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Abstract

Carbohydrates are essential components of all living organisms and form the most abundant class
of biological molecules. Polysaccharides such as starch are an important food reserve in plants
and a major nutrient for animals. Whereas higher plants synthesize starch, bacteria, lower
eukaryotes and animals accumulate glycogen. Due to the important biological role of these poly-
saccharides for energy storage and uptake, selective hydrolysis and formation of glycosidic bonds
are critical steps for all organisms. Thus, various enzymes have been identified to act on starch.
Amylomaltase catalyses the transglycosylation reaction of a-1,4-glucans and is a member of the

o-amylase family of enzymes.

The crystal structure of amylomaltase from Thermus aquaticus was determined by multiple iso-
morphous replacement to 2.0 A resolution and in complex with acarbose, a maltotetraose
derivative, to 1.9 A resolution. As a member of the a-amylase family the core structure of amylo-
maltase consists of a (3, O)g barrel. In amylomaltase, the eight-fold symmetry of this barrel is
disrupted by several insertions between the barrel strands. The largest insertions are between the
third and fifth barrel strands, where two insertions form subdomain B1, as well as between the
second and third barrel strands, forming the a-helical subdomain B2. Whereas part of subdomain
B1 is also present in other enzyme structures of the 0-amylase family, subdomain B2 is unique to
amylomaltase. Remarkably, the C-terminal domain C, which is present in all related enzymes of
the a-amylase family and essential for their catalytic activity, is missing in amylomaltase. The
catalytic side chains (two Asp and one Glu) of amylomaltase show a similar arrangement as in
previously characterized members of the a-amylase family, indicating similar mechanisms of the
glycosyl transfer reaction. A unique feature of amylomaltase is its ability to catalyse the
formation of cyclic amylose. In contrast to the well studied cyclodextrin glucanotransferases
(CGTases), which synthesize cycloamylose with a ring size of 6-8, the amylomaltase from
Thermus aquaticus produces cycloamyloses with a size of 22 glucose residues and higher. In the
inhibitor bound structure of amylomaltase, two binding sites for acarbose were located. The
analysis of these binding sites, the molecular surface and a comparison to related amylomaltase
sequences revealed a possible binding mode for large amylose substrates and suggested
candidates for amino acids, Tyr-54 and amino acids within the 250s and 460s loop, which might

be varied by mutagenesis in order to influence the cyclization yield and the product ring size.
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