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ABSTRACT

A new synthetic route was developed for the preparation of activity probe 1 for â-glucosidase in this study. The key glycosidation step begins
with benzyl p-hydroxyphenylacetate. Benzylic functionalization for the construction of the trapping device was achieved at later stages. Probe
1 was shown to be able to label the target enzyme. This cassette-like design offers great flexibility for future alterations. It would allow the
synthetic scheme to expand to other glycosidase probes with different linker/reporter combinations.

Activity probes have been developed and found to be useful
in the mechanism-based labeling and selection of biocatalysts
with designated hydrolytic activities, including mutantâ-
lactamases1 and catalytic antibodies,2 from libraries. More
recently, these class-selective probes have been demonstrated
to be a powerful tool in proteomics studies for identifying
certain hydrolase families such as protein tyrosine phos-
phatases3,4 and serine hydrolases.5-8 They helped simplify
the otherwise complicated protein band/spot patterns after
gel electrophoresis. Protein phosphorylation and glycosyla-
tion are two mechanisms commonly seen in biological

systems for regulating protein activities. The major hydrolytic
enzymes involved in these processes are phosphatases and
various glycosidases. Therefore, these two enzyme families
are often important targets in biomedical studies. Since we
have previously reported the probes for protein tyrosine
phosphatases adopting a cassette-like design,3,4 we now
extend the target activities to glycosidase families. The
trapping device, which makes use of the quinone methide
chemistry9 and is the core of the probe, was derived from a
p-hydroxymandelic acid derivative.10 However, due to dif-
ficulties in the glycosidation step with thep-hydroxymandelic
acid derivative, in this study we explored a new synthetic
route for the preparation of activity probe1 and studied it
on a modelâ-glucosidase.

Activity probe 1 thus designed carries a glucose residue
serving as the recognition head. This recognition head is
connected through aâ-glycosidic linkage to ap-hydroxy-
benzylic fluoride moiety. When the designated glycosidic
bond is cleaved by aâ-glucosidase, it undergoes 1,6-
elimination to remove a fluoride and generate a reactive
quinone methide. This reactive quinone methide intermediate
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serves as the trapping device to alkylate nearby nucleophiles
on the biocatalysts, resulting in the biotinylated enzyme
(Scheme 1). The biotin reporter group in probe1 not only is
useful for highly sensitive secondary detection but also offers
the advantage of enriching the labeled proteins in proteomic
studies.

The synthesis of probe1 begins with benzylp-hydroxy-
phenylacetate3 (Scheme 2). It was reacted with glucosyl-

bromide2 in the presence of AgOTf to giveâ-glucoside4
in 67% yield. Theâ-configuration of the glycosidic linkage
was indicated by the coupling constant between H-1 and H-2
(J ) 7.6 Hz). The conversion of the benzyl protecting group
in compound4 to a â-cyanoethyl group was achieved by
hydrogenation followed by coupling with DCC/DMAP/
HOCH2CH2CN to give â-cyanoethyl ester5 in 86% yield
for two steps. The benzylic functionalization was introduced
first by bromination with NBS under irradiation,11 followed
by hydrolysis with AgNO3 in acetone/H2O to give benzylic
alcohol intermediate7 in 51% yield for two steps. The newly
formed hydroxyl group was converted to fluoride by reaction
with DAST to offer the protected half unit8, covering the
recognition head and the trapping device, in 85% yield. The

â-cyanoethyl group of compound8 was removed by treat-
ment with DBU to formR-fluoroacid9 in good yields (95%).
Since the free acid of compound9 was not stable, it was
stored as its triethylammonium salt.

The complete skeleton of the probe was constructed by
amide bond formation betweenR-fluorocarboxylate9 and
the TFA salt of dioxaoctanediamine derivative of biotin
1012,13 in the presence of DCC/HOBt (Scheme 3). The fully

protected probe11was then subjected to final deacetylation
by treatment with Na2CO3/MeOH to give probe1 in high
yields.

In the preliminary study,â-glucosidase cloned from
FlaVobacterium meningosepticumwas employed.14,15 This
enzyme belongs to the family 3 hydrolases. The catalytic
mechanisms of thisâ-glucosidase and other family 1
hydrolases have been extensively studied.16,17To demonstrate
that probe1 was a substrate ofâ-glucosidase and the
concomitant elimination from the hydrolyzed intermediate
really occurred, we performed time course experiments by
incubating probe1 (6.1 mM) with enzyme (0.66µM) in
phosphate buffer (50 mM, pH 7.0). The fluoride signals were
monitored with19F NMR. As shown in Figure 1, at time
zero, the two sets of doublets around-168 ppm represent
the signals of probe1, which exists as a pair of diastereomers
(shown in inset). Both diastereomers of probe1 underwent
hydrolysis by the enzyme in a comparable rate to release
inorganic fluoride, supporting the 1,6-elimination depicted
in Scheme 1. The new singlet at-122 ppm results from
inorganic fluoride. Probe1 did not produce any activation/
elimination in the absence ofâ-glucosidase.
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Scheme 1

Scheme 3a

a (a) DCC, HOBt, TEA, DMF (83%); (b) Na2CO3, MeOH (92%).

Scheme 2a

a (a) AgOTf, CH2Cl2 (67%); (b) H2, Pd/C (91%); (c) DCC,
DMAP, HOCH2CH2CN, CH2Cl2 (95%); (d) NBS, CCl4, hν (92%);
(e) AgNO3, acetone/H2O (55%); (f) DAST, CH2Cl2 (85%); (g)
DBU, CH2Cl2 (95%).
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Labeling of the enzyme by activity probe1 was next
examined. Two parallel labeling experiments were carried
out and analyzed (Figure 2). On the left-hand side, lanes 1
and 2 show the Coomassie blue stained gel, indicating the
relative amounts of the protein loaded. The gel on the right
(lanes 3 and 4) was visualized with streptavidin-conjugated
peroxidase chemiluminescence after blotting onto a nitrocel-
lulose membrane. It clearly shows the labeling ofâ-glucosi-
dase by the probe1 (lane 4). The slightly smeared band with
higher molecular weights (lanes 2 and 4) suggests possible
multiple modifications. On the contrary, there was no labeling
in the absence of probe1 (lane 3). In separate labeling
experiments with a higher enzyme concentration (6.6µM),
we observed the formation of a protein precipitation within
5 min of mixing. The residual activity was found to be less
than 10% after 30 min of incubation usingp-nitrophenyl
glucoside as the assay substrate. This dramatic activity loss
may be attributed to the active site labeling or, more likely,
the severe aggregation of the multiply labeled proteins.
Although the degree of modification was not determined in
this study, the observation of multiple labeling accompanied
by the loss of activity is consistent with the previous study
on the phosphotriesterase probe bearing an identical trapping
device, in which case the multiply labeled proteins were
characterized by LC/MS.10 A similar phenomenon of multiple
labeling by the quinone methide intermediate was also
extensively studied on a new mechanism-based inhibitor of
â-glucosidase purified fromAgrobacterium faecalis.18

It has to be stressed that while suicide substrates based
on the generation of quinone methide intermediates have
been reported forâ-glucosidases andâ-glucuronidase,18-21

they have rarely been utilized as labeling probes. Activity
probes can selectively and covalently label a target protein
without reducing activity when they modify nonessential
residues. Besides, an activity probe could serve in a wide
range of applications depending on the property of the
reporter groups. To achieve these goals, it would need
additional tests and possible alterations to function well in
various systems. For example, the prototype probe developed
in this study is ready to use for rapid screening of glycosi-
dases from numerous microbial sources. However, it pro-
duced cross-labeling when activated in the presence of a
mixture of proteins in a preliminary study (data not shown)
and might not be suitable for proteomics applications in its
current format. This result is different from that of tyrosine
phosphatase probe,4 in which case no cross-labeling was
observed, indicating that the structure of the biocatalysts also
plays an important role in determining the performance of
this type of probe.

In summary, we have accomplished a new synthetic route
for the activity probe ofâ-glucosidase. Benzylp-hydroxy-
phenylacetate was used as the starting point to overcome
the difficulties in the glycosidation step. Benzylic function-
alization for the trapping device was successfully introduced
at later stages. Probe1 developed in this study was able to
label a modelâ-glucosidase. Although only a single probe
was prepared and examined in this study, its cassette-like
design provides great flexibility for future alterations. It not
only allows various sugar units and different anomeric
configurations to be constructed in the future to offer
important intermediate9 but it could also incorporate a large
number of linker/reporter combinations to meet demands in
various applications. We are currently studying the effect
of a trapping device2,22 together with the linker/reporter
combination, including the length and hydrophilic/hydro-
phobic properties, to improve their performance in proteo-
mics applications. These results will be reported in due
course.
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Figure 1. Time course study for the hydrolysis of probe1 by
â-glucosidase as monitored with19F NMR at 0, 0.5, 3.5, and 17.5
h: the two sets of doublets (enlarged in inset) at-168 ppm are
the signal for the starting material; the singlet at-122 ppm
represents the inorganic fluoride.

Figure 2. Gels showing theâ-glucosidase-mediated activation of
the probe1, resulting in biontinylated modification of the enzyme.
Reaction mixtures were separated by 8% SDS-PAGE. Coomassie
blue-stained (left) and ECL-developed (right) gels are presented.
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