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Characterization and
Biotechnological Potential Analysis
of a New Exopolysaccharide
s> from the Arctic Marine Bacterium
eese® polaribacter sp. SM1127

- Mei-Ling Sun'*", Fang Zhao**, Mei Shi'?, Xi-Ying Zhang"?, Bai-Cheng Zhou?,
- Yu-Zhong Zhang"? & Xiu-Lan Chen*?

. Although many kinds of exopolysaccharides (EPSs) from microorganisms have been used in industry,

. the exploration and utilization of EPSs from polar microorganisms is still rather rare. In this study, a

: flavobacterial strain, SM1127, from the Arctic brown alga Laminaria, was screened for its high EPS
production (2.11g/l) and was identified as belonging to the genus Polaribacter. The EPS secreted
by strain SM1127 has a molecular mass of 220kDa, and it mainly comprises N-acetyl glucosamine,
mannose and glucuronic acid residues bound by heterogeneous linkages. Rheological studies on the
aqueous EPS showed that it had a high viscosity and good shear-thinning property. Moreover, the
EPS showed a high tolerance to high salinity and a wide pH range. The EPS also had good antioxidant

. activity. Particularly, its moisture-retention ability was superior to that of any other reported EPS or

. functional ingredient generally used in cosmetics. The EPS also showed a protective effect on human

. dermal fibroblasts at low temperature (4 °C). Safety assessment indicated that the EPS is safe for oral
administration and external use. These results indicate the promising potential of the EPS from strain
SM1127 in the food, cosmetic, pharmaceutical and biomedical fields.

. In marine environments, most microbial cells are surrounded by a layer of extracellular carbohydrate polymers,
. which usually are exopolysaccharides (EPSs)!. EPSs, with linear or branched structures, are composed of repeating
. units of different monosaccharides or their derivatives?. They help microbes survive in diverse marine environments
© by influencing the physicochemical environment near the microbial cell’. Some extreme marine environments, such
- as deep-sea hydrothermal vents, shallow submarine thermal springs and polar marine habitats, have been regarded
as new sources for the exploration of EPS-producing bacteria®. Studying marine bacterial EPSs will advance our
understanding of marine bacteria and offer more opportunities to find new EPS resources for biotechnological
and industrial application.
Natural EPSs, such as xanthan gum and hyaluronic acid (HA), have been widely applied in food, medicine,
cosmetics and nutraceuticals, etc**. Although a number of bacteria from various marine environments have been
found to secrete EPSs, only a few EPSs from marine bacteria have been characterized and developed for their appli-
cation potential®. For example, the EPS secreted by Alteromonas sp. strain 1644, isolated near a hydrothermal vent
of the East Pacific Rise, shows great affinity for some divalent ions, which can be useful in wastewater treatment®”.
The EPS extracted from Zunongwangia profunda SM-A87 from deep-sea sediment also has promising potential
in wastewater treatment due to its metal-binding capacity for Cu(Il) and Cd(II)®. EPSs from marine bacteria are
* also reported to have potential applications in the pharmaceutical and medical fields*~'2. Mauran, a highly pol-
: yanionic sulfated EPS produced by the halophilic bacterium Halomonas maura, has antioxidant, antihemolytic
. and antithrombogenic activities'®. The EPS produced by a marine Vibrio strain exhibits antitumor, antiviral, and

immunostimulant activities, and it has the potential to be developed into a therapeutic agent against cancer or
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Figure 1. EPS production of the 8 screened strains. EPS production was determined by using the
phenol-sulfuric acid method with glucose as a standard. The graph shows data from triplicate experiments
(mean £ S.D.).

other diseases'*. An oversulfated EPS derived from a polysaccharide secreted by Alteromonas infernus isolated
from the vicinity of a hydrothermal vent can enhance the proliferation of human umbilical vein endothelial cells,
and it is potentially useful for accelerating vascular wound healing!®.

Owing to the unique environmental conditions of polar regions, the EPSs secreted by microbes from polar
habitats often have novel structures and properties'®. For example, the EPS secreted by the Arctic sea ice bacterium
Pseudoalteromonas sp. SM20310 is composed of a predominant repeating unit of highly complicated a-mannan
and can improve the tolerance of Escherichia coli and strain SM20310 to freeze-thaw cycles'”. The EPSs produced
by the Antarctic bacterium Pseudoalteromonas arctica KOPRI 21653 and the Antarctic fungus Phoma herbarum
CCFEE 5080 are also reported to have cryoprotective effects on the cells of these microorganisms!®'.

In the present study, strain SM1127 with high EPS production was isolated from the Arctic brown alga
Laminaria and was identified as Polaribacter. The EPS produced by strain SM 1127 was purified, and its glycosyl
composition and linkage were characterized. Furthermore, the rheological properties, moisture-absorption and
retention abilities, antioxidant activity, low-temperature protective effect on human dermal fibroblasts and safety
in use of SM1127 EPS were investigated to explore its potential in biotechnology and industry.

Results

Screening and identification of strain SM1127. Using Congo red agar plates, 8 isolates that secreted
mucous EPS were screened from 152 Arctic isolates that were previously isolated from the Arctic brown alga
Laminaria. The EPS production of these isolates in liquid marine medium was then measured (Fig. 1). Isolate
SM1127 had the highest EPS production (2.11 g/1) among the 8 isolates under our culture conditions, and it was
therefore chosen for further study.

Strain SM1127 shared the highest 16S rRNA gene sequence similarity to Polaribacter sejongensis KOPRI
211607 (99.1%), Polaribacter butkevichii KMM 3938T (98.7%) and Polaribacter irgensii 23-PT (97.4%). In the
neighbor-joining phylogenetic tree (see Supplementary Fig. S1 online), strain SM1127 was grouped within the
genus Polaribacter. Thus, strain SM1127 was phylogenetically affiliated with the genus Polaribacter and was named
Polaribacter sp. SM1127.

Purification and structural characterization of the EPS from strain SM1127.  EPS was isolated from
the SM1127 culture by ethanol precipitation, and proteins were removed from the EPS by protease hydrolysis. The
obtained crude EPS was further purified by anion-exchange chromatography and gel-filtration chromatography.
Two EPS peaks were eluted from the DEAE-Sepharose Fast Flow anion-exchange chromatographic column (see
Supplementary Fig. S2 online). The first fraction was too scarce to collect, and the second large fraction was col-
lected for further purification by a Sepharose 4B gel-filtration chromatographic column (see Supplementary Fig.
S3 online). The single fraction eluted from the gel-filtration chromatographic column was collected and analyzed
by a UV-Vis absorption spectrum and a Shimadzu analytical HPLC system. There was no obvious absorption at
260nm or 280 nm in the UV-Vis absorption spectrum, indicating that there was little nucleic acid or protein in
the purified EPS. Only one symmetrical acute peak was detected on the Shimadzu analytical HPLC system (see
Supplementary Fig. $4 online), indicating that the EPS sample consisted of a single homogeneous component and
could be used for structural characterization analysis. Size-exclusion chromatography indicated that the molecular
mass of the purified EPS is approximately 220 kDa.

Glycosyl composition analysis was performed by GC/MS (see Supplementary Fig. S5 online). The results showed
that it consists mostly of N-acetyl glucosamine, mannose, glucuronic acid, with moderate amounts of galactose and
fucose and minor amounts of glucose and rhamnose. The percentages of the monosaccharide types are shown in
Table 1. Glycosyl linkage analysis showed that the EPS is mainly composed of 4-linked glucuronopyranose, 2-linked
galactopyranose, terminally linked galactopyranose, 4-linked glucopyranose, terminally linked fucopyranose and
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Rhamnose (Rha) 0.8
Fucose (Fuc) 7.4
Glucuronic Acid (GlcA) 214
Mannose (Man) 234
Galactose (Gal) 17.3
Glucose (Glc) 1.6
N-Acetylglucosamine (GlcNAc) 28.0

Table 1. Glycosyl composition of the EPS from strain SM1127. *Amounts are expressed as the mole percent
of total carbohydrates.

Terminal Fucopyranosyl residue (t-Fuc) 9.2
Terminal Mannopyranosyl residue (t-Man) 5.6
Terminal Glucopyranosyl residue (t-Glc) 1.0
4 linked Fucopyranosyl residue (4-Fuc) 7.9
Terminal Galactopyranosyl residue (t-Gal) 11.5
2 linked Rhamnopyranosyl residue (2-Rha) 0.2
3 linked Mannopyranosyl residue (3-Man) 1.8
3 linked Galactopyranosyl residue (3-Gal) 7.9
2 linked Galactopyranosyl residue (2-Gal) 13.1
4linked Glucopyranosyl residue (4-Glc) 10.2
4 linked Glucuronopyranosyl residue (4-GlcA) 13.2
2,3 linked Mannopyranosyl residue (2,3-Man) 8.5
4,6 linked Manopyranosyl residue (4,6-Man) 0.6
Terminal N-Acetyl glucosamine residue (t-GlcNAc) 29
4 linked N-Acetyl glucosamine residue (4-GlcNAc) 6.5

Table 2. Glycosyl linkage of the EPS from strain SM1127.

2, 3-linked mannopyranose, with minor peaks for other linkages (Table 2; see Supplementary Fig. S6 online). The
existence of 2, 3-linked mannopyranosyl residue indicates that the EPS molecule is hyper-branched.

Properties of the EPS from strain SM1127. Figure 2a shows the relationship between different concen-
trations of the crude EPS aqueous solution and different shear rates. At the same shear rate, the viscosity of the
EPS solution increased with concentration, indicating the EPS shows typical non-Newtonian behavior. In the
meantime, the viscosity of the EPS solution decreased as the shear rate went up, showing its strong shear-thinning
behavior. The apparent viscosity of the EPS solution varied slightly upon changes in pH from 5 to 12 (Fig. 2b) and
salt (NaCl or CaCl,) concentration from 1% to 10% (Fig. 2c), indicating that the EPS had good stability under the
conditions of a wide pH range and high concentration inorganic salts.

Moisture-absorption and retention ability and antioxidant activity of the EPS from strain
SM1127. HA, chitosan, sodium alginate and glycerol are frequently used as humectant agents in industry®,
and they were used as positive controls in the analysis of the moisture-absorption and retention abilities of the
EPS from strain SM1127. The moisture-absorption ability (R,) of SM1127 EPS and the four control samples was
measured at 43% RH or 81% RH. As shown in Fig. 3a, the R, of all the samples at 43% RH rose gradually in the first
24h, and while the R, of glycerol continued to rise after 24 h, those of the other samples flattened out. After 72h, the
ranking for the R, of all samples was as follows: glycerol >HA >sodium alginate >SM1127 EPS > chitosan. The
tendency and ranking of the R, of the samples at 81% RH were similar to those at 43% RH (Fig. 3b). These results
showed that the R, of SM1127 EPS was lower than that of most commercial agents. However, the moisture-retention
ability (R,) of SM1127 EPS was higher than that of any tested commercial agent, reaching 75.79 & 2.5% after the
EPS was dehydrated for 72 h in a silica gel chamber (Fig. 3¢).

The antioxidant activity of SM1127 EPS was assessed according to its free-radical-scavenging activity. The
scavenging ratios for DPPHe, «OH and O, "« of the EPS at a concentration of 10.0 mg/ml were 55.40 & 3% (Fig. 4a),
52.142.1% (Fig. 4b), and 28.2 4 3% (Fig. 4c), respectively, substantially higher than those of HA, a common
annexing agent in cosmetics capable of scavenging radicals?!. These data indicate that SM1127 EPS has good
antioxidant activity.

Low-temperature protective effect of the EPS from strain SM1127 on human dermal fibro-
blasts. To investigate whether the EPS from strain SM1127 has a low-temperature protective effect on human
skin, we studied its effect on the viability of human dermal fibroblasts at 4 °C. After human dermal fibroblasts were
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Figure 2. Effect of shear rate, pH and inorganic salts on the viscosity of the crude EPS solution of strain
SM1127. Viscosity was measured by using a Brookfield viscometer with spindle S16. (a) The effect of different
shear rates on the viscosity of the EPS solutions at different concentrations (0.5%, 0.8%, 1.0%, 1.2%, 1.5% and
2.0% [w/v]). (b) The effect of pH (1-14) on the viscosity of 1.5% (w/v) EPS solution (25 °C). (c) The effect of
different concentrations of NaCl and CaCl, (0-10%) on the viscosity of 1.5% (w/v) EPS solution (25 °C). The
graph shows data from triplicate experiments (mean + S.D.).

inoculated at 4 °C for 20 h with different concentrations of the EPS, the viable and necrotic cells in the samples were
detected by flow cytometry (see Supplementary Fig. S7 online), and their percentages were calculated. As shown
in Fig. 5, as the concentration of the EPS increased, the percentage of viable cells significantly increased, and the
percentage of necrotic cells decreased substantially. When the EPS concentration in the medium reached 500 pug/
ml, the percentage of viable cells was 76.1%, 31.9% higher than that in the medium without EPS (44.2%), and the
percentage of necrotic cells was 7.97%, 16.4% lower than that in the medium without EPS (24.4%). This result
suggests that SM1127 EPS may have a good low-temperature protective effect on human skin.

Safety assessment of the EPS from strain SM1127. To assess the safety of the EPS from strain SM1127,
we performed an acute toxicity test on mice and a skin irritation test on rabbits. In the acute toxicity test, a dose of
5000 mg/kg of the EPS was orally administered. In the 14-day test period, no mice died in either the EPS-treated
or the control group, and no clinical signs, such as hair loss, wound formation, anorexia, dull eyes, insensitivity,
breathing difficulty or any other toxicological effects were observed (data not shown). The mean body weight of
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Figure 3. Moisture-absorption and retention abilities of SM1127 EPS and control samples. (a) Moisture-
absorption ability in a saturated K,CO; chamber (43% RH) at 25 °C. (b) Moisture-absorption ability in a
saturated (NH,),SO, chamber (81% RH) at 25°C. (c) Moisture-retention ability in a silica gel chamber at 25°C.
The ability was examined gravimetrically. The graph shows data from triplicate experiments (mean + S.D.).

mice in both the treated and the control groups increased gradually and did not show a substantial difference at the
end of the test (Fig. 6a). Moreover, there was no substantial increase in the incidence of histopathological changes
(such as cell degeneration or accumulation) in the heart, kidney, liver or spleen of the treated mice compared with
the control (Fig. 6b). Thus, it could be concluded that the LD, of SM1127 EPS is higher than 5000 mg/kg.

In the skin irritation test, primary cutaneous irritation and cumulative cutaneous irritation were tested with
the EPS at 125 mg/ml. In the primary cutaneous irritation test, no erythema, edema, rough or thinning skin were
observed in either the control or the treated group after 1, 24, 48 or 72 h. Thus, the total score was zero, and the PII
of the EPS was equal to zero according to Supplementary Table S1 online. Moreover, there was also no erythema or
edema observed throughout the cumulative cutaneous irritation test. The total score of the 14-day test was zero, and
the CII of the EPS was zero according to Supplementary Table S1 online. Therefore, the PII and CII were evaluated
as no irritation according to Supplementary Table S2 online, which indicates that the EPS is nonirritating to skin.

Discussion

The genus Polaribacter, a member of the family Flavobacteriaceae, was originally proposed by Gosink et al.?? to
accommodate aerobic, psychrophilic and psychrotrophic bacteria. To date, it comprises thirteen species with
validly published names®. Bacteria affiliated with the genus Polaribacter have been found in different marine

SCIENTIFIC REPORTS | 5:18435 | DOI: 10.1038/srep18435 5



www.nature.com/scientificreports/

a
60 EPSSM1127
—eo—HA

<
< 45
2
E
2 301
©
[ =
9]
S
S 154
%]

0

11

o4
-
N
w
N
m.
m.
~
©
©
8_

Concentration (mg/ml)

(o

60 EPSSM1127

—e—HA
8 451
ie]
©
o 30
[=
©
[
¢
o 154
[&]
(%]
04
r r t -y +»r7J1 *Fr§ = § ¢ * F @7 rtrer 7T T 1
o 1 2 3 4 5 6 7 8 9 10 N1
Concentration (mg/ml)
C

404 —=— EPS,
—e—HA

sMm1127

Scavenging ratio (%)
3 &

01 2 3 4 5 6 7 8 9 10 1

Concentration (mg/ml)

Figure 4. Free radical-scavenging capacities of SM1127 EPS and hyaluronic acid (HA). (a) The DPPHe
scavenging capacity (b) The «OH scavenging capacity. (c) The O, « scavenging capacity. The graph shows data
from triplicate experiments (mean+ S.D.).

environments, especially in the Antarctic and Arctic regions**?. In this study, we screened an EPS-secreting strain
of Polaribacter sp. SM1127.

There has been only one report on EPS secreted by Polaribacter before. Nichols et al. reported the glycosyl
composition of the EPS secreted by an Antarctic marine bacterium within the genus Polaribacter®. In this study,
the glycosyl composition and linkage of the EPS from Polaribacter sp. SM1127 were analyzed, revealing them to
be different from those of the EPSs secreted by other marine bacteria?-?%, Property analysis showed that a solution
of the EPS from strain SM1127 has non-Newtonian pseudoplastic characteristics and high viscosity, making it
have potential advantages in food processing as a thickener as well as in industrial operations as a mixing agent®.
Moreover, the SM1127 EPS solution has good pH stability and salt tolerance, which would help to broaden its
applications.

Moisture-absorbing and retaining materials have extensive applications in food, cosmetic, pharmaceutical and
other industries*. Among them, glycerin is the most conventional material, and it has good moisture-absorption
ability. However, the low moisture-retention rate limits its application. HA has a high moisture-retention rate
and is a significant functional ingredient in modern cosmetics®. Our result showed that the moisture-retention
ability of SM1127 EPS is superior to that of HA and other commercial humectant agents, probably because the
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Figure 5. Percentage of viable and necrotic human dermal fibroblasts after a 20-h incubation in different
concentrations of SM1127 EPS at 4°C. The graph shows data from triplicate experiments (mean + S.D.).
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Figure 6. Effect of SM1127 EPS on the body weight (a) and organs (b) of KM mice in a 14-day feeding test.
In graph (a) data are shown as the mean weight of five mice in each group (mean £ SEM). In graph (b) 1 and

5 are heart sections (200 x ); 2 and 6 are kidney sections (200 ); 3 and 7 are liver sections (200 ); 4 and 8 are
spleen sections (400x ). 1, 2, 3 and 4 were H,O-treated and 5, 6, 7 and 8 were EPS-treated. The sections were
stained with hematoxylin-eosin (HE) and observed by light microscopy (Axio Imager. A2, Zeiss, Germany). The
photographs were taken by Axio Vision 4.8.2 software.

EPS contains not only large amounts of glucuronic acid and N-acetyl glucosamine, the components of HA, but
also fucose, which has a good moisturizing effect®’. In addition, its complex structure reflected in its heteroge-
neous glycosyl composition and linkages may also contribute to the retention of bonded water in a spacious
network®. The moisture-retention ability of SM1127 EPS is also superior to that of other reported EPSs***. The
super moisture-retention ability of SM1127 EPS gives it promising potential to be used in the cosmetics field as a
moisturizing ingredient and in the biomedicine field as wound dressing™.

Reactive oxygen species, such as hydroxyl and superoxide radicals, are highly related to human health. They
may cause ageing, cancer, inflammation and other diseases®. Thus, it is important to develop synthetic or natural
polymers with antioxidant activity to reduce the oxidative stress in the human body. More attention has been paid
to natural polymers with antioxidant activity due to their higher safety. To date, most microbial polysaccharides
with antioxidant activity have been reported from fungi®. Here, we found that SM1127 EPS has considerable
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antioxidant activity reflected in its good capacity for scavenging DPPHe, «OH and O, s, which may be attributed
to its functional groups such as -OH, -COOH, C= O and -O- in the structure. These groups can donate electrons
to reduce the radicals to a more stable form or react with the free radicals to stop the radical chain reaction?. Its
good free radical scavenging ability endows SM1127 EPS with potential in cosmetics as an anti-ageing ingredient,
in functional foods as a natural agent®® and in the pharmaceutical industry as an antioxidant ingredient.

The EPSs from some polar microorganisms have been shown to have cryoprotective effects for microbial
cells'’~¥. In this study, we investigated the low-temperature protective effect of SM1127 EPS on human dermal
fibroblasts. Our results showed that SM1127 EPS could considerably increase the viability of human dermal
fibroblasts at 4 °C. Human dermal fibroblasts are the main component of skin, which is essential for maintaining
homeostasis and also plays an important role in the healing of cutaneous wounds®. Our results suggest that SM 1127
EPS may protect human skin from cold injury.

In summary, the EPS of Polaribacter sp. SM1127, an Arctic marine bacterium, has heterogeneous glycosyl
composition and glycosyl linkages. SM1127 EPS has good rheological properties and tolerance to a wide pH range
and high salinity. Moreover, this EPS shows outstanding moisture-retention ability and good antioxidant activity.
It also presents considerable protective effects on human dermal fibroblasts at low temperature. Safety evaluation
shows that SM 1127 EPS is nontoxic and nonirritating to skin. These properties indicate that SM1127 EPS has
promising potential to be applied safely in the food, cosmetic, and biomedical fields.

Methods

Screening of EPS-producing strains.  The 152 isolates used to screen EPS-producing strains were previously
isolated from brown algae collected from the intertidal zone of Kings Bay in Ny-Alesund, Svaldbard*. To screen
EPS-producing strains, the isolates were cultured at 15 °C for 3 days on Congo red agar plates containing medium
composed of 5 g/l peptone (Oxoid, England), 1 g/l yeast extract (Oxoid, England), 30 g/1 glucose (Sinopharm,
China), 0.8 g/l Congo red, 30 g/l sea salt (Sigma, America), 1.5 g/l agar and distilled water (pH 7.0)*'. Strains form-
ing smooth, humid and mucoid colonies on the plates were selected and further cultured at 15°C and 200 rpm in
basal marine medium for EPS production, which contained 30 g/1 glucose, 10 g/l peptone, 5 g/1 yeast extract and
30g/1 sea salt (pH 7.0)**. After a 5-day cultivation, bacterial cells were removed from the broth by centrifugation at
10,000 rpm and 4 °C for 10 min. EPSs were separated from the supernatant by addition of two volumes of chilled
absolute ethanol" and dissolved in deionized water. The EPS concentrations of the solutions were determined
by using the phenol-sulfuric acid method with D-glucose as a standard®’. Strain SM1127, with the highest EPS
production, was chosen for further study.

Phylogenetic identification of strain SM1127. Total genomic DNA was extracted from strain
SM1127 using a bacterial genomic DNA extraction kit (BioTeke, China). The 16S rRNA gene was ampli-
fied from the genomic DNA by PCR using the 27F (5'-AGAGTTTGATCCTGGCTCAG-3") and 1492R
(5’-GGTTACCTTGTTACGACTT-3') primers*. Then, the obtained 16S rRNA gene sequence was compared
with those of other bacteria in GenBank using the BLAST program (http://blast.ncbi.nlm.nih.gov/Blast.cgi) to
determine the phylogenetic affiliation of strain SM1127. A neighbor-joining phylogenetic tree based on the16S
rRNA gene sequences of SM1127 and other related bacterial strains was constructed using MEGA 5.0 software®.

EPS isolation and purification.  Strain SM1127 was cultured in basal marine medium for EPS production
at 15°C and 200 rpm for 5 days. Bacterial cells were removed from the culture broth via a 10 min centrifugation at
10,000 rpm. EPSs were separated from the supernatant by the addition of two volumes of chilled absolute ethanol*
and lyophilized. The lyophilized precipitate was dissolved in deionized water (3%, w/v) and treated with 15 units/ml
compound protease (Gold wheat, China) at 50 °C and 120 rpm for 5h to exclude proteins. After further precipitation
by cold absolute ethanol and Iyophilization, the crude EPS of strain SM1127 was obtained.

The crude EPS was further purified by anion-exchange chromatography using a DEAE-Sepharose Fast Flow
column (1.6 x 25 cm) with 0-0.7 M NaCl gradient as the eluant at a flow rate of 36 ml/h, followed by gel-filtration
chromatography using a Sepharose 4B column (1.6 x 95cm) with deionized water as the eluant at a flow rate of
12ml/h. During these processes, the polysaccharide content in the fractions was monitored quantitatively by using
the phenol-sulfuric acid method*, and protein content was monitored by UV and visible (UV-V is) absorption
spectra on a Jasco V-550 spectrophotometer. The purified EPS was dialyzed in deionized water and lyophilized.

The purity of the EPS was analyzed on a Shimadzu analytical HPLC system with a Shimadzu autoinjector using a
Waters Ultrahydrogel linear column (7.8 x 300 mm) at 40 °C and detected by a Shimadzu refractive index detector.

Analysis of the glycosyl composition, glycosyl linkage and molecular mass of the EPS from strain
SM1127. Glycosyl composition analysis of the EPS from strain SM1127 was carried out as described by York
et al.* and Merkle & Poppe?’. The purified EPS (500 1g) was placed in a separate tube with 20 g of inositol as the
internal standard. Trifluoroacetic acid (2 M, 400 ul) was added, and hydrolysis was carried out at 120°C for 1 h.
Then, the sample was lyophilized. Methyl glycosides were prepared from the dry sample by methanolysis in 1 M
HCl at 80°C for 16h, followed by re-N-acetylation with pyridine and acetic anhydride in methanol. The sample
was then per-O-trimethylsilylated with Tri-Sil (Pierce, America) at 80 °C for 0.5h. Combined gas chromatography/
mass spectrometry (GC/MS) analysis of the per-O-trimethylsilyl derivatives was performed on an Agilent 7890A
GC interfaced to a 5975C mass selective detector (MSD) using a Supelco EC-1 fused-silica capillary column
(0.25mm x 30m).

For glycosyl linkage analysis, the purified EPS were permethylated, depolymerized, reduced, and acetylated.
The resultant partially methylated alditol acetates (PMAAs) were analyzed with GC/MS*. Firstly, the purified
EPS (2 mg) was suspended in 200 pl dimethyl sulfoxide (DMSO) and purged with a nitrogen stream. The sam-
ple was permethylated by the addition of 1 ml Hakomori base while purging with a nitrogen stream and mixed
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for 7h. CH;I was then added and mixed overnight. The sample was passed through a C18 SEP-PAK and dried
down. After reduction with lithium borodeuteride in tetrahydrofuran, the sample was neutralized, evaporated
and re-permethylated with NaOH and CH,I in dry DMSO*. Then, the sample was subjected to NaOH base for
15min and supplemented with CH;I standing for 40 min. The permethylated material was hydrolyzed with 2 M
trifluoroacetic acid, reduced with NaBD,, and acetylated with acetic anhydride. The resulting PMAAs were analyzed
on an Agilent 7890A GC interfaced to a 5975C MSD (electron impact ionization mode), and the separation was
performed on a 30-m Supelco 2380 bonded-phase fused-silica capillary column.

The molecular mass (MW) of the EPS was estimated by size-exclusion chromatography with a TSK Gel
G5000PW column (7.5 x 300 mm, Tosoh Biosciences) equilibrated with 50 mM ammonium acetate buffer (pH
5.5). After calibration of the column with dextran MW standards (1189, 759, 511 and 167 kDa) and glucose, 50 ul
EPS solution (2 mg/ml) was loaded onto the column and was eluted with 50 mM ammonium acetate buffer (pH
5.5) at 1 ml/min. An ELS detector (Agilent, America) was used for post-column detection of soluble components
eluted from the column, and data were collected and processed by Agilent ChemStation software.

Property analysis of crude EPS.  Different concentrations [0.5%, 0.8%, 1.0%, 1.2%, 1.5% and 2.0% (w/v)]
of the crude EPS solution were prepared, and the viscosity of these samples under different shear rates (1, 2, 10, 15,
20, 40 and 60 rpm) was measured by using a Brookfield viscometer (model LVDVII + P; Brookfield Engineering
Laboratories, America) with spindle S16 at 25 °C. To investigate the pH stability of the EPS, 10 M HCl and 10 M
NaOH were used to adjust the pH of the 1.5% (w/v) EPS solutions. To investigate the salt tolerance of the EPS,
1.5% (w/v) EPS solutions of different electrolyte concentrations were made with NaCl (200 g/1) and CaCl, (200 g/1),
and the viscosity of these EPS solutions was measured using a Brookfield viscometer with spindle S16 at a shear
rate of 20 rpm.

Moisture-absorption and retention ability of crude EPS. The moisture-absorption and retention
ability of the crude EPS and control samples were studied using the method reported by Zhao et al.*. Prior to the
moisture-absorption test, the crude EPS from strain SM1127 and the control samples, including HA, chitosan,
sodium alginate and glycerol, were pulverized to 80 mesh and dried over P,O; in vacuo for 24 h. Then, 500 mg
dried samples were put in a saturated K,CO; chamber [43% relative humidity (RH)] and a saturated (NH,),SO,
chamber (81% RH) at 25 °C, respectively. The water-absorption ability (R,) was determined by the percentage of
weight increase of dry sample:

R (%) = (W,~W,)/ W, x 100 (1)

where W, and W,, are the weight of a sample before and after being put in the chamber. Samples were consecutively
tested at different time points for 72 h.

In the moisture-retention test, the dried EPS and the control samples were kept in 43% RH and weighed at
different time points for 72 h. The moisture-retention ability (R,) was determined by the percentage of residual
water of wet samples:

Ry(%) = (H,/H,) x 100 2)

where Hyand H,, are the weight of water in the sample before and after being put in the desiccator with allochroic
silica gel at 25°C.

Antioxidant activity of crude EPS.  The free radical-scavenging activities for 1,1-diphenyl-2-picryl-hydrazyl
radical (DPPHa), hydroxyl radical (¢OH) and superoxide anion (O, «) were assessed as indicators of the antioxidant
activity of the crude EPS from SM1127. HA, which is able to scavenge radicals*’, was used as a positive control.
According to the method reported by Braca et al.*, 1 ml samples with different concentrations (0.1, 0.25, 0.5, 1.0,
2.0, 3.0, 5.0, 7.5 and 10.0 mg/ml) were mixed with 2 ml ethanol solution of DPPH (100 .M). After being in the
dark for 40 min at 25 °C, the absorbance was recorded at 525 nm. The scavenging activity for «OH of the samples
was determined by the FeSO,-salicylic acid method®". In the assay, 1 ml FeSO, solution (9 mM) and 1 ml ethanol
solution of salicylic acid (9 mM) were mixed with 1 ml sample. Then, 1 ml H,O, solution (8.8 mM) was added to
the mixtures to start the reaction. After a 30-min incubation at 37 °C, the absorbance was recorded at 510 nm. The
scavenging activity for O,"e of the samples was studied by the pyrogallol autoxidation method™. In the experiment,
1 ml sample and 0.4 ml HCI solution (10 mM) of pyrogallol (25 mM) were mixed with 4.5 ml Tris-HCI buffer
(50mM, pH 8.2). After a 5-min incubation at 25°C, 1 ml HCI (8 mM) was added to terminate the reaction and
then the absorbance at 320 nm was recorded.
The free radical-scavenging activity (D) was calculated as follows:

D(%) = [1—<Ai—Aj>/A0] x 100 3)

Where A, is the absorbance of the sample, A; is the background absorbance of the sample and A, is the absorbance
of the blank control.

Low-temperature protective effect of crude EPS on human dermal fibroblasts. Human dermal
fibroblasts were grown in Roswell Park Memorial Institute (RPMI) 1640 medium with 10% fetal bovine serum
(FBS) (Invitrogen, America) at 37 °C and 5% CO, for 2 days and maintained to 80-90% confluence. Different con-
centrations (0, 100, 200 and 500 p.g/ml) of the crude EPS from SM1127 were added into the culture, which was then
incubated at 4°C. After a 20-h incubation, the cells were stained with fluorescein isothiocyanate (FITC)-labeled
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Annexin V and simultaneously with propidium iodide (PI). Then, they were measured using a bivariate flow
cytometer (ImageStream® mk 65; Amnis, Germany).

Safety assessment of crude EPS.  An acute toxicity test and a skin irritation test were performed for safety
assessment of the crude EPS from strain SM1127. Acute oral toxicity of the crude EPS was measured according to
the Good Laboratory Practice Standards manual and Organization for Economic Cooperation and Development
(OECD) Guidelines for Acute Toxicity of Chemicals no. 420%. KM female mice (8 weeks old, weight between 19
and 21 g) were obtained from Experimental Animal Center of Shandong University (Jinan, China). The control and
the treated groups each contained five animals. A dose of 5000 mg/kg of the EPS for oral administration was used
for the test. The control group received deionized water in the same dose as the treated group. The development of
abnormal behavior, changes in skin color or body weight and any other toxicological effects were observed individ-
ually for 14 days. Animals were weighed on the 0, 7% and 14'" days. At the end of the experiment, all animals were
euthanized by carbon dioxide asphyxiation, their organs including heart, kidney, liver and spleen were processed
in wax blocks and serial transverse sections were prepared, which were then stained with hematoxylin-eosin (HE)
and observed by light microscopy (Axio Imager. A2; Zeiss, Germany). The histopathological results of all treated
animals were compared with those of the control animals.

Skin irritation tests of the crude EPS were performed according to the Good Laboratory Practice Standards
manual and OECD Guidelines for Acute Dermal Irritation of Chemicals no. 4044, Ten Japan white rabbits (1.6-
1.8kg, half male and half female) were obtained from Experimental Animal Center of Shandong University (Jinan,
China). Approximately 24 h before the test, the hair (3 x 3 cm) of each animal was removed by closely clipping
the dorsal area of the trunk on both sides. One dorsal area (the treated) was treated with 0.5 ml EPS-deionized
water solution (125 mg/ml), covered with gauze and cellophane and fixed with bandages. In the meantime, the
opposite dorsal area (the control) was treated with 0.5 ml deionized water. After 4h, the EPS on the treated skin
was removed with deionized water, then any signs of erythema or edema were recorded, and scores were given
after 1, 24, 48 and 72 h according to Supplementary Table S1 online. The primary cutaneous irritation index (PII)
was the average score, that is, total scores of erythema or edema were divided by the number of animals. For
cumulative cutaneous irritation testing, the above once daily treatment was continued for 14 days®. After remov-
ing the EPS daily, any signs of erythema or edema were recorded, and scores were given 1h later. The cumulative
cutaneous irritation index (CII) was the average score, that is, total scores of erythema or edema were divided by
the number of animals and testing days. Subsequently, the irritation intensity of the EPS was evaluated according
to Supplementary Table S2 online.

References
1. Nichols, C. A. M., Guezennec, ]. & Bowman, J. P. Bacterial exopolysaccharides from extreme marine environments with special
consideration of the southern ocean, sea ice, and deep-sea hydrothermal vents: a review. Marine biotechnology 7, 253-271 (2005).
2. Meisen, S., Wingender, J. & Telgheder, U. Analysis of microbial extracellular polysaccharides in biofilms by HPLC. Part I: development
of the analytical method using two complementary stationary phases. Analytical and bioanalytical chemistry 391, 993-1002 (2008).
3. Poli, A., Anzelmo, G. & Nicolaus, B. Bacterial exopolysaccharides from extreme marine habitats: production, characterization and
biological activities. Marine drugs 8, 1779-1802 (2010).
4. Becker, A., Katzen, E, Pithler, A. & Ielpi, L. Xanthan gum biosynthesis and application: a biochemical/genetic perspective. Applied
microbiology and biotechnology 50, 145-152 (1998).
5. Liu, L., Liu, Y., Li, J,, Du, G. & Chen, J. Microbial production of hyaluronic acid: current state, challenges, and perspectives. Microb
Cell Fact 10, 1-9 (2011).
6. Bozzi, L., Milas, M. & Rinaudo, M. Characterization and solution properties of a new exopolysaccharide excreted by the bacterium
Alteromonas sp. strain 1644. International Journal of Biological Macromolecules 18, 9-17 (1996).
7. Bozzi, L., Milas, M. & Rinaudo, M. Solution and gel rheology of a new polysaccharide excreted by the bacterium Alteromonas sp.
strain 1644. International Journal of Biological Macromolecules 18, 83-91 (1996).
8. Zhou, W,, Wang, J., Shen, B., Hou, W. & Zhang, Y. Biosorption of copper (II) and cadmium (II) by a novel exopolysaccharide secreted
from deep-sea mesophilic bacterium. Colloids and Surfaces B: Biointerfaces 72, 295-302 (2009).
9. Paola, L. Marine Polysaccharides in Pharmaceutical Applications: An Overview. Marine drugs 8, 2435-2465 (2010).
10. Colliec-Jouault, S. et al. Microbial polysaccharides of marine origin and their potential in human therapeutics. Pathologie-biologie
52, 127-130 (2004).
11. Arena, A. et al. Antiviral and immunoregulatory effect of a novel exopolysaccharide from a marine thermotolerant Bacillus
licheniformis. International Immunopharmacology 6, 8-13 (2006).
12. Jouault, S. C. et al. Characterization, chemical modifications and in vitro anticoagulant properties of an exopolysaccharide produced
by Alteromonas infernus. Biochim Biophys Acta 1528, 141-151 (2001).
13. Raveendran, S. et al. In vitro evaluation of antioxidant defense mechanism and hemocompatibility of mauran. Carbohydrate polymers
98, 108-115 (2013).
14. Okutani, K. Antitumor and immunostimulant activities [to mice] of polysaccharide produced by a marine bacterium of the genus
Vibrio. Bulletin of the Japanese Society of Scientific Fisheries (Japan) (1984).
15. Matou, S. et al. Effect of an oversulfated exopolysaccharide on angiogenesis induced by fibroblast growth factor-2 or vascular
endothelial growth factor in vitro. Biochemical pharmacology 69, 751-759 (2005).
16. Sutherland, I. W. Structure-function relationships in microbial exopolysaccharides. Biotechnology advances 12, 393-448 (1994).
17. Liu, S.-B. et al. Structure and ecological roles of a novel exopolysaccharide from the Arctic Sea Ice bacterium Pseudoalteromonas sp.
strain SM20310. Applied and environmental microbiology 79, 224-230 (2013).
18. Kim, S. J. & Yim, J. H. Cryoprotective properties of exopolysaccharide (P-21653) produced by the Antarctic bacterium,
Pseudoalteromonas arctica KOPRI 21653. Journal of Microbiology 45, 510-514 (2007).
19. Selbmann, L., Onofri, S., Fenice, M., Federici, F. & Petruccioli, M. Production and structural characterization of the exopolysaccharide
of the Antarctic fungus Phoma herbarum CCFEE 5080. Research in Microbiology 153, 585-592 (2002).
20. Sun, L. et al. Conversion of crystal structure of the chitin to facilitate preparation of a 6-carboxychitin with moisture absorption-
retention abilities. Carbohydrate polymers 66, 168-175 (2006).
21. Valachova, K. et al. Free-radical degradation of high-molecular-weight hyaluronan induced by ascorbate plus cupric ions. Testing of
bucillamine and its SA981-metabolite as antioxidants. Journal of pharmaceutical and biomedical analysis 56, 664-670 (2011).

SCIENTIFICREPORTS | 5:18435 | DOI: 10.1038/srep18435 10



www.nature.com/scientificreports/

22. Gosink, J. J., Woese, C. R. & Staley, J. T. Polaribacter gen. nov., with three new species, P. irgensii sp. nov., P. franzmannii sp. nov. and
P, filamentus sp. nov., gas vacuolate polar marine bacteria of the Cytophaga-Flavobacterium-Bacteroides group and reclassification of
‘Flectobacillus glomeratus’ as Polaribacter glomeratus comb. nov. International journal of systematic bacteriology 48, 223-235 (1998).

23. Park, S., Park, J.-M,, Jung, Y.-T,, Lee, K. H. & Yoon, J.-H. Polaribacter undariae sp. nov., isolated from a brown algae reservoir.
International journal of systematic and evolutionary microbiology 65, 1679-1685 (2015).

24. Nedashkovskaya, O.I., Kukhlevskiy, A. D. & Zhukova, N. V. Polaribacter reichenbachii sp. nov.: A New Marine Bacterium Associated
with the Green Alga Ulva fenestrata. Curr Microbiol 66, 16-21 (2013).

25. Li, H. et al. Polaribacter huanghezhanensis sp. nov, isolated from Arctic fjord sediment, Svalbard. International journal of systematic
and evolutionary microbiology 64, 973-978 (2013).

26. Nichols, C. M. et al. Chemical characterization of exopolysaccharides from Antarctic marine bacteria. Microbial ecology 49, 578-589
(2005).

27. Corsaro, M. M. et al. Influence of growth temperature on lipid and phosphate contents of surface polysaccharides from the Antarctic
bacterium Pseudoalteromonas haloplanktis TAC 125. Journal of bacteriology 186, 29-34 (2004).

28. Rougeaux, H. et al. Structural determination of the exopolysaccharide of Pseudoalteromonas strain HYD 721 isolated from a deep-sea
hydrothermal vent. Carbohydrate research 315, 273-285 (1999).

29. Velasco, S. E. et al. Chemical and rheological properties of the 3-glucan produced by Pediococcus parvulus 2.6. Journal of agricultural
and food chemistry 57, 1827-1834 (2009).

30. Zhao, L., Fan, F, Wang, P. & Jiang, X. Culture medium optimization of a new bacterial extracellular polysaccharide with excellent
moisture retention activity. Applied microbiology and biotechnology 97, 2841-2850 (2013).

31. Kurane, R. & Nohata, Y. Microbial high-functional biopolymer. Journal of bioscience and bioengineering 93, 440 (2002).

32. Chen, L, Du, Y. & Zeng, X. Relationships between the molecular structure and moisture-absorption and moisture-retention abilities
of carboxymethyl chitosan: II. Effect of degree of deacetylation and carboxymethylation. Carbohydrate research 338, 333-340 (2003).

33. Sun, M. L. et al. A novel exopolysaccharide from deep-sea bacterium Zunongwangia profunda SM-A87: low-cost fermentation,
moisture retention, and antioxidant activities. Applied Microbiology & Biotechnology 98, 7437-7445 (2014).

34. Sutherland, I. W. Novel and established applications of microbial polysaccharides. Trends in biotechnology 16, 41-46 (1998).

35. Wang, R. et al. Characterization and antioxidant activities of polysaccharides from Panax japonicus C.A. Meyer. Carbohydrate polymers
88, 1402-1406 (2012).

36. Sun, H.-H. et al. Isolation, chemical characteristics and antioxidant properties of the polysaccharides from marine fungus Penicillium
sp. F23-2. Carbohydrate polymers 78, 117-124 (2009).

37. Mao, D.-B., Shi, C.-W.,, Wu, J.-Y. & Xu, C.-P. Optimization of exopolysaccharide production in submerged culture of Daedalea dickinsii
and its antioxidant activity. Bioprocess and biosystems engineering 37, 1401-1409 (2013).

38. Zhang, L. et al. Antioxidant activity of an exopolysaccharide isolated from Lactobacillus plantarum C88. International Journal of
Biological Macromolecules 54, 270-275 (2013).

39. You, D. H. & Nam, M. J. Effects of human epidermal growth factor gene-transfected mesenchymal stem cells on fibroblast migration
and proliferation. Cell proliferation 46, 408-415 (2013).

40. Dong, S. et al. Cultivable Alginate Lyase-Excreting Bacteria Associated with the Arctic Brown Alga Laminaria. Marine drugs 10,
2481-2491 (2012).

41. Freeman, D. J., Falkiner, F. R. & Keane, C. T. New method for detecting slime production by coagulase negative staphylococci. Journal
of clinical pathology 42, 872-874 (1989).

42. Liu, S.-B. et al. Optimization of fermentation conditions and rheological properties of exopolysaccharide produced by deep-sea
bacterium Zunongwangia profunda SM-A87. PLoS One 6, €26825 (2011).

43. Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A. t. & Smith, F. Colorimetric method for determination of sugars and related
substances. Analytical chemistry 28, 350-356 (1956).

44. Lane, D. J. 165/23S rRNA sequencing in Nucleic acid techniques in bacterial systematic (eds Stackebrandt, E. & Goodfellow, M.)
125-175 (Wiley, Chichester, 1991).

45. Tamura, K. et al. MEGAS5: molecular evolutionary genetics analysis using maximum likelihood, evolutionary distance, and maximum
parsimony methods. Molecular biology and evolution 28, 2731-2739 (2011).

46. York, W. S., Darvill, A. G., McNeil, M., Stevenson, T. T. & Albersheim, P. Isolation and characterization of plant cell walls and cell
wall components. Methods in enzymology 118, 3-40 (1986).

47. Merkle, R. K. & Poppe, I. Carbohydrate composition analysis of glycoconjugates by gas-liquid chromatography/mass spectrometry.
Methods in enzymology 230, 1-15 (1993).

48. Ciucanu, I. & Kerek, F. A simple and rapid method for the permethylation of carbohydrates. Carbohydrate research 131, 209-217
(1984).

49. Sato, H. et al. Antioxidant activity of synovial fluid, hyaluronic acid, and two subcomponents of hyaluronic acid. Synovial fluid
scavenging effect is enhanced in rheumatoid arthritis patients. Arthritis ¢ Rheumatism 31, 63-71 (1988).

50. Braca, A, Sortino, C., Politi, M., Morelli, I. & Mendez, J. Antioxidant activity of flavonoids from Licania licaniaeflora. Journal of
ethnopharmacology 79, 379-381 (2002).

51. Wang, J., Zhang, Q., Zhang, Z. & Li, Z. Antioxidant activity of sulfated polysaccharide fractions extracted from Laminaria japonica.
International Journal of Biological Macromolecules 42, 127-132 (2008).

52. Kim, S. J., Han, D., Moon, K. D. & Rhee, J. S. Measurement of superoxide dismutase-like activity of natural antioxidants. Bioscience,
biotechnology, and biochemistry 59, 822 (1995).

53. OECD. OECD guidelines for acute toxicity of chemicals, no. 420. Organisation for Economic Co-operation and Development, Paris,
France (2001).

54. OECD. OECD guidelines for acute dermal irritation/corrosion of chemicals, no. 404. Organisation for Economic Co-operation and
Development, Paris, France (2002).

55. Hu, L.-X. et al. Biological Evaluation of the Copper/Low-density Polyethylene Nanocomposite Intrauterine Device. PLoS One 8,
74128 (2013).

Acknowledgements

The work was supported by the China Ocean Mineral Resources R&D Association (COMRA) Special Foundation
(grants DY125-15-R-03 and DY125-15-T-05), the Chinese National Arctic Yellow River Station Scientific
Expedition in 2011 (2011YR06006), the Hi-Tech Research and Development Program of China (2012AA092105),
the National Natural Science Foundation of China (31470541), and the Fundamental Research Funds of Shandong
University (2014QY006).

Author Contributions
X.L.C.and Y.Z.Z. designed the research; M.L.S., EZ. and M.S. performed the research; M.L.S. and X.Y.Z. wrote the
paper; B.C.Z. analyzed data. All authors discussed the results and participated in manuscript revision.

SCIENTIFIC REPORTS | 5:18435 | DOI: 10.1038/srep18435 11



www.nature.com/scientificreports/

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep

Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Sun, M.-L. et al. Characterization and Biotechnological Potential Analysis of a New
Exopolysaccharide from the Arctic Marine Bacterium Polaribacter sp. SM1127. Sci. Rep. 5, 18435; doi: 10.1038/
srep18435 (2015).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images

MM o1 other third party material in this article are included in the article’s Creative Commons license,
unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

SCIENTIFIC REPORTS | 5:18435| DOI: 10.1038/srep18435 12


http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/

	Characterization and Biotechnological Potential Analysis of a New Exopolysaccharide from the Arctic Marine Bacterium Polari ...
	Results

	Screening and identification of strain SM1127. 
	Purification and structural characterization of the EPS from strain SM1127. 
	Properties of the EPS from strain SM1127. 
	Moisture-absorption and retention ability and antioxidant activity of the EPS from strain SM1127. 
	Low-temperature protective effect of the EPS from strain SM1127 on human dermal fibroblasts. 
	Safety assessment of the EPS from strain SM1127. 

	Discussion

	Methods

	Screening of EPS-producing strains. 
	Phylogenetic identification of strain SM1127. 
	EPS isolation and purification. 
	Analysis of the glycosyl composition, glycosyl linkage and molecular mass of the EPS from strain SM1127. 
	Property analysis of crude EPS. 
	Moisture-absorption and retention ability of crude EPS. 
	Antioxidant activity of crude EPS. 
	Low-temperature protective effect of crude EPS on human dermal fibroblasts. 
	Safety assessment of crude EPS. 

	Acknowledgements
	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ EPS production of the 8 screened strains.
	﻿Figure 2﻿﻿.﻿﻿ ﻿ Effect of shear rate, pH and inorganic salts on the viscosity of the crude EPS solution of strain SM1127.
	﻿Figure 3﻿﻿.﻿﻿ ﻿ Moisture-absorption and retention abilities of SM1127 EPS and control samples.
	﻿Figure 4﻿﻿.﻿﻿ ﻿ Free radical-scavenging capacities of SM1127 EPS and hyaluronic acid (HA).
	﻿Figure 5﻿﻿.﻿﻿ ﻿ Percentage of viable and necrotic human dermal fibroblasts after a 20-h incubation in different concentrations of SM1127 EPS at 4 °C.
	﻿Figure 6﻿﻿.﻿﻿ ﻿ Effect of SM1127 EPS on the body weight (a) and organs (b) of KM mice in a 14-day feeding test.
	﻿Table 1﻿﻿. ﻿  Glycosyl composition of the EPS from strain SM1127.
	﻿Table 2﻿﻿. ﻿  Glycosyl linkage of the EPS from strain SM1127.



 
    
       
          application/pdf
          
             
                Characterization and Biotechnological Potential Analysis of a New Exopolysaccharide from the Arctic Marine Bacterium Polaribacter sp. SM1127
            
         
          
             
                srep ,  (2015). doi:10.1038/srep18435
            
         
          
             
                Mei-Ling Sun
                Fang Zhao
                Mei Shi
                Xi-Ying Zhang
                Bai-Cheng Zhou
                Yu-Zhong Zhang
                Xiu-Lan Chen
            
         
          doi:10.1038/srep18435
          
             
                Nature Publishing Group
            
         
          
             
                © 2015 Nature Publishing Group
            
         
      
       
          
      
       
          © 2015 Macmillan Publishers Limited
          10.1038/srep18435
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep18435
            
         
      
       
          
          
          
             
                doi:10.1038/srep18435
            
         
          
             
                srep ,  (2015). doi:10.1038/srep18435
            
         
          
          
      
       
       
          True
      
   




