0.01) and yeast extract (1), supplemented with apple pomace at
different concentrations. The initial pH of the medium ranged from
3.5 to 8.5 and was adjusted as shown in the experimental design
CCRD- 2° (Table 1). The apple pomace, used as carbon source,
was obtained from local markets in Cascavel, Parand, Brazil. The
fungal spores were inoculated (10° conidia mI™), and cultures were
incubated under static conditions at 28°C for varying times (Table
1). The submerged cultures were harvested under vacuum filtration
using Whatman filter paper No. 1. The supernatant obtained was
used as source of extracellular B-fructofuranosidase.

B-Fructofuranosidase production from A.

experimental design

versicolor by

A CCRD 2®was performed using three independent variables (initial
pH of the medium, cultivation time and apple pomace
concentration). The CCRD contained a matrix with 18 experimental
runs, which included eight runs for factorial design, indicated by
lowest (-1) and highest (+1) levels, six runs for axial points (two for
each variable, [-1.68] and [+1.68]) and four replicates at the central
point (0). The B-fructofuranosidase activity from A. versicolor was

determined as response (Table 1). The mathematical relationship of
response Y and the three variables X was determined by
polynomial model Equation 1:

Y=|3o"'B1X1"'BzXz"'Be.Xa"'[312X1X2"'B13X1X3"'[323X2X3"'B11X12"'[322X22"'[333X32
(1)

Where, Y represents the predicted response; o is the intercept; B4,
B2 and Bs; are the linear coefficients; Bi1, B2 and Bss3 are the
guadratic coefficients and P12, Bis and P23 are the interaction
coefficients. The data obtained from response surface methodology
(RSM) for the B-fructofuranosidase production were subjected to
analysis of variance (ANOVA) using the statistical software
Statistica, v. 10. The accuracy and general ability of the above
polynomial model were evaluated using the determination
coefficient (R?).

Enzyme assay and Protein quantification

The B-fructofuranosidase activity was determined using 200 mM
sucrose as the substrate in sodium phosphate buffer (100 mM, pH
6.0) incubated with the extract for 10 min at 60°C. The amounts of
reducing sugars were determined using dinitrosalicylic acid,
according to Miller (1959). One unit of enzyme activity was defined
as the amount of enzyme necessary to produce 1 pmol of glucose
per minute under the assay conditions.

The protein was quantified using the Bradford (1976) method
using bovine serum albumin as a standard, and absorbance of 280
nm was used for monitoring the protein in the column eluates.



Extracellular from A.

versicolor

B-fructofuranosidase purification

The crude extracts of A. versicolor were concentrated with
(NH4)2S04 at 75% (w/v) and centrifuged at 5,478 xg for 30 min at
4°C. Then, the pellet was resuspended in Tris-HCI buffer (20 mM,
pH 7.5) and dialyzed against the same buffer for 18 h at 4°C,
loaded onto a DEAE-Sephadex chromatographic column (10 x 2.0
cm) and eluted using a linear gradient of NaCl (0 - 1.0 M). Three-
milliliter fractions were collected at flow rate of 1 mL min?, and
those with the highest B-fructofuranosidase activity were pooled,
dialyzed overnight using distilled water at 4°C, lyophilized and used
for biochemical characterization.

SDS-PAGE and zymogram

FFase-l from DEAE-Sephadex was analyzed using 10% SDS-
PAGE, according to Laemmli (1970). The gel was stained with
Coomassie blue R250 using the molecular mass markers (GE®),
consisting of phosphorylase b (97 kDa), bovine serum albumin (66
kDa), ovalbumin (45 kDa), carbonic anhydrase (30 kDa), trypsin
inhibitor (20.1 kDa) and a-lactalbumin (14.4 kDa). Zymogram was
obtained using the same SDS-PAGE procedure and stained
according to methodology of Rehm et al. (1998). The gel was
soaked for 30 min in Triton X-100 (0.5 %) at room temperature,
rinsed with distilled water and incubated in 0.3 M sucrose dissolved
in phosphate buffer (50 mM, pH 6.0) for 30 min at 40°C. Then, the
gel was stained with 1% triphenyltetrazolium chloride dissolved in
0.25 M NaOH and incubated at 100°C. Acetic acid (5% solution)
was added to stop the enzymatic reaction.

Effect of pH and temperature on enzyme activity and stability

The effect of pH was evaluated under standard assay conditions
with 0.2 M sucrose dissolved in different pH values ranging from 3.0
to 7.5 of Mcllvaine buffer. pH stability was determined by measuring
the residual activity after the enzyme maintained for 48 h in different
range of Mcllvaine buffer (3.0, 4.0, 5.0 and 6.0).

The effect of temperature on the FFase-| activity was determined
by performing a standard assay at temperature ranging from 40 to
80°C. In the thermal inactivation experiments, the enzyme was
incubated at different temperatures (40, 50, 55, 60, 65 and 70°C)
for up to 12 h. Residual enzyme activities were determined under
standard assay conditions. All of these assays were repeated three
times, and the results are expressed as relative percentages when
compared with the highest value.

Effects of metal ions and chemical reagents on FFase-| activity

The effects of the following salts on FFase-I| activity were tested:
KCIl, MgSO., NaCl, SnCl,, BaCl,, (NH4),SO., CaCl,, HgCl,, CuSO4
and FeSO,. Additionally, the effects of the following compounds on
FFase-| activity was tested: EDTA, sodium dodecyl sulfate (SDS),
Tween 80, ethanol and acetone. The different compounds (1 mM or
5 mM) were pre-incubated for 15 min with the enzyme. After
incubation, an aliquot was withdrawn and chilled on ice, and the
hydrolytic activity was determined using the standard assay with
sucrose as the substrate.

Kinetic parameters (Km and Vmax) determination

The kinetic parameters of the FFase-l were determined using
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sucrose as the substrate ranging from 5 to 70 mM. The Ky, and Vmax
values were determined using the Lineweaver—Burk plot.

RESULTS AND DISCUSSION
Strain identification

The fungus was isolated from the Atlantic Forest biome in
Brazil. The strain was identified both by its morphological
characteristics and the sequencing of the ITS regions of
the ribosomal DNA. The 508-bp fragment of the
sequence showed 100% identity with other A. versicolor
strains. This sequence was deposited in the GenBank of
the National Center for Biotechnology Information (NCBI)
under accession number KM396917. A phylogenetic tree
was constructed based on the alignment of the
sequences from the ribosomal genes from some
Aspergillus species. This isolate (Aspergillus versicolor
FT-5) is grouped with other A. versicolor strains (Figure
1).

Optimization of B-fructofuranosidase production
using experimental design

The design matrix (cultivation time, carbon source, and
initial pH) selected for the screening of the significant
variables for B-fructofuranosidase production by A.
versicolor, and the corresponding responses are shown
in Table 1. Optimization of the culture conditions was
carried out using CCRD 2® and RSM. Based on the
previous results in the laboratory, apple pomace was
chosen as the carbon source because it induces the
production of pB-fructofuranosidase in A. versicolor
(unpublished data). In this study, CCRD showed that the
best culture conditions for B-fructofuranosidase
production by A. versicolor were 3% (w/v) apple pomace,
12 days of cultivation time, and an initial pH of 7.5, which
resulted in 77.92 U mL" (Table 1). In addition, the
enzyme production improved 150-fold between Run 1
and 8 (Table 1).

Cost-efficient industrial production of commercially
important enzymes largely depends on cheap media as
well as inexpensive substrates. Agro-industrial
byproducts, such as sugar cane molasses and soybean
meal, and other wastes have been reported as carbon
sources for the production of invertases (Ohara et al.,
2015).

Several studies describe the production of -
fructofuranosidase by fungi of the genus Aspergillus
using agro-industrial waste or alternative low-cost,
renewable carbon sources. For example, A. niveus was
used to produced extracellular invertase (20 U mL™) with
bagasse sugarcane supplemented with sucrose and
glucose as the carbon sources (Guimardes et al., 2009).
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Reddy et al. (2010) also reported the production of -
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Figure 1. Phylogenetic tree constructed from sequences of the ITS regions of the ribosomal DNA from A. versicolor FT-5
and compared to sequences of other A. versicolor strains obtained from the NCBI GenBank database. Aspergillus niger
strain WMO04.47 and A. niger strain TUAn22 were used as out-groups. Fungus species is in bold symbol followed by
Genbank accession number.
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Figure 2. Pareto chart of the variable effects on B-fructofuranosidase activity using 23
factorial design.

production in this study were the apple pomace

fructofuranosidase by A. niger PSSF21 using sugarcane
molasses as the carbon source (19.1 U mL'l).
The variables that most influenced B-fructofuranosidase

concentration (linear and quadratic term), cultivation time
(linear term), and pH (quadratic term), which all had p
values <0.05, as shown in Figure 2. The apple pomace
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Table 2. Coefficient estimates by the regression model.
Parameter Regression  Standard error t(8) p
Mean/Interc. 23.416 2.896 8.085 0.000 **
(1) Apple pomace (L) 9.640 1.570 6.138 0.000 **
Apple pomace (Q) -5.077 1.634 -3.108 0.014 **
(2) Cultivation time (L) 21.587 1571 13.745 0.000 **
Cultivation time (Q) 2511 1.634 1.537 0.163
(3) pH (L) 2.607 1571 1.660 0.135
pH (Q) 5.877 1.634 3.597 0.007 **
1L by 2L 11.276 2.051 5.497 0.001 **
1L by 3L 1.338 2.051 0.653 0.532
2L by 3L 1.807 2.051 0.881 0.404
**Statistically significant at 95% of confidence level.
Table 3. ANOVA of variable effects of B-fructofuranosidase production.
Source Sum of Degree of Mean F-value  F-listed p-value
squares Freedom Square
Regression 9497.20 6 1582.87 44.73 3.09 <0.001
Residual 389.22 11 35.38
Lack of fit 370.79 8 46.35 7.54 8.85 0.062
Pure error 18.43 3 6.14
Total 9886.42 17

Determination coefficient (R*= 0.9606).

concentration and cultivation time had a significant
impact on the response (Table 2). Regression analysis of
The experimental data yielded the following quadratic
equation for B-fructofuranosidase production:

Y = 23.41+9.63X; -5.08 X;2 + 21.59 X, + 2.6 X3 +5.87 X3
+11.27 X; X, 2)

Where, Y is the B-fructofuranosidase activity (U mL'l), X1
is the apple pomace concentration (%), X, is cultivation
time (day), and X3 is the initial pH of the medium.

Based on the F-test, the calculated F-value (44.73) is
14.47-fold higher than the critical Fjiseq (3.09) with p<0.05;
this result implies a satisfactory representation of the
process by the model. The lack of fit was not significant
because the F,; was lower than Fg.q, indicating that the
experimental data fit the model obtained (Table 3). The
determination coefficient R? (0.9606) suggested that the
fitted model could explain 96.06% of the total variation.
Therefore, this study shows that the B-fructofuranosidase
production from A. versicolor is enhanced when the
cultivation time and apple pomace concentration are
higher (Figure 3a). Likewise, higher values of initial pH

and a longer cultivation time resulted in increased
enzyme production (Figure 3b). Therefore, the importance
of optimizing the production of invertase from fungus
using an experimental design were also reported for the
B-fructofuranosidase by Aspergillus niger in submerged
and solid-state fermentation (Ashokkumar et al., 2001).
Similarly, Driouch et al. (2010) also reported on optimized
bioprocess for the production of fructofuranosidase by
recombinant A. niger SKAn1015.

Purification of B-fructofuranosidase

B-Fructofuranosidase from A. versicolor was partially
purified, and two pools were separated and named
FFase-l (B-fructofuranosidase-l) and FFase-ll (-
fructofuranosidase-Il) (Figure 4). The ability to produce B-
fructofuranosidase isoforms has been reported for other
fungi, such as Aureobasidium pullullans DSM2404, which
produced five B-fructofuranosidase isoforms grown in
sucrose (Yoshikawa et al., 2006). In addition, Fusarium
oxysporum produced two extracellular isoforms of this
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enzyme using fructose as the carbon source (Wolska-
Mitaszko et al., 2007). In this study, the FFase-l was
purified with a yield of 22.57% after DEAE-Sephadex

chromatography (Table 4).
presence of a zone of hydrolysis that corresponded with

the

Coomassie-stained

band

Zymogram

of

revealed the
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beta-
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Table 4. Summary of the purification of extracellular FFase-I from A. versicolor.

Total activity Total protein Specific activity . Purification
Step L) y (n?g) U mg'l) Yield (%) fold
Crude extract 37,714.29 13,258.15 2.84 100.00 1.00
(NH4)2SO4 precipitation  15,748.57 2932.60 5.37 41.76 1.89
DEAE Sephadex 8,510.91 815.74 10.43 22.57 3.67
w A. caespitosus (50°C) (Alegre et al., 2009), but most of
(kDa) A B C the fungi show the high optimal temperature, especially
between 50 and 60°C.
97 kod The thermal stability of the FFase-I was 100% for 12 h
e when incubated at 40, 50 and 55°C. The half-life at 60°C
was 7 h, and its activity was 40 and 26% for 8 and 12 h,
55 e respectively (Figure 6b). However, at 65 and 70°C, the
half-life decreased to 30 min. The FFase-l from A.
30 versicolor had higher thermal stability when compared
with B-fructofuranosidases produced by A. phoenicis,
which was stable at 50°C for 1 h (Rustiguel et al., 2010),
and A. caespitosus, which was stable at 60°C for 1 h and
201 20 min (Alegre et al., 2009).
14.4 Effect of pH on enzyme activity and stability

Figure 5. SDS-PAGE and
zymogram of FFase-I
produced by A. versicolor. a)
Molecular mass marker; b)
FFase-I after DEAE-
Sephadex; c) zymogram.

fructofuranosidase-I; the molecular mass of the FFase-|
was estimated to be 75 kDa by SDS-PAGE analysis
(Figure 5). Some Aspergillus genera showed -
fructofuranosidases with different molecular masses,
including A. ochraceus (13 kDa [Gosh et al., 2001] and
13.5 kDa invertase [Guimaraes et al., 2007]), A. niger (75
kDa invertase [Goosen et al.,, 2007]), and 60 kDa
invertase from A. japonicus (Wang and Zhou, 2006).

Effect of temperature on enzyme activity and thermal
stability

FFase-1 was highly active between 55 and 60°C (Figure
6a), which was higher than the pB-fructofuranosidases
from Mucor geophillus (45°C) (Quershi et al., 2012) and

The optimum pH for the activity of FFase-l from A.
versicolor was 6.0 (Figure 7a). Similar values were
observed with  extracellular  B-fructofuranosidases
produced by A. caespitosus and S. cerevisiae
NRRLY12632 (Alegre et al., 2009; Mona and Mohamed,
2009). Most fungal pB-fructofuranosidases have an
optimum pH in the acidic range, as observed for A.
phoenicis (Rustiguel et al., 2010) and C. sitophila
PSSF84 (Patil et al.,, 2011) (both pH 4.5), and M.
geophillus (pH 5.0) (Quershi et al., 2012). The FFase-I
from A. versicolor is stable for 12 h between pH 3 and 6
(Figure 7b). This B-fructofuranosidases’ property with
acidic pH range is commonly found in commercial
invertase microbial sources.

Effect of metal ions and chemical reagents on FFase-
| activity

Among the salts tested, Fe*? (5 mM) increased the
activity of FFase-l by 27.32%, suggesting that the ion
acts as enzyme cofactor. Furthermore, the enzyme was
tolerant to ethanol, acetone and detergents (SDS and
Tween 80). Enzymes that are stable in the presence of
compounds such as organic solvents, surfactants and
metallic ions are considered relevant for catalysis in
biotechnological applications. In addition, FFase-l was
tolerant to the presence of copper, which is unusual for
Most enzymes because they are often inhibited by
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copper (Guimarédes et al., 2007; Uma et al., 2012). In
contrast, ng+ strongly inhibited the enzyme activity at
both concentrations tested (1 and 5 mM) by 86-89%
(Table 5). B-Fructofuranosidases from A. niger IMI303386
(Nguyen et al., 2005), Chrysonilia sitophila PSSF84 (Patil
et al., 2011) and A. phoenicis (ZRustigueI et al.,, 2010)
were also strongly inhibited by Hg"".

Kinetic properties
The apparent K, and V., Values for the FFase-1 from A.

versicolor were 26.71 mM and 56.98 U mg ™, respectively,
using sucrose as the substrate. These results were very

similar to those obtained with B-fructofuranosidase from
A. phoenicis, which had K, and V. values of 25 mM
and 55.679 U mg™, respectively (Rustiguel et al., 2010).
However, the K, from p-fructofuranosidase from A.
versicolor was higher (lower affinity for the substrate)
than that of A. ochraceus, which was 13.4 mM
(Guimarées et al., 2007), as well as A. niveus, which was
5.78 mM (Guimaraes et al., 2009).

Conclusions

B-Fructofuranosidase produced by A. versicolor isolated
from the Parana Atlantic Forest biome showed a
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Table 5. Effect of metal ions and chemical reagents on FFase-I

activity.
Compound B-Fructofuranosidase activity (%)
1mM 5mM
KCI 107.33 111.69
MgSO4 108.78 110.72
NacCl 103.46 106.64
SnCl, 96.46 96.32
BaCl 100.21 104.84
(NH4)2SO.4 101.13 101.70
CaCl 111.00 105.74
HgCl 11.69 14.32
CuSOq4 105.09 99.15
FeSOq 114.04 127.32
EDTA 94.63 92.93
Ethanol 100.28 94.06
Acetone 101.41 102.40
SDS 104.24 90.95
Tween 80 101.87 103.32
Control 100.00 100.00

significant improvement (150-fold) after optimized culture
conditions using apple pomace as an inexpensive and
alternative carbon source. The purified FFase-l was
stable under acidic pH (3—6) and was thermally stable up
to 60°C. In addition, the enzyme was also tolerant to
different metallic ions, organic solvents (ethanol and
acetone) and detergents (SDS and Tween 80).
Therefore, the FFase-I presents promising properties and
is suitable for biotechnological exploitation.
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Aedes mosquitoes are responsible for the transmission of arboviruses including dengue, chikungunya,
zika, and yellow fever throughout the world. Mosquito gut harbors a variety of microbes, known to play
a potential role in various physiological processes such as food digestion and pathogen development.
Many bacterial species exert various movements like swarming, gliding and twitching which vary with
individual bacterial species. Swarming is one of the movement patterns of bacterial cells in which newly
growing cells direct themselves towards the edges of the colony on the solid agar plate. We have
isolated a bacterial colony, which exerts swarming activity and moves away from its inoculation point
following a translucent path. After repeated sub-culturing of the colony we isolated two different
bacterial species which were found to be highly associated to each other in co-culture. Various
techniques like biochemical analysis, 16S rRNA gene sequence based analysis, MALDI-TOFF MS and
Scanning Electron Microscopy (SEM) were applied for in-depth characterization of isolates. The isolates
were identified as Staphylococcus saprophyticus and Brevibacillus agri. Both bacterial isolates showed
swarming activity in co-culture on the solid agar surface, but lost the activity when tested individually.
Moreover, the swarming activity was even not recovered when both purified bacterial isolates were
mixed at different concentrations. This demonstrated that an integral connection exists between the
two species which is responsible for their swarming activity in co-culture.

Key words: Swarming, midgut, microbiota, Aedes albopictus, pathogens.

INTRODUCTION

Many bacterial species exert various movements like properties have been reported in many prokaryotic cells,
swarming, gliding and twitching which varies with mainly in bacteria (Cong et al., 2011; Fraser and Hughes,
individual bacterial species. Various types of movement 1999; Harshey, 2003; Kim et al., 2003; Merino et al.,
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2006). The swimming movement pattern is the individual
bacterial cells behavior, whereas, swarming is shown by
bacterial colony (Cong et al., 2011). Many bacterial
species have the characteristic to grow and spread on
the surface such as nutrient agar or eukaryotic cells in a
tissue, from where they take up the nutrient and water.
Swarming is one of the movement patterns of bacterial
cells in which new cells direct themselves towards the
edges of the colony (Kaiser, 2007). In swarming motility,
the bacterial cells required to get in touch with solid
substrate and this interaction between bacterial cells and
solid surface make them swarming proficient (Kearns,
2010). Swarming reduces competition between bacterial
cells for the nutrient and speeds up colony growth (Kaiser
et al., 2007). Some other surface phenomena feature like
host invasion and biofilm formation has been shared in
the swarming movement as in Proteus mirabilis, which
facilitates urinary tract colonization and encouraging
biofilm formation on catheters (Cong et al., 2011; Allison
et al., 1994; Stickler et al., 1998).

Aedes aegypti and Ae. albopictus are the most
important vectors of arboviruses including dengue,
chikungunya, zika, and yellow fever throughout the world.
Mosquito gut harbors a diverse variety of microbes, which
interact with disease-causing parasites and influence
vectorial capacity of mosquito vectors (Yadav et al.,
2015a, b, Chandel et al., 2013; Moro et al., 2013; Minard
et al., 2013; Dong et al., 2009, Rani et al.,, 2009). The
midgut bacterial communities of Anopheles gambiae
decrease the susceptibility to Plasmodium falciparum
infection (Dong et al., 2009). However, it has been also
reported that the presence of some bacterial species
promote the Plasmodium infection (Boissiere et al,
2012). The bacterial species Serratia marcescens
enhances the susceptibility to dengue and chikungunya
viral infection (Apte-Deshpande et al., 2012, 2014).
Chikungunya viral infection changes the midgut bacterial
diversity in Ae. albopictus and increases the bacterial
genera of Enterobacteriaceae family and decreases
Wolbachia and Blattabacterium (Boissiére et al., 2012,
Zouache et al., 2012, Minard et al., 2013).

The midgut microbiota of insects also interacts to each
other either in cooperative or competitive manner (Minard
et al., 2013). An interspecific competition was identified
by bacterial species Serratia marcescens on
Sphingomonas and Burkholderiaceae family members
isolated from Ae. aegypti (Terenius et al., 2012). The
bacterial diversity was observed low in mosquito’s midgut
in the presence of S. marcescens and the same result
was found in the case of desert locust Schistocerca
gregaria (Dillon et al., 2002). However, in Ae. albopictus
a convincing association-ship was shown by two bacterial
genera Asaia and Acinetobacter (Minard et al., 2013).

It has been demonstrated that bacterial species interact
to each other inside the mosquito’s midgut (Minard et al.,
2013). However, the interspecific interaction between the

bacterial isolates responsible for swarming motility was
not described previously. The aim of this study was
characterization of bacterial isolates, exhibiting swarming
motility in co-culture isolated from the midgut of Ae.
albopictus. The information about the midgut bacterial
interaction and behavior is limited. Hence, the present
study might be a step towards understanding the
bacterial interaction of mosquito’s midgut, which plays
various important roles in defense, food digestion and
pathogen development (Minard et al., 2013; Dong et al.,
2009).

MATERIALS AND METHODS
Sample collection and isolation of midgut bacteria

Larvae and pupae of Aedes mosquitoes were collected from
Missamari Military Farm, Sonitpur, North East India, and pupae
were transferred to the cages covered with net for emergence. 24 h
after emergence, female mosquitoes were removed and
anesthetized with chloroform for confirming the species Ae.
albopictus on the basis of morphological characteristics using
taxonomic pictorial keys (Rueda, 2004). The mosquitoes were
dissected for the isolation of midgut bacteria according to the
protocol previously described by Chandel et al. (2013). The
dissected midgut was transferred in the sterile Phosphate-buffered
saline (PBS) and homogenized with sterilized micro-pestle. The
homogenate was pour plated on nutrient agar and incubated at
37°C for 24 h (Chandel et al., 2013). The bacteria colony
designated as MS1-8 was further serially diluted up to 10® and two
morphological distinguished bacterial species designated as MS1-
8-1 and MS1-8-Il was obtained.

Characterization of bacterial isolates
Phenotypic characterization

The isolated bacteria were characterized based on colony
morphology (like shape, size, colour, margin, opacity, elevation)
and Gram staining (Rani et al., 2009). Moatility of individual bacterial
species was studied using the hanging drop method under a light
microscope (Leica DM E compound microscope). Biochemical tests
such as nitrate reduction, urease activity, citrate utilization, H,S
production, Voges-Proskauer (VP), Methyl Red (MR), B-
galactosidase activity, ornithine and lysine utilization activity and
carbon source utilization profile were also performed according to
manufacturer’s instruction (HiMedia kit).

Matrix-assisted laser desorption /ionization time-of-flight mass
spectrometry (MALDI-TOF-MS) analysis

The MALDI-TOF-MS identification system was used for the
identification of MS1-8-1 and MS1-8-1l. The fresh bacterial culture
was directly deposited on a MALDI-TOF MTP 96 target plate
(Bruker Daltonics GmbH) and inactivated with 96% formic acid (1
pl) followed by overlaying 1 pl of matrix solution (a-cyano-4-
hydroxycinnamic acid in 50% acetonitrile, and 2.5% trifluoroacetic
acid). Finally, proceeds with air-drying at room temperature for
crystal formation of matrix-sample and spectra measured and
recorded using Microflex 1l mass spectrometer (Bruker Daltonics)
with a 337- nm nitrogen laser. The obtained raw spectra were
compared with reference Biotyper database using Biotyper



Table 1. Restriction enzymes used for cutting 16S rRNA gene of
all isolates with their cutting sites.

S/IN Restriction enzyme Cutting site
1w 5 Gowree 5
2 EcoRlI 2. g*?ﬁ:{g :53.
© o o s
4w 5 Goeic 5

software, ver. 3.0 (Prakash et al., 2014).

PCR amplification and sequencing of 16S rRNA gene

Genomic DNA was isolated from overnight grown bacterial culture,
according to modified protocol of Sambrook et al. (2001).
Ribosomal 16S RNA gene from genomic DNA was amplified
according to the protocol described by Yadav et al. (2015 b) using
an universal primer set 16S1 (5-GAGTTTGATCCTGGCTCA-3)
and 16S2 (5-CGGCTACCTTGTTACGACTT-3’) (Alam et al., 2006).
PCR cleanup kit (Chromous Biotech Pvt. Ltd., Bangalore, India)
was used for the purification of amplified PCR product followed by
manufacturer’s instruction and was sequenced on ABI 3500xL
Genetic Analyzer (Applied Biosystems Inc. Foster City, CA) at
Chromous Biotech Pvt. Ltd, Bangalore, India. Forward and the
reverse sequence were aligned to get a complete sequence.

Sequence analyses

Obtained 16S rRNA gene sequences of bacterial isolates were
analyzed using EzTaxon server (http://www.ezbiocloud.net/eztaxon)
and BLAST (http://www.ncbi.nlm.nih.gov/BLAST) and closely
related sequences were recovered from GenBank database for
phylogenetic analysis. Multiple sequence alignment was performed
using the Clustal W and unaligned sequences at the end were
trimmed out. MEGA 6.0 package was used to perform phylogenetic
relatedness using neighbor joining and Kimura 2 distances
parameter method with thousand bootstrap replicates (Tamura et
al., 2013). The sequence of 16S rRNA gene of Kocuria palustris
(Y16263) was used as out group. Sequences were submitted to
GenBank under the accession numbers (KT315584 and
KT315585).

Scanning electron microscopy (SEM)

Overnight broth culture of bacteria was centrifuged at 5000 rpm for
10 min followed by two times pellet washing with PBS.
Glutaraldehyde (2.5% in PBS) was added to cell pellets, mixed
gently and incubated at 4°C for 6 h for fixation. Supernatant was
discarded after centrifugation followed by three times pellet washing
with PBS. Bacterial specimens were dehydrated using gradually
increased concentrations of ethanol (30, 50, 80 and 100%). While
using 30, 50 and 80% ethanol, the ethanol was added to pellet,
which was mixed, and incubated at room temperature for 10 min? It
was then centrifuged and the supernatant was removed, but in case
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of 100% ethanol, samples were directly transferred to pre-sterilized
cover slip and allowed to air dry. Dry samples were platinum coated
and examined under (SEM) JEOL-JSM-6390LV Scanning Electron
Microscope (Yadav et al., 2015b).

PCR-RFLP analysis of 16S rRNA gene

A total of 4 different restriction enzymes having different restriction
sites (Mval, EcoRlI, Sphl, and Mspl) were used for the analysis of
restriction fragment length polymorphism (RFLP) patterns of 16S
rRNA gene of bacterial isolates (Table 1). Purified 16S rRNA PCR
amplicons were used for the digestion through restriction enzymes
according to the manufacturer’s instruction (Thermo fisher scientific,
UK). Restriction digested PCR amplicons were visualized on 2%
agarose gel.

Movement property study using isolated bacterial species

Overnight grown bacterial cultures of both MS1-8-1 and MS1-8-1I
were mixed in a gradually increasing proportion followed by
inoculation on solid agar plates for checking the regaining of
movement property. Prior to mixing, the optical density of both
bacterial cultures was measured at 630 nm to find out the
concentration of bacteria in each culture. The optical density of
each bacterial culture was equally maintained and mixed in a
specific proportion, that is, increasing the concentration of one
culture (10, 20, 30, 40, 50, 60, 70, 80 and 90) and decreasing the
concentration of another culture (90, 80, 70, 60, 50, 40, 30, 20 and
10). The mixed culture was inoculated on the agar plate at 0, 24
and 48 h intervals. Zero hour samples were inoculated immediately
after mixing of the individual isolate, whereas, for 24 and 48 h
mixed bacterial culture was incubated at 37°C at 120 rpm and
inoculated on the agar plate after 24 and 48 h. The inoculated
plates were incubated at 37°C for 12 to 24 h and movement
properties of bacterial colonies were observed.

Both the overnight broth cultures MS1-8-1 and MS1-8-1l were
mixed on the solid agar plate surface. For this purpose, one culture
was inoculated onto agar plate through spreader and was
incubated at 37°C for 3 to 4 h. Later on, the other culture was point
inoculated in the center of the lawn of first culture and incubated at
37°C for 24 to 48 h. This procedure was followed for the both
bacterial species, respectively.

RESULTS

The bacterial isolate MS1-8 was isolated from the midgut
of an Asian tiger mosquito Ae. albopictus. Initially, MS1-8
appeared as a single bacterial colony on a solid agar
plate but repeated sequencing of 16S rRNA gene
revealed the presence of mixed sequences. Further,
microscopic examination under a light microscope, Gram
staining and Scanning Electron Microscopy (SEM)
demonstrated that the colony designated as MS1-8 was a
mixture of two different type of bacterial isolates (round
vs. rod) which were characterized by using various
techniques.

Phenotypic characterization

Phenotypic characteristics of bacterial isolates were
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Inoculation site

Path of movement

Small colonies

Large colonies

Staphylococcus saprophyticus
(White colony)

Brevibacillus agri
(Transparent colony)

Figure 1. Bacteria colony of MS1-8 exhibiting movement property: I. Small colonies of
MS1-8 appeared near to inoculation site and large colonies at peripheral site and
movement of colonies follows a transparent pathway. Il. White purified bacterial colonies

MS1-8-1. lll. Transparent purified bacterial colonies MS1-8-11.

initially studied for the first line of characterization. The
isolated parental bacterial colony MS1-8 showed
swarming property when inoculated on the center of
nutrient agar plates and left their path from the inoculation
site as shown in Figure 1. During movement, small
colonies started from their inoculation site and became
larger when reached to periphery and it followed a
translucent path from inoculation site to the periphery.
The parental bacterial colony MS1-8 was the mixture of
two highly associated bacterial species MS1-8-1 and
MS1-8-II which were separated and purified later. On the
solid surface of the agar plate, the bacterial colonies of
MS1-8-1 appeared as a white, round shape, small, about
2 mm in diameter, convex, opaque, and smooth margin.
Like MS1-8-1, bacterial colonies of MS1-8-11 were also in

round shape, small, about 2 mm in diameter and smooth
margin but it was thin, flat and translucent (Figure 1).
Both the bacterial species MS1-8-1 and MS1-8-11 were
Gram-positive. During observation of nutrient broth
culture under light microscope, the bacterial species MS-
1-8 appeared like small cocci, which was not moving in
broth culture while, MS1-8-Il appeared as a rod shape
and was very fast moving.

The comparative biochemical reactions of bacterial
isolates MS1-8-1, MS1-8-1l and MS1-8 are summarized in
Table 2. All bacterial isolates MS1-8-, MS1-8-Il, and
MS1-8 have some common biochemical reactions. They
were able to hydrolyze the Esculin and urea.
Phenylalanine deamination and Arginine decarboxylation
activity were also detected by these three isolates. These
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Table 2. Biochemical characteristics of bacterial Isolates MS1-8-I, MS1-8-1l and MS1-8.

Test MS1-8-1 (White)

MS1-8-1l (Transperant) MS1-8 (Mixed)

ONPG +
PYR

Lysine utilization
Ornithine utilization
Arginine utilization -
Urease

Phenylalanine deamination
Nitrate reduction -
H.S production \%
Citrate utilization -
Voges Proskauer's +
Methyl Red -
Indole -
Malonate utilization -
Esculin hydrolysis +
Arabinose -
Xylose -
Adonitol -
Rhamnose -
Cellobiose -
Melibiose -
Saccharose +
Raffinose -
Trehalose +
Glucose +
Arabinose -
Sucrose +
Sorbitol -
Mannitol +
Lactose -
Oxidase -

+ + 4+

< +

- +

< 4+ + +
+ 4+ + < + < <

+ +

.
+ + + + + + o+ o+ o+ o+

+, Positive; -, negative; V, variable.

isolates exhibited negative result for utilization of xylose,
adonitol, rhamnose, malonate and methyl red. They were
not capable of domination of tryptophan, hence showed a
negative result for Indole test. The bacterial isolates MS1-
8- and MS1-8 have the ability to utilization of
carbohydrates like saccharose, trehalose, glucose,
sucrose, and mannitol, while the strain MS1-8-11 was not
utilizing this carbohydrate as a food sources. Apart from
these mentioned carbohydrates, the isolate MS1-8
showed a positive response to utilization of some other
carbohydrates like arabinose, cellobiose, melibiose,
raffinose, arabinose, sorbitol and lactose. MS1-8 and
MS1-8-1l also have the capability to use citrate as a
carbon source, while MS1-8-1 does not have this ability.
Only in MS1-8-1, PYR enzyme activities were detected

and it also produces the acetoin which confirms positive
activity for Voges-Proskauer's reaction. MS1-8-1 and
MS1-8 have the capability for the production of H,S and
also have the ability for the production of cytochrome
oxidase (Table 2).

Matrix-assisted laser desorption / ionization time-of-
flight mass spectrometry (MALDI-TOF-MS) analysis

MALDI-TOF mass spectrum analysis is recently very
useful, easy and discriminatory tool for identification of
bacterial species (Lista et al., 2011). The obtained score
values were compared to Biotyper database for
identification of bacterial species. The score value of
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Figure 2. MALDI-TOF mass spectrum analysis based bacterial identification: A.

Staphylococcus saprophyticus; and B. Brevibacillus agri.

MS1-8-1 and MS1-8-Il was 1.4 and 1.64 respectively and
according to result matching with Biotyper database they
were identified as Staphylococcus saprophyticus and
Brevibacillus agri (Figure 2A and B).

16S rRNA gene sequence based analysis

Identification of bacterial species from MALDI-TOF mass
spectrum analysis system was finally confirmed with the

result of 16S rRNA gene sequence analysis. The
obtained sequences of MS1-8-1 and MS1-8-Il were
compared with homologous sequence of Genbank
database. The sequence of MS1-8-1 showed highest
similarity with the sequence of S. saprophyticus in
EzTaxon server (100%) and NCBI database (100%) and
MS1-8-I with B. agri, EzTaxon server (99.41%) and
NCBI database (100%). The phylogenetic tree was
constructed using homologous sequences downloaded
from Genbank database in which Kocuria palustris
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(Y16263) was taken as an outgroup. The phylogenetic
tree was divided into two mega clusters, genus
Staphylococcus and Brevibacillus (Figure 3).

Scanning Electron Microscopy (SEM)

Bacterial samples were also analyzed through Scanning
Electron Microscopy (SEM) at 5000X magnification
(Figure 4). The image of MS1-8 containing two types of
bacterial cells, one a small cocci and second a long rod
shape (Figure 4a). These types of bacterial cells were
also appeared in the Gram staining. The bacterial isolate
MS1-8-1 was identified as S. saprophyticus and appeared
as a small round shape (Figure 4b) while bacterial isolate
MS1-8-11 appeared as a long, rod shape and was
identified as B. agri. The appearence of only two types of
bacterial cells in the image of MS1-8, confirmed that the
parental bacterial culture MS1-8 was the mixture of two
type of bacterial species S. saprophyticus and B. agri
(Figure 4a, b and c).

PCR-RFLP analysis of 16S rRNA gene

According to the examination of broth culture of MS1-8
under a light microscope, Gram staining and SEM image
analysis, it was confirmed that the bacterial culture MS1-
8 was the mixture of only two different bacterial species
and was identified as S. saprophyticus (MS1-8-1) and B.
agri (MS1-8-11), respectively. For further validation of the
above finding, we performed the Restriction Fragment
Length Polymorphism (RFLP) analysis of 16S rRNA gene
of all the bacterial isolates using four different restriction
enzymes (Mval, EcoRI, Sphl, and Mspl). In the all
agarose gel image, the GeneRuler 100 bp Plus DNA
Ladder (Thermo fisher scientific, UK) was loaded in the
first lane followed by control (uncut 16S rRNA gene),
MS1-8-I, MS1-8-1l, and MS1-8, respectively. Figure 5A
was the gel image digested through enzyme Mval, where
three bands were seen in third lane (MS1-8-1) and two in
forth lane (MS1-8-11). All these bands were also seen in
the fifth lane (MS1-8). Figure 5B was the image digested
by the enzyme EcoRI where two bands appeared in the
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Figure 4. Scanning electron microscopy (SEM) image of bacterial samples at 5000X magnification: (A) Top image
MS1-8, (B) below left MS1-8-1 (Staphylococcus saprophyticus) and (C) below right MS1-8-11 (Brevibacillus agri).

third lane (MS1-8-I), while in the fourth lane (MS1-8-11),
PCR product was uncut and only a single band of 1500
bp size appeared and all these bands were also seen in
the fifth lane of sample MS1-8. In Figure 5C, Sphl
enzyme was used for the digestion but this was unable to
cut PCR product, due to which only a single band of
about 1500 bp appeared in all lane of MS1-8-1, MS1-8-II,
and MS1-8 samples. Last figure 5D was the image
digested by the enzyme Mspl and the band appeared in
third and fourth lane (MS1-8-1 and MS1-8-11 respectively)
was also seen in the fifth lane (MS1-8) (Figure 5).

Movement property study using isolated bacterial
species

We have tried to find out the regaining of movement
property after mixing of the both pure bacterial species
MS1-8-1 and MS1-8-Il in a specific proportion. The growth
and movement properties were observed after 12 to 24 h
of incubation and we observed that no any movement
properties were regained in the mixed bacterial species
MS1-8-1 and MS1-8-l, inoculated after 0, 24 and 48 h. It
has been also observed that the movement properties

were also not regained in the plate where the one
bacterial species was inoculated on the lawn of another
species.

DISCUSSION

The swimming property of many bacteria in the liquid
medium is well studied; however, moving on top of the
solid surface of some bacteria is not well characterized.
The movement of the bacteria on the solid surface is
known as swarming. For the movement of bacteria on a
solid surface, various mechanisms, like reduction of
surface tension for spreading by secreting some
surfactant, increasing flagella, cell-cell interactions and
formation of a multicellular group rather than an individual
are being employed (Kearns, 2010). In our study, the
midgut bacteria isolated from Ae. albopictus, when
inoculated on center of the nutrient agar plate, exhibited
swarming property. These bacteria demonstrated
swarming property because they migrated away on the
solid surface from their inoculation point (Kearns, 2010).
The purified bacterial isolates were initially characterized
morphologically and biochemically followed by MALDI-
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Figure 5. RFLP band pattern of all three bacterial isolates using four different restriction enzymes (Mval, EcoRI, Sphl
and Mspl). L, ladder; C, control (uncut 16S rRNA gene); |, digested 16S rRNA gene of MS1-8-I; Il, digested 16S rRNA

gene of MS1-8-Il; I, digested 16S rRNA gene of MS1-8.

TOF-MS analysis and 16S rRNA gene sequencing and
the result revealed that purified bacterial isolates were S.
saprophyticus and B. agri. The midgut bacteria MS1-8
was the mixture of two bacterial species S. saprophyticus
and B. agri, which was confirmed by the observation of
broth culture under microscope, SEM image and RFLP
band pattern analysis. Both the bacterial species S.
saprophyticus and B. agri were highly associated during
the swarming motility and were not separated easily.
Only the bacterial colony MS1-8 showed the swarming
property and individually purified bacterial species MS1-
8- and MS1-8-1l and the mixture of these purified
individuals were not able to show this property. The
colony movement property in bacteria MS1-8 might have
occurred due to the production of surfactant, which might
be secreted by sharing resources and regulated by the
quorum sensing property. Sufficient amount of bacteria
should be needed for the production of beneficial
surfactants, which is required for swarming (Lindum et
al., 1988; Ochsner et al., 1995; Eberl et al., 1996;
Magnuson et al., 1994). According to our result it is clear
that the bacterial isolates MS1-8-1 and MS1-8-1l were
found in very high association in the MS1-8 colony and
this highly association-ship of bacterial species might
provide the facility for the production of sufficient amount
of beneficial surfactants. After the mixing of purified
bacterial isolates, this property was not regained, this
occurred because they might not be in such a proportion
which is required for the production of sufficient amount
of surfactant. It has been reported that different bacterial
colonies produce different swarming patterns, which

depends on the condition of environment where they are
growing (Shimada et al., 2004, Hiramatsu et al., 2005).
The bacteria MS1-8 was isolated from midgut of Ae.
albopictus mosquito where environmental condition of
mosquito’s midgut was highly different from the
environmental condition of the laboratory. Bacterial
species residing in the mosquito’s midgut were highly
associated to each other and fulfilled their requirements
for such type of properties till purified two bacterial
species in the laboratory conditions. After purification,
both bacterial isolates independently were grown on
media and lost all connections between them, which was
in co-culture MS1-8 (prior to separation). This might be
fact that after purification swarming property was not
regained in individuals or in the mixture of the two purified
bacterial species.

Apart from a surfactant, cell-cell interactions, and
flagella formation is also an important requirement for
swarming property. In our study, in the broth culture of
purified bacterial species, Staphylococcus saprophyticus
is Gram positive, cocci, and non-motile while the B. agri
is Gram positive, rod shape, and highly motile. It has
been reported that bacteria S. saprophyticus do not have
flagella while in B. agri, it is present (Lara-Mayorga et al.,
2010; Joshi et al., 2013). The presence of flagella in B.
agri might play an important role in swarming property of
parental isolated co-culture MS1-8, which might be
supported by S. saprophyticus.

A lot of bacteria have been isolated from various
mosquito’s midgut and its role in various important
functions like; food digestion, pathogen growth inhibition
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etc. have been also studied (Minard et al., 2013). The
identified bacterial species S. saprophyticus and B. agri
in our studies have already previously reported from
different mosquito’s midgut. The genera Staphylococcus
was normally isolated from the midgut of Culex,
Anopheles and Aedes mosquitoes, while Brevibacillus
was scarcely isolated (Chandel et al., 2013; Moro et al.,
2013; Ramirez et al.,, 2012; Cirimotich et al., 2011a;
Zouache et al., 2011; Rani et al., 2009; Favia et al., 2007;
Fouda et al., 2001; Pumpuni et al., 1993; Apte-
Deshpande et al.,, 2012; Ngwa et al., 2013). Different
essential functions of midgut microorganisms in various
fields have been depicted but swarming properties were
not previously reported.

It has been previously described that the midgut
bacteria provides viable defense against invading
pathogens. The midgut bacteria are responsible for the
inhibition of sporogonic development (Pumpuni et al.,
1993; Straif et al., 1998; Gonzalez-Ceron et al., 2003;
Dong et al., 2006; Cirimotich et al., 2011b). The bacterial
species interact with host-pathogens and bacterial
species itself and plays important role in vectorial
capacity of mosquitoes. The bacterial species inside the
midgut interact with each other, but the information about
these interactions, its behavior is limited. Using midgut
bacteria in vector-borne disease control, it is important to
find out more information regarding bacterial species
interaction. In this study, we have characterized the
bacterial species responsible for the swarming motility,
which was an example of bacterial interaction. The
information obtained from this study might be a step
towards the understanding of midgut bacterial interaction,
which will help in development of a novel, cheap and eco-
friendly approach towards the prevention of any vector-
borne disease.
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