Structural analysis of native carrageenans by enzymatic hydrolysis.
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Carrageenans represent a class of sulphated galactans exhibiting a wide spectrum of chemical structures. This class of macromolecules, occurring exclusively in red algal cell wall, shares a common galactan backbone of alternating 3-linked-(-D-galactopyranose (G) and 4-linked-α-D-galactopyranose (D). The disaccharide repetition moieties or carrabiose units are classified according to the number and position of sulphate ester groups (S), as well as the occurrence of 3,6-anhydro-D-galactose (DA) on the 1,4-linked residue found in gelling carrageenans. For example, the three most industrially exploited carrageenans, namely kappa- (DA-G4S), iota- (DA2S-G4S) and lambda- (D2S6S-G2S) carrageenans, are distinguished by the presence of one, two and three ester sulfate groups per repeating disaccharide unit, respectively.

Because carrageenans are the products of a complex biosynthetic pathway, they are not homopolymers but heteropolymers or hybrid structures composed of sequence of several moieties. This means, for example, that the so-called κ-carrageenan defines a family of polysaccharides composed mainly, but not only, of κ-carrabiose units. The most classical hybrid structures of carrageenan are those found in native or unprocessed κ- and κ-carrageenan chains. They usually contain fractions of their biosynthetic precursors named mu- (D6S-G4S) and nu- (D2S6S-G4S) carrageenans, respectively.

We have developed a methodology using recombinant carrageenases available only in our laboratory to unravel the complex structure of carrageenans. Our strategy consists in analysing the enzymatic digestion products of the carrageenans by chromatography combined with NMR and Mass spectrometry analysis. This recent advance allows us to describe carrageenan chains in term of composition and distribution of carrabiose motives along the hybrid carrageenan chain. In this work, we have undertaken the fine structure analysis of hybrid κ/μ-carrageenan using over-expressed recombinant Pseudoalteromonas carrageenovora κ-carrageenase. The polymer was almost completely degraded by the enzymes (more than 95% of degradation). DP6 to DP10 oligo-κ/μ-carrageenans were purified by Size Exclusion Chromatography and semi-preparative High Performance Anion Exchange Chromatography. The structures of these oligosaccharides were resolved using 1D and 2D 1H and 13C NMR. Our results suggest a random distribution of μ-carrabiose units along the κ-carrageenan chain. In addition, we found that analysis of the enzyme degradation of κ/µ-carrageenan allowed estimating the extent of alkaline conversion of μ-carrabiose units into κ-carrabiose units.
