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Abstract

Twenty species were isolated from wounds’ swabs. The most common bacterial
species were Pseudomonas aeruginosa (8), Staphylococcus aureus (5), Escherichia
coli (5) and S. epidermidis (2). These isolates underwent tests for biofilm formation
and susceptibility to ten different antibiotic discs. Most isolates exhibited resistance
to amikacin, aztreonam, and carbenicillin. However, they showed some sensitivity to
ciprofloxacin, norfloxacin and imipenem. This study found out that all isolates were
different in biofilm formation (weak, moderate, strong), except two isolates of E.
coli. The determination of B-glucan effects produced by S. cerevisiae against multi-
antibiotic resistant wound infection bacteria, were conducted through the Minimum
Inhibitory Concentration (MIC). The antibacterial activity of p-glucan against
wound infection causative bacteria was evaluated using the (MIC) ranging from 6.25
to 400 mg/mL. The antibiofilm effects of purified B-glucan (at sub-MIC)
demonstrated highest inhibition percentage (92%) for biofilm formation after 72 h
against multidrug-resistant (MDR) P. aeruginosa (), while P. aeruginosa (s had the
lowest (32%). B-glucan activity on biofilm degradation was detected in all isolates.
The highest percentage of biofilm degradation was 90% for MDR P. aeruginosa ().

Keywords: Wounds infections, Pseudomonas aeruginosa, B-glucan, Antibacterial,
Antibiofilm.

Saccharomyces cerevisiae ya (s Aial) HSglSlinll gguald) ¢ Laally LSl i Adlad
gl cllal Ayl L )

*olaba Ul 2o glgma 5 B Cpual) ve s lle
éb:d\ PRIRES c:\_:‘)m.ﬁmAn daalall ceju\ Al bl ?_9}9 ?‘“5

oAl
s dpead) 5 e )3l Clamill Ciall oda Caad) L g al) Glaiie e LS Ale 20 Cran
G s Ve 8 il Ljamall asll Vitek2 ala Jletul e Slab s ges)
Staphylococcus aureusS 5 Escherichia coli [\ <Ny 5 5 Pseudomonas aeruginosa
S. epidermidis ;. <Nk 2
Coyelal L ganll elial) (eS8 e Lgas ¢ gl claliadll (e sydal 3Rl 038 dpulua las)
s ilS Cua ¢ deadiinaall Ayl laliaall 455l daslie Luhall 03] Ciaad Al EWR)) paes

*Email: alyaaabdulhussein.ph.d.mic.2020@uomustansiriyah.edu.ig
2397



mailto:alyaaabdulhussein.ph.d.mic.2020@uomustansiriyah.edu.iq

Khadam and Salman Iragi Journal of Science, 2024, Vol. 65, No. 5, pp: 2397-2409

ENTIVENNLE 5P J EVEN el s & « carbencillincamikacin, aztreonam I dalaa Yl
ol e Liall & e 50l cYhall aiea <SUil L ciprofloxacin, norfloxacin, imipenem]
La S. Cerevisiasua (e gl 8K Uil 44llad yaas 5 . Escherichia coll (e oilie el
MIC 5s¥) Lafial) 350 apaas DIA e bl Zaslial 520l g pall lila¥ el Lyl
el e farle 400-6,25 0w 7ol 8 A QIS Gl SY) Tafall S5 G il e el
3o Aganl) BaZe V) (Sl Tl A o) il planal (gl oLial oS o Unia i ital
(MDR) P. aeruginosa ;) sl claliaall dalaal) a0aiall 4plasyll A6H %92 cualy Aol 72
il 4 G Ll o eds WS <P, aeruginosa (s y dplassll Al (7 32) Lyt s J Laiyy
AN LSS 790 sl elaall Jlas dus el culSy ¢ cVad) sl gpall elial) Jlas e

MDR P. aeruginosa 1y iylail

1. Introduction

Yeast glucans are polysaccharides that form structurally distinct D-glucose polymers and
are classified as o -D-glucans, p -D-glucans, and o, B-D-glucans, based on the anomeric
structure of glucose [1]. B -D-glucan biopolymer can be found in the cell walls of yeast, fungi,
bacteria, algae and plants. The cell wall of yeast S. cerevisiae is one of the most glucan
organisms producing and is composed of B-glucan about 55-65% of the yeast, (1-3)-B-D-
glucan backbone gives the cell walls strength and links to the chitin, mannoprotein and (1-6)-
B-D-glucan side chains [2]. Due to its role as an immuno-stimulator, yeast -glucan has been
found to be advantageous for the immune systems of both humans and animals [3]. (1-3)--
glucan has the capacity to modify body's natural healing processes by promoting epithelial
hyperplasia, inflammatory cell activity, angiogenesis and fibroblast proliferation [4].
Pseudomonas_aeruginosa and S. aureus are the two bacterial species that cause wound
infections most frequently. Gram-positive bacteria, especially S. aureus, seem to colonize
most frequently during the first week of an infection, in particular [5]. Gram-negative
bacteria, such as P. aeruginosa, began to colonize the wound at the start of the second week,
and if they get into the lymphatic system or blood vessels, they can even cause sepsis [6].

Over the past ten years, the relationship between chronic wounds and the formation of
microbial biofilms has been studied [7]. Microbial biofilms are collections of bacterial
populations that are encased in an extracellular matrix made of exopolysaccharides (EPS),
nucleic acid and proteins produced by themselves [8]. Biofilms allow bacteria to attach to
various inanimate and in vivo environments and protect from stress environmental conditions,
noxious agents and antibiotics biofilm formation which may lead to chronic local
inflammation, infection delaying wound healing [9]. Common bacteria that form biofilms
include P. aeruginosa, S. aureus, S. epidermidis, and E. coli is an essential factor in the
persistence of infections [10]. P. aeruginosa is a nosocomial bacterium that causes wound
injuries [11]. Alginate, Pel and Psl, as well as proteins and extracellular DNA, make up the P.
aeruginosa biofilm matrix [12]. In P. aeruginosa, biofilm is a significant element that confers
resistance to environmental stressors, phagocytic defenses, antimicrobial drugs and
xenobiotics [13], and because of this bacterium's rising intrinsic resistance to many
antibiotics, treatment of its infections is limited. [14]. Polysaccharide intercellular adhesion
(PIA) which is the biofilm matrix of S. aureus, and S. epidermidis, works on adhesion and
architectural framework [15]. S. epidermidis is the most typical opportunistic biofilm forming
and the most frequent cause of implant-associated infections. Some strains of S. epidermidis
may be involved in the pathogenesis of common skin illnesses [16]. The E. coli biofilm is
made up of a bacterial colony encased in an extracellular polymeric substance (EPS) matrix
that shields the microorganisms from harmful environmental factors and causes infection.
Additionally, infectivity associated with indwelling medical devices is caused by E. coli
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biofilm [17]. Song et al. [18] exhibited that B-glucan acts as an antibacterial agent by
damaging the cell integrity of S. aureus and changing the cell permeability. Therefore, the
purpose of this study was to determine the ability of B-glucan purified from S. cerevisiae to
inhibit the growth and biofilm of wound infection causative bacteria.

2. Materials and Methods
2.1 Saccharomyces Cerevisiae

Commercial Baker’s yeast was collected from the commercial market and was activated
and re-identified using cultural, microscopical, biochemical, and Vitek 2 systems [19].

2.2 Wounds Infections Causative Bacteria

Twenty isolates were collected from different hospitals in Baghdad. Wound swabs were
obtained from patients of various ages with specific clinical signs of skin infections. All
isolates were examined using cultural, microscopic and biochemical tests, as well as the Vitek
2 technique.

2.2 Antibiotic Susceptibility Test

The Kirby-Bauer disc diffusion method was used to conduct the antibiotic susceptibility
test for 10 antibiotic discs, comprising imipenem, tetracycline, doxycycline, ceftriaxone,
ceftazidime, gentamicin, amikacin, cefepime, tobramycin and aztreonam (Mastdiscs (UK)

2.3 Biofilm Formation

Microtiter plate technique was used to test the biofilm-forming capabilities of bacterial
isolates from wounds, as reported by [20]. According to the absorbance values, the biofilm
formation of each isolate was classified into the following [21]: OD < ODc (None), ODc¢ <
OD <2 ODc (Weak), 20Dc < OD <4 ODc (Moderate), 40Dc < OD (High).

2.4 p-glucan Extraction from S. cerevisiae by Autolysis of Yeast Cell

S. cerevisiae suspension was made and incubated for 48 hours at 30°C with 200 rpm
shaking. A 15% w/v suspension was mixed with distilled water with a pH of 5.0 and was then
incubated at 50°C for 48 hours at 120 rpm in a shaker incubator. Yeast cells were then
recovered by centrifugation at 4°C for 10 min. Later they were placed in a water bath and
heated to 80°C for 15 minutes. The obtained yeast cells were centrifuged at 5,000 rpm for 10
minutes at 4°C. After being treated with 5-fold 1.0 M NaOH, the autolyzed yeast cells were
incubated in a stirrer at 80°C for two hours. Centrifugation at 6000 g for 25 minutes at 4°C
collected the cell pellet which was then dissolved in three times distilled water. Cells were
thoroughly mixed before being centrifuged at 6000 g for 25 min at 4°C. The cell pellet was
then dissolved in 5-fold 1.0 CH3COOH and stirred at 80°C for two hours. The separation of
the pellet was performed by centrifugation at 6000 g for 25 min at 4°C. The resulting pellet
was dried in a hot air oven at 60°C after being washed three times with distilled water [22].

2.5 Purification of f-glucan

This process was carried out in accordance with the procedure described by [23], with
minor modifications. The crude glucan was dissolved in 0.3% distilled water and heated for
one hour at 90°C to ensure that whole substance had dissolved. After the ammonium sulfate
had completely dissolved, the crude glucan was precipitated using ammonium sulfate at a
saturation rate of 30% by stirring and then placed it in the refrigerator for 24 hours.
Centrifugation was performed, and the precipitate was taken and re-dissolved in water and re-
heated to the boiling point for an hour, then cooled down and precipitated using cold acetone
and placed in the refrigerator for 24 hours, followed by centrifugation. The precipitate was re-
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dissolved with a quantity of water, followed by dialysis (MWCO 6,000-7000 Da) with
distilled water for 24 h, and then the content was taken and the pH 7.5 was adjusted. The
glucan content was lyophilized for 96 hours.

2.6 Antibacterial Activity of Purified B-glucan against Wounds Infections Causative Bacteria

Antibacterial activity of B-glucan purified from S. cerevisiae against E. coli, P. aeruginosa,
S. aureus, S. epidermidis was tested by the flat-bottomed 96-well microdilution technique
microplate titer based on minimum inhibitory concentration (MIC) values. The experiment
was carried out in accordance with the guidelines provided by [24]. A stock solution of
purified B-glucan was diluted to 400 to 0.78 mg/ml concentration. Briefly, 100 ul of sterile
Muller Hinton broth medium was added to the microplate first column and then 100 ul of the
B-glucan solution was added and mixed in the first column with the medium. Serially, 100 ul
were transferred to subsequent wells and 100 pl of the mixture was discarded in the last
column resulting in a final volume of 200 ul for each well. Control well contained Muller
Hinton Broth only, without B-glucan. The standardized wound infections causative bacteria
suspension was then diluted by 1:100 in the broth and 50 ul of the bacterial suspension was
added to all wells containing B-glucan and to the control well. Microplates were incubated for
24 h at 37°C. All wells were added 30 ul of resazurin dye (0.015%) which was then
incubated for 2-4 hours to observe any color changes. After the incubation, column with no
resazurin (blue) color change was scored as MIC value.

2.7 Antibiofilm Effects for Purified p-glucan

B-glucan effects on biofilm formation of wounds causative bacteria were tested in
microtiter plate according to the procedure described by [25]. All isolates were grown on 96
flat-bottom well microtiter plates for 24, 48 and 72 hours at 37°C in the presence and absence
of glucan at the sub-MIC concentration. Twenty pl of bacterial suspension compared to 0.5
MacFarland, was added in to each well which contained 80ul sterilized Brain Heart Infusion
Broth with 2% sucrose and then mixed with 100 ul of B-glucan, while control contained only
180ul and 20ul of bacterial suspension. After incubation, the medium was removed from
the wells and washed three times with sterile PBS to remove the unattached bacteria
cells and was then left to dry for 15 min at room temperature. Next the wells were
filled with 200 pl of crystal violet (0.1%) and were left for 20 minutes. The stained
wells were rinsed three times with PBS (PH 7.2) to remove unbound dye and were then left to
dry at room temperature for 15 minutes. Finally, 200 pl of 95% ethanol was added to
each well and the optical density was read at 630 nm by ELISA reader. The inhibition
of biofilm formation percentage was calculated according to equation described by [21].

oD trol—-0D treat t .
control=ODb treatment « 100  Equation 1

% Inhibition of biofilm formation = oD control

2.8 Degradation of Biofilm by Purified f-glucan

The degradation of biofilm by purified p-glucan was tested in a microtiter plate using an
appropriate medium, brain heart infusion supplemented by 2% sucrose depending on the
procedure mentioned by [26]. The plate was inoculated with wounds causative bacteria
suspension compared to 0.5 MacFarland. The final volume of liquid in each well was 200 pl
which contained 180 pl of sterilized Brain Heart Infusion broth with 2% sucrose and 20 pl of
bacteria suspension. After incubation at 72 h, the broth was removed and 200 pl of B-glucan
at MIC concentration was added. Whereas the control contained only 200 pl Brain Heart
Infusion broth. After 24h incubation, the 3-glucan was removed from the wells and washed 3
times with sterile PBS and was then left to dry for 15 min at room temperature. The wells
were later filled with 200 pl of crystal violet (0.1%) and left aside for 20 minutes. The stained
wells were rinsed 3 times with PBS (PH 7.2) to remove unattached stain and were then left to
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dry at room temperature for 15 min. Finally, 200 ul of 95% ethanol was added to each well
and the optical density was read at 630 nm by ELISA reader. The degradation of biofilm
formation percentage was calculated according to the following equation:

0D control-0D treatment

Degradation of biofilm % = x 100 Equation 2

0D control

3. Results and Discussion
3.1 Collection and Identification of Isolates

Twenty isolates included (8) isolates of P. aeruginosa, (5) S. aureus, (2) S. epidermidis
and (5) E. coli which were initially diagnosed in hospitals before wounds sources were
collected. To ensure this diagnosis, the bacterial isolates were re-identified using cultural
characteristic, biochemical tests and Vitek 2 system.

3.1.1 Cultural Examination

On blood agar, the colonies of Pseudomonas spp. isolates produced a clear zone due to
hemolysis production and gave grape-like or tortilla-like odor. On MacConkey agar and
Pseudomonas ceteramid agar, the growing colonies appeared as pale yellow (non-fermenter
lactose) smooth and in round colonies with green pigment production that diffused in agar.
Staphylococcus spp. Diagnostics as mentioned earlier, S. aureus colonies looked golden
yellow around with a wide yellow margin, spherical, smooth, elevated and mucoid on
mannitol salt agar which is a selective and differentiating media. By fermenting mannitol and
creating acids, the indicator phenol red turned from pink to yellow, giving the yellow color
[27]. S. epidermidis isolates appearance cleared hemolysis around their colonies in blood
agar, on mannitol salt agar colonies appeared colorless, round, smooth, raised because they do
not ferment mannitol. The colonies of Escherichia spp. on MacConkey agar appeared as
large, pink colonies on an agar (lactose fermenter). The colonies of E. coli on Eosin-
methylene blue agar appeared as metallic sheen with a dark center indicating lactose
fermentation and this agrees with what was reported by Tom et al. [28].

3.1.2 Biochemical Test

During biochemical testing on bacterial isolates, P. aeruginosa showed positive results for
the oxidase and catalase tests. Whereas S. aureus showed negative results for the oxidase and
positive results for the catalase tests. This result agrees with that of Al-Nagshbandi et al. [29].

3.1.3 Identification Using Vitek-2 System

Vitek-2GN, GP card results were used as the basis for the final isolate identification.
According to the results above, gram-negative bacteria (65%) were found to be more
prevalent than gram-positive bacteria (35%). P. aeruginosa (40%) and E. coli (25%) were the
most common gram-negative microbes, whereas S. aureus was the most common gram-
positive bacterium in 25% of cases followed by S. epidermidis (10%) (Table 1).

Table 1: percentage of pathogenic bacteria isolated from wounds.

Isolation P. aeruginosa E. coli S. aureus S. epidermidis
Source No. of isolates% No. of isolates% No. of isolates% No. of isolates%
Wounds 8(40%) 5(25%) 5(25%) 2(12%)
Total 20 20 20 20
ig‘\fglﬂaer)e 4.061 * (0.0477).
* (P<0.05).
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Wounds are a sensitive area for the opportunistic colonization of organisms from both
endogenous and exogenous origin. These results agree with Puca et al. [27] who revealed in
their research that the most common wound swabs were P. aeruginosa (40.2%), E. coli
(20.7%) and S. aureus 36.6%. Whereas Sisay et al. [30] showed that in the bacterial isolates
from wounds, S. aureus was 36%. Jindal et al. [31] revealed in their research the most
prevalent bacteria in wounds swab were E. coli followed by P. aeruginosa. S. aureus and S.
epidermidis. Zhu et al. [32] demonstrated that the most predominant species found in wounds
MDR E. coli were 20.7% resistant to azatreonam, ceftazidime and ciprofloxacin. Whereas, S.
aureus were 28.7% resistant to carbenicillin, cefotaxime and amikacin. The mechanism of
azatreonam and carbenicillin inhibits synthesis of the bacterial cell wall, while ceftazidime
impact is mediated through binding to essential penicillin-binding proteins. Ciprofloxacin
inhibits DNA replication, amikacin binds to the 30 S bacterial ribosome subunit, resulting in
inhibition of protein synthesis.

3.2 Antibiotic Susceptibility Test

The disc diffusion test used for antibiotic susceptibility test was carried out on all isolates
of P. aeruginosa, E. coli, S. epidermidis and S. aureus. The results were interpreted in
accordance with the Clinical and Laboratory Standards Institute (CLSI). All of the bacterial
isolates in this investigation showed varying resistance to the ten antibiotics (ceftazidime,
cefotaxime, aztreonam, carbenicillin, amikacin, tetracycline oxytetracycline, imipenem,
ciprofloxacin, and norfloxacin) that were put to the test. All P. aeruginosa isolates were
resistant to carbenicillin, although their sensitivity to other antibiotics in various dosages
varied. The 7(8) P. aeruginosa isolates from 8 were found to be resistant to tetracycline and
ciprofloxacin. Whereas the 5(8) P. aeruginosa isolates were found to be resistant to
azatreonam and ceftazidime. The findings revealed that all E. coli isolates were resistant to
aztreonam, although sensitivity to other antibiotics in varying concentrations varied.

On the other hand, gram positive bacteria S. aureus isolates showed resistance to amikacin,
aztreonam, and carbenicillin. Whereas S. epidermidis was resistant to carbenicillin and its
sensitivity to other antibiotics varied depending on the quantities used (Table 2).

Antimicrobial resistance (AMR) is defined as the resistance of microorganisms to an
antimicrobial agent to which they were initially sensitive. This resistance may be generated
and transmitted in many different ways, making clinical management of infections a real
challenge, especially in patients with comorbidity. The World Health Organization (WHO)
has considered antimicrobial resistance as one of the top ten threats to global health because
of MDR bacteria presence in the wound [33]. In this study, results showed that all isolates
were multi-resistant to antibiotics with the highest percentage of 72% for P. aeruginosa,
followed S. aureus, E. coli, S. epidermidis 60, 58, 55% respectively. This made the onset of
multi-drug resistant strains, about 50% of infections associated with E. coli, S. aureus, and P.
aeruginosa showed resistance against the most effective antimicrobials such as third-
generation cephalosporin [34]. These results agreed with study by Zhu et al. [32] who found
out that MDR S. aureus and E. coli were found to be resistant against oxytetracycline. Alharbi
et al. [35] reported that the E. coli isolates from wound infections were resistant to
ciprofloxacin, piperacillin and tetracycline. According to the results by Zainulabdeen et al.
[36], P. aeruginosa isolates were found to be resistant to tetracycline, imipenem, and
doxycycline but more sensitive to amikacin, tobramycin and aztreonam.

Skin and soft tissue infections (SSTIs) caused by S. aureus can range in severity from
benign to lethal right away. Omololu [37] demonstrated that all isolates were sensitive to
ciprofloxacin. However, these findings disagree with the finding of the current study that S.
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aureus showed partial resistance (50%) towards of ciprofloxacin. Alabi et al. conducted yet
another investigation [38] Where he found that S. aureus and S. epidermidis had ciprofloxacin
resistance, whereas S. epidermidis had cefotaxime resistance [31].

Table 2: Antibiotic susceptibility test for pathogenic bacteria isolated from wound infections.
Bacterial Isolatkss CAZ CIP T AM ATM CTX PY OT NOR IMP
P. aeruginosa,

S. epidermidis

S S R R R R R R R R

P. aeruginosa,, S R R R R R R R R R
P. aeruginosags R R R S R R R R S S
P. aeruginosay R R S S S S R S S R
P. aeruginosas R R R R S S R R S R
P. aeruginosag R R R R R S R R R R
P. aeruginosa, R R R S R R R R R S
P. aeruginosag, S S R R S R R S S R
E. colig S R R R S R S R S S

E. coligy R R R R R S R S R R

E. coli, R R S S S R R R S R

E. coligy R R S S R S S R S R

E. colis) S R S R S S R R R S

S. aureus, R R S S R S S R S R
S. aureus R S R R R S R S S R
S. aureusg, S R S R R S R R R S
S. aureus s S S R R S R R S S S
S. aureus, S R R R R R R R R R
R S S S R S R R R S

S R R R S R R S S R

S. epidermidis

AM: Amikacin, ATM: Aztreonam, CTX: Cefotaxime, CIP: Ciprofloxacin, PY: Carbenicillin,
CAZ: Ceftazidime, T: Tetracycline, OT: Oxytetracycline, NOR: Norfloxacin, IMP:
Imipenem, R: resistance, S: sensitivity.

3.3 Biofilm Formation

Results showed that 18 isolates from 20 isolates of wound infections causative bacteria,
had ability to form biofilm. However, 2 isolates of E. coli had no ability to form biofilm
(Table 3). Biofilm formation is one of the common strategies in order to survive in harsh
environmental conditions. Bacteria frequently form biofilms on a variety of biotic surfaces,
including those found in water systems and in natural aquatic habitats [14].

Biofilms, intricate structures made up of a significant bacterial population interacting with
one another and generating an extracellular matrix that is diverse and protective, are the
primary source of wound infections. Due to this structure's high tolerance for chemical and
physical eradicators as well as biofilm growth within the wound, treatment problems often
arise. Furthermore, a systemic infection that poses a serious risk of death can arise from a
biofilm-based wound infection [39].

Biofilms can be created by a wide variety of microorganisms, whether they are present in
the environment or on living hosts. The strategies available to control biofilm formation
include focusing on the enzymes and proteins specific to the microorganism, as well as those
involved in the adhesion pathways leading to the formation of resistant biofilms. These
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include pathogenic bacteria that can act as a reservoir for persistent infections [40]. Dydak et
al. [41] in their research revealed that all S. aureus isolates, 1 S. epidermidis, 2 E. coli and 4
P. aeruginosa isolates had ability to form biofilm. Murugan et al. [42] observed that S. aureus
and P. aeruginosa isolates were very high biofilm formers. The formation of biofilms by S.
epidermidis was studied using microtiter plate method [43].

Table 3: Detection of biofilm formation of pathogenic bacteria isolated from wound
infections.

Bacterial Isolates Biofilm Formation Bacterial Isolates Biofilm Formation
P. aeruginosa ( P1) Weak E. coli (3) Moderate
P. aeruginosa (P2) Strong E. coli (4) not biofilm formation
P. aeruginosa (P3) Weak E. coli (5) not biofilm formation
P. aeruginosa (P4) Weak S. aureus (S1) Weak
P. aeruginosa (P5) Weak S. aureus (S) Weak
P. aeruginosa (P6) Weak S. aureus (S3) Moderate
P. aeruginosa (P7) Moderate S. aureus (S4) Weak
P. aeruginosa (P8) Moderate S. aureus (S5) Strong

E. coli (1) Strong S. epidermidis (1) Strong

E. coli (2) Week S. epidermidis (2) Strong

3.4 Extraction of f-glucan from S. cerevisiae

Glucan can be produced from baker’s yeast with varying degrees of purity and with great
variation in its physical and chemical properties and its biological activity, depending on the
extraction method used. In this study autolysis method, the most suitable procedure, was
adopted to obtain high concentration glucan extracts from yeast. Crude p-glucan was dried
and weighed as 6gm/L. This study agrees with Al-Rabie [44] that the autolysis method was
good in obtaining high purity glucan extracts.

3.5 Purification of f-glucan

The crude B-glucan was purified by many steps. Ammonium sulphate (30%) was used as
the first step to precipitate B-glucans. It was used in the purification and separation of [-
glucan from other compounds followed by dialysis and treatment with protease enzyme. The
results showed that the dry weight of B-glucan was 2.2 g/L and high purity B-glucan was
obtained compared with the standard glucan. Wang et al. [45] reported that after precipitation
by using ammonium sulphate, he followed the dialysis step that led to reduce other contents in
crude B-glucan by dialysis bag (cut-off 14 kDa). Allaith et al. [46] studied the B-glucan
precipitation by adding cold acetone (96%).

3.6 Antibacterial Activity of Purified B-glucan from S. cerevisiae Against Skin Infection Causative
Bacteria Isolates

The antibacterial activity of purified B-glucan was examined depending on MIC values by
using the resazurin-based assay. The wells which appeared blue color after 24 h and 4 h
incubation with resazurin, showed no growth of bacterial isolates. Whereas all wells appeared
pink or pale pink from the original blue color, thus indicating the growth of bacterial isolates
compared with control (Table 4). MIC of B-glucan at 400 - 0.78 mg /mL concentration was
determined for all of wounds causative bacteria isolates, except two isolates of E. coli that
were not biofilm-forming. The results showed that the MIC for all isolates was between 6.25
— 400 mg/mL. The results also showed that the MIC for P. aeruginosa, E. coli, S. aureus, S.
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epidermidis isolates was 400 mg/ml while that for P. aeruginosag) , P. aeruginosae) and S.
aureuss)was 12.5, 25, 6.25 mg/ml respectively.

Inhibiting the growth of bacteria isolated from wound infections by p-glucan was
conducted by using the resazurin-based assay. B-glucan had antimicrobial activity against
fungi, yeast and multidrug-resistant bacteria with MIC of 0.39 and 0.19 mg/mL in the case of
resistant S. aureus (MRSA) and P. aeruginosa respectively [47]. It was confirmed in another
study that the antibacterial activity of the B-glucan against S. aureus, E. coli and P.
aeruginosa was evaluated by determining its MIC, which was < 60 pg/ml for all isolates [48].
Saravana Kumar et al. [49] proved B-glucan antibacterial activity against S. aureus. A study
by Juyi et al. [18] exhibited that B-glucan acts as antibacterial agent by damaging the cell
integrity of S. aureus and changed the cell permeability. Sivignona et al. [50] demonstrated
that B-glucan extracted from yeast cell walls was shown to inhibit 95% of E. coli.

Table 4: Minimum Inhibitory Concentration (MIC) of B-glucan against bacteria isolated from
wound infections.

_ MIC B-glucan Concentration Bacterial MIC B_—glucan
Bacterial Isolates (Mg/MI) Isolates Concentration (Mg/Ml)
P. aeruginosa, 400 E. colig, 400
P. aeruginosa,y 400 E. coli 400
P. aeruginosas 400 E. colig 400
P. aeruginosa, 12.5 S. aureus 400
P. aeruginosa 400 S. aureusy 400
P. aeruginosag 400 S. aureus, 400
P. aeruginosa 25 S. aureus 400
P. aeruginosag) 100 S. aureus, 6.25
S. epidermidis, 400 S. epidermidis 400

3.7 Inhibition of biofilm formation by Purified f-glucan

In this study, B-glucan was demonstrated to have preventative biofilm formation of all
wounds causative bacteria. The biofilm formation reduced in all of the isolates, except two
isolates of E. coli that were not biofilm-forming at different incubation times of 24, 48, 72
hours compared to the control. The highest inhibition percentage for biofilm formation after
72h was 92, 86 and 82% for MDR P. aeruginosa (», S. aureus (; and S. epidermidis
respectively. While low inhibition percentage of 32% was recorded for P. aeruginosa (s, And
after 48h the highest percentage recorded was 89, 80 and 79% for MDR P. aeruginosa), S.
aureusy, S. epidermidis) respectively. Low inhibition percentage (26 & 28%) was recorded
for P. aeruginosa (s (Table 5). Various methods and developments have recently been used to
identify antibiofilm drugs and their mechanisms of biofilm suppression, such as adhesion
inhibitors, quorum sensing inhibitors, cyclic diguanylate inhibitors and polymer surface
modification [40]. Other effective combating strategies with potential anti-biofilm agents,
including plant extracts, peptides, enzymes, lantibiotics, biosurfactants, metal nanoparticles,
and polysaccharides such as polymer B-glucan has antibiofilm activity against gram-positive
and -negative bacteria at 100 pg/ml [50]. Iswarya et al. [51] proved that B-glucan prevented
the biofilm inhibition of gram-positive and -negative bacteria at 25 pg/ml concentration.
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Table 5: Purified B-glucan effect of inhibition of biofilm formation at 24, 48 and 72h
Biofilm Inhibition %

Bacterial Isolates

24h 48h 72h

P. aeruginosa, 63 71 78
P. aeruginosa,y 87 89 92
P. aeruginosas 61 83 88
P. aeruginosa 50 64 77
P. aeruginosa 19 28 30
P. aeruginosag 50 51 54
P. aeruginosa,; 61 80 86
P. aeruginosag, 18 26 32
E. colig, 63 67 71

E. colipy 53 59 62

E. coli 50 55 61

S. aureus, 44 68 71
S. aureus 66 80 86
S. aureusg, 24 26 30
S. aureusy, 63 71 74
S. aureusg, 66 69 72
S. epidermidis, 65 75 78
S. epidermidis ) 75 79 82

3.8 Degradation of Biofilm by Purified s-glucan

Degradation of biofilm for P. aeruginosa, E. coli, S. epidermidis and S. aureus by purified
B-glucan was also investigated in this study And the results showed that B-glucan had the
degradation effects on biofilm of isolates. The highest degradation percentage for biofilm was
90, 85, 80 and 74% for MDR P. aeruginosaqy, S. epidermidis), E.colig), S. aureusu
respectively. Whereas, low degradation percentage (41%) was recorded for S. aureus (Table
6) . This result agrees with the study by Divya et al. [50] who exhibited that B-glucan caused
100% of the disintegration of the biofilm. Vincenzo et al. [52] showed that the crude B-glucan
has the ability to biofilm degradation at 400 mg/ ml concentration and biofilm inhibition
percentage of 59 & 54% for S. aureus, P. aeruginosa respectively.

Table 6: Degradation of biofilm by purified B-glucan.

Bacterial Isolates  Degradation of Biofilm % Bacterial Isolates Degradation of Biofilm %
P. aeruginosa, 90 E. coli, 73
P. aeruginosa 80 E. coliy 80
P. aeruginosag, 81 E. colig 50
P. aeruginosa, 55 S. aureus, 48
P. aeruginosas, 46 S. aureus 65
P. aeruginosae, 63 S. aureus, 41
P. aeruginosa, 70 S. aureus, 74
P .aeruginosag, 61 S. aureus 66
S. epidermidis, 66 S. epidermidisy 85
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4. Conclusion

It can be concluded that the purified B-glucan from S. cerevisiae had an inhibitory effect
on growth of wounds infections causative bacteria and decreased biofilm formation and could
also degrade biofilm of these isolates.
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