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Title and research topic
Biotechnological production of hyaluronic acid by fermentation: innovation and future for
biomedical applications.

State of the art

Hyaluronic acid (HA), also known as hyaluronan, is a glycosaminoglycan polymer with repeating
units of B-(1,4)-glucuronic acid (UDP-Glc acid) and B-(1,3)-N-acetylglucosamine (UDP-GIlcNac)
linked together (Gallo et al., 2019) (Fig. 1).
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Figure 1. Structure of Hyaluronic acid

This molecule is present in many bacterial strains and in all vertebrates; in the human body it is
found in the umbilical cord, synovial fluid, dermis, vitreous body, and brain (Abatangelo et al.,
2020). HA functions in human body include lubrication, water homeostasis, macromolecular
filtering, growth of epithelial cells, eosinophils and macrophages. It is also a potent signalling
molecule, and it regulates cell adhesion, migration and proliferation.

One of the most important characteristics of this molecule is the molecular weight, in fact, high
molecular weight HA is a key component of synovial fluid, where it plays an essential role as a
lubricant for the joints (Abatangelo et al., 2020), therefore it is very important in numerous
physiological and pathological conditions (as in the case of osteoarthritis).

HA is commercially produced today for both pharmaceutical and cosmetic applications, in
particular for the treatment of osteoarthritis, wound healing and drug administration (Xu et al.,
2021). The initial sources of HA production were umbilical cords, bovine vitreous or rooster combs;
but HA from animal sources has sparked concerns about the high costs of the extraction process,
low yields and side effects in the form of immune responses and allergy due to the presence of other
substances like endotoxins, host proteins, DNA etc. in the extracts (De Oliveira et al., 2016).

For these reasons, several possible strategies for the industrial production of HA have been
developed. Streptococcal fermentation initially emerged as an interesting alternative (De Oliveira
et al., 2016), but this methodology also showed several limitations; in fact, the presence of bacterial
endotoxins in this kind of HA has limited its biomedical applications (Chien et Lee, 2007).

In recent years, HA has been gaining an exponential interest due to the increased number of its
applications, so the market share tends to grow over the years. Therefore, there is a growing
attention to the optimization of HA production processes in order to obtain a product ensuring high
quality standards, along with high efficiency and affordable costs.

Objectives and Scope of Research

Since HA obtained from streptococcal fermentation has exhibited many limitations, including
pathogenicity and the resulting high purification costs, this project aims to use alternative host
microorganisms to achieve HA. They include E. coli (an economic micro-organism that can be
easily manipulated in the laboratory, because its genome has been fully sequenced) and GRAS
(Generally Recognized as Safe) microorganisms, in which fermentative HA could be produced.

It should be noted that HA biosynthesis is an expensive process for the cell, both in terms of carbon
and energy consumption; in addition, the two HA precursors are both required for cell wall
biosynthesis. Among the genes involved in HA production, the main ones are: hyaluronic acid
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synthetase (hasA), phosphoglucoisomerase (pgi), UDP-glucose 6-dehydrogenase (tuaD) and UDP
glucose pyrophosphorylase (gtaB).

Thus, we propose to over-express the genes involved in the biosynthetic pathway of HA in the
selected host microorganisms in order to produce this molecule in a safe and advantageous way.

For this purpose, we initially propose to use a pT7 expression vector, which contains the coding
sequences for hyaluronic acid synthetase (hasA) and UDP glucose dehydrogenase (tuaD). We have
decided to insert these two genes because they are fundamental for HA biosynthesis (Wessels,
2019).

Additionally, we also intend to construct a duet of plasmids containing all the four genes involved
in HA biosynthesis, with the aim to use them to co-transform host cells.

Hence, by optimizing growth conditions such as pH, growth temperature and soil composition, we
aim to obtain a high titer of high molecular weight HA that is safe and at the same time toxin-free.
Indeed, for best results, it is important to consider the optimization of the fermentation process,
which ensures an optimal milieu for HA production.

Scientific methodologies for the achievement of results

This project aims to produce HA by microbial fermentation. After the study and the selection of
proper host microorganisms, we suggest to start from a pT7 expression vector containing hasA and
tuaD genes, which encode hyaluronic acid synthase and UDP-glucose 6-dehydrogenase,
respectively. The expression vector thus obtained will be used to transform host cells. However, in
order to optimize HA synthesis by improving the yield and molecular weight of the final product,
we will try another strategy that involves the use of a duet of plasmids, by which we could express
the four genes involved in this biosynthesis. This duet of vectors will be used to co-transform host
cells.

In this way, we could produce HA in different conditions, and combine metabolic engineering with
mutagenesis in order to obtain the best final product.

Hence, after the transformation step of host cells, we will be able to follow the fermentation process
and the following production of HA. All fermentation steps will be checked, including cellular
growth and gene expression, as well as the presence of the enzymes will be tested with specific
enzymatic assays. Then, HA obtained from fermentation will be analyzed by agarose gel
electrophoresis to check HA molecular weight, while carbazole assay will be used to determine the
final yield. By optimizing all these steps we could set up the best conditions leading to the
production of a high titer of high molecular weight HA.

Once HA is obtained, this latter will be tested by using biological assays to verify its safety; for this
purpose, we could plate cell cultures in the presence of the obtained HA in order to test its
biocompatibility. Our final product will be used to analyze specific applications in the biomedical
field, because HA can effectively encapsulate proteins or drugs, and allow their controlled release
useful for various medical treatments (Xu et al., 2021).

HA could be also used for administration of antiseptics and antibiotics, which require frequent
administration to preserve their activity. For these reasons, in a second phase of this project, we will
propose to prepare HA scaffolds to which some pharmacologically active molecules are able to
bind.

Expected timeframe

(Months 1-6): Analysis of scientific literature and experimental design;

(Months 7-12): Experimental design, analysis and selection of appropriate bacterial strains and
expression vectors;

(Months 13-18): Heterologous expression of hasA, pgi, gtaB and tuaD in E. coli and/or GRAS
microorganisms and production of HA by bacterial fermentation focusing on optimization of culture
media and growth conditions;

(Months 19-24): Qualitative and quantitative analysis of the produced HA and biological tests;



PhD student: Giorgia Natalia laconisi

(Months 25-30): Biological tests and production of hyaluronic acid scaffolds;
(Months 31-36): Production of hyaluronic acid scaffolds.
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