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Mechanism of Substrate Specificity and Catalysis in Retaining
ß-Glucosidases from Maize and Sorghum

Muzaffer Cicek

      (ABSTRACT)

ß-glucosidases catalyze the hydrolysis of aryl and alkyl ß-D-glucosides as well as

glucosides with a carbohydrate moiety.  The maize ß-glucosidase isozymes Glu1and Glu2

hydrolyze a broad spectrum of substrates in addition to its natural substrate DIMBOAGlc, while

the sorghum ß-glucosidase Dhr1 (dhurrinase-1) hydrolyzes exclusively its natural substrate

dhurrin.  For the expression of mature ß-glucosidase isozymes Glu1 and Glu2 of maize and Dhr1

of sorghum, complementary DNAs were amplified by PCR and cloned into the expression vector

pET-21a.  Recombinant Glu1, Glu2 and Dhr1 enzymes were found to display activity towards

the physiological substrates DIMBOAGlc and dhurrin, respectively, at levels similar to their

native counterparts.  It has been a subject of the subsequent studies by our lab and others to

investigate what determines the aglycone specificity in ß-glucosidases, and how ß-glucosidases

catalyze the hydrolysis of ß-glycosidic bond between sugar and aglycone moieties.  Molecular

modeling techniques allowed to predict the substrate binding sites in Glu1 and Dhr1.  Based on

structural analysis of Glu1 and Dhr1, chimeric ß-glucosidases (Glu1/Dhr1) were constructed by

shuffling the C-terminal amino acids of Glu1 with the homologous region of Dhr1 to study the

mechanism of substrate specificity.  The resulting chimeric enzymes were characterized with

respect to substrate specificity as well as kinetic, immunological, and electrophoretic properties.

Shuffling a small portion of the C-terminal region altered the substrate specificity and improved

by 2-4 fold the catalytic efficiency on other substrates in the chimeric ß-glucosidases.  These

experiments showed that one or more of the 10 amino acid substitutions in the 30 amino acid

long Dhr1 subdomain, 462SSGYTERFGIVYVDRENGCERTMKRSARWL491, plays a key role in

dhurrin recognition and hydrolysis.  To further investigate dhurrin recognition within this peptide

region, two chimeric enzymes containing 462SSGYTERF469 and 466FAGFTERY473 Dhr1 peptides,

respectively, were generated.  The kinetic parameters indicated that Dhr1 peptide,
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462SSGYTERF469, alone is sufficient to convert Glu1 to Dhr1 substrate specificity when it

replaces the homologous peptide, 466FAGFTERY473, of Glu1.

Maize ß-glucosidases share high sequence similarities with Family 1 O-glucosidases.

Therefore, these proteins are classified as retaining glycosyl hydrolases whose active site

contains two glutamic acids (E) as the key catalytic residues, one as a general acid/base catalyst

(E191) and the other as a nucleophile (E406).  To confirm the identity and function of the

acid/base catalyst E191, we have changed this residue to isosteric glutamine (Q) and aspartic

acid (D) in both Glu1 and Glu2 isozymes by site-directed mutagenesis.  The resulting mutant

proteins were purified and their kinetic parameters (Km, kcat and ki) were determined.  The

replacement of the acid/base catalyst E191 in the active site of maize ß-glucosidase by Q and D

resulted in inactivation of the enzyme.  The kinetic analysis of the E191Q mutants showed that

catalytic activity was reduced 200- and 110-fold towards ortho- and para-nitrophenyl-ß-D-

glucosides, respectively, when compared with the wild type enzyme.  The E191D mutants

showed no detectable activity towards any of the substrates tested.  The back mutation of the

E191Q mutants of the Glu1 and Glu2 isozymes to wild type restored full catalytic activity in

both cases.  These data indicate that E191 in maize ß-glucosidases functions as an acid/base

catalyst, and its function in catalysis cannot be performed by an isosteric residue such as

glutamine or by a carboxyl group on a shorter side chain such as in aspartic acid.
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