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Abstract
Objective: Exopolysaccharides gained attention as new source for cancer treatment as recent treatments cause side
effects and multidrug resistance. Polysaccharides containing sulfur and uronic acids exhibited antioxidant activity, by
restoring cell redox regulation, thus inhibiting cell proliferation and cancer formation. Following this context, our study
was performed to assess the cytotoxic activity of exopolysaccharides produced by novel Egyptian marine bacterial
strains on HepG2 cells. Methods: Bacteria were isolated, purified and cultured through routine microbiological
techniques. 16S rRNA gene amplification and sequence analyses, Fourier Transform Infra-red (FTIR), Identification
of monosugars by HPLC molecular weight estimation, sulfur content determination and neutral red uptake assay were
utilized. Results: BLAST showed that the isolates were related to the Bacillus sp. FTIR analysis indicated that the
four EPSs under study contained sulfur as substituent functional group but with different percentage in each EPS.
The highest sulfur percentage (46%) appeared in the EPS-6 that was produced by Bacillus flexus isolated from the
Mediterranean Sea. HPLC showed that EPSs contained uronic acids which appeared as glucuronic and galacturonic acid
in the low molecular weight EPS-6 (4.296×104 g mol-1). Arabinose appeared besides the glucuronic and galacturonic
acid residues. EPS-6 showed the highest cytotoxicity, IC50 (218 µg ml-1) which could be correlated to the presence of
sulfure and uronic acids in its structure. Conclusion: The novel Firmicutes from the Egyptian saline habitat produced
EPSs of cytotoxic activity on hepatocellular carcinoma.
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Introduction
Microbial exopolysaccharides (EPSs) are
heterogeneous polymers that are formed of wide range
of homo- or hetero-carbohydrates as well as organic
and inorganic substituents, the monosaccharides are
linked together through glycosidic bonds (Sutherland
1998; Zonag et al., 2012). Bacteria release EPS in the
environment in the form of capsules or slime to help
these microorganisms cope with adverse environmental
conditions as desiccation prevention and adhesions by
forming biofilms. (Wijesekara et al., 2011) water soluble
Polysaccharides could be ionic or nonionic polymers
(Freitas et al., 2011). Polysaccharides can be classified into
two groups based on their source: Natural polysaccharides
which are obtained from various organisms, such as
(algae, plants, microorganisms) and semi-synthetic
polysaccharides that are produced by the chemical or
enzymatic modification of the parent macromolecules

(Caliceti et al., 2010). Several factors and parameters
influence the production of EPS among these are the
composition of the medium, especially carbon and
nitrogen sources, pH, temperature, and incubation time.
(Vincent et al., 1994). The highest EPS yield (292 mg ml-1),
from Bacillus thuringienisis S13 was observed on using
glucose as carbon source (58.5mg ml-1), peptone (49.5mg
ml-1) at pH 7.0 this EPS have anti proliferative activity on
A549 lung cancer cells (Parthiban et al., 2014).
EPS-producing bacteria are widely present in marine
ecosystems and can be isolated from the water column,
sediments, animals, etc. Bacteria producing polymers
with novel structures and innovative properties have been
isolated in atypical environments (Mancuso-Nichols et
al., 2005). Among these properties EPS shows efficacy
as anti cancer, antioxidant and show immune stimulation
activities evidences that made EPS gained increasing
attention as source of potential new drugs for Cancer,
one of the top ten leading causes of mortality worldwide,
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as recent treatment strategies shows limitations because
severe side effects and multidrug resistance occurred in
the clinical application. For example it has been found
that MD-b1-derived polysaccharides show significant
therapeutic activities against gastric tumors from the
endophytic bacteria Bacillus amyloliquefaciens (Chen
et al., 2013). Lactobacillus casei 01 EPS exerted
anti-proliferation effect on human colon cancer cell, HT-29
which increases as the dosage increased, from 5 to 100µg
ml-1. (Liu et al., 2011) and high sulfated EPS B100S
selectively triggered strong apoptosis in haematopoietic
tumour T cell lines (Ruiz-Ruiz et al., 2010).
Molecular weight, charge density, type of substitution
group and the presence of rare sugars as L-arabinose
are essential structural features that influence the EPS
biological activity as antitumor or antioxidant agent (Wang
et al., 2016). Neutral (NPS) and acidic (APS) EPSs are
two fractions obtained from Lactobacillus plantarum
N14 (LP14) Murofushi et al., (2015) noticed that the
acidic fraction(APS) strongly stimulate NF- KB pathway
in both transfectant cells and decrease the production of
pro-inflammatory cytokines.
Roca et al., (2016) are considered the first to report the
production of EPS with high uronic acids content from
marine Pseudoalteromonas sp. MD12-642 as Bai et al.
2012 and Poli et al., (2010) report the production of EPS
from marine Pseudoalteromonas sp but with high glucose
content. The EPS produced by Pseudoalteromonas sp.
MD12-642 composed of glucuronic acid (25 – 26 mol
%), glucosamine (12 – 16 mol %), galacturonic acid
(41 – 42 mol %), and rhamnose(16 -22 mol %) of high
molecular weight above 106 Da. The presence of such
high content of uronic acids give this EPS interesting
properties to be used in regenerative medicine and tissue
engineering as heparin. Pseudoalteromonas sp. MD12-642
was isolated from Madeira Archipelago Ocean sediments
(Portugal), produced 4.40 g l-1 EPS after 17 h cultivation
by pulse feed bioreactor culture method.
Priyanka et al., (2016) showed that the EPS (650 mg l-1)
with 7.08% uronic acid containing sugars and sulphate
functional group (2.68%); its molecular weight was 90
kDa produced from the Indian south west coast isolated
Nitratireductor sp. strain PRIM-31 is a promising drug for
brain tumors as it can oppose the the Akt/P13K pathway
through this anionic charged EPS (the Presence of uronic
acid, sulphate functional groups and phosphate to this
EPS assigns an overall anionic charge to the polymer)
binding to the epidermal growth factor (EGF) secreted
by the tumor and this coincide with the findings of Liu
et al., (2014) that anionically charged EPS can prevent
EGF receptor phosphorylation. Using MTT assay the
EPS (300µg ml-1) produced cytotoxicity against U87MG
glioplastoma cells showed IC50value (234.04 µg ml-1).
The present study aimed to isolate and identify new
bacterial strains from the Egyptian sea sediment. EPSs
were isolated from these new strains. The cytotoxic effects
of these crude EPSs were tested against hepatocellular
carcinoma (HepG2) cells.
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Materials and Methods
Sample collection
Four sea sediments samples were collected in this
study. Samples (Matrouh 1, Matrouh 2) were collected
from Marsa Matrouh (Mediterranean Sea). Sample
(Matrouh 1) was collected at the water surface interface
(0-3cm), while sample (Matrouh 2) below the water
surface (50-70 cm). Samples (Ras Ghareb 3, Ras Ghareb
4) from Ras Ghareb (Red sea) were collected respectively
to those of Marsa Matrouh. All samples were collected
with a flat hand shovel in a sterile 50 ml Falcon tubes
and stored in the fridge until processing in the laboratory.
Isolation, purification and cultivation of bacteria
A bacterial stock solution was prepared by
homogenizing 10 gm sea sediment from each sample
into 100 ml sea water in 250 ml sterile Erlenmeyer flasks.
After clumps settle down samples were serially diluted
from 10-1 to 10-5 through routine microbiological and
serial dilution techniques (Shukla et al., 2011). Media
for isolation: Marine agar medium (pH 7.6) containing
(gm l-1): peptone (5); yeast extract (5); sucrose (10);
agar (15); seawater (500ml). Culture media sterilized by
autoclaving at 121 oC for 15 min. (Difco™ and BBL™
Manual, 2009) Plates were inoculated with 100 μl of each
dilution and incubated for 24 h at 30 oC. This incubation
temperature and period was chosen as it approximates the
optimum growth for bacterial strains isolated from the
same environment (Zobell et al., 1940; Jing et al., 2013).
Highly mucoid colonies were selected and re-streaked
several times on Marine agar plates to obtain pure cultures
that were stored at -80 oC as glycerol stocks in Marine
Broth supplemented with 50% (v/v) glycerol. Colonies
were screened for its gram reaction, motility and capsule
formation (Holt, 1986).
16S rRNA gene amplification and sequence analyses
Four mucoid bacterial isolates were cultivated in
Marin broth for 24 h at 30 oC for DNA extraction, using
Genomic DNA purification kit from ThermoFisher
Scientific and according to the manufacturer instructions
DNA extracted and purified. Amplification of 16S rRNA
gene was performed with a thermal cycler using 35 cycles
of 95 °C for 1min, 55 oC for 30 sec and 72 oC for 2 min.
The PCR reaction (25 µl) contained 2 μl of template
DNA, 5 µl of 5U Taq DNA polymerase (Fermentus,
Lithuania), 5 µl Taq polymerase reaction buffer, 5 µl
of deoxynucleoide triphosphate (dNTP), 2 µl of primer
pair (27F, 5′-AGAGTT TGATCMTGGCTCAG-3′;
1492R, 5’- TACGGYTACCTTGTTACGACTT-3’).
(da silva et al., 2013 ) and 4 µl of sterile RNAs free
H2O. Purification and Sequencing of the PCR product
was performed in Macrogen Sequencing Company
Seoul, Korea. The sequences obtained were compared
with the NCBI database through BLAST. The four 16S
rRNA partial gene sequences have been deposited in the
NCBI GenBank under accession numbers KP733900,
KP733901, KP733903 and KP733907.
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Production, isolation and partial purification of crude
exopolysaccharides (EPS)
From each strain glycerol vial 500 µl were transferred
to Marine broth flasks, incubated at 30 oC for 24 h. Growth
of the twelve strains in batch cultures occurred in 250 ml
Erlenmeyer flasks, each containing 50 ml Marine broth
which inoculated with 200µl of each strain inoculum
flask (O.D 0.5 at 600 nm), and incubated at 30 oC for 48 h
(Nielsen et al., 2015).
After centrifugating the culture broth at 3,500 g, 4 oC
for 15 min, cell pellets were precipitated and discard. To
assure that all cells are removed and no protein content is
left in the supernatant, 5% Trichloroacetic acid was then
added to the supernatant which is left overnight at 4 oC;
this supernatant is then centrifuged at 3,500 g.
The pH of the clear supernatant was adjusted to 7.0
with 0.1 M NaOH. Each supernatant was completed to
three- volumes with ethanol 95% and left for overnight at
4 oC; the precipitate (EPS) was separated by centrifugation
at 3,500 g at 4 oC for 20 min, washed twice with
acetone and dehydrated by ether. Finally, it was dried
in a desiccator weighed and stored at room temperature
(Vidhyalakshmi et al., 2016).
Structural characterization of the EPSs
Fourier Transform Infra-red (FTIR)
Dried sample (0.5 mg) was ground with 150 mg of
KBr crystals and was made into a pellet using a hydraulic
press. The pellet was subjected to FTIR analysis using
Perkin Elmer IR spectroscope. In the range of 400 – 4,000
cm-1 (Vidhyalakshmi et al., 2016).
Identification of monosugars by HPLC
Sugar analysis was carried out according to (Liu et
al., 2002). The polysaccharide (0.01 mg) was hydrolyzed
with 88% HCOOH (5 ml) in sealed tube at 100oC for 5
h. After the hydrolysis, the acid was removed by flash
evaporated on water bath at a temperature of 40oC. Then,
the hydrolyzed monosugars were extracted with ethanol.
The purified hydrolyses monosugars were analyzed by
HPLC (Agilate Pack, serics1,200), equipped with Aminex
carbohydrate HP-87C column (300 mm × 7.8 mm).
Deionized water was used as the mobile phase at flow
rate 1 ml/ min. Chromatographic peaks were identified
by comparing the retention times with the respective
retention times of known standard reference material.
Retention time and peak area were used to calculation of
sugar concentration by the data analysis of Agilat Packard.
Molecular weight estimation
Using the Agilent 1,100 HPLC system the molecular
weight of the four EPSs were determined. 0.01 g
was diffused in solvent (2ml H2O), filtered using the
syringe filter 0.45, finally the sample inserted in the gel
permeation chromatography (GPC) device (Liu et al.,
2009). The Mw/Mn ratio is used to appraise the The
polydispersity index through the magnitudes of the RI
signal and molecular weight at every elution quantity
(You et al., 2013). As described by Hassan et al., (2016)
the 1,100 HPLC system is supplied with a Refractive
Index Detector, and (5 μm) gel particle size of the FPL,

3 columns of pore type (100, 104, 105 A°) respectively,
length 7.5 × 300 mm (1,000- 5,000,000) for DMF solvent
Styrogel HR-DMF, 3 μm (7.8 × 300 mm), Water Company
Ireland. One column (5,000–600,000) for water solvent
(polyethylene oxide/glycol standard) PL aquagel-OH
7.5 mm and 30 μm pore type 8 μm particle size, PL
aquagel-OH 7.5 mm, 50 μm pore type, 8um particle size,
in series Mw from 100 – 1 250,000 g/mol.
Determination of Sulfur content
Sulphur content was determined using Barium
chloride-Tween-80 reagent according to Garido procedure
(1964) on 0.01gm EPS previously hydrolyzed with 5ml
5% formic acid at 105 oC. K2SO4 was used as standard.
Turbidity is measured at 500 nm.
One ml hydrolyzed EPS was added to 100 µl HCl
and100 µl Barium chloride-Tween-80 reagent.
Biological assay
Cell propagation and maintenance
Hepatocellular carcinoma HepG2 cells were purchased
from ATCC (American Type Culture Collection) and
maintained in the proper conditions. The cells were
cultured in Dulbecco’s modified Eagle’s Medium
(DMEM) (Lonza, Beligium) supplemented by 10 %
fetal bovine serum (FBS), 4 mM L-glutamine, 100
U/ml penicillin, and 100 μg/ml streptomycin sulfate
at 37 oC in a humidified incubator with 5 % CO2. The
cells harvested after trypsinization (0.025 % trypsin
and 0.02 % EDTA) and washed twice with Dulbecco’s
phosphate-buffered saline (DPBS). When the cell density
reached approximately 80%, cells were split for further
culture. The experiments were made up when the cells
were in the logarithmic growth phase.
Cytotoxicity assay
Cell viability was measured by neutral red uptake
assay (Repetto et al., 2008). The neutral red uptake
assay provides a quantitative estimation of the number
of viable cells in a culture. It is based on the ability of
viable cells to incorporate and bind the supravital dye
neutral red in the lysosomes. The cells were incubated
with various concentrations of the test compounds (125,
250, 500 and 1,000 µg ml-1) for 48 h at a cell density of
104 cells/well of 96 well plate. Using the relation between
used concentrations and neutral red intensity value, IC50
of tested compounds was calculated. Four parameter
equation logistic curve was used (log concentration vs. %
cell growth as compared to control cells). For the untreated
cells (negative control), medium was added instead
of the test compounds. A positive control doxorubicin
(Mr=579.9) was used as cytotoxic natural agent giving
100% inhibition. Dimethyl sulfoxide (DMSO) was the
vehicle used for dissolution of tested compound and its
final concentration on the cells was less than 0.2%. All
tests and analyses were done in triplicate and the results
were averaged.
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Table 1. EPSs Production and Its In-Vitro Cytotoxic
Activity on the HepG2 Cancer Cell Line
Bacterial
Strain number

EPS

EPS (g l-1)

IC50 (µg ml-1)

1

EPS-RS

8

224

2

EPS-2

4.2

398

3

EPS-3

5

371

4

EPS-4

6.5

436

5

EPS-5

8

371

6

EPS-6

9

218

7

EPS-7

7.8

372

8

EPS-8

6

661

9

EPS-9

5

631

10

EPS-10

7

617

11

EPS-11

6.5

832

12

EPS-12

6

978

Doxorubicin

2.1

* IC50, concentration required to inhibit cell viability by 50%; >1,000;
inactive

Figure 2. IR Spectrum of EPS-5 from Bacillus Subtilis
Subsp. Spizizenii (KP733901) band at 3,420.14 cm-1
referred to the stretching vibration of O-H, band at
1,622.8 cm-1 referred to the carboxyl group and C=O,
CH2 and OH bonding were illustrated at 1,440.56 cm-1.
The bands at 869.7 cm-1 indicated the α-pyranose form
of the glucosyl residue. The sulfate active group is
represented at 1,133.9 cm-1

Table 2. Sulfate Content % and Monosaccharides Molar Ratio of the EPS-RS, EPS-5, EPS-6 and EPS-7
EPS

EPS Sulfate content %

Monosaccharides Molar ratio
Glucoronic acid

Galacturonic acid

Glucose

Mannose

Arabinose

EPS-RS

42

6.5

1.5

1.0

1.0

0

EPS-5

38

2.3

1.0

2.0

0

0

EPS-6

46

1.0

3.6

2.3

3.6

5.3

EPS-7

24

1.6

1.0

1.3

2.3

0

Results
Isolation and cultivation of bacteria
Characterization of the bacterial isolates
The number of isolated strains per sample varied.
Ten bacterial strains were isolated from Marsa Matrouh
marine sediment samples and two strains were isolated
from Ras Ghareb (Red Sea) samples.
All strains showed heavy growth on Marine agar

Figure 1. IR Spectrum of EPS-RS from Bacillus Subtilis
Subsp. Subtilis (KP733900): band at 3744.12 cm-1
referred to the stretching vibration of O-H, band at
1,677.77 cm-1 referred to the carboxyl group and C=O.
CH2 and OH bonding were illustrated at 1435.74 cm-1.
The bands at 868.7 cm-1 indicated the α-pyranose form
of the glucosyl residue. The sulfate active group is
represented at 1,111.76 cm-1
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medium after 48 h of incubation at 30 oC. Marsa Matrouh
samples showed opaque, off-white with mucoid texture
colonies that were Gram positive, motile curved rods. The
two bacterial isolates of the Red Sea are both endospore
former one was Gram positive non motile Cocci arranged
in pairs while the other was Gram negative motile rod
shaped.

Figure 3. IR Spectrum of EPS-6 from Bacillus
Megaterium (KP733903) band at 3,424.96 cm-1 referred
to the stretching vibration of O-H, band at 1,677.77 cm-1
referred to the carboxyl group and C=O. CH2 and OH
bonding were illustrated at 1,441.53 cm-1. The bands at
873.5 cm-1 indicated the α-pyranose form of the glucosyl
residue. The sulfate active group is represented at 1132.9
cm-1
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Figure 4. IR spectrum of EPS-7 from Bacillus flexus
(KP733907) band at 3,423.99 cm-1 referred to the
stretching vibration of O-H, band at 1,653.66 cm-1
referred to the carboxyl group and C=O. CH2 and OH
bonding were illustrated at 1,451.17 cm-1. The bands at
862.0 cm-1 indicated the α-pyranose form of the glucosyl
residue. The sulfate active group is represented at 1,134.9
cm-1
Crude exopolysaccharides( EPS) production and isolation
According to the cytotoxic activity results represented
in (Table 1), the EPS produced by strains 1, 5, 6 and 7 are
the most active exopolysaccharides that inhibit growth
and proliferation of the HepG2 cell line, these crude
EPSs were obtained from bacteria grown under optimum
conditions, in the stationary phase of growth, and extracted
and purified as described in (Materials and methods). The
amounts of the EPSs produced by these bacteria are 8.0,
8.0, 9.0 and 7.8 gm l-1, respectively.
16S rRNA gene amplification and sequence analyses
According to the Blast of the partial sequencing of the
16S rRNA genes, the four isolated bacteria were belonged
to the Firmicutes phylogenetic group. Highest similarity
showed with Bacillus subtilis subsp. Subtilis (KP733900),
Bacillus subtilis subsp. Spizizenii (KP733901), Bacillus
megaterium (KP733903) and Bacillus flexus (KP733907)
respectively.Numbers in parentheses are accession
numbers given by the GenBank.
Determination of the Sulfur content
The major functional groups of the EPS were identified
using FTIR spectrophotometer. The four EPSs found
to contain sulfur functional group but with different

Figure 5. Effect of Crude EPS-RS, EPS-2, EPS- 3 and
EPS- 4 on HepG2 Cell Line after 48 h Incubation Time:
(•) EPS-RS IC50 224 µg ml-1 , (o) EPS-2 IC50 398 µg ml-1
, (ʌ) EPS-3 IC50 371 µg ml-1, (Δ) EPS-4 IC50 436 µg ml-1

Figure 6. Effect of crude EPS-5, EPS-6, EPS-7 and
EPS- 8 on HepG2 cell line after 48 h incubation time: (•)
EPS-5 IC50 371 µg ml-1, (o) EPS-6 IC50 218 µg ml-1 , (ʌ)
EPS-7 IC50 372 µg ml-1, (Δ) EPS-8 IC50 661µg ml-1
concentrations as shown in (Table 2). EPS-6 produced by
Bacillus megaterium found to contain the highest content
of sulfur (46%) while EPS-7 produced by Bacillus flexus
contain the least content of sulfur (24%). EPS-RS and
EPS-5 contain sulfur with 42% and 38% respectively.
Characterization of EPS
The FTIR spectrums of the EPSs (Figure 1-4) showed
many peaks specific to the carbonyl compounds. The bands
at 3744.12, 3420.14, 3424.96 and 3423.99 cm-1were
referred to the stretching vibration of O-H in the EPS-RS,
EPS-5, EPS-6 and EPS-7 respectively. (Vidhyalakshmi
et al., 2016). The bands at 1,677.77, 1,622.8, 1677.77and
1,653.66 cm-1 were a result of the stretching vibration of
the carboxyl group and C=O. CH2 and OH bonding were
illustrated at 1,435.74, 1,440.56, 1,441.53 and 1,451.17
cm-1 absorption in the spectrum of the EPSs respectively.
The bands at 868.7, 869.7, 873.5 and 862.0 cm-1 indicated
the α-pyranose form of the glucosyl residue in the EPS-RS,
EPS-5, EPS-6 and EPS-7 respectively. (Miao et al., 2014).
The sulfate active group is represented at 1111.76, 1133.9,
1132.9 and 1134.9 cm-1 in the EPS-RS, EPS-5, EPS-6
and EPS-7 respectively. (Haroun-Bouhedja et al., 2000).

Identification of monosugars and molecular weight

Figure 7. Effect of Crude EPS-9, EPS-10, EPS-11 and
EPS-12on HepG2 cell line after 48 h incubation time:
(•) EPS-9 IC50 631 µg ml-1, (o) EPS-10 IC50 617 µg ml-1,
(ʌ) EPS-11 IC50 832µg ml-1, (Δ) EPS-12 IC50 978µg ml-1
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Table 3. EPSs Molecular Weight (Mw), Number-Average
Molecular Weight (Mn) and Polydispersity Index (PI)
EPS

Weight –average
molecular weight
(Mw) g mol-1

Number-average
molecular weight
(Mn) g mol-1

polydispersity
index (PI) (Mw/
Mn)

EPS-RS

4.675×104

4.549×104

1.0277

EPS-5

5.193×104

5.052×104

1.0279

EPS-6

4.296×10

4

3.964×10

1.0838

EPS-7

3.756×104

3.376×104

1.1126

4

estimation
As shown in (Table 2) the EPS-RS was composed of
glucoronic acid, galacturonic acid, glucose and mannose
at a molar ratio 6.5:1.5:1.0:1.0 respectively, EPS-5 also
found to contain glucoronic acid and galaturonic acid in
addition to glucose but at different molar ratio 2.3:1.0:2.0
respectively. The arabinose sugar appeared in the chain
of the EPS-6 which was found to be composed of
glucoronic acid, galacturonic acid ,glucose ,mannose and
arabinose with molar ratio 1.0:3.6:2.3:3.6:5.3 respectively.
The monosugars of the EPS-7 were glucoronic acid,
galacturonic acid, glucose and mannose at molar ratio
1.6:1.0:1.3:2.3, respectively.
As shown in (Table 3) calculating the polydispersity
index (PI) from the Mw/Mn magnitude relation according
to Jun et al., (2009), the weight-average molecular weight
(Mw) of the EPS-RS, EPS-5, EPS-6 and EPS-7 were
determined as 4.7×104, 5.2×104, 4.3×104 and 3.8×104 g
mol-1 respectively. Number-average molecular weight
(Mn) of the EPS-RS, EPS-5, EPS-6 and EPS-7 were
4.549×104, 5.052×104, 3.964×104 and 3.376×104 g mol-1,
respectively.
Biological assay
Cytotoxic activity
According to the ability of viable cells to incorporate
and bind the supravital dye neutral red in the lysosomes as
stated by the neutral red assay the crude exopolysaccharides
at concentrations of 125, 250, 500, and 1,000 µg ml-1 were
investigated individually to inhibit the proliferation of the
hepatocellular carcinoma (HepG2) cell line as anticancer
agents. As shown in (Table 1, Figures 5-7), the most active
compounds that inhibit growth and proliferation of the
HepG2 cell line were EPS-RS, EPS-5, EPS-6 and EPS-7
with IC50 values 224, 371,218 and 372µg ml-1 respectively,
compared to the control cells. EPS- 2, EPS-3, and EPS- 4
showed moderate growth inhibition with IC50 values of
398,371, and 436 µg ml-1 respectively (Table 1, Figures
5–7). However, the rest of the EPSs showed no activity
against the HepG2 cancer cell line compared with control
cells (Table 1).

Discussion
Exopolysaccharides (EPSs) play an important role
in bacterial, fungal and algal defense systems. (Kumar
et al., 2007) In recent years, EPSs have great potential
as anti tumor drug as recent treatment strategies showed
limitations because of severe side effects and multidrug
resistance occurred, so we consider it of interest to
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isolate bacteria producing EPS and screen these EPSs
for their anti tumor effects on hepatocellular carcinoma
cells (HepG2).In our study the low molecular weight
EPS-6 (4.296×104 g mol-1) that was produced by Bacillus
megaterium isolated from the Mediterranean Sea, showed
the highest cytotoxicity, IC 50 (218 µg ml -1) aganist
HepG2 cells. Such considerable cytotoxicity was due
to the presence of sulfure and uronic acids in the EPS-6
structure. Marine habitats are selected for strains isolation
as extreme environments force its microorganisms to
produce substances by which they could cope with
the adverse environmental conditions present in such
habitats (Romanenko et al., 2008). These substances
can be useful for biotechnological and pharmaceutical
application as they showed cytotoxic and antimicrobial
activities. EPS are considered one of these substances
(Hussain et al., 2017) The screening results showed
that the newly isolated bacteria identified as Bacillus
megaterium (SAmt17’), Bacillus subtilis subsp. Spizizenii
(SAmt6), Bacillus flexus (SAmt74) and Bacillus subtilis
subsp. Subtilis (SAmt3) according to the16SrRNA gene
sequence analysis , produced exopolysaccharides (EPS-6,
EPS-5, EPS-7 and EPS-1) respectively that contain sulfur
and uronic acid. The above EPSs have IC50 values that
made them the most promising to be considered as anti
cancer drug among the other EPSs screened in this study.
Vidhyalakshmi and Vallinachiyar, (2013) also extracted
exopolysaccharide from Bacillus that showed cytotoxicity
against MCF-7 breast cancer cells without any cytotoxicity
against normal cells.
Although the basic carbohydrate structure for most
EPSs, does not change significantly, its substituent groups
content can vary and thus changing its properties and
activity (Wang et al., 2016). Within this context we carried
out FTIR analysis to the (EPS-RS, EPS-5, EPS-6 and
EPS-7) to explore the influence of the polymer linkage,
and substituent functional groups on the biological
activity of the polymers. The results of the FTIR analysis
showed that the above mentioned EPSs contained sulfur as
substituent functional group but with different percentage
in each EPS, the highest percentage (46%) appeared in the
EPS-6 that was produced by Bacillus megaterium which
was isolated from the Mediterranean Sea. Regarding
to this result we relate the highest cytotoxic activity of
this EPS (IC50 218 µg µl-1) on HepG2 cells to First: the
presence of the sulfur functional group, a result that is
in line with the findings of (Ruiz-Ruiz et al., 2010) who
stated that, sulfated EPS B100S triggered strong apoptosis
in hematopoietic tumor T cell lines. The result opposes
the opinion of (de Philipps and Vincenzini 1998) who
relates the production of sulfated polysaccharides only to
cyanobacteria, archaea and eukaryotic algae.
Sulfur is an important mineral required by strict
quantity for normal metabolism and anti-oxidant defense
systems. Carcinogenic transformation deprives cancer
cells from the biodegradation of cysteine to sulfane
sulfur metabolite and in turn cellular redox regulation
is disrupted. Cellular redox regulation is important for
apoptosis induction and the inhibition of cell proliferation.
(Iciek et al., 2007).
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Toohey (1989) conclude that sulfane sulphure
low concentration can be one of the causes of the
uncontrolled growth of the cancer cells. In this context
Iciek et al., (2012) showed that the polysulfides as sulfane
sulfur-containing diallyl trisulfide (DATS) compound is
capable of inhibiting HepG2 cell proliferation and induce
apoptosis as sulfane sulphur is bioreduced in HepG2 cells
relasing H2O2 and thus restore redox regulation.
Roca et al., (2015) and Wang et al., (2016) stated that
the presence of rare sugars as D-ribose and L-arabinose
besides the Uronic acid in the order of polygalacturonic
> glucuronic > galacturonic acid and polymers of low
molecular weight are important indicators reflecting the
antioxidant activity of the EPSs. Considering the above
findings we hypothesized that the abundance of these
features could relate to the cytotoxic activity of the EPSs
so we carried out HPLC to identify the monosugars of
the EPS-RS, EPS-5, EPS-6 and EPS-7. The four EPSs
found to contain uronic acids in different molar ratio
as stated in the results section. The EPS-6 that showed
the highest cytotoxicity found to contain arabinose
besides the glucoronic and galacturonic acids.EPS-6 has
low molecular weight 4.296×104 g mol-1. HPLC above
findings considered to be the second reason through
which we relate the highest cytotoxic activity of this EPS
(IC50 218 µg ml-1).
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