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Catalytic mechanism of glycoside hydrolase family
66 enzymes: dextranase and
cycloisomaltooligosaccharide glucanotransferase
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Based on amino acid sequence similarity, glycosylases are classified into more than
110 glycosyl hydrolase families (GHs). GH66 group is composed of two kinds of
industrially important enzymes: dextranase and cycloisomaltooligosaccharide glucano-
* transferase (ClTase). While the substrate is a dextran, dextranase and ClTase catalyze
completely different reactions: dextranase (EC 3.2.1.11) endowisely hydrolyzes an o-
1,6-linkage of dextran; ClTase (EC 2.4.1.248) synthesizes several cycloisomalto-
oligosaccharides (CIs) from dextran. The reaction mechanism of GH66 enzymes has
not been described clearly until now, so that the reaction mechanism of the dextranase
and ClITase was studied. '

1. Mechanism-based inhibition of dextranase by w-epoxyalkyl a-glucopyranosides
Dextranase (SmDex), used for the research, was prepared from Streptococcus
mutans ATCC 25175 with the truncation at C- and N-terminal regions of original
enzyme. The enzyme property and action pattern to dextran were identical to.as those
of recombinant enzyme without truncation. At first, SmDex was produced using
Escherichia coli cells harboring SmDex-expression plasmid, followed by purification.
To identify the catalytic amino acid residue of SmDex, the suicide substrate inhibition
method was applied using mechanism-based inhibitor, by which the catalytic residue
was specifically labeled. Three types of w-epoxyalkyl a-glucoside (EAGs) [o-
epoxybutyl o-D-glucoside (E4G), wo-epoxypentyl a-D-glucoside (E5G), and o-
epoxyhexyl a-D-glucoside (E6G); having alkyl chains of various lengths] were tested to
SmDex. Each EAG inactivated SmDex irreversibly with the pseudo-first order
kinetics. Alkyl chain length—dependent inactivation was observed and the degree
of activity loss was E5G, E6G and E4G, in that order, implying that the distance
between epoxide group and glucosyl residue of EAG was important in modification
of SmDex. Inactivation by E5G followed the model of reversible intermediate-
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complex formation mechanism (suicide inhibitor-based mechanism). The rate
constant of irreversible inactivation (k) and the dissociation constant of intermediate-
complex (KR) of SmDex and E5G were 0.44 min™ and 1.45 mM, respectively. This

is the first research that EAG becomes a suicide inhibitor for endodextranase.

2. Structural elements involving in cyclization of CITase

ClTase from Bacillus circulans T-3040 catalyzes four kinds of reactions:
cyclization, intermolecular transglycosylation, coupling, and hydrolysis. In cyclization,
this ClITase produced mainly three types of CIs (CI-7, CI-8 and CI-9, having glucose
units of 7-9, respectively) from dextran. According to amino-acid sequence
comparison in GH66 enzymes, ClTase contains the CBM6 near catalytic region as a
specific insertion region. CBM (carbohydrate-binding module) is a partial protein
structure to bind to the carbohydrate (mono-, oligo- and/or polysaccharide), so that
CBMB6 of CITase was considered to be a possible structural element for CI-production.
CBMe6-truncated ClTase produced a small amount of Cs, suggesting that CBM6 is
important in cyclization, but CITase also has another unknown structural element for
cyclization. . To elucidate the unknown structural element, the site-directed
mutagenesis method was applied to Glu342, Trp344, His541, and Glu542 of CITase.
. Each mutant enzyme showed the different catalytic property compared with a parent
ClTase. E342Q drastically decreased its enzyme activity. Since Glu342 is conserved
in all of GH66 enzymes, Glu342 is considered to be a catalytic residue. Trp344 was a
candidate residue located at subsite +1 and W344A lost its enzyme activity completely.
The cyclization activity (CA) and hydrolysis activity (HA) of H541A were decreased to
21% and 28% of parent ClITase, respectively. The CA/HA-ratio (CA per HA) was
estimated to be 75% (CA/HA-ratio of parent CITase being 100%), meaning HA became
dominant by the mutation at His541. As for Glu542, two mutated enzymes of E542A
and E542Q were constructed. Values of CA, HA and CA/HA-ratio of E542A were 9%,
18% and 53%, and those of E542Q were 44%, 61% and 73%, respectively. The
reduction of CA/HA-ratio of His541- and Glu542-mutated ClTase indicates that both
residues of His541 and E542 are located at the important position of active site, such as
the substrate-binding site.

In the reaction of CITase with dextran, CIs were produced dominantly at the initial
stage. At the final stage, CITase degraded the produced Cls to form glucose,
isomaltose, and isomaltotriose. Cls were reported as inhibitors of dextran sucrase
(DSase) from lactic acid bacteria, a major enzyme to synthesize dextran. DSase
utilizes the isomaltooligosaccharides to form dextran as acceptor substrate. Therefore,
it is suspected that, in the natural environments where both of CITase and DSase are
secreted from each host, Cls give a benefit to B. circulans T-3040 by inhibiting dextran-
formation from isomaltooligosaccharides. All degradation products from dextran by
ClTase reaction (such as linear and cyclic isomaltooligosaccharides as well as glucose)
are thought to be utilized by B. circulans T-3040.
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