
ACADEMIA Letters

General Overview of Bacterial Exopolysaccharides
Focused on Medical Applications

Özlem Ateş Duru

Recent developments in materials science and engineering have stimulated the development
of biomaterials generation and utilization in several fields of industry, medicine and health-
care. There is a growing awareness that has been committed to improve advanced biomate-
rials especially naturally occurring biopolymers which have superior properties compared to
petrochemical-derived polymers in numerous features. The environmental and human com-
patible biopolymers are used as biotechnology products in numerous application areas as drug
delivery, artificial organs, adhesives, absorbent, lubricants, soil conditioners, cosmetics, ve-
hicles, textiles, high-strength structural materials, and even computational switching devices.

Biopolymers are high molecular weight polymers produced biologically by living organ-
isms such as bacteria, algae and fungi using monomers such as sugar, amino acids and nu-
cleotides. Biocompatibility, biodegradability, human and environmental compatibility, non-
toxicity potential candidates that will be use in biopharmaceutical and medical applications.
Biopolymers are divided into four main groups as polyester, polysaccharide, polyamide and
inorganic polyanhydrides, and these groups have many uses such as crosslinker, absorbent,
drug release, tissue repair, implant and prosthetic material.

The production of biopolymers is possible through a variety of mechanisms: biosynthesis
by microbial systems, extraction from higher organisms such as plants, or chemical synthesis
from basic biological building blocks (Donot et al., 2012). Depending on the conditions of
the raw material and production environment, properties such as solubility, resistance to heat
and pH vary, and these properties help determine the usage areas of polymers (Ates, 2015).

Throughout human history, mushrooms and plants rich in polysaccharides have been used
for therapeutic purposes. The studies figured out that certain polysaccharides had important
effects on the stimulation of the immune system and in the treatment of diseases such as
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inflammation and cancer. Today, polysaccharides are preferred as effective drugs in the treat-
ment of various diseases such as hepatitis, hypertension, hypercholesterolemia and cancer.
In addition, it has been observed that microbial exopolysaccharides regulate intestinal flora,
lower cholesterol and have antiulcer activity. For instance, polyhydroxyalkonates (PHA) are
used for the controlled release of therapeutic compounds in drug therapy due to the low im-
munological response they create in the human body. Bacterial cellulose has a wound healing
and wound covering effect. In the biomaterials industry, biopolymer-based prosthetic mate-
rials are the most produced and widely used materials in orthopedics with their compatibility
with human tissue and their elasticity. Its corrosion resistance, non-allergic reaction in tissues,
physical compression and tensile strength are also effective in its preference as a biomaterial.
It is seen that biopolymer-based nanofibers are successfully used in medical fields such as
tissue scaffolding, drug release, wound dressing, vascular vaccine, tissue engineering.

Bacterial exopolysaccharides (EPS), which are one of the main groups of microbially pro-
duced biopolymers, show great diversity and functions with unique and commercially relevant
material properties. The term exopolysaccharide (EPS) has been firstly used to define high
molecular weight carbohydrate polymers produced by marine bacteria by Sutherland (1972).
Most of the bacterial polysaccharides are synthesized intracellularly however homopolysac-
charides such as dextran, levan, and pullulan are generated extracellularly by the enzymatic
reactions in which the substrates are converted to the polymer (Ates, 2015).

The analysis of the recent studies of EPSs about possible utilization in medical areas fig-
ured out the valuable contributions of significant studies. EPSs are suitable for drug carrier
systems with their unique characteristics and non-toxicity. Also, therapeutic efficacy improve-
ment and reduce of undesired side effects of drugs can be provided with EPS being as well-
regulated drug delivery systems. For instance, a novel nano-carrier which was phospholipid
based coated with Halomonas levan has been developed as a potential drug delivery agent
for lung cancer (Mutlu et al., 2021). The antitumor activities of EPS of Bacillus mycoides
BS4 on colon and hepatic cancer showed promising results (Farag et al, 2020). Potential an-
tioxidant activity of a novel EPS synthesized by Bacillus velezensis SN-1 was demonstrated
in a recent study (Cao et al., 2020). Magnetic materials, iron oxide, etc. and exopolysaccha-
rides were used to produce nano structures which were able to be used in several bioimaging
applications. EPS-based smart hydrogels for therapeutic purposes, EPS-derivatives for gene
delivery sytems, EPS-based grafts for wound treatment were also reported (Asgher et al.,
2020). In another study gold nanorods coated with gellan gum used for applications of bone
tissue engineering (Vieira et al., 2015). For controlling wound shock dextran has been used
as a plasma expander that increase the volume of plasma (Delattre et al.,2015). Cyclodextran
which is a dextran derivative have pharmaceutical applications such as anti-HIV, cariostatic,
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and anti-ulcer agent (Ates, 2015).
The chemical structures, functionality and physicochemical and rheological properties

demonstrating novelty and uniqueness of EPSs that ensure their wide range use in various
commercial areas such as medicine, agriculture and food, feed, packaging, chemical, textile,
cosmetics and pharmaceutical industry. Since EPSs develop as novel and scientifically es-
sential biomaterials, there is an increased demand for their potential applications in industrial
and medical areas. Moreover, the significant properties of EPSs such as biocompatibility,
biodegradability, and both environmental and human compatibility provide these superior
polymers to be utilized in high-value applications. These distinctive properties offer beneficial
bioactive functions and potential applications as advanced biomaterials for drug formulation,
drug delivery systems, biosensors, tissue engineering.

References

Asgher, M., Qamar, S. A., & Iqbal, H. M. (2020). Microbial exopolysaccharide-based nano-
carriers with unique multi-functionalities for biomedical sectors. Biologia, 1-13.

Ates, O. (2015). Systems biology of microbial exopolysaccharides production. Frontiers in
Bioengineering and Biotechnology, 3, 200.

Cao, C., Liu, Y., Li, Y., Zhang, Y., Zhao, Y., Wu, R., & Wu, J. (2020). Structural char-
acterization and antioxidant potential of a novel exopolysaccharide produced by Bacillus
velezensis SN-1 from spontaneously fermented Da-Jiang. Glycoconjugate Journal, 37(3),
307-317.

Delattre, C., Pierre, G., Gardarin, C., Traïkia, M., Elboutachfaiti, R., Isogai, A., & Michaud,
P. (2015). Antioxidant activities of a polyglucuronic acid sodium salt obtained from
TEMPO-mediated oxidation of xanthan. Carbohydrate Polymers, 116, 34-41.

Donot, F., Fontana, A., Baccou, J. C., & Schorr-Galindo, S. (2012). Microbial exopolysac-
charides: main examples of synthesis, excretion, genetics and extraction. Carbohydrate
Polymers, 87(2), 951-962.

Farag, M. M., Moghannem, S. A., Shehabeldine, A. M., & Azab, M. S. (2020). Antitumor
effect of exopolysaccharide produced by Bacillus mycoides. Microbial Pathogenesis, 140,
103947.

Mutlu, E. C., Bahadori, F., Bostan, M. S., Sarilmiser, H. K., Toksoy Oner, E., & Eroğlu, M.

Academia Letters, March 2021

Corresponding Author: Özlem Ateş, atesozlem@gmail.com
Citation: Ateş Duru, O. (2021). General Overview of Bacterial Exopolysaccharides Focused on Medical
Applications. Academia Letters, Article 405. https://doi.org/10.20935/AL405.

3

©2021 by the author — Open Access — Distributed under CC BY 4.0

https://doi.org/10.20935/AL405


S. (2021). Halomonas levan-coated phospholipid-based nano-carrier for active targeting
of A549 lung cancer cells. European Polymer Journal, 144, 110239.

Sutherland, I. W. (1972). Bacterial exopolysaccharides. Advances in Microbial Physiology,
8, 143-213.

Vieira, S., Vial, S., Maia, F. R., Carvalho, M., Reis, R. L., Granja, P. L., & Oliveira, J. M.
(2015). Gellan gum-coated gold nanorods: an intracellular nanosystem for bone tissue
engineering. RSC Advances, 5(95), 77996-78005.

Academia Letters, March 2021

Corresponding Author: Özlem Ateş, atesozlem@gmail.com
Citation: Ateş Duru, O. (2021). General Overview of Bacterial Exopolysaccharides Focused on Medical
Applications. Academia Letters, Article 405. https://doi.org/10.20935/AL405.

4

©2021 by the author — Open Access — Distributed under CC BY 4.0

https://doi.org/10.20935/AL405

