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Abstract-The nature of the glucosc/mannosc spa& lcctin activity of a-&osidasc 1 from Vicia/&a seeds has bctn 
examined. Gel filtration in the presence of high concentrations of glucose and SDS-PAGE failed to detect Gavin. a 
classical kctin which aIso occurs in the seaI. A comparison of the hacmagglutinating activities of the a-galactosidases 
from V&M radiafa and V./i seeds strongly suggests that the catalytic site of the Vign4 enzyme is also responsible for 
its agglutinating activity and that the catalytic and kctin sita are at different loci in the case of V./&a a-galactosidasc 1. 
The latter conclusion is supportai by an investigation of the &acts of glucose, mannosc and galactosc on the catalytic 
and kctin activities and by results obtained by dcmctallization of the V./a& enzyme. A single galactosc-binding site and 
two mannose binding sites per subunit of cnzyax 1 were dctaztai by the method of equilibrium dialysis and the 
association constants for these monoracFhatida mcasural. Mannosc did not appear to affazt the binding of galactosc 
to the enzyme or u&c cersa. The removal of glycan chains from a-galaaosidasc I with endo+N-acetylglucosaminidasc 
H relcasai an active dimeric form ofa-galactosidasc. The possible involvement of lcctin~ycoprotcin interactions in the 
stabilization of the tctramcric form of the enzyme is considered. 

Pd-lRODUCllON 

Following the report of two forms of a-galactosidasc in 
coffee beans by Courtois and co-workers [I], multimol- 
ccuIar forms of this enzyme wcrc shown to oozur in Vicio 
j&a seeds [2] and in several other p&nt tissues [3]. The 
cnzymk activity from V./&a seeds has bun resolved into 
three forms, I, II’ and II* with M, values of 160400 
f ZSSO, 45 730 f 3073 and 43 390 f 1409. respectively [4 
Their kinetic properties have also been studied 3 

. 
[%S . 

Evidence that the three forms are closely related was 
obtained from immunol . 
that1isatetramerofII’[6 .Allthrccformsofthecnqmc T 

studies and it is Mevcd 

are unique in that they display lcctin activity with 
glucosc/mannosc spa%citics [7; c/: g-,10] and are also 
mannosccontaining glycoprotcins [6]. Razent collab- 
orative studies (unpublished) with Dr. A. Dell (Imperial 
College. University of London) where glycopcptidcs 
obtained from a-galactosidasc I by protcolytic digestion 
were examined by fast atom bombardment mass spaztro- 
ropy (FAB-MS) indicate that glycan chains are 
‘mannosc-rich’. 

There is little doubt that seed z-galactosidascs play 
an important role in the early staga of germination 
by hydrolysing galactosccontaining oligosaccharida 
and, hcncc, provide metabolitcs for the developing 
seedling [4, II-141. It is. however, not known how 
the enzymes and their natuml substrates are prevented 
from interacting during the maturation of seeds. The 
glycoprotein/kctin nature of the enzyme offers various 
possibilities of in r;ivo compartmcntation/inactivation of 
the enzymes [3,6, 15-171 and the carbohydrate chains 
may bc involved in the transport of these enzymes 
between compartments [CL lg. 193. Thus far littk is 
known about the nature and function of glycan chains of 
plant enzymes [20,21]. 

The final goal of our studies is to understand the full 
importance of a-galectosidasc-glycoprotcin lcctin in the 
germination process and we now describe furt!~~ work on 
the nature of form I of the enzyme. 

REWLTS AND DtSCUSSlOS 

ihaminulion ofa-gabclosidase I-/eclin from v. faba for 
fauin con~aminaficw, 

a-Galactosidasc 1 was purified by a 7-step procalurc 
[7], the salient features of which wcrc acid treatment @H 
3.0), Scphadcx G-100 gel-filtration @H KS), CM-cellulose 
chromatography (pH 5.5) and mclibiosc-Scpharosc 
affinity chromatography. All these stages would bc likely 
10 resolve a mixture of favin and a-gahaosidasc I. 

The initial acidification of the crude sad extract, for 
example, removes much of the favin and other storage 
proteins [sa ref. 71; a similar approach has been followed 
for the removal of kctin activity from Lens cu1inari.s 
extracts [2l, 221. The optimum pH for activity for both a- 
galactosidasc I-b&n and favin is approximately 7; hence. 
at pH 5.5 affinity binding to Scphadex would hc cxpcctcd 
to bc weak. Estimation of the molecular size of the cnzymc 
by gel-filtration [4] supports this belief and in the case of 
favin. purification is often achieved by absorption onto 
Scphadcx at pH 7 1231. Hence, in the abscna of 
significant lcctin binding a clear separation by mokcular 
sieving of a-gahmdase I-lain and favin would be 
cxpcacd. WC have obscrval loss of lcctin activity aI this 
step [7] which is presumably due to separation of favin. 
Favin and a-galactosidasc I-kctin possess very diffcrcnr 
ionic properties which can bc demonstrated by 
polyecrylamidc gel ckctrophorcsis (compare rcfs [6] and 

6 
241). As a result of these diffacnces the two proteins 

s ould also have ban sqaratcd at the CM+cllulosc stage 
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of purification. Finally, the galactose-specifk column 
(melibios&epharose) wouM have no afIlnity for free 
favin. hence allowing its separation from column-bound 
a-galactosidase I-lcctin (73. However, as the enzyme is a 
mannose-rich glycoprotcin [6]. it is possibk that it exists 
as a compkx with favin which would bind to the alIinity 
column but such a compkx would not be txpcacd to be 
stable at the acidic pH used in the preceding CMcellulose 
step. 

To substantiate the claim that the V. @?a enzyme is a 
unique example of a protein posxssing separate catalytic 
and kctin sites it is important to present further evidence 
to exdudc contamination by favin. Hence, purifkd a- 
galactosidase was incubated with 0.5 M glucose (a hapten 
to disxriete possible enzyme-favin complexes) in 0.1 N 
potassium phosphate buffer. pH 7.2, for 22 hr at 4” 
followed by gel-filtration on a Sepharcryl S-200 column 
which had previously been equilibrated with the same 
medium The elution profile (Fig 1) was found to be 
identical to that obtained with the untreated enzyme 
indicating no apparent change in its molecular weight. 
Moreover, the recovery of kctin activity associated with 
the enzyme park was WY0 of that applied to the column 
and no kctin activity could be detazted at an clution 
volume corresponding to that of favin. I-his study 
therefore suggests that no significant amounts of favin-u- 
galsctosidase I compkx were present in the purified 
enzyme preparation. However, it is possible that favin 
binds very strongly to qakctosidase I and the complex is 
not dissociated under these conditions. 

A search was also made for the presence of favin sub- 
units (B. M, 2OooO. major, B’, M, 18700, minor, K M, 
5571. minor) [253 in the enxymc protein by SDSPAGE. 
In Fig 2 the ckctrophoretk pattern obtained with favin 
(e$ ref. (251) is shown alongside that for q@actosidase I. 
The latter exhibited a single band (M, 44000) and there 
were no detectable protein bands corresponding lo the 
favin sub-units. 

Cmn@.wn of haemagglutinin activities of a-galaelo- 
si&esfro+r Vigna radiata and Vi& faba seeds 

Unlike a-galactosidase I from V. f& the haem- 
agglutinin activities of a-gahrctosidases from some other 

legume seeds such as V. radiolo (81 and Glycine max 
[9,26] are reported to be gahrctosc-spccifk. The question 
therefore arises whether these latter enzymes possess one 
locus which is responsibk for both haemagglutinating 
and catalytic activities. Hankins and Shannon [83 re- 
ported that the tttrameric a-galactosidase I (M, l6OooO) 
from V. rod&fo agglutinated rabbit erythrocytes at pH 7.0 
and that on longer incubation the ‘clot’ dissolved. 
Gakctose inhibited the agglutination reaction. The 
monomeric form, II. of the enzyme (M. 4OOtXJ) possessed 
no agglutination activity. These properties of the V. 
rodiara enxyme were reinvestigated and compared with 
those of V. fi a-plactosidasc 1 (see Fig 3). 

Rabbit crythmytcs that had m&cd a separate pre- 
liminary treatment (2 hr) with a-galactosidases I and II 
from V. radium (see Experimental for details) were 
washed and both cell preparations reincubatal with 
enzymes I from V.f&a and from V. ra&uru The rest&s 
presented in Fig 3 show that erythrocytes which had been 
treated initially with the V. ro61ara enzymes and reisolatcd 
coukl not beagglutinated by further addition of V. rodiota 
enzyme I. However, a~uti~tion did oazur in both cases 
in the prcsem of V. f&o a-galactosidase I. 

When the initial incubations of erythrocytes with 
V. todiana eruymes I and II were repeated in the presence 
of 3mM galactose (an inhibitor of a-galactosidase 
activity) no hacmagglutination was observed. The 
resultant cells after washing were. however, agglutinabk 
by enzymes 1 from both V. rodiota and V. fabu. Tbesc 
observations suggest that V. &iota a-galactosidase I and 
II both removed ‘raeptors’ from the red blocd all- 
surface (hence preventing subsequent binding and 
agglutination by V. rmiiata enzyme I) but were without 
action on thc’razptors’ for the V.f&enzyme I which isa 
glucose/mannose specific Win. Thug agglutination and 
‘clotdissolution’ by V. rodiota enzyme I can be explained 
in terms of multipk ga&ctosc+binding catalytic sites on 
the enzyme which first combine with the erythrocyte 
galactosecontaining ‘receptors’ producing agglutination 
and then slowly hydrolyse the gaktosyl-linkage. 
Agglutination of the red blti ails followed by ‘clot- 
dissolution’ has also been described in the case of a fungal 
~galactose oxidase [27]. This enzyme presumably 
combines via its catalytic site to cell-surface galactose 

Volume eltite0 t ml 1 

Fig. I. ~SXX)gel5ltntionprofikofpurifkd V.fia-g,ahodbn I in thepaenxofO.5 M rzgluane. 
Arrow indirara the elution vdum-z of favin. Details UC &en in the Expimenti ~ton. 
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Fig. 2. SDSPAGE of puded a-pLclo&dpu I md favin from V.fkba saxk 1. a-gakosiduc I (10 JI& 2, favin 
(I 5 a); @J and a are the subunits of favin (SC+ text). 

Rxl blood cd1ts 

I 
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Fig. 3. Tratmcnt of rabbit rul bid aUs with a-gabctosidascs from V. diato and V. /abo (it 1~x1) 

residues causing ‘clot’ formation, then after oxidation of 
the hydroxyl group at C-6, ‘product’ and enzyme separate 
and the ‘clot’ dissolves. 

II is not known to what ex~cnt the V.fio enzyme-leotin 
removes galactosc from the crythrocyte surfaa. This may 
be minima) because of rapid aggregation of the alls 
causal by gIucosc/mannosc-spaific Latin cross-links 
which would presumably result in stcric hindrance of the 
catalytic site. 

Further evidence ofseporate ca~dytic wml lecrin sites on 
V. faba i-gal4closi&s.e I-lectin 

Protection oj colalyric und leclin ocrivilies. The pH 
profile and the heat stability of both enzymic and 
hacmagglutinin activities of V. /ia z-galaaosidasc I 
described earlier [7] suggac the prcscna of separate sites 
for these activities. We have now examined the prolaztion 
of these sites against heat inactivation at 75” by mono- 
sa&ai+dcs and the results (Fig. 4) show that r~gaIactose 
is et&xtive in p reserving the catalytic function but not the 
haemagghitinin activity, whereas Dmann= has the 

Time (mm) 

Fig. 4. Protectnon of catalytic and ktm rriviks a( 7ST of 
puri6d a-gakt0sida.x I from V.j& seals in the prcscna of D 
gdactou and wnannose. O-.0. Catalytic dvity rcnuining 
in the m of 0.1 M ~galactosc; M. atdytk 8ctivity 
radning in tbc absence of r@wXoac or. in the prrvnx of 
(II M wnumoe :‘.- -\, ktrn activity rakning m the 
praence 40.1 M wrmnnosc, A-A, bctin activity rzmunuq 
in the abena of ~nunnosc or. in the presence ofO.lM D 

IH=t=. 
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opposite c&t. These effects arc most marked up to 
IOmin of incubation but ksscn with Wing incu- 
bation times when presumably there is a general 
dcnaturation of the protein. In this connaztion Howard 
and slge [22] reported that ~gluaXc (0.1 M) afTordal 
strong protcaion to the glucose/mannosc specifk activity 
of Lens culinaris kctin for 3Omin at 72” but none at 75”. 

Enzyme kinetic studies using rzglucosc, Dmannose 
and Dg&ztosc showed that only Dg&ztose sig- 
nificantly inhibited the hydrolysis of pnitrophcnyl a+ 
galactosidc by the enzyme (Table lk the inhibition was 
competitive (results not shown). D-Glwzosc and D 
mannose at 31 and 16 mM conozntrations, rcqcctivcly 
resulted in 50% inhibition of hacmagglutinin activity, 
whereas 1 M ~galactosc was rcquiral to achieve this level 
of inhibition. TheK two studies, therefore, again suggest 
that separate catalytic amI laXin sites exist. 

Metal ion content and the efltif of demetallizafion. The 
metal ion content of puritkd V./i a-galactosidasc I was 
determined by atomic absorption spearometry. Cakium 
was found to be the major metal component (Table 2). 
Taking the molecular weight of the enzyme as 16OCMl0, 
approximately I .2 mol of Co’ l would appear to be bound 
per subunit (M, 40 Ooo). Magnesium, manganese and zinc 
ions were also detected but at a much lower level. On 
demetallization with EDTA all of the Mn” and Zn’+ 
were removed but Ca’+ (representing approximately 
I mol/sub-unit) and some Mu’+ remained bound. 
Manganese ions can often be readily removed from kctins 
by EDTA-acctic acid treatment, but this is not always the 
case with the alkaline earth metals [28]. Arochis hypogea 
lactin, for exampk, contains 0.98 mol of Ca” and 
0.78 mol of Mg* l per subunit. none of which is lost on 
dialysis against the chelating medium [29]; however, no 
acid was used here. 

Dcmctallization resulted in a 60 % imcasc in catalytic 
activity but 87Y/, decrease in hacmagglutinating activity 
(Tabk2). This reciprocal effect further supports the 
notion that separate sites on the protein are involved in 
the two functions of V. /uba z-galactosidasc 1. 

Table I. Inhibition of cnzymic and kdn rclwitiu of Y. /obo 

o-g8koridrce 1 

Inhibition Inhibition 

of cnzyms d kain 

Conantration actwiry xtiviry 

MO~hUiIk @Ml (“a) (‘0 
- _. ._ - 

djpLsctose 5 70 0 

25 90 0 

loo 100 0 

loo0 100 50 

DGIWOSC 25 10 nd 

31 nd 50 

100 40 d 

500 5a Ml 

IzMumosc 16 lni 50 

25 10 nd 

100 38 nd 

500 60 d 

lkmib uc given in the Expcrimen~I wtion. 14 NOI 
dercminai. 

‘lib& 2 Md ion amIen of V./&a a-&ctosiduc I 

Meal ConIcnI 

UKl e=YII=min 
&Xiv&8 N8Iivc Dtmdhd 

-.. - .- 

cd’ 

(e y”’ =Y=) 5.60 3.20 

$/~I =y=) 0.40 0.30 

b ion/d enzyme) 0.15 Nil 

ZIP’ 

e ionbol aw=) 0.16 Nil 

Enqmic tiivity 

(nkwml) 5alO 8000 

Letin rtivity 

(HA@) 320 40 

Detemtinarbn o/the number of carbohydrate-biding sites 

The number of kctin and catalytic sites and the 
association constants for carbohydrate binding were 
determined by the equilibrium dialysis method; the degree 
of binding was also examined by a spcctrophotomctric 
method. 

(a) Equilibrium dialysis. Samples of enzyme I-laztin 
were dialysed against solutions (0.1 M potassium 
phosphate buffer, pH 7.0) containing a 6xal amount of 
[“Cl monosaccharide (Bgalectosc or Brnannosc) 
together with varying amounts of unlabclkd 
monosaccharides. The data were evaluated according to 
the method of Scatchard [30] (Fig. 5). The enzyme 
combined with ~galactosc with an association constant 
of 1.67 x l@ M-‘. The abscissa in Fig. Sa indicates that 
four mokcula of this hcxose were bound to the 
tetrameric enzyme I. c+Galactose is a competitive 
inhibitor of the cnzymic activity [s]. For Dmannose. the 
association constant was found to be 1.37 x I@ M- ’ and 
in this case the tctramcr bound eight molecules of the 
hexose (Fig. Sb). Further equilibrium dialyses showed 
that the estimated number of c@actosc-binding sites 
was not affected by the presence of Dmannose or vice 
versa and yielded Scatchard plots similar to those in Fig. 
5% 

(b) Spectrophotonvrric nur/~od. Changes in the ultra- 
viokt difference spectra produced by adding specific 
sugars to kctin solutionscan be usal to determine binding 
constants [29,3l]. In this way, Arachis hypogeo kctin 
with lactose exhibited IWO tyrosine peaks at 285 and 
279 nm whereas kctins from Lenr cu/inuris. Sophora 
japonica, Solunum ruberosum and wheat germ all showed 
two peaks. characteristic of rryptophanyl residues. at 292 
and 28&287 nm. when (reared with methyl U-D 
mannosidc, lactose. N.N’diacetykhitobiose or N,N’,N’- 
triacetykhiIot&se [31], respectively. 

The diffcrena spectrum of V. /ia a-plactosidasc I 
induced by Dmannose showed a singk broad peak 
(tyrosinyl) between 2825 and 279 nm. The titration curve 
obtainad from the difference spctra at varying D 
mannose concenrrations is shown in Fig. 6. The associ- 
ation constant was dctermincd from the free hexosc 
concentration at 50 y0 saturation using the relationship: K 
= I/[S,]wher~[S~,] - [SI,WJ-O.SnPandnPrep 
resents protein sub-unit concentration. The value of the 
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Fig 5. Determination of rhc number of binding rites of a- 
galactosidasc I from V. jii sads. (a) Birding of ~gdactosc lo 
the caulytic sit= (b) binding of wxunno6c 10 Ibe kctin sites 8, 
number ofrndozuks of mOnosa&uide bound per mokuk of 

protein (M, I6OClOOk U. conornrrattin of free sugar. 

0 01 02 03 04 

s x K)-‘(M) 

Fig 6. E&t of ~mannose (S) WI the di&rcna rpaclnun 
(282.5-279 nm) of purified a-gatactosidasc I from V.jnba (sa tcx1 

for details). 

association constant was found to be 1.48 x lo’ M - ’ 
which is in good agrament with the results obtainad by 
equilibrium dialysis. No significant change in the spec- 
trum of the tnxymc protein was observed in the prmcncc 
of t@actosc, thus this technique could not be used for 
determining the binding constant for this sugar. 

The foregoing studies all confirm our original sugges- 

tion [6.7] that V. ji a-galactosidasc I-k&n posse~scs 
separate carbohydrate binding sites associated with ata- 
lytic and kctin activities and, further, &minatcs the 
possibility that the k&t nature of a-gahctosidasc I is due 
to contamination with non cnxymic favin. 

Endo-H digestion of agolocfosidase I 

In view of the glycoprotcin nature of the V. jab0 
a-galactosidasc the effect of modifying the glycan chains 
of the enzyme on its rrtivity and molecular size was 
investigated. After incubation of a-galactosidasc 1 with 
endoH (cndo-j%~autylglucosamini), the mixture 
was fractionated by Sephacryl WOO gel filtration. Two 
enxymically active peaks (I ad 2; Fig 7b) were obtained: 
(I) p4xus.d an clution volume corresponding to the 
native enzyme (M, 16OCKM) (Fig. 78) and (2) a higher 
clution volume corresponding to M, 8oCUlO. On analysing 
the clutal fractions for carbohydrate with 

anthrone- HsSQ reagent. a peak with an elution volume 
of 44Oml (i.e. beyond the inclusion range of the gel- 
filtration column) was obscrvad and peaks (I) and (2) also 
contained carbohydrate. Furthermore., the enxymically 
active peaks were absorbed on Con A-Scpharose columns 
and could be dcsorbai with methyl a-Dmannosidc 
solutions. This is a further indication that (I) and (2) still 
contained some residual carbohydrate after the endo-H 
treatment. 

From the known spcci!Gty of endoH, it would, 
therefore, appear that a-galectosidasc I is a’mannosc-rich 
glycoprotein with glycan chains linked to the protein 
moiety via asparagine residues. This confirms the FAB 
MS study (unpublished). The formation of peak (2) 
(Fig 7b) suggests that endo-H caused a dissociation of the 
tetrameric cnxyme to an active dimeric form_ This leads us 
to propose that the glycan chains are in some way involved 
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in the formation/stabilkation of the tetramer, perhaps via 
glpn-lectin linkages. However, treatment of enzyme I 
with 0.1 M atethyl a-~mannoside does not produce lower 
molecular weight forms, This is not entirely uncxpcctal in 
the view of tbc l@h deBrcc of binding (K, 
- I@-10 M- ‘) shown by some kctins for their natural 
raxptors [32] and in addition other binding forax are. no 
doubt, involved in the quaternary structure. 

tXPeRIMENrAL 

Broad beans (Virb@17) and mung beans (V@sa rmfhro) were 
pumhamd loany. General laboratory cbaoiak of analyIial 
g&e were obtained from B.D.H. (Poole. U.K.) and Sigma 
(KingsIon-upon-m U.K.) sephdex. sCph=yl 
Conanavalin A-Sepharose were from Pbamuaa (London, 
U.K.), CMccllulose from Whatrmn (MaidsIonc, U.K.) and 
melibiom-Scpharose from Pieros Chars&l Company (Rockford. 
USA). End+N-uayl@oaanu ‘nida.u H (endo_H) was from 
S&a&u Fine Bic&mkak (Tokyo. Japan) and SOmeIhyl-N- 
hcxanoylgluamam&+hou was a gift from Dr. A. K. Alkn 
(Cbaring Cross Hospital London. U.K.) 

a-GdfscIosidar4 Lx&u&a & assay. a-GalacIosidase I from 
V.jdw,wupuriecdwrordingIoapwiourprocadurr[7]exapI 
that Abe step involving a-methyl mannosi&Agarose column was 
cmirral and Scpbaayl WOOgel-tlhration was inuxporated after 
IheSepMexG-l00sIep.~enrymaI~IIfrommungbans 
were puritkd aaording IO earlier meIhod.s [8. 131. 

Enzyme rciviry was assayed by following Ilk initial raIe of 
hydrolysis of pnirrophenyl a-c+phctoude using Mcllvaim 
but&r [U] wrcording 10 ref. [2l].TbeacIiviIy isexpressed eirber 
as &s or Kaub (hat). Pro& was estimated by the me&xl of 
ref. [W] usingl cryualline bovine serum albumin as sIandard. 

Fodr, iw&akm onl kccrln assay. Favin from brcut bans was 
pificd aaxxdinp IO a published method [35] and haem- 
agglutination assayed using a l.5?. suspension of rabbn blood 
alls in phosphrc buffered saline. pH 7.2 [Ml. 

Gel-#raion o/ v-glu~rreaIcd a-gnlacrosidare I. Vi& jab9 
a-gakctosidase I (395 nkar; 2 ml) was dialysed against K Pi buffer. 
pH 7.2comainingO.5 M ~glucosc for 22 hr at 4‘and l pPbed IOI 
lxWalibraIal SephacIyl WOO column (2.5 cm x 90 cm) The 
dialysis but% was used for equilibration and duIion. The 
framions (3.0 ml) obminod were dialyscd sgainsI three changes of 
KPi Mer, pH 7.2 for 22 hr and assayed for catalytic and kcIin 
&ZIiviIiU. 

Polyoctyhdde gel t&cwophowsis. Sodium dodecyl sulpha~e- 
polyaerytamide slab gel eloxrophoresis was camal OUI wrord- 
ingIoIbem&odofref.[37].A50~undringgelwasusalandIhe 
scpararing gel was a l@.l5P; g&knI. Gels were stained for 
protein wirh 0.2 % Coomassk brillianr blue (R 250) in SOD,;, TCA 
forl5-~OaI60”.DarainingwraraIrootaIemp.usingasdn 

‘cornaining 7.5 ‘4 HOAc and 12.5 “2 iso-PrOH. 
Treamm of r&if eryrkoccyres wilh a_golarosLiases. 

a-<kkctoaidasu I and II from V. radioto were added 10 
erythrocytc surpcnrions (1.5% in pborpha~e butTa saline. pH 
7.2; - 2130 nk~r/ml suspension) and ineubatai for 2 hr at room 
Iemp. Tbuc cxperimmIs were rcpatod also in Ihe pesmcc of D 
ga&~ose (3 mM). The eryIhruzyIa were finally washed x 3 wIIh 
rhe butkr and used IO I~SI for l ggluIinaIion with enzyme I of 
V./&J ad cnzyabc I of V. rmfiora. 

HCUI inacrivolim ad &cr oj wwaosadwides. Vicia job0 
a-*osidrse I (0.4 mg/ml) sampks were dialysal seprrIely 
agains 0. I M KR b&r. pH 7.2 and McIlnine b&z. pH 5.5 for 
k&I and enzyme assays, rapectively. The dialysal samples were 
incubaIed separa~cly at 75” for various time inrervals with 

0.1 M mgalaeIoseor without mob then immalu~ely 
cooled in an ice-baIh and dialyxd against the appropriate buffer. 
TM catalytic and kctm a&&es of all samples were then 
measured. 

The etfaxr of monosaa%s rules on the cnrym~c acIiviIy under 
assay condinons were deIerminal as described earlier [u1]. To 
ck~ermine the 50.4 inhibiIion of Memagglurination by various 
sum Ihc merhod of ref. [39] was used. 

Me&ion tnrm~uion aui dcmrIalliraIias. The meIal-ion con- 
tents of nanve and demc~allizod enzyme sampks were denxmlned 
by atomic rbsorprion +xIroscopy. using a Unicarn SP 90A. 

kks 2 specIromeIer. TM puritiod enzyme (1.5 m&ml) usedfor 
metal analysis was thoroughly dialymd against deionized H1O. 

Dewrrllinrion of enzyme samples (1.5 me/ml) was carried 
OUI by sequential dialysis l gainsr deionized HsO. 0.1 M EDTA. 
deionizedHs0.I MHOAcandf~nallyagains~H,O.Tbesampks 
were then examined for aulytr and kctin rtivilks. 

Equllibriwn dmlysis. Tkx experiments were Performed using 
a Dianorm (Dkcbema AG. Zurich) cquikium dialyser f&a-l 
wiIh250~diol~sallrfhcdhlytirmcmbruKsomefirs1 boilul 
in I ?,. HasCO, and washed exhaurtinly with dirt&d Ha0 
before use KPi butTa (0.1 M). pH 7.2 was used. 

A consIan amounI of [ “C]-bnunnose (I .3 $Zi) and varying 
amounts of unkbelkd ~tuanmxe (O-0.12 m& and enzyme 
(0.13 mg) were pkad in opposirc comprtosmts of the dialysis 
cells, the prorein being separated from the sugar soln by the 
d~ysirman~.+hcIoulvol.~mdcupIo200CJin~ 
compar~meru. The cells were routed for 24 hr at 25” IO csIablish 
equilibrium. Sampks (1004) were then wit&awn from C&I 
cornpu~men~ and plead In scinIilkIion vials NCS tissue 
solubilizer (500 4) was &led 10 each vial and incubamd for 2 hr 
a~ W.Glacial HOAc(2Ojd)and Ioluene-PPD(IOml;5gPPO/l. 
Ioluene) were added afIer cooling Ibe vials 10 room Ianp. and the 
mdioacIiviIy dclermincd in a Wman L!l 7300 liquid 
s&nIillaIion counra. In determining rhc conantrarion of 

norrchvide in Ihe all coaqmrtmenIr Ihe chnging s+&tk 
ZLztitiIy wu taken into YEount (e.g. ref. [40]1 

In the study of the number of caulytic si1e-s. the same 
ptoadure wm followed. exapt rhr McIhxinc buffer. pH 5.5, 
was used and bmannose was rep&ed by ~gal~Iose ([“Cl-B 
gatsctose (l.3jG) and unlabdkd rzgaLIose (0.0.12 mg)) 

SpKrrophoromrIrir analyti. The rmhcd for deIermrnmg the 
association consIan for bindmg Bnunnae IO enzyme I was 
essentially rbe same as described in ref. [29]. The dItTerence 
~n9memeuwcdusingaP~in-Elwr5SOSspactrophoto- 
meter. an ins1 rumen1capbleofreading.abacrbance100.001 unir. 

AhquoIs of enzyme soluIion (2 ml; 0.4 me/ml) were dialysed 
against 0.1 M KR buffer, pH 7.2. conmining 0.1 M NaQ and 
added IO sample and reference cells (quvtz cuvc~~cs, I cm light 
path) The basehne was recordad into rhe u~rumen~ measuring 
unir IO be subtraaal au~oma~axlly from rbe subsequent spectra 
(30&250 nm) WMannose soln (I M. 5 4) was Ihen added IO the 
sunpk CUVCIIC while the corresponding reference CWCIIC re- 
ceived the same volume of buffer. The difference sp~trum was 
then reoorded (2825-279 nm) The amounr of ~mannosc soln 
used did no1 absorb between these wavekng~hs 

Digestron with mdej?-N+xerylqlud~ H. Endo+N- 
r*yl&msmminidasc H (IO mrlliuniu) was added IO V. jaba 
a-galclosidase I (I 36 pg in I ml of McIlvaine but%, pH 5.5) A 
mixture (5 jd) was mcubaIed a1 37’ for I5 hr and then l pplkd IO a 
sephcryl S200 column (2.5 x 90 cm) The fracIIonr (3 ml) were 
eluIal with the incubation buffer and assyod for a-gahctosiduc 
xtitity. Cubohydtate atimstions wm arried OUI by the 
anthrone method [4l]. According IO the mmufacIurer*s insuuc- 
Iion rhect for endo-H diguIion no decagen~ was requiral in the 
incuhion medium (xc aho ref. [42] ) This was sunable for our 
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pupsa as WC wished IO avoid ei&cts of detergent on I- 
g&ctos&u rtinty. 
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