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Cyanobacteria  are known  to  be  a rather  diverse  group  of  organisms  regarding  e.g.  morphology,
metabolism  and  composition  of  excreted  exopolysaccharides  (EPS).  Considering  the  high number  of
known  cyanobacterial  species  the  EPS  from  only  a small  percentage  are  investigated  in  detail.  This
work  examined  EPS from  the  unicellular  strains  of Synechocystis  aquatilis  and  S.  pevalekii  with  various
methods.  The  results  emphasize  the heterogeneity  of  cyanobacterial  EPS.  S. pevalekii  secrets  complex
eywords:
ynechocystis aquatilis
ynechocystis pevalekii
yanobacterium
xopolysaccharide
ucosamine

hetero-polysaccharides  and  acidic proteins  as  proteoglycan-complexes  whereas  the  protein-free  but
highly  sulfated  EPS  from  S. aquatilis  only  consist  of 4 dominant  monosaccharides.  Especially  remarkable
is  the  composition  of these  EPS:  an  arabinofucan  with  higher  amounts  of N-acetyl-fucosamine  (FucNAc)
and  only  minor  quantities  of  glucose.  Both  EPS  and  the  newly  found  component  FucNAc  in EPS from  S.
aquatilis  extend  the  possible  components  of  cyanobacterial  EPS  and  the  knowledge  of heterogeneity  of
cyanobacterial  metabolites.

© 2013 Elsevier Ltd. All rights reserved.
. Introduction

Some cyanobacteria have a long tradition as nourishment in
outh America, Asia and Africa (Gantar & Svirčev, 2008) and actu-
lly they become still more important as dietary supplement,
ood additive and functional food. Additionally, cyanobacterial
xopolysaccharides (EPS) can be used for different industrial appli-
ations such as thickener, emulsifying agent or for removing heavy
etal ions from solvents and soil (Pereira et al., 2009). Two impor-

ant structural characteristics are essential for the functionality
f EPS: ionic charge and partial hydrophobicity. The former is
iven by carboxylic groups of uronic acids, pyruvate or sulfate
ubstituents (Pereira et al., 2009) or by acidic amino acids of asso-
iated proteins as examples in literature show (Flaibani, Olsen,

 Painter, 1989; Marra, Palmeri, Ballio, Segre, & Slodki, 1990;
akagawa, Takamura, & Yagi, 1987; Schrader, Drews, Golecki, &

eckesser, 1982). Parts of EPS molecules are hydrophobic due

o desoxy sugars, acylation or attached protein moieties (Pereira
t al., 2009). In three quarters of so far described polymers

Abbreviations: EPS, exopolysaccharides; FucNAc, N-acetyl-fucosamine; GLC, gas
iquid chromatography; HV, hydrodynamic volume; IEC, ion exchange chromatog-
aphy; MW,  molecular weight; MWCO, molecular weight cut-off; S., Synechocystis;
EC, size exclusion chromatography; TFA, trifluoroacetic acid.
∗ Corresponding author. Tel.: +49 431 8801145; fax: +49 431 8801102.

E-mail addresses: dflamm@pharmazie.uni-kiel.de (D. Flamm),
bla@pharmazie.uni-kiel.de (W.  Blaschek).
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ttp://dx.doi.org/10.1016/j.carbpol.2013.09.036
cyanobacterial EPS have a complex and diverse structure with six
or more different monosaccharides. In total, 12 different monosac-
charides have been reported as components of cyanobacterial
EPS together with a broad range of different linkage types. Var-
ious hexoses and pentoses as ketoses and aldoses as well as
desoxy, amino and methyl sugars and uronic acids were found.
Often glucose is the main component. The structure of cyanobac-
terial EPS was investigated in detail, however, only in a few
cases, although detailed knowledge of them is essential for under-
standing the chemical and physical properties of these polymers
as well as their biological activities (De Philippis & Vincenzini,
1998).

EPS from Nostoc commune and Synechocystis aquatilis (S.
aquatilis) had shown an interesting biological activity: inhibition
of the classical pathway of the human complement system (Brüll,
Huang, Thomas-Oates, & Smestad Paulsen, 2000; Volk, Venzke,
Blaschek, & Alban, 2006). The human complement system is part of
the innate immune system (Tudoran & Kirschfink, 2012). Defects
in this complex system cause rare serious diseases, but it can also
participate in the genesis of widespread diseases like asthma. Espe-
cially EPS from S. aquatilis showed an impressing inhibitory activity
(Volk et al., 2006). Nevertheless, a detailed analysis of the structure
of these EPS was  still missing. Therefore the composition and fine

structure of the EPS from S. aquatilis were investigated in detail.
For comparison and for extending the knowledge of composition of
cyanobacterial material the EPS from the closely related S. pevalekii
was analyzed additionally.

dx.doi.org/10.1016/j.carbpol.2013.09.036
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.carbpol.2013.09.036&domain=pdf
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. Materials and methods

.1. Material

The cyanobacterial strains S. aquatilis Sauvageau SAG 90.79 (S.
quatilis) and S. pevalekii Ercegovic SAG 91.79 (S. pevalekii) from the
Culture Collection of Algae at Goettingen University (SAG)” were
ultivated in 10-liter-wide-neck-flasks containing 8 l of mineral
edium under constant aeration (1 ml/min) and constant illumi-

ation (∼150 �mol/m2 s−1). S. aquatilis was cultivated for a period
f time of up to 42 days, S. pevalekii of up to 63 days. The medium
onsisted of (mg/l): 500 KNO3, 50 K2HPO4, 5.5 Na2EDTA·2H2O, 4.0
eCl3·6H2O, 0.4 MnCl2·4H2O, 0.1 CoSO4·7H2O, 0.1 ZnSO4·7H2O,
.1 Na2MoO4·2H2O, 0.01 CuSO4·5H2O and 10% of “Instant Ocean”
Aquatic Systems Inc., Atlanta, USA). Axenic culture was checked
outinely by microcopy. Cells were separated by centrifugation
RZB ∼15,000) and extracellular proteins were removed by heat
enaturation (86 ◦C, 15 min) and centrifugation. EPS were precip-

tated with ethanol (final concentration 80%), dialyzed (MWCO
2–14 kDa) against demineralized water and lyophilized.

.2. Monosaccharide composition

After hydrolysis of ∼5 mg  EPS with 2.0 molar trifluoroacetic
cid (TFA) for 1 h at 121 ◦C the monosaccharides were deriva-
ized by reduction and acetylation as described by Blakeney, Harris,
enry, and Stone (1983). The resulting alditol acetates were ana-

yzed by gas liquid chromatography (GLC) with flame ionization
etection and by GLC-mass spectrometry (GLC-MS) with interpre-
ation of MS-spectra using comparison with reference components
Goellner, Ichinose, Kaneko, Blaschek, & Classen, 2011a).

.3. Determination of uronic acids and polysaccharide
ubstituents

The content of uronic acids was determined as described by
lumenkrantz and Asboe-Hansen (1973). Acylation of polysaccha-
ides was analyzed using the method of McComb and McCready
1957). Substitution of sugars with pyruvate groups was  quantified
ccording to Sloneker and Orentas (1962).

.4. Elemental analysis, degree of sulfation and amino acid
omposition

Carbon, hydrogen, nitrogen and sulfur were quantified with a
EKAtech CHNS Analysator (Co. HEKAtech, Wegberg, Germany) by
alibration with sulfanilamide using ∼2 mg  of EPS sample. The con-
ent of sulfate groups was calculated from the sulfur concentration
sing a conversion factor of 2.474. The amount of protein in EPS
as calculated by multiplying the nitrogen content, reduced by the
itrogen content from amino sugars, with a conversion factor of
.25 for S. aquatilis (acc. to Kjeldahl, 1883) or of 8.24 for S. pevalekii,
ased on the respective amino acid composition, determined as
escribed by Goellner, Blaschek, and Classen (2010).

.5. IR-spectroscopy

FT-IR spectra were recorded with a Perkin Elmer instrument
Spectrum 100 FT-IR-Spectrometer; Universal ATR Sampling Acces-
ory).
.6. Conductometric titration

Acidic functional groups of EPS were converted into their pro-
onated form with Amberlite IR 120 (Co. Rohm/Haas, Philadelphia,
 Polymers 101 (2014) 301– 306

USA) and titrated with 0.1 molar sodium hydroxide using conduc-
tometrical detection with a Seven Easy Instrument (Co. Mettler
Toledo, Giessen, Germany) as described by Casu and Gennaro
(1975).

2.7. Ion exchange chromatography (IEC) and size exclusion
chromatography (SEC)

EPS were fractionated by IEC with Sepharose Q or DEAE
Sepharose (Pharmacia Inc., 8 × 1.5 cm column). For elution dif-
ferent concentrations of NaCl (0–2 molar) or 5 molar urea were
used stepwise. Fractions were analyzed for carbohydrate content
(DuBois, Gilles, Hamilton, Rebers, & Smith, 1956) and protein con-
tent (Starcher, 2001).

The molecular weight and hydrodynamic volume were deter-
mined by SEC on three different PL aquagel-OH columns in
series (PL aquagel-OH mixed, MW range 0.1–1.000 kDa; PL
aquagel-OH 40, MW range 10–200 kDa; PL aquagel-OH 20,
MW range 0.1–20 kDa; in total good separation between 1
and 1.000 kDa; Polymer Laboratories, Darmstadt, Germany) as
described by Goellner, Utermoehlen, Kramer, and Classen (2011b).
For calibration pullulan reference compounds (5.9–788 kDa, PL
Polysaccharide Standards, Varian Inc., Germany) were used.

2.8. Desulfation

Desulfation of EPS-pyridinium salts from S. aquatilis was per-
formed according to Kolender and Matulewicz (2004) with 320 �l
chlorotrimethylsilane per 10 mg  EPS for 5.25 h at 100 ◦C. The desul-
fated EPS were dialyzed (MWCO  12–14 kDa) against demineralized
water and lyophilized.

2.9. Analysis of linkage type

Genuine EPS from S. aquatilis were converted into their pyri-
dinium salt. Activation and methylation of hydroxyl groups of the
polysaccharides from S. aquatilis (∼1 mg  in 500 �l dry dimethyl
sulfoxide (DMSO)) were obtained using a sodium hydroxide-
DMSO-slurry and stepwise addition of iodomethane: 0.5 ml  slurry
– 0.05 ml  iodomethane – 0.5 ml  slurry – 0.2 ml iodomethane. First
three additions were followed by a 20 min  incubation time each,
last addition by a 50 min  incubation time. After addition of 5 ml of
demineralized water, nitrogen was  bubbled through the solution
for 15 min  and the mixture was  dialyzed (MWCO 1 kDa) against
demineralized water and lyophilized. The whole process was  per-
formed three times.

EPS from S. pevalekii were methylated as described by
Harris, Henry, Blakeney, and Stone (1984) with freshly pre-
pared dimethylsulfinyl-carbanion (dimsyl-reagent; potassium
hydride in DMSO: 80 mg/ml). Samples were dissolved in DMSO
(1–10 mg/460 �l) and treated three times alternating with dimsyl-
reagent (40, 120 and 400 �l) and iodomethane (10, 30 and 300 �l).
Reaction times were 40, 20, 40, 20, 30 and 10 min. Finally, samples
were washed with a chloroform/methanol/water (2:1:2) mixture.

Further steps of hydrolysis, reduction and acetylation for meth-
ylated EPS from both strains were carried out as described by Harris
et al. (1984). Samples were hydrolyzed in 1 ml  2 molar TFA for 1 h at
121 ◦C and dried. Reduction took place with 2 ml  0.5 molar sodium
bordeuteride in 2 molar ammonia at 60 ◦C for 1 h and stopped
by addition of 0.5 ml  acetone. Dried samples were acetylated in

0.2 ml  glacial acetic acid, 1 ml  ethyl acetate and 0.1 ml perchloric
acid with 3 ml  acetic acid for 5 min  at room temperature. Reaction
was stopped by addition of 10 ml  demineralized water and 0.2 ml
1-methylimidazole. Reaction products were extracted with 2 ml
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Table  1
Monosaccharide composition of EPS from S. aquatilis and S. pevalekii. Mean value
(%  m/m)  of 6 (S. aquatilis), respectively, 5 different cultivations (S. pevalekii).

Monosaccharide S. pevalekii S. aquatilis

Fucose 9.2 ± 1.4 37.0 ± 4.5
Arabinose 3.2 ± 0.3 30.2 ± 3.4
N-acetyl-fucosamine – 18.0 ± 4.1
N-acetyl-glucosamine 10.8 ± 4.9 –
Rhamnose 7.4 ± 2.6 0.6 ± 0.5
Xylose 7.9 ± 5.5 0.1 ± 0.3
Galactose 11.4 ± 2.7 2.4 ± 2.2
Glucose 19.9 ± 3.1 10.6 ± 7.7
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Table 2
Contents of different substituents and protein moiety in EPS (% m/m).

Substituent and protein content S. pevalekii S. aquatilis

Acetyl groups 0.10 ± 0.14 (n = 1) −0.05 ± 0.08 (n = 2)
Pyruvate groups 0.26 ± 0.41 (n = 3) 2.26 ± 0.49 (n = 4)
Sulfate groups 1.09 ± 1.53 (n = 4) 18.37 ± 0.97 (n = 5)
Uronic acids 0.46 ± 0.35 (n = 2) 0.88 ± 0.39 (n = 3)
Protein 45.28 ± 6.21 (n = 4) 0.96 ± 1.13 (n = 5)

n: number of analyzed EPS from different cultivations.

Table 3
Amino acid composition (% m/m) of the protein part of EPS from S. pevalekii.

Amino acid Amount (%) Amino acid Amount (%)

Aspartic acid 12.9 Proline 6.2
Glutamic acid 9.0 Isoleucine 5.3
Glycine 8.5 Tyrosine 5.2
Threonine 8.3 Lysin 4.0
Leucine 8.1 Arginine 1.7
Valine 7.6 Methionine 0.4
Phenylalanine 7.5 Histidine 0.2
Alanine 7.4 Tryptophan 0.2
Mannose 21.3 ± 1.6 0.4 ± 0.4
Unknown sugar 9.1 ± 2.1 0.4 ± 0.4

ichloromethane. The partially methylated alditol acetates were
nalyzed by GLC-MS according to Goellner et al. (2011a).

.10. NMR

For 13C, 1H and H,C-COSY NMR  spectroscopy a sample of EPS
rom S. aquatilis was partially hydrolyzed in 12.5 mmolar oxalic
cid for 5 h at 100 ◦C. Insoluble components were removed by
entrifugation. Possible high molecular weight fragments were pre-
ipitated with ethanol (final concentration 80%). Ethanol-soluble
ragments were dried, dissolved in D2O and neutralized. Spectra
ere recorded at 75 MHz  and 300 K (Advanced III 300, Co. Bruker,
heinstett, Germany). Chemical shifts (�, in ppm) were calculated
sing acetone as internal standard (31.45 ppm) and compared with

iterature (Bilan et al., 2007; Ciancia et al., 2007; Glushka et al.,
003; Goellner et al., 2011b; Hu, Liua, Smestad Paulsen, Petersenc,

 Klaveness, 2003; Matulova et al., 2005; Vinogradov, Kaca, Knirel,
ozalski, & Kochetkov, 1989).

. Results and discussion

.1. Composition of polysaccharides

The EPS from S. pevalekii were composed of 7 different neu-
ral monosaccharides and the amino sugar N-acetyl-glucosamine
Table 1). Hexoses were the main components in these EPS. This
omplexity is a common characteristic of many cyanobacterial EPS
Pereira et al., 2009). Although EPS from two other Synechocystis
trains (Synechocystis sp. PCC 6714 and 6803) also showed such a
omplex monosaccharide composition (Panoff, Priem, Morvan, &
oset, 1988), other Synechocystis species (Synechocystis sp. BASO
44, 511, 507, 670, 672) excreted EPS consisting of less than 4
onosaccharides with glucose, xylose, arabinose and ribose as

omponents (Ozturk & Aslim, 2009; Ozturk, Aslim, & Suludere,
009). The EPS from S. aquatilis were heteropolymers contain-

ng 4 dominant monosaccharides as well (Table 1). The identified
onosaccharides, however, were untypical for known cyanobac-

erial EPS, containing appreciable amounts of N-acetyl-fucosamine
FucNAc) besides fucose and arabinose. This amino sugar Fuc-
Ac was detectable by GLC as well as TLC and HPTLC (data not

hown) and could be finally identified by GLC-MS, IR- and NMR
pectroscopy as well as by comparison with an especially syn-
hesized reference compound (Dr. A. Fekete & Prof. Dr. A. Liptak,
ee Acknowledgment) and a published MS-spectrum (Okutani &
andavanitj, 1991). Thus also with common analytical methods
ucNAc can be detected comparable to detection of the amino
ugars glucosamine and galactosamine, which are reported compo-

ents of cyanobacterial EPS (Pereira et al., 2009). Real identification
f FucNAc, however, required some higher methodological efforts.
n conclusion and to the best of our knowledge, FucNAc has not been
eported before as a component of cyanobacterial polysaccharides
Serine 6.9

and therefore can be pointed out as a new constituent in cyanobac-
terial EPS. Perhaps it would be beneficial to reanalyze some other
cyanobacterial EPS for the presence of FucNAc.

In both EPS, less than 1% of the monosaccharides carried a
carboxyl group (Table 2). In comparison with EPS from other
cyanobacterial strains and especially with EPS from Synechocystis
sp. minor amounts as well as concentrations of up to 89% of uronic
acids were reported (Ozturk & Aslim, 2009; Ozturk et al., 2009;
Panoff et al., 1988). EPS from S. pevalekii contained neither pyruvate
nor acetate groups whereas EPS from S. aquatilis also contained no
acylation but 2.3 ± 0.5% pyruvate groups (Table 2). Known concen-
trations for these two  structural features in various cyanobacterial
EPS are 0.3 up to 12.9% for acetyl groups and 0 up to 6.2% for pyru-
vate groups (De Philippis & Vincenzini, 1998; Pereira et al., 2009).
Thus both investigated strains in this regard are no exceptions.

The elementary analyses showed additional individual charac-
teristics. The EPS from S. aquatilis contained 18.4 ± 1.0% of sulfate
groups, whereas the EPS from S. pevalekii were only low-sulfated
(<1%) (Table 2). The highest sulfate content in cyanobacterial EPS so
far known is 19.3% for Oscillatoria corallinae CJ1 (Gloaguen, Morvan,
& Hoffmann, 1995), but also different EPS free of sulfate groups
occur (Pereira et al., 2009). Therefore, EPS from S. aquatilis can be
described as a highly sulfated polysaccharide.

EPS from S. pevalekii had a high concentration of nitrogen
according to elemental analyses corresponding to a content of
protein of 45.3 ± 6.2% (Table 2). In contrast, EPS from S. aquatilis
only contained traces of protein (<1%). Little amounts of protein
(1–3%) seem to be common for cyanobacterial EPS (De Philippis &
Vincenzini, 1998), but also high amounts of protein were detected,
e.g. for Synechocystis sp. an amount of up to 60% (Panoff et al., 1988).
The protein moiety of S. pevalekii EPS contained high amounts of
the acidic amino acids aspartic- (12.9%) and glutamic acid (9.0%)
(Table 3). The presence of these acidic amino acids in EPS from
S. pevalekii as well as the high degree of sulfation in EPS from S.
aquatilis were proven by IR-spectroscopy and conductometric titra-
tion. A high negative charge of excreted cyanobacterial proteins
had also been reported for other strains and seems to be charac-
teristic for organisms from alcaline or high-salt habitats (Flaibani
et al., 1989; Grant & Tindall, 1986; Marra et al., 1990; Nakagawa

et al., 1987; Reed, 1986; Schrader et al., 1982). By no method
(e.g. IEC, SEC, specific precipitation) it was possible to separate the
charged protein fraction from the neutral carbohydrate moiety of
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Table 4
Linkage type analysis of EPS from S. pevalekii arranged according to the amount
(%  mol/mol).

Linkage type Amount (%) Linkage type Amount (%)

1,3-Glcp 11.6 1-Fucp 3.1
1,2-Manp  9.9 1,3,4-Fucp 2.9
1,3-Fucp  8.0 1,3-GlcNAcp 4.3
1,4-Man/Glcp  4.8 1,3,x-GlcNAcp 3.8
1-Glcp 6.5 x-GlcNAcp 2.0
1,3-Galp  6.7 1,3,4-Galp 3.2
1,4-Fucp 3.6 1,2-Rhap 2.2
1,2-Xylp  0.1 1,2,6-Galp 0.8
1,4-Rhap  4.9 1-Rhap 1.5
1,4-Galp  2.5 1,4,6-Manp 1.2
1,2,6-Glcp  4.9 1,3,4-Glcp 0.6
1,3-Arap  3.7 1,3,4-Manp 0.6
1-Galp 2.9 1,2,4-Manp 0.7
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Table 5
Linkage type analysis of EPS from S. aquatilis, after desulfation and partial hydrolysis
of  these EPS arranged according to the neutral sugars (% mol/mol).

Amount (%)

Linkage type EPS pyridinium-salt EPS desulfated EPS partially hydrolyzed

1-Araf  0.7 0.7 0.0
1-Arap 0.7 0.5 2.4
1,3-Arap  1.4 2.0 8.9
1,4-Arap  0.0 1.4 4.3
1,3,4-Arap 31.5 33.3 8.7
1-Fucp 0.0 0.6 0.7
1,3-Fucp  31.4 33.2 31.0
1,3,4-Fucp 11.6 0.0 7.6
1,2,3-Fucp 0.0 5.9 0.0
1-FucNAcp  19.8 20.8 16.0
1-Arap  3.0

: difinite linkage type unknown.

PS from S. pevalekii. Both seem to be covalently linked, forming a
roteoglycan-complex as main component in EPS from S. pevalekii.

The molecular weight (MW)  and the hydrodynamic volume
HV) of the sodium salts of the EPS main fractions obtained by
EC were determined. EPS from S. aquatilis had a MW of 360 kDa
nd a HV of 865 kDa, whereas those of EPS from S. pevalekii were
70 kDa and 893 kDa, respectively. The higher HV compared to MW

ndicates a linear shape of both EPS molecules. Compared to liter-
ture with MWs  of more than 1000 kDa for many cyanobacterial
PS (Pereira et al., 2009) these analyzed EPS molecules are rather
mall. Measurements with original EPS (without IEC) showed much
igher MW-/HV-values (>1000 kDa) indicating the formation of
gglomerates of several molecules.

.2. Analyses of linkage type

EPS from S. pevalekii had a complex linkage type profile (Table 4)
ue to the high number of different monosaccharides. As reported

arlier highly complex structures of cyanobacterial EPS complicate
he analysis itself and the proposal of a structural model (Pereira
t al., 2009). The results for EPS from S. pevalekii, at least, confirmed
he predominant linearity of the polysaccharide moiety because

Fig. 1. Region of anomeric carbon signals in H,C
1,4-hexosep  2.9 1.6 20.5

of the high amount (62%) of linear linkage types. This predomi-
nant linearity was  also observed in SEC analyses by comparison
of molecular weight and hydrodynamic volume results (see Sec-
tion 3.1). Additionally, it was obvious that the EPS from S. pevalekii
almost exclusively consisted of pyranosidic monosaccharide units.

In contrast, the linkage type profile of EPS from S. aquatilis was
less complex. Again mostly all sugars were found in their pyrano-
sidic form. The genuine EPS, analyzed as pyridinium-salt, mainly
consisted of 4 different linkage types (Table 5): 1,3,4-arabinose
and 1,3,4-fucose as well as linear 1,3-fucose residues and termi-
nal 1-FucNAc. Despite the high amount of 1,3,4-linked sugars units
the molecule seems to be mainly linear according to SEC exper-
iments (see Section 3.1). Desulfation of the EPS (residual sulfate
content of 1.8%) resulted in total loss of 1,3,4-fucopyranose and
some increase in 1,2,3-Fucp, assumedly a side product of the desul-
fation by siliation via the desulfation reagent chlorotrimethylsilane.
The absence of 1,4-Fucp after desulfation indicated that position 4
of the 1,3,4-fucose residues were sulfated. The slight increase in
1,3-fucopyranose as well as in arabinose linkage types suggested a
sulfation of both monosaccharides within the EPS from S. aquatilis.
This was also confirmed by the molar calculation that showed a too

small amount of 1,3,4-fucose for too many sulfate groups (data not
shown). Partial hydrolysis of the EPS from S. aquatilis with oxalic
acid as described for NMR-analysis (see Section 2.10) resulted in a

-COSY-spectrum of EPS from S. aquatilis.
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ig. 2. Possible structural model of sulfated EPS from S. aquatilis with �-arabinopyr

assive decrease in the hydrodynamic volume (<3 kDa), but only in
 moderate loss of sulfate groups (remaining content of 18.4%). The
trong increase in 1,4-hexose expressed some undermethylation
f EPS fragments according to our experience. But more important,
ydrolysis resulted in an impressing reduction of 1,3,4-Arap and the

ormation especially of 1,3-Arap and smaller amounts of 1,4-Arap,
ndicating 1,4-linked arabinose residues as important components
n the backbone of the mainly linear molecule. Branching points
n the molecule not explained by the sulfation pattern could be
xplained by binding of single FucNAc residues in position 3 of
rabinose.

NMR-analysis of EPS from S. aquatilis demonstrated an �-
onfiguration for fucose as well as �-arabinose residues (� of
nomeric carbon atoms 91.95–102.38 ppm) (Fig. 1). Furthermore,
he pyranosidic form of the sugar monomer and mostly all found
inkage types from the methylation analyses could be confirmed.
ifferent methods, like solvolysis for desulfation (data not shown),
aused a partial hydrolysis of the polymer to a hydrodynamic vol-
me  of about 3 kDa or a degree of polymerization of ∼13. Besides
his, NMR-analysis of the polymer hydrolyzed with oxalic acid
howed 13 signals of anomeric carbons. In conclusion, these results
oints to a repeating unit of approximately 13 sugars for the EPS
rom S. aquatilis.

All these results of linkage type and NMR  analyses of EPS from
. aquatilis led to the proposed structure model shown in Fig. 2.
he basic structure of the molecule, linear with side chains of only
ingle sugar units, is most likely similar to that of Oscillatoria plank-
othrix FP1 (Silipo et al., 2010). Of greater interest, however, is the
tructural accordance in linearity, linkage types of fucose residues,
nd the sulfation pattern of the EPS from S. aquatilis with fucoidan,

 class of polysaccharide from brown algae (Li, Lu, Wie, & Zhao,
008) and a pronounced biological activity of both molecules in
he human complement system (Li et al., 2008; Volk et al., 2006).

. Conclusion

Cyanobacterial EPS are known to be often acidic polymers
Pereira et al., 2009). EPS can complex ions from the habitat by
egatively charged functional groups and thus stabilize the slimy

ayer especially in alkaline surroundings (Grant & Tindall, 1986;
eed, 1986). The EPS from S. pevalekii are of negative charge due to
he high content of aspartic and glutamic acid in the protein part
f its proteoglycan-complexes whereas the EPS from S. aquatilis
re highly sulfated. Although the evolutionary aim may  be the
ame, the two strains use different ways to achieve it. Interest-
ngly, EPS from the cyanobacterial genus Synechocystis are known
o secrete rather diverse polymers ranging from glucans with a high
mount of uronic acids to complex hetero-polysaccharides with
p to seven different monomers (Ozturk & Aslim, 2009; Ozturk
t al., 2009; Panoff et al., 1988) and highly sulfated arabinofucans.
he present results underline the heterogeneity of EPS: complex

olysaccharides from S. pevalekii and simpler but so far unknown
omposed EPS from S. aquatilis. Summarizing the new components
f this EPS and the enlarged and confirmed composition compared
o Volk et al. (2006), three characteristics must be pointed out.
n  200

 and �-fucopyranose residues and FucNAc substitued �-arabinopyranose residues.

Firstly, as already mentioned, the EPS are highly sulfated. Secondly,
FucNAc was found for the first time in cyanobacterial polysac-
charides, and, finally, an arabinofucan without higher amounts of
glucose had never been reported before for cyanobacterial EPS.
Merely Phomidium tenue showed a similar composition of neu-
tral sugars – but with glucose as second most common sugar,
low amounts of fucose only and without FucNAc (Hu et al., 2003).
These results for EPS from S. aquatilis and S. pevalekii extend the
knowledge of possible components of cyanobacterial EPS and their
structure.
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Gantar, M.,  & Svirčev, Z. (2008). Microalgae and cyanobacteria: Food for thought.
Journal of Phycology,  44,  260–268.

Gloaguen, V., Morvan, H., & Hoffmann, L. (1995). Released and capsular
polysaccharides of Oscillatoriaceae (Cyanophyceae, Cyanobacteria). Archiv fuer
Hydrobiologie,  109, 53–69.

Glushka, J. N., Terrell, M.,  York, W.  S., O’Neill, M.  A., Gucwa, A., Darvill, A. G.,
et al. (2003). Primary structure of the 2-O-methyl-alpha-l-fucose-containing

side chain of the pectic polysaccharide, rhamnogalacturonan II. Carbohydrate
Research,  338, 341–352.

Goellner, E. M.,  Blaschek, W.,  & Classen, B. (2010). Structural investigations on
arabinogalactan-protein from wheat, isolated with Yariv reagent. Journal of Agri-
cultural and Food Chemistry, 58,  3621–3626.

http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0065


3 drate

G

G

G

H

H

K

K

L

M

M

M

N

O

charide of Proteus vulgaris O19. European Journal of Biochemistry, 180,
95–99.
06 D. Flamm, W.  Blaschek / Carbohy

oellner, E. M.,  Ichinose, H., Kaneko, S., Blaschek, W.,  & Classen, B. (2011). An
arabinogalactan-protein from whole grain of Avena sativa L. belongs to the
wattle-blossom type of arabinogalactan-proteins. Journal of Cereal Science, 53,
244–249.

oellner, E. M.,  Utermoehlen, J., Kramer, R., & Classen, B. (2011). Structure of arabino-
galactan from Larix laricina and its reactivity with antibodies directed against
type-II-arabinogalactans. Carbohydrate Polymers, 86,  1739–1744.

rant, W.  D., & Tindall, B. J. (1986). The alkaline saline environment. In R. A. Herbert, &
G. A. Codd (Eds.), Microbes in extreme environments (pp. 55–81). Orlando, Florida:
Academic Press.

arris, P. J., Henry, R. J., Blakeney, A. B., & Stone, B. A. (1984). An improved pro-
cedure for the methylation analysis of oligosaccharides and polysaccharides.
Carbohydrate Research, 127, 59–73.

u, C., Liua, Y., Smestad Paulsen, B., Petersenc, D., & Klaveness, D. (2003). Extracel-
lular carbohydrate polymers from five desert soil algae with different cohesion
in the stabilization of fine sand grain. Carbohydrate Polymers, 54,  33–42.

jeldahl, J. (1883). Neue Methode zur Bestimmung des Stickstoffs in organischen
Körpern. Zeitschrift für Analytische Chemie, 366–382.

olender, A. A., & Matulewicz, M.  C. (2004). Desulfation of sulfated galactans with
chlorotrimethylsilane. Characterization of beta-carrageenan by 1H NMR  spec-
troscopy. Chinese Journal of Oceanology and Limnology,  339, 1619–1629.

i, B., Lu, F., Wie, X., & Zhao, R. (2008). Fucoidan: Structure and bioactivity. Molecules,
13,  1671–1695.

arra, M.,  Palmeri, A., Ballio, A., Segre, A., & Slodki, M.  E. (1990). Structural characteri-
zation of the exocellular polysaccharide from Cyanospira capsulata. Carbohydrate
Research,  197, 338–344.

atulova, M.,  Nouaille, R., Capek, P., Péan, M.,  Forano, E., & Delort, A.-M. (2005).
Degradation of wheat straw by Fibrobacter succinogenes S85: A liquid- and solid-
state nuclear magnetic resonance study. Applied and Environmental Microbiology,
71,  1247–1253.

cComb, E. A., & McCready, R. M.  (1957). Determination of acetyl in pectin and
in acetylated carbohydrate polymers – Hydroxamic acid reaction. Analytical
Chemistry,  29,  819–821.

akagawa, M.,  Takamura, Y., & Yagi, O. (1987). Isolation and characterization of

the  slime from a cyanobacterium, Microcystis aeruginosa K-3A. Agricultural and
Biological Chemistry,  51,  329–337.

kutani, K., & Tandavanitj, S. (1991). Isolation and characterization of a fucosamin-
containing polysaccharide from a marine strain of Pseudomonas.  Nippon Suisan
Gakkaishi,  57(11), 2151–2156.
 Polymers 101 (2014) 301– 306

Ozturk, S., & Aslim, B. (2009). Modification of exopolysaccharide composition and
production by three cyanobacterial isolates under salt stress. Environmental Sci-
ence and Pollution Research International, 17,  595–602.

Ozturk, S., Aslim, B., & Suludere, Z. (2009). Evaluation of chromium(VI) removal
behaviour by two  isolates of Synechocystis sp. in terms of exopolysaccha-
ride (EPS) production and monomer composition. Bioresource Technology,  100,
5588–5593.

Panoff, J. M., Priem, B., Morvan, H., & Joset, F. (1988). Sulphated exopolysaccharides
produced by two  unicellular strains of cyanobacteria, Synechocystis PCC 6803
and  6714. Archiv für Microbiologie, 150, 558–563.

Pereira, S., Zille, A., Micheletti, E., Moradas-Ferreira, P., de Philippis, R., & Tamagnini,
P.  (2009). Complexity of cyanobacterial exopolysaccharides: Composition,
structures, inducing factors and putative genes involved in their biosynthesis
and  assembly. FEMS Microbiology Reviews, 33,  917–941.

Reed, R. H. (1986). Halotolerant and halophilic microbes. In R. A. Herbert, & G. A. Codd
(Eds.), Microbes in extreme environments (pp. 55–81). Orlando, Florida: Academic
Press.

Schrader, M.,  Drews, G., Golecki, J. R., & Weckesser, J. (1982). Isolation and character-
ization of the sheath from the cyanobacterium Chlorogloeopsis PCC 6912. Journal
of  General Microbiology, 128, 267–272.

Silipo, A., Molinaro, A., Molteni, M.,  Rossetti, C., Parrilli, M., & Lanzetta, R. (2010).
Full structural characterization of an extracellular polysaccharide produced by
the  freshwater cyanobacterium Oscillatoria planktithrix FP1. European Jounal of
Organic Chemistry,  5594–5600.

Sloneker, J. H., & Orentas, D. G. (1962). Pyruvic acid, a unique component of an
exocellular bacterial polysaccharide. Nature,  194, 478–479.

Starcher, B. (2001). A ninhydrin-based assay to quantitate the total protein content
of tissue samples. Analytical Biochemistry, 292, 125–129.

Tudoran, R., & Kirschfink, M.  (2012). Moderne Komplementanalytik Indikationen –
Methodik–Perspektiven. Laboratoriumsmedizin, 36.

Vinogradov, E. V., Kaca, W.,  Knirel, Y. A., Rozalski, A., & Kochetkov, N. K.
(1989). Structural studies on the fucosamine-containing O-specific polysac-
Volk, R. B., Venzke, K., Blaschek, W.,  & Alban, S. (2006). Complement modulating and
anticoagulant effects of a sulfated exopolysaccharide released by the cyanobac-
terium Synechocystis aquatilis. Planta medica, 72,  1424–1427.

http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00928-4/sbref0190

	Exopolysaccharides of Synechocystis aquatilis are sulfated arabinofucans containing N-acetyl-fucosamine
	1 Introduction
	2 Materials and methods
	2.1 Material
	2.2 Monosaccharide composition
	2.3 Determination of uronic acids and polysaccharide substituents
	2.4 Elemental analysis, degree of sulfation and amino acid composition
	2.5 IR-spectroscopy
	2.6 Conductometric titration
	2.7 Ion exchange chromatography (IEC) and size exclusion chromatography (SEC)
	2.8 Desulfation
	2.9 Analysis of linkage type
	2.10 NMR

	3 Results and discussion
	3.1 Composition of polysaccharides
	3.2 Analyses of linkage type

	4 Conclusion
	Acknowledgments
	References


