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Glycosidase inhibitors have proven to be valuable probes of
enzymic mechanistrand show considerable promise as thera-
peutic drug®. Design of inhibitors for these enzymes is best
based upon a knowledge of their mechanisms. Retaining
glycosidases are generally believéd® to follow a double-
displacement mechanism in which a covalent glycesylzyme
intermediate is formed and hydrolyzeth oxocarbenium ion
like transition states, as shown for arglucosidase in Scheme
1. A successful strategy for inactivation of retainifiegly-
cosidases involves the use of activated 2-deoxy-2-fluoro gly-
cosides that form a stabilized 2-deoxy-2-fluoroglycessthizyme
intermediate that turns over only slowly. Unfortunately, this
approach has been notably unimpressive witlallycosidases
tested’-® Further, the requirement for a fluorine at C2 limits
the utility of these inhibitors if the enzyme (e.g., a
acetylhexosaminidase) is intolerant of substitution at this

position. This paper describes a novel approach which obviates

both these problems and allows inhibition of bath and
pB-glycosidases through accumulation of a covalent glycesyl
enzyme intermediate, without compromising specificity through
substitution of any ring hydroxyl. It also provides substantial
evidence against an alternative mechanism for retaining gly-
cosidases involving endocyclic ring openitg!

5-Fluoro glycosides with good leaving groups, sucii asd
2, might be expected to inactivate “retaining” glycosidases by
formation of a stabilized 5-fluoroglycosykenzyme intermediate
through a trapping mechanism analogous to that of the 2-deoxy-
2-fluoro glycosides. A sterically conservative fluorine substitu-
tion at C5 of a glycosyl oxocarbenium ion exerts electronic
effects similar to or greater than those of a C2 fluorine, both
atoms being adjacent to centers of developing positive cHarge.
However, crucial transition state binding interactions between
the enzyme and the usual C2 substitéf&n which are disrupted

*To whom correspondence may be addressed. Telephone: 604-822-
3402. FAX: 604-822-2847. E-mail: withers@chem.ubc.ca.

(1) Lalegerie, P.; Legler, G.; Yon, J. Biochimie1982 64, 1977. Legler,

G. Adv. Carbohydr. Chem. Biocheri99Q 48, 319.

(2) Truscheit, E.; Frommer, W.; Junge, B.; Muller, L.; Schmidt, D. D.;
Wingender, WAngew. Chem., Int. Ed. Engl981, 20, 744. Hughes, A.

B.; Rudge, A. JNat. Prod. Rep1994 135.

(3) “Retaining” glycosidases catalyze the hydrolysis of glycosidic bonds
with net retention of anomeric configuration, presumabig a double
displacement mechanism involving the formation (glycosylation) and
breakdown (deglycosylation) of a covalent glycesghzyme intermediate.

(4) Koshland, D. EBiol. Rev. 1953 28, 416.

(5) Sinnott, M. L.Chem. Re. 1990 90, 1171.

(6) Kempton, J. B.; Withers, S. @iochemistry1992 31, 9961.

(7) Withers, S. G.; Rupitz, K.; Street, |. B. Biol. Chem.1988 263
7929.

(8) McCarter, J.; Adam, M.; Braun, C.; Namchuk, M.; Tull, D.; Withers,
S. G.Carbohydr. Res1993 249, 77.

(9) Fleet, G. W. JTetrahedron Lett1985 5073.

(10) Post, C.; Karplus, MJ. Am Chem. Sod.986 108 1317.

(11) Franck, R. WBioorg. Chem1992 20, 77.

(12) Modeling studies (Winkler, D. A.; Holan, G. Med. Chem1989
32, 2084. Kajimoto, T.; Liu, K. K.-C.; Pederson, R. L.; Zhong, Z.; Ichikawa,
Y.; Porco, J. A. J.; Wong, C.-Hl. Am. Chem. S0d.99], 113 6187) have
indicated that the greatesifferencein partial charge between a ground

S0d.996,118, 241—-242

241

Scheme 1Presumed Mechanism of a Retaining
o-Glucosidase
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in the case of the 2-deoxy-2-fluoro sugars are still possible for
the 5-fluoro glycosides.

Synthesis of the 5-fluoroglycosyl fluorides hinged upon the
known radical photobromination reaction at C5 of per-O-
acetylateds- and a-glucosyl fluoridest®~8 Fluorination of
these 5-bromoglucosyl fluorides and deacetylation afforded
productsl and2, which were purified by chromatography and
characterized?
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Figure 1. Inactivation ofAgrobacteriung-glucosidase witll. Enzyme
was incubated with the following concentrationslof 3.68 uM (¥),
1.84uM (O), 0.921uM (x), 0.736uM (#), 0.368uM (O). Inset: replot

of rate constants from Figure 1.
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5-Fluorog-p-glucosyl fluoride (5BGIUF), 1, inactivated
Agrobacterium faecalig-glucosidase according to essentially
pseudo-first-order kinetié8although inactivation, particularly
at lower inactivator concentrations, did not proceed to comple-
tion (Figure 1). This is consistent with a kinetic motdh
which turnover Kea) of the glycosyt-enzyme is significantly
slower than its formationk() at high, but not low, inactivator
concentrations. A replot of the rate constants from the initial
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min~1, corresponding tty>; = 8.5 min), indicating a catalytically
competent intermediate that is capable of normal turnover, but
at greatly reduced rates. An electrospray mass spectrum of the
5FGlu-inactivateg3-glucosidase showed that the mass of the
protein increased from 51 216 6 Da to 51 397+ 6 Da upon
inactivation. This increase of 18t 12 Da is that expected
for the covalent attachment ohe5-fluoroglucosyl moiety (181
Da). A further measure of the effectiveness of this inhibitor is
provided by the steady stalg’ value of 0.3uM determined?
one of the best inhibitors yet found for this enzyme.
Incubation of yeasti-glucosidase with 5-fluore=bp-glucosyl
fluoride (5FaGIuUF), 2, resulted in very rapid inhibition, even
when assaying at the shortest possible time inteRfaldow-
ever, complete inhibition was not observed since turnover of
the intermediateld,) was also rapid, allowing the establishment
of a significant steady state rate. Furthermore, incubation of
5FaGluF with o-glucosidase resulted in a slow release of 2
(2.0 + 0.3) equiv of fluoride. The time course of fluoride
release was linear over virtually the entire course of the
hydrolysis reaction, even at micromolar concentrations of
5FaGIuF, indicating an extremely low,, (=K;') value and
providing akey value of 6.6 mirl. This very tight binding,
due to the significant accumulation of an intermediate, precluded
direct determination of th&, value due to the insensitivity of
the fluoride electrode at the low concentrations required.
However, a steady stat§’ of 1.4 uM was determined, one of
the lowest such values yet seen with yeasilucosidase.

exponential phase showed no saturation at concentrations Up |y conclusion, these 5-fluora- andB-glycosides are potent
to 3.7uM (Figure 1, inset), beyond which inactivation became ochanism-based inhibitors of and g-glycosidases, respec-
too rapid to accurately measure. Nonetheless, a second-ordefyely, forming catalytically competent intermediates that are

rate constant ok/K; = 660 mim! mM~! was obtained from
the slope of this plot. Protection against inactivation was
afforded by 4.7«M castanospermin&{ = 3 uM?2), the pseudo-
first-order rate constant at 1.8M 5FSGIuF being reduced from
1.07 to 0.18 mint. When freed of excess inhibitor by
ultrafiltration, followed by incubation in buffer at 3TC, a first-
order recovery of enzyme activity was observig;(= 0.082

(20) Inactivation ofAgrobacteriumg-glucosidase by 56GIuF, 1, was
performed by incubation of enzyme-0.04 mg/mL) in the presence of
various concentrations (0.3B.7uM) of 1 and removal of aliquots at time
intervals for assay of residual activity wighnitrophenyls-p-fucopyranoside
(0.84 mM). Reactivation of the 5FGluF-inactivated enzym®.04 mg/
mL) was studied after removal of excess inactivator using 10 kDa nominal
cut-off centrifugal concentrators (Amicon Corp., Danvers, MD). The
reactivation rate constant, correspondingda was determined by fitting
the data to a first-order rate equation (Leatherbarrow, BrdFit Version
3.0, Erithacus Software Ltd.: Staines, U.K., 1990). For experimental details,
see: Street, I. P.; Kempton, J. B.; Withers, S.Bschemistry1992 31,
9970.

(21) In the equation below, E represents free enzyme, the 5-fluo-
roglycosyl fluoride, E-1 the glycosyl-enzyme, and | the sugar product. If
ki > kea E—1 accumulates and inactivation is observed. If, however, turnover

capable of turnover, at rates reduced®1@nd 1G-fold,
respectively, from those of th#24 anda-p-glucosyl fluorid&®
parent substrates. In addition, the fact that successful inactiva-
tion is seen provides further substantial evidéhegainst an
enzymic mechanism involving initial endocyclic bond cleav-
age?~11 According to such a mechanism, a reactive fluorohy-
drin would be generated at C5 which should eliminate fluoride
rapidly, releasing a 5-ketoglucose derivative. Thus hydrolysis,
not inactivation, would be observed.
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(23) Thek.aifor 5SFo.GIuF with yeast type Ilbi-glucosidase (Sigma) was
determined by monitoring the release of fluoride using an Orion 96-09
combination fluoride ion electrode; 14l of stock enzyme £3.75 mg/
mL) was added to cells containing various concentrations af8&F (99—
990uM) in 50 mM sodium phosphate buffer, pH 6.8 in a final volume of
250uL incubated at 37C. The calculatedt.a is corrected for the fact that

is more rapid, tight apparent binding is observed in steady state determina-2 equiv of fluoride is released. An apparéft value for 5FGIuF under

tions, allowing measurement of an apparent inhibition cond€ant Ki/(1
+ kilkea). This equation takes the form of the Michaelldenten expression
for Km. See refs 13 and 14.
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