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Abstract: The algal extracellular polymeric sustances (EPS) have been studied as natural resources for a
number of applications. For a macroalgae Spirogyra fluviatilis, the aboundant extracellular matrix on the
surface of algae cell. EPS has a gel-like structure that could fractioned into loosely bound EPS (LB-EPS) and
tightly bound EPS (TB-EPS). The contents and extraction rate of EPS were compared two chemical
(formaldehyde-NaOH and NH4OH) and two physical (ultrasonication and heating) extraction methods. The
analysis demonstrated that extraction rates of EPS followed heating (7.94 mg g?! fresh algae) >
ultrasonication (5.02 mg g! fresh algae) > formaldehyde-NaOH (3.12 mg g! fresh algae) > NH4OH (2.01 mg
gl fresh algae). The protein to polysaccharides ratio (P/S) in EPS is between 0.23 to 0.35 by chemical
methods and between 0.27 to 0.37 by physical methods. The P/S ratio is LB-EPS is higher than TB-EPS. The
results indicated that the EPS could be efficiently extracted by the heating method, the influence of P/S
ratios were obvious different.
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1. Introduction

EPS are the products of cellular lysis and hydrolysis of macromolecules with a high molecular weight, and
they usually produced by microoganisms [1]-[3]. Based on binding force with cell, the EPS are usually
divided into loosely bound EPS (LB-EPS) and tightly bound EPS (TB-EPS) [4]-][6].

The application of microbial EPS in the industry has been valued highly. In the food industry, EPS can be
used as a thickener and gel to improve food quality and texture [7]. In medicine, EPS is used as a hydrophilic
matrix to control the release of medicines, or can be used in the development of bacterial vaccines and
increase non-specific immunity [8]. In addition, EPS also improves the process of heavy metal and radio
nuclides contaminated water by enhancing the water retention capacity of the soil [9], [10]. The demands
for natural polymers in various industrial applications have increased lately, and therefore, novel algae have
been used to synthesize high value products, such as products of high aggregated value such as pigments,
osmoprotectant, metabolites, fatty acids and proteins, may also be exploited for EPS as biosurfactants
and/or bio- emulsifiers [11], [12].

The extraction and analysis of EPS is a most challenging endeavor. The isolation method for algal EPS can
in turn influence the compositions, contents, structure, properties and functions of EPS [13], [14]. Different
extraction methods can change the properties of EPS [15]. There is no universal extraction and analysis
procedures which have to be adapted to the specific EPS. Extraction protocols were compared to investigate
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how different extractant affect the chemical characteristics of collected EPS [14], [16]-[20].

EPS can be found in bacteria, Cyanobacteria, marine microorganisms and fungi. Spirogyra is a genus of
large abundant filamentous green algae, commonly found in freshwater areas all over the world. It is easy
for harvested. The cell surface of Spirogyra spp. can excrete large amounts of EPS and then form a unique
mucilage layer. However, the extraction methods of Spirogyra spp were not explored.

This study compared the EPS extraction yield of the large freshwater algae Spirogyra fluviatilis. and the
levels of its primary major components of polysaccharides and proteins with two different physical
extraction methods of ultrasonication and heating, also two different chemical extraction methods of
formaldehyde-NaOH and NH4OH. We expect to establish an EPS extraction-based biotechnology from
Spirogyra spp. and explore its potential in industrial development.

2. Materials and Methods
2.1. Algae

The algae that were used in this study was the large filamentous green algae Spirogyra fluviatilis, which
grows naturally in freshwater areas. The algae samples were collected from the campus of Kun-Shan
university southern Taiwan (N22.998415,E120.254504 ). The algae samples were washed twice with tap
water, placed in a strainer at room temperature for 2h to naturally drain the water, and then used for EPS
extraction.

2.2. EPS Extraction

The harvested algae samples were suspended in a 0.05% NaCl solution and centrifuged at 5000g, 4°C for
20 min. The liquid was collected carefully for measurement of LB-EPS [21], [22]. The remaining algae
samples were resuspended with NaCl solution for following TB-EPS extraction.

Four widely used EPS extraction protocols using formaldehyde-NaOH, NH4OH, ultrasonication and
heating were adopted. Two protocols (Fig. 1) were on the use.

2.2.1. Chemical extraction methods

The remaining algae samples were resuspended with 0.05% NaCl solution for TB-EPS extraction using
formaldehyde-NaOH and NH4OH chemical method.

1) NH4OH: remaining algae samples +0.05% (w/w) NaCl solution to 100ml+50ml 0.1M NH4OH at 4°C

for 1h.

2) Formaldehyde-NaOH: remaining algae samples +0.05% (w/w) NaCl solution to 100ml+50ml 36.5%

Formaldehyde-NaOH at 4°C for 1h.
The treated suspension was centrifuged (15000g) for 20 min with the suspension being collected.

5g fresh alage +0.05%(w/w) NaCl solution to 100ml
5000 centrifugation, 4°C, 20min

v v

Liquid for LB-EPS Remaining alage )
+0.05%(w/w) NaCl for TB-EPS extraction

v

| (1)  Chemical extraction methods || (2) physical extraction methods

NH40H
1M NH40H, 4°C, 1h

Formaldehyde-NaOH
36.5%,4°C, 1h

2

| 15000g centrifugation, 4°C, 20min |

Suspension collected

L—f Analysis of protein and polysaccharide |

protein + polysaccharide
the total EPS contents

Fig. 1. Procedure for the two EPS extraction process of S. fluviatilis EPS.
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2.2.2. Physical extraction methods

In physical extraction methods, cationic exchange resin (CER) is not suitable for EPS extraction from large
filamentous algae [23], [24]. Therefore we used two physical methods, heating, and ultrasonication, to
extract EPS.

1) Ultrasonication: remaining algae samples + 0.05% (w/w) NaCl solution to 100ml, was sonicated at

120W for 10 min.

2) Heating: remaining algae samples + 0.05%(w/w) NaCl solution to 100ml, was heated at 80°C for 10

min.

The treated suspension was centrifuged (10,000 X g) for 10 min with the suspension being collected. All
supernatants were diluted by Mili-Q water to at the same level and then filtrate using 0.45pm cellulose
nitrate membrane filter with filtrate collected.

The flowchart of extraction procedures is shown in Fig. 2.

Physical extraction methods

v v
Ultrasonication Heating
v v
Ultrasonication 120W, 10min Heating at 80°C, 10min
| 10000 x g centrifugation, 4°C, 10min |
| Filtrated using 0.45um cellulose nitrate membrane filter |
v

| Analysis of protein and polysaccharide |

protein + polysaccharide
the total EPS contents

Fig. 2. Procedure for physical extraction process of S. fluviatilis EPS.

2.3. Analysis Method

All chemicals used in this work were of analytical grade. Polysaccharide content was determined by the
phenol-sulfuric acid using glucose as a standard [25]. Protein content was determined according to
Bradford (1976) with bovine serum albumin BSA, Sigma A2153 100mg/ml [26]. The total EPS content was
measured as the sum of these two substances.

3. Results and Discussion

3.1. Microscopy and Comparison of Polysaccharide and Protein in LB-EPS

Microscopic examination by India ink reverse staining showed appearance of extracellular matrix on the
surface of algae cell. The EPS had a gel-like structure that could fractionated into loosely bound EPS (LB-EPS)
and tightly bound EPS (TB-EPS) (Fig. 3).

For more detailed information, EPS matrix in this study were specifically divided into LB-EPS and TB-EPS
fraction. As shown in Table 1 and Fig. 4, the total EPS in extracted LB-EPS matrix was 3.12+0.52 mg g!
fresh alage, while 2.24 +0.36 mg g! fresh alage of protein and 0.88+0.17 mg g! fresh alage of
polysaccharides. These result demonstrated that uneven distribution pattern of protein/ polysaccharide
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ratios in the EPS matrix may facilitate the stabilization of cell structure under complex ecological
environments [27].

Fig. 3. Mucilage layer stucture of S. fluviatilis.

Table 1. Comparison of Contents and Extraction Yields of LB-EPS

EPS Organic matter contents (mg g-! fresh algae)
. . EPS(protein+ Potein
LB-EPS protein polysaccharide polysaccharide /polysaccharide
2.13 0.81 294 2.62
1.93 0.66 2.59 291
2.49 1.08 3.57 2.31
2.62 0.97 3.59 2.72
1.75 0.72 248 242
2.53 1.03 3.56 246
4.0 -
Pohlysaccharde in LB-EP S

Protein in LBEPS
Frotein (mean)
FPohrsaccharide (mean)

Sample No.

Fig. 4. Comparison of protein and polysaccharide in LB-EPS.

3.2. Comparison of Polysaccharide and Protein in TB-EPS by Physical and Chemical
Extraction Methods

The TB-EPS contents and compositions resulting from the applied 2 physical extraction methods are
shown in Fig. 5. Further comparison showed that the heating method exhibited higher efficiency, with the
protein and polysaccharide contents of 1.82+0.24 mg g1 fresh algae and 6.1210.85 mg g'! fresh algae in
the TB-EPS fraction, respectively. The results were similar with the results of Xu et al. [28].

Two chemical extraction methods (formaldehyde-NaOH and NH4OH) were applied to extract the TB-EPS.
The TB-EPS and contents resulting are showed in Table 2, Fig. 6. The formaldehyde-NaOH method exhibited
the higher efficiency, with the polysaccharide and protein contents of 0.64 +0.13 mg g! and 2.48+0.19 mg
g1 in the TB-EPS, respectively. Which compare with the 0.48 +0.05 mg g! fresh alage and 1.53+0.15 mg g'!
fresh alage for protein and polysaccharide by NH4OH extraction method.
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Fig. 5. Comparison of protein and polysaccharide in TB-EPS from physical extraction method.
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Fig. 6. Comparison of protein and polysaccharide in TB-EPS from chemical extraction method.

3.3. Comparison of Contents and Composition at Different Extraction Methods

The results are shown in Table 2 and Fig. 7. The data reflect the average results from 6 repeated
measurements, for two chemical (NH4OH and formaldehyde-NaOH) and two physical (heating and
ultrasonication) extraction methods, which showed in LB-EPS fractions, proteins rather than
polysaccharides were the predominant composition. From the TB-EPS fraction procedure which could give
a deeper insight into the EPS structure and composition.

Table 2. Comparison of Contents and Extraction Yields of EPS by Different Extraction Methods
EPS

extractions Extracted method Organic matter contents (mg g-! fresh algae)
protein polysaccharide p]i)ﬁ);s(gcr:lfzi‘ri:e / polyl::tzi}rllaride
LB-EPS 2.24+0.36 0.88+0.17 3.12+0.52 2.57+0.22
TB-EPS Heating 1.82+0.24 6.12+0.85 7.94+1.02 0.30+0.04
Ultrasonication 1.22+0.21 3.80+0.50 5.02+0.70 0.32+0.03
Formaldehyde-NaOH 0.64+0.13 2.48+0.19 3.12+0.26 0.26+0.05
NH4+OH 0.48+0.05 1.53+0.15 2.01+0.18 0.32+0.03

The extracted total EPS in TB-EPS from the four extraction methods followed heating (7.94+1.02 mg g!
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fresh algae) > ultrasonication (5.02+0.70 mg g fresh algae) > formaldehyde-NaOH (3.12%£0.26 mg g
fresh algae) > NH4OH (2.01%0.18 mg g! fresh algae). This result together with the different trend in P/S

ratios are shown in Fig. 7, indicating the two chemical alkaline extractants could dissociate aggregated
carbohydrate (polysaccharide) in EPS [28], whereas the proteins in EPS could be more effectively extracted

by heating.
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Fig. 7. Comparison of EPS and protein to polysaccharide ratio in from different extraction methods.

This study further compared the primary contents of EPS with different extraction methods. The results
showed that using different extraction methods can lead to different extraction yields of EPS, the ratios of
protein to polysaccharide in EPS also significant different [29].

4. Summary

In this study of macroalgal EPS, the extraction and analysis of EPS is a most challeging work. To compare
the extraction yields of EPS from S. fluviatilis mucilage layer (LB-EPS and TB-EPS) and the changes in its
primary contents of polysaccharides and proteins with two different chemical (formaldehyde-NaOH and
NH4OH) and physical (ultrasonication and heating) extraction methods, the study results show that: (1) EPS
(Both contents of polysaccharide and protein) could be efficiently extracted by heating method. (2) The
ratios of protein to polysaccharide in TB-EPS are obvious different, but not for LB-EPS. (3) The extraction
method for macroalgal EPS can in turn influence the extraction rate, contents and properties.

S. fluviatilis is a widely distributed dominant fresh water macro-green algae. In its natural habitat, S.
fluviatilis has great potential in EPS extraction. This preliminary study results help us understand the
extraction methods for the influence on EPS isolation.
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