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ABSTRACT

Background and Objectives: Dental caries is a breakdown of the teeth enamel due to harmful bacteria, lack of oral hygiene,
and sugar consumption. The acid-producing bacterium Streptococcus mutans is the leading cause of dental caries. Dextra-
nase is an enzyme that can degrade dextran to low molecular weight fractions, which have many therapeutic and industrial
applications. The purpose of the present study was to isolate a novel dextranase-producing bacteria from a source (molasses).
The cell-free extracts containing dextranases were tested as antibiofilm agents.

Materials and Methods: Dextranase-producing bacteria were identified using phenotypic and genotypic methods such as
16S rRNA gene sequencing and enzymatic characterization.

Results: The highest six dextranase-producing bacterial isolates were Bacillus species. The best conditions for dextranase
productivity were obtained after 72 hours of culture time at pH 7. The addition of glucose to the medium enhanced the pro-
duction of the enzymes. The cell-free extract of the six most active isolates showed remarkable activity against biofilm for-
mation by Streptococcus mutans ATCC 25175. The highest inhibition activities reached 60% and 80% for Bacillus velezensis
and Pseudomonas stutzeri, respectively.

Conclusion: Therefore, our study added to the current dextranase-producing bacteria with potential as a source of dextra-
nases.
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INTRODUCTION this decay. Several factors contribute to the increase
in the rate of tooth decay, including lack of oral hy-

Dental caries or tooth decay is the breakdown of  giene, sugar consumption, and smoking (1). Children
the teeth’s enamel. The harmful bacteria found inthe ~ are more exposed to tooth decay than adults, and pre-
oral cavity play an essential role in the development of vious studies have referred to an increase of its effect
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INHIBITORY EFFECT OF DEXTRANASES ON STREPTOCOCCUS MUTANS BIOFILM

on people in the future due to the increased ingestion
of sweeteners and insufficient contact with fluorides
in some communities (2, 3). Sugars are the preferred
substrate for the cariogenic microorganism that exist
in dental plaque. Streptococcus mutans is among the
leading players in dental caries, which is considered
an acid producing bacterium; it participates through
acid production in demineralizing the surface of
enamel teeth and can progress in its crowns and roots
(4, 5). Additionally, it produces polysaccharides that
contribute to forming the oral biofilm matrix (5).

Several bacterial species contribute to the decay
process, such as Lactobacillus acidophilus, Lacto-
bacillus fermentum, and Actinomyces viscosus (6).
Dextranases degrade dextran into simple sugars
and can reduce the impact of dental caries and in-
hibit the formation of oral biofilms. Dextranases are
glycosyl-hydrolases classified in the enzyme classi-
fication system as EC 3.2.1.11. The activity of dex-
tranases is verified in microbial molasses and soil
samples with high specificity to its substrate dextran
(7). Dextranase is a-1,6 D-glucan-6-glucano hydro-
lases, also called glucanases, where they hydrolyze
the a-1,6-linkages in dextran, beside the (a-1,2), (o-
1,3) and (a-1,4) linkages that found in several dex-
trans, producing glucose units, isomaltose and iso-
malto-oligosaccharides (8).

The existence of a biofilm matrix decreases the
permeation of anti-microbial agents and forms a
barrier against antibiotics. Chemicals like fluoride
products are active in removing dental plague but are
cytotoxic at relatively high concentrations (9). There-
fore, finding new agents that can break down the bio-
filmis vital in treating dental caries, especially if it is
a biologically-derived safe agent.

In this study, we isolated dextranase producing
bacteria from sugar cane material, we tested their
dextranolytic activity and evaluated the ability of
their cell-free extract to inhibit the biofilm matrix
produced by S. mutans. The current work character-
ized Pseudomonas stutzeri as a dextranolytic bacte-
rium and provided characterization of biofilm inhibi-
tion generated S. mutans.

MATERIALS AND METHODS
Materials and culture media. Dextran was pur-

chased from ACROS ORGANICS, New Jersey, USA.
Sodium chloride, calcium chloride, dipotassium hy-
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drogen phosphate, potassium dihydrogen phosphate,
phosphoric acid (85% wi/v) and sodium hydroxide
were purchased from EI Nasr Pharmaceutical Chem-
ical Co, Egypt. Glucose, iodine, crystal violet, 95%
ethanol, sodium metabisulfite, phenol, sodium po-
tassium tartrate, magnesium sulfate, acetic acid, and
glycerol were obtained from Piochem for Laboratory
Chemicals, Egypt. Yeast extract was obtained from
LAB M, the UK; peptone was purchased from Con-
dalab, Madrid, Spain; agar-agar was obtained from
TM Media, India. Brain heart infusions were pur-
chased from Himedia, India. The Coomassie brilliant
blue G-250 and bovine serum albumin were from MP
Biomedicals, LLC. DNS was obtained from Sigma
Aldrich, US. Trypticase soy broth (TSB) was pur-
chased from Himedia, India, and the nutrient broth
was purchased from Oxoid Limited, Ireland.

Samples. Sixty-seven samples from sugar cane
fields, sugar cane press facility as molasses, soil,
juice, and traces were collected from Naga-Hammadi
city, Qena governorate in Egypt, for use in the pres-
ent study. The collected samples were stored at 4°C
for further use in the isolation experiments (10). The
sixty-seven samples were collected in sterilized 100
ml containers opened at the top for bacterial isolation.
The containers were packed with 5 g of the collected
samples, tightly closed, and covered.

Bacterial isolation, maintenance, and storage.
For the selective isolation of bacteria producing dex-
tranase, dextran was used as a substrate. Two media
were used subsequently for isolation: The synthetic
medium (Enrichment solution) as (w/v): 0.5% dex-
tran, 0.1% K,HPO, and 0.1% KH,PO, pH 7.4. All
components were sterilized by autoclaving at 121°C
for 20 min. A 0.5 g was added aseptically added to 5
ml of the enrichment solution to isolate dextranolyt-
ic bacteria (11). After seven days of static incubation
in ES at 37°C under aerobic conditions, the mixture
was vortexed, and a sample was aseptically streaked
on dextran agar plates. The plates contained the fol-
lowing as (w/v): 0.2% dextran, 0.2% K, HPO,, 0.2%
KH,PO,, 0.3% peptone and 0.3% yeast extract, pH
7.4 -7.6. The inoculated plates were incubated at 37°C
overnight; the growth and the dextranolytic activity
were then observed, using Lugol’s solution (lodine re-
agent) to visualize the dextranolytic activity as a clear
zone around the visible colonies on a dark brown
background on the dextran agar plates. The detected
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colonies were purified by several streaking until sin-
gle pure colonies were obtained (11).

Gram staining test was done for each pure colony;
the 67 isolates collected were filtered to the 6 highest
active dextranolytic bacterial strains. The selected
isolates were identified using a standard 16S rRNA
analysis. For long-standing storage, all bacterial iso-
lates were transferred to a 10 ml nutrient broth me-
dium for overnight incubation; finally, aliquots were
transferred to a sterile 1.5 ml Eppendorf tube. Glycer-
ol was added to the stored bacterial samples in a final
ratio of 20% Vv/v to be stored at -20°C for reuse (12).

S. mutans (ATCC 25175) was obtained from ATCC
(American Type Culture Collection, USA) and used
as a positive control in the biofilm inhibition exper-
iment. Lactobacillus reuteri (DSM 20016) was ob-
tained from DSMZ (Deutsche Sammlung von Mikro-
organismen und Zellkulturen, Germany) to be used
as a reference strain in the detection of enzyme ac-
tivity experiment and enzymatic biofilm inhibition.

Identification of the dextranolytic bacterial iso-
lates using 16S rRNA gene sequencing. DNA ex-

traction was done according to the protocol provided
by the Gene Jet genomic DNA purification kit (Ther-
mo KO0721, USA). The obtained DNA was subjected
to PCR to amplify the 16S rRNA gene using Maxima
Hot Start PCR Master Mix (Thermo K1051) as fol-
lows: gently vortex and briefly centrifuge Maxima®
Hot Start PCR Master Mix (2X) after thawing, then
add the following components in for each 50ul reac-
tion at room temperature (Table 1).

PCR was done using Maxima Hot Start PCR Mas-
ter Mix (Thermo K1051), Performing PCR using the
recommended thermal cycling conditions outlined
(Table 2).

The final PCR reaction tubes were cleaned using
Gene JET™ PCR Purification Kit (Thermo K0701).
Finally, the sequencing was performed on the PCR
product on GATC Company using ABI 3730xI DNA
sequencer using forward and reverse primers. The
16S rRNA gene was amplified using the following
universal primers: forward primer,5’AGAGTTT-
GATCCTGGCTCAG3’, and reverse primer 3’ACG-
GCTACCTTGTTACGACTTS.

Dextranase activity assay. Of the selected iso-
lates, the two bacterial isolates A and B were cultured
separately in the production medium, containing
glucose or dextran as the sole sources of carbon, ac-
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Table 1. The components for PCR reaction

Maxima® Hot Start PCR Master Mix (2X) 25l
16SrRNA Forward primer 1 ul (20uM)
16S rRNA Reverse primer( of each 8 primer) 1 ul (20uM)
Template DNA 5ul
Water, nuclease-free 18 ul
Total volume 50 ul

Table 2. PCR thermal cycles with time and number of cycles

Step Temperature, Time  Number
C of cycles

Initial denaturation / 95 10 min 1

enzyme activation

Denaturation 95 30s 35

Annealing 65 1 min

Extension 72 1 min 30s

Final Extension 72 10 min 1

cording to the following composition (g/l): glucose
or dextran 3, yeast extract 2.5, MgSO , 0.02, K H-
4 2

PO,, 5.5, the medium was adjusted to pH 7 (10). The
bacterial cultures were sampled at two-time inter-
vals; 48 h and 72 h. The samples were centrifuged
at 4°C, 14,000 xg for 20 min using a cooling centri-
fuge (2-16k Sigma, Germany). The supernatants were
then concentrated at 50°C under vacuum at 47 mbar
and 100 rpm using a rotary evaporator (Rota vapor
R-300 Buchi, G. Switzerland). The concentrated
cell-free extracts were filter-sterilized using 0.22um
sterile filter (MS sterile syringe filter, Biomed Sci-
entific, Sri Lanka) and stored at 4°C for further
detection.

The measurement of dextranolytic activity was
prepared as follows: 250 pl CFE was mixed with 250
ul of dextran solution (1gm of dextran dissolved in
0.1M potassium phosphate buffer with pH 7.2), and
the reaction volume was completed to 1 ml using po-
tassium phosphate buffer (13). The reaction was in-
cubated at 37°C for 48 h and by the liberated end of
the reaction, the reducing sugars were detected using
the DNS reagent. 3,5-dinitrosalicylic acid (DNS) was
prepared as follows: DNS 0.71 g and NaOH (1.32 g)
were dissolved in 100 ml of distilled water with stir-
ring, then K-Na tartrate (20.4 g), Na-meta bi-sulphite
(0.55 g) and phenol (0.5ml) were added. One milliliter
of the sample was mixed with a 3 ml DNS reagent.
The mixture was boiled for 15 min at 100°C and then
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left to cool. The developed color was measured using
a spectrophotometer at 540 nm (13). One unit (1U)
of dextranase activity was defined as the amount of
enzyme that degrades dextran to produce 1 pmol of
glucose equivalent per min at 37°C with pH 7 (14, 15).
A calibration curve was constructed using standard
glucose solutions and a series of dilutions from 0.05
to Img/ml (14).

The total protein concentration was determined as
stated elsewhere (16), and crystalline bovine serum
albumin was used as the protein standard.

Factors affecting dextranase productivity: The
pH of the production medium. Three different pH
values for production medium, 5, 7, and 9, were ap-
plied to the culture of the two highest activity isolates
(Isolate A and Isolate B) after 3 days of incubation in
the production medium (10, 17-19).

The inoculum density. For each specific volume of
the production medium, the same refreshed isolates
with OD,, = 0.31, were added separately as 5% and
10% v/v to each medium, and then all were collected

to be assayed (20).

Carbon source in the production medium. Dex-
tran or glucose was used as the sole carbon source in
the production medium at a concentration of 0.5% or
0.3%, respectively. The dextranase activity was de-
termined as mentioned above (10).

Fermentation time. The test was done by with-
drawing samples from the production medium at dif-
ferent times ranging from one day to 3 days from
incubation; each was centrifuged and filtrated to test
dextranase activity against dextran (10, 17). The dex-
tranase activity in each case was determined using
(DNS) method and compared.

Factors affecting dextranase activity: Concen-
tration of the cell-free extract. A volume of 50 ml
of CFE was added to a 250 ml round bottom flask and
connected to a rotary evaporator (Rotavapor R-300
Buchi, G. Switzerland). The CFE was evaporated
at 50°C under vacuum at 47 mbar, until the solution
reached 5 ml in volume. The concentrated residue
was transferred to a 15 ml falcon tube and filter-ster-
ilized through a 0.22pm sterile filter and then stored
aseptically at 4°C. Aliquots were used to determine
the dextranase activity using the DNS method.

http://ijm.tums.ac.ir

The reaction time. The bacterial CFE was mixed
with a 1% dextran solution as a reaction mixture and
incubated at 37°C, for three differenttimes: 1 h, 24 h,
and 48 h, separately, then the three were tested with
the DNS assay separately (21).

The exposure to high temperature. The different
isolates were streaked on dextran plates and were in-
cubated at 50°C for 24 h. And using the agar diffusion
method, the wells on the surface of the dextran agar
were inoculated with 50 ul of sterile concentrated
cell- free extracts that evaporated at 50°C using the
rotary evaporator, dextran plates were incubated at
37°C for 24 h. Enzymes activity on mediums were
detected using lodine solution and clear zones that
formed were measured in mm (17-19).

Biofilm inhibition assay. The biofilm inhibition
assay was performed according to Peterson et al. with
some modifications (22). An overnight culture of S.
mutans ATCC 25175 was incubated at 37°C under an
aerobic condition in a 5 ml Tryptone soy broth (TSB)
medium until it reached an OD600 value of 0.6. A
volume of 500 pl from refreshed S. mutans was dilut-
ed with 5 ml of new sterile TSB medium to add a vol-
ume of 100 ul from the previous to the wells of the 96-
well microtiter plate as biofilm formation control. A
volume of 100 ul of CFE from the four isolates (test)
was mixed with 100 pl biofilm control sample sepa-
rately in each well, and the mixture of CFE and bio-
film control sample was incubated for 24 h at 30°C.
The plate was emptied and washed twice with 200
ul potassium phosphate buffer pH 7.2. The plate was
dried in the oven at 60°C for 20 min, 200 pl of 0.1%
crystal violet was added to each well for 15 min, then
carefully washed using distilled water and left to dry
in the air overnight. To resolubilize the dyed biofilms,
a volume of 200 pl of 30% acetic acid was added to
each well and then the whole plate was transferred
to a new plate (23). Finally, the absorbance was mea-
sured using a spectrophotometer (Thermo Scientific
Multiskan FC Microplate Photometer, UK) at 620
nm. The percentage of inhibition of the biofilm for-
mation was calculated as follows: Inhibition percent-
age = (untreated sample OD,, — test sample OD)/
untreated sample OD_, x 100 (24).

Scanning electron microscopy of the biofilm
inhibition. The biofilms formed on the glass cov-
erslips, either untreated or treated with the different
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CFEs, were photographed using the SEM technique.
Control was carried out as follows: A sample of S.
mutans was pre-inoculated in TSB medium at 37°C
overnight, then 0.5 ml of this culture was re-inocu-
lated into a fresh sterile 15 ml TSB medium in 50 ml
falcon tube, with adding sterile glass coverslips for
incubation at 37°C for 24 h. Another two 15 ml falcon
tubes were filled like control but added 0.5ml of CFE
of Isolate A & Isolate B, and incubation was done as
above. All test coverslips were collected for fixation,
dehydration, mounting, and coating (25). The covers-
lips were examined by scanning electron microscope
(JSM 6510 LA, JEOL - JAPAN).

Statistical analysis. The existing data of the bio-
film inhibition assay and dextranase activity of the
most promising isolates were the average of three in-
dependent replicates + standard deviation. Significant
differences among control and treatment means were
tested using one-way ANOVA and two-way ANOVA
using (Graph Pad Prism 6.01), with a significance lev-
el of 0.05.

RESULTS

Bacterial isolation and identification. We screened
molasses and soil samples from different locations in
the city of Naga-Hammadi for the presence of dex-
tranolytic bacteria. We recognized 49 isolates out of
all examined isolates on the basis of their ability to
give a clear zone around the growth upon adding io-
dine solution as an indicator on agar-dextran plates.
The colonies of the isolates were described morpho-
logically and the gram staining was performed on the
spore-forming bacteria that constituted the majority of
the isolates (Table 3).

Phylogenetic analysis of the identified isolates was
performed using MEGAX32 10.0.5 using the maxi-
mum likelihood method and the Kimura 2-parameter
model (26). Isolate A showed 96.67% identity to the
16S rRNA gene from the Bacillus velezensis FZB42,
and lIsolate B showed 97.93% identity to the 16S
rRNA gene from the Pseudomonas stutzeri CCUG
11256. Isolate C showed 97.61% identity to the 16S
rRNA gene from the Bacillus tequilensis 10b, Isolate
D showed 96.31% identity to the 16S rRNA gene
from the Bacillus thuringiensis IAM 12077, isolate E
showed 94.54% identity to the 16S rRNA gene from
the Bacillus subtilis DSM 10, and isolate F showed
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95.45% identity to the 16S rRNA gene from the Bacil-
lus Pacificus MCCC1A06182 (Fig. 1).

Extracellular dextranase activity, initial screen-
ing. Using dextran agar plates, sixteen isolates were
tested to detect their dextranolytic activities. The di-
ameters of the most promising six isolates were re-
corded (Fig. 2A and B), and isolates A and B showed
the best dextranolytic activity with high and good
stability rather than other isolates. Additionally, dex-
tranolytic activity was detected after concentration
of CFE in dextran plates for isolate A, Isolate B, S.
mutans and L. reuteri, as shown in (Fig. 2D and E),
where Isolate A and B were the best over L. reuteri
with remarkable activity of S. mutans activity. Total
Protein concentration values are shown in (Fig. 3) of
CFE of the most promising six isolates.

The effect of some factors on dextranase produc-
tivity: The pH of the production medium. Isolate
A (B. velezensis) and isolate B (Ps. Stutzeri), which
showed the highest dextranase activities, were grown
at different pH values: 5, 7 and 9. For (Isolate A), the
highest dextranase activity recorded was 11.80 mU/ml
at pH 5, while that recorded for (Isolate B) was 11.19
mU/ml at pH 7 (Fig. 4).

The inoculum density. We tested the effect of two
inoculum densities, 5% v/v and 10% v/v, added to the
production medium. The results showed an approxi-
mately 3-fold increase in dextanolytic activities for all
isolates tested, A, B, C, D, E, F, upon using the higher
inoculum density (Fig. 2C).

The Type of carbon source. We tested the effect of
two different carbon sources, 0.3% glucose or 0.5%
dextran, on the dextranolytic activity (Fig. 2F). The
enzymatic activities detected upon using glucose were
higher than the dextran (Fig. 2 F).

Fermentation time. We tested CFE activity after
45 h and 69 h of fermentation for the six isolates. The
activity increased with time; isolate F (Bacillus pacifi-
cus) exhibited 7.47mU/ml after 45 h of incubation and
increased to 31.62mU/ml after 69 h; also, the rest of
the isolates showed similar results (Fig. 5).

Factors affecting the dextranase activity: using

concentrated CFEs. We compared CFE before and
after concentration using the rotary evaporator, which

http://ijm.tums.ac.ir
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Table 3. Identification of the most promising six isolates using 16S rRNA gene sequencing, with more details related to the
isolation location,16S rRNA % identity and isolate accession numbers.

Code Isolate Location of isolation 16S rRNA % Isolate
Molasses identity* accession**
Isolate A Bacillus velezensis FZB42 Clay soil from sugar cane 96.67% NR_075005
Isolate B Pseudomonas stutzeri CCUG 11256 agricultural land 97.73% NR_118798
Isolate C Bacillus tequilensis10b Molasses 97.61% NR_104919
Isolate D Bacillus thuringiensis IAM 12077 Molasses 96.31% NR_043403
Isolate E Bacillus subtilis DSM 10 Molasses 94.54% NR_027552
Isolate F Bacillus Pacificus MCCC1A06182 Molasses 95.45% NR_157733

*16S rRNA % identity was obtained from GenBank for the strains with the highest percentage identity to the 16S rRNA gene
sequences of the isolates.
**The accession numbers of the 16S rRNA sequences were obtained from GenBank for the different isolates.

Bacillus wiedmanni stram FSL W§-0169

96 | Bacilus fungorum strain 17-SMS-01

‘ Bacillus pactficus strain MCCC 1406182

63 Bacillus futt strain MCCC 1400359
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@ Bacilss thuringiensis strain IAM 12077
Bacillus nitratireducens strain MCCC 1400732

Bacdlus paramycoides strain MCCC 1404098

Bacilus fichenitormis strain NBRC' 12200
79 Bacillus atrophaeus stram JCM 9070
98 ! Bacillus subtilis strain JCM 1465
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Bacilus xiamenensis strain MCCC 1400008
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84 ' Bacilus nakamurar strain NRRL B-41091

99 | Bacdlus vallismortss strain DSM 11031
| @ Bacillus subtils strain DSM 10

20 @ Bacillus velezensis strain FZB42
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= ‘ Pseudonionas stutzert strain CCUG 11256

43| Pseudomonas pseudoalcaligenes strain Stanier 63

89! Pseudomonas alcaliphila strain NBRC 102411

—_
050

Fig. 1. The phylogenetic tree based on the 16S rRNA gene sequences showing the position and relationship between the most
six active dextranolytic bacterial isolates reported in the current study marked with bold points and some identified related
identified entries from the NCBI database.

showed a significant increase in the dextranolytic ac-  tran as substrate and CFEs, the resulting activity in-
tivities, approximately double (Fig. 3D and 6). For  creases from 1 h to 24 h. Further experiments with
isolate A, activity after CFE increased by 2-folds, I1so-  slight modifications were conducted on concentrated

late B and L. reuteri almost six fold (Table 4). CFE of Isolate A and Isolate B, and time was rang-

ing from 1 h to 24 h till reached to 48 h, to show a

The effect of reaction time. For different iso- gradual increase in the enzymatic activity (Fig. 7
lates, by increasing the reaction time between dex- and 8).
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Fig. 2. The dextranolytic activities measured for CFEs from six different bacterial isolates and the diameters detected on the
dextran agar plates (A, B). The effect of change of the inoculum volume on dextranolytic activity of six different isolates C.
The dextranolytic activities of the concentrated CFEs of isolates A and B against S. mutans and L. reuteri CFE showing clear
zones on the dextran plates were measured by millimeter (F). The effect of using two carbon sources in the production medium

either dextran or glucose on the dextranolytic activities (F).

Effect of exposure to high temperature on vitality
and enzyme activity. Testing of the ability of 16 dif-
ferent isolates to live and release their enzymes was
carried out, as (Isolate A) B. velezensis showed posi-
tive enzymatic activity, the exposure to 50°C varies on
its effect on different isolates, some of them survive
and still enzymatically active, others can survive only

856
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with loss of the enzymatic activity, and the rest cannot
survive at all, this was the first part of the high tem-
perature effect.

The second part was as follows: the CFE of isolating
A, B, S. mutans and L. reuteri that were extracted from
glucose production medium that was better than dex-
tran production medium after 48 h and 72 h from fer-
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http://ijm.tums.ac.ir/

INHIBITORY EFFECT OF DEXTRANASES ON STREPTOCOCCUS MUTANS BIOFILM

16 120.000

100.000

80.000

1
0.8 60.000

0.6
40.000

0.4
20.000

0.2

0 0.000
Isolate A Isolate B Isolate C Isolate D Isolate E Isolate F
= Abs conc ug

Fig. 3. Total Protein concentration values of CFE of the
most promising six isolates.
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Fig. 4. Effect of different pH values of the production medi-
um on the dextranolytic activities of isolates A and B.

O45hincubation  E169h incubation

Activity mU/ml
&
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Isolate A IsolateB IsolateC IsolateD IsolateE Isolate F

Isolate name

Fig. 5. The effect of fermentation time on dextranase activi-
ty of the selected isolates.

mentation were tested to show their ability on dextran
degradation after exposure to 50°C in concentration,
to show a positive activity with large remarkable clear
zones on dextran plates as (Figs. 9 and 2 E).

Extracellular dextranase activity at optimized

conditions. The dextranolytic activities of 16 isolates
were assayed using the DNS method, which detects
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tration using the rotary evaporator for the CFEs of Isolate A,
Isolate B, S. mutans and L. reuteri.
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Fig. 7. Difference in CFE activity after 1h and 24 h from
incubation with dextran substrate.
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Fig. 8. The effect of the incubation time of CFE with dextran
as a substrate tested for CFEs from the Isolates A and B.

the reduced sugars resulting from the dextranolytic
activity. A calibration curve was constructed using a
standard glucose solution. The activity recorded for
isolate A was 8.22mU/ml. Optimized conditions for
the four isolates resulted in the following Tables of
dextranolytic activities: isolate A 28.5mU/ml; iso-
late B 30.19 mU/ml; isolate C 23.77mU/ml; isolate F
24.18mU/ml (Table 5). Clear zones of dextranolytic
activities for isolates A, B, C, D, E and F with reor-
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Table 4. Data are expressed as the mean = S. D where: **Significant difference from the reference L. reuteri (P<0.01),
*** Significant difference from the reference L. reuteri (P<0.001), **** Significant difference from the reference L. reuteri

(P<0.0001).
Isolate code Dextranase activity (mU/ml) Dextranase activity (mU/ml) after
before concentration concentration
Carbon source in fermentation medium
Isolate A Dextran Glucose Dextran Glucose
7.961 £0.61****  44.64 £ 1.30**** 10.9 +£ 0.63**** 150.8 £0.49
Isolate B 3.758 £1.92 28.55 + 1.07**** 1.462 £0.14****  105.5 + 1.95****
S. mutans 1.409 £ 0.21** 26.47 + 0.44**** 20.79 £ 0.57*** 122.2 £ 1.89****
L. reuteri (control) 3.349+£1.93 69.89 + 0.56 17.80+£0.59 151.9£0.89

® Actual zoneof 48h M Actual zone of 72h

=
~

©
-
)
o0 )
I | | |m

ISOLATEA ISOLATEB S.MUTANS L.REUTERI

Clear zone diameter (mm)

Isolate name

Fig. 9. Diameter of the clear zone in (mm) after CFE con-
centration extracted from the glucose production medium
after 48 and 72 h from fermentation.

Table 5. Most promising isolates with dextranolytic activity
without CFE concentration, preliminary evaluation of bio-
filminhibition and optimum pH for activity compared to (L.
reuteri) as a reference strain.

Isolate Activity % of biofilm Optimum
code muU/ml inhibition pH
Isolate A 28.50 43.46% 5&7
Isolate B 30.19 55.98% 5&7
Isolate C 23.77 51.23% 7
Isolate F 24.18 61.38% 7

L. reuteri 26.61 35.81% 7
(control)

dered diameters are shown in (Figs. 2A and B).

Isolate A and isolate B showed higher dextranolyt-
ic activity compared to reference strain Lactobacillus
reuteri (Fig. 2D).

Biofilm inhibition assay. The CFEs obtained from
isolates A and B were tested for biofilm inhibition
using S. mutant as a biofilm generating bacteria. Iso-
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late A (B. velezensis) showed a 82.55% inhibition of
the biofilm, while isolate B (Ps. Stutzeri) showed a
84.47% inhibition of the S. mutant biofilm (Figs. 10A,
B, Table 5). Based on the biofilm assay and compared
to the positive control, the effects of CFE on biofilm in-
hibition were remarkable, such as 82.55% and 84.47%
inhibition when exposed to CFE of B. velezensis CFE.
(Isolate A), the biofilm was treated with CFEs also be-
fore being concentrated by evaporation. All that was
according to the intensity of crystal violet color shown
in (Fig. 10), the absorbance readings, and the statisti-
cal analysis was done as demonstrated in Table 2 and
Figs. 10Aand B.

Scanning electron microscopy for S. mutans bio-
film. The SEM photographed biofilms are shown in
(Fig. 11), the control showed no visible structural
deformities as nearly uniform unit with a highly con-
densed thick layer of cells and extracellular polysac-
charide matrix. Although the biofilmtreated with CFE
showed less dense, and semi separated formed cells
were seen (Fig. 11). The CFE inhibited biofilm forma-
tion and reduced the number of S. mutans. cells that
adhered on the glass coverslips, where the formation
of the biofilm on both surfaces was significantly re-
duced containing only a few spreading cells.

DISCUSSION

Many studies have reported that microbial dextra-
nases effectively inhibit biofilm, especially in dental
caries (10, 27). We here screened different types of
sugar cane molasses, juice and soil for dextran lyt-
ic bacteria. Most of the samples were collected from
places where dextran and complex sugars are expect-
ed to be at high levels.
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Fig. 10. Biofilm inhibition assay using 96-well micro-titer
plate, the different CFEs were applied on a culture from S.
mutans, the staining of the residual biofilm was done as de-
scribed in the material and methods section, the brighter the
final crystal violet color the more inhibitory effect produced
(A). Percentages of biofilm inhibition using concentrated
CFE from the Isolates A and B and from the S. mutants and
L. reuteri (B).

These sources included sugar cane seeding and
cultivation soils, chunks of wastes of sugar cane, its
juice and molasses, where molasses is considered the
richest source. Molasses is produced as raw materi-
al after the sugar cane harvest at high temperature
(28). Sugar cane agriculture is concentrated in Up-
per Egypt, especially the Qena governorate, which
represents 48% of the total cultured sugar cane area
in Egypt, where the Naga-Hammadi region has the
highest production capacity (29). The successive en-
richment steps using dextran-rich media supported
the growth of dextranase-producing isolates. From
sixty-seven samples, forty-nine isolates had a pos-
itive dextranase activity. Phenotypic and genotyp-
ic identification indicated that most isolates were
Gram-positive bacilli, which marked the production
of dextranase enzymes (11), and the 16S rRNA gene
sequencing confirmed these results.

Isolates, Ps. stutzeri and Bacillus spp., have been
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Streptococcus mutans biofilm formation

Fig. 11. The upper part: SEM micrographs of S. mutans bio-
film formation on glass coverslip surfaces, Biofilms were
grown in TSB in the presence of 0.5 ml of refreshed S. mu-
tans at 37°C for 24 h. The image displayed was taken at
magnifications (x5000). The selected image was chosen
as the best representative of the amount of biofilm on the
coverslips® surface. The lower part: SEM of biofilms that
were grown in TSB in the presence of 0.5 ml of refreshed S.
mutans. All images displayed were taken at magnifications
(%5000 tox20 000). Electron microscopy image of S. mutans
biofilm formed on glass coverslips treated with CFE at 37°C
for 24 h, the cell-free extract was added to the biofilm as 0.5
ml of both: Isolate A and Isolate B, which showed less dense
and semi separated formed cells with less biofilm formation
on both sides, where it contained only a few spreading cells,
without biofilm matrix formation around cells.

reported earlier as potential microorganisms for dex-
tranase production, in addition to S. mutans and Lac-
tobacillus reuteri, which were standard strains that
were used as a positive control in the current study,
as suggested earlier (30). S. mutans was reported to
produce dextranase enzyme, which was stable at
37°C and pH 7 (28, 31).

In addition, in our study, the tested S. mutans CFE
against dental biofilm gave a remarkable inhibition
effect. Lactobacillus sp. or probiotics are supposed to
compete with pathogenic bacteria for nutrients with
unknown mechanisms, hence the influence on the
production of acid, peroxide and possible immune
modification activities ().

For dental caries inhibition applications, the stabil-

IRAN. J. MICROBIOL. Volume 14 Number 6 (December 2022) 850-862 859


http://ijm.tums.ac.ir/

SAMAH MAHMOUD ET AL.

ity of enzyme activity and productivity is essential
and can be affected by many factors, as studied and
discussed in the methods section.

Because sugar cane molasses is considered a sig-
nificant secondary product, most bacterial isolates
could grow on molasses, showing that it can be a rec-
ommended carbon source. The use of enzymes has
been considered an alternative strategy to fight var-
ious kinds of biofilm, mainly microbial ones. These
enzymes are added to oral hygiene products such as
mouthwashes, toothpaste, and chewing gums that
can clean teeth with different mechanisms, such as
removal of plaque by degradation of biofilm-attached
extracellular matrix components or interference with
biofilm formation. Enzymes can act gently and pre-
cisely on insoluble glucan hydrolases with dextra-
nase and mutanase. The advantage of this strategy is
that bacterial resistance towards the enzymes could
rarely happen, in contrast to traditional chemical
agents (3). Hence, our study focused on testing this
strategy. According to Elvira etal., Ps. stutzeri pro-
duced intracellular dextranase with little excreted in
the fermentation medium compared to B. velezensis
and L. reuteri, indicating that moderate activity of
Ps. stutzeri might be detected in cell-free extract (7).

The results in our study of the different factors on
dextranase activity can help us to understand how the
activity is positively or negatively affected, where the
highest activity was verified after 69 h that reached
31.62mU/ml in the case of Isolate F and 26.81mU/ml
for Isolate A and B, this is due to the consumption
of all nutrients in the medium and subsequent deg-
radation of dextran to oligosaccharides and then to
disaccharides reached to small glucose units.

In addition, the bacterial cell multiplication and in-
vestments of the nutritional factors found in the fer-
mentation medium.

The enzymatic activity is stable at a temperature as
high as 50°C. This stability might be due to the in-
duction by the thermophilic spore-forming bacteria
Bacillus. Sp. (32). Dextranases produced from fungi
have higher activities in temperature ranges from 50
to 60°C compared with dextranases made from bac-
teria that are around 40°C (33).

However, in our study, the bacterial dextranase ac-
tivity was shown to be stable at a higher temperature
of 50°C.

The maximum activity of Ps. stutzeri was detected
at pH 7 but at pH 5 in the case of B. velezensi; this
may be due to the difference in the stability of each
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enzyme versus the pH values. It was reported that
dextranases with high pH values might be suitable
for dental caries treatment because the enamel toler-
ates it more than other acidic products (19).

The enzyme activity was observed with an increase
in inoculum volume from 5 to 10% (v/v), which led
to an elevation in CFU and multiplication, increasing
the release of enzymes into the production medium.
Using glucose as a carbon source was more effective
than dextran, as glucose is a simple and available car-
bon source, which does not need more effort exerted
by microorganisms to be degraded or lysed. On the
contrary, the complex polysaccharide dextran leads
to an increase in the specificity of microbial sub-
strates to glucose, besides the excess amount of glu-
cose that cannot be utilized by microorganisms and
accumulated in the fermentation medium. The resid-
ual glucose can then be reacted with DNS reagent
and increased absorbance readings. Therefore, dex-
tran was used as the primary substrate in this study.
The gradual increase in the reaction time between
CFE and the substrate had a good result in enzymatic
activity, which may be due to the long exposure of a
substrate to the enzymatic binding site, with gradual
activity on substrate utilization and degradation.

The weak dextranase activity in some isolates
might be due to the release of oligosaccharides or
non-reducing sugars after dextran degradation,
which cannot be detected by the DNS method that
is less sensitive to oligo and di-saccharides than mo-
no-saccharides (34).

The concentration of the cell-free extract was de-
termined to reach the maximum activity of the crude
enzymes and was achieved under the enzyme sta-
bility. To accurately measure dextranase activity,
the assessment indicated that the prolonged time of
enzyme exposure to the substrate at a constant tem-
perature of 37°C led to increased enzymatic activity
and substrate degradation.

However, in our study, the time of incubation, if
exceeded after 48 h, may lead to degradation of the
enzyme leading to loss of activity.

According to our study, B. velezensis and Ps. stu-
tzeri were the highest enzyme producers with good
stability, even significantly higher than the reference
strain Lactobacillus reuteri (Fig. 6 and Table 5).

Indeed, the inhibition percentages reached 43% and
55% for the CFEs of isolates A and B, respectively
and reached 60% and 80% after concentrating on the
CFEs of the same isolates.
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This study proposes that the CFE of isolates A and
B contains dextranase and mutanase enzymes that
can alter biofilm formation and polysaccharide accu-
mulation, perhaps due to a-1,6 and a-1,3 glycosidic
linkages -1,6 and -1,3 included in water-soluble glu-
can (WSG) and water insoluble glucan (WIG), since
the biofilm of oral Streptococcus biofilm is made of
a-(1,3)-glucan and a-(1,6)-glucan (Mutan and Dex-
tran) that can be cleaved by mutanase and dextranase
(19, 35). Mutanase enzyme was reported for biofilm
inhibition produced from Pseudomonas and Bacillus
spp. (36).

The CFE of S. mutans showed good activity reach-
ing 85.69%, probably producing both glucosyltrans-
ferases, dextranase, and mutanase enzymes, which
play at least two essential roles in the dental plaque
ecology. They provide the plaque with nutrients by
hydrolyzing glucans as latent storage of polysac-
charides and modifying the molecular structure of
glucans to be stronger, more fixed and adhesive on
teeth surfaces. Therefore, dextranase, in this case, is
considered an important virulence factor for S. mu-
tans (31).

Besides, using dextranase cell-free supernatants
rather than the whole microorganism or chemicals in
the biofilm inhibition lowers the risks of spreading
pathogens in the oral cavity and alters the microbial
diversity in the application area without side effects.

CONCLUSION

This study determines that microbial sugar cane
and related products had implications on the inhibi-
tion that plays a role in the formation of dental caries.
CFE of isolate A (B. velezensis) and isolate B (Ps.
stutzeri) are potential microorganisms for applica-
tions in dental plaque removal. This investigation
aimed to assess the efficacy of crude enzymes on S.
mutans biofilm. Consequently, oral hygiene products
can involve dextranase enzymes produced from such
species. Further experiments can be done to the cur-
rent study and other possible effects on human health
to develop a simple alternative therapy for caries.
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