Carrageenan sulfatases: controlling the sulfation moieties of carrageenans
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Sulfate ions are the second most abundant ions in seawater. Their concentration, in the range of 25–28 mM, is very high when compared to freshwater or land concentrations (10–50 μM). The abundance of sulfate ions in oceans and their unlimited access has resulted in the wide distribution of sulfated molecules, and in particular polysaccharides, that represent about 75% (w/w) of the marine biomass. 

Marine polysaccharides make up a large part of algal biomass and are a food source for heterotrophic organisms. Enzymatic degradation of complex sulfated polysaccharides requires a set of enzymes that can cleave the glycosidic bond (e.g. glycoside hydrolases, polysaccharide lyases) and sulfate groups (e.g. sulfatases) from the carbohydrate backbone. 

Carrageenans are sulfated galactan extracted from the cell walls of red algae and are widely appreciated in food industry (denoted as E407) as emulsifier, stabilizer or gelling agent. The number and position of the sulfate groups confer different rheological properties to these polysaccharides. For instance, iota-carrageenan (that contains two sulfate groups) gives elastic gel in presence of calcium ions whereas kappa-carrageenan (bearing one sulfate group) forms strong gel with potassium ions. 
To date, carrageenans are extracted from wild or cultured seaweeds under alkaline treatments and high temperature. Controlling specifically the sulfation pattern of the polysaccharides with enzymes could ease the availability of various carrageenan structure and functionalities.

The use of sulfatases is very limited because their production with high yield and active form is very challenging. In this context, we have implemented new biotechnological processes in order to produce carrageenan sulfatases1 in the perspective of industrial applications. Grams of a hybrid carrageenan with control structure with potential industrial applications could be prepared in the laboratory.      
After brief introduction to the marine polysaccharide sulfatases2 including methods to discover enzymes of interest and analysis of their mode of action, we aim at introducing recent progress in the production of active carrageenan sulfatases and their use to prepare modified carrageenan. Preliminary investigations of series of modified carrageenan will be also presented.
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