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This study mines the promising biomedical and antimicro-
bial potential of a marine bacterium, a prolific EPS pro-
ducer, isolated from the Red Sea. Pseudomonas sp. strain
AHG22 generated an EPS weighing 6.98 g-L.”, coded EPSFS,
subjected to FT-IR and HPLC chemical analysis. EPSF8
was then investigated for antioxidant assessment by 2,2-
diphenyl-1-picrylhydrazyl (DPPH), H,0,, ABTS ™, nitric oxide,
total antioxidant capacity (TAC), and ferric reducing antiox-
idant power (FRAP). EPSF8 had an ICs, of 46.99 ygmL™" in
the DPPH antioxidant assay and antioxidant capacities of
219.45 ygmg ™" ascorbic acid equivalent (AAE) in the TAC
assay and 54.15 ug'mg ' AAE in the FRAP assay. The in vitro
anti-inflammatory effect of EPSF8 was tested against 5-lipox-
ygenase (5-LOX) and cyclooxygenase-2 (COX-2) enzymes and
compared with the drugs ibuprofen and celecoxib used as
controls. The ICsy values of 5-LOX, COX-2, ibuprofen, and
celecoxib were found to be 14.82, 15.49, 1.5, and 0.28 pg-mL’l,
respectively. Additionally, EPSF8 revealed antidiabetic activity
toward a-amylase and a-glucosidase, and the ICs, values were
93.1 and 127.28 ugmL™, compared to those of acarbose (50.93
and 4.13 pg'mL ", respectively). Anti-obesity activity of EPSF8
by lipase inhibition revealed ICs, = 56.12 ug'mL ™" compared to
orlistat (ICs, = 20.08 ugmL™) as a control. EPSF8 displayed
antibiofilm and bactericidal activity against Gram-positive
(G +ve) and Gram-negative (G -ve) ATCC pathogenic bacterial
strains. It had a minimum bactericidal concentration/
minimum inhibitory concentration ratio <2, indicating a
broad bactericidal spectrum. Furthermore, EPSF8 is evi-
denced to have a promising anti-butyrylcholinesterase
activity for the control of Alzheimer’s disease. The find-
ings of the present analysis suggest that the isolated
Pseudomonas sp. strain AHG22 EPS can potentially be
explored as a promising green therapeutic compound.

Keywords: antioxidant, anti-inflammatory, antidiabetic, anti-
obesity, antibiofilm, anti-Alzheimer
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1 Introduction

In recent years, there has been growing scholarly interest
in meticulously examining and discerning microorganisms
and their exopolysaccharides (EPSs) as plausible and invalu-
able biomedical products [1]. Utilizing microbial EPSs in the
pharmaceutical sector presents a promising avenue for
exploration, offering a viable alternative to chemical anti-
oxidants. This alternative is particularly appealing due to
the adverse long-term effects and safety concerns associated
with conventional chemical antioxidants [2].

Several studies have demonstrated the ability of spe-
cific polysaccharides to enhance cellular defense mechan-
isms while concurrently mitigating the deleterious effects
induced by reactive oxygen species (ROS) [3]. These poly-
saccharides have been found to impede the accumulation
of free radicals, thereby preventing lipid peroxidation [4].
Expanded polysaccharides (EPSs) are strategically utilized
as efficacious radical scavengers to safeguard the body from
the deleterious effects of free radicals, which have been
implicated in the etiology of diverse chronic health condi-
tions [5]. Presently, there are recent reports of the antiox-
idant capacities of EPS, including those of marine origin,
Bactllus subtilis [6], Bacillus cereus [7], Kocuria sp. [8] and
Bacillus velezensis [9] and Bacillus licheniformis [10].

Marine microorganisms have also been reported to
generate immunomodulatory extracellular polysacchar-
ides (EPSs). These EPSs have been shown to influence the
immune response in various ways [11]. For instance, an EPS
known as EPS2E1 was isolated from the marine bacterium
Halomonas sp. and showed intense immune-enhancing action
by primarily stimulating the mitogen-activated protein kinase
and nuclear factor kappa-light-chain-enhancer of activated B
cells (NFxB) pathways [12]. Sphingobactan, an alpha-mannan
EPS extracted from Arctic Sphingobacterium sp., considerably
dwindled the amount of nitric oxide (NO) produced by LPS-
activated macrophages [13]. Chatterjee et al hypothesized
that sphingobactan might activate macrophages’ in vitro
anti-inflammatory activities.

The significance of EPS in tackling infectious diseases has
been recently investigated. Extensive reports have demonstrated
that marine microbial EPS possesses remarkable immune-mod-
ulating and antiviral properties, exhibiting promising potential
in inhibiting specific strains of influenza viruses and bacteria. A
marine polysaccharide was explored by Abdalla et al to have
strong antibacterial properties and effectively inhibit uro-
pathogenic Escherichia coli (UPEC) [14,15]. This could be an
alternative, antibiotic-free treatment for urinary tract infec-
tions [16]. Similarly, Wu et al. found that an EPS (EPS273)
synthesized P. stutzeri 273 had an anti-biofilm effect and
could inhibit Pseudomonas aeruginosa [17].
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Carbohydrate metabolism involves two primary glyco-
sidases: a-glucosidase and a-amylase. The inhibitors of
these enzymes are used in the treatment of, notably, type
2 diabetes and obesity [18,19]. Microbes generate desirable
glycosidase-inhibiting compounds. These compounds have
immense potential as pharmaceuticals and dietary supple-
ments. Actinoplanes sp.’s acarbose, an inhibitor of glucosi-
dase, is highly effective in treating type 2 diabetes [20]. This
marketed medication class, though adequate for treating
type 2 diabetes, has significant limitations as a medication.
It can cause side effects like abdominal discomfort, diar-
rhea, and flatulence and has restrictions, including high
costs and low patient compliance. This indicates the demand
for innovative classes of glucosidases derived from micro-
organisms with greater compliance, socioeconomic benefits,
and safety prospects [21].

While microbial EPS has shown promise as an alter-
native to synthetic antioxidants and antibiotics, the biome-
dical potential of Pseudomonas EPS is relatively underex-
plored. We hypothesize that marine Pseudomonas sp. strain
AHG22’s EPS exhibits significant bioactivity supporting phar-
maceutical applications. The present investigation compre-
hensively represents the isolation and identification process
of Pseudomonas sp. strain AHG22 obtained from the Red Sea,
employing morphological, biochemical, and 16S rRNA
techniques. In addition to producing EPS, this study also
examines its chemical composition and analysis. Finally,
it sheds light on the extensive in vitro pharmacological
profiling of the metabolite, including antioxidant, anti-
inflammatory, anti-Alzheimer, metabolic, antimicrobial,
and antibiofilm assays.

2 Materials and methods

2.1 Isolation and sampling of bacteria from
the Red Sea

A 500 mL seawater sample was collected from the western
coastline of the Red Sea, Saudi Arabia, in March 2023. The
sample was gathered from the sea surface using a sterile
container and transported to the lab in an insulated con-
tainer at 4°C. In the lab, serial dilution and marine media
were made by adding the following ingredients: glucose
(20 g), CaCO5 (1.0 g), NH,NO; (0.8 g), KH,PO, (0.05 g), K,HPO,
(0.6 g), MgSO,7H,0 (0.058), MnSO,4H,0 (0.1g), and yeast
extract (0.1g) were mixed in750 mL of seawater to produce
1L [22].
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2.1.1 Selection and identification of bacterial strains

Bacterial strains were selected based on their culture
growth [23] and their maximum (EPSs) synthesis rate. A
16S rRNA sequence was performed for genetic classification,
and phylogenetic analysis was conducted: The forward primer
was 5-TCCGTAGGTGAACTTTGCGG 3, and the reverse primer
was 5-TCCTCCGCTTATTGATATGC-3' [24]. The gained DNA
sequence was compared to the GenBank database at the
NCBI using the BLAST tool. An alignment was then per-
formed to determine how closely the sequence of the isolate
resembled those in the database.

2.2 Production and fractional precipitation
of the EPS

The promising strain F8 was chosen for EPS production
based on culture, physiology, and biochemical character-
istics. The bacterial isolate F8 was cultured in a broth
containing yeast extract (2g-L™"), sucrose (20 g-L™), and
peptone (4 g'L Y. These constituents were put into 750 mL
of seawater and then made up to 1L. After growing, the
bacteria were separated by spinning at 4,000 rpm at 4°C for
30 min. TCA (10%) was incorporated to eliminate protein,
and the mixture was placed at 4°C and left overnight. The
solution was spun again for 20 min at 5,000 rpm, and the
liquid on top was kept separate. The pH of the liquid super-
natant was then adjusted to 7 using NaOH solution. After
that, the supernatant was precipitated with cold C,HsOH
and centrifuged. The residue was re-dissolved, dialyzed for
72h, and fractionally precipitated with four successive
increasing volumes of C,HsOH [25]. Then, the UV absorp-
tion spectra within the wavelength range of 200-800 nm
were analyzed to ascertain the presence of proteins and
nucleic acids [26].

2.3 Characterization of EPS using FT-IR,
colorimetric, and HPLC techniques

FTIR spectra were examined by mixing 2.0 mg of EPS with
200 mg of KBr pellets, and the mixture was subjected to FTIR
spectroscopy using a Bruker Vector 22 Spectrophotometer
[27]. Uronic acid was detected in the sample using the colori-
metric technique elucidated by Filisetti-Cozzi and Carpita, in
which EPS was diluted with 2mL of concentrated H,SO,,
boiled at 100°C for 20 min, cooled, and then 150 mL of
m-hydroxy diphenyl was added, and the absorbance of the
mixture was measured at 520 nm after 60 min [28]. The sul-
fate content was quantified using Garrido’s method, in
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which 5mg of EPS was hydrolyzed with 5 mL of 88% formic
acid at 105°C for 5h. After drying, 10 mg of BaCl, was dis-
solved in a small amount of H,O0, Tween 20 (20 mL) was
supplemented, and the total volume was brought up to
100 mL in a flask. To a 10 mL hydrolysate, 1mL of 0.3N
HCl and 1mL of the BaCl,-Tween 20 reagent were added.
After mixing and standing for 15 min, the optical density was
read at 500 nm [29].

The technique outlined by Randall et al [30] was
applied to explore the monosaccharide composition. EPS
was first hydrolyzed with 2 M CF;COOH at 120°C for
120 min. The resulting solution was subjected to dilution in
CH30H and subsequent vacuum drying. The ensuing residue
was solubilized in H,0 and examined using an Aminex car-
bohydrate HP-87C column (300 x 7.8 mm) with a flow rate of
0.5mLmin?, and H,0 was the eluent.

The UV absorption spectra within the wavelength
range of 200-800 nm were analyzed to detect proteins
and nucleic acids [26].

2.4 Antioxidant evaluation of the EPS
2.4.1 DPPH assay

The antioxidant activity of the EPS was examined at dif-
ferent concentrations (1.9, 3.9, 7.8, 15.6, 31.2, 62.5, 125, 250,
500, and 1,000 ygmL™) using the method outlined by
Brand-Williams et al. [31], where 0.1mM solution of 1,1-
diphenyl-2-picryl hydrazyl (DPPH) in C,HsOH was pre-
pared. Then, 1 mL of this solution was added to 3mL of the
EPS sample in C,HsOH at different concentrations (1.9-1,000
ug-mL™). The mixture was shaken and left at room tempera-
ture for 30 min. Absorbance was detected at 517 nm using a
spectrophotometer (UV-VIS milton roy). The reference stan-
dard used in the experiment was ascorbic acid, and the
testing process was conducted in triplicate:

DPPH scavenging inhibition (%)

= (Ab517 of control Ab517 of sample/ Ab517 of control) x100.

2.4.2 H,0, assay

The ability of the EPS to remove H,0, was assessed,
according to Ruch et al. EPS was prepared at different
concentrations (100, 300, 500, and 1,000 pg~mL‘1) in 0.1M
phosphate buffer (pH = 7.4). EPS solutions were incubated
with 43 mM H,0, in phosphate buffer in the dark at room
temperature. The absorption at 230 nm was measured
during 15-60 min to assess changes over time [32]:
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H,0; scavenging (%)

= (AbZSO of control — Ab230 of sample/AbZBO of control) % 100.

2.4.3 ABTS™ assay

The extracted EPS was assessed at different concentrations
(100-1,000 ug-mL™) following the methodology described
by Miller and Rice-Evans. The ABTS reactive cation scaven-
ging capacity was assessed by quantifying the absorbance
at a wavelength of 734 nm [33]:

ABTS*scavenging activity (%)
= [1 - (Absample/Abcontrol)] x100.

2.4.4 Nitric oxide (NO) assay

NO scavenging was carried out, according to Balakrishnan
et al. [34]. The reaction mixture contained 0.5 mL of PBS
and 2 mL of 10 mM sodium nitroprusside (pH = 7.4). About
0.5mL of 100-1,000 pg'mL ™" EPS was added to the reaction
mixture, which was then shaken and incubated for 2h at
room temperature. A 0.5mL sample of the combination
was mixed with 1 mL of 0.33% sulfanilic acid in a separate
test tube and kept at 37°C for 5min. Then, 1mL of 0.1%
naphthalene diamine chloride was added and incubated
at room temperature for 30 min. The absorbance was
recorded at 540 nm [34]:

NO (%) = [100 - (Absample = Abyplank) * 100]/Abcontrol-

2.4.5 Total antioxidant (TAC) assay

EPS evaluation was conducted using spectrophotometric
analysis based on the phosphomolybdenum technique.
About 1mL of 0.5mg-mL™ EPS was mixed with 3 mL of
reagent solution containing 0.6 M H,SO,4, 28 mM NaH,PO,,
and 4 mM ammonium molybdate. A blank was prepared
with only 4 mL of the reagent solution. The samples and
blank were heated at 95°C for 150 min and then cooled to
room temperature [35]. The absorbance at a wavelength of
630 nm was quantified using a microtiter plate reader (Biotek
ELX800, VT, USA). The values were quantified using the
ascorbic acid equivalent (AAE) unit, expressed in pgmg ™ of
EPSF8, as described by Lahmass et al [36].

2.4.6 Ferric reducing antioxidant power (FRAP) assay

To examine the influence of solvent polarity on the total
reducing power of the EPS, the potassium ferricyanide

DE GRUYTER

(K3Fe(CN)g) and trichloroacetic acid (C,HCI;0,) method
was used as described by Benzie and Strain [37] with certain
adjustments and modifications to accommodate the micro-
plate technique, as outlined by Athamena et al [38]. In brief,
40mL of EPS was added to a tube with 50 mL of 0.2M
Na,HPO, buffer, 50 mL of 1% KsFe(CN)g, and 50 mL of 10%
CCl3COOH acid. The mixture was centrifuged at 3,000 rpm
for 10 min. Then, 166.66 mL of the supernatant and 33.3 mL
0f 1% FeCl; were added to wells. The readings were recorded
at 630 nm via a microtiter plate reader (Biotek ELX800;
Biotek, Winooski, VT, USA). DMSO was employed as the
negative control in the experimental setup, while ascorbic
acid at 1mg'mL™" was the positive control. The outcomes
were quantified regarding AAE ug-mg* of the sample.

2.5 Anti-inflammatory evaluation of the ESP
2.5.1 In vitro inhibition of 5-lipoxygenase (5-LOX) activity

LOX solution (1,000 U'mL ", pH = 9) was mixed with varying
concentrations of EPS (0.98-125 ugmL™) for 15 min at room
temperature. After adding linoleic acid, the reaction was
measured by monitoring absorption at 234nm using a
microplate reader (BIOTEK, Winooski, VT, USA) [39] with
ibuprofen as the positive control:

5-LOX Inhibition (%)
= (1 - AbSample 234/AbC0ntrol 234) % 100.

2.5.2 In vitro inhibition of cyclooxygenase (COX-2)
activity

The efficacy of EPS in alleviating inflammation was assessed
through its capacity to inhibit the COX-2 enzyme (0.98-125
ugmL™) compared to the reference standard (0.98-125 ygmL™
Celecoxib) following a methodology outlined by Amessis-
Ouchemoukh et al, which depends on the oxidation of
TMPD by arachidonic acid in the presence of COX-2 enzyme
[40]. The inhibitory activity percentage of the EPS against
the COX-2 enzyme was determined by measuring absor-
bance at 611 nm using a microplate reader:

COX-2 inhibition (%) = (1 - Absample 611/Abcontrol 611) * 100.

2.6 Butyrylcholinesterase (BChE) inhibition
assay

BChE inhibition assay was performed using butyrylcholine
iodide as a substrate, based on a colorimetric method outlined
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by Gorun et al. [41], and final concentrations (0.195-100 ygmL™)
for the tested EPS were compared with those of rivastigmine
control drug (0.195-100 pg-mL ™). BChE was dissolved in 20 mM
sodium phosphate buffer (pH = 7.6) to make a 347 unitmL™
stock solution and stored at —-80°C. EPS was prepared by dissol-
ving compounds to 100 ygmL™ in phosphate buffer (pH = 7.6).
Solutions were diluted to various concentrations in phosphate
buffer before experiments. The 5,5-dithio-bis-(2-nitroben-
zoic acid)-phosphate-ethanol reagent was prepared by dis-
solving DTNB in ethanol and adding water and phosphate
buffer (pH = 7.6) [41]. The absorption was recorded at
405nm on a microplate reader:

BChE inhibition (%)
= {(Controlygs — Sample,,;)/Controlyys} x 100.

2.7 Anti-obesity assessment

Anti-lipase inhibition assay was performed using p-nitro-
phenyl butyrate (PNPB) as the substrate for measuring
antilipase activity, and lipase stock solutions (1 mg-mL™)
were made in a 0.1 mM K3PO, buffer (pH = 6.0) and kept
at —20°C. EPS (1.9, 3.9, 7.8, 15.6, 31.2, 62.5, 125, 250, 500 and
1,000 ug'mL ") and orlistat of similar concentrations were
pre-incubated with lipase for 60 min at 30°C in 0.1 mM
KH,PO, buffer) pH = 7.2 in order to determine their lipase
inhibitory activity. Then, at a final volume of 100 pL, 0.1 L
of PNPB was added as a substrate to start the reaction.
Using a Biosystem 310-plus UV-visible spectrophotometer,
the reaction’s release of p-nitrophenol was quantified at
405 nm after being incubated at 30°C for 5 min [42]:

Lipase inhibition (%) = 100 — [(B- b)/(A — a) x 100],

where A is the absorbance of lipase without an inhibitor, a
is the absorbance of the negative control (DMSO) without
an inhibitor/lipase, B is the absorbance of lipase with an
inhibitor, b is the absorbance of the negative control
(DMSO) with an inhibitor, without lipase, and DMSO was
the negative control, and its activity was examined.

2.8 Antidiabetic assessment
2.8.1 In vitro a-amylase inhibition assay

The o-amylase inhibition assay utilized the 3,5-dinitrosa-
licylic acid (DNSA) method described by Wickramaratne
et al [43]. In this assay, EPS was tested at concentrations
ranging from 1.95 to 1,000 uyg'mL™ and compared to an
acarbose standard control at the same concentrations
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(1.95-1,000 ug'mL™"). About 200 uL of a-amylase solution
was combined with 200 uL of EPS and held at 30°C for
10 min. Then, 200 L of 1% starch solution was added and
incubated for 3 min. The reaction was terminated by adding
200 uL of DNSA reagent and boiling for 10 min at 85-90°C.
The mixture was cooled to room temperature and diluted
with 5mL of H,O [43]. The absorbance was recorded at
540 nm using a Biosystem 310 spectrophotometer. The ICs,
values were obtained from the graph by plotting the percen-
tage of a-amylase inhibition against the EPS concentration:

a-amylase inhibition (%)
= (Abscontrol - AbSSample) X 100/Absc0ntr01-

2.8.2 In vitro a-glucosidase inhibition assay

The a-glucosidase inhibition assay followed Pistia Brueggeman
and Hollingsworth’s method. EPS at concentrations ranging
from 1.95 to 1,000 ug'mL ™" was compared to an acarbose con-
trol at the same concentrations. EPS (1.97-1,000 ug-mL ™) was
incubated with a-glucosidase enzyme solution (1UmL™) for
20 min. After 20 min, 1M pNPG substrate was added and incu-
bated for 30 min. The reaction was terminated by adding 0.1 N
Na,COs [44]. Absorbance was scaled at 405 nm using a Biosystm
310 plus spectrophotometer. The ICs, values were evaluated
using a regression equation derived from graphing concentra-
tions ranging from 195 to 1,000 ugmL™" against the corre-
sponding % of inhibition.

G'gluCOSidase (%) = (ODcontrol - ODhlank)/ODblank % 100.

2.9 Antimicrobial evaluation

The EPS was tested as an antimicrobial compound by agar
well diffusion approach against the following bacterial ATCC
spectrum, G +ve Bacillus subtilis (ATCC 6633), Staph. aureus
(ATCC 6538), and Enterococcus faecalis (ATCC 10541). G -ve
bacteria were E. coli (ATCC 8739), K. pneumoniae (ATCC13883),
and Salmonella typhi (ATCC 6539). An inoculum suspension
was adjusted for the broth dilution standard protocol, and
inoculated agar plates were within 15min. All dried agar
was streaked in three directions. After drying the agar for
15min, a hole with a 6-8 mm diameter is punched asepti-
cally with a sterile cork borer or a tip. EPSF8 and gentamicin
were the reference drugs dissolved in MDSO at 10 mg-mL™.
Then, 100 ml of EPSF8 was added to the well at the required
concentration. Within 15 min of disposal, plates were incu-
bated for 16-48 h, and the inhibition zone widths (in mm)
around the wells were measured to the nearest full milli-
meter at the moment of significant growth reduction [45].
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Minimum inhibitory concentrations (MICs) and minimum
bactericidal concentrations (MBCs) were investigated fol-
lowing the Clinical and Laboratory Standards Institute
(CLSI) [46].

2.10 Antibiofilm assessment

We assessed how EPS affected the production of biofilms in
96-well polystyrene flat-bottom plates. In summary, 300 uL
of trypticase soy yeast broth with a final concentration of
10° CFU'mL™ was cultivated in sublethal doses of 75, 50,
and 25% of MBC. After 48 h of incubation at 37°C, the bio-
film grown on the plates was dyed for 15 min at 37°C using
a 0.1% crystal violet aqueous solution. The excess stain was
removed from the plate with sterile dH,0 after incubation.
Each well received 250 L of 95% C,Hs0H to solubilize the
dye attached to the cells. A microplate reader was used to
measure the absorbance at 570 nm after 15 min [47]:

Biofilm inhibition (%)
=1 - (Absample — Abylani)/(Abconrol = Abplank] * 100.

2.11 Statistical analysis
The data were analyzed using one-way ANOVA and Duncan’s

test for multiple concentration comparisons. Normal distribu-
tion was confirmed with Kolmogorov—-Smirnov and Shapiro-Wilk
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tests. Statistical analyses were performed using SPSS v25
with a significance level of P < 0.05 and a sample size of
n = 3 in triplicates.

3 Results

3.1 Isolation and phylogenetic analysis of
the EPS-producing bacterial isolate

Ten bacterial isolates were collected from the Red Sea and
subjected to screening for EPS synthesis. This screening
process involved evaluating their cultural properties and
morphological characteristics and measuring the yield of
EPS production. The marine bacterium (F8) strain was
found to be the highest EPS producer (6.98 gL ™%, with a
main fraction of 82.4%. The selected strain was studied
microbiologically, and it was a G —ve, non-capsulated,
and non-spore-forming bacterium (Table S1). In addition,
the strain was studied biochemically and physiologically. It
was positive for the following tests (catalase, citrate, oxi-
dase, nitrate reduction, and mannitol) and negative for the
rest of the tests (Table S2).

Molecular 16S rRNA sequencing was then carried out,
and the phylogenetic tree involved a comparative analysis
of sequences that exhibited a significant level of resem-
blance between the rRNA sequences of the chosen bacterium
under investigation. The obtained rRNA gene sequences were

MZ250825.1:256-784 Pseudomonas sp. strain UMT-26 16S ribosomal RNA gene partial sequence
MZ250817.1:34-782 Pseudomonas sp. strain UMT-08 16S ribosomal RNA gene partial sequence
OM488257.1:71-820 Pseudomonas stutzeri strain CCKSA7 16S ribosomal RNA gene partial sequence
MNO088616.1:28-777 Pseudomonas sp. strain SK25 16S ribosomal RNA gene partial sequence
OL468668.1:69-818 Pseudomonas sp. strain PW14i TSBAS00 8 16S ribosomal RNA gene partial sequence
ON©908495.1:561-800 Pseudomonas stutzeri strain KKU-A8 16S ribosomal RNA gene partial sequence
0Q9o21892.1:70-819 Pseudomonas sp. strain VTCC 60041 16S ribosomal RNA gene partial sequence
0Qo22834.1:26-784 Pseudomonas sp. strain TH-S-19-2 16S ribosomal RNA gene partial sequence
0Qo22825.1:51-800 Pseudomonas sp. strain TH-S-19-3 16S ribosomal RNA gene partial sequence
MKO027346.1:28-777 Pseudomonas sp. strain RMD43.1A 16S ribosomal RNA gene partial sequence
MH284907.1:24-7832 Pseudomonas sp. strain SZ-1 16S ribosomal RNA gene partial sequence
MK8654847.1:72-822 Pseudomonas sp. strain H11a 16S ribosomal RNA gene partial sequence
MN099441.1:20-779 Pseudomonas sp. strain IAUK7022 16S ribasomal RNA gene partial sequence
MN294682.1:32-781 Pseudomonas sp. strain HK12 16S ribosomal RNA gene partial sequence
MN209896.1:562-802 Pseudomonas sp. strain MCM1Y3 16S ribosomal RNA gene partial sequence
MH282426.1:29-778 Pseudomonas sp. strain DKF 16S ribosomal RNA gene partial sequence
0Q921874.1:1-750 Pseudomonas sp. strain AHG22 16S ribosomal RNA gene partial sequence

LC276954.1:68-817 Pseudomonas stutzeri Og1 gene for 16S ribosomal RNA partial sequence

Figure 1: Phylogenetic tree analysis of Pseudomonas sp. strain AHG22 based on 16S rRNA gene sequencing.
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observed to correspond to Pseudomonas sp. strain AHG22
(Figure 1), indicating that the tree was generated correctly.
Confirmation of the identification of Pseudomonas sp. strain
AHG22 was established using the accession number
(0Q931874). The BLAST tool was employed to analyze
the provided DNA sequence, which was subsequently
submitted to the NCBI GenBank database.

3.2 Production, partial purification, and
chemical composition analysis of EPSF8

The F8 bacterial strain synthesized EPS (EPSF8) with a yield
of 6.98g-L™". Subsequently, EPSF8 was subjected to UV
absorption spectra in the range of 200-800 nm (Figure
S1) and had no protein when tested by FT-IR spectroscopy,
where the broad characteristic peak at 3588.17 cm™ was assigned
to OH* stretching vibration. The band at 2933.66 cm™ was cor-
related with the stretching vibration of C-H in the sugar ring.
Also, the absorption at 1619.88 cm ™ referred to COO™ vibra-
tion and 129229 cm™ to the symmetrical COO™ stretching
vibration, which proved the presence of uronic acid. The
band at 1081.53 cm ™" indicated the SO3 group and was char-
acteristic absorption at 853.94 cm ™" arising from B-configura-
tion of the sugar units (Figure 2).

The HPLC chromatogram of EPSF8 revealed the
monosaccharides fractions (glucose:galacturonic acid:
xylose:rhamnose) with a molar ratio of 1:2:2:3, respec-
tively (Figure 3).

100
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3.3 Antioxidant evaluation of EPSF8

The efficacy of EPSF8 in scavenging DPPH radicals was
evaluated at 1.95-1,000 ug-mL™" doses. The DPPH scavenging
percentage is enhanced by increasing EPSF8 concentrations
from 62.5 to 1,000 pg-mL ™. At its lowest tested concentration
of 1.95 ug'mL ™", EPSF8 scavenged 14.8% of DPPH radicals,
increased progressively with higher concentrations,
reaching 22.7% at 3.9 pg'mL ™, 30.7% at 7.8 ug'mL ", 37.2%
at 15.6 ugmL™, and 45.3% at 312 ugmL". The scavenging
peaked at 84.2% at the highest tested concentration of
1,000 pg'mL ", The ICs, value of EPSF8 against DPPH was
calculated as 46.99 ug'mL ™" (Figure 4) compared to ascorbic
acid (ICso = 252 ug'mL™) (Figure S2). For H,0, assessment,
the maximum antioxidant activity was 77.03 + 1.20% after
1h at 1,000 pg'mL ", and the ICs, value was 300 ug-mL ™" after
60 min (Figure 5) compared to control (ICso = 88.71 +
0.98 ug'mL™) (Table $3). Similarly, the maximum activity
for ABTS™ was found after 60 min to be 67.30 + 1.12% at
1,000 ug'mL~", and ICs, was 300 pg-mL " after 1h (Figure
6) compared to ascorbic acid (ICs, = 87.50 + 0.75 pg-mL™)
as control (Table S3). For NO antioxidant assessment, the
maximum activity (74.34 + 1.08%) was recorded after 1h
at 1,000 pg'mL ", and the ICs, was detected at 100 pg-mL™
after 60 min (Figure 7) compared to the control (ICsy -
20.81pg'mL™") (Table S4). The TAC of EPSF8 showed a
TAC of 219.45 ug'mg™' AAE. At the same time, the FRAP
assay also determined the antioxidant capacity of EPSF8
to be 54.15 ug'mg ™" AAE. All data are presented as mean *
SD (n = 3, P < 0.05).
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Figure 2: FTIR spectra of EPSF8 displaying the main functional groups.
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Figure 3: HPLC chromatogram of the EPSF8 from Pseudomonas sp. strain AHG22.

3.4 Anti-inflammatory assessment of EPSF8

The ability of EPSF8 to reduce inflammation was estimated
by investigating its in vitro inhibition effects against both COX-
2 and 5-LOX. At the lowest concentration of 0.98 ug'mL™,
EPSF8 inhibited LOX by 11.45%. The inhibition increased pro-
gressively with higher concentrations, reaching 17.93% at
195 pgmL™, 29.30% at 39 ugmL ™, 46.02% at 7.81pgmL™,
and 54.16% at 15.63 ug'mL ™. Potent LOX inhibition started at
31.25 pg'mL ", where 65.87% inhibition was observed. EPSF8
displayed its maximum LOX inhibitory activity of 79.54% at
the highest tested concentration of 125 yg'mL ™ (Figure 8). The

ICsq value for EPSF8 on 5-LOX was 14.82 compared to that of
ibuprofen (15 + 1.3 pgmL"%; Table S5).

For in vitro inhibition of COX-2, at 0.98 ug-mL™, EPSF8
inhibited COX-2 by 12.73%. The inhibition increased pro-
gressively with higher concentrations, reaching 21.94% at
1.95 ug'mL™, 30.52% at 3.9 ug'mL ™", 43.74% at 7.81 ug-mL ™",
and 52.98% at 15.63 ug'mL ™. Potent COX-2 inhibition started at
31.25 ygmL™, where 61.90% inhibition was observed. EPSF8
displayed its maximum COX-2 inhibitory activity of 86.33% at
the highest tested concentration of 125 yg-mL ™ (Figure 8). The
ICs, value of EPSF was 15.49 ug'mL™" compared to that of cel-
ecoxib (0.28 + 1.7 ugmL™; Table S6). A positive correlation
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Figure 4: DPPH radical scavenging by EPSF8 (1.95-1000 pg/ml) increased dose-dependently. Data are shown as mean + SD. One-way ANOVA was

utilized for data analysis (n = 3, P < 0.05).
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Figure 5: Dose- and time-dependent H,0, scavenging activity of EPSF8. Results expressed as mean + SD (n = 3, p < 0.05).
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Figure 6: Concentration-dependent ABTS++ radicals’ cation scavenging activity of EPSF8 (100-1000 pg/ml). Values represent mean + SD (n = 3).
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Figure 7: Nitric oxide (NO) radical scavenging activity of EPSF8 (100-1000 ug/ml) and time intervals (15-60 min). Data are presented as mean + SD

(n=3).

between the increasing concentration of EPSF8 and the extent
of inhibition was observed in both enzymatic activities.

3.5 BChE inhibition by EPSF8

Different concentrations (0.195-100 pg'mL™) of EPSF8 were
tested against BChE, and the results were compared to riv-
astigmine, a control drug. Minimal inhibition of 0.2% was
observed at the lowest tested concentration of 0.195 ug-mL ™.

100 1 T
—&—5- LOX inhibition (%)
80 ~

60 A

40 1

Enzyme inhibition (%)

0 4 T T T

The inhibition increased progressively as the concentration
of EPSF8 increased, with 12.2% inhibition starting to be
observed at 1.56 ug'mL . EPSF8 exhibited its maximal inhi-
bitory activity of 83% against BChE at the highest tested
concentration of 100 uyg'mL™. In between the lowest and
highest concentrations, the inhibition ranged from 1.3% at
0.39 pg'mL ™ up to 73.3% at 50 ug-mL ", showing a steady dose-
dependent increase in BChE inhibition by EPSF8. ICs, values
for EPSF8 and rivastigmine were 11.36 and 2.91pgmL™,
respectively (Figure 9 and Figure S5).

—a— COX-2 inhibition (%)
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Figure 8: EPSF8 dose-dependently inhibits 5-LOX and COX-2. EPSF8 concentrations increased inflammatory enzyme inhibition. Data is shown as mean
+ SD (n = 3). Significant differences between means were determined at p < 0.05 using one-way ANOVA.
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Figure 9: In vitro inhibition of BChE by EPSF8 at increasing concentrations.
statistical significance (p < 0.05) between means.

3.6 Anti-obesity assessment of EPSF8

The inhibitory effect of EPSF8 against lipase at different
concentrations (1.95-1,000 uygmL™) was compared with
orlistat at the same concentrations. It was observed that
the enzyme inhibition increased as the EPSF8 concentration
increased. A minimal lipase inhibition of 3.7% was observed
at the lowest tested concentration of 1.95 yg'mL . The inhibi-
tion increased progressively as the concentration increased,
reaching 14.8% at 3.9 pg'mL™, 25% at 7.81 ug-mL™, 36.3% at
15.62 pg'mL~", and 37.7% at 31.25 ug-mL . Potent lipase inhibi-
tion started around 62.5 pg'mL ", where 48.2% inhibition was
attained. At the highest tested concentration of 1,000 yg-mL ™,
EPSF8 exhibited its maximal lipase inhibitory activity of

Results are presented as mean + SD (n = 3). One-way ANOVA determined

92.6%. The IC5, values for EPSF8 and orlistat were calculated
to be 56.12 and 20.08 ug'mL~", respectively (Figure 10 and
Figure S6).

3.7 Antidiabetic activity of EPSF8

The DNSA method was carried out to investigate whether
EPSF8 could act as a natural antidiabetic drug, and the
inhibition assay was carried out against a-amylase and o-
glucosidase enzymes. EPSF8 was tested at different concen-
trations for both enzymes (1.95-1,000 ygmL™), and the
same range was used for acarbose, which served as the
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Figure 10: In vitro dose-dependent inhibition of pancreatic lipase by EPSF8. Mean + SD (n = 3). Differences were significant at p < 0.05 by one-way

ANOVA.
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Figure 11: Dose-dependent inhibition of a-amylase by EPSF8. Elevated EPSF8 concentrations correlated with higher a-amylase inhibition. Results are
shown as mean + SD (n = 3). One-way ANOVA was used to determine statistical significance at p < 0.05 for mean differences.

control used in this experiment. At 1.95ug-mL™, EPSF8
inhibited amylase by 11.2%. The inhibition increased to
17.8% at 3.91ugmL™, 24.7% at 7.81ug'mL™, and 31.4% at
15.62 ygmL ™", indicating a steady dose-dependent increase
in amylase inhibition by EPSF8. The second maximum inhi-
bition of 67.7% was observed at 500 ug-mL ", and the highest
concentration tested at 1,000 ug-mL'1 EPSF8, showed the
highest inhibition activity of 75% (Figure 11). The ICsy of
EPSF8 was 93.1 ug'mL™ for in vitro a-amylase, and that of
acarbose was 50.93 (Figure S7).

On the other hand, EPSF8 exhibited concentration-depen-
dent inhibitory activity against the o-glucosidase enzyme. At
the lowest concentration of 1.95pg'mL™, EPSF8 inhibited a-
glucosidase by 10.2%. The inhibition increased progressively
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a-glucosidase inhibition (%)

with higher concentrations, reaching 16.7% at 3.91ugmL™,
224% at 7.81pgmL~, 30% at 1563 ugmL™, and 359% at
3125 ygmL . Potent o-glucosidase inhibition started at 625 ygmL ™,
where 42.2% inhibition was observed. EPSF8 showed its max-
imum a-glucosidase inhibitory activity of 71% at the highest
tested concentration of 1,000 ug-mL ™ (Figure 12). Its ICs, was
127.28 and 4.13 pg'mL™" for acarbose (Figure S8) (Table S7).

3.8 Antimicrobial and antibiofilm
assessment of EPSF8

EPSF8 was supplemented on the Mueller-Hinton agar
plate. After incubation, inhibition zones were represented
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Figure 12: Concentration-dependent a-glucosidase inhibition by EPSF8 with concentrations from 1.95 to 1000 pg/mL (n = 3, p < 0.05, one-way ANOVA).
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Figure 13: Inhibition zones (mm) of EPSF8 towards G+ve and G-ve ATCC bacteria.

as mm. The tested organisms were G +ve B. subtilis (ATCC
6633) Staph. aureus (ATCC 6538) and E. faecalis (ATCC
29212). G —ve bacteria were E. coli (ATCC 8739), K. pneumo-
niae (ATCC13883), and S. typhi (ATCC 6539). For the G +ve
spectrum, against B. subtilis, EPSF8 produced an inhibition
zone of 30 + 0.5mm, larger than the 23 + 0.2mm zone
caused by gentamicin. For S. aureus, EPSF8 and gentamicin
both generated an equal inhibition zone of 27 + 0.3 mm.
However, EPSF8 showed superior inhibition of E. faecalis,
creating a 46 + 0.3 mm zone compared to just 30 + 0.4 mm
for gentamicin (Figures 13 and 14). MICs, MBCs, and MBC/
MIC ratios were then investigated. Against B. subtilis,
EPSF8 exhibited the lowest MIC of 15.62 pg'mL ™" and a cor-
responding MBC of 31.25 ug'mL ", resulting in an MBC/MIC
ratio of 2. For S. aureus, the MIC and MBC were the same at
15.62 and 31.25 ug'mL~", respectively, also giving an MBC/
MIC ratio of 2, while EPSF8 displayed the highest potency
against E. faecalis with the lowest MIC of 7.8 uygmL™ and

(b)

Figure 14: Antibacterial effect of EPSF8 against 3 ATCC G+ve pathogenic bacteria (a) B. subtilis, (b) S. aureus, and (c) E. faecalis.

matched by an MBC of 7.8 yg'mL™, resulting in an MBC/
MIC ratio of 1 indicating bactericidal effects (Table 1).

For the G -ve spectrum, for E. coli, EPSF8 produced an
inhibition zone of 22 + 0.2 mm, while gentamicin generated
a smaller 16 + 0.2 mm zone. For K. pneumoniae, inhibition
zones were comparable at 19 + 0.1 mm for EPSF8 and 17 +
0.2 mm for gentamicin. EPSF8 exhibited the strongest inhi-
bition of S. typhi, creating a 26 + 0.2 mm zone compared to
24 + 0.3 mm for gentamicin (Figures 13 and 15). Following
MICs, MBCs, and MBC/MIC ratios were examined; against
E. coli, EPSF8 displayed the highest MIC of 125 pg-mL™
and a matching MBC of 125 pg-mL™, resulting in an
MBC/MIC ratio of 1. For K. pneumoniae, the MIC was the
same at 125 ug'mL~" but the MBC was slightly higher at
250 ug'mL ™}, giving an MBC/MIC ratio of 2. EPSF8 exhib-
ited the greatest potency against S. typhi with the lowest
MIC of 62.5 pg'mL™" and a MBC of 125 ug-mL ", resulting in
an MBC/MIC ratio of 2 (Table 1).
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Table 1: Inhibition zones (in mm), MIC, MBC, and MBC/MIC ratio of EPSF8

DE GRUYTER

against 6ATCC bacteria

Pathogenic microorganisms EPSF8 (mm) Gentamicin (control) MIC (pg~mL") MBC (pg-mL'1) MBC/MIC ratio
B. subtilis (ATCC 6633) 30+0.5 23+0.2 15.62 31.25 2
Staph. aureus (ATCC 6538) 27+0.3 27+0.3 15.62 31.25 2
E. faecalis (ATCC 29212) 46 + 0.3 30+ 0.4 7.8 7.8 1
E. coli (ATCC 8739) 22+0.2 16 £ 0.2 125 125 1
K. pneumoniae (ATCC13883) 19 £ 0.1 17+£0.2 125 250 2
S. typhi (ATCC 6539) 26 £ 0.2 24+03 62.5 125 2

For the same bacterial spectrum except for E. coli,
EPSF8 was tested as antibiofilm based on the previously
addressed MIC and MBC values (Figure 16). For G +ve bac-
teria, EPSF8 showed the lowest antibiofilm activity, 91.89%
for Staph. aureus at 75% of MBC. Conversely, the highest
antibiofilm activity was 93.47% for E. faecalis. On the other
hand, for G -ve bacteria, EPSF8 exhibited the lowest
activity (87.91%) for K. pneumoniae and the highest
(91.79%) for S. typhi.

4 Discussion

Microbial EPSs exhibit a remarkable range of diversity.
Multifunctional carbohydrates evidenced a diverse range
of physiological responses, thereby showcasing their note-
worthy potential in augmenting public health. Currently, a
substantial portion of marketable EPSs can be attributed to
the derivation of microorganisms. One primary advantage
of EPSs lies in their inherent capacity for modulating che-
mical composition and structure. This characteristic ren-
ders them particularly well-suited for targeted applications
within pharmaceuticals and medicine.

Henceforth, the main goal of this study was to identify
microbial EPSs possessing chemically suitable architectures,

(b)

Figure 15: Antibacterial effect of EPSF8 against 3 ATCC G-ve pathogenic bacteria. (a) E. coli, (b) K. pneumoniae, and (c) S. typhi.

which has been pursued via comprehensive screening investi-
gations conducted within untapped marine ecosystems.

A marine bacterium Pseudomonas sp. strain AHG22
was isolated and identified (Figure 1), which produced
EPS with a yield of 6.98 g-L.”* with a core fraction (82.4%),
and coded EPSF8. The EPSF8 was then subjected to FT-IR
and revealed uronic acid (14.70%), sulfate (25.65%), and
N-acetyl glucosamine (8.55%) (Figure 2). HPLC chemical
investigation revealed monosaccharide fractions (glucose:
galacturonic acid:xylose:rhamnose) with molar ratios 1:2:2:3,
respectively (Figure 3).

At different concentrations, the antioxidant activity of
EPSF8 was investigated by DPPH, H,0,, ABTS™, NO, TAC,
and FRAP assay. For DPPH radical scavenging activity, ICso
values of EPSF8 and the standard compound ascorbic acid
were determined to be 46.99 and 2.52 ug-mL ™", respectively
(Figure S2). The EPSF8 extract displayed the highest anti-
oxidant at a concentration of 1,000 pg-mL‘l; EPSF8 exhib-
ited 77.03 + 1.20 ug'mL™" of antioxidant activity in the H,0,
assay after 60 min (Figure 5). EPSF8 also showed 67.30 +
112 pg'mL~" of antioxidant activity in the ABTS™* assay after
60 min (Figure 6). In addition, for NO assay, EPSF8 yielded
maximum activity (74.34 + 1.08 ug'mL™) after 1h at a
1,000 ug'mL~" concentration (Figure 7). All the antioxidant
activities measured in the H,0, ABTS™, and NO assays
positively correlated with the tested concentration values.
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Figure 16: Antibiofilm activity of EPSF8 against ATCC bacteria at different %MBC.

For the TAC assay, EPSF8 had 219.45 ug'mg™ equivalent
AAE and 54.15 pg'mg ' AAE for FRAP testing.

The antioxidant efficiency of microbial EPS has been
explored primarily by in vitro assays [6-9]. Multiple factors,
such as monosaccharide molar ratio, molecular weight, or
functional groups, may potentially influence the EPS’s anti-
oxidant activity. In addition, the techniques employed for
extraction and purification may also have an impact. The
low molecular weight EPSs that are acidic polymers, as in
the case of the current EPSF8, frequently displayed greater
antioxidant capabilities than the neutral ones [48].

Therefore, EPSF8 could be regarded as a potentially
green alternative agent against synthetic antioxidants due
to its involvement in mitigating oxidative stress by scaven-
ging different free radicals, inhibiting lipid peroxidation,
and reducing the activity of metal ions. However, to confirm
these data, the activity of EPSF8 should be supported by in
Vivo tests.

The enzymes 5-LOX and COX-2 are key targets in devel-
oping anti-inflammatory drugs. This is because they play a
vital role in regulating the production of leukotrienes and
prostaglandins — important inflammatory mediators. By
attenuating the activity of these enzymes, it is possible to
mitigate the inflammatory response and potentially alle-
viate associated symptoms [49]. We explored the anti-
inflammatory potency of EPSF8 by evaluating it against
5-LOX and COX-2 enzymes.

Our current findings revealed that EPSF8 had an ICs,
of 14.82 pg'mL™ for inhibiting 5-LOX activity (Figure 8),
compared to an ICs, of 1.5 + 1.3ugmL™" for ibuprofen
(Table S5). EPSF8 also had an ICs, of 15.49 ug'mL ™ for inhi-
biting COX-2 activity (Figure 8), compared to an ICs, of 0.28
+ 1.7ugmL™ for celecoxib. As observed, increasing the
concentration of EPSF8 resulted in a dose-dependent eleva-
tion in inhibiting 5-LOX and COX-2 activities. The pre-
vailing notion posits that the primary impact of EPS lies

in its ability to regulate cytokines and their subsequent
transcription factors [50]. The pro-inflammatory cytokines
TNF-a, IL-1, and IL-6, along with the anti-inflammatory
cytokine IL-10, have been identified as the key mediators
responsible for the effects exerted by these natural pro-
ducts [51].

BChE is an enzyme categorized as nonspecific choli-
nesterase that catalyzes the hydrolysis of choline-based
esters. By hydrolyzing acetylcholine (ACh), BChE plays a
crucial part in preserving appropriate cholinergic func-
tion, similar to acetylcholinesterase (AChE) [52]. The imple-
mentation of targeted inhibition of BChE has been widely
acknowledged as a promising therapeutic strategy in the
context of Alzheimer’s disease [53]. Therefore, in pursuit of
further elucidation to explore some bacterial in vitro anti-
BChE activity, EPSF8 was tested for anti-BChE activity at
concentrations ranging from 0 to 100 ug'mL ™. EPSF8 had
an ICsq of 11.36 ug-'mL " against BChE (Figure 9), compared
to an ICs, of 2.91ugmL™" for the rivastigmine control
(Figure S5). Recent scientific investigations have revealed
the neuroprotective properties of secondary metabolites
derived from marine bacteria. For example, EPSF6, EPS
with Mw of 2.7 x 10* g-mol ™ sourced from Bacillus Velezensis
AG6 had an anti-AChE activity with ICs, (100-1,000 ug-mL™)
= 439.05 ug'mL™ compared to that of the eserine control
(0.02-0.12 pg'mL™) = 0.09 ug'mL™ [9]. From the same source,
EPSR5, an acidic EPS with an Mw of 49 x 10*gmol™
extracted from Kocuria sp., revealed the anti-AChE activity
with ICso - 797.02 ugmL™ compared to that of eserine’s of
0.09 pg'mL~" [8]. Also, pyrroles and other AChE inhibitors
were generated by Streptomyces lateritius [54]. In addi-
tion, Gangalla et al. have documented the potential ther-
apeutic impact of a polysaccharide sourced from Bacillus
amyloliquefaciens RK3 in mice. This finding holds promise
for treating various disorders driven by ACh insuffi-
ciency [55].
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Empirical investigations have demonstrated that the
inhibitory impact of COX-2 diminishes the inflammatory
cascade, thereby exerting a noteworthy influence on the
neurodegenerative processes associated with the progres-
sion of Alzheimer’s disease [56]. In light of its current
attributes, EPSF8 exhibited selective anti-cyclooxygenase
properties, inhibited BChE, and possessed antioxidant cap-
abhilities. These characteristics position EPSF8 as a potentially
advantageous acidic microbial polysaccharide for controlling
and restricting Alzheimer’s disease.

To assess the anti-obesity potential of EPSF8 through
lipase enzyme inhibition, EPSF8 was tested at concentra-
tions ranging from 1.95 to 1,000 pg'mL " compared to similar
concentrations of the Orlistat control. The IC5, of EPSF8 for
lipase inhibition was 56.12 ug'mL™ (Figure 10) compared to
20.08 ug-mL " for orlistat (Figure $6). Microbial EPS’s hypo-
glycemic and cholesterol-lowering efficiency has been con-
firmed mainly through in vitro experiments [57,58]. Although
the precise mechanisms underlying the EPS’s ability to
decrease cholesterol are still unclear, it has been speculated
that they do so by acting like dietary fibers and promoting
the synthesis of bile acids [59]. Additionally, the hypogly-
cemic action of such EPS has been linked to the inhibition
of a-glucosidase or a-amylase [60].

Decreasing postprandial hyperglycemia is the main
priority for diabetes treatment. Academics have acknowl-
edged that restricting glucosidase with inhibitors efficiently
controls carbohydrate absorption and reduces the risk of
postprandial hyperglycemia [61]. These inhibitors can
potentially induce the liberation of glucagon-like peptide 1
(GLP-1) and subsequently elicit a decline in glycated hemo-
globin [62]. EPSF8 extracted from Pseudomonas sp. strain
AHG22 exhibited inhibitory potential against a-amylase and
a-glucosidase. The results showed that EPSF8 had an ICs, of
93.1 ygmL ™" for amylase inhibition (Figure 11), compared to
that of 50.93 ugmL™ for the acarbose control (Figure S7). For
a-glucosidase inhibition, EPSF8 had an ICs, of 127.28 ugmL™
(Figure 12) compared to that of 4.13 pg'mL™ for the acarbose
control (Figure S8). In line with our results, 11 Annona mur-
icata endophytic bacterial strains inhibited a-amylase activity.
With 72.22% inhibition, DS21, a G —ve bacterium, was the most
active [63]. Bacteria’s multifactorial inhibition of glucosidases
remains undisclosed. It might be competitive or non-competi-
tive inhibition, inhibitors bind to glucosidases’ active sites,
blocking substrate binding, non-competitive; the organism’s
metabolite binds to allosteric sites on glucosidases, modifying
their conformation and blocking carbohydrate breakdown or
substrate binding; bacteria-derived inhibitors bind to substrate,
prevents where the substrate is bound. The mechanisms by
which bacteria suppress different glucosidases may vary and
require further in vitro and in vivo research [20].
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Finally, EPSF8 was evaluated as a natural antimicro-
bial substitute and an alternative antibiofilm agent to anti-
biotics by agar well diffusion assay. A hole with a 6-8 mm
diameter was punched aseptically with a sterile cork borer,
and a volume (20-100 pL) of EPSF8 was supplemented on a
Mueller-Hinton agar plate. After incubation, inhibition
zones were represented as mm. The tested organisms
were G +ve B. subtilis (ATCC 6633) Staph. aureus (ATCC
6538), and E. faecalis (ATCC 29212). G —ve bacteria were E.
coli (ATCC 8739), K. pneumoniae (ATCC13883), and S. typhi
(ATCC 6539). For the G +ve spectrum, the highest inhibition
zone was found to be 46 + 0.3mm for E. faecalis (ATCC
29212), compared to that of 30 + 0.4 mm for gentamicin.
For the G —ve spectrum, the highest inhibition zone was 26
+ 0.2mm for S. typhi (ATCC 6539) compared to that of 24
0.3mm gentamicin. EPSF8 exhibited antibacterial activity
toward G +ve and G —ve ATCC bacteria (Figures 13-15).

In the MBC test, EPSF8 showed the lowest MBC of
7.8 ug'mL " against the G +ve bacterium E. faecalis (ATCC
29212). It had an MBC of 125 ug'mL™" against the G -ve
bacteria K. pneumoniae (ATCC 13883) and S. typhi (ATCC
6539) (Table 1). The MBC/MIC ratio indicated antibacterial
activity. A ratio of MBC/MIC <4 indicates bactericidal impact,
while a ratio >4 indicates bacteriostatic effect [64,65]. Based
on the previous findings, we may conclude that EPSF8 has a
bactericidal activity against both bacterial spectrums, espe-
cially for the G +ve bacterium E. faecalis (ATCC 29212) and
against E. coli (ATCC 8739).

Next, the MTP plate assay was performed as an anti-
biofilm assay for the same bacterial spectrum (Figure 16),
except for E. coli. Previous MICs and MBCs were used to
test EPSF8 as an anti-biofilm. EPSF8 had the lowest anti-
biofilm activity (91.89%) for Staph. aureus at 75% MBC and
the highest (93.47%) for E. faecalis. Concerning G —ve bac-
teria, EPSF8 had the lowest antibiofilm activity for K. pneu-
moniae (87.91%) and the highest for S. typhi (91.79 %) at
75% MBC.

In alignment with our research findings, an acidic
EPSR3 extracted from Bacillus cereus from the Red Sea
had an average molecular weight of 1.66 x 10* g-mol ™. It
was found to have a strong inhibitory effect on S. aureus
(MRSA). The study showed that a 5% concentration of
EPSR3 for 60 min was enough to inhibit the growth of
MRSA [7]. In contrast to our results, EPSF6 with a molecular
weight of 2.7 x 10* g'mol ™ extracted from B. velezensis from
the same source was examined for antimicrobial by MTP
test against two pathogenic ATCC G +ve, two G -ve bac-
teria. However, neither significant activity was reported
[9]. Microbial EPS acts against animal and plant bacteria
alike. Drira et al. reported that EPS synthesized by Por-
phyridium sordidum could control fungal growth in
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plants. EPS may serve as a stimulant to elevate the resi-
lience of A. thaliana to F. oxysporum. [66].

EPSs exert antagonistic activity against pathogenic
bacteria; for instance, in the context of in vitro experimen-
tation; EPS synthesized by Lactobacillus rhamnosus, which
was obtained from human breast milk, exhibited note-
worthy antibacterial properties against the pathogenic
bacteria Salmonella enterica serovar Typhimurium and E.
coli [67]. The antimicrobial activity of EPS has also been
found to correlate strongly with their physicochemical prop-
erties [68]. For example, negatively charged EPS derived
from the Lactococcus lactis F-mou strain exhibited a more
pronounced inhibitory effect on G +ve pathogens than G -ve
ones. Notably, the strain B. cereus ATCC 10702 displayed the
highest level of inhibition, indicating its susceptibility to
the inhibitory action of the EPS [69]. As mentioned earlier,
the findings postulated that the electrostatically charged
EPS, specifically the sulfate groups, may facilitate enhanced
interactions with G +ve bacteria. This can be attributed to the
relatively higher positive charge exhibited by the cell walls of
these bacteria.

Similarly, EPSF8 is a negatively charged hetero-EPS
due to sulfate and uronic acid side chains, as clarified
by FT-IR (Figure 2). Another disruptive impact of EPS is
on the bacterial cell envelope, particularly the peptido-
glycan layer, rendering it a plausible inhibitory mechanism
[70]. This proposition was substantiated by the observation
that EPSs such as kefiran exhibited interactions with bac-
terial or eukaryotic cells. Consequently, it was hypothesized
that kefiran functioned as a masking or decoy agent, thereby
exerting its inhibitory effects [71].

Therefore, it is likely that this particular action could
impede the functionality of the receptors or channels
located on the external membrane of the G -ve bacteria.
While Zhou et al. suggested another mode of action, the
presence of functional groups within the structure of EPS
facilitates their interaction with bacterial cell envelopes,
ultimately leading to antimicrobial activity [68], as in our
explored EPSF8 (uronic acid = 14.70%, sulfate = 25.65% and
N-acetyl glucosamine = 8.55%).

It is imperative to emphasize the limitations of embra-
cing microbial EPS in industrial applications, particularly
in the context of production and recovery processes. The
elevated production costs primarily stem from utilizing
costly and specialized nutrients in fermentation media for-
mulation. This factor typically accounts for approximately
30% of the overall expenditure associated with the fermen-
tation process. To optimize cost efficiency, it is advisable to
employ more economical substrates, such as cane molasses,
sugarcane bagasse, corn steep liquor, etc., for large-scale
production purposes [72].

Marine Pseudomonas sp. AHG22 exopolysaccharide = 17

Furthermore, the extraction methods for EPS can
be appropriately adjusted to be economically viable and
efficient. This modification would result in a substantial
reduction in the overall expenses associated with subse-
quent processes. Finally, to attain elevated EPS yields, it is
plausible to boost marine bacterial strains through genetic
engineering techniques, such as mutagenic strains and gene
manipulations [73]. Additionally, the production of EPS with
distinct properties and structures can be accomplished by
applying the same approaches [74].

5 Conclusions

EPSF8 is a hetero-acidic EPS sulfated and contains uronic
acid and N-acetylglucosamine extracted from Pseudomonas
sp. strain AHG22 isolated from the Red Sea, which could be
considered as a green substitute for synthetic antioxidants
aligning with its selective anti-cyclooxygenase properties.
EPSF8 exhibited non-significant antidiabetic, less potent
anti-inflammatory effects, and moderate hypocholestero-
lemic activity. However, it has proved to be considered a
broad-spectrum, natural bactericidal, and antibiofilm com-
pound of marine available origin, a potent substitute to
traditional antibiotics. It is highly recommended that such
findings be validated in different in vivo models and that
their chemical structure and molecular formula be investi-
gated. The findings above shed light on the prospective via-
bility of Pseudomonas sp. strain AHG22 and its potential
incorporation into the pharmaceutical industry.
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