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Abstract-n-xylose is a highly anomer-specific, powerful and competitive inhibitor of plant cr-galactosidases. The 
apparent inhibition constant (I&) for the interaction of Dxylose with chick pea (Cicer arietinum) a-galactosidase 
and the apparent number of inhibitor molecules (n) bound per enzyme molecule, using p-nitrophenyl-a-D-galactopyr- 
anoside as substrate, were found to be 0.4 x lo-’ M and 0.8, respectively. 

In general, free sugars [l-5], aldonolactones [6-81, 
polyols [9] and glycosides [S] are competitive inhibitors 
of the corresponding glycosidases. However, their inhibi- 
tory action lacks the anomeric specificity towards the 
anomeric glycosidases since these compounds inhibit 
both c(- and j?-glycosidases. Recently, Lai and Axelrod 
[lo] have reported l-aminoglycosides as a new class of 
specific inhibitors of glycosidases, but these compounds, 
too, lack the anomeric specificity of the inhibition 
Myoinositol was earlier reported to be a stereospecific 
inhibitor of a-galactosidase without any effect either on 
/_I-galactosidase or any other glycosidases [ll]. The 
mechanism of this absolute anomeric specificity is not 
fully understood. As a part of a programme to determine 
the mechanism of the anomeric specificity of an inhibitor, 
the effect of various sugars and sugar analogues on a- 
and fl-galactosidases was investigated. In this communi- 
cation we report that like myoinositol, D-xylose, too, is 
a stereospecific inhibitor for a-galactosidase without any 
apparent effect on B_galactosidase. 

RESULTS 

The results summarized in Table 1 permit a compari- 
son of the relative effect of the ~xylose and other related 
sugars on a- and j.I-galactosidases from Cicer arietinum. 
These results clearly indicate that D-xylose is a powerful 
inhibitor of plant cc-galactosidases with ahsolute ano- 
merit specificity of inhibition. In this respect its action 
is similar to that of myoinositol [ll], but is strikingly 
different from that of n-galactose and rarabinose which 
were found to inhibit both a- and /I-galactosidases. Fur- 
thermore, ~xylose was found to be a more powerful 
inhibitor of a-galactosidase than myoinositol and bara- 
binose. It is also worth noting here that among the sugar 
alcohols tested only arabitol was found to be an effective 
inhibitor of a- and /.I-galactosidases. Even the relatively 
high concentrations of xylitol and gala&to1 produced 
no detectable effect either on a- or fl-galactosidases. 
These results, as suggested by Goren et al. [12], indicated 

that alcohols bind at a different site on the enzyme than 
sugars. 

The nature of the inhibition of a-galactosidase by 
~xylose was evaluated according to the Lineweaver- 
Burk method [13] and found to be of the competitive 
type. In Dixon plots the intersection at a point above 
the ordinate was again indicative of the competitive inhi- 
bition. Cooperativity phenomena[14] were also not 
observed, as doubling or tripling the effective inhibitor 
concentration did not alter signi6cantly the calculated 
values of the apparent inhibition constant (&) of the 
inhibitor. In addition, a Hill coeflicient value of 0.8, as 
calculated from the standard procedure [15], also indi- 
cated the absence of cooperativity. 

The relative effectiveness of the D-xylose inhibition of 
a-galactosidase was also evaluated by comparing the 
apparent Ki vales with other sugar inhibitors. The Ki 
values for ~xylose, L-arabinose, n-galactose and myo- 
inositol, as obtained from Dixon plots [16], were found 
to be 0.4 x lo-‘M, 0.4 x 10-l M, 0.13 x 10e2 M and 
0.25 x 10-i M, respectively. If the apparent Ki values 
of the competitive inhibitors are assumed to represent 
the equilibrium constants for the inhibitor-enzyme inter- 
action, these results then show that the affinity (l/K,) 
of D-xylose for a-galactosidase is about one-third that 
of Dgalactose, but it is about six and ten times higher 
than that of myoinositol and L-arabinose, respectively. 

Dxylose also inhibited /_I-glucosidase (Table 2) which 
was not unexpected since it is an analogue of ~-glucose. 
The Ki value for D-xylose for ~glucosidase inhibition 
was 0.8 x 10-l M as compared to its Ki V&.UZ of 
0.4 x 10V2 M for a-galactosidase. Thus, the affinity of 
n-xylose for a-galactosidase was about 20 times higher 
than that for fl-glucosidase. These results explain further 
why Dxylose is such a poor. inhibitor for /I-glucosidase 
compared to its effect on a-galactosidase. 

The effect of the Dxylose on various glycosidases de- 
rived from a variety of plant sources is given in Table 
2. From these results it is evident that the stereospecific 
inhibition of plant a-galactosidases is of a general type. 
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Table 1. Inhibition of a-galactosidases by sugars and related compounds* 

Compound Cont. (mM)t 

D(-+) Xylose 5.0 
15.0 
30.0 
52.5 

100.0 
25.0 
50.0 

100.0 
125.0 

1.0 
3.0 
5.0 

200.0 
200.0 
200.0 
300.0 
100.0 
170.0 
300.0 
170.0 
170.0 
170.0 
170.0 
50.0 

100.0 
170.0 

L( +) Arabinose 

D( + ) Galactose 

D( +) Mannose 
D( + ) Glucose 
D(+) Fructose 
XyhtoI 
Arabitol 

Gala&o1 
Sorbitol 
(+) Inositol 
Myoinositol-2-PO, 
Myoinositol 

Inhibition and Ki values$ 

a-galactosidase ,!?-galactosidase 
% K, (mM) % K, (mM) 

35.0 4.0 0.0 
52.2 0.0 
64.6 0.0 
77.7 0.0 
89.8 0.0 
29.5 41.2 0.0 280.4 
40.0 12.6 
50.2 23.3 
52.0 25.0 
56.5 1.3 26.9 4.3 
65.2 41.5 
74.0 56.1 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

21.2 213.0 48.3 
41.6 81.9 
54.1 84.9 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

46.8 25.1 0.0 
60.7 0.0 
81.2 0.0 

*The reaction mixture and assay conditions were same as described in “Experimental” except 
that substrate concentration was 0.2 mM. 

P Compounds which produced no inhibition, only highest concentrations tested are reported 
3 Ki values were obtained from Dixon plots [16]. 

DISCUSSION 

The present results provide strong evidence that unlike 
most sugars, Dxylose is a powerful, competitive and 
anomer-specific inhibitor of cc-galactosidase without any 
detectable inhibition of /I-galactosidase. This effect was 
unexpected because D-xylose (la, Fig. 1) has greater 
structural and configurational resemblance to ~glucose 
(lb, Fig. 1) rather than Dgalactose (2b, Fig. 1) or L-ara- 
binose (2a, Fig. 1). In addition, our results on the inhibi- 
tion of cl-galactosidase are contrary to those cited in a 
review article by Dey and Pridham [17] that Dxylose 

did not produce inhibition of the cc-galactosidases. That 
our results do not represent a specific case is evident 
from the fact that cc-galactosidases derived from a variety 
of sources were also strongly inhibited by Dxylose. 

Glycosidase usually shows a very high specificity with 
respect to the sugar moiety of the substrate and the ano- 
merit configuration of the glycosidic linkage [IS]. 
According to Koshland [ 191 glycosidases have at least 
two binding sites: a specificity site and a catalytic site. 
The glycosyl residue of the substrate binds at the speci- 
ficity site and the glycosidic linkage to the catalytic site 
to make an active enzyme-substrate complex. As 

Table 2. The effect of D-xylose on glycosidases derived from a variety of sources* 

Enzyme source and % inhibition 

Enzyme 
Cicer Arachis Phase&s Phase&s 

arietinum hwgaea mung0 radiatus 

a-galactosidase 77.0 56.5 76.3 69.0 
/3-galactosidase 0.0 0.0 0.0 0.0 
a-ghtcosidase 0.0 0.0 0.0 0.0 
,!J-glucosidase 25.6 19.5 25.0 27.0 
cc-mannosidase 0.0 0.0 0.0 0.0 
B-N-acetylglucosaminidase 0.0 0.0 0.0 0.0 

* Assay conditions were same as described in “Experimental” except that the concen- 
tration of Dxylose (inhibitor) used in the case of a-galactosidase was 52.5 mM while 
for all other glycosidases tested it was 200 mM. 
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Fig. I. Orientation of OH-groups in pyranoside ring of some monosaccharides and cyclohexane ring of 
inOSitOiS: la = K-~xylose; lb = K-D-ghcOSe; 2a = a-Larabinose; 2b = a-n-galactose; 3 = Myoinositol; 

4 = (+) Inositol. 

reported elsewhere [ 111, an anomer-specific competitive 
inhibitor of glycosidase should be able to compete with 
the substrate both for the specificity and catalytic sites 
as to prevent the formation of an active enzyme-substrate 
complex. D-xylose appears to satisfy this condition, 
although sugars in general do not interact at the catalytic 
site and, as such, lack the anomeric-specificity in the inhi- 
bition of corresponding glycosidases 

The fact that D-xylose shows normal mutarotation giv- 
ing rise to an equilibrium mixture containing 29% a-form 
and 71% of p-form of D-xylose [20], the role of mutaro- 
tation in the anomeric-specificity of rr-xylose interaction 
with a-galactosidase can definitely be ruled out. Further- 
more, a solution of D-xylose in citrate buffer, pH 5.2, 
which was allowed to equilibrate for 48 hr neither pro- 
duced any inhibition of &alactosidase nor was there 
any change in the inhibition of a-galactosidase. It may, 
however, be important in case of n-galactose and bara- 
binose which inhibit both a- and /I-galactosidases. 

The only difference between the configuration of 
~xylose (la) and L-arabinose @a), analogue of sgalao 
tose, is in the orientation of OH-group about the 
C,-atom in the pyranoside ring, which is equatorial in 
~xylose and axial in L-arabinose. This deviation in the 
configuration may be significant enough to prevent the 
interaction of ~xylose with &galactosidase indicating 
that specificity sites in a- and /I-galactosidases have dif- 
ferent conformations and the latter is more specific for 
galactose configuration. 

This view is in agreement with the results of Li and 
Shetlar [3] that for attachment of sugar to the enzyme, 
the galactose configuration is required and OH groups 
at Cr, Cz, Cq, and C6 are involved in binding An analo- 
gous situation was observed in case of myoinositol (3) 
and (+ binositol (4). The former is an anomer-specific 
inhibitor of a-galactosidases [11] while the latter, which 
differs from myoinositol only in the orientation of one 
OH-group at C,-atom, did not produce any effect either 
on a- or /_I-galactosidase (Table 1). 

Though the information presented in this report is 
limited nevertheless, it suggests that useful information 
can be obtained if a variety of sugar analogues are inves- 
tigated with, respect to their anomeric specificity of inhi- 
bition towards glycosidases. 

EXPERIMENTAL 

Chemicals. p-nitrophenyl-glycosides were obtained from 
Pierce Comnanv (Rockford, Ill.. U.S.A.). e-Nitroohenvl-N-ace- 
tyl-/J-n-glucbsa&ide, myoinbsitol ‘and o-gala&l were 
obtained from the Sigma Chemical Comp. (St. Louis, MO.). 
D-xylose (sp. rotation [ago +I!?’ to 20”), L-arabinose (sp. 
rotation [a];’ + 102 to 105”) and other sugar analogues were 
obtained from B.D.H. Ltd. All operations during the extras 
tion and purification of enzymes were carried out at 4” unless 
otherwise specified Glycosidases used in this study were 
obtained from the germinating seeds of Cicer arietinum by 
a procedure as described by Bahl and Agrawal [213. The par- 
tially purified enzyme preparations from the germinating seeds 
of Arachis hypogaea, Phaseolus mung0 and Phaseolus radiatus, 
obtained by the same method were also used for studying 
the effect of various sugars on the activity of glycosidases. 
The partially purified enzyme preparation contained the fol- 
lowing glycosidases: cc-galactosidase, &galactosidase, a-man- 
nosidase, a-glucosidase, /I-glucosidase, and fi-N-acetyl-glucosa- 
minidase. 

Enzyme assay. Glycosidase activities with and without in- 
hibitor were measured by the same method as described by 
Bahl and Agrawal[21]. Bach enzyme was assayed at optimum 
pH in 0.05 M Na citrate buffer containing 0.2-1.0 pmol of 
p-nitrophenyl-glycosides as substrate, 0.2 ml of enzyme soln 
(0.5-l mg protein) in a total vol. of 2 ml. The incubation was 
carried out for 15min at 30”. The reaction was stopped by 
the addition of 2ml of 4% Na,COs soln. The liberated 
p-nitrophenol, which produced a yellow colour at alkaline pH, 
was measured at 420nm. The protein was determined by the 
method of ref. [22] using BSA as standard. 

Krrwtic studies. Measurements of enzyme activity for Line- 
weaver-Burk plots[l3] both in the absence or presence of 
fixed level of inhibitor were made at optimum pH. Values 
of apparent inhibitor constant (I&) were obtained from Dixon 
plots [16]. Interaction constants (n values) were determined 
by the method of Hill [15]. In all the experiments conditions 
of incubation were same as described under enzyme assay 
except that data for Dixon plots were obtained with 0.2 and 
0.4 mM substrate concentrations_ 
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