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Abstract: A range of 1,4- and 1.5anhydroalditols have been synthesized and assessed for their ability to inhibit 
glycosidases. Observed inhibition indicates that aglycone-enzyme interactions contribute significantly to both the 
affinity and the stereoselectivity of substrate binding. Such interactions may also contribute to enzyme-transition 
state interactions. Implications for the design of potent glycosidase inhibitors are discussed. 

The scientific literature over the past few years contains a plethora of examples of potent iminoalditol 

glycosidase inhibitors related to 1-deoxynojirimycin (5amino-1,5-dideoxy-P-glucopyranose)(see ref.1, for 

example). It was initially considered that such compounds acted as transition state analogues due the charge 

similarity of the protonated form of the inhibitor with the oxocarbonium ion-like transition state for enzymatic 

glycoside hydrolysis (Fig. 1)2. However, as discussed in the literaturef~4, a number of features of the inhibitory 

properties reported for this class of compounds are inconsistent with their designation as transition state 

analogues. 
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Figure 1: (a) Protonatcd form of 1-deoxynojirimycin; (b) Qglucopyrauosyl oxocarbonium ion. 

The design of effective enzyme inhibitors relies on an indepth knowledge of the mechanism of the enzyme 

catalyzed reaction to be inhibited5. Whilst there Iire numerous examples of studies on enzyme catalyzed glycoside 

hydrolysis, mechanistic uncertainties are still apparents. Kinetic studies on sweet-almond ~glucosidase by Dale 

er al 6, which is further supported by other literature data5. show that this enzyme catalyzes the hydrolysis of 

substituted phenyl p-p-glucopyranosides by a multi-step process via a covalent a-Eglucopyranosyl-enzyme 

intermediate. For all but exceptionally reactive phenyl P_I&glucosides (such as the 2,4dinitrophenyl compound), 

the rate determinin g step for overall hydmlyisis proceeds via a transition state involving departure of the aglycone 

moiety of the substrate67 (Pig. 2). 
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Figure 2: Rate-determining transition state for B-glucosidase catalyzed hydrolysis of p-nitrophenyl-B-Q- 

In view of this transition state structure, it would seem reasonable to suggest that transition state analogue 

inhibitors of sweet-almond P_glucosidase should contain, in addition to a carbohydrate-based ring, structural 

features capable of mimicking the interaction of the aglycone portion of the substrate (the phenyl ring in this case) 

with the enzyme. The importance or otherwise of aglycone-enzyme interactions in the ground state or transition 

state has not previously been investigated. For reasons of synthetic expediency, we chose to investigate the 

former by studying the interaction of simple 1,Sanhydroalditols, such as I,5anhydro-&lucitol (Table 1, Gluco 

isomer), with sweet-almond ~glucosidase and E. coli P_galactosidase. 

1,5-anhydroalditols were synthesized using literature procedures or modifications thereof. Reduction of 

per-acetyl glycosyl halides with tributyltin hydride / AIB$ or TM!S-&late / Et$SH reductionto of appropriately 

protected methyl glycosides gave I,5anhydroalditols in moderate to good yield”. All compounds were judged to 

be single stereo- and regioisomers by proton decoupled 13C NMR spectroscopy. The inhibitory effect of these 

compounds on sweet-almond B-glucosidase (isozyme A, see ref. 12) and E. coli B-galactosidase were assessed 

as described previouslyt* and data obtained are summari zed in Table 1. Where investigated, inhibition proved to 

be purely competitive with respect to thep-nitrophenyl glycoside used as a substrate. 

The data analysis used in this report uses the arguments developed by Bartlett and Marlowelj. For a range 

of substrate analogue inhibitors a direct linear correlation between the Ki value for an inhibitor and the Michaelis 

constant, Km, for the corresponding substrate would be expected 14. This requires that Km equates to the 

substrate binding constant, Ka, which, although not always the case, is consistent with literature data used in the 

current study14. Additionally, for transition state analogue inhibitors a direct linear correlation is found between 

Ki and K&at for the corresponding substrate 1311~. With respect to the data presentation in this report, such 

correlations would require equivalent Ki/Km values for good substrate analogue inhibitors and equivalent 

Ki(K& values for good transition state analogue inhibitors . 

From the data presented in Table 1 it is apparent that p-nitrophenyl glycosides bind more strongly to the 

enzyme than lJ-anhydroalditols of the same stereochemistryt4 , i.e. Ki/Ktu (Table 1) are in all cases greater than 

one. As one would expect, lJ-anhydroalditols do not act as good transition state analogue inhibitors of either of 

the enzymes investigated in this study; Ki/(K&t) values vary over several orders of magnitude (Table 1). It 

would appear that the pnitrophenyl ring of the glycoside substrates contributes favourably to substrate binding. 

On the basis of the available data it is not possible to distinguish between a favorable enthlapic interaction between 

enzyme and substrate aglycone or tighter binding arising from entropically favourable displacement of water 

molecules from the enzyme active site by the phenyl ring of the substrate. It is also clear from Table 1 that both of 

the enzymes tested in this study are less able to discrimina te between 1,5-anhydroalditols than p-nitrophenyl-P_D- 

glycopyranosides (for similar ability to discriminate, the Ki/Km values in Table 1 should be equivalent). This 

suggests that not only does the enzymeaglycone interaction contribute to the affinity of substrate binding but also 
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contributes in some manner to the stereoselectivity of this binding. It would seem reasonable to expect such 

interactions to also play a role in enzyme-transition state recognition processes and consequently contribute to the 

selectivity of enzyme caytalyzed glycoside hydrolysis. 

Table 1: Inhibition of Sweet-Almond p-Glucosidase and E. coli p-Galactosidase by 1.5Anhydroalditols. 

Comparison of Ki values for 1,5-Anhydroalditol~ with Km and Km/kcat Values for the Corresponding 

pnitrophenyl ~J&lycopyrsnosides. 

Isomer 
G&o 

2(mW 

xyro El 

Isomer KdmM) 
Gluco 71 

7.4 
xyro 85 
Fuco 42 

Gluco 

ff- 
w&n 

15.7 P9 
12.6 

txFb Cl:34 $lYpkd 410 
3.1 1.0 39 

~alactosidase 
Kin(mWa K&n Kmlkcatb WO 
32.6 2.2 0.21 %o 
0.048 154 0.19x10-7 39x107 
15.2 15.6 1.0 c85 
35.9 1.2 6.7x10-5 6.3x1@ 

G&W30 Xylo Fuco 

a kcat and Km V~WCS were obtained from references 3 and 15 respectivelyl6; b K&at values are normalized 

with respect to p-nitrophenyl ~&xylopyranoside as 1 .O; c upper hmitl6. 

Huber and Brockbankl’l have suggested that the strong inhibition of E. coli pgalactosidase by Lribose 

may be due to the potential geometrical similarity of the ~furanose form of the sugar to the oxocarbonium ion- 

like transition state for galactoside hydrolysis [Fig. 3, structures (a) and (b) respectively]. It is possible that 

substrate destabilizationls resulting from interaction of C-l of the substrate with the enzyme may be relieved in 

the transition state by adoption of a half-chair conformation Fig. 3, (b)]. Such unfavourable interactions may not 

be encountered by some glycofuranoses bound to glycosidases since pentofuranoses of appropriate 

stereochemistry can be viewed as pyranoses in which C-l has been excised and the ring oxygen atom joined to 

c-2. 

(a) @I (4 (4 
~igt~t-e 3: (a) ~~ribofuranose; (b) p-galactopyranosyl oxocarbonium ion; (c) P-D-glucopyranoside; 

(a) l+anhydro-D-arabinitol. 
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Huber and Brockbankl7 considered p-L-ribofuranose to show structural similarity to the galactopyranosyl 

oxccarbonium ion-like transition state for Q-galactpyranoside hydrolysis, despite the incorrect stereochemistry at 

C-5 of the ribofuranose. A similar argument can be used, perhaps more convincingly, for analogy between B-Q- 

glucopyrsnosides [Fig. 3, (c)] and 1,4-anhydro-Q-arabinitol pig. 3, (d)]. 

With a view to investigating this point, a number of 1,4-anhydroalditols, such as 1 &anhydro-Q-arabinitol 

(v-Gluco isomerlg, Table 2). were synthesized using similar methods to those used to prepare the 1,5- 

anhydroalditols. 1,4-anhydro-JJ-threitol which was prepared by the acid catalyzed dehydration of l&hreitol as 

described for the formation of 1,4-anhydroerythritol 20. The inhibitory properties of the synthetic 1,4- 

anhydroalditols are summarized in Table 2. 

Table 2: Inhibition of Sweet Almond j%Glucosidase and E. colt’ j3-Galactosidase by 1,4-Anhydroalditols. 

Comparison of Ki values for 1,4-Anhydrol&lditols with Km and K& values for the Corresponding 

p-nitrophenyl P_JJ-glycopyranosides. 

P_Glucosidase 
Isomer19 Ki(mM Krn(mhP K&l KI&Xitb Kil(Kmjkcai) 
v-Gluco 36.2 2.5 14.5 0.019 1900 

V-calac@ 14.8 15.7 0.9 0.34 44 

Ijl-Xylo 390 3.1 126 1.0 390 

PGalactosidase 
Isomer17 K&N Kra(mNa K&l b 

Kil(KnJkcai) 

v-Gluco 51 32.6 

w_Galacto 1.9 0.048 

IpXylo 77 ~~ 15.2 ;; H; ::‘Og 

~-GhCO w_Galacro v-Xylo 

a hat and Km values were obtained from references 3 and 15 respectivelyt6; h K&at values are normalized 

with respect to pnitrophenyl P-l&xylopyranoside as 1 .O. e upper limit16 

From the data presented in Table 2 there is clearly no correlation between Ki for 1,4anhydroalditols and 

K,k,t for the corresponding p-nitrophenyl glycosides for either of the enzymes investigated. This is to be 

expected if aglycone-enzyme interactions play a key role in transition state recognition by glycosidases*t. In 

addition, there is no obvious correlation between Ki for the l&nhydroalditols and K,,, for the corresponding p- 

nitrophenyl P-D-glycopyranosides indicating that not only do these compounds not act as good transition state 

analogues, but that they also act as poor substrate analogue inhibitors for both sweet-almond @-glucosidase and 

E. coli p-galactosidase. It should be noted, however, that for the v-Galacto isomer with sweet-almond /3- 

glucosidase, K&, is less than one indicating tighter binding of the inhibitor than the corresponding substrate. 
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This is in contrast to the situation recorded for the Galact isomer with the same enzyme (K&$3.9) which may 

suggest a difference in the mode of binding of these two inhibitors. 

The design of potent glycosidase inhibitors has routinely relied on a carbohydrate-based substructure of 

some form, capable only of interacting with the glycone binding site on the enzyme. However, data presented in 

this report indicates that interactions between substrates / inhibitors and the aglycone binding site on the enzyme 

contribute significantly to both the affinity and stereoselectivity of substrate binding and may also contribute to 

enzyme-transition state recognition processes. If this is in fact the case, the lack of aglycone structure in simple 

iminoalditols may go some way to explain the lack of stereoselectivity in the inhibitory properties of these 

compounds and their inability to act as true transition state analogue inhibitor&. 

The interaction of inhibitors with the aglycone binding site of glycosidases is a neglected area of study, 

although there am a number of reports in the litemture of hydrophobic molecules, some of which do not contain a 

sugar ring, which act as potent glycosidase inhibitors=. For instance, we have recently shown12 that CO-N- 

benzoyl histamine inhibits sweet-almond &glucosidase with a pH-independent Kr=O.l 1pM. This inhibition is at 

least eighty-fold stronger than the interaction of 1-deoxynojirimycin (pH-independent Ki=9.5pM)‘6 with the 

sameenzyme. 

On the basis of literature reports5 and data presented in this study it would seem reasonable to suggest that 

potent glycosidase inhibitors should contain structural features capable of a) interacting with the glycone binding 

site, b) of interacting with tbe catalytic acid / base at the enzyme active site27, and c) of interacting with the 

aglycone big site of the enzyme. 
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