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In the frame of a bio-based-economy and the search for new biomass resources, 

algae have emerged as a good alternative to terrestrial crops due to the high 

biomass productivity achieved without requiring arable land for growth, 

therefore eliminating the competition with food production. 

 

Galdieria sulphuraria is an ancient red microalga with the potential to become 

an important name in the field of algal biotechnology. This microalga is able to 

grow under hot acidic conditions (pH 0-4 and up to 56°C) not only 

autotrophically, performing photosynthesis, but also heterotrophically in 

complete darkness using many organic compounds as carbon source. Being a 

microalga, G. sulphuraria represents an interesting source of high-value 

products, such as pigments, and its extremophilic nature and flexible 

metabolism represent an advantageous feature that facilitates its mass 

cultivation. Furthermore, the complete genome sequence of G. sulphuraria is 

already available, providing a powerful tool that could help in engineering this 

microalga to become an industrially relevant species. The identification of novel 

interesting compounds from G. sulphuraria will contribute to exploit its 

biotechnological potential (Chapter 1). 

 

This PhD thesis deals with the characterization of two carbohydrate compounds 

with biotechnological prospects synthesized by G. sulphuraria, - a highly 

branched glycogen and floridoside - and the conditions under which their 

accumulation is optimal. 

 

Glycogen is a polysaccharide accumulated as energy storage molecule by 

prokaryotic microorganisms, such as bacteria and cyanobacteria, and some 

eukaryotic cells, like yeast and animal muscle or liver cells. It is a branched 

polymer consisting of a backbone of glucose molecules joined by α-(14) 

bonds with side chains attached through α-(16) bonds. The proportion of 

branching bonds in glycogen is in the order of 8-13%, depending on the 

glycogen source. These bonds are distributed randomly along the molecule, 

conferring glycogen with a globular, tree-like conformation that is completely 

soluble in water.  

 

G. sulphuraria can accumulate large amounts of glycogen when growing 

heterotrophically. Chapter 2 reports on the structural characterization of the 

glycogen accumulated by G. sulphuraria and the comparison with other 

prokaryotic and eukaryotic glycogens. The results reveal that G. sulphuraria 
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glycogen differs from other glycogens because its proportion of α-(16) 

linkages is 18%, the highest among the glycogens described to date. Moreover, 

G. sulphuraria glycogen is entirely composed of short chains (DP≤10) and it 

has a substantially smaller weight-average molecular weight and particle size 

than other glycogens. 

 

These structural features turn G. sulphuraria glycogen into a promising 

alternative substrate for the production of highly branched glucose polymers, 

which are currently produced from plant starch. 

 

Like glycogen, starch is also a polysaccharide accumulated as energy storage 

molecule by photosynthetic eukaryotes such as plant and algae. It has the same 

basic composition as glycogen (a backbone of α-(14) linked glucoses with 

branching through α-(16) bonds) but a different structure. Starch is composed 

of two polymer fractions: the linear amylose and the branched amylopectin. The 

branching bonds in amylopectin represent around 5% of the total bonds and are 

distributed in a non-random manner along the molecule, leading to the 

appearance of branched clusters and crystalline regions, which at the end results 

in the formation of a starch granule that is insoluble in water. Starch is not only 

the storage polysaccharide of many plants, but also an industrially relevant raw 

material from which a wide range of derivatives are produced. Among these 

derivatives are highly branched glucose polymers, obtained by enzymatic 

treatment of starch to increase the proportion of branching bonds and modify its 

properties.  

 

Due to its insoluble, granular nature, the use of starch as substrate for the 

production of highly branched glucose polymers requires an energy consuming 

pre-treatment to achieve solubilization at the expense of process costs. Chapter 

3 evaluates the potential of the already soluble, highly branched glycogen of G. 

sulphuraria as an alternative to starch for the production of highly branched 

glucose polymers. The structure-properties relationship of G. sulphuraria 

glycogen and a hyper-branched polymer produced from it via enzymatic 

treatment are analyzed and compared to two branched polymers derived from 

potato starch. The results show that G. sulphuraria glycogen and the hyper-

branched polymer display higher resistance to digestive enzymes and a 

significantly decreased viscosity in solution compared to the starch-derived 

polymers, properties conferred by their shorter side chains and higher branch 

density. The results of this chapter suggest that G. sulphuraria glycogen could 
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be readily used as a highly branched glucose polymer with slow digestion 

properties or as substrate to generate resistant hyper-branched polymers, thus 

representing an alternative to starch-derived polymers. Moreover, G. 

sulphuraria is a very efficient glycogen producer, with this polymer accounting 

for as much as 50% of the dry cell weight. Chapter 5 shows that, unlike other 

microorganisms, G. sulphuraria accumulates this high amount of glycogen 

under conditions that do not limit cell growth and therefore it is possible to 

optimize glycogen yields by optimizing biomass yields. This can be done even 

when using a by-product like crude glycerol from the production of biodiesel as 

carbon source, since G. sulphuraria is able to grow on this substrate with no 

signs of inhibition. 

 

Floridoside (2-O-α-D-galactopyranosylglycerol) is a compatible solute 

synthesized by G. sulphuraria and other red algae under osmotic stress that also 

acts as transient carbon reservoir for the cell before it gets assimilated into 

glycogen or converted to cell wall polysaccharides. Floridoside has attracted 

considerable attention for its potential antifouling and therapeutic properties, but 

industrial application of this glycoside is hampered by limited compound 

availability and a high-yielding production process has yet to be developed.  

 

Chapter 4 analyzes the production of floridoside by G. sulpphuraria under 

different conditions of growth and osmotic stress in order to assess the 

feasibility of using this microalga as industrial source for floridoside. The 

results reported in this chapter reveal that subjecting G. sulphuraria to an hyper-

osmotic shock for only 24 h results in higher floridoside accumulation than 

growing the cells in the presence of the osmotic stress-causing agent. Among 

several parameters tested, the use of glycerol as carbon source for cell growth 

has the most significant impact on floridoside accumulation. 

 

The results presented in this thesis show the potential of the red microalga 

Galdieria sulphuraria as a source of two carbohydrates with industrial 

prospects, a highly branched glycogen and floridoside. The ability of G. 

sulphuraria to grow heterotrophically to high cells densities with a minimal risk 

of contamination and the conditions under which these two carbohydrates are 

accumulated by the cells would facilitate a possible large-scale production 

process. Nonetheless, optimization of the cultivation conditions and extraction 

procedures is still needed in order to achieve higher carbohydrate yields. 




