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Abstract
Currently, there is an increasing interest in microbial exopolysaccharides (EPSs) due to their diverse functionalities, 
diversity in chemical structure and source, and enormous potential for use in different medical applications. A 
novel marine Streptomyces sp. MAE (OR354383) was isolated and identified that generated a significant quantity 
of exopolysaccharide (EPS) at 7.6 g/L. Bioactive exopolysaccharide (EPSS10) was extracted and characterized from 
Streptomyces sp. MAE culture, and the molar ratio was determined via HPLC. Several methodologies were used 
to determine their antioxidant, antimicrobial, anti-inflammatory, anticancer, and antiviral activities. The anticancer 
efficacy of EPSS10 was evaluated using several cell lines (HepG2, CaCo2, MCF7, PC3, A549 and PANC1). Using 
Real time (RT)-PCR, we analyzed the expression levels of Bax, Bcl2, p53, Cytochrome c, and Caspase 9 in MCF7 
cells. EPSS10 displays a grayish-white coloration, possesses an amorphous structure, and is devoid of odor. The 
composition of EPSS10 includes uronic acid (19.55%), sulfate (25.03%), and N-acetylglucosamine (10.63%). The 
in vivo toxicity results proved the safety of EPSS10 for biological parameters in rat models. EPSS10 demonstrates 
significant antibacterial efficacy. The maximum antioxidant was 89.21 ± 0.3% at 500 µg/ml; anti-inflammatory 
activity as cyclooxygenase (COX-1) inhibitory showed that the inhibition percentage was 81.9 ± 0.5%, and 
cyclooxygenase (COX-2) inhibitory provided 78.0 ± 1.2%. The fraction EPSS10 had a strong cytotoxic effect on 
different cancerous cells by increasing their concentrations. EPSS10 treatment increased Bax, Caspase 9, Cytochrome 
c, and p53 gene expression. The expression of the Bcl2 gene, however, was reduced. The antiviral efficacy of EPSS10 
was determined to be 57.29 ± 1.78% at the maximum non-cytotoxic dose, whereas the concentration required to 
achieve a 50% reduction in the pathogenic effects of the Hepatitis A Virus (HAV) was 838.50 ± 34.62 µg/ml. The 
exopolysaccharide (EPSS10) of Streptomyces sp. MAE has important therapeutic potential due to its significant 
biological functions, safe use, structural features, and intrinsic qualities.
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Introduction
Marine microorganisms have been known to produce a 
wide range of beneficial compounds, such as biopolymers 
and secondary metabolites, and they produce extracellu-
lar polysaccharides and other compounds for protection 
against harsh environmental conditions, such as hyper-
salinity, pH, and predation. Streptomycetes are Gram-
positive bacteria and have a complicated life cycle. They 
generate a variety of secondary metabolites with a range 
of structures and purposes, including herbicides, anti-
microbials, anticancer, and immunosuppressive medi-
cations. As a result, Streptomyces are thought to be the 
most well-known bacteria in the fermentation process 
used to produce active pharmaceutical ingredients [1]. 
Exopolysaccharides (EPSs) are extracellular carbohydrate 
polymers that are synthesized by different microorgan-
isms [2, 3], they can also be freely released into the cul-
ture media, such as slime EPS, or they can be a putative 
capsular polysaccharide (CPS).

Microbial EPSs offer a wide range of functions, includ-
ing surface adhesion, stabilizing enzymes, storing nutri-
ents, protecting microorganisms from phagocytosis, 
forming biofilms, and protecting parasitic organisms 
from desiccation and predation [4, 5]. Moreover, EPSs 
have demonstrated a wide range of industrialized appli-
cations, including emulsification, thickness, absorp-
tion, film creation, gel formation, anticancer treatment, 
etc. EPSs have strong biological activities that regulate 
immune function, cell division, and differentiation, and 
have antiviral, antitumor, and antioxidant properties that 
prevent atherosclerosis and inflammation [6–9].

The antiviral effects of microbial EPSs can be either 
systemic or local. When acting in the local mode, the 
EPSs engage in direct contact with the viruses or the host 
cell’s receptors. Thus, microbial EPSs can either suppress 
viral replication enzymes or boost innate and adaptive 
immunity in systemic mode actions by blocking viral 
adsorption [10].

Hepatitis A virus (HAV) infects hepatocytes and causes 
a range of clinical symptoms, from asymptomatic infec-
tion to acute, fulminant hepatitis. HAV spreads through 
the oral-fecal pathway. After an incubation period of 15 
to 40 days, symptoms—which are frequently gastrointes-
tinal in nature—appear suddenly [11].

Cancer poses a major challenge in terms of social, pub-
lic health, and economic factors, responsible for approxi-
mately one in six fatalities (16.8%) and one in four deaths 
(22.8%) attributed to noncommunicable diseases (NCDs) 
worldwide. NCDs account for three out of ten premature 
deaths globally (30.3% among individuals aged 30 to 69), 

and in 177 of the 183 countries studied, cancer is listed as 
one of the top three leading causes of death within this 
age demographic [5, 12].

Microbial EPSs have demonstrated in vitro antiprolif-
erative characteristics against a range of cancers, such 
as cervical, breast, pancreatic, colon, and leukemia [13]. 
The anticancer efficacy of microbial EPSs is determined 
through their molecular structure, molecular weight, 
uronic acid and sulfate groups, and β-type glycosidic 
linkages [14]. According to Koller et al. [15], microbial 
EPSs most likely carry out their anticancer actions by 
acting as antioxidants, binding to genotoxic carcinogens, 
inducing apoptosis, and enhancing immunity. Addition-
ally, microbial EPSs can exert their anticancer effects by 
inducing apoptosis. Both intrinsic and extrinsic caspase-
dependent pathways can cause apoptosis. Caspases 3, 
9, BCl2, and Bax are expressed in the intrinsic pathway, 
while caspases 8 and 10 are expressed in the extrinsic 
pathway. The activation of caspase-3 signifies that malig-
nant cells have experienced chromatin condensation, 
nuclear fragmentation, and cell shrinkage, while leaving 
adjacent healthy cells and tissues unaffected [16].

Moreover, microbial EPS can stimulate cell-mediated 
immune responses, such as the phagocytic ability of 
mononuclear cells, the proliferation of T-lymphocytes, 
and the tumoricidal activity of natural killer cells, to pro-
duce their anticancer effects. According to Wu et al. [17], 
L. lactis subsp. lactis EPS has been shown to increase 
intracellular calcium levels and produce inflammatory 
cytokines by inducing MCF7 cell apoptosis, nuclear con-
densation, and cell shrinkage.

The present work is carried out to isolate and identify 
exopolysaccharide-producing Streptomyces sp. addition-
ally, it investigates pharmaceutical and medicinal uses 
related to its activity as an antiviral, anticancer, antibacte-
rial, anti-inflammatory, and antioxidant.

Materials and methods
Collection of samples and isolation of streptomycetes
Samples were obtained from the sediment at a depth of 1 
cm along the shoreline of the Red Sea in Hurghada, Egypt 
(27°18 ̀22.02 ̏ N, 33°43 ̀44.8 ̏ E). The sample was subjected 
to serial dilution according to Hayakawa and Nonomura 
[18]. It was then overlaid on starch nitrate agar medium, 
which was prepared by dissolving the medium in 750 
ml of seawater and adjusting the volume to 1 L with 250 
ml of distilled water, maintaining a pH of 7 [19]. Subse-
quently, the Streptomycetes isolates were selected and 
collected based on their morphological characteristics.
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Identification of bacterium that produces EPS
The isolate S10 that produces EPS was selected and 
identified through its morphological, physiological, and 
biochemical characteristics; additionally, the confirma-
tion was performed using the 16 S ribosomal RNA gene 
method (16 S rRNA), employing the primers F-(5’-​G​A​G​T​
T​T​G​A​T​C​C​T​G​G​C​T​C​A​G-3’) and R-(5’-​G​G​T​T​A​C​C​T​T​G​T​
T​A​C​G​A​C​T​T-3’) as described by Gardes and Bruns [20]. 
Following sequencing, the obtained 16 S rRNA sequence 
was submitted to the GenBank database. Subsequently, 
it was compared with other 16 S rRNA sequences acces-
sible through the National Center for Biotechnology 
Information (​h​t​t​p​​s​:​/​​/​w​w​w​​.​n​​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/) using the 
BLAST tool. The sequences of bacterial strains most 
comparable to the 16 S rRNA gene of our isolate were 
selected and aligned to construct an appropriate phylo-
genetic tree.

Production, extraction, and purification of 
exopolysaccharides (EPS)
A loop containing strain S10 was introduced into a 250 
ml conical flask containing 50 ml of broth medium (g/l). 
The medium was prepared by dissolving 10.0 g of glucose, 
5.0 g of tryptone, 5.0 g of yeast extract, 3.0 g of K2HPO4, 
3.0 g of NaCl, 1.0 g of KH2PO4, 0.5 g of MgSO4.7H2O, 
and 0.5 g of CaCO3 in 750 ml of seawater. The solution 
was then brought to a final volume of 1 L by adding 250 
ml of distilled water, with the pH adjusted to 7 [21]. The 
inoculation medium was incubated on an incubator 
shaker at 120 rpm for five days at a temperature of 28 °C. 
Following this, the supernatant from the cell-free culture 
was centrifuged at 5000 rpm for 20 min. The supernatant 
was then combined with 10% trichloroacetic acid (TCA) 
and allowed to incubate overnight at 4 °C under static 
conditions. Afterward, it was centrifuged again at 5000 
rpm for 20 min to eliminate proteins, and the pH of the 
supernatant was adjusted to 7 using an NaOH solution 
[22]. The EPS solution was subsequently diluted fourfold 
with cold alcohol and stored at 4 °C overnight. The pre-
cipitated EPS was centrifuged at 5000 rpm for 20 min to 
separate EPS, then resuspended in deionized water and 
washed twice. They were subsequently re-precipitated 
using four volumes of cold 100% ethanol and dehydrated 
at 50 °C. For the purpose of fractionation and initial frac-
tion identification, absolute alcohol was added sequen-
tially in volumes of 1, 2, 3, and 4, leading to the collection 
of the corresponding precipitated EPS. The primary frac-
tion derived from three liters underwent dialysis against 
distilled water for 72 h, followed by two acetone rinses, 
ether dehydration, and drying at 40 °C [23]. Following 
concentration, the active ingredients were combined and 
dialyzed with deionized water. Fractions from the previ-
ous step were concentrated and dialyzed against distilled 
water, then adsorbed on a DEAE-cellulose column (70 × 

1.5 cm) equilibrated with distilled water. Non-absorbed 
exopolysaccharides were washed with distilled water, 
and the absorbed exopolysaccharides were eluted with a 
stepwise gradient of NaCl (0.2–3.0.2.0 M). Fractions of 
5.0 ml/5 min were collected [24]. Then, it was analyzed 
by the phenol-sulfuric acid method [25]. The active frac-
tions were pooled together, dialyzed against deionized 
water, and precipitated with ethanol after concentration. 
EPSS10 fraction powder was employed for characteriza-
tion and the examination of biological activity.

Chemical analysis of EPSS10
EPSS10 underwent comprehensive acid hydrolysis using 
88% formic acid at 100 °C for 5 h. The concentration of 
sulfate was determined using the turbidity technique 
with Barium Chloride-Tween 80 reagent, as outlined 
by Dodgson and Price [26]. The uronic acid concentra-
tion was quantified using spectrophotometry at a wave-
length of 525 nm with a Shimadzu 2401PC 750 Lambda 
Double Beam UV–Vis spectrophotometer, in accordance 
with the m-hydroxybiphenyl colorimetric technique [27]. 
For the investigation of monosaccharide structure and 
the calculation of molar ratios, high-performance liquid 
chromatography (HPLC, Agilate Pack, series 1, 200) was 
utilized, featuring an Aminex carbohydrate HP-87 C col-
umn (300 × 7.8 mm) and employing deionized water as 
the mobile phase at a flow rate of 0.5 ml/min [28]. A 2 mg 
sample of dried EPSS10 was combined with 200 mg of 
KBr powder and subsequently ground into a pellet mea-
suring 1 mm for Fourier-transform infrared (FTIR) spec-
tral analysis. It was conducted over a wavelength range 
of 400–4000 cm−1 by the FTIR-UNIT Bruker Vector 22 
Spectrophotometer [29].

Assessment of systemic acute toxicity properties of 
EPSS10
Animal
A cohort of ten male Sprague-Dawley rats, each with a 
weight ranging from 100 to 150 g, was provided by the 
Animal House at the National Research Centre in Cairo, 
Egypt. These rats were then housed in polycarbonate 
enclosures, each designed to hold a maximum of four 
rats. They were kept in a controlled setting featuring a 
12-hour light-dark cycle, with the temperature main-
tained at 24 ± 2 °C through an air conditioning system. 
All procedures were carried out in accordance with the 
appropriate norms and guidelines; the lethal toxicity 
(LD50) of EPSS10 was assessed in male rats using the 
Meier method; a systematic sequence of doses, beginning 
at 500 mg and increasing in concentration, was adminis-
tered; all injections were performed via the intraperito-
neal route; and the moisture content was kept between 
50% and 70%. The handling and all experiments com-
plied with the ARRIVE criteria and were approved in 

https://www.ncbi.nlm.nih.gov/
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accordance with guidelines approved by the IACUC 
(Institutional Animal Care and Use Committee) of Benha 
University, Egypt No. [Bufs-REC-2024-98Bot]. Twenty-
four hours following injection, the treated subjects’ mor-
tality and survival rates were tracked. Ten white male rats 
were used in this study to evaluate the effects of EPSS10 
on the liver, brain, kidneys, and heart, among other 
important organs. Oral doses of EPSS10 were adminis-
tered to the rats based on their body weight. For a total 
of 14 days, the administration was conducted every day. 
At the conclusion of the study session, on Day 14, all rats 
were euthanized [30].

Preparing a blood sample and biochemical 
parameters
At the end of the study period, the rats were adminis-
tered anesthesia with ketamine and xylazine at a dos-
age of 80–100 mg/kg of ketamine and 10–12.5 mg/kg 
of xylazine. Then, all experimental rats were euthanized 
by carotid exsanguination just after loss of conscious-
ness. Blood samples were obtained from the retroorbital 
venous plexus using capillary tubes that were treated 
with heparin. The blood samples were subjected to cen-
trifugation at a speed of 3000 rpm for a duration of 10 
min. The sera were kept at a temperature of −20 °C until 
they were analyzed to determine biochemical charac-
teristics. An automated biochemistry analyzer was used 
to ascertain the parameters as the levels of lactate dehy-
drogenase (LDH), blood urea nitrogen (BUN), aspartate 
aminotransferase (AST), and alanine aminotransferase 
(ALT) in serum. Numerous parameters were measured 
as part of the hematological parameter analysis process, 
such as white blood cells (WBC), reticulocytes (RET), 
platelets (PLT), mean corpuscular hemoglobin concen-
tration (MCHC), mean corpuscular hemoglobin (MCH), 
hematocrit (HCT), mean cell volume (MCV), and mean 
corpuscular hemoglobin (MCH).

Histological evaluation
10% of neutral buffered formalin was used to preserve 
liver, heart, kidney, and brain specimens obtained from 
every test. Before being incorporated in paraffin wax, the 
samples underwent a series of ethanol solutions to dehy-
drate them after fixation. Thereafter, xylene was used to 
clean the specimens. A microtome was utilized to gen-
erate sections measuring 5 μm in thickness. Following 
staining with hematoxylin and eosin (H and E), these sec-
tions were examined under a light microscope.

Assessment of EPSS10 antimicrobial activity
To assess the antibacterial efficacy of EPSS10, experi-
ments were conducted utilizing 96-well polystyrene 
flat plates. A total of ten microliters of sample extracts 
(resulting in a final concentration of 500 µg/ml) were 

combined with eighty microliters of lysogeny broth (LB 
broth). This mixture was then supplemented with ten 
microliters of isolated bacteria in suspension (during the 
log phase) and incubated overnight at 37 °C. Bacillus sub-
tilis ATCC-6633 and Staphylococcus aureus NRRLB-767 
exemplify gram-positive bacteria. Escherichia coli ATCC-
25,922 and Pseudomonas aeruginosa ATCC-10,145 
exemplify gram-negative bacteria, while yeast (Candida 
albicans ATCC-10231) and fungus (Aspergillus niger 
NRRLA-326) functioned as test organisms. Further, the 
plates were incubated at 37 °C overnight for bacteria and 
for 28 °C fungi. The absorbance was determined as the 
mean standard deviation (SD) using a Spectrostar Nano 
Microplate Reader (BMG LABTECH GmbH, Allmendg-
run, Germany) after approximately 20 h at OD600 [31].

Assessment of EPSS10 antioxidant activity
DPPH free radical scavenging activity
As the Brand Williams, et al. [32],, a mixture was pre-
pared by combining 200 µL of a 0.1 mM DPPH and 
ethanol solution with 100 µL of an EPSS10 and positive 
control (Ascorbic acid) solution, which had varying con-
centrations (100 to 500 µg/mL). At 37 °C, the mixture 
underwent incubation for 30 min. At a wavelength of 517 
nm, the test mixture’s absorbance was measured. The ref-
erence material was ascorbic acid, while ethanol was used 
as a blank control. The scavenging activity of the DPPH 
radical was assessed as follows:

	

DPPH Scavening activity (%) =
[(A control − A sample) ÷ A control]
× 100

� (1)

ABTS scavenging activity
According to the technique outlined by [33], the ABTS 
radical cation scavenging action of EPSS10 and the posi-
tive control (Ascorbic acid) were assessed at distinct 
doses ranging from 100 to 500 µg/ml. The following cal-
culation was carried out to determine the ABTS radical 
cation scavenging activity.

	

ABTS Scavening activity (%) =
[(A control − A sample) ÷ A control]
× 100

� (2)

Ferrous reducing antioxidant capacity assay
By using the Oyaizu technique [34], The ferric reducing 
antioxidant capability (FRAC) of the EPSS10 and posi-
tive control (Ascorbic acid) were assessed. The reaction 
mixture’s enhanced reducing power is indicated by its 
increased absorbance. At each concentration, the experi-
ment was carried out three times.
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Lipid peroxidation Inhibition assay
The lipid peroxidation inhibition assay was conducted 
for EPSS10 and positive control (Ascorbic acid) following 
the procedure outlined by Gulcin et al. [35]. The follow-
ing formula was used to calculate the samples’ percentage 
of lipid peroxidation inhibition:

	

Liquid peroxidation inhibition (%) =
[(A control − A sample) ÷ A control]
× 100

� (3)

Superoxide radical scavenging activity
In accordance with the established methodology [36], 
The superoxide anion scavenging activity was evaluated 
for EPSS10 and positive control (Ascorbic acid). Super-
oxide radicals were produced through the oxidation of 
NADH in a PMS-NADH system and quantified by the 
reduction of NBT. The proportion of superoxide radical 
scavenging was determined by the formula:

	

Superoxide Scavening activity (%) =
[(A control − A sample) ÷ A control]
× 100

� (4)

Nitric oxide scavenging activity
According to the procedure outlined by Adithya et al., 
[37], the nitric oxide scavenging test was carried out for 
EPSS10 and the positive control (Ascorbic acid). The 
reaction mixture comprised 0.5 mL of PBS and 2 mL of 
sodium nitroprusside at a concentration of 10 mM (pH 
7.4). The reaction mixture was administered at 0.5 mL at 
a concentration of 20–100 g/mL, subsequently agitated, 
and incubated for 2.5 h at ambient temperature. A 0.5 
mL aliquot of the mixture was extracted, combined with 
1 mL of 0.33% sulfanilic acid in a separate test tube, and 
allowed to stand for 5 min at ambient temperature. Sub-
sequently, 1 mL of 0.1% naphthalene diamine chloride is 
introduced, and the mixture is incubated for 30 min at 
ambient temperature. The absorbance was quantified at 
540 nm.

Evaluation of anti-inflammatory activity by in vitro 
suppression of cyclooxygenase enzymes (COX-1 & COX-2)
The inhibitory activity of Exopolysaccharide (EPSS10) 
with respect to assessing cyclooxygenase (COX-1) and 
cyclooxygenase (COX-2); the COX Colorimetric Inhibi-
tor Screening Assay Kit (Cayman, Ann Arbor, MI, USA) 
was utilized with sample concentrations (50–500 µg/
ml), in accordance with the manufacturer’s instructions 
and the method of Lee et al., [38] with minor modifica-
tions. The percentage of COX inhibition was assessed as 
follows:

	

COX inhibition activity =
(1 − As ÷ Ac) × 100 � (5)

Whereas, As is the absorbance of the test drug, and Ac is 
the absorbance of the control.

Invitro assessment of antitumor activity
Cell lines for hepatocellular carcinoma (HepG2), colorec-
tal adenocarcinoma (CaCo2), breast adenocarcinoma 
(MCF7), lung adenocarcinoma (A549), prostate ade-
nocarcinoma (PC3), and pancreatic adenocarcinoma 
(PANC1) were obtained from the Tissue Culture Unit, 
VACSERA, Egypt, for the purpose of evaluating their 
cytotoxicity and viability. 10% fetal bovine serum (FBS) 
from Life Science Production Group LPS, UK, 1% glu-
tamine, and 1% penicillin/streptomycin from the Lonzo 
group, Verviers, Belgium, were added to RPMI 1640 
media in order to nourish the cells. The cells were kept 
in a humidified incubator with 5% CO2 at 37 °C. The 
Methyl Thiazolyl Tetrazolium (MTT) viability test was 
used to assess the cytotoxicity of EPSS10 [39]. Every test 
was run three times, and the average of the results was 
calculated. The following formula was used to determine 
cell viability:

	

Cell viability (%) =
[1 − (O.D. test ÷ O.D. control]
× 100

� (6)

Cell line treatment
After being treated with EPSS10 at a concentration of 
78.12 µg/mL for 24 h, the MCF7 cell line was used for 
real-time polymerase chain reaction (RT-PCR).

RNA extraction and real-time PCR analysis
Total RNA was extracted from both EPSS10-treated and 
untreated cells utilizing the Qiqamp mini kit (Qiagen; 
USA) in accordance with the manufacturer’s guidelines. 
Following the RNA extraction, its quality and quantity 
were evaluated through UV spectrophotometry with a 
Nanodrop spectrophotometer (Thermo Scientific). Real-
time RT-PCR was conducted as described by Piran et 
al., [40], and gene expression levels were evaluated using 
specific primers (supplementary materials Table 1). The 
gene GAPDH was considered housekeeping. Using the 
comparative CT (2−ΔΔCT) methodology, the relative 
expression of each gene under study was determined.

Assessment of cytotoxicity and antiviral activity
Virus and cell line propagation and cytotoxicity Estimation
The cytopathogenic HAV was cultured and evaluated 
in confluent Vero cells, as described by Randazzo et al. 
[41]. The infectious virus quantification was carried out 
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by determining the 50% tissue culture infectious dose 
(TCID50), utilizing eight wells for each dilution and 20 
µL of inoculum per well, in accordance with the Spear-
man-Karber method (Pinto et al., 1994). Vero cells, 
obtained from the kidneys of the African green monkey, 
were acquired from the American Type Culture Collec-
tion (ATCC, Manassas, VA, USA). These cells were cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM) 
enhanced with 10% heat-inactivated fetal bovine serum 
(FBS), 1% L-glutamine, HEPES buffer, and 50 µg/mL gen-
tamicin. They were kept at 37 °C in a moistened environ-
ment containing 5% CO2 and were sub cultured biweekly 
[42]. The Vero cell lines utilized for the cytotoxicity mea-
sure were plated in 96-well plates at a concentration of 
2 × 10^5 cells per ml, utilizing 100 µL of development 
medium. New medium containing varying concentra-
tions of EPSS10 was presented to the blended cell mono-
layers in flat-bottom microtiter plates (Falcon, Jersey, 
NJ, USA). The microtiter plates were put in a humidi-
fied incubator set at 37 °C with 5% CO2 and permitted 
to incubate for a term of 48 h. The supernatant was dis-
posed of, and the cells were washed twice. An MTT test 
was utilized to survey cell viability [39].

Antiviral activity
Antiviral screening was conducted employing a cyto-
pathic effect inhibition test for the HAV at the Regional 
Center for Mycology and Biotechnology (RCMB) at Al-
Azhar University, Cairo, Egypt. This assay successfully 
exhibited the targeted inhibition of a biological function, 
particularly the cytopathic effect in vulnerable mamma-
lian cells, which was evaluated through the MTT tech-
nique [43]. The rate of viral inhibition was determined 
using the following method:

	

The rate of viral inhibition =
[(A − B) ÷ (C − B)] × 100 � (7)

A, B, and C represent the absorbance values of the com-
pounds being studied in virus-infected cells, the absor-
bance of the viral control, and the absorbance of the cell 
control, respectively.

Statistical analysis
All assays were estimated in triplicate, and the results 
were presented as means ± standard deviation (SD). Sta-
tistical analysis was performed using variance analysis via 
GraphPad Prism version 10.5.0, with significance deter-
mined at a p-value.

Results
Isolation and identification of marine streptomycetes
A total of twelve isolates were obtained from the sedi-
ment of the Red Sea in Hurghada, Egypt. Among these 

twelve isolates (S1 to S12), only one isolate, S10, demon-
strated a high polysaccharide production of 7.6 g/L. Iso-
late S10 exhibited straight spore chain morphology with 
a smooth surface ornamentation on the spores (Fig. 1). 
The color of the spore mass was gray, and the substrate 
mycelium pigmentation was pale gray. It can’t produce 
diffusible pigments or melanoid pigments on tyrosine 
agar. Elastin and arbutin were degraded actively, reduc-
ing nitrate and producing hydrogen sulfide. Utilization of 
sugars has been performed by using D-glucose as a posi-
tive control. It can utilize D-mannitol, D-xylose, galac-
tose, and arabinose (Table 1). A phylogenetic analysis 
of the 16 S rRNA gene sequence of strain S10 was con-
ducted, comparing it to reference sequences available in 
the GenBank and EMBL databases, which were retrieved 
from the National Centre for Biotechnology Information 
using a BLAST search (​h​t​t​p​​:​/​/​​n​c​b​i​​.​n​​l​m​.​​n​i​h​​.​g​o​v​​/​B​​L​A​S​T​/), 
as illustrated in Fig. 2. They were recognized as Strepto-
myces sp. MAE under accession number OR354383.

Production procedure and chemical characterization of 
EPSS10
Streptomyces sp. MAE was grown in a medium designed 
to enhance the synthesis of EPS. To accomplish partial 
purification and fractionation, the EPS was redissolved 
in deionized water and dialyzed with deionized water for 
72 h. To precipitate the dialyzed solution, four liters of 
cold ethanol were utilized. The isolated EPS, referred to 
as EPSS10, is characterized by a grayish-white color, an 
amorphous structure, and a lack of odor.

The purified polysaccharide underwent DEAE-cellulose 
column chromatography and was eluted using deionized 
water, followed by 0.1 M NaCl, 0.3 M NaCl, and 0.5 M 
NaCl. The carbohydrate concentrations in each 15 ml 
aliquot of eluate were assessed. Further elution was only 
conducted if the final sample from the preceding elu-
tion contained no carbohydrates. EPSS10 contained 
uronic acid (19.55%). Therefore, the fraction had sulfate 
(25.03%). While N-acetyl glucose amine (10.63%). Molar 
ratio was determined using HPLC, showing that the 
EPSS10 fraction contained monosaccharide composition. 
Glucose: Rhamnose: Galacturonic acid: Xylose: Arabi-
nose with a molar ratio of 2.0:1.0:1.0:0.5:0.5. this means 
the fraction was acidic heteropolysaccharides (Fig. 3).

The functional groups of EPSS10 were characterized 
through FTIR spectroscopy, as illustrated in Fig. 4. A 
broad peak observed at approximately 3280.21 cm−1 cor-
responds to the OH stretching vibration of the polysac-
charide [44], which falls within the range of 3600–3200 
cm−1. The peaks observed at 1642.58 cm−1 are attributed 
to a C = O stretching vibration of the N-acetyl group or 
the protonated carboxylic acid in EPSS10, confirming 
the presence of uronic acid. Additionally, the absorp-
tions near 1101.29 cm−1 are indicative of sulfate group, 

http://ncbi.nlm.nih.gov/BLAST/
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while the peak at 877.93 cm−1 suggests the presence of 
β-pyranose [45]. Consequently, the analysis conducted 
through infrared spectrometry indicated a strong likeli-
hood that the EPSS10 was classified as a β-type hetero-
polysaccharide [46].

In-vivo toxicity evaluation of EPSS10
The evaluation of in vivo safety would involve the exami-
nation of blood elements and biochemical parameters, 
as presented in Table 2. Venous blood was obtained 
from the rats using heart punctures at the conclusion 
of the experiment. The reports showed non-significant 
results between all groups treated with EPSS10 and the 
control groups. The histopathological findings are pre-
sented in Fig. 5.The photomicrograph depicts the liver 
from the control group (I), highlighting normal hepato-
cytes (H) radiating from the central vein (CV) and sepa-
rated by sinusoids (s). For the liver group (II) treated with 
EPS showing normal reappearance of most hepatocyte, 

normal of central vein (Cv) had very few Kupffer cells (K). 
Group (III) demonstrates a control kidney section char-
acterized by a normal histological structure, featuring a 
typical renal corpuscle that includes the glomerular tuft 
(G) and is encircled by the urinary space (Us). The renal 
tubules are intact and exhibit a vascular nucleus (T). In 
contrast, the kidneys from the EPS-treated group (IV) 
reveal a largely normal restoration of the glomerulus 
(G), urinary space (Us), and renal tubules (T), although 
a small number of inflammatory cells are present (indi-
cated by an arrow). Heart section control group (V) 
exhibited a typical histological structure of cardiac myo-
cytes (M), with the majority arranged longitudinally and 
featuring centrally positioned, rounded vesicular nuclei 
(N). A delicate layer of connective tissue (CT) was found 
interspersed among the cardiac myocytes. In the group 
(VI) treated with EPSS10, the histological structure of 
the cardiac myocytes (M) and nuclei (N) appeared nearly 

Fig. 1  Photomicrograph of S10 showing straight sporephores hyphae (A) & scanning electron microscope (SEM) photomicrograph of S10 showing 
smooth spore surface (B)
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normal, exhibiting only mild interstitial hemorrhage 
(Hg). Most myofibers were intact (Ct).

Antimicrobial activity of EPSS10
EPSS10 has significant antibacterial effects against Gram-
positive (+) S. aureus NRRLB-767 and B. subtilis ATCC-
6633 with 75.81 ± 0.37% and 79.02 ± 1.50%, respectively. 
Therefore, it has antibacterial activity against the Gram-
negative bacteria E. coli ATCC-25,922 and P. aeruginosa 
ATCC-10,145 with 76.22 ± 0.87% and 74.99 ± 1.09%, 
respectively. It has no antifungal effect against C. albi-
cans ATCC-10,231 and A. niger NRRLA-326, as shown in 
Table 3.

Antioxidant activity of EPSS10
The quantitative assessment of DPPH free radical scav-
enging activity was conducted at various concentrations 
of EPSS10, specifically at 100, 200, 300, 400, and 500 
µg/ml. The maximum antioxidant activity of EPSS10 
was 89.21 ± 0.3% at 500 µg/ml (Fig. 6a). The capacity of 
EPSS10 to scavenge ABTS radicals at various concen-
trations is illustrated in Fig. 6b. At the lowest concen-
tration of 100 µg/ml, EPSS10 exhibited a scavenging 
activity of 43.36 ± 1.28%, which progressively increased 
to 75.4 ± 0.5% as the concentration rose to 500 µg/ml. To 
assess the chelating efficiency of EPSS10, the chelation of 
ferrous ions (Fe+) among transition metals was analyzed 
by forming complexes with ferrozine, and the results 
are illustrated in Fig. 6c. EPSS10 exhibited a chelating 
percentage of 29.74 ± 0.4% at the minimum concentra-
tion, which increased to 68.32 ± 1.0% at the maximum 

concentration of 500 µg/mL. Consequently, the efficacy 
of EPSS10 in mitigating lipid peroxidation was evaluated 
via the thiocyanate method.

EPSS10 prevented the peroxidation of linoleic 
acid in a concentration-dependent manner, exhibit-
ing the least inhibitory effect at lower concentrations 
(48.09 ± 0.5%) seen at the minimum concentration (100 
µg/ml) as depicted in Figure (6d). The highest percentage 
(78.57 ± 1.2%) was obtained at the maximal concentration 
(500 µg/ml). Figures (6e) showed the percentage of super-
oxide anion (SOR) production that was suppressed by 
EPSS10 at varying concentrations. EPSS10 exhibited SOR 
scavenging percentages ranging from 51.4 ± 1.0% at 100 
µg/ml to 85.5 ± 0.940% at 500 µg/ml. Also, the NO radical 
scavenging capacity of EPSS10 was assessed by an SNP-
generating NO system. Data presented in Figure (6f ); 
EPSS10 exhibited a notable reduction in nitrite released 
in the SNP test medium, indicating moderate nitric 
oxide scavenging activity. The NO scavenging activity of 
EPSS10 increased dramatically from 33.8 ± 1.0% at 100 
µg/ml to 65.2 ± 0.6% at the maximum dosage of 500 µg/
ml.

Anti-inflammatory activity of EPSS10
The anti-inflammatory activity of EPSS10 was assessed 
through various methods, such as COX-1 inhibitory, and 
showed that the inhibition percentage was 81.9 ± 0.5% 
and IC50 was 22.80 µg/ml, while the control sample (Cele-
coxib) gave IC50 was 8.71 µg/ml. so, the COX-2 inhibitory 
provided 78.0 ± 1.2% and IC50 was 27.57 µg/ml, while the 
control (Celecoxib) gave IC50 was 12.1 µg/ml (Fig. 7a, b).

Antitumor activity against different cell lines
Antitumor activity was evaluated by the MTT viability/
cytotoxicity method against HepG2, CaCo2, MCF7, PC3, 
A549, and PANC1 cell lines. The fraction EPSS10 had a 
cytotoxic effect on different cell lines; by increasing the 
concentrations, the viability gradually decreased. IC50 
values were calculated to be 585.51 ± 3.33, 104.39 ± 1.24, 
78.12 ± 0.86, 317.33 ± 1.92, 210.83 ± 0.72 and 449.31 ± 2.91 
µg/ml for cell lines HepG2, CaCo2, MCF7, PC3, A549 
and PANC1, respectively, as shown in Figure (8) & Sup-
plementary Figures (1–6).

Real-time PCR
According to Fig. 9, the levels of Bax, Bcl2, p53, Cyto-
chrome c (CYC), and Caspase 9 (Casp 9) in cells treated 
with EPSS10 were assessed to investigate the potential 
mechanism of EPSS10 as an anti-cancer effect on MCF7 
cells. The expression level of the Bax gene increased by 
4.3-fold compared to the control after treatment with 
EPSS10, while Bcl2 was decreased to 0.3-fold. In con-
trast, the expression of the Casp 9 gene was found to be 
elevated by 2.5-fold in comparison to the control group. 

Table 1  Morphological, physiological and biochemical 
characteristics of S10 isolate
Morphological and cultural characteristics
Spore chain morphology Straight
Spore surface ornamentation Smooth
Color of spore mass Gray
Pigmentation of substrate mycelium Pale Gray
Diffusible pigment - ve
Physiological and biochemical characteristics
Melanin pigment Production - ve
Nitrate reduction + ve
H2S production + ve
Utilization of sugars
D-fructose - ve
Sucrose - ve
Rhamnose - ve
D-mannitol + ve
D-xylose + ve
Raffinose - ve
I-inositol - ve
Galactose + ve
L-arabinose + ve
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Additionally, treatment with EPSS10 resulted in a 1.6-
fold increase in the expression level of the p53 gene. Fur-
thermore, the expression of CYC rose significantly after 
EPSS10 treatment, reaching 3.5-fold the control level 24 
h post-treatment.

Antiviral activity against the hepatitis A virus (HAV)
Using the MTT viability/cytotoxicity assay, the maximum 
nontoxic concentration (MNTC) was determined to be 
the highest dose used in antiviral activity determina-
tion, whereas the MNTC of the EPSS10 was 1000 µg/mL. 
Therefore, different concentrations (1000, 500, 250, 125, 
62.5, 31.25, 15.6, and 7.8 µg/mL) from EPSS10 were used 
for evaluation of antiviral activity against HAV. Half max-
imal cytotoxic concentration (CC50) was 616.40 ± 27.91 
µg/mL as shown in Fig. 10a. Results illustrated that the 
antiviral activity of EPSS10 was 57.29 ± 1.78 at MNTC 
and the half maximal viral cytopathogenicity inhibitory 
concentration (EC50) of EPSS10 was 838.50 ± 34.62 µg/
mL against HAV as shown in Figure (10b).

Discussion
EPSs derived from marine microorganisms are pertinent 
to developing new pharmaceutical compounds; however, 
there are limited reports concerning EPSs exhibiting 
antioxidant, anticancer, and antiviral activities isolated 
from marine microorganisms [10]. EPSs obtained from 

Fig. 3  HPLC of EPSS10

 

Fig. 2  Phylogenetic tree of the partial sequence of 16S rRNA of the isolate Streptomyces sp. MAE isolate (S10) respects to closely related sequences avail-
able in GenBank databases

 



Page 10 of 19Refat et al. BMC Microbiology          (2025) 25:749 

diverse sources and through various chemical processes 
exhibit a range of chemical compositions, molecu-
lar weights, and structural characteristics. EPS possess 
distinct physicochemical properties such as gelation, 
solubility, minimal osmotic effects, and surface charac-
teristics, which are influenced by their composition and 
processing methods [47]. More research is also required 
to thoroughly understand the mechanisms of action and 
determine which EPSs are most promising for therapeu-
tic uses. In our study, we isolated streptomycetes from 

marine sources from Hurghada. To achieve high EPS 
productivity, 12 streptomycetes isolates were randomly 
selected and evaluated for EPS production in a particular 
production medium. S10 isolate may provide the highest 
EPS productivity (7.6 g/L), while, according to Mohamed 
et al. [23] Streptomyces rochie produced 14.2 g/L of EPS. 
Then, S10 was identified biochemically, morphologically, 
and physiologically. Phylogenetic analysis was conducted 
using the sequence of the 16 S rRNA gene for strain S10 
and identified as Streptomyces sp. MAE under accession 
number OR354383, as in a similar study by Mohamed et 
al. [23], who identified the promising Streptomyces isolate 
that produced EPS based on molecular identification.

The main fraction (EPSS10) contained 19.55% uronic 
acid. The proportion of sulfate was 25.03%. The N-acetyl 
glucose amine, however, was 10.63%. Molecular ratio was 
determined using HPLC showed that the EPSS10 frac-
tion contained monosaccharide composition Glucose: 
Rhamnose: Galacturonic acid: Xylose: Arabinose with 
a molar ratio 2.0:1.0:1.0:0.5:0.5 respectively, this means 
the fraction was acidic heteropolysaccharides. However, 
EPS was found to be made up of mannuronic acid, gluc-
uronic acid, xylose, and fructose at a molar ratio of 1.0: 
0.5: 1.0: 2.0, respectively, according to the mono sugars 
in another study by Mohamed et al., [23]. Moreover, EPS 
with uronic and sulfate groups enhanced its antioxidant 
and anticancer properties [6].

The structural characteristics of polysaccharides, such 
as their chemical composition, molecular weight, types 
of glycosidic bonds, and conformation, significantly 
affect their bioactivity. Divergences in source materials, 
extraction methods, and drying techniques that affect 

Table 2  Toxicity effect of EPSS10 on biological functions of rat 
models

Before 
treatment

After 
treatment

Complete 
Blood Count

RBCs(×106/µL) 5.39 ± 0.17 5.90 ± 0.59
Hb (g/dL) 12.12 ± 0.27 12.98 ± 0.16
Hct (%) 32.89 ± 0.89 35.90 ± 1.45
MCV (fL) 66.34 ± 0.88 64.90 ± 2.52
MCH (pg) 19.09 ± 0.28 20.71 ± 0.55
MCHC (g/dL) 32.97 ± 1.90 34.86 ± 0.72
Plt(×103/µL) 673.8 ± 12.70 653.98 ± 52.07
WBCs (×103/µL) 5.4 ± 1.42 5.73 ± 1.64

Kidney 
Function

Creatinine (mg/dL) 0.6 ± 0.04 0.7 ± 0.06
Urea (mg/dL) 39.03 ± 2.24 42.75 ± 2.11

Liver 
Function

ALT (IU/L) 59.32 ± 2.34 56.04 ± 4.19
AST (IU/L) 39.53 ± 3.54 41.72 ± 2.97
ALP (IU/L) 42.38 ± 3.18 49.87 ± 5.48
Alb (g/dL) 3.72 ± 0.21 3.87 ± 0.28
Total protein (g/dL) 5.53 ± 0.19 6.11 ± 0.19

All data are expressed as mean ± SD. T-test is used for data analysis (n = 3), to 
compare the means of all tested parameters before and after treatment. No 
Statistical significance was determined where P value > 0.05

Fig. 4  FTIR spectrum and functional groups of EPSS10
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physiochemical properties will result in variations in 
antioxidant activity. A well-documented relationship 
exists between molecular weight and radical scavenging 
activity [48]. Furthermore, it is proposed that the quan-
tity of hydroxyl or ionic groups in polysaccharides con-
tributes to their overall radical scavenging capacity [49]. 
Compounds that feature the functional groups -OH, 
-SH, -COOH, -PO3H2, -C = O, -NR2, -S-, and -O- show a 
strong capacity for chelation. Consequently, the presence 
of uronic acid and sulfate groups is crucial for exhibiting 
the metal-chelating properties of polysaccharides.

Antioxidant activity of EPSS10 was conducted using 
several methods (DPPH, ABTS, Fe2+ ion chelation abil-
ity, Lipid peroxidation Inhibition capacity, O2− radicals 

scavenging capacity, and NO scavenging capacity). Radi-
cal scavenging mechanisms by antioxidants can be cat-
egorized into two primary processes: hydrogen atom 
abstraction and radical adduct formation (RAF). Hydro-
gen atom abstraction can occur via three common mech-
anisms: hydrogen atom transfer (HAT), electron transfer 
followed by proton transfer (ETPT), and sequential pro-
ton loss electron transfer (SPLET) [50]. According to our 
results, EPSS10 had a high DPPH scavenging potential 
that increased with EPSS10 concentration. Evidently, 
500 µg/ml of EPSS10 had the highest antioxidant activ-
ity (89.21 ± 0.3%). The results of antioxidant activities 
of EPSS10 obtained in this work were consistent with 
Khalil et al., [51], who found that the radical scavenging 

Table 3  Antimicrobial activity of EPSS10
Antimicrobial activity (%)

Compounds Gram positive Gram negative Yeast Fungi
S. aureus
NRRLB-767

B. subtilis
ATCC 6633

E. coli
ATCC 25,922

P. aeruginosa
ATCC 10,145

C. albicans
ATCC 10,231

A. niger
NRRLA-326

EPSS10 (500 µg/ml) 75.81 ± 0.37 79.02 ± 1.50 76.22 ± 0.87 74.99 ± 1.09 - ve - ve
Ciprofloxacin
(20 µg/ml)

96.90 ± 0.86 91.63 ± 0.55 98.40 ± 0.22 98.87 ± 0.14 ND ND

Nystatin (20 µg/ml) ND ND ND ND 97.27 ± 0.34 98.27 ± 0.11

Fig. 5  Histopathological toxicity study effect of EPSS10 on some rats’ organs. The photomicrograph of group (I) depicts the liver from the control, group 
(II) showed liver treated with EPS showing normal reappearance of most hepatocyte, normal of central vein (Cv) and separated by sinusoids (s) with very 
few Kupfer cells (K). Group (III) demonstrates a control kidney section. group (IV) showed the kidneys from the EPS-treated reveal a largely normal restora-
tion of the glomerulus (G), urinary space (Us), and renal tubules (T), although a small number of inflammatory cells are present (indicated by an arrow). 
group (V) showed heart section control. group (VI) showed heart section treated with EPSS10, the histological structure of the cardiac myocytes (M) and 
nuclei (N) appeared nearly normal, exhibiting only mild interstitial hemorrhage (Hg). Most myofibers were intact (Ct)
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Fig. 6 (See legend on next page.)
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capacity of Exopolysaccharides (EPS1 and EPS5) was 77% 
and 75.2%, respectively, and considerably contributing 
to antioxidant activity. Also, These outcomes are consis-
tent with those of Ghanaim et al. [52]., who found that 
EPS derived from Pseudomonas aeruginosa AG01 had 
antioxidant activity. The IC50 values for DPPH radical 
and ABTS scavenging with partially purified EPS were 
found to be 218.30 µg/ml and 293.77 µg/ml, respectively. 
The study of Hazra et al. [53] furnishes evidence that the 
EPS demonstrated significant antioxidant and free radical 
scavenging capabilities, as well as commendable reducing 
power, in vitro, relative to the conventional antioxidant, 
vitamin C. The EPS demonstrated significant antioxidant 
and free radical scavenging capabilities, as well as hydro-
gen peroxide scavenging and reducing capacity.

Inflammation, characterized by erythema, edema, 
dolor, and color, is an essential defense mechanism for 
the host against pathogens that invade. Pro-inflamma-
tory stimuli, such as TNF-, initiate cellular reactions that 
enhance the synthesis of various cytokines, including 
prostaglandins (PGs) and nitric oxide (NO), as a response 
to inflammation [54]. Inflammatory diseases are caused 
by the overabundance of mediators involved in the ara-
chidonic acid (AA) cascade, particularly the lipoxygen-
ase (LOX) and cyclooxygenase (COX) pathways. The 
pro-inflammatory enzymes, COX-1 and COX-2, are the 
two isoforms of COX, and they are identical in structure 
and catalytic activity. EPSS10 revealed significant anti-
inflammatory activity. The EPSS10 exhibited inhibition of 
COX-1 (22.80 µg/mL) and COX-2 (27.57 µg/mL), com-
pared to the standard drug celecoxib (8.71 and 12.1 µg/
mL, respectively). According to these results, EPSS10 
may be used to treat inflammatory diseases. Presently, 
inflammation is often treated with non-steroidal anti-
inflammatory drugs (NSAIDs). However, prolonged 
NSAID use can have negative consequences on kidney 
function, cardiovascular health, and the gastrointesti-
nal tract. This finding offers NSAID substitutes that may 
have fewer adverse effects.

Microbial polysaccharides offer numerous advantages 
compared to plant- or animal-derived polysaccharides, 
including precise and consistent production parameters, 
as well as superior yield and quality of the final prod-
uct [55, 56]. Numerous studies have indicated that EPSs 
can impede cancer proliferation through the following 
mechanisms: (i) prevention of tumorigenesis through 
oral intake of active formulations; (ii) direct anti-cancer 
effects, including the induction of apoptosis in cancer 

(See figure on previous page.)
Fig. 6  Antioxidant activity of EPSSS10 at different concentrations (100 - 500 μg/mL). Ascorbic acid (As. Acid) used as reference standard. All Data are 
presented as mean ± SEM. Welch's t test was used for data analysis (n = 3). Statistical significance is represented as follows: * p < 0.05, ** p < 0.001, ** p < 
0.0001. a DPPH scavenging activity Inhibition percentage (%) b ABTS scavenging activity Inhibition percentage (%) c Fe+2 ion chelation ability Inhibition 
percentage (%) d Lipid peroxidation Inhibition percentage (%) e O2- radicals scavenging capacity Inhibition percentage (%) f NO scavenging capacity 
Inhibition percentage (%)

Fig. 7  COX-1 and COX-2 inhibition by EPSS10 and standard drug (Ce-
lecoxib). All Data are presented as mean ± SEM. Welch's t test was used 
for data analysis (n = 3). Statistical significance is represented as follows: 
ns: non-significant (p >0.05). a COX-1 inhibition activity Percentage (%) b 
COX-2 inhibition activity Percentage (%)

 

Fig. 8  Anti-cancer activity of EPSS10 against several cell lines, (HepG2) 
liver cancer, (CaCo2) colon cancer, (MCF7) breast cancer, (A549) lung can-
cer, (PC3) prostate cancer, and (PANC1) pancreatic cancer
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cells; (iii) immunopotentiation in conjunction with che-
motherapy; and (iv) inhibition of tumor metastasis 
[57–59]. This study looks into the anticancer qualities 
of EPSS10 as a possible cancer treatment. The cytotox-
icity of EPSS10 was evaluated using the MTT viability/
cytotoxicity method against HepG2, CaCo2, MCF7, PC3, 
A549, and PANC1 cell lines. Treatment with EPSS10 
produced different cellular responses, according to the 
results of the cytotoxicity tests conducted in this work. 
EPSS10 exhibited the lowest IC50 values on CaCo2, 
MCF7, and A549 (104.39 ± 1.24, 78.12 ± 0.86, and 210.83 
± 0.72 µg/ml), respectively. However, EPS5 derived 
from lactic acid bacteria (LAB) had a cytotoxic effect 
on MCF7, CaCo2, and HepG2 with IC50 values of 7.91, 
10.69, and 9.12 mg/ml, respectively [51]. Furthermore, 
EPS produced from Bacillus sp. has a strong potential 
for cytotoxicity against MCF7 cells at low concentrations 
[60]. Selim et al. [61] reported the production of an EPS 
from Streptomyces carpaticus, which exhibited significant 
cytotoxic effects, achieving 51.7% and 59.1% inhibition 
against breast and colon tumor cell lines, respectively. 
A chemical investigation of this EPS revealed its mono-
saccharide composition and molecular weight (Mw) to 
be 1.180 × 10^5 g/mol. Mohamed et al. [62] isolated an 
EPS obtained from Bacillus altitudinis containing man-
nuronic acid and glucose with a molecular ratio of 1:2.2 
with Mw 4.23 × 105 Da. The EPS demonstrated notable 

antitumor effects against Ehrlich Ascites carcinoma cells 
and the A-549 lung cancer cell line, exhibiting an IC50 
value of 51.94 µg/ml.

In the same context, Ghanaim et al. [52] isolated EPS 
from Pseudomonas aeruginosa AG01 that had anticancer 
activity against prostate cancer (PC3) and breast cancer 
(MCF7) cells with IC50 values of 156.41 and 156.41 µg/
ml, respectively. EPS resulted in apoptosis induction in 
MCF7 cells.

Because of the anticancer evidence, we looked into 
how EPSS10, which is produced from Streptomyces sp. 
MAE, affected the expression of apoptotic marker genes 
in MCF7 cells. In this investigation, we measured the 
relative expression of the apoptotic genes Bax, Bcl2, P53, 
Cytochrome c (CYC), and Caspase-9.

Researchers examined the mechanism by which 
EPSS10 causes apoptosis in cancerous cells using Bcl2 
family proteins, including Bcl2, which prevents apopto-
sis, and Bax, which causes apoptosis. According to the 
gene expression analysis’s findings, EPSS10 raised the 
expression of the Bax gene in the cell lines under inves-
tigation. However, Bcl2 gene expression was significantly 
reduced in cells treated with EPSS10. This finding agrees 
with the study of Khalil et al. [51] who showed that EPS5 
obtained from Lactobacillus delbrueckii ssp. Bulgaricus 
DSM 20081 T was found to enhance the expression of the 
genes Bax, Caspase 8, Caspase 3, and p53. Conversely, 

Fig. 9  Gene expression profile for target genes over a 24-h treatment period was determined by real-time PCR. The fold change in expression was calcu-
lated relative to control values (without EPSS10) with GAPDH as the internal control using the 2^(-ΔΔCT) method. Control values were calculated using 
∆Ct values form control cells and tested cells by using target gene expression to GAPDH gene. Results are meaning three experiments
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there was a decrease in the expression of the Bcl2, MCL1, 
and Vimentin genes. Caspase−9 is an initiating caspase 
that is essential for mitochondria-mediated apopto-
sis. Our findings showed a substantial overexpression 
of Caspase 9 in treated MCF7 cells relative to controls. 

According to Tukenmez et al. [63], Lactobacillus del-
brueckii ssp. bulgaricus B3-EPS increased the expression 
of Bax, Caspase 3, and Caspase 9 while lowering that of 
Bcl2, which hindered time-dependent proliferation and 
caused apoptosis.

Fig. 10  a Effect of EPSS10 on Vero cells at different concentration & (b) antiviral activity of EPSS10 against HAV
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Additionally, pro-apoptotic genes associated with both 
intrinsic and extrinsic pathways can be regulated by the 
p53 tumor suppressor [64]. In the MCF7 cell line under 
test, EPSS10 raised the amount of p53 mRNA, suggesting 
that a p53-dependent pathway is involved in the MCF7 
cells’ apoptotic process. El-Deeb et al. [65] found that p53 
gene expressions rose following treatment of CaCo2 cells 
with L. acidophilus LA-EPS-20,079 EPS protein called 
cytochrome c is involved in both programmed cell death 
and cellular respiration. On the other hand, cytochrome 
c is released from the mitochondria during apoptosis, 
which sets off a series of events that ultimately result in 
cell death. In our study, cytochrome c (CYC) in MCF7 
cells was up-regulated.

Board proteins, including Bcl2, control cell division 
and damage. Because they preserve the integrity of 
the mitochondrial membrane, Bcl2 family proteins are 
necessary for mitochondria-mediated apoptosis. Flow 
cytometry analysis revealed that SPS, a new polysaccha-
ride extracted from Sargassum integerrimum, can trig-
ger cellular apoptosis, reduce mitochondrial membrane 
potential (MMP), produce reactive oxygen species (ROS), 
and induce G2/M phase arrest in the cell cycle of A549 
cells. Alongside the increased expression of p53 and Bax, 
SPS treatment also results in decreased Bcl2 expression 
and the activation of cleaved caspase 3, caspase 9, and 
PARP. SPS suppresses the growth, movement, and cord 
formation of umbilical vein endothelial cells (HUVECs) 
in vitro, and it also hinders angiogenesis in zebrafish 
embryos in vivo [66].

Research on the antiviral properties of polysaccha-
rides and their oligosaccharide derivatives is garnering 
heightened interest, with polysaccharides leading a novel 
trend in antiviral pharmaceuticals. Polysaccharides have 
the potential to impede viral replication by interfering 
with the viral life cycle or to enhance the host’s antivi-
ral immune responses. The life cycle of viruses differs 
considerably across various species; however, it consists 
of six essential stages: viral adsorption, entry, capsid 
uncoating, biosynthesis, viral assembly, and release.

The antiviral properties of polysaccharides encompass 
several mechanisms: (a) direct destruction of viruses, 
(b) prevention of viral attachment, (c) blockage of virus 
entry and uncoating, (d) suppression of viral transcrip-
tion and replication, and (e) stimulation of the host’s anti-
viral immune responses [48]. In this study, the EPSS10 
fraction antiviral activity had been evaluated. Using the 
MTT viability/cytotoxicity assay, the maximum nontoxic 
concentration (MNTC) was determined to be the high-
est dose used in antiviral activity determination. The half 
maximum cytotoxic concentration (CC50) was 616.40 
± 27.91 µg/ml. At 1000 µg/ml, EPSS10 displayed a HAV 
inhibition percentage of 57.29 ± 1.78. EPSS10’s half maxi-
mum viral cytopathogenicity inhibitory concentration 

(EC50) was 838.50 ± 34.62 µg/ml. By preventing viral 
adsorption, sulfated polysaccharides (ASWPH) isolated 
from Aphanothece sacrum show antiviral efficacy against 
Herpes Simplex virus type-2 (HSV-2) and Influenza A 
(H1N1), with an IC50 of 0.32–1.2 µg/mL [67]. EPS iso-
lated from Pseudomonas aeruginosa AG01 had signifi-
cant antiviral activity against both the Herpes Simplex 
virus type-1 (HSV-1) and the HAV [52].

EPS extracted from a newly isolated halotolerant cya-
nobacterium, Acaryochloris Al-Azhar MNE ON864448.1, 
demonstrated strong antiviral properties at various 
phases of HSV-1 and HSV-2, adenovirus (ADV), and 
coxsackievirus (A16) infections [68]. Cimino et al. [69] 
indicated that rosacelose, a novel anti-HIV polysaccha-
ride made up of glucose and fucose sulfate, was extracted 
from the marine sponge Mixylla rosacea. The sulfuric 
acid group’s presence is essential to polysaccharide viru-
cidal action. This group interacts with viral proteins to 
improve a polysaccharide’s virucidal qualities. The attrac-
tion between the negatively charged sulfate group and 
the positively charged amino groups present on the sur-
face of viral proteins may be the cause of this interaction 
[70].

Conclusion
The present study reports the production of the EPSS10 
from Streptomyces sp. MAE, isolated from a marine 
sample collected in the Red Sea, Hurghada, Egypt. The 
in vivo toxicity assessment of EPSS10 in rats revealed 
that biological parameter analysis showed no significant 
differences between the EPSS10-treated groups and the 
control groups. EPSS10 demonstrated significant anti-
bacterial activity. It exhibited antioxidant properties 
(DPPH, ABTS, ferrous reducing, nitric oxide scaveng-
ing, radical scavenging capability, and inhibition of lipid 
peroxide production) and selective inhibitory effects on 
COX-1 and COX-2, suggesting its potential as a natural 
raw material for inflammation treatment. Additionally, it 
showed the ability to fight cancer in several types of cells, 
including liver cancer (HepG2), colon cancer (CaCo2), 
breast cancer (MCF7), lung cancer (A549), prostate can-
cer (PC3), and pancreatic cancer (PANC1) by increasing 
the levels of Bax, p53, Cytochrome c, and Caspase 9 to 
induce apoptosis. Moreover, it exhibited antiviral activ-
ity against the HAV. The structure and characteristics of 
EPSS10 may be responsible for its therapeutic properties.
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