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Abstract-The purification of a-galactosidasc 11’ from mature Vicia/abo Jeads is reported. The enzyme (M, 45 730 
f 3070) did not appear to be contaminatal with the classical Latin Gavin: but possessed ~glucosc/~mannosc-sp&6c 
kctin activity. Four Dmannose residucs/mok enzyme bind with a K, of 2.18 x IO’ M-’ and this binding is not 
inhibited by D-galactosc. T~KSC observations, together with heat inactivation and pH studies, suggest that II’ has 
different loci asscciarcd with its cnzymic and kctin properties. 

l!UlRODlXl-lON 

Three forms of a-galactosidascs (a-DgaLtosidc m- 
tohydrolau: EC 3.2 1.22), I, II’ and II’ with apparent M,s 
(sedimentation equilibrium method) of 160400 f 2850, 
45 730 f 3073 and 43 390 f 1409. rapoctivcly have bctn 
shown to occur in the extracts of resting Viciu/i seeds 
[ 1,2]. purified sampks of the thra forms contain carbo- 
hydrate [I] which is presumed to be covakntly linked to 
enzyme protein as all forms bind to ConA-Scpharosc and 
can be subsequently elured with aqueous methyl U-D 
mannosidc [2]. Furthermore, in the case of a- 
galactosidasc I, a recent FAR-MS study (unpublished) 
indicates that this enzyme is a ‘high-mannose’ glycop 
rotein. Immunological cvidcncc suggests that the three a- 
galactosidascs arc s~r~turally similar, although I ad II’ 
arc more closely related than II’ with either of these IWO 
fotms. SDSPAGE indicates that enzyme I is a tertramcr 
of II’ [33. 

Dctaikd studies withc a-galactosidasc I from V. /i 
have shown that this form of the cnzya~ displays 
~glucosc/~mannosc specific kctin activity. Prchminary 
studies indicate that the monomeric forms II’ and II’ 
have a similar kctin spccitkity. This paper describes 
further characterization of ~galactosidasc II’. 

REFL’LTS ASD DEXXSSION 

Purification 

aGaliWtosid.asc II’ was purified up IO the CMccllulosc 
chromatography stage according to a multi-step pro- 
cedure described earlier [3]. This yields a fraction with 
coincident lcctin and enzyme activities (cf. [3]). An outline 
of the purification scheme is shown in Fig 1. The use of a 
Con ASepharosc column was avoida! in order IO prevent 
contamination of the enzyme with k&n from the column 
matrix. However, an immobilized melibiosc tinily 
column was used as the final step in ~hc puritication which 
increased the spccitk activity of the tnzyw from 122 to 
165 nkat/mg. The kctin specitic activity of the prcpar- 
ation was 44WHU/mg. Gn SDSPAGE, the enzyme 
preparation showed one major protein band [cf. 21 and 

Seed powder 

Extraction with Mcllvame buffer, pH 5.5 
(1.5 ml buffer/g powder) 

I 
Citric acid precipitation of inactive 

proteins (pH 3.0) 

(NH,)zSO. precipitation (2%5%) 

Sephadex G-l 00 gel filtration 

1 
Sephacryl S-200 gel filtration 

CM-Cellulose chromatography 

Immobllired meliblose affinity chromatography 

F@ I. Purifiation procedure for a-galmztosiduc II’ from V. 

@a. 

there was no cvidcncc of contamination by the cndogcn- 
ous classical kctin, favin [4,5]. This kctin is Dglucosc/~ 
mannose spccifk and if present in a preparation would be 
clutcd unretarded through the mclibiose al%nity column. 
Moreover, the specific lcctin activity of favin reported in 
the literature [4] is 2800 HU/mg, thus the high spcci6c 
activity of our preparation cannot be due to a small 
contamination with favin. The puritkation protocol as 
shown in Fig. 1 was successfully used earlier [3] for the 
removal of favin. 

On chromatofocusing the purified enzyme, one major 
irtivity peak @I 8.4) was observed; however, four minor 
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Fii 2 Chrorustofocusing of a-galvztosidasc II’ from V. J&a. Dctkb uc given in the Exptximcnt8l rcction. 

peaks were also present (Fig 2). It is difbcult to ascertain 
whether the minor peaks are due to post-translational 
changes in the protein moiety resulting during the enzyme 
purification process or are an indication of multiple 
glycoprotcin forms with different carbohydrate com- 
positions. Compkx isoekctric focusing patterns of crys- 
talline Con A have been reported [6]. 

Table 1. InhiMioo of la& activity of Vi& job0 a- 
gakctaidasc II’ by arbobydrata 

fnhibition by carbohydrarer 

The carbohydrate spscificty of the aIBnity-purified 
enzyme-kctin was studied by hapten inhibition of 
haemagglutination [7]. The results presented in Table 1 
ckarly indiatc that Dmannose and to a lesser extent 
~glucose, together with their low M, derivatives, are 
signilicantly more effective inhibitors of haemaggluti- 
nation than ~galanose and its derivatives Methyl U-D 
mannoside is the most potent inhibitor, and of the two 
anonurs of methyl ~glucosidc, the x-form is approxi- 
mately six times more effective than the j&form. suggest- 
ing a-specihcity. as has previously been observed with 
several ~mannose-spccihc kctins [4. g]. a-Specificity is 
also evident from the hapten inhibition studies with 
glycogen, starch and yeast mannan when compared with 
gaLtotnannans. In the latter case the observed inhibition 
was presumably due to /l-linked Dmannosyl residues of 
the polymer backbone’. The interaction of the enzyme 
with solutions ofyeast mannan. glycogcn or solubk starch 
resulted in the formation of an insoluble complex. 

carbL%ydrata 

Methyl a-rzuunnu&k 
t&MMnosc 
d3huYu 
MM4ctbyl t+aXc 
N-Acctylglusosa&~ 
Methyl a-r@kos& 
Methyl j3+giuanidc 
tAr8binose 
t%xyklu 
DG8hctorc 
Methyl a-cqalmctokk 
Melibicsc 

MY= 
.stAKh (solubk) 

Glycopm 
Yeast mMnul 
Guar gnlctomwun 
clover gabctoIMnnul 

Minimum conantratial (mM) 
causing 50% inhibition of 
six haauqgktinin units* 

200 
4.68 
It.36 
8.36 
8.36 

16.72 
100 
125 
loo 

loo0 
loo0 

6250 
6250 
6250 
0.02 mg/ml 
0.02 mp/ml 
0.03 mg /ml 
0.05 mp /ml 
0.06 lqjml 

*See Experimental seAon for details. 

Thus the kctin specifkity of V.j&s a-gPIPctosidas.c II’ 
is dissimilar to the ‘so-calkd’ a-~osidasc+ 
haemagglutinins from V&us radiuta [ 121 and Glyciru 
max [ 131 which are reported to be ~gakctosc-spa+& 
and also display ‘clot dissolution’. It has recently been 
suggested [ 141 that ‘clot dissolving’ enzymes should not 
be classiIlal as kctirq their haemagglutinating properties 

glucose were relatively poor noncompetitive inhibitors are believed to bedue to the formation ofshort-lived stabk 

With yeast mannan a reciprocal relationship was ob- 
served between turbidity and enzymic activity in the 
supematant; this could be fully accounted for by changes 
in the amounts of the enzyme bound to mannan: a bell 
shaped curve was obtained with increasing concentrations 
of the polysaccharide (Fig. 3). Such characteristic be- 
haviour is typical of kctin-polyseccharide interactions 
191. As expected from the haptcn inhibition studies 
(Table 1) the formation of turbidity with mannan was 
prevented by including Dmannose (0.1 M) in the incub- 
ation mixture (saalso ref. [IO]). Both Dmannoseand D 

(co 55 % inhibition at 500 mM concentrations) of the 
catalytic activity of II’. 
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Fig. 3. Interaction of V.jobo a-&ctosiduc II’ with yast a- F@ 5. Protection of catalytic and la%n Aviticr of V. ju& a- 

mannan. The a5nity purifkd enzyme (0.1 tng/ml) was dialyscd gahctosidarc II’ II 75” by m C-C. titatytic 

agamst 0.1 M ICC~AIC buffer @H 6.1) and mOlJ sampks wcrc a&icy in the preuna of Dqkctm (0.1 hQ e - --0, 

added to various concentrations of yast asuman solutknts atalytic activity in tbc l bsena of rzgrkctosc or, in the prcuna 

(2@3 CJ) in the same buffer. After incubation II 25” for 10 min. the ofr~~~nwe (0.1 Mk2--I, kxztin activity in the pracna of 

turbidity of each mlxturr was measured at 42Onm This was ~muxncuc(Q1 MkA - - -&bainactivityintheabscnaof~ 

followed by centrifugation and meuureaxnt oferuymk activity nmnnc8cor,intheprescnaofr@actore(0.lM)Detaib~ 

in the supematant. givalinIheEx@mcntalsecuon. 

complexes bctwccn the catalytic sites of the tetramcrk 
enzymes with the a-Dga&tosy) moieties of the eryth- 
rocytc all-surfaces. Subsequent catalytic hydrolysis de- 
stroys these complexes. In contrast to enzyme II’, the low 
M, (monomeric forms) of V. rodiuro and G. ma* a- 
gakctosidascs do not display hactnagglutinating 
property [l3, IS]. 

E&t o/ f emperor we 

Heat inactivation of the kctin and catalytic activities of 
a-gakctosidase II’ is shown in Fig 4. At 65” the kctin 
activity is more stabk than the catalytic function. 
However, at 75” both activities decay very rapidly at a 
similar rate (Fig. 5). On the other hand, the two activities 
respond differently at 75” in the presence of ~mannosc 
and Dgakctosc (Fig 5): ~galactose protects the catalytic 
function but not the &tin activity, whereas Dmannosc 
has the opposite effect. Thus it seems that different loci are 
responsible for the two activities of the protein. Here it is 
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F&4. Stability of catalytic and ktin uxivitks OT V. /. a- 
gakztcsidaac II’ at 6Y. C-O, CItalytic e, L---c\, 

kclin sctivity Details arc given in the Experimmtal taaiait. 

interesting to note that the activity of the ‘ckssical’ D 
glucosc/~mannosc-specific kin from L.en.s culinuris is 
protected at 72” by rzglucosc (0.1 M) but not by D 
galactosc. However, tither of the monosaccharides could 
afford protection at 75”. 

Of her properr ies 
The pH pro&s of the catalytic and lcctin crtivitia of 

theenzyme (Fig. 6)show distinct optimaat pH 5.7and 7.0, 
rcspectivdy. An additional optimum for the catalytic 
activity (67 % of that at pH 5.7 was also observai) at pH 
3.5, whereas no other optimum for lcctin activity was seen 
in the acidic pH range. These results further indicate tk 
involvement of different sites on the protein for the two 
activities, The number of kctin sites was determined by 
the equilibrium dialysis &hod using [ ‘*C]-c+mannosc 
Fgys$g folding to the mcth,“,;~catcharcIl’d 

D-mannose (K 
x tld M - ’ ) were found to bind per molccu~ of the 

enzyme. The binding of [ ‘*Cl-~mannosc was also 
studied in the presence of varying amounts of unlabcllcd 
~galactosc and the Scntchard plot in this case was 

Fig 6. ElTcctofpH (0.1 M KPibuffcr)ontttcatalyticand kain 
activities of v. job0 a-galactosidasc II’. 
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F& 7. Satchard plot for the binding of ~mannoe to V./&a- 
@ctor~II’.B.Numbcrof~mutnoscmokcuka txxmd per 
mokcuk of protein; u. lxnccntntion of free sugar. De&k arc 

given in the Experimental s&on. 

identical to that shown in Fig 7. ‘I’kus, rzgaktosc did not 
alter either thclfanity of the enzyme for ~mnnoac or the 
number of mokzuks of this hcxose bound to the enzyme. 
The k.ctin activity of enzyme II’ is therefore unlikely to be 
due to the presence of frvin. which has only two D 
mannose binding sitcs/mokcuk [S], unless there was 
kavy contamination which was not indicatal by the SDS 
PAGE study. 

cX?xRlMENTAL 

Enzyme assay. a-G&cto&ia~ was awayad at 30” by fdlowing 
the initial nte of hydrolysis of pnitrophcnyl a-D+zto6idc 
(PNPG) in McItvainc b&x [17-J, pH 5.5 as dcacribed arbcr 
[Il. 18). Inhibition olcatalytic nztivity by moM#IcdycidQ was 
marured by pnincuhting the auymc/tiydnte tnixturx at 
3W for IOmin prior to atuyinp activity. Protein was rsrrycd, 
after pptn with 10% TCA, by the method cfrcf. [ 193 tuinp BSA 
asd. 

Haenq&rkor~ (HA) puoy. The method ot ref. [20] was 
urad. A & dilution of kctin was ma& into KPi-bulTc.nxl 
~pH7.2mdktinroln(100Irl)wrrddadto~l.5%nbbit 

Wtb=y-te sm (2oOjIl~-nuatiltlucsintubuwcrehckl 
at room temp. for 2 hr and the extent of a&tination was 
visualtyassaycdonasakc&Oto + + + +.OneHAunit(HU) 
uthcuaountoTkainraquiredtoarrrchrSI-muirml(++) 
agglutination. To determitu the 500% inhibition values for 
various arbohydratu, the method of ref. [7j was used. 

E&t ojcemperatv~. Purdkd m sampks (0.23 rq/ml; 
sp. act, 165 nkat/mg) in 0.1 hi KPi buffer, pH 7 or in Mcllvaine 
b&s. pH 5.5 were incubtad citbcr at 65” o( 7J” both in the 
&ClUXudprCUnLX of ~amnnoac or c+g&ztocc. At e 
tim intcmb aliquors were withdrawn into mbd test tubes 
ud then dialyscd for 8 hr against appropriate buffers prior to 
Lsctin or mrymic rcrry. 

Enzj~ pur#catk~. +be mzhatx for purieatien is shown in 
Fi&IUldlhCCXpainwotAldCQiboCtbCwiou stcpr, accpt 
alEnity chromrtognphy. have been described [2]. For the 

mmmb&ai melibioe (pierce, U.K.) tinity chromatography a 
5 ml plutic swgc (without the piston) fitted with a porous dir 
urgclrupponwu~uaoolumn.The~adcdumnwu 

cquilibmai with McUvainc bulTer, pH 5.5, tbc enzyme nmpk 
anr~liedudrbe~~wrrhod(l~rnml/br)withthcrrmc 
bulTer until the A,,, wasniLThcboundcnqmcwasclu!edwith 
50mM PNPG soln m the equilibrating bulTcr and fMions 
(2ttll)cYW.ctcduntil1ootnlsolnhMJpanaithrou&Jt&cdumn. 
AC&C f-ions which were daaxal by their yellow colouration. 
were dialysaJ and awayed for Ia& and cnzymic activities. 

ckorrptojixu&lg. -Tbc ttbullJfrtur& (phrmwir) instruc- 
tions for p&in8 and running the cohtmn were foUowal_ Tbc 
p&al column (1 x I5 cm) was equilibrated with 0.02 M 
ahanohmintH0Ac buffer, pH 9.4. Potybuffcr 96 (5 td, pH 6) 
wrr~~~tbecdumnpriorto~tion~thcltenity 
puriBal m sampk. The cdumn was then &ted with 
PdybulTer 96 (250 ml) 81 a Bow nte of 30-40 ml/lu and 2 ml 
fractions were Wad. Each frxtian was monitorul for pH. 
A2.o and enzymic rcivity. 

Ekcrro&wsis. SDSPAGE of a-pbctoeidase II’ was& 
out ls dauii arikr [2]. 

Eqdllkfu, &dM @ApaimtntS Yen CUl’kf Out USill 

Dimncmn oqttilibhun dialysa (D&beam AG. 26rich)httal with 
2504 dialysis a&s. !Wls coatainitq a canWAnt amount of 
[“Cl-~ttmnnosc (I.3Ki; 2W~3OOmCi/mmd) to which had 
bamb&kdvuyiq amounts of unlabcW brmnnort 
((M.12olg) were plmccd in the ail coatputo%ntr on the 
opporite ribc of c& coatpurtnatt. squatal by dhl+ m- 
brUK.wuphoadcnzymcsoln(Q31 ~protcin).lltctotAlvoLof 
c&~t~m&upto2OO~usinpO.1 MKFibulTcr. 
pH7.Tbc~ttmntmuconatintbcannputmcnuwucakulataJ 
frcmn the sp&tk r&mctivity. Tbac Dtnannou binding upcr- 
iaxntswcreaborcpatalintbeprcunce ofvuyin~anwunts 
((M.l2mp)ofunhbdbd~~oscIn~arat&dhl~all, 
were rotated for 24 hr at 25” to establish equilibrium slmpks 
(100& were then drawn from acb ~putmtnt, mixai with 
NCS tissue solubilizcr (500 CJ) in scintillation vials atxl incubated 
for 2 hr at 60”. After coding HOAc (20 CJ) and tolucntPP0 
(IOml;58PPO/Ltduaw)wuddodtOaEtrvnl~rrdiorc- 

tivity ttxuursd in a Bazkaun LS7500 rintilktion counter. 

,&luovbrlgarwnc-SN. is grateful to the British Council for 
Bnurirl SUpQort. 
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