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ABSTRACT

The exopolysaccharide from Bacillus marinus is toflg interest due to its wide spectrum bioactiatyd high
production (8.2g/L), so the strain isolated andntified based on morphological and characteristithke EPS was
obtained through the ethanol precipitation fromnfientation broth and fractionated by anion-exchaagd gel-
filtration chromatography. The main fraction of ERBMEPS) was determined as homogenous with a mafecu
weight of 500 kDa. Its structural characteristicene investigated and elucidated by periodate oxathatSmith
degradation, HPLC, FT-IR. It was contained sulfgteup (20.2%) and composed of glucose and glucaaracid

in a molar ratio of 3:1, respectively. Small amouwrftglycerol and large amount of liberated erythlipartially
prove the presence of tiig1—-4) linkages between the monosaccharides irbttekbone of the polysaccharide. The
chemical analysis showed that the proposal striectauld be as [Glg-(1-4)-Glc-5-(1-4)-Glc.Al,. The biological
activities of crude EPS and BMEPS as antiviral agaiMDCK and H1N1 virus and antioxidant were dolme.
addition, the antitumor against human breast adanciooma cell line (MCF-7) and human alveolar basal
epithelial cell line (A-549) was evaluated by MTSsay. The results suggested that F-6 could be dered as an
effective natural antiviral, antioxidant and antituwr sources.
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INDRODUCTION

Marine microorganisms often produce exopolysacdesri(EPSs) with novel structures and diverse bicdbg
activities due to their specific marine environmght50]. They have been used as an important dassoactive
natural products in the biochemical and medicallieafions due to their specific biological actie#i such as
antioxidant activity [33], immunostimulating effecf59], antitumor effects [53] and antiviral actw{55]. In fact,
most deep sea bacteria isolated were examinedthupe EPSs under these restricted growth condifis There
has been a growing interest in isolating new bact@roducing EPSs from marine environments [4]. Merarine
bacterial EPSs with unique chemical compositiomsictures and properties have been found to balsaitfor
potential applications [12, 15]. Analysis of EPS Ishown, they have high antioxidant activity, anid thay explain
the pharmacological basis of polysaccharide préwentf anile, inflammation and atherosclerosis [68hancer
remains leading cause of death globally. IARC [B8jently estimated that 7.6 million deaths worldwidue to
cancer with 12.7 million new cases per year weiadoeeported worldwide. A significant proportion thfis burden
is borne by developing countries; 63% of canceittdeare reported to be from developing countriemnd@r is a
multigenic and multicellular disease that can afieen all cell types and organs with a multi-facabretiology [18,
30]. The clinical treatment methods against camaude: surgery, which is local excision of tumeaidiotherapy,
which eliminate tumor by exposing to radiation; wie¢herapy, which relies on drug targeting tumotsgglombined
modality therapy, which includes all three formeratments together; and immunotherapy, which evakesnmune
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response against tumor. Most tumor treatments igicler effects like complications and toxicity, thpetients have
to suffer from the pain of treatments. The aimtad present study was to clarify the chemical chareation of
exopolysccharide from maririgacillus marinusand evaluate its biological activities

MATERIALSAND METHODS

Microorganism

Bacillus marinuswas isolated from marine sediments of (Al-mangrtree in Mars alm) Egypt using nutrient broth
and maintained on nutrient agar slants containgy){ peptone 10, yeast extract 10, NaCl 5, Rafe@®0.
Incubation was at 37°C for 48 h. The isolate wasniified on the basis of morphological and biocteahi
characteristics [35].

Isolation, purification and fractionation of exoshccharide

A Bacillus marinus wagrown aerobically for 96 h in a production mediat37°C and 150 rpm on a rotary shaker
[48]. After incubation period the cells were remdvéy centrifugation at 5000 rpm for 10 min (Sigma-
Laborzentrifugen, 2K15) to remove bacterial céllichloroacetic acid was added (5%) and left owgnhat 4°C and
centrifuged at 5000 rpm again to remove proteirfee PH of the clear solution was adjusted to 7.(hWaOH
solution and dialyzed three times. The supernatastsubjected to fractional precipitation by 132and 4 volumes
of absolute ethanol according to Whistler and Ldogteh [57], stirred vigorously and kept over night4°C. The
precipitate from the ethanol dispersion was calddiy centrifugation at 5,000 rpm (Sigma-Laborzérgen, 2K15)
for 15 min, re-suspended in distilled water andphjtized to afford the crude EPS. The crude polghadde
fraction (EPS) was re-dissolved in deionizaed watet forced through a filter (0.45 mm), then applie a column
(1.5 x 70 cm) of DEAE-cellulose. After loading with salmpthe column was eluted with gradient NaCl soluti
(0.2—3.0 M), and the procedure was monitored by the plhsuifuric acid method mentioned above. The codldc
fractions were further purified on a Sephadex ®-26lumn (2x 80 cm) eluted with 0.1 M NaCl at a flow rate of
0.5 mL/min. Total sugar content of each tube waasueed at 490 nm by Dubois’s method, and protesorgibion at
280 nm recorded for each fraction. One polysacdbadctive fraction (BMEPS) was collected, dialyzaad
lyophilized. BMEPS was used for activity assessnaamnt structural analysis [5].

Molecular weight determination

The molecular weight of BMEPS was determined bypggimeation chromatography (GPC) on a Sephadex0G-20
column (80 x 2.0 cm). Standard dextrans (40,00@,E®M and 2000,000 Daltons, Fluka Chemical Co.,hBuc
Switzerland) and glucose were used, and the elwidiimes were plotted against the logarithm ofrthespective
molecular weights. The elution volume of the peudfipolysaccharide was plotted in the same grapth, the
molecular weight was determined [33].

Analysis of monosaccharide composition

The BMEPS was hydrolyzed with 88% formic acid ad G in a sealed tube for 5 h. Excess acid was rembyed
flash evaporation on a water bath at a temperatd® °C and co-distilled with water [49]. The monosacdthes
contents were quantified by HPLC on a Shimadzu Shkéck SCR-101N column (7.9 mm 30 cm), using
deionized water as the mobile phase (flow raterlBmin), as described by El-Sayed al. [17]. Uronic acid
content was determined accordingndnydroxydiphenyl method using glucuronic acid andard [19].

Infrared Spectroscopy

The infrared (IR) spectrum of BMEPS was measuredaoBucker scientific 500-IR Spectrophotometer. The
polysaccharide was mixed with KBr powder, ground gressed into a 1 mm pellets for FTIR measurenieartise
range of 400-4000 C[46].

Periodate oxidation and Smith degradation

The sample (30 mg) dissolved in 12.5 mL of didfillater was mixed with 12.5 mL of 30 mmol/L NalThe
solution was kept in the dark at room temperatQré;mL aliquots were withdrawn at 24 h intervaldutdd to 25
mL with distilled water and read in a spectrophatten at 223 nm [34]. Periodate consumption wasutatied on
the basis of the change of the absorbance at 228]nihhe solution of periodate product (2 mL) wesed to assess
the amount of formic acid by titration with 0.00%h. NaOH. Ethylene glycol (2 mL) was added, thém t
experiment of periodate oxidation was over. Thaitsmh of periodate product was extensively dialyagdinst tap
water and distilled water for 48 h, respectivelpeTcontent inside was concentrated and reducedNeBH, (100
mg), and the mixture was left for 24 h at room temapure, neutralized to pH 6.0 with acetic acid 10100 mL),
dialyzed as described above, and re-concentrat&@ talL. One-third of the solution mentioned abowas\ireeze-
dried, fully hydrolyzed and analysis by HPLC [17)wo-thirds of solution was added to the same voluhéd
mol/L sulfuric acid, kept for 40 h at 2%, neutralized to pH 6.0 with BagQand filtered for analysis by smith
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degradation. The filtrate was dialyzed and the eonbut of dialysis bag was analyzed by HPLC; wasrthe
contents inside the dialysis bag was mixed withr famlumes of absolute ethanol and centrifuged. Jumernatant
and precipitate were also analyzed by HPLC [60].

Biological activity

Radical scavenging activity (RSA) of BMEPS towaRPH radical

The free radical scavenging activity of BMEPS wasasured against 1,1-diphenyl-2-picryl-hydrazyl (PP
radicals using the method of Asketral.[6]. Five mL of DPPH ethanol solution (freshly peze at a concentration
of 0.1 mmol/L) was added to 1 mL of BMEPS solutmfrdifferent concentrations (100 - 1509) in water. After

30 min, absorbance was measured at 517 nm usinctr§peotometer UV-Visible 2401PC (Shimadzu, Japan).
Lower absorbance of the reaction mixture indicatégher free radical scavenging activity, which vwaslyzed
from the graph (inhibition percentage plotted aghiconcentration of compound). Ascorbic acid wasduas
positive controls. The experiment was carried autriplicate and averaged. The capability to scgeethe DPPH
radical was calculated using the following equation

Scavenging ability (%) = ‘KASN of controI_AA517 of sampla / AA517 of controil % 100.

The EG value is the effective concentratiqrgj of BMEPS at which the DPPH radicals were scagdrigy 50%.
Antitumor activityagainst A-549 and MCF-7 cellimes

Antiproliferative activity against various tumouelt lines human breast adenocarcinoma cell line EMC and
human alveolar basal epithelial cell line (A-549snestimated by the 3-(4,5-dimethyl-2-thiazolyB-2jphenyl-2H-
tetrazolium bromide (MTT) assay, based on the @gawof the tetrazolium salt by mitochondrial deloggmases in
viable cells [22]. The relative cell viability wasxpressed as the mean percentage of viable cédisveeto the
respective DMSO treated cells (control).

Antiviral assay

The antiviral activity of the exopolysaccharide wadetermined against A/Puerto Rico/8/1934 (PR8) HMNS.
Stock solutions of the crude exopolysaccharide BMEEPS were prepared in DMSO. Cells grown to confaeein
96-well plates were infected with 100 pl of 100 D viruses. After an adsorption period of 1 h at@wvirus was
removed and serial dilutions of the exopolysacdeakvere added. Maintenance DMEM with 2% FBS wasddd
(100 pl/well). The cultures were further incubaté@7AC for 3 days, until complete CPE was observed énifected
and untreated virus control. The determinatiorhefanti HIN1 virus activity of BMEPS was based onssinduced
cytopathogenicity of HIN1 infected MDCK cells, meeed at day 4 post virus infection by the MTT catwatric
method [44]. An absorbance of formazan was detdayeal multi well plate reader at 540 nm with 620 reference
wavelength. The results were expressed as the F@tiee concentration (Efg). The 50% effective antiviral
concentration (E€g) was defined as the BMEPS concentration requiveghrfotecting 50% of the virus-infected cells
against viral cytopathogenicity.

RESULTSAND DISCUSSION

Isolation and purification of the exopolysaccharide

The crude exopolysaccharide producedBhymarinaswas isolated from the culture supernatant witlctfomal
precipitation by 1, 2, 3, and 4 volumes of absoktteanol. The fraction 1 obtained by 1volume ofadlite ethanol
showed high antitumor activity against Ehrlich AesiCarcinoma Cells (86.38 % dead cells) companiitig other
fractions 2 and 3 which produced 81.62 and 83.3B%@ctells, respectively. Therefore, the fractiomak used for
further purification studies. Te purification oflgsaccharides produced By marinusafter partial purification with
ethanol was applied to DEAE-cellulose column andesl with the deionized water and NaCl. The carlodig
contents of each aliquot of elute (ImL/min) weréedmined. Any successive elute was not appliedssnike last
aliquot of the preceding one was devoid of carbodtgs. Distilled water should elute the almost ratéraction
which does not attached to tertiary amine of theABkellulose, while the attached acidic or sulfated
polysaccharides were eluted by different salt smhst with the proper polarity according to the degof acidity of
sulfated group on the polysaccharide molecules.BMEPS obtained from the previous step DEAE-ceHalovas
subjected to the final purification on Sephadex @B-2nd determination of their molecular weight. Tedation
diagrams of the polysaccharide are illustrated lyigtly in Figure (1&2). The molecular weight ofetlsub fraction
exopolysaccharide was calculated from standardraexnarker by using Sephadex G-200 column as pesen
Figure (2). The molecular weight was found to ba@® for the BMEPS. The last BMEPS which gave the highe
antitumor activity against EACC cells was furthevestigated for its molecular structure.

Infrared spectra of the sub fractions
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The infrared spectra of BMEPS indicate that theypmtcharide have many fractional groups, stretchangds at
3500-3700 crt are probably associated with the —OH group. Ttsemttion at 1735 ci revealed the presence of
COO, which may be associated with the glucouronic aaid internal hydrogen bonds. The absorption band a
1250 and 1370 cm indicated the presence of sulfate ester. The spacshowed the characteristic S=O stretching
vibration at 1240 cit [29]. The absorption at 876 chindicated the3-glycosidic linkages of purified fractions.
Spectrum of the desulfated sub fraction-6 indicdtes presence of sulfate group. This means thatamoplete
desulfation and the appearance of glucouronic bgitHPLC analysis and the absorption band at 1735 @h
carboxylate [11, 1, 10, 51].
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Figure (1). Elution curve of EPSfrom B. marinas over DEAE-cellulose column. The absor bance at 490 nm was that of the resulting
reactive solutions of polysaccharides, phenol and sulfuric acid
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Figure (2). Purity of BMEPS on Sephacryl S-200 column eluting with 0.1M NaCl at a flow rate of 25 mL h™. The absorbance at 490 nm
wasthat of theresulting reactive solutions of polysaccharides, phenol and sulfuric acid

Periodate Oxidation and Smith degradation

The results of periodate consumption and formid acoduction of BMEPS and desulfated BMEPS show fhae
BMEPS did not produce formic acid and consumedoplatie by periodate treatment. This may be duedmite of
the pair or all hydroxyl groups of the exopolysamitie were sulfated. While, desulfated BMEPS coresiim
periodate (0.894 moles) to produce formic acid @04¥2 moles) per one mole of anhydrosugar. The yoexi
polysaccharide from periodate treatment was redbogesbdium borohydride (Smith degradation). Smalbant of
glycerol and big amount of liberated erythritol ety prove the presence of tifie(1--4) linkages between the
monosugars in the backbone of the polysaccharitiehé same time, these results support the hypetiodéghe
presence of sulfate groups on thea@d/or G. Periodate consumption of desulfated BMEPS woeldebs than one
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mole 10,/mole anhydrosugar unit, because some of these canit not be affected. These results are reflentatie
appearance of some glucouronic acid during the IBsnilegradation experiment. At the end of the pet®da
oxidation process, the resulting polyaldehydes werduced to the corresponding polyalcohols whichrewe
subjected to hydrolyses. The resulting polyalcdhalrolyzates were then subjected to HPLC analyidig sugar
derivatives, e.g glycerol, erythritol and erytheric acid in addiii to glucouronic acid were separated and
guantitatively determined. The molar ratios of themigars are 3.01: 0.15:0.8:0.1 respectively. Etgthwas
produced from ¢ C, G and C6 of the (1-4) glycosidic linkages of glucadter hydrolysis of the backbone.
While, erytheric acid was liberated from,©,, Cs and G of the (1-- 4)-glycosidic linkage of glucouronicié The
presence of relatively small quantities of glycefraim the glucose units and erytheric acid from gh&couronic
unit in the hydrolysis of polysaccharides, gaveittffermation that glucose may be found at the reshicing end.
These interpretations are in a good agreementAtittel-Akheret al.[2] and Danisheflet al[16]. The appearance
of glucouronic acid as the unit indicated the pmeseof some sulfate groups on thea@d/or G of some units of
glucouronic acid or the presence of branches oresgiocouronic acid units at;@nd/or G. These interpretations
are in a good agreement with Hussetral. [24-26]. From the previous results, the proposaicsure of BMEPS
from B. marinuscould be suggested as [Gg1-4)-Glc$-(1-4)-Glc.Al,.

Biological activities of the crude exopolysaccharahd BMEPS

The cytotoxicity against MDCK cell line

Results showed in Figure (3) demonstrate that tbhdec EPS and BMEPS displayed different, dose-desrend
cytotoxicity in both cell culture systems employdthe cytotoxicity (%) of the crude EPS was 22.583@nd 77.5
at concentrations (ug/ml) 20, 40 and 80, respdgti@n the other hand, the cytotoxicity of BMEPSswi.8, 42.2
and 76.4% at concentrations20, 40 and 80ug/ml,ectisely. From these observations, it is clear ttra
concentrations of the crude EPS and BMEPS whiclbiteld 50% (IGy) were detected at 50.3 and 50ug/ml,
respectively. It is clear that the cytotoxicity alt, of the crude EPS and BMEPS are nearly the sanis.mdant
that the crude EPS can be use as antiviral withwthier purification.
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Figure(3). Cytotoxicity of different concentrations of crude EPS and BMEPS

The inhibitory effect against HIN1virus

The inhibitory affects of the crude EPS and BMERSamcentrations 10, 20, and 40ug/ml on HIN1 indectvas
investigated by plaque reduction assay. The oldaiesults in Figure (4) reveal that the inhibitiefiects of the
crude EPS against HINI virus were 7.0, 16.6, and@®at 10, 20, 40 pg /ml, respectively. On the otiend, the
inhibition effect of BMEPS against HINI virus was06 15.0 and 31.4 % at 10, 20, 40 pg/ml, respegtiva
conclusion, the results reveal that the crude Hf#8/ad better result than BMEPS against HINI vithgse results
are in a good agreement with those of Marchettial. [38] who demonstrated that sulfated polysaccharide
(including fucoidan) exhibited antiviral activitielsoth in vivo and in vitro, of interest in view of their low
cytotoxicity compared with other antiviral drugsri@ntly used in clinical medicine. Furthermore, Askt al. [6]
isolated crude water-soluble sulfated polysacclsri(SP) from brown alga8. latifolium had antiviral activity
against HSV-1 and HAV. The antiviral activities atepending on both the degree of sulfation and cotde
weight. Also, polysaccharides containing high antoafnuronic acid residues, show very little ant@liactivity,
which stands in contrast to other polyanionic commuts. The specific position of sulfate ester grappears to be
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additionally important for antiviral activity of #ated polysaccharides [38, 9, 13]. The influenE¢he distribution
of sulfate group along polymer chain and the canttional flexibility of this chain for adopting afinite shape
that might be required during the formation of algcharide virus complex [32]. The sulfated EPSkamvn to
interfere with the absorption and penetration aisés into host cell and to inhibit various retralvireverse
transcriptases [23, 39].
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Figure (4). Antiviral activity of the crude and BMEPS against HIN1 virus

Antioxidant activity

The antioxidant activities of BMEPS at differentncentrations (100, 300, 500, 1000 and 1500 pg ¥vele
evaluated as free radical DPPH scavenging and thsirlts are found in Figure (5). It is clear thiae highest
scavenging activity 79.10 % was found for BMEP$a@icentration 1500 pg /ml followed by these of 10@0/ml
(79.00 %), 500 pg /ml (78.32 %), 300 pug /ml (17928 and 100 pg /ml (16.00 %) in decreasing ordeithkin
vitro antioxidant assay, the BMEPS was found to pod3&$3H radical-scavenging activity, with ansj&alue of
400ug/ml. The results are similar to those of Zhaigal. [64] who found that the sulfated galactan fractih
(isolated from the red seawed®brphyra haitanensjshad significantn vivo antioxidant activity, Sengt al. [48],
found that polysaccharide extracts fr@anoderma tsugapossessed good antioxidant properties excephéir t
scavenging ability towards hydroxyl radicals andym@® good candidates as a new dietary supplemedt an
functional food, Askeret al. [6] evaluated the antioxidant activity of the CRESI and CPSlin vitro by 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radical scavengiagsay (RSA). CPSI fraction showed the highesbziaiant
activity among the three fractions, Asker and Shajj isolated a water-soluble acidic EPS reactangaximum
concentration of 23.4 g/l growth medium, coded &R\, from the non-pathogenic soil bacteBaotitidis BTS44,
by precipitating with two volumes of ethanol. Iretin vitro antioxidant assay, BSMA was found to possess DPPH
radical-scavenging activity, with an JgCvalue of 12Qg/ml, Hu et al. [27] isolated two sulfated polysaccharide
fractions from seaweetdndaria pinnitafidapossessed good antioxidant properties, Céienl. [14] obtained a
homogeneous EPS, designated As1-1, from the cultedium of the mangrove entophytic fungAspergillus sp
Y16 and purified. As1-1 possessed gaoditro antioxidant activity and superoxide radicals armt&li et al. [31]
isolated an EPS frorB. coagulansRK-02 and purified by size exclusion chromatogsaph vivo evaluations
showed that this EPS displayed significant antiamichctivity. Also, Agili and Mohamed [3] obtaindite EPS from
Padina pavoniaby extraction hadn vitro antioxidant activity. The antioxidant properties BPS are mainly
associated with monosaccharide component, molecudess, structure, and conformation of polysacckari®4,
50, 45]. Molecular mass of polysaccharides wasafn@e most important structure factors [65]. Pgrains with
different molecular weight showed different antieat activities.
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Figure (5). Radical scavenging activity (RSA) of different concentrations of BMEPS

Antitumor activity against A-549 aidCF-7 cell lines

Using MTT assay, the effect of BMEPS on the prddifon of MCF-7 and A-549 was studied after 48 h of
incubation. Results in Figure (6) show that thability of MCF-7 cells after incubation with BMERS 55 % at
100 pg/ml, 72 % at 50 pg/ml, 79 % at 25 pg/ml add/Bat 12.5 pg/ml. The calculateds¢@r cell line MCF-was
118.0ug/ml for BMEPS. Results in Figure (6) showattthe highest viability of A-549 cells (88 %) wiaind for
BMEPS at concentration 12.5 pg/ml followed by tho686% at 25 pug /ml, 79% at 50 ug /ml and 63%LC ug
/ml. The calculated 16 for cell line A-549 showed a weak cytotoxic level @ncluded from the high calculated
IC5o values—indicating low antitumor affinity to be 22fml for BMEPS. Umezawat al. [55] screened EPS of
marine bacteria for their antitumor activity agaisarcoma-180 solid tumor in mice, Tanakaal. [52] isolated a
sulfated polysaccharide peptidoglycans complex 4052, from the culture supernatant of/Ahrobacterspecies
inhibited angiogenesis and tumor growth. Also, Zhat al. [62] reported that glycoproteins frol. cloacae
showed antitumor effects on mice and Wu and Ch8hgbggested that sulfated polysaccharides codégttaiumor
cells directly. Sulfated polysaccharides could liiththe metastasis and proliferation of tumor célsbinding to
growth factors and cell adhesion molecules. Pobfsagdes with antitumor action differ greatly irethchemical
composition and configuration, as well as their gt properties. Antitumor activity is exhibitegt b wide range
of glycans extending from homopolymers to highlyngpdex heteropolymers [43]. Differences in activign be
correlated with solubility in water, size of the leules, branching rate and form. Although it iffidilt to
correlate the structure and antitumor activity ofmplex polysaccharides, some relationships camfegred. It is
obvious that structural features suchpa@-3) linkages in the main chain of the glucan aalditional p-(1--6)
branch points are needed for antitumor actf@lucans containing mainly (1--6) linkages haveslastivity. High
molecular weight glucans appear to be more effedtian those of low molecular weight [40]. Howewasyious
variations in antitumor polysaccharides have alsenbnoted. Antitumor polysaccharides may have athemical
structures, such as hetdaglucans, heteroglycangi-glucan-protein,a-mannog-glucan, a-glucan-protein and
heteroglycanprotein complexes [65, 41, 42].
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Figure (6). Antitumor activity of the BMEPS against M CF-7 and against A-549 cell line
CONCLUSION

The BMEPS fromB. marinuswith biological activities was source usefully abtd from the fermented broth.
Based on the chemical and chromatographic analysisnain chain was characterized to consist oftjlghucose
and glucouronic units. Posses a good scavengitigyadni DPPH radical, antiviral and could be potahsource of
antituomer.
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