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Natural polymer is a frequently used polymer in various food applications and pharmaceutical formulations due to its
benefits and its biocompatibility compared to synthetic polymers. One of the natural polymer groups (i.e., polysaccharide)
does not only function as an additive in pharmaceutical preparations, but also as an active ingredient with
pharmacological effects.
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| 1. Introduction

Polysaccharides are the most used natural polymers in pharmacy, in which they are safe, biocompatible, and
biodegradable . Polysaccharides such as chitosan, alginate, carrageenan, and cellulose are the most commonly used in
pharmaceutical formulations. However, they suffer from several drawbacks, such as poor elasticity & and low water
retention Bl Sacran is a polysaccharide polymer that has a high water retention, high potential to develop, and a better
elasticity than other polymers.

Sacran is a polysaccharide derived from cyanobacteria. Cyanobacteria are one of the algae that are also popular with
blue-green algae 4 and are diverse in terms of genetics. They are not only spread in freshwater, ocean, and land, but can
also be found in extreme ecosystems such as hot springs, hypersaline areas, cold environments, and barren deserts [,

Cyanobacteria are the only prokaryotes that perform oxygenic photosynthesis as a potential biocatalyst, to directly convert
CO, into chemicals and other valuable products BIZIE Cyanobacteria can produce polysaccharides with different
functional groups, such as carboxylic acid, sulfate, phosphate, and amino acids that are responsible for adsorption. The
texture of the polysaccharide produced by the cyanobacteria looks like a gel. Therefore, it has been a good candidate for
the food industry and medicine materials [, Reports about the function of polysaccharides produced by freshwater
cyanobacteria are still limited. As a result, research about the function of polysaccharides produced by freshwater
cyanobacteria has widely been developed 19, One of the cyanobacteria that live in freshwater is Aphanothece sacrum (A.
sacrum).

A. sacrum is a green plant that has long been consumed by the Japanese and grown in Kogane river . A. sacrum can
produce a polysaccharide called sacran. Sacran has a negative charge in water. Due to its high viscoelasticity and water
retention, it has been applied in many cosmetics and medical products 24,

| 2. Aphanothece sacrum
2.1. Aphanothece sacrum

Cyanobacteria are well known as toxin formers in various water systems all over the world, and they have contributed to
the toxicity level of communities as they can release toxic compounds L2ILSII4IISII6]  However, much research dealing
with the metabolites of cyanobacteria has shown that cyanobacterial elements have biological activities related to human
health 28], It has been identified that Cyanobacteria can produce and secrete polysaccharides with different functional
groups, such as carboxylic acid, sulfate, phosphate, and amino acids that are responsible for adsorption 4.

Aphanothece sacrum (A. sacrum) is a unicellular cyanobacterium found in freshwater. It belongs to seaweed types that
can produce a polysaccharide known as sacran [&. A. sacrum is a microalga grown in the Kyushu river, Japan 28, and it
has a jelly matrix and a long cluster size 9. It was classified biologically in the 19th century by Suringar and has been
recognized for more than 100 years. However, research dealing with this issue is rarely found as its material availability is
low and its cultivating method is less efficient. A. sacrum has a higher water content than other popular jellies such as
Nostoc commune. From this information, it can be inferred that A. sacrum has a greater capacity for water retention 19, |t



also contains high contents of Ca, Fe, Cu, and Mn that has made it different from other seaweed types 199 A. sacrum is
the only microalgae possibly grown as food materials for more than 300 years &,

2.2. Characteristic of Aphanothece sacrum

A. sacrum is a prokaryotic alga that does not have chloroplasts to perform photosynthesis, and it has been recognized as
a very primitive alga. It is evolutionarily and ecologically close to photosynthetic bacteria. Aphanothece, one of the algae,
only has chlorophyll a, not chlorophyll a and b like other higher plants. It is a mediator between photosynthetic bacteria
and green plants that have chlorophyll a and ferredoxin chloroplast types, but it resembles photosynthetic bacteria in other
particular features [22211[22]

In the research of Fujishiro et al. 12, the DNA analysis of an isolated A. sacrum chain showed that this chain carries two
genes of ferredoxin (I and Il), an amino acid sequence. In line with that, research undertaken by Wada et al. (1974) has
shown that the ferredoxin molecule of A. sacrum contains an amino acid that is similar to the ferredoxin of other
chloroplast types. The acidic amino acid is more prominent than the basic one. This ferredoxin lacks methionine and
tryptophan. It retains one residue of histidine, arginine, and phenylalanine. There are only four cysteine residues found in
this ferredoxin, which are also possessed by other plants such as Bumilleriopsis, Equisetum, Zea mays, Cypenis, and
Gossypium. Moreover, the results of this research also explained that one molecule of ferredoxin of A. sacrum contains
two atoms of iron and common volatile sulfur. It also provided the composition of the ferredoxin amino acid of A. sacrum.

2.3. Sacran

Nowadays, natural polymers are frequently used in several pharmaceutical preparations. One of the natural polymers is
sacran, which is derived from Aphanothece sacrum 23, This polysaccharide contains anionic groups such as carboxylate
and sulfonate in high concentrations (32% mol of the total sugar) 2425 Therefore, sacran has a negative charge in
water 1. Sacran is a sulfated natural polymer extracted from the extracellular jelly matrix of A. sacrum, a cyanobacterium
in freshwater (28], Sacran contains 11 types of monosaccharides (Glc, Gal, Pria, Xyl, Rha, Fuc, GalA, GIcA, and traces of
Ara, GalN, and Mur), with a molecular weight of 1-2.2 x 107 g/mol and a chain length of more than 30 um [2728],

Previous research has reported that the physical characters of sacran are unique. It builds gel-like layers that contain
water with polyol; 1.3-butanedyol and 1.2-pentanedyol. Its film prevents the penetration by water and chemicals Z2. In
solution, sacran is a polyelectrolyte, and because of its electric charge, the conformation of the sacran chain changes
depending on its concentration. For instance, a helix transition concentration occurs when a chain of sacran changes from
a random coil into a double helix at 0.09%, and gelation concentration occurs when sacran transitions from liquid to gel at
0.25% [28129] \jith increasing concentration, the sacran chain changes into a rigid rod form, showing liquid crystalline (LC)
properties BUEBL Sacran can form a gel-like film that is difficult to re-dissolve in water. It is formed due to polyol 1,3-butilen
glycol, which is more superior to skin protection without polyol 221,

Sacran is a heteropolysaccharide composed of various sugar residues. From 11% of the monosaccharides, it contains a
sulfate and carboxyl group 28331, Sacran is considered a safe biomaterial as A. sacrum is a cyanobacterium that has long
been used by the people of Kyushu, Japan as a food to treat allergies and gastroenteritis. Sacran can also retain more
water than hyaluronic acid or xanthan gum, and it can form hydrogel through the interaction between electrostatic and
heavy metal cations B4l Sacran can orientate itself depending on its concentration. Its structure looks like jelly that can
adsorb cationic metals. Moreover, it generates an extracellular jelly matrix that can protect cells 251351, Macroscopically,
the geometric structure of sacran consists of membrane partitions of three-dimensional cuboid cells to evaporate a
uniaxially oriented water solution; thus, it can be developed for medical and pharmaceutical industries E&I37],

2.4. Extraction and Isolation of Sacran

A. sacrum is a plant that has been cultivated massively in the freshwater of Japan. With metal ions at its extracellular
matrix, it forms a jelly-like material, which provides protection to the cellular structure of the algae. The composition of
sacran within A. sacrum is very high, with 70% of dry A. sacrum [28l. Sacran is extracted from A. sacrum by evaporating
the solvent B¥, and this polysaccharide is extracted using a basic solvent generated from the biomaterial that has been
washed with acid so that the minerals can be removed 58!

A sample of A. sacrum is frozen and thawed to damage the cell membranes, and it is then washed by water to remove
components easily dissolved in water such as pigments (phycobiliprotein). Subsequently, the sample is washed using
isopropanol. By stirring a large portion of sample three times, green decolorization emerges, which is gathered through
filtration by applying gauze. An isopropanol-washed sample is then added into 0.1 M of NaOH solution at a temperature of



100 °C, and it is agitated at room temperature for 4 h to generate a transparent solution. This solution is then neutralized
by HCI until the pH decreases to 8.0-9.0, and then it is filtered. The filtrate is concentrated using a rotating evaporator so
that the solution becomes thick. To achieve deposition of the white fibrous materials, the thick solution is poured slowly
into isopropanol. Afterward, to remove the added salt or generated salt from the extraction process, the fibers are re-
dissolved in hot water and the solution is dialyzed against pure water for a month by changing the external water solution
using regenerated cellulose membrane every day (MWCO: 14,000). The internal solution with sacran is re-thickened. The
isopropanol fibrous deposit is gathered and dried in a vacuum oven (Figure 1). The sacran water solution produced does
not show a specific absorption in the 220-600 nm wavelength range by using ultraviolet spectroscopy (UV-Vis). This
indicates that the solution is not contaminated by proteins, nucleic acids, chromophores, and/or other chemicals that have
UV-Vis absorption. The yield of sacran extraction is very high (i.e., 70% of dry A. sacrum) 4Q4142]
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Figure 1. Scheme of sacran extraction process.
2.5. Characteristics of Sacran

Sacran is a heteropolysaccharide composed of sugar residue (galactose, glucose, mannose, xylose, rhamnose, fucose,
and galacturonic acid, and glucuronic acid). It also contains traces of alanine, galactosamine, uronic acid, and muramic
acid; 11% of the monosaccharide contains sulfate groups, while 22% of the monosaccharide contains carboxyl groups
(Figure 2) 431, The extraction of sacran from A. sacrum collected from numerous locations in Japan has generated a
product that is physically similar to high-purity cotton 22431,
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Figure 2. Structure of sacran 4],

Sacran characterization has been conducted on solutions containing sacran. The results of GC-MS confirmed that there
are Glc, Gal, Man, Xyl, Rha, Fuc, GalA, and GIcA with composition ratios of 25.9, 11.0, 10.0, 16.2, 10.2, 6.9, 4.0, and 4.2,
respectively. The T-ICR-MS of sacran with methanolysis confirmed that there is a sulfated muramic acid, a unique sugar
that has only be found in sacran so far 42, The results of FTIR confirmed that several groups consist of R-COOH, R-
SO*, and R-OH 48], A GC-MS study showed that there are uronic acid-Glc or Gal (m/z 355.0869), uronic acid—uronic
acid (m/z 369.0667), uronic acid—uronic acid—Gal/Glc (m/z 545.162), uronic acid—Gal-Glc—hexose (m/z 693.2089),
sulfated dimethyl uronic acid (m/z 301.0239), sulfated dimethyl muramic acid (m/z 358.081), dimethylated (uronic acid—
uronic acid) (m/z 435.1127), sulfated dimethylated (uronic acid—Gal-Glc) (m/z 463.0773), and Glc—Gal-N-acetyl muramic
acid (m/z 630.21). FT-ICR-MS also revealed the sequence of muramic acid connectors for hexose, Glc, and Gal. These

results confirmed that muramic acid is not the constituent of the cell wall but of the capsule polysaccharide of A. sacrum
[45]

According to the analysis of Budpud et al. 24, when 0.5 wt.% of fluorescein isothiocyanate-stained sacran is observed
under a super-resolution confocal microscope, it clearly shows that sacran exists in solution with a microfiber of 0.5-1 pm
in diameter. Besides, this microfiber could break into particles at a submicrometer scale in NaCl solution. As Na* can
replace the proton of carboxylate groups, it is added to the sacran solution.



To evaluate the ability of metal ions to absorb sacran, Okajima et al. 28l conducted a test by pouring 0.5% of sacran into a
metal ion solution. The result showed that sacran is able to absorb metal ions such as magnesium, calcium, manganese,
iron, zinc, nickel, copper, strontium, and barium. Next, the photoreaction result of anionic gel connected with the metal
cation was visualized. As a result, the gel of sacran with trivalent metal ions gradually contracts depending on the
photoirradiation energy, while alginate gel as a comparison degrades 22,

A hydrogel film that has been generated by sacran at a 0.5% w/v concentration produced a film with a thickness of 0.05
mm and a 20 Wt/Wo swollen ratio, which is considered a large value (23] yusof et al. 281 in their research also showed that
the observed flow properties of sacran solution had a low rate of shear in which its shear viscosity increased with time &%,
and it was constant in an increased viscosity of 6 Pa.s. for 900 s. The increased viscosity improved with the decrease in
the rate of shear. Research has found that the shear viscosity does depend on a rate of shear period of 0.8/s. Meanwhile,
the shear viscosity vastly decreased in the first 10 s at a higher rate of shear of more than 1.0 s™1, also known as
thixotropy (positive). The sacran chain was aligned with the direction of flow at low and high rates of shear. Therefore, the
viscosity change completely depended on the binding time constant of inter-chain sacran. In other words, the viscosity will
only increase if the rate of shear of the binding time constant is short. However, the viscosity of sacran solution has been
shown to not completely depend on concentration. A sacran concentration above 0.20 wt.% was considered a neutral
electric chain in a solution. Afterward, when the sacran concentration was 0.20 wt.% with the addition of NaCl (100 mL),
its viscosity did not change. When the concentration increased above 0.20 wt.% with NaCl addition, the sacran chain was
clearly shown to behave as a noncharged chain in a solution 1. |t has been empirically confirmed that the degree of
hydrogel swelling significantly increases with the degree of dissociation. A significant increase in molar conductivity is
caused by the increase in the dissociation degree of a carboxyl group. The results confirm that the free counterion of
sacran contributed to the upcoming electrical conductivity upon sacran chains in a particular concentration. Moreover,
sacran chains can presumably change conformation into a more compact structure by breaking down the electric charge
in the sacran chain 41, The result of XPS (X-ray photoelectron spectroscopy) at this charge suggested that with the
increase in the sulfate group charge in sacran, sacran will form aggregates around the negative bias electrode 211,
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