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Abstract-The interactions of leguminous seed glycosidases with lectins from the same source, with concanavalin A 
(ConA) and with a hydrophobic adsorbent, phenyl-Sepharose, were studied. Only mannose/glucose specific Iectins 
bind glycosidases from the same plant by means of the sugar-binding site, Iectins with different sugar specificities either 
bind the glycosidases only at low ionic strength or not at all. ConA interacts with most glycosidases by its sugar 
binding site. All glycosidases interact with the hydrophobic adsorbent, they differ, however, in binding strength. The a- 
mannosidase from Canaualia ensiformis is exceptional. Though a glycoprotein, it interacts with ConA, the Iectin from 
the same plant, by ionic forces. Binding to the hydrophobic adsorbent is much more tightly than with other 
glycosidases. 

INTRODUCTION 

In the seeds of Leguminosae, lectins, storage proteins and 
some glycosidases are located in the protein bodies. 
Interactions between these components may therefore be 
physiologically important Cl, 23. 

Recently we found that the a-mannosidase from Cana- 
valia ens~yormis specifically interacts with the lectin (Con- 
A) from the same plant. We also found that the enzyme 
binds very effectively to a hydrophobic adsorbent, phen- 
yl-Sepharose [3,4]. In the present paper, we extend these 
studies to other species and to other glycosidases. 

RESULTS AND DISCUSSION 

Interaction with lectins 

As seen from Table 1 (columns A), many glycosidases 
bind to the lectin from the source plant. Desorption is 
achieved either by the lectin-specific carbohydrate or by 
raising the ionic strength. Desorption by a carbohydrate 
is found only with mannose/glucose-specific lectins (gly- 
cosidases from Lens culinaris and Pisum satiuum and the 
cr-galactosidase from Canaualia ensljormis), in other spe- 
cies, the lectin-specific sugar (Gal) is ineffective. Ion 
strength dependent interactions are found between two 
Canaualia ensiformis enzymes (the a-mannosidase and the 
a-N-acetylglucosaminidase) and ConA, and between the 
a-mannosidases from Glycine max and Phase&s vulgaris 

Enzymes: a-Galactosidase, a-o-galactoside galactohydrolase 

(EC 3.2.1.22); /3-galactosidase, j-o-galactoside galactohydrolase 
(EC 3.2.1.23); a-mannosidase, a-o-mannoside mannohydrolase 

(EC 3.2.1.24); jj’-N-acetylglucosaminidase, j-N-acetyl-wglucos- 

aminide N-acetylglucosaminohydrolase (EC 3.2.1.30). 
Abbreviations-ConA: concanavalin A, the lectin from Can- 

acalia ensiformis. 

and the a-galactosidase from G. max with the respective 
lectin. Some glycosidases do not interact with the lectin 
from the same plant under the conditions used. 

In contrast, most glycosidases interact with ConA 
(columns B). This applies even to those glycosidases that 
do not bind to the lectin from the same plant. Remark- 
ably, all enzymes (with the exception of the P. vulgaris a- 
galactosidase) interact through the sugar binding site, 
even where the ‘own’ lectin interacts with the glycosidase 
by ionic binding. Not a single /?-galactosidase binds to the 
lectin from the same plant. Nevertheless, all of them 
appear to be glycoproteins since they interact with the 
sugar-binding site of ConA. 

a-Mannosidases, a-galactosidases and fl-N-acetylglu- 
cosaminidases have been shown to reside in the protein 
bodies whereas /3_galactosidases are outside [S]. The 
ability of the former three enzymes to interact with the 
lectins from the same plants and the failure of the /3- 
galactosidases to do so correlate well with their intra- 
cellular locations. 

Hydrophobic interaction 

In contrast to ionic interaction, binding of proteins to 
hydrophobic adsorbents is generally strengthened by 
raising and weakened by lowering the ionic strength [6]. 
Therefore the salt concentration necessary for desorption 
provides a measure for the strength of interaction. Hydro- 
phobic interactions are stronger at high than at low 
temperatures [6]. This was also observed for the enzymes 
studied here. Because of the instability of many enzymes 
and poor recoveries at room temperature, all chromato- 
graphies were performed at 4”. 

The results of the chromatographies pf glycosidases on 
phenyl-Sepharose are given in Scheme 1. At high ionic 
strengths, all glycosidases bind to this adsorbent. The a- 
mannosidase from C. ensiformis binds strongest and for 
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Table 1. Interaction of glycosidases with immobilized lectins from the same plant (A) and with ConA (B) 

a-Mannosidase a-Galactosidase 
/I-N-Acetylglucos- 

P-Galactosidase aminidase 
__-- 

Plant A B A B A B A B 

Canacalia ens@mis 
Glyrine tnax 
Lens culinaris 
Pisum satirum 
Phase&s vulgaris 
Sophora japonica 
Wistrria f/oribunda 
-_l 

++i 
+i 
t+c 
+c 
fi 

_~ 

+i-c 
++c 
+c 
+ +c 
+c 
+ +c 

+c +i 
++i +c +c nd. 
+i-c + +c ++c nd. n.d. 
++c + +c +t-C n.d. n.d. 

+i +c nd. 
_ ++c 
._ ++c + +c +C 

f +. high capacity (>O.l mg/ml gel); +, low capacity ( ~0.1 mg/ml gel); -, no binding; n.d., not determined; c, desorption by 
carbohydrate (0.1 M cc-methylmannoside. Mannose, glucose and maltose are also effective); i, desorption at high ionic strength (0.1 M 
NaCl). 

Elutton wtth 0 6 OL 0.3 0.2 0.1 00 M(NHLJZ50L 

4 1 4 4 4 1 

a-mannosidase Ce m 

Gm r!x-i--+ 

O-GlcNAc’ase Ce 

Pv 

SJ pq-35 

Wf I loo 
i3-galoctosldase Ce ,31+-57722, 

Gm C25,1&3J571 
Lc [72728, 
PV 7 r53pL01 

51 ,31,33~21_)5_ 
Vf 11822, 
Wf r71729, 

Scheme 1. Hydrophobic interaction of glycosidases with phen- 
yl-Sepharose. Figures in the bars represent percentage recoveries 
at the ammonium sulphate concentrations indicated. Ce: Canav- 
alia en&wmis; Cm: Glycine max; Lc: Lens culinaris; Ps: Pisum 
satioum; Pv: Phase&s culgaris; Sj: Sophora japonica; Wf: Wis- 

teria Jkwibunda. 

desorption it requires a buffer free from ammonium 
sulphate. Other n-mannosidases bind more weakly and 
are desorbed at medium ammonium sulphate concentra- 
tions. 

For the other three glycosidase activities investigated, 
no conspicuous differences could be detected between the 
enzymes from C. ensifirmis and the other Leguminosae. 
a-Galactosidases and p-N-acetylglucosaminidases are 
desorbed at high salt concentrations in relatively narrow 
ionic strength ranges. p-Galactosidases, on the other 
hand, generally bind more tightly and appear at lower 
ammonium sulphate concentrations in broad ranges. 
This phenomenon may be due to the presence of /I- 
galactosidase isoenzymes which differ in hydrophobi- 
cities. Recently, Biswas found that several b-galactosi- 
dases are present in the legume Vigna sinensis [7]. 

It has been proposed that it is possible to calculate 
hydrophobicities of proteins from amino acid compo- 
sitions [S]. Of two a-mannosidases the amino acid 
compositions are known. The P. vulgaris enzyme has 
been analysed by Paus [9] and the C. ensformis enzyme 
by us [lo]. We calculated the hydrophobicities of both 
enzymes according to ref. [8]. The values obtained were 
908 and 952 cal/mol for the enzymes from C. ensiformis 
and P. vulgaris, respectively, the experiment gives an 
inverse order of hydrophobicities (Scheme 1). 

Apparently, hydrophobicity calculations only from 
amino acid analyses do not lead to meaningful predic- 
tions [l 11. They do not differentiate between acidic 
amino acids and disregard differences in conformation 
and in degree of glycosylation. The P. vulgaris r-mannosi- 
dase is a glycoprotein (Table 1). This applies to the 
Canavalia enzyme as well [lo, 12, 131, but in contrast to 
the Phaseolus enzyme, the Canavalia z-mannosidase con- 
tains a carbohydrate moiety that is buried and not 
accessible to either ConA [lo] to endoglucosaminidase H 

te121. 
As our data show, glycosidases from Leguminosae 

bind to lectins from the same plant and from other 
sources. They also show hydrophobic binding. The leg- 
ume C. ensiformis is an exception in several respects. Its a- 
mannosidase is abundant by more than one order of 
magnitude as compared with other glycosidases in the 
same plant and with glycosidases in other Leguminosae 
Cl]. Secondly, though it is a glycoprotein, it binds to its 
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‘own’ lectin by ionic forces. Thirdly it is much more 
hydrophobic than other leguminous glycosidases. 

desorption was tried first with NaCl, then with the lectin specific 
sugars (a-methylmannoside or galactose) at 0.1 M concns. 

EXPERIMENTAL 

Phenyl-Sepharose was from Pharmacia, p-nitrophenylglycosi- 

des from Sigma, seeds were from the suppliers mentioned in ref. 

1141. 
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