
46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

C4, 80143, Naples, Italy. 20 

21 

*Corresponding author: Samia AZABOU, E-mail address: azabousamia@yahoo.fr 22 

1 

 

Manuscript File Click here to view linked References  
 
 
 

 

1 
1 

2 

3 2 
4 
5 

6 

7 3 

8 

9 
10 

11 4 
12 

13 5 
14 
15 

16 6 
17 

18 7 
19 

20 

21 

22 

23 9 
24 

25 10 
26 

27 11 
28 
29 

30 12 
31 

32 13 
33 

34 14 
35 

36 15 
37 

38 

39 
40 

41 17 
42 

43 18 
44 

45 19 

Structural characterization and functional properties of novel 

exopolysaccharide from the extremely halotolerant Halomonas 

elongata S6 

 

 
Ichrak JOULAKa, Samia AZABOUa*, Ilaria FINOREb, Annarita POLIb, Barbara 

NICOLAUSb, Paola DI DONATOb,f, Intidhar BKHAIRIAc, Emilie DUMASd, Adem 

GHARSALLAOUId, Barbara IMMIRZIe, Hamadi ATTIAa
 

 

 
a-Université de Sfax, ENIS, Laboratoire Analyse, Valorisation et Sécurité des Aliments, B.P. 1173, 

Sfax 3038, Tunisia. 

b-Consiglio Nazionale delle Ricerche C.N.R., Institute of Biomolecular Chemistry (ICB), via Campi 

Flegrei 34, 80078 Pozzuoli (Na), Italy. 

c-Université de Sfax, ENIS, Laboratoire de Génie Enzymatique et de Microbiologie, B.P. 1173, Sfax 

3038, Tunisia. 

d-University of Lyon, Université Claude Bernard Lyon 1, CNRS, LAGEPP UMR 5007, 43 Bd 11 

Novembre 1918, 69622 Villeurbanne, France. 

e-Consiglio Nazionale delle Ricerche CNR, Institute of Polymers, Composites and Biomaterial 

(IPCB), via Campi Flegrei, 34, 80078 Pozzuoli (Na), Italy. 

f-Department of Science and Technology, University of Naples “Parthenope”, Centro Direzionale Isola 

8 

16 

mailto:azabousamia@yahoo.fr
https://www.editorialmanager.com/ijbiomac/viewRCResults.aspx?pdf=1&docID=24123&rev=1&fileID=474780&msid=31d93c44-8f1e-43cb-902a-9073bcbbbd87
https://www.editorialmanager.com/ijbiomac/viewRCResults.aspx?pdf=1&docID=24123&rev=1&fileID=474780&msid=31d93c44-8f1e-43cb-902a-9073bcbbbd87


23 
1 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

2 

 

 

5 

2 24 
3 
4 

25 

6 

7 26 
8 

9 

10 

11 

12 28 
13 

14 29 
15 
16 

17 30 
18 

19 31 
20 
21 

22 32 

23 

24 33 
25 

26 

27 

28 

29 35 
30 

31 36 
32 
33 

34 37 
35 

36 

37 

38 

39 

40 39 
41 

42 

43 

44 

45 

Abstract 

 

Production of extracellular polysaccharides by halophilic Archaea and Bacteria has been 

widely reported and the members of the genus Halomonas have been identified as the most 

potential producers. In the present work, a novel exopolysaccharide (EPS-S6) produced by the 

extremely halotolerant newly isolated Halomonas elongata strain S6, was characterized. 

According to the HPAE-PAD results, EPS-S6 was mainly composed of glucosamine, glucose, 

galactose and mannose (1:0.9:0.7:0.3). EPS-S6 was highly negatively charged and its molecular 

weight was about 270 kDa. Studies on its functional properties showed that EPS-S6 had several 

potential features. It has noticeable antioxidant activities on 2,2-diphenyl-1-picrylhydrazyl 

(DPPH•) inhibition and DNA protection, good ability to inhibit and to disrupt pathogenic 

biofilms, excellent flocculation of kaolin suspension and interesting emulsifying properties at 

acidic, neutral and basic pH. Therefore, EPS-S6 could have potential biotechnological concern 

in several fields such as in food, cosmetic and environmental industries. 

 

Keywords: Halomonas elongata S6; Exopolysaccharide characterization; Antioxidant 

activity; Antibiofilm activity; Flocculation property; Emulsifying property. 
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protect the producing bacteria against several harmful chemical and physical factors and 59 

preserve the cells from antibacterial agents, toxic chemicals, protozoan predation and 60 

desiccation [9, 10, 11]. Among the several EPS-producing bacteria, halophilic bacteria have 61 

an increased attention since they allow an industrial fermentation process under unsterile 62 

conditions [12]. Furthermore, their EPS are unique due to their contents in sulphate, acetate, 63 
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Biopolymers are considered as distinct to other commercially available polymers due to 

their natural origin and unique physicochemical properties allowing their prospective 

applications in several industrial fields [1]. Microbial polysaccharides represent a large number 

of versatile biopolymers that can be produced by fermentation of a broad range of microbial 

species, including bacteria, yeast and fungi [2]. These macromolecules can be found in many 

forms, either as cell-bound capsular polysaccharides, or as O-antigen component of 

lipopolysaccharide, or as unbound "slime" polysaccharides named exopolysaccharides (EPS), 

which are composed of monosaccharides units linked together by glycosidic bonds [3]. In recent 

years, there is a significant interest on bacterial EPS due to their environmentally and friendly 

features as non-toxic, safe, biocompatible and biodegradable as well as their unique physical 

and chemical properties [4, 5, 6]. 

The microorganisms inhabiting extreme environments produce EPS around the cell as a 

strategy of defense and protection against nonspecific and specific host immunity. Moreover, 

EPS from extremophiles are assumed to share the robustness of their producers, maintaining 

their activity at extreme environments of temperature, pressure, pH, salinity changes and water 

activity. It has been reported that EPS possess a wide range of biological functions in cellular 

physiology, including prevention of desiccation, protection from 

environmental stresses, adherence to surfaces, pathogenesis and symbiosis [7, 8]. In fact, EPS 
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pyruvate, uronic acids which make them amenable for multifarious applications in diverse 64 
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sectors such as food, cosmetics, biomedicines and heavy metal binding [13]. In the same vein, 65 

it has been shown that EPS produced by some halophilic strains have antioxidant, anti-cancer 66 

and anti-cytotoxicity activities [14, 15, 16, 17] or as agent in counteracting immune disorders 67 

induced by Herpes virus [18]. Besides, these EPS are widely used as gelling, stabilizing, 68 

emulsifying and viscosifying agents [19, 20, 21, 22, 23, 24]. In addition, they could be very 69 
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microorganism. It was isolated from water samples taken from Sehline Sebkha salt lake 83 

located in Tunisia (SH1) [27]. Glycerol stocks were maintained at -20 °C and working stock 84 

cultures were kept at 4 °C. 85 

2.2 EPS production 86 
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appealing to be used for different bioremediation applications as bioflocculants, bioabsorbents 

and heavy metal removing agents [22, 25, 26]. 

Halomonas elongata S6 is an extremely halotolerant exopolysaccharide producing 

bacterium that was newly isolated from Sehline Sebkha salt lake located in Tunisia [27]. EPS- 

S6 production was not associated to the cell growth since it is synthesized mainly during the 

stationary phase and reached its maximum (96 mg/l) towards the end of the cultivation. In the 

present study, we aimed to characterize the structure of this novel EPS-S6, and to evaluate its 

biological activities in terms of antibiofilm and antioxidant capabilities, as well as flocculation 

and emulsifying activities. 

2. Materials and methods 

 

2.1 Microorganism 

 

Halomonas elongata strain S6 (JCM 32868), an extremely halotolerant bacterium with rod-

shaped appearance, was used throughout the present study as an EPS-producing 



EPS production was performed according to Joulak et al. [27]. Briefly, the strain was 87 
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inoculated into the semi complex medium (SCM) (g/l): NaCl, 50; MgCl2·6H2O, 13; 88 

MgSO4·7H2O, 9; KCl, 1.3, CaCl2·2H2O, 0.2; NaBr, 0.15; NaHCO3, 0.05; yeast extract, 0.3; 89 

peptone 0.2 and glucose, 10, pH 7. Then, the inoculated culture medium was incubated for 5 90 

days at 35 °C in a rotary shaker at 150 rpm. Afterwards, bacterial cells were harvested from 91 

broth culture by centrifugation (10,000 rpm, 20 min, 4 °C). In order to precipitate EPS, the 92 
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1H spectrometer at temperature of 50 °C. For analysis, the sample EPS-S6 was exchanged 109 

twice with D2O with an intermediate lyophilizing step and then dissolved in 700 µl D2O. 110 
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collected supernatant was treated with 1.5 volumes of cold absolute ethanol added slowly 

under stirring. The alcoholic solution was kept at -4 °C overnight, and then centrifuged 

(10,000 rpm, 30 min, 4 °C). The obtained EPS was dissolved in distilled water, dialyzed 

against several runs of distilled water for 3 days using dialysis membrane with a cut-off of 12-

14 kDa, lyophilized and then weighted. 

2.3 Characterization of EPS 

 

2.3.1 Monosaccharide composition analysis 

For the sugar analysis, lyophilized EPS (5 mg) was hydrolyzed with 0.5 M 

trifluoroacetic acid (TFA) for 2 h at 120 °C, then analyzed by thin-layer chromatography (TLC) 

and HPAE-PAD, DIONEX, with CarboPacPA1column eluted using standards for identification 

and calibration curves as previously reported [23, 28]. 

2.3.2 FT-IR spectroscopy 

FT-IR spectrum of the crude EPS was recorded with a light source in the middle infrared 

range (650-4000 cm-1) in a NICOLET spectrometer (Cary 630 Agilent). 

2.3.3 NMR spectroscopy 

1H and 13C NMR spectra of EPS-S6 were performed on a Bruker AMX-600 MHz 



Chemical shifts were reported in parts per million  relative to sodium 2,2,3,3-d 4- 111 
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(trimethylsilyl) propanoate for 1H and CDCl3 for 13C-NMR spectra [29, 30, 31]. 112 

2.3.4 Thermogravimetrical analysis 113 

Thermogravimetrical analysis was performed using TGA/DTA Perkin-Elmer, Pyris 114 

Diamond TGA/DTA equipped with gas station. The sample (4-5 mg) was heated from 30 °C 115 

up to 600 °C at a heating rate of 20 °C/min under nitrogen. 116 
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ZS90 instrument (Malvern Instruments, Malvern, UK). 132 

2.4 Biological activities of EPS-S6 133 

2.4.1 Anti-biofilm activity 134 
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2.3.5 Molecular weight determination 

The analysis was performed by Size Exclusion Chromatography (SEC) using a GPC 

Max Viscotek system equipped with a TDA 305 detector (Refractive Index, Low Angle Light 

Scattering, Right Angle Light Scattering and Viscometer), UV detector. We used a pre- column 

TSK (Tosoh Corporation) and PolySep-GFC-P5000 and PolySep-GFC-P3000 (Phenomenex). 

All the samples were dissolved and eluted in MilliQ water with 0.2% NaN3 and 0.1 M NaNO3. 

After complete dissolution, samples were filtered on nylon membranes of 

0.22 μm porosity. The injection volume was 100 μl, the flow rate was 0.6 ml/min. The chosen 

method of analysis was a triple point, calibrated with a PEO standard, provided by Viscotek, 

having narrow molecular weight distribution (18,000 Da). The measurements, performed at 40 

°C according to the temperatures of columns and detectors, were run for 50 min in duplicate. 

2.3.6 Zeta potential measurement of EPS-S6 

The zeta potential (potential ζ) of the EPS sample diluted (1 mg/ml) in imidazole/acetate 

buffer (5 mM) was determined as a function of pH using a Zetasizer Nano 



The anti-biofilm activity of the EPS-S6 was assessed against the Gram-negative 135 
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bacterium  Escherichia  coli  (ATCC  25922)  and  the  Gram-positive  bacteria,  namely 136 

Enterococcus faecalis (ATCC 25912) and Staphylococcus aureus (ATCC 25923) by 137 

determining the pre- and post-adhesion treatments of the sample as described by Jemil et al. 138 

[32]. The following equation was used to calculate the microbial adhesion inhibition: 139 
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experiment was performed in triplicate and the results are shown as mean values. 154 

Protective effect on the hydroxyl radical-induced DNA damage 155 

The protective effect on the hydroxyl radical-induced skin DNA damage of the EPS- 156 

S6 was studied as described by Lee et al. [34]. The genomic DNA (0.5 µg/well) was initially 157 

pre-incubated for 10 min at room temperature with 10 µl of EPS solution at different 158 
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where Ac and A0 were defined respectively as absorbance at 595 nm of the well containing EPS 

at concentration c and absorbance at 595 nm of the wells without EPS. Negative control wells 

contained only EPS dissolved in Phosphate Buffer Saline (PBS). Assays were performed in 

triplicate and results are represented by the average of three independent experiments. 

 

 

 

 

 

 

 

 

 

 

where Ablank: absorbance of the blank (without DPPH solution); Asample: absorbance of the 

sample (DPPH solution with EPS) and Acontrol: absorbance of the control (DPPH solution 

without EPS). Butylated hydroxyanisole (BHA) was used as a standard antioxidant. The 

146 2.4.2 Antioxidant activity of EPS 

147 DDPH radical scavenging activity 

148 The DPPH radical scavenging capacity of the EPS-S6 was performed as described by 

149 Kirby and Schmidt [33]. The radical scavenging activity (RSA) was calculated as follows: 
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concentrations (5, 7.5 and 10 mg/ml). The reaction was initiated by the addition of 10 µl of 159 
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Fenton’s reagent (30 mM H2O2, 50 µM ascorbic acid and 80 µM FeCl3) and the mixture was 160 

then incubated for 5 min at 37 °C. Finally, the genomic DNA was analyzed on 1% (w/v) 161 

agarose gel and then visualized under ultraviolet light after staining with ethidium bromide. 162 

2.4.3 Flocculation capacity 163 

The flocculation rate (FR) was assessed using kaolin clay (Ref. 60609, Sigma-Aldrich, 164 
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g) was added and homogenized (20,000 rpm, 15 min) using an Ultraturrax T-18 basic (IKA, 178 

Germany). 179 

Particle size and zeta potential measurements of the emulsions were measured at 180 

different pH (8, 7, 6, 5, 4 and 3) using a laser diffraction instrument (Malvern Mastersizer 181 

3000, UK) and Zetasizer Nano ZS90 instrument (Malvern Instruments, Malvern, UK), 182 
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Germany) as the test solids suspension [35]. Briefly, 4.9 ml of a CaCl2 aqueous solution (249 

mmol Ca2+ per liter) and 0.1 ml of the flocculating agent in aqueous solution were added into 

45 ml of kaolin suspension (5 mg/ml) in FalconTM conical tubes (30 × 115 mm). The solutions 

were vigorously shaken for 20 s and allowed to stand for 5 min at room temperature (25 ± 2 

°C). Then, 1 ml was removed from the upper layer of the suspension and the optical density 

was measured at 550 nm (ODsample). A blank was prepared by replacing the flocculating agent 

with the same volume of deionized water (ODblank). The FR (%) was calculated according to 

the following equation: 

 

2.4.4 Emulsifying activity 

To obtain the emulsion of 0.1% EPS and 10% sunflower oil, an EPS aqueous solution 

was prepared by dissolving the lyophilized sample EPS-S6 (50 mg) in imidazole/acetate buffer 

pH 8 (45.5 g) and mixing it in a magnetic stirrer overnight [36]. Then, sunflower oil (5 



respectively [36]. The droplet size distribution was calculated by surface weighted average 183 
1 

2 

3 
diameter (D [3,2], µm) using the following equation: 184 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

structures were produced by various Halomonas species such as mauran (consisting of 203 

mannose (34.8%); galactose (14%) glucose (29.3%) and glucuronic acid (21.9%)) by H. 204 

maura S-30, levan (long linear homopolymeric EPS of β-(2-6)-linked fructose residues) by H. 205 

smyrnensis AAD6T, and mannan (mannose, glucose, galactose, glucosamine and 206 
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D [3,2] = (∑ ni D 3)/ (∑ ni Di
2) 

Di: diameter of class “i” and ni: number of particles of class “i”. 

Before measurements, the emulsions were diluted with imidazole/acetate buffer (5 mM) 

adjusted to the suitable pH value. The emulsions were continuously stirred throughout the 

measurement to ensure the homogenization of the sample. 

2.5  Statistical analysis 

All tests were carried out at least three times. The results were reported as the averages 

with their respective standard deviations. Statistical analyses were performed using the IBM 

SPSS statistics 21 software. Differences were regarded as statistically significant when p< 0.05. 

3. Results and discussion 

 

3.1 EPS characterization 

 

3.2.1 Monosaccharide composition and molecular weight determination 

According to Fig. 1 that depicts HPAE-PAD analysis, EPS-S6 is an 

heteropolysaccharide having the following composition: glucosamine (33.5%), mannose 

(30.6%), rhamnose (23%) and glucose (12%). Members of the genus Halomonas have been 

identified as the most potential EPS halophilic producers, with H. eurihalina being the first 

cultivated Halomonas strain for EPS production [37]. Afterwards, several EPS with different 
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galactosamine), produced by Halomonas strain CRSS [15, 19, 38]. 

 

Fig. 2 shows the GPC traces of EPS-S6 where the green line is related to the right angle 

laser light scattering signal (RALS), and the red line corresponds to the refractive index signal 

(RI). The laser detector takes into account the dimension of macromolecules in solution, while 

the refractive index detector is correlated to the concentration of macromolecules. As shown in 

Fig. 2, the RI curve is presented with three peaks. The first peak, which is centered at 13.5 ml 

of retention volume, indicated that EPS-S6 has a high molecular weight fraction of about 270 

kDa. The second peak at 18 ml characterized the fraction constituted by oligomers and the third 

peak revealed the presence of impurities and salts in the elution solvent. Peak at 13.5 ml was 

also present in the RALS line, while second and third peaks were absent. This finding confirmed 

that the macromolecules excluded at 18 ml and 20 ml were too small to be recognized by RLAS 

detector. 

 

3.2.2 FT-IR analysis 

 

The change of the structure of biopolymers and the presence of functional groups can 

be determined using FT-IR spectroscopy [39]. As shown in Fig. 3, the FT-IR spectrum of EPS-

S6 exhibited a strong and wide band at 3270 cm-1 suggesting the presence of a large number of 

hydroxyl groups (O-H), indicating therefore the presence of carbohydrates [40, 41]. 

Bramhachari et al. [42] reported that the presence of a great number of hydroxyl groups in 

polysaccharides may serve as binding sites for divalent cations. The weak peak at 2916 cm−1 

was attributed to a C-H stretching band vibration [43]. The presence of uronic acid was 

-1 



presence of both carboxyl and hydroxyl groups in the polymer can encourage metal binding 230 
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and flocculation processes. In fact, these groups can complex both in vivo and in vitro heavy 231 

metals, as in the case of EPS produced by Pseudoalteromonas sp. strain TG12 [44]. Another 232 

band at 1617 cm−1 was associated with the stretching vibration of C-O and corresponds to the 233 

characteristic absorption of polysaccharides [45]. Bands from 1300 cm-1 to 1000 cm−1, called 234 

''finger print "region were related to confirmation and surface structure of the molecule [46]. 235 
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Likewise, the peak at 1216 cm-1 and the strong peak at 1067 cm−1 were attributed to the 

presence of C‒O‒C and C‒O‒H stretching vibration and were ascribed to pyranose ring [47]. 

 

3.2.3 NMR spectra analysis 

 

The NMR analysis of EPS-S6 confirmed the presence in the polysaccharide of four main 

sugar residues (Fig. 4). In the anomeric region of the 1H-NMR spectrum, four main signals 

were identified inter alia at 5.294, 5.2355, 5.089 and 4.866 ppm that could be attributed to three 

residues with  configuration and one with  configuration, respectively (Fig. 4A). Other main 

signals were found in the up-field region at 1.396 ppm that is typical of the methyl of 6-

deoxysugars, and at 2.139, 2.129 and 2.045 ppm (Fig. 4A) suggesting the presence of methyl 

groups of randomly distributed O-acetyl and N-acetyl residues, successively [48]. In the 

anomeric region, four main signals at 103.0, 100.18, 98.41 and 98.17 ppm were identified. The 

presence of different O-acetyl and N-acetyl residues was also confirmed by the carbonyl groups 

signals in the region between 176.6 ppm and 174.99 ppm, coupled with the characteristic methyl 

resonances at 23.0 ppm, 22.96 ppm and 22.84 ppm (Fig. 4B). 

3.2.4 TGA analysis 



Determination of the thermal behavior of EPS is important in order to evaluate its 252 
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commercial application. Fig. 5 shows both TGA and DTG traces of EPS-S6 which exhibited 253 

minor loss in weight at about 80 °C, corresponding to the water evaporation from the EPS. 254 

Several studies suggest that the initial loss of moisture is due to the presence of high content 255 

of carboxyl groups, which are bound to water molecules [49]. A major weight loss was 256 

centred at about 280 °C, corresponding to the thermal degradation of EPS. Wang et al. [50] 257 
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tested pH values, which indicate the anionic nature of this EPS. The negative charge of 270 

polysaccharide could be originated from carboxyl, phosphate and/or sulfate groups [22, 51]. 271 

As stated by Guo et al. [51], the charged groups ameliorate the solubility of polysaccharides, 272 

by increasing their molecular affinity to water and preventing the intermolecular association 273 

though the electrostatic interactions posed by the charged group. Recently, Abid et al. [52] 274 
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reported that the degradation temperature of EPS produced by Lactobacillus plantarum KF5 

was slightly lower (279.59 °C) than EPS-S6. Nevertheless, Singh et al. [1] have found much 

higher value of degradation temperature for EPS Nat-103 extracted from the halophilic 

bacterium Natronotalea sambharensis (295.2 °C). Moreover, EPS-S6 showed a bit higher 

degradation temperature than that for locust gum (278.46 °C), but lower than that for xanthan 

gum (282.65 °C). According to thermal characteristics of EPS-S6 which are comparable to 

those from commercial biopolymers mentioned above, this polymer could be considered as 

thermostable and could be therefore used in thermal processed foods without any thermal 

degradation risk. 

 

3.2.5 Zeta potential 

 

The net charge of EPS-S6 was determined by measuring the zeta potential at different 

pH values ranging from 2 to 9. As shown in Fig. 6, EPS-S6 was negatively charged at all 



have reported that complexation between charged polysaccharide and protein through 275 
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electrostatic effects between their opposed charges may improve functional properties of the 276 

resulted biopolymer. Such interactions are of great importance especially in dairy industries, 277 

since they are involved in the texture of dairy products. 278 

2.6  Biological activities of EPS-S6 279 

2.6.2 Antibiofilm activity 280 
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biofilms are similar. According to Kim et al. [54], the biofilm inhibition did not result from 293 

the bactericidal activity of EPS, but rather from the inhibition of the initial attachment and 294 

autoaggregation of bacterial cells during biofilm development, which is probably due the 295 

bacterial surface properties alteration by EPS. However, up to date, there have been only few 296 
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The anti-biofilm activity of EPS-S6 was assessed at different concentrations (0.5; 1; 1.5; and 

2 mg/ml) against three pathogenic strains. As shown in Fig. 7A, the pre-treatment of the 

microplate wells with EPS-S6 inhibited biofilms formation by the tested pathogenic strains in 

a concentration dependent manner. It can be noticed that the adhesion inhibition against E. coli 

and S. aureus increased until achieving a maximum of 46.69% and 54.38%, respectively. 

However, it remained almost constant (65.67%) for En. faecalis above 1 mg/ml of EPS-S6. It 

has been reported that EPS A101 from a marine bacterium was able to inhibit biofilms formed 

by several Gram-positive and Gram-negative bacteria [53]. The ability of EPS-S6 to disrupt 

biofilms pre-formed by pathogenic bacteria was also studied (Fig. 7B). The disruptive activity 

increased concomitantly with the increase of EPS concentration. At 2 mg/ml, EPS-S6 was able 

to disrupt biofilms pre-formed by En. faecalis (64.37%), E. coli (44.44%) and S. aureus 

(57.6%). This result suggests that the capacities of EPS-S6 to prevent and disrupt pathogenic 

https://www.thesaurus.com/browse/reciprocally


works concerning the disruption of pre-formed biofilms by EPS and the detailed involved 297 
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mechanisms are yet to be studied. 298 

3.3.2 Antioxidant activities 299 

The DPPH radical scavenging assay is the most commonly employed method among 300 

antioxidant assays. It determines the ability of the antioxidant to convert DPPH radical to a 301 
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antioxidant potential of EPS-S6. In case of plasmid, the attack of the hydroxyl radical (OH•) 315 

results in a cleavage of one of the phosphodiester chains of the supercoiled DNA and 316 

produces a relaxed open circular form [58]. It generates three forms including supercoiled 317 

(SC), open circular (OC) and linear form (L). As shown in lane 5 (Fig. 8B), the incubation of 318 

plasmid DNA with Fenton’s reagent resulted in complete degradation of DNA, indicating that 319 
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more stable DPPH2 by either donating an electron or donating hydrogen. In the present work, 

the in vitro antioxidant activity of EPS-S6 was determined and compared to the synthetic 

antioxidant BHA. As shown in Fig. 8A, EPS-S6 showed scavenging effect on DPPH radical in 

a dose dependent manner. Nevertheless, it showed moderate RSA (60.59% at 10 mg/ml) 

compared to BHA (91.02% at 10 mg/ml). This could be due to a lesser proton donating ability 

of EPS-S6 comparing to BHA. RSA of EPS-S6 was lower than that shown by EPS from H. 

xianhensis SUR308, which exhibited 43 to 72% RSA at concentrations ranging from 0.06 to 1 

mg/ml [55]. The quenching of DPPH radical was influenced by several factors and most studies 

have emphasized that hydroxyl functional groups of sugar moieties can donate protons in order 

to combine with unpaired electron of DPPH radical and to produce the reduced form DPPH-H 

[56]. Besides, Rocha de Souza et al. [57] have suggested that high sulfate content in EPS may 

improve the antioxidant activity. 

 

Oxidative DNA damage protective activity was also investigated to evaluate the 



OH• produced multiple double-strand DNA breaks. The addition of EPS-S6 solution at 5, 7.5 320 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

and 10 mg/ml (Lane 1, 2 and 3, respectively) resulted in partial retention of supercoiled DNA 321 

and produced open circular and linear form of DNA. Therefore, EPS-S6 could prevent OH• 322 

induced DNA breaks and mitigated the oxidative stress, indicating an antioxidant effect. 323 

Basing on results depicted in Fig. 8, EPS-S6 has the ability to donate either a hydrogen atom 324 

or an electron and therefore quenching reactive oxygen species. 325 
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interchain electrostatic repulsion, and thus conferring more adapted conformation to favor a 338 

multi binding attachment to the kaolin particles [60, 61]. 339 

3.3.4 Emulsifying properties 340 
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3.3.3 Flocculation capacity 

 

 

Flocculants are commonly used in numerous depollution processes such as drinking-water 

purification and wastewater treatment processes. They could be also employed in various 

industries like food, textiles, pharmaceuticals, cosmetics, detergents and in laundry products 

[59]. In order to assess the flocculating capacity of EPS-S6, the flocculation rate (FR) of kaolin 

suspension (5 mg/ml, w/v) in the presence of 0.01% EPS-S6 was measured (Fig. 9). Results 

showed that after 5 min of settling, the decrease in optical density at 550 nm of the suspension 

containing EPS-S6 was considerably lower (0.51) than that of the blank (1.12), which 

corresponded to a FR of 55% reached with low EPS concentration (1 mg/l). This could be 

explained by the high negative charge of EPS-S6 (Fig. 6) as reported in paragraph 2.5.2. In fact, 

the presence of carboxyl groups particularly uronic acids could promote the flocculation 

mechanism through allowing stretching of the molecular chain in order to reduce intra- and 



Surfactants and emulsifiers from bacterial sources are especially interesting due to their 341 
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biodegradability and possible production from renewable resources. The ability of EPS-S6 to 342 

emulsify sunflower oil was assessed at different pH values (8, 7, 6, 5, 4 and 3) and the 343 

emulsion stability was evaluated by the measurement of particle size and zeta potential. 344 

Results shown in Fig. 10A indicated that there was no significant difference between the 345 

droplet size of the formed emulsions at all tested pH values (p>0.05). It could be also noticed 346 
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hexadecane [63]. 361 

Conclusion 362 
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that the average size of the obtained droplets was relatively small (D [3,2] ≈3.4 µm). In fact, it 

is well known that one of the key factors determining the emulsion stability is the average size 

of particles and their size distribution. Horozov et al. [62] have reported that smaller droplets 

produce more stable emulsions. Additionally, there was no significant difference (p>0.05) in 

zeta potential of the formed emulsions at different pH values, and they were ranged between - 

32.7 and -44.7 mV when the pH changed from 3 to 8 (Fig. 10B). This may be explained by the 

fact that there was no significant change of the surface charges of EPS-S6 when varying pH 

values (Fig. 6). The formed emulsions were high electrically charged at different pH values, 

which may increase the electrostatic repulsions between emulsion droplets and therefore avoid 

aggregation. Emulsification efficiency of EPS produced by different halophilic bacterial strains 

varies considerably. EPS produced by H. maura, H. almeriensis, 

H. xianhensis and Salipiger mucosus were able to emulsify hydrocarbons, crude oils, mineral 

oils, hexadecane, tetradecane, octane and many others. Moreover, the highest anionic activity 

of EPS produced by Halomonas sp. TG39 was correlated with 100% emulsifying capacity of 



In the present work, the exopolysaccharide (EPS-S6) produced by the cultivated 363 
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Halomonas elongata S6 was studied to determine its structure, physicochemical and 364 

biological properties. Results revealed that EPS-S6 was mainly composed by glucosamine as 365 

the main sugar component (33.5%), followed by mannose (30.6%), rhamnose (23%) and 366 

glucose (12%). The study of its biological activities revealed that EPS-S6 had a good capacity 367 

to inhibit biofilm formation and to disrupt pre-formed biofilms. EPS-S6 exhibited also a 368 
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radical scavenging activity in a dose-dependent manner and a protective effect against DNA 

damage. Besides, EPS-S6 had strong potential to be used as flocculant agent, and showed 

potential emulsifying properties that could be used as emulsifier and stabilizer in acidic, neutral 

and basic emulsions. Based on all these findings, EPS-S6 could be introduced as promising 

biopolymer to be used in several industrial fields. 
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Figure 

 
 
 

 
Figure caption: 

Fig. 1. HPAE-PAD chromatogram of monosaccharide composition of EPS-S6. 

 

Fig. 2. Molecular mass determination of EPS-S6: RALS signal (green line) - RI signal (red 

line). 

Fig. 3. FT-IR spectrum of EPS-S6. 

 

Fig. 4. 1H NMR (A) and 13C NMR (B) spectra of EPS-S6. 

 

Fig. 5. TGA trace of EPS-S6 (black line: thermogravimetrical analysis, red line: derivative). 

 

Fig. 6. Zeta potential of EPS-S6. 

 

Fig. 7. Effect of EPS-S6 at increasing concentrations from 0.1 to 2 mg/ml on (A): biofilm 

formation inhibition (%) and (B): biofilm disruption (%). 

Fig. 8. Antioxidant activities of EPS-S6 at different concentrations (from 1 to 10 mg/ml). (A): 

DPPH scavenging activity and (B): DNA protection assay. Lanes 1, 2 and 3: plasmid DNA 

incubated with Fenton’s reagent and 5, 7.5 and 10 mg/ml of EPS-S6, respectively; lane 4: native 

plasmid DNA; lane 5: plasmid DNA incubated with Fenton’s reagent. 

Fig. 9. Formation of kaolin particles flocs by the function of EPS-S6 in the presence of CaCl2 

after5 min of settling (same letters: p > 0.05). 

Fig. 10. Size and zeta potential of formed emulsion droplets at different pH values. Small letters 

represent the statistical difference between emulsions prepared at different pH (same letters: p 

> 0.05). 
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