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Glycosyltransferases are responsible for the synthesis of complex oligosaccharides by transferring a single monosaccharide unit from a nucleotide donor to the hydroxyl group of an acceptor substrate. The histo blood group AB0(H) antigens are defined carbohydrate determinants found on the surface of red blood cells responsible for failure of mismatched blood transfusions, and playing also important roles in cell development, differentiation and oncogenesis. A and B antigens are obtained by the transfer of an α-D-GalNAc, or α-D-Gal residue, onto the H-type disaccharide α-L-Fuc-(1,2)-β-D-Gal-OR, employing activated sugars (UDP-GalNAc or UDP-Gal) as glycosyl donors. The transfer reactions are catalyzed by the highly specific enzymes α1,3 N-acetyl-galactosaminyl-transferase (GTA), or α1,3 galactosyl-transferase (GTB). They are highly homologous enzymes, differing at only four amino acids of 354. Recently, the elucidation of the crystal structures of GTA and GTB in complex with UDP and the H-antigen, revealed the structural bases for the discrimination of donor substrates by each enzyme(1). Nevertheless, many questions remain unsolved, since the donor hydrolysis during crystallisation precluded the determination of the bioactive conformation of the residue to be transferred (GalNAc, or Gal), and two loops were disordered and could not be resolved. Furthermore, the catalytic mechanism is still a matter of discussion.

We have carried out a detailed NMR binding analysis with the retaining enzyme GTB and its donor and acceptor substrates utilizing STD NMR and transferred NOESY experiments to deduce relative affinities, binding kinetics, and the bioactive ligand conformations(2),(3).  Transfer NOESY experiments reveal that the donor substrate UDP-galactose and the inactive analog UDP-glucose bind to GTB in a folded conformation that is sparsely populated in solution, whereas acceptor ligands bind in a conformation that predominates in solution. STD NMR build up curves show that acceptor substrates dissociate significantly faster (koff > 100 Hz) from the binding pocket than donor substrates (koff ≈ 10 Hz) , and that proper recognition of the hexopyranose rings of the UDP sugars requires bivalent metal cations. Our experiments lead to a model that suggests a three-step catalytic process in which Asp 302 and Glu 303 act as “molecular tweezers”.
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