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Glycosidases employ two separate and distinct mechanisms.!~*
In one set of enzymes, direct displacement leads to net inversion
of anomeric configuration (Scheme 1A). In the other set,
anomeric configuration is retained via a double displacement
mechanism involving a glycosyl—enzyme intermediate (Scheme
1B). While the two mechanisms are quite distinct, there are
significant similarities: both involve oxocarbenium ion-like
transition states,” and both involve a pair of carboxylic acids,
which have different roles in the two cases. In “inverters” one
functions as an acid catalyst and the other as a base catalyst,
whereas in “retainers” one functions as an acid/base catalyst
and the other as a nucleophile/leaving group. Furthermore, the
two residues are farther apart in the inverting than in the
retaining glycosidases to allow the intervention of a water
molecule. The average separation in retaining a- and S-gly-
cosidases is 4.8 + 0.5 and 5.3 & 0.2 A, respectively, but in the
inverting a- and B-glycosidases it is 9.0 = 1.0 and 9.5 A,
respectively.® The similar transition states raises the possibility
of converting an enzyme from one mechanism to the other by
changing the separation by mutation. This paper describes such
a conversion.

The active site nucleophile in Abg (a retaining 8-glucosidase
from Agrobacterium faecalis) is Glu 358.7 Mutation® of Glu
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Table 1, Kinetic Parameters for Hydrolysis of 2’,4’-Dinitrophenyl
B-D-Glucopyranoside by Agrobacterium B-Glucosidase and Its
Glu358Ala Mutant

enzyme + activators kea 571) K (mM)
native enzyme 89+ 09 0.031 £ 0.001
E358A¢ (7.1£0.1) x 107 0.10 £ 0.05
E358A% + 2 M azide® 1.10 £ 0.01 38+£05
E358A% + 4 M formate? 30£0.1 1.1+0.1

@ After treatment with 2’,4’-dinitrophenyl 2-deoxy-2-fluoro-3-D-
glucopyranoside. ¢ Values are corrected for the small spontaneous rate
observed with substrate and nucleophile but no enzyme.

358 to Asp increased the separation by approximately 1 A and
lowered the activity 2500-fold but did not change the mecha-
nism. In the present.experiment, the carboxylate was eliminated
and the need for a general base catalyst was obviated by use of
nucleophiles other than water.

The mutant Glu358Ala® was constructed and purified as
described previously for the Asp mutant.%1© The activity of
the mutant was some 10%-fold lower than that of the wild-type
enzyme, but most of this activity could be shown to be
associated with contaminating wild-type enzyme.!! The true
ks value for the mutant!? was 107-fold lower than that of the
wild-type enzyme (Table 1), so direct attack of water is
extremely inefficient. However, addition of azide or formate
as alternative nucleophiles increased the k., 10°-fold, almost
back to wild-type levels,!3 as might be expected on the basis of
their considerable reactivity in reactions via cationic transition
states.!4 Larger anionic nucleophiles did not function in this
manner,'® presumably because they could not fit into the space
created by removal of the carboxyl. The reaction must proceed
via direct attack of azide (Scheme 2) since the product was

(9) A Glu358Gly mutant was constructed initially but was found to be
contaminated with small but significant quantities of wild-type enzyme,
presumably arising from translational misincorporation.

(10) The specific mutation of active site nucleophile Glu was carried
out with a degenerate oligonucleotide primer: pTAC ATC ACC XXX
AAC GGC GCC TGC (underline shows the location of mismatches),
XXX = GCA for Glu358Ala. The fidelity of mutation was checked by
nucleotide sequencing, and the mass of the mutant was confirmed to be 58
lower than that of the wild-type enzyme by electrospray mass spectrometry.

(11) Inactivation was time-dependent and resulted in a 93% reduction
in activity for all inhibitor concentrations tested, even at concentration 0.5%
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contaminant. The 7% residual activity likely represents a true activity of
the mutant, thus all further experimentation was performed with samples
of mutant pretreated with 2',4-DNP2FGlu.
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(13) Careful controls were performed to correct for azide-promoted
nonenzymatic cleavage of 2’,4’-dinitrophenyl-j3-D-glucopyranoside; such
spontaneous cleavage was much slower than the enzymatic process. Controls
with native enzyme showed that addition of 65 mM azide caused a ~1.2-
fold increase in rate, but concentration >100 mM caused inactivation.

(14) Ritchie, C. D. Acc. Chem. Res. 1972, 5, 348.
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identified as a-glucosyl azide by !H-NMR.!¢ This mutant
clearly functions as an inverting enzyme.

A characteristic reaction of inverting glycosidases is the
cleavage of glycosyl fluorides of the “wrong” anomeric
configuration via a two-step mechanism involving an initial
transglycosylation followed by hydrolysis between the two
sugars in the normal manner.!” Glu358Ala cleaved a-glucosyl
fluoride!8 rapidly, with ke = 5.5 min™! and K, = 53 mM.1?
The reaction occurred at the active site because it was inhibited
by the competitive inhibitor 1-deoxynojirimycin.2’ Further, the
wild-type enzyme did not release fluoride under the same
conditions.?!
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By analogy with other inverting enzymes, reaction is presum-
ably occurring via transglycosylation (Scheme 3). A new
product (tg = 5.79 min), in addition to the glucose arising from
spontaneous hydrolysis, was detected by HPLC?? and identified
as a cellobiose derivative (presumably a-cellobiosyl fluoride)
by hydrolysis of the fluoride (100 °C, 30 min) and detection of
cellobiose (fr = 6.83 min) and glucose by HPLC.

It is clear that the mechanism of a glycosidase can be changed
by mutation,? indicating that the transition states for the two
mechanisms are quite similar, as suggested by Hehre’s work!”
and by the recent finding that sialidases of similar fold can have
different mechanisms.?* The potential use of such mutant
glycosidases in oligosaccharide synthesis is currently being
explored.
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