Biochemical and structural characterization of two marine bacterial alginate lyases from family PL7. 
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Alginate, a structural polysaccharide of  brown seaweeds, is a linear copolymer composed of α-L-guluronate (G) and β-D-mannuronate (M) arranged in repeating structures of poly-G, poly-M and poly-MG blocks. The gelling properties strongly depend on the poly-G content of the algal polysaccharide, since these G-blocks chelate metal ions (mainly Ca2+) and form highly viscous solutions and gels. 
Alginates are degraded by polysaccharide lyases (PL)1 which display, according to the family, different substrate specificities. Lyases from the PL-7 family for which structures have been determined so far are endolytic and they randomly degrade alginate chains to produce unsaturated oligo-alginates with various chain lengths. We have recently reported the first operons specific for alginate assimilation in a marine bacterium, Zobellia galactanivorans2. This flavobacterium, which is well known to degrade sulfated galactans from red seaweeds3, is also able to use alginates from brown algae as sole carbon source. The alginolytic system of Z. galactanivorans encompasses seven alginate lyases (AlyA1 to AlyA7) belonging to four distinct families of PLs. 
Biochemical and structural characterization of two family PL-7 alginate lyases from the alginolytic system of Z. galactanivorans, the secreted AlyA1 and the outer membrane bound AlyA5, revealed that these two enzymes have very complementary activities. They can transform natural occurring algal alginate completely into disaccharide units (G or M) and the unsaturated monosaccharide that spontaneously converts into 4-deoxy-L-erythro-5-hexoseulose uronic acid (DEH). AlyA1 appears to be a true G-specific, endo-acting enzyme, that specifically cleaves between two G-units. On the other hand, AlyA5 represents the first exolytic PL-7 member so far described. AlyA5 appears to be able, albeit having a preference for - or G-units, to cleave any of the three types of non reducing ends, , G or M, from oligo-alginate chains. This particular character of broad substrate specificity is rather rare among described alginate lyases, which are in general specific towards one of the three types of block-structures occurring in alginate. 
References:

1. Lombard, V., Bernard, T., Rancurel, C., Brumer, H., Coutinho, P. M., and Henrissat, B. (2010). A hierarchical classification of polysaccharide lyases for glycogenomics.  Biochem J, 432, 437-444

2. Thomas, F., Barbeyron, T., Tonon, T., Genicot, S., Czjzek, M., and Michel, G. (2012). Characterization of the first alginolytic operons in a marine bacterium: from their emergence in marine Flavobacteriia to their independent transfers to marine Proteobacteria and human gut Bacteroides. Environ Microbiol, 14, 2379-2394
3. Hehemann, J. H., Correc, G., Thomas, F., Bernard, T., Barbeyron, T., Jam, M., Helbert, W., Michel, G., and Czjzek, M. (2012). Biochemical and Structural Characterization of the Complex Agarolytic Enzyme System from the Marine Bacterium Zobellia galactanivorans. J Biol Chem, 287, 30571-30584
