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ABSTRACT

Two molecular forms I and I I  (separable by gel f i l t r a t i o n )  from mature 

V ic ia faba seeds have been studied. The e x t ra c ta b i l i ty  of the enzymes 

and the in v i t ro  conversion of the low MW form, I I ,  to the larger 

oligomer, I has been examined over a range of sa lt  concentrations. 

Specific and to ta l a c t iv i t ie s  of the preparations were high when 

strong sa lt  solutions were used fo r extraction. I t  would appear that 

a-galactosidase I ,  in comparison with I I ,  is best extracted from the 

seeds i f  solutions of high ion ic strength are used.

The effects  of these sa lt  solutions on the re la t ive  levels of the two 

forms have been investigated by gel f i l t r a t i o n .  In terpreta tion of the 

gel e lu tion p ro f i le s  obtained is ,  however, complicated by the in v i t ro  

conversion of form I I  to form I ,  which is favoured by high sa lt 

concentrations and some routine procedures in the pu r if ica t io n  of 

ct-galactosidases, such as ammonium sulphate frac tiona tion .

The re lationships between the multip le forms have been studied, 

a-galactosidase I I  can be resolved into enzymes 11  ̂ and 11^ by CM- 

cellulose chromatography, a-Galactosidases I ,  11  ̂ and 11^ have been 

highly pu r if ied . Form I (MW 160,000) is a tetramer of enzyme 11^ as 

shown by SDS-PAGE. Immunological studies on the three forms have been 

carried out and the evidence suggests that they are s tru c tu ra l ly  

re la ted, although forms I and 11^ are more c losely related than forms 

I and I I I .



On hydrolysis, monosaccharides are released from the three purif ied  

enzymes, suggesting they are glycoproteins. The three 

a-galactosidases also agglutinate red blood ce lls  ind icating that they 

possess le c t in  a c t iv i ty .
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Form I ,  I I ,  I I I  and 11  ̂ a-galactosidase I ,  I I ,  I I I  j jZ

Enzyme I ,  I I ,  I I I  and 11^ a-galactosidase I ,  I I ,  I I I  and 11^



VI

LIST OF TABLES

Table 1 Hydrolysis of galactomannan by a-galactosidases

Table 2 Location of mult ip le  forms (A, B, C) of a-galactosidase in

lucerne, guar, soybean and carob seeds 

Table 3 Extraction of a-galactosidase from mature Vicia faba seeds

using various conditions 

Table 4 The e ffec t of increasing ion ic strength and detergent on

a-galactosidase a c t iv i ty  extracted with water 

Table 5 P u r if ica t ion  of V. faba a-galactosidases

Table 6 Comparison of the specific  a c t iv i t ie s  of some purif ied

a-galactosidases

Table 7 Carbohydrate content of a-galactosidases I ,  11  ̂ and 11^

Table 8 Amino acid composition of a-galactosidases I ,  11  ̂ and 11^

Table 9 E ffect of applying varying amounts of isolated I ĵ|  ̂ and
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INTRODUCTION



a -D-Galactosidases : Nature and Properties

1.1 General

Glycosidases, the enzymes that catalyse the hydrolysis of the 

glycosid ic bonds of simple glycosides, o ligo - and poly

saccharides, have attracted the continuous attention of 

b io log is ts  fo r  about 150 years. The occurrence o f these enzymes

has been reported in animals micro-organisms (^"^^)and

plants (13-23)^

Recently, there has been a considerable increase in the in te rest 

in these enzymes because o f th e ir  usefulness as tools fo r  

studying the structures of o ligo - and poly- saccharides and 

glycoproteins (24),

The study described in th is  thesis is concerned with the 

preparation of three highly pu rif ied  forms of a-galactosidase (EC 

3.2.1.22) from Vicia faba seeds and an investigation of th e ir  

s tructura l re la tionsh ips, glycoprotein compositions and le c t in  

a c t iv i t ie s .



1.2 Occurrence

The wide d is tr ib u t io n  of a-galactosidase a c t iv i ty  is i l lu s tra te d  

in the review by Dey and Pridham (25)^ only in a few cases have 

attempts been made to pu r ify  the enzyme. Harpaz et al (26) have 

obtained a homogeneous preparation from soybeans and multistage 

pu r if ica t ions  of the enzyme from sweet almonds (27), germinating 

kidney beans (15), dormant broad beans (28), common vetch seeds 

(2^) and coffee beans (30) have been carried out. Of a number 

of micro-organisms which produce a-galactosidase, M o rt ie rre l la  

vinacea has been found to be an excellent source fo r the large 

scale production of the enzyme (81) and Suzuki et al (82) were 

able to obtain the f i r s t  c rys ta l l in e  preparation of 

a-galactosidase from th is  fungus.

Galactosidases can generally be obtained in soluble form by 

tissue homogenisation with aqueous buffers. However, in spinach 

leaves, the enzyme has been detected in chloroplast, 

mitochondrial and microsomal frac tions (83).

1.3 Reaction

a-Galactosidases are generally known to hydrolyse the 

a-D-galactosidic linkages of substrates possessing non-reducing 

terminal galactose residues. They catalyse the fo llow ing 

reversible reaction:-



CHoOH CHgOH

-O H  ;=± (  rtu, A +  R -O H

a-D-Galactopyranosi de D-Galactose

With most enzymes, R may represent a lky l,  a ry l,  monoglycosyl or 

polyglycosyl residues.

1.4 Multimolecular forms of a-galactosidase

The occurrence of isoenzymes in plant and animal ce lls  is 

widespread. Since the f i r s t  in ternational conference on multip le 

molecular forms of enzymes in 1961 (84)^ an ever increasing 

number of enzymes have been reported to ex is t in more than one 

molecular form. The term 'isoenzyme', f i r s t  introduced by 

Markert and Mol 1er (85) has been used in several senses by 

various workers. The word has been and to some extent is s t i l l  

being used to describe any category of enzyme heterogeneity, 

without any implication as to the o r ig in  of the diverse forms or 

the nature of the molecular differences between them. Current 

recommendations however, are that only those d if fe re n t molecules 

which exh ib it  a pa rt icu la r type of ca ta ly t ic  a c t iv i ty  but have 

d is t in c t  genetic orig ins should be classed as isoenzymes.
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Multip le forms of a given enzyme are s t i l l  frequently referred to 

as isoenzymes, even though the information to ju s t i f y  th e ir  

inclusion w ith in  the recommended res tr ic ted  usage of th is  term 

may be lacking (86)^ /\t present, the molecular basis fo r  enzyme

m u lt ip l ic i t y  is known to be of several d if fe re n t kinds. In 

addition to genetic reasons, m ult ip le  forms may arise from other 

causes which are categorized below (84)

i ) Artefacts - caused by deamidization, binding of 

substrates, p ro teo ly t ic  action; fo r  example, yeast 

hexokinase and chicken aldolase.

i i )  Aggregates - m ult ip le  forms with d if fe re n t 

e lectrophoretic m ob il i t ies  produced by association

of monomer un its ; fo r example, serum choline esterase 

and B-galactosidase.

i i i )  Conformers - enzymes with the same amino acid sequences 

and molecular weights but d i f fe r in g  conformations which 

re su lt  in d if fe re n t electrophoretic m ob il i t ies ; 

examples are mitochondrial mal ate dehydrogenase and 

brain-type creatine kinase.

Although there has been much discussion about the p o s s ib i l i ty  

that multip le  forms of some enzymes are arte facts , very few of 

these have been c lea r ly  id e n t if ie d  (84). As separation methods 

have improved, increasing numbers of multip le  forms of enzymes



have been discovered. Whether many of these forms are present 

in vivo or arise during the p u r i f ica t io n  processes is not known, 

but the readiness of some isolated enzymic-forms to aggregate 

and/or dissociate suggests that in the natural state less 

heterogeneity prevails (87).

The occurrence of multimolecular forms of a-galactosidase was 

f i r s t  reported by Petek and Dong (88). Two forms were obtained 

from the seeds of coffee by frac tiona tion  on alumina columns.

The enzyme from coffee could not be resolved by Sephadex-gel 

f i l t r a t i o n  (89) which re l ie s  on molecular weight (MW) differences 

but three active forms were separable by polyacrylamide gel 

electrophoresis (PAGE) at pH 8.3 (40) ind icating d if fe re n t charge 

properties.

An a-galactosidase preparation obtained from Aspergillus niger 

could not be resolved in to multip le  forms by Sephadex G-200, 

Biogel 200, DEAE-Sephadex or DEAE-cellulose chromatography. 

However, on CM-cellulose columns, three active forms were 

obtained (41). a-Galactosidase from M. vinacea (82) gave a 

single band when examined by PAGE. However, e lu tion  of the 

enzyme from a DEAE-Sephadex column yielded three peaks of 

a c t iv i ty .  This la t te r  study i l lu s t ra te s  that i t  is not always 

possible to separate mult ip le  forms of an enzyme by the use of 

d i f fe re n t techniques which re ly  on s im ila r protein properties.

Wakabayashi (42) found that the a-galactosidase from bottom yeast



could be resolved into at least four active components by zone

electrophoresis. A single major form was reported to be present

in mouse l iv e r  as judged by the fa i lu re  to detect multip le

components on ion-exchange chromatography and electrophoresis

(48). However, Lusis and Paigen (43), have questioned whether

minor forms of the enzyme ex is t.  Human tissues in contrast to

mouse l iv e r  (43), contain two major forms of a-galactosidase, A

and ^  (44-46)^ which appear to be quite d is t in c t  as judged by

enzymological (47), immunochemical (48-50) genetic studies 

(51, 52).

Following the f i r s t  reports of multip le  forms of a-galactosidase 

in coffee (88), the m ajority  o f work on these higher plant 

enzymes has been focused on seed tissues p a r t ic u la r ly  in re la tion  

to th e ir  oligosaccharide contents and the u t i l iz a t io n  o f these 

(mainly the ra ffinose fam ily  of carbohydrates) during 

germination.

The plant a-galactosidases that have been studied in deta il 

include those from coffee (80» 38, 40)^ plantain (53), broad bean 

(28, 54, 55)^ and water melon (55). Many seeds have been found 

to contain two forms which are separable by gel f i l t r a t i o n .  The 

larger forms have MWs which are reported to range from 125,000 to

209,000 and the smaller forms from 23,000 to 57,000 (25, 39, 57). 

In the case of the legumes, seeds from twenty d if fe re n t species 

(20 genera) have been examined fo r  a-galactosidase a c t iv i ty  (57). 

A ll species contained one high MW form (commonly referred to as



I) and most species also possessed the second lower MW enzyme,

I I .  Add it iona lly , a-galactosidase I always represented a 

s ig n if ica n t frac t ion  of the to ta l enzyme a c t iv i ty .  In the above 

study with leguminous seeds, the MWs of enzyme I ranged from 120 

- 190,000 and of I I  from 30 - 42,000 as determined by Sephacryl 

S-200 gel f i l t r a t i o n .

There have been fewer studies with other plant genera but two 

forms of the enzyme which d i f fe r  in MW have been separated from 

the extracts of Cucumis sativus leaves (58)^ The two forms I 

and I I  were p a r t ia l ly  pu rif ied  using ammonium sulphate 

frac t iona tion , Sephadex-gel f i l t r a t i o n  and DEAE-Sephadex 

chromatography and th e ir  MWs as determined by gel f i l t r a t i o n ,  

were 50,000 and 25,000 respectively. The higher MW form 

comprised c^ 84% of the to ta l a-galactosidase a c t iv i ty  in crude 

extracts from the mature C. sativus leaves, a-Galactosidase 

a c t iv i ty  has also been studied in leaves of Cucurbita pepo (^9) 

and by the use of DEAE-cellulose chromatography, three forms of

the enzyme were detected and th e ir  d is tr ib u t io n  in the plant

studied (50)^ Gatt and Baker (83) y,bo looked at the enzyme in 

spinach leaves have found only one form of a-galactosidase in the 

leaves. Two forms of the enzyme were found in the case of 

Cocos nucifera kernal (51, 52)^ Cajanus indicus seeds (58, 54) 

and Lens esculenta seeds (55).

Dey and Pridham (14, 28, 55) have studied the m u lt ip le  forms of

a-galactosidase in Vicia faba seeds. They have shown that



extracts of dormant V. faba seeds contain two a-galactosidases 

d i f fe r in g  in MW. The two forms, I and I I ,  were pu rif ied  3,660 

and 337 fo ld , respective ly and both behaved as homogeneous 

protein preparations when examined by PAGE. The MWs estimated 

by Sephadex-gel f i l t r a t i o n  studies were 209,000 and 38,000 fo r I 

and I I ,  respectively. The k ine t ic  properties of the two forms 

were examined and i t  was shown that the spec if ic  a c t iv i ty  of I 

was higher (ten times) than that of I I  (56). Enzymes I and I I  

were la te r re-examined by ion-exchange chromatography (25, 67,

58). No fu r the r resolution of e ither enzyme was affected with 

DEAE cellu lose columns. However, when I I  was applied to a CM- 

cellu lose column which was then eluted stepwise with buffer of 

increasing pH, two active frac tions , 11^ and I l2  were obtained. 

The to ta l a c t iv i ty  of the peak fo r  11  ̂ was three times higher 

than that of the I l2  frac t ion . Enzyme I could not be resolved 

fu r the r by passage through a CM-cellulose column. The MW of 

both I I I  and I l2 ,  estimated by gel f i l t r a t i o n  was 38,000. MW 

determinations by sedimentation equilibrium techniques gave 

values fo r  enzymes I ,  I I I  and 11^ of 160,400 + 2850, 45,730 + 3073 

43,390 + 1409 respective ly (58, 69).

1-5 Interconversion of multiple forms of enzymes

The interconversion of m u lt ip le  forms of enzymes in v i t ro  is not 

uncommon. For example g-galactosidase from mouse l iv e r  has a 

subunit MW of 63,000 but the enzyme is apparently



a dimer at neutral pH and aggregates fu rthe r under acid ic 

conditions to form a tetramer with an apparent MW of 240,000 

(70). The B-galactosidase from Escherichia co li 

dissociates in to an inactive monomer in the presence of Ag'*' but 

when the monomer is treated with excess of t h io l ,  an enzymically 

active dimer is formed in addition to an active tetramer (71). 

Umezurike (72), working with B-glucosidase from 

Botr.yodiploidia theobromae demonstrated that storage of the 

pu rif ied  high MW enzyme (350,000 - 380,000) led to i ts  

dissociation in to low MW 'species' with MWs 170,000 - 180,000, 

83,000 - 87,000 and 45,000 - 47,000. The rate of the 

association-dissociation processes must be slow, making i t  

possible fo r  the d if fe re n t components in the system to be read ily

separable by gel f i l t r a t i o n  and gel electrophoresis.

When an a-galactosidase preparation from human tissues (eg. 

l iv e r ,  kidney) containing A and B forms was incubated with 

neuraminidase at pH 5.0, form A disappeared gradually while !B 

increased (45, 73). contrary to these suggestions, the two forms 

cannot be converted by neuraminidase (47, 74)^ Schram et al (50) 

working on a-galactosidase from human l iv e r  have shown that 

during storage, a-galactosidase Q is converted to a form with 

some k ine t ic  and physical-chemical properties s im ila r to those of a

-galactosidase A (see also re f .  75). This form remains

immunologically identica l to a-galactosidase B (contrast 

re f .  75).
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Regarding ot-galactosidase in plants, interconversion of m ult ip le  

forms A and B from coconut kernal has been reported (61, 62). 

Sephadex-gel f i l t r a t i o n  of a p a r t ia l ly  pu rif ied  preparation (P) 

of a-galactosidase in the presence of 0.1 M potassium chloride 

resolved the enzyme a c t iv i t y  into two frac t ions , A (the major 

component) and B ,  On repeating the gel f i l t r a t i o n  o f P in the 

absence of potassium chloride in the column bu ffe r, only a single 

peak of a c t iv i ty  corresponding to the lower MW enzyme, B ,  

appeared. I t ,  therefore, appears that the conversion of A to the 

lower MW form B is inh ib ited  by the presence of potassium 

chloride. Conversion of B to an a-galactosidase with the same 

apparent MW as A was also observed. This occurred when enzyme B 

was mixed with an inactive protein frac t ion  C and then eluted 

with Mcllvaine buffer containing 0.1 M potassium chloride on a 

Sephadex column. In the absence of C no conversion took place.

Mung bean possesses an a-galactosidase which can be revers ib ly  

converted by pH changes from a tetrameric form to a monomeric 

form (76)^ At pH 7.0 or above, the tetramer is dissociated in to 

the low MW monomer (40,000) and as the pH is lowered from 7 to 4, 

the monomers re-associate in to a form with MW 160,000. Since 

dissociation occurs at pH values near the isoe le c tr ic  pH, the 

major forces involved in aggregate formation may be 

e le c tro s ta t ic .  Therefore, the mung bean a-galactosidase appears 

to undergo a pH-dependent noncovalent association-dissociation 

reaction s im ila r to that reported fo r  soybean a-galactosidase (26)



n
Interconversion of forms I and I I  of V. faba a-galactosidases has 

been observed both in vivo (GG) and in v i t ro  (G8, 69)^ Soaking 

the resting bean seeds in water resulted in a 65% decrease in 

to ta l a-galactosidase a c t iv i ty  which could be roughly equated 

with a f a l l  in the amount of I .  A fter 60 h, no fu r the r marked 

a lte ra t ion  in a c t iv i ty  was observed (G6). Examination of the 

to ta l a-galactosidase a c t iv i t y  and enzyme patterns obtained by 

Sephadex-gel f i l t r a t i o n  of extracts of immature V. faba seeds 

showed that at early stages of development only a low level of 

enzyme I I  exists and the level increases with maturation. At 

la te r stages, there is a marked increase in spec if ic  a c t iv i t y  of 

the extract which can be related to the appearance of I and 

decrease of I I .  I t  was not claimed, however, that I is derived 

from I I  in vivo (G8)^

Storage at 4°C fo r  several days, of a p a r t ia l ly  pu rif ied  

preparation of fra c t ion  I I  (obtained from a batch of seeds which 

appeared to be mature but only possessed enzyme I I )  resulted in 

an increase in specific  a c t iv i ty  with a concomitant formation of 

the high MW enzyme I (G8, 69)^ i t  was claimed that the 

conversion did not occur i f  I I  had previously been passed through 

a molecular sieve (G7)^ Most of the work cited above was 

carried out using p a r t ia l ly  pu rif ied  preparations o f the enzyme, 

however, more recent work by Hustler (77) with crude bean 

extracts shows tha t differences in Sephadex-gel p ro f i le s  can 

arise from in v i t ro  reactions occurring during the pu r i f ica t io n  

process.
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1.6 Specificity

1.6.1 Simple glycosides and oligosaccharides

Glycosidases usually show a s p e c i f ic i ty  that is high with respect 

to the glycone moieties of the substrate and i t s  anomeric 

configurations, w h ils t large s tructura l varia tions are permitted 

in the aglycone (78)^ in general, changes in the configuration 

of hydrogen and hyroxyl groups on any single carbon atom of a 

glycoside substrate is s u f f ic ie n t  to reduce the rate or completely 

in h ib i t  the hydro ly tic  action of the corresponding glycosidase.

In the case of a-galactosidase, the substrate must resemble the 

structure of an a-D-galactopyranoside, p a r t ic u la r ly  with respect 

to r ing size and hyroxyl configuration on carbon atoms 1, 2, 3 

and 4, in order tha t s ig n if ica n t rates of hydrolysis may occur. 

Hence, the enzyme should hydrolyse a-D-fucopyranosides, 

3-L-arabinopyranosides and D-glycero-a-D-galactoheptopyranosides 

(Fig. 1) as well as a-D-galactopyranosides (79, 80). This does 

not always appear to be the case (81-85).

Wide l im its  of s p e c i f ic i ty  ex is t fo r  the aglycone moiety. Thus 

the a-galactosidase from Aerobacter aerogenes is capable of 

hydrolysing melibiose and methyl, e thy l, phenyl and 0-nitrophenyl « 

-D-galactopyranosides (86), S im ila r ly , a-galactosidases from 

Calvatia cyanthiformis. Prunus amyqdalus and Vicia faba are able 

to hydrolyse methyl, phenyl and na tura lly  occurring a-
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Fig. 1. a-D-Galactopyranoside and related glycosides
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galactosides including melibiose, ra ffinose and stachyose. (85, 

25). In general, aryl a-D-galactosides are better substrates 

than alkyl derivatives or disaccharides (^5, 80, 85, 87)^

The na tu ra lly  occurring and synthetic a-D-galactosides hydrolysed 

by various a-galactosidases are reviewed by Dey and Pridham (25). 

The ease of hydrolysis of non-reducing terminal a-galactosyl 

residues of oligosaccharides normally decreases with increasing 

chain length (29, 55, 82, 84, 85, 88)^ /\ f re e  reducing group in

an oligosaccharide is reported to reduce the rate of hydrolysis. 

For example, melibiose is hydrolysed less rap id ly  than ra ffinose 

by a-galactosidases from Cajanus indicus (54).

1.6.2 Polysaccharides

Several a-galactosidases hydrolyse a-D-galactosyl linkages in 

polysaccharides such as galactomannans (^5, 32, 89\ 

Galactomannans of leguminous seeds are composed of 2 - ( l - ^ 4 )  

linked D-mannopyranosyl residues. D-Galactopyranosyl groups are 

attached to these backbones by a -(1 -► 6)-linkages. The 

percentage of mannose residues thus substituted ranges from 20- 

100 depending on the source of the galactomannan. When the 

galactose to mannose ra t io  approaches 1.0 (as in the 

polysaccharide from a l fa l fa  or clover), i t  is not possible to 

remove a l l  the galactose in v i t ro  even a fte r  several successive 

additions of coffee bean a-galactosidase (^8)^ a-Galactosidase 

from germinated fenugreek seeds (9^) is capable of p a r t ia l ly
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hydrolysing galactomannan (Mann/Gal 1.2:1) obtained from the same 

source.

Agrawal and Bahl (^5) using an enzyme preparation from 

Phaseolus vulgaris obtained a 27 - 30% removal of to ta l galactose 

from locust bean (Mann/Gal 3.75:1) and guar (Mann/Gal 1.5:1) 

galactomannans. The a-galactosidases, I and I I  from 

Cajanus indicus (54) hydrolysed guar and locust bean gums and the 

hydrolysis rates appeared to be higher than those fo r  a - 

galactosidases from P. vulgaris and Vicia faba (58) as shown in 

Table 1. a-Galactosidase I I  from Vicia faba did not hydrolyse 

locust bean gum whereas enzyme I showed a 6% release of galactose 

a fte r 45 min. Variations in hyd ro lysab il i ty  according to the 

source o f the galactomannan substrate have been found. For 

example, the galactomannan from G led its ia  ferox (Mann /  Gal 

3.7:1) was reduced by coffee bean a  -galactosidase to a water 

soluble materia l, whereas galactomannans from white clover (Mann 

/  Gal 1 .6 :1), genista (Mann /  Gal 4.1:1) were only s l ig h t ly  

hydrolysed (89).

An a-galactosidase from Lens esculenta (55) however fa i le d  to 

l ibera te  galactose from guar (Mann /  Gal 1 .5 :1), locust (Mann /  

Gal 3.7:1) and tara (Mann /  Gal 2.9:1) gums irrespective of the 

varying Mann /  Gal ra t io s .  Similar results have been obtained 

with a pu rif ied  a -galactosidase preparation from germinating 

V ic ia sativa seeds (29).
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Table 1. Hydrolysis of galactomannan by a-galactosidases.

Source of enzyme Substrate Amount of 

enzyme 

mil 1iun its

Period of 

incubation 

h

Galactose

released

%

P. vulgaris guar gum 1160 24 27

seeds (15)

locust bean 

gum

1160 24 30

I*  I I *

C. indicus guar gum 20 2 10 11.3

seeds (64)

locust bean 

gum

20 2 9.1 12

V. faba 

seeds (68)

locust bean 

gum

3/4 6 0

* a-galactosidases I and I I .
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In conclusion i t  would appear that, the degree of hydrolysis of 

galactomannan is controlled not only by the Mann /  Gal ra t io  but 

also by the d is tr ib u t io n  pattern of the a-galactosyl residues on 

the galactomannan backbone.

1.7 Transgalactosylation

In addition to the hydrolysis of a-D-galactosides, 

a -galactosidases from various plant and microbial sources 

catalyse trans a -D-galactosylation reactions from aryl 

a -D-galactopyranosides and galactose-containing 

oligosaccharides to alcohols and mono- and o ligo - saccharide 

acceptor molecules (92 - 94)^

D-Galactosyl transferase a c t iv i ty  has been extensively studied 

especia lly  with respect to parameters such as galactosyl donor 

and acceptor s p e c if ic i ty ,  acceptor concentration, pH, temperature 

and source of enzyme (80, 87, 90, 91, 95)  ̂ The subject is also 

reviewed by Dey and Pridham (25).

In general, galactose is transferred p re fe ren t ia l ly  to the 

primary alcohol group of an oligosaccharide acceptor. When 

yeast a-galactosidase is incubated with melibiose 

( 0 - a-D-galactopyranosyl-(l — 6)-D-glucopyranose) fo r example, 

galactose is transferred from one molecule to another with the 

formation of manninotriose (0-a-D-galacopyranosyl-(l-► 6) -0-a-
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D-galactopyranosyl-(l -►6)-D- glucopyranose (96, 97)^ The 

transfer o f a D-galactose residue from melibiose to sucrose 

producing ra ffinose and i ts  isomer planteose has been reported in 

the case of V. faba a-galactosidase (13). Most 

a-galactosidases have a low transfer /  hydrolysis ra t io ,  but 

preparations from kidney beans (98) and wheat (99) have high 

ra t io s .  In the case of the enzyme isolated from kidney beans 

(98) transgalactosylation from galactinol to raffinose with the 

formation of stachyose occurs more read ily  than hydrolysis of 

ga la c t in o l.

Before the discovery of sugar nucleotides, such transfer reactions 

were thought to be a major route fo r  oligosaccharide 

synthesis (25). i t  is doubtful whether a-galactosidases have 

any synthetic function in v ivo . The possible biosynthetic 

pathway fo r the formation of ra ff inose in several plant species 

has been examined by a number o f workers, some (180 - 102) of whom 

have concluded that the galactose is derived d ire c t ly  from UDP- 

galactose with sucrose acting as an acceptor.

UDP-galactose + sucrose— ► raffinose + UDP

Kandler and Hopf (188' &Tso 104 - 106) however consider that 

the a-galactoside, galactino l is an intermediate in th is  reaction
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UDP-galactose + myo-inosito l— ► 0-a-D-galactopyranosyl-

(W )-D -m yo-inos ito l + UDP 

(galactinol )

Galactinol + Sucrose— ►raffinose + myo-inositol

1.8 Physiological significance of a -galactosidases

1.8.1 Hydrolysis of reserves.

In addition to sucrose, a var ie ty  of other oligosaccharides occur 

widely in the plant kingdom (187 - 110)^ The vast m ajority of 

these oligosaccharides may be considered as derivatives of 

sucrose. In a l l  cases, they appear to be synthesized by the 

transfer of galactopyranosyl, glucopyranosyl or fructofuranosyl 

residues (usually from nucleotide derivatives) to sucrose. 

Raffinose is the basis of a series of homologous oligosaccharides 

which was named the 'ra ff inose  fam ily ' by French (97). As shown 

in F ig .2, ra ff inose is 6-0-<^-D-galactosylsucrose and the 

tetrasaccharide stachyose, contains a second galactosyl residue 

attached via an a - ( l  -►6)-linkage to the galactosyl moiety of 

ra ff inose . Further addition o f galactose gives r ise  to 

verbascose, ajugose and longer chain oligosaccharides to DP 9.

In storage tissues, these oligosaccharides are commonly present 

(109, 111 - 115)^ in amounts equal to or greater than that of
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Fig. 2. The Raffinose family of oligosaccharides

Sucrose (0-a-D-glucopyranosyl-(1^2)-6-D-fructofuranoside)

CH2OH
•0 HOCH-

HO
OH

0 .

HO'
CH2OH

OH

Raffinose (0-a-D-galactopyranosyl-(1-»^)-0-a-D- 

glucopyranosyl-(l-^2)-0-D-fructofuranoside)

CH2OH

CH2
HOCH2

OH i  ICH2OH 
OH

Stachyose (0-a-D-galactopyranosyl-(l->6)-0-a-D-

galactopyranosyl- ( 1 ^ ) - 0-a-D-glucopyranosyl-

( 1̂ 2) - 0-D-fructofuranoside) 
CH2OH ^

HO. •0
OH

0 — CH2

OH HO

HOCH.

OH I TcH20H 
OH



21
Fig. 2 cont.
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sucrose. More than one member of th is  family of 

oligosaccharides normally occurs together with sucrose in storage 

tissues and the mixture of galactosylsucroses appears to form a 

major reserve of soluble low MW carbohydrates (97).

An isomer of ra ffinose with the t r i v i a l  name planteose (Fig. 3) 

which was discovered in seeds of PIantago species (HG) is found 

in several plant species (^^7) commonly in association with 

stachyose and ra ff inose . Sesamose, a tetrasaccharide present 

together with planteose in large amounts in the seeds of 

Sesamum indicum has been te n ta t ive ly  id e n t if ie d  as a higher 

homologue of planteose ( l^^ )  containing two galactosyl residues 

attached to the fructose moiety.

In addition to oligosaccharides, galactomannans also occur as 

reserve carbohydrates in many leguminous seeds ( ^ 9 ,  120)^ The 

seed galactomannans occur in the endosperms of seeds of a wide 

range o f species o f Leguminosae (121, 122), With the exception 

of two cases (H 9 , 123) the sole source of the galactomannan has 

been found to be the endosperm. Plant galactomannans are 

composed of linear chains of (1 -*-4) - linked g -D-mannopyranosyl 

residues having single stubs o f a-D-galactopyranosyl groups joined 

by (1 —6)-linkages along the chain. The fundamental structure 

of the plant galactomannan is the fo llowing ( 122).
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[/3-D-Manp-( 1̂ 4)-]„-/3-D-Manp-( l-»4)-
6

Î
w-D-Calp

a-Galactosidases are responsible fo r  cleaving the galactose 

residues from a l l  of these galactose-containing reserve materials.

There have been many studies with the ra ffinose fam ily  of 

oligosaccharides, which support th is  statement. For example, 

Gould and Greenshields (124) studied the d is tr ib u t io n  and changes 

of these carbohydrates in ripening and germinating seeds of 

Phaseolus vulgaris. They found tha t on m aturity, the bean seed 

contained ra ffinose oligosaccharides and sucrose in the embryo 

and cotyledons, a s itua tion  which persisted throughout the 

dormancy period. On germination, the galactosyl sucrose 

derivatives disappeared leaving sucrose, glucose and fructose. 

There have been s im ila r  observations with other seeds fo r 

example, Japanese red pine (125), black pine (125), sunflower 

(125) and cotton (125) where ra ffinose was found to be 

metabolized during germination, a-Galactosidase a c t iv i ty  has 

also been shown to increase during the germination of seeds of 

various species, notably, fenugreek (127, 128), guar (129, 130), 

lucerne (120), carob (120), soybean (120), runner bean (121,

122), coffee (122), cotton (125) and various others (25, 124),

In most of these, a concomitant depletion of a -  D-galactosidic
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reserve carbohydrates takes place. A large amount of stachyose 

has been found in peas and the work of Lee and Shallenberger 

(1^^) indicates that a-galactosidase is responsible fo r  the 

breakdown of the tetrasaccharide during the early stages of 

germination.

I t  has been noted by Shiroya (126) that ra ffinose is metabolized 

in germinating cotton seeds in the same way as in the seeds of 

pines, and other plants no free galactose being detected 

throughout a l l  stages of germination. S im ila r ly , when 

planteose, is metabolized during germination of sesame seeds, no 

free galactose is detected (125).

When germination of cotton seeds (125) was carried out under 

reduced pressure, ra ff inose and stachyose remained unchanged, 

although a -galactosidase a c t iv i ty  was detected. On 

introducing a i r ,  the seeds began to germinate and at the same 

time, ra ffinose and stachyose disappeared. This suggests that 

oxygen is necessary not only fo r  germination but also fo r  the 

disappearance o f these sugars. As aerobic conditions are 

required fo r  galactose u t i l iz a t io n ,  raffinose is doubtless 

read ily  hydrolysed under the same conditions.

The fa i lu re  to detect free galactose in tissues where active 

hydrolysis of galactosyl sucrose derivatives is occurring, 

suggests that galactose u t i l iz a t io n  is very e f f ic ie n t  and that 

the rate o f u t i l iz a t io n  of the monosaccharide is at least as high
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as the rate of removal of galactose from the oligosaccharides by a 

-galactosidase. Pridham et al (126) examined the fate of 

ra ff inose in germinating V. faba seeds and suggested that the 

concerted action of a-galactosidase and sucrose-UDP- 

glucosyltransferase may form an important mechanism fo r  the rapid 

u t i l iz a t io n  of ra ffinose and other galactosyl sucrose derivatives. 

Pazur (127) has suggested that the hydro ly tic  cleavage of 

galactosyl residues is followed by phosphorylation of the 

galactose by galactokinase. This enzyme is very active in the 

early stages of germination of pea seeds (125) and is also 

present in broad bean seeds (125, 138), hence the free galactose 

is converted to galactose-l-phosphate. The la t te r  reaction 

presumably is at least pa rt ly  responsible fo r  the fa i lu re  of the 

seeds to accumulate free galactose during germination. 

Galactose-l-phosphate, can no doubt be converted to UDP-galactose 

by UTP-galactose-l-phosphate ur idy l transferase, a ubiquitous 

enzyme which has been detected in germinating V. faba seeds 

(Pridham, J.B. and Walter, M.W. unpublished resu lts ) .

In contrast, galactose and manninotriose are detectable in 

germinating Stachys, Verbascus, and Ajuga seeds (^®® 

which contain ra ffinose and i t s  higher homologues. Invertase is ,  

therefore, presumably responsible fo r  the appearance of 

manninotriose.

McCleary and Matheson (1^0) have looked at a-galactosidase 

a c t iv i ty  and galactomannan and galactosyl sucrose oligosaccharide
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depletion in germinating legume seeds. On germination, seeds of 

lucerne, guar and carob are i n i t i a l l y  depleted of the raffinose 

series of oligosaccharides and then the galactomannans disappear 

(Fig. 4 )(120), This breakdown of reserves was accompanied by a 

rapid increase and then a decrease in to ta l a-galactosidase 

a c t iv i ty  (Fig. 5). The a-galactosidase a c t iv i ty  in lucerne, 

guar, carob and soybean was separated into multip le forms. A, E 

and by DEAE - cellu lose chromatography. Lucerne and guar 

seeds contain two forms (A and Ĉ ), carob has three forms (A, E 

and Ĉ) and soybean four forms (A, C i  and Ĉ g); enzyme £ was 

resolved into cind £2 by Sephadex G-200 column chromatography.

When the seeds were separated in to endosperm and cotyledon plus 

embryo, a-galactosidases A and E were always found in the 

cotyledon-embryo frac t ion  whereas a-galactosidase £  was found 

in the endosperm. However in the case of carob seeds, enzyme 

was present in both, the endosperm and the cotyledon-embryo 

region (Table 2).

On germination, the changes in the levels of a c t iv i t ie s  varied, 

a -Galactosidase A of lucerne, carob and soybean were present 

before germination (Fig. 6) and showed a s l ig h t  increase and 

decrease on germination whereas the enzyme from guar decreased 

gradually. Changes in the levels of a-galactosidase were 

much larger except fo r  soybean and the cotyledon-embryo enzyme £ 

of carob (Fig. 7).
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Fig. 4. Depletion of galactomannan, oligosaccharides and 

monosaccharides on the germination of 

a) Carob;. b) Guar; c) Lucerne; and d) Soybean.
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Fig. 5. Changes in to ta l a-galactosidase a c t iv i ty  on germination
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Table 2. Location of multiple forms (A, B, C,) of

a-galactosidase in lucerne, guar, soybean and 

carob seeds (130).

Organ Seed

Lucerne Guar Carob Soybean 

Cotyledon-embryo A,B A,B A,B,C A,B

Endosperm C C C C
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In lucerne, carob and guar, seeds that contain s ign if ica n t 

amounts o f galactomannan (8, 19, 20 mg/100 g seed respective ly), 

the major part of the to ta l a-galactosidase increase on 

germination was due to enzyme C. From i t s  location in the 

endosperm where a l l  the galactomannan is found, enzyme £ 

appears to be p r im arily  involved in galactomannan hydrolysis. 

However, since galactosyl sucrose oligosaccharides are also found 

in the endosperm of these three seeds (lucerne, carob and guar), 

th is  enzyme is also l ik e ly  to be involved in th e ir  breakdown.

In soybean, however, there was only a s l ig h t  increase in the 

a -galactosidase ^  a c t iv i t y  on germination which is consistent 

with the low galactomannan content of these seeds.

The presence of a-galactosidases A and ^  in the cotyledon-embryo 

region of soybean, suggests that these enzymes are responsible 

fo r  the hydrolysis of the ra ffinose fam ily of oligosaccharides 

present in th is  seed tissue. The changes in levels of 

a c t iv i t ie s  of A and E paralleled the depletion of the 

oligosaccharides.

The pattern o f disappearance of galactomannan has been studied in 

fenugreek seeds by Reid (139)^ Working with fenugreek seeds 

soaked in water fo r  24 h, Reid has shown that a fte r a fu rthe r 24 h 

( f i r s t  phase of germination), the level of galactommanan remained 

constant in the endosperm and that the level of stachyose and 

verbascose decreased. The dissolution of galactomannan occurred 

in the second phase ( las t ing  24 h a fte r the f i r s t  phase). The
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galactomannan reserve and the ra ffinose fam ily  of sugars 

completely disappeared from the endosperm at the end of th is  

phase. During the th ird  and f in a l  phase, galactomannan is 

absent and the endospermic carbohydrates of low MW also disappear 

completely and rap id ly .

a-galactosidase a c t iv i t y  was measured in the embryo and 

endosperm homogenates from fenugreek seeds at d if fe re n t stages of 

germination Embryo and endosperm tissues were examined

separately because galactomannan is present only in the former.

In the endosperm, the early  stages of germination (up to 15 h), 

were marked by the v ir tu a l  absence o f a-galactosidase followed 

by a s ig n if ica n t increase in a c t iv i ty  (the a c t iv i ty  reaching 75 mu 

per seed), suggesting i t s  association with galactomannan 

breakdown. Extracts of resting and germinating embryos, on the 

other hand, contained high a-galactosidase a c t iv i ty  (ca 62 mu per 

seed) which changed only s l ig h t ly  (ca 70 mu per seed) throughout 

germination. No in v i t ro  work has so fa r  been carried out to 

establish whether the a-galactosidases of the endosperm and 

embryo are d is t in c t  enzymes with d if fe re n t substrate 

s p e c i f ic i t ie s .

The corre la tion between the changes in endosperm a-galactosidase 

a c t iv i ty  and the d if fe re n t stages of galactomannan mobilisation 

is so close as to leave l i t t l e  doubt about i t 's  d irec t 

involvement in the breakdown process. I t  is in teresting to note 

that the embryos of fenugreek seeds possess high a-galactosidase
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a c t iv i t ie s  fo r  which galactomannan cannot be the natural 

substrate since the galactomannan is present in the endosperm.

I t  has been suggested (^39) that the embryo enzyme may be 

responsible fo r  the hydrolysis of the raffinose fam ily of 

oligosaccharides.

Raffinose and i ts  higher homologues have been found in the sieve 

tube exudates of trees. In white ash, most o f the carbohydrate 

in the exudate appears to be ra ffinose and stachyose and in the 

case of elm and linden, ra ff inose and stachyose accompany sucrose 

(113, 114)^ I t  is therefore probable that ra ffinose and sucrose 

take part in the translocation of photosynthetic products from 

the leaves to other parts of the plant (126). Studies on the 

metabolism of galactosylsucroses have been mostly confined to 

seed tissues where i t  is acknowledged that hydrolysis is affected 

by a-galactosidase. I t  would seem reasonable to expect that 

those plants that transport these oligosaccharides in th e ir  

vascular tissues possess a-galactosidases which are involved in 

th e ir  breakdown.

Thomas and Webb (GO) have discovered that immature, 

galactosyl sucrose-importing leaves of Cucurbita pepo possess the 

a b i l i t y  to rap id ly  hydrolyse ra ff inose , stachyose and verbascose 

which enter the tissues from the phloem. These tissues cannot 

synthesize or store the oligosaccharides. In contrast, mature, 

exporting leaves are able to synthesize these oligosaccharides 

but no in vivo hydrolysis is detectable (1^0 - 142)^ However,
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the presence of comparatively high levels of a-galactosidase in 

the mature leaves suggests that the enzyme may have an 

a lte rna tive  ro le in these tissues other than the degradation of 

transport sugars.

The resu lts  presented by Thomas and Webb (GO) show that 

a -galactosidase a c t iv i ty  is d is tr ibu ted  throughout Cucurbita 

pepo. In a l l  tissues examined, a s im ila r set of three forms 

(L I, L II  and L I I I )  of the enzyme are present in at least trace 

amounts. Each form shows d is t in c t  properties (G9). L I I I  is 

more stable than LI or L II  and is less susceptible to metal ion 

in h ib it io n  and the values obtained fo r  the hydrolysis of 

£-n itrophenyl- a-D-galactopyranoside and ra ffinose respectively 

were 0.37 and 11.1 mM fo r  L I, 0.57 and 12.5 mM fo r  L II  and 0.042 

and 5.6 mM fo r  L I I I .  However, the most s tr ik in g  difference 

between the three forms was th e ir  response to changes in pH.

The pH optimum fo r  LI was found to be 5.7 with c a  50% reduction 

in a c t iv i t y  at pH 4.2 and 6.8 . For L I I ,  the pH optimum was 4.6 

with ca 50% reduction in a c t iv i ty  at pH 3.5 and 5.8. Both forms 

showed l i t t l e  a c t iv i t y  e ither below pH 3 or above pH 7.0. L I I I  

showed optimum a c t iv i ty  at 5.6, but i t  had appreciable a c t iv i ty  

over a wide range of pH with c a  50% a c t iv i ty  s t i l l  present at pH 

2.5 and 7.0. A combination of the appropriate forms would thus 

enable the enzymes to operate in the range of compartments with 

' lo c a l '  pH values. In addition, the presence of the L I I I  form 

would enable the enzyme to function in regions where the pH is 

poorly controlled and hence variable.
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Three forms of % -galactosidase, L I, L II and L I I I ,  s im ila r to 

those id e n t if ie d  in C. pepo leaves were found in the seeds of 

C. pepo (GO), Analysis of the seed extracts revealed comparable 

changes in the enzymic forms during im bib it ion. In dry seeds, 

L I I I  was the predominant form while upon imbibition and 

germination the levels of LI and L II increased. The s h i f t  from 

L I I I  to LI and L II was accompanied by an increase in to ta l 

a c t iv i ty  with a rapid depletion of ajugose, verbascose, stachyose 

and ra ff inose .

Changes in enzymic forms have also been observed in V icia faba 

(G8). Green, immature seeds of V. faba contain a low specific  

a c t iv i t y ,  monomeric form of “  -galactosidase (form I I  which is 

probably a mixture of forms 11  ̂ and 11^) and as the seeds mature, 

the to ta l a c t iv i t y  rises and a tetrameric enzyme. I ,  is formed.

In resting seeds, the high specific  a c t iv i ty  enzyme I ,  appears to 

reach a maximum leve l. This has been related to the need fo r  

the seed to e ffe c t a maximum rate of breakdown of reserves, in 

the early  stages of germination (25), A fter germination, the 

enzyme pattern in V. faba seeds is reversed i .e .  there is a f a l l  

in to ta l and specific  a c t iv i ty  and enzyme I rap id ly  disappears 

leaving only form I I  (11^ and Il2_?).

Generally speaking, the presence of o-galactosidases and th e ir  

substrates in dry seeds suggests that they are in some way 

s p a t ia l ly  separated in maturing seeds.
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A fu r the r physiological ro le fo r  a-galactosidase occurs in the 

case o f Poterioochromonas malhamensis (143), a wall- less alga 

which grows in brackish waters where the s a l in i ty  is constantly 

changing. In th is  case, osmotic regulation is mediated by the 

formation and degradation of iso flo ridos ide (a-galactosyl- ( 1-4 )- 

g lyce ro l) ,  a-Galactosidase a c t iv i ty  has been demonstrated in 

ce ll homogenates of P. malhemensis. An increase in external 

osmotic pressure causes an increase in the a c t iv i ty  of th is  

enzyme: when the synthesis of a-galactosidase is suppressed

using actinomycin D, the in vivo degradation of iso flo ridos ide is 

slowed down, ind ica ting a function of the enzyme in osmotic 

regulation.

1.8.2 Lectins

The function of glycosidases, and in pa rt icu la r a-galactosidases, 

in plant ce l ls  may be closely related to the lec t in  properties of 

these enzymes. The presence in plant tissues of proteins with 

the a b i l i t y  to cause agglutination of erythrocytes has been known 

since 1888 (^44 see also re f .  145)^ Their early h is to ry  has 

been reviewed (^46, 147)^

Plant agglutinins are commonly referred to as 

phytohaemagglutinins (or phytoagglutin ins). However, as c e l l -  

agglutinating proteins also occur in organisms other than plants, 

the more general term ' le c t in '  was proposed by Boyd (147). in
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the broadest sense, lec tins  may simply be defined as those 

proteins (or glycoproteins) of plant, animal or microbial or ig in  

which bind to ce ll surfaces through specific  carbohydrate- 

containing receptor s ites (145). Binding is reversible and a l l  

lec tins  have more than one specific  carbohydrate-combining s ite  

(148). Kocourek and Horejsi (149) have recently suggested the 

fo llowing d e f in i t io n :  lec tins  are sugar-binding proteins or

glycoproteins of non-immune or ig in  which are devoid of enzymic 

a c t iv i t y  towards sugars to which they bind and do not require 

free glycosid ic hydroxyl groups on these sugars fo r  th e ir  

binding. (See also re f .  150).

Lectins have, so fa r ,  been found predominantly in the seeds of 

plants, p a r t ic u la r ly  those of legumes. In th is  case v i r tu a l ly  

a l l  of the lec tins  are metal ion-requiring tetrameric glycoproteins, 

possessing identica l or nearly identica l subunits (1^1> 152). The 

best studied le c t in  structure is that of Concanavalin A which has 

been shown to be a tetramer of identica l protomers, each of which 

has a MW 25,500 (148). The schematic representation of the Con A 

tetramer is shown in Fig. 8. In addition to seeds, lec tins  are 

widely d is tr ibu ted in other plant tissues, fo r  example, roots, 

leaves and bark (146* 147, 153). L is ts  of lec tins  that have 

been pu rif ied  from plant and animal sources along with th e ir  

chemical and b io logical properties are given in reviews by 

Sharon and Lis (154) and Brown and Hunt (148).

Apart from agglutination of red blood ce l ls ,  lec tins  exh ib it
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Fig. 8 . Schematic representation of Concanavalin A tetramer.

The manganese and calcium sites are indicated by Mn and Ca 

respectively.

The saccharide-binding s ite  is  indicated by S and the major 

c le f t  by I .

Reproduced from Brown and Hunt ( re f.  148).
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a number of other properties including the a b i l i t y  to agglutinate 

plant ce l ls  and to p rec ip ita te  polysaccharides and glycoproteins. 

They exh ib it  widely d i f fe r in g  s p e c if ic i t ie s  regarding c e l l -  

agglutination and the s u s c e p t ib i l i ty  of these reactions to 

in h ib it io n  by spec if ic  carbohydrates also varies. Some of the 

lec tins  s p e c if ic a l ly  bind to blood group glycoproteins and have, 

therefore, been used fo r  blood typing and in investigations of 

the chemical basis of blood group s p e c if ic i ty .  Some lec tins  are 

'mitogenic' and, fo r  example, stimulate the transformation of

lymphocytes from small 're s t in g ' ce lls  in to large b la s t- l ik e

ce lls  which may u lt im a te ly  undergo m ito t ic  d iv is ion (154)^

The b io log ica l e ffec ts  of most lec tins  which are discussed above 

can be inh ib ited  in a f a i r l y  specific  manner by low MW 

carbohydrates. This has led to the conclusion that lectins act 

by binding to spec if ic  carbohydrate residues in polysaccharides or 

glycoproteins on the ce ll surface (^45)^

Although lec tins  are better known fo r th e ir  capacity to

agglutinate erythrocytes, most can, in addition, 'clump' other 

animal ce ll types. S tr ik ing  changes can be observed in lec t in  

a g g lu t in a b i l i ty  accompanying neoplastic transformation, the 

in fec tion  of ce l ls  with some non-oncogenic viruses and in the 

case of some normal developmental processes. Transformed ce lls  

can usually be agglutinated at a much lower concentration of 

le c t in  than is required fo r  the corresponding normal ce ll type 

(148) although th is  is not always the case (^55, 156, see also
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Such selective le c t in  agglutination of transformed ce lls  

was f i r s t  observed by Aub et al (^57)^ i t  has been suggested 

that the degree of agglutination by lec tins  depends on the 

re la t iv e  contribution o f carbohydrate receptors on the surface of 

the c e l l ;  in normal c e l ls ,  the receptors are dispersed whereas 

a fte r malignant transformation, a re d is tr ibu t ion  of s ites occurs 

which results  in 'c lu s te r in g ',  an arrangement favourable to ce ll 

agglutination (^54)^

Whilst lec tins  have been widely used as reagents in studies on 

ce ll agg lutination, mitosis etc. (^48, 152, 158) surpris ing ly  

l i t t l e  attention has been given to the potentia l e ffects they may 

exert in vivo in animals which consume diets r ich  in lectins 

(151, 159 - 161)^ I t  is especia lly in teresting to note that the 

foods in which lec t ins  are found are becoming increasingly 

important in the d ie t of a health conscious society (151, 158, 

IGO) and include such staples as potatoes, peas, beans, soybeans, 

nuts and wheat germ (152)^

Some lec tins  are extremely tox ic  to animals. Castor beans, fo r  

example, contain the highly poisonous lec t in  known as r ic in  

(148), The fa c t that lectins are found in those legumes which 

constitu te an important source of human d ie tary protein raises 

the question as to th e ir  possible n u tr i t io n a l significance (1^1). 

The grow th-inh ib it ing  e ffec t produced in animals by feeding them 

uncooked beans, p a r t ic u la r ly  from P. vu lga r is , would appear to be 

at least in part, caused by lectins (1^0). In th is  connection.
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a comparative study on the growth of rats has been carried out 

using f iv e  var ie ties  o f kidney beans (153), var ie ties  of

seed containing haemagglutinin were found to be s ig n if ic a n t ly  

more tox ic  than the three other var ie ties  devoid of s ign if ica n t 

le c t in  a c t iv i ty .  At least one outbreak of food poisoning has 

been traced to the le c t in  of the raw red kidney bean (154).

Jaffe (155) proposed that the tox ic  e ffec t of lectins when 

ingested o ra l ly  may be due to th e ir  a b i l i t y  to bind specific  

receptor s ites on the surface of the in te s t ina l e p ith e l ia l ce lls  

and hence in te rfe re  with in te s t ina l absorption. Brady et a l . 

( 1^^) on the other hand, have shown that wheat germ agglutin in 

can traverse the wall of the human ileum without degradation. 

There is no conclusive evidence, however, that d ie tary wheat germ 

agglutin in is to x ic ,  but in v i t r o , i t  can cause moderate 

agglutination of both foeta l and adult i l  leal ce lls  (157).

The iso la t ion  and characterization of a le c t in  from tomato f r u i t  

has been reported (152), The presence of a lec t in  in the tomato 

is d ie te t ic a l ly  s ig n if ica n t as i t  is p r im arily  found in the f lu id  

and gel phase of the f r u i t .  I t  is therefore, l ik e ly  that 

mastication releases most of the lec t in  hence allowing i t  to 

in te rac t with the c e l ls ,  secreted glycoproteins and microflora of 

the mouth. I t  has been demonstrated that the le c t in  binds to 

the mucosal ce lls  from a l l  areas of the mouth (158). Tomato 

le c t in  is res is tant to dénaturation by acid and by p ro teo ly t ic  

enzymes and is ,  therefore, l ik e ly  to reach the in te s t ina l t ra c t  

in ta c t .  The tomato is one of the primary vegetable sources of
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vitamins and minerals in the U.S. d ie t (159) ^nd i t  is estimated 

that the average person ingests at least 100 - 200 mg of the 

le c t in  per year. The b io logica l consequences to the host of the 

consumption of th is  common d ie tary  le c t in  are currently  being 

investigated (152).

The jack bean le c t in ,  concanavalin A, produces hypersecretion of

nasal mucus in humans and je junal mucus in the ra t .  This e ffec t

has been termed 'm ucotractive '. I t  has been suggested that the

mucotractive e ffe c t o f a suitable inhaled/ingested le c t in  might

be useful fo r  the treatment of patients with cystic  f ib ro s is  

(161)

1 .8 .2 .i Lectins with a-galactosidase ac tiv ity

The phytohaemagglutinin from mung bean (Vigna rad ia ta ) has been 

pu r if ied  and found to possess a high a-galactosidase a c t iv i ty .  

I t  is a tetrameric glycoprotein (MW 160,000) composed of 

identica l subunits with MW 45,000 (170). Hankins and Shannon 

(170) have shown that both the le c t in  and enzymic a c t iv i t ie s  

reside on a single protein species. The most recent work (75) 

on th is  enzymic phytohaemagglutinin has shown that the tetramer 

can be revers ib ly  dissociated into a low MW form, possibly a 

monomer, which is devoid o f haemagglutinin a c t iv i ty  although 

s t i l l  enzymically active. Hypocotyls from V. radiata contain an 

a-galactosidase-haemagglutinin (MW 170,000) which in the absence
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of D-galactose and mercaptoethanol, dissociates into smaller 

units exh ib it ing  p re fe re n t ia l ly  e ither a-galactosidase or lec t in  

properties (171),

Hankins et al (172) have shown that four other legume species 

(Pueraria thunberqiana, Thermopsis carolin iana, Lupinus arboreus 

and Phaseolus limensis) possess a-galactosidase-haemagglutinins 

which are s im ila r immunologically as well as with respect to 

s p e c i f ic i ty  and k ine tic  behaviour, both, to one another and to 

that isolated from Vigna rad ia ta . In addition to the legumes 

discussed above, an a-galactosidase with haemagglutinin 

properties has been found in soybean (Glycine max) (172, 173), 

This soybean a-galactosidase-haemagglutinin (173) ig comparable 

to tha t described fo r  mung bean (170).

The a-galactosidase-haemagglutinins from soya and lima beans 

can be read ily  separated from the N-acetyl-galactosamine specific  

le c t in  which is present in these plants (^5, 174), The 

conclusion drawn from these observations is that at least two 

d is t in c t  classes of proteins (non-homologous, but perhaps 

evo lu t ion a r i ly  related) with le c t in  a c t iv i ty  ex is t in legume 

seeds (172),

Many legume seeds contain a-galactosidases which are apparently 

devoid of le c t in  a c t iv i ty  (57) and which are probably tetrameric 

with MWs ranging from 150,000 to 190,000. The a-galactosidase- 

haemagglutinins and the enzymes without lec t in  a c t iv i ty  appear to 

be s tru c tu ra l ly  s im ila r , as shown by immunological techniques.
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but there is no information available to account fo r the 

d if fe re n t  carbohydrate binding properties.

1 .8 .2 .i i  Proposed role of lectins

Although lec tins  have been successfully employed to probe a wide 

va r ie ty  of ce ll surfaces and a c t iv i t ie s ,  not much is known about 

th e ir  normal function in vivo (148), Most of the theories 

advanced to explain the ro le of lec tins  in plants are based on 

th e ir  cha rac te r is t ic  a b i l i t y  to bind carbohydrates. This 

spec if ic  in te raction with carbohydrates or carbohydrate- 

containing molecules is un like ly  to be fo r tu ito u s , and i t  seems 

reasonable to suppose that th is  property has some relevance in 

v ivo . I t  has been proposed that lec tins  may have the following 

functions in plants (145, 148, 152) .

( i )  they serve as plant antibodies (^75), Lectins have a 

superfic ia l s im i la r i ty  to antibodies, however th e ir  comparatively 

narrow range of s p e c if ic i t ie s  makes a precise corre lation 

u n like ly . Nevertheless, i t  is possible to see how the presence 

of a tox in or a p rec ip ita t ing  agent could protect a plant against 

attack from a var ie ty  of organisms. A protective function of 

phytohaemagglutinin against beetle in festa tion  of Phaseolus 

vulgaris has been demonstrated. Bruchid beetles are k i l le d  by a 

d ie t of black beans, but not by cowpeas which are agglutin in free 

(175). Some lec tins  may protect plants against the spread of
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v ira l  in fec tions. I t  has been observed that certain plant

viruses contain surface glycoproteins and that th e ir  presence

correlates with the manner in which the virus is transmitted from

plant to p lant. For example, barley s tr ipe  mosaic virus (BSMV)

and cowpea mosaic v irus are both transmitted via the seeds of the

host p lant, and both have surface-associated glycoproteins (177),

Thus lec tins  (usually concentrated in the seed) may confer on the

plant a selective advantage by protecting i t  against seed-

transmitted viruses. Barley lec t in  binds to and precip ita tes

BSMV in v i t ro  and renders the virus non-infectious (^®® ^ef.

148)^

i i )  they might be involved in carbohydrate transport (178, see 

also re f  145), |\]Q experiments appear to have been designed to 

tes t th is  hypothesis, but the fac t that the developing seed, a 

major nu tr ien t 's in k ' in the p lant, is the main source of lectins 

might provide circumstantial evidence in favour of th is  proposal. 

In t ra c e l lu la r  transport of sugars or polysaccharides from the 

cytoplasm to the ce ll w a ll,  fo r  example, could be fa c i l i ta te d  by 

lec t ins  but again, th is  has not been tested.

i i i )  ce l l  d iv is ion  in embryogenesis may be controlled by lec tins  

(179), I I  has been suggested that lectins might be involved in 

d i f fe re n t ia t io n  and developmental processes in the seed embryo by 

con tro l l ing  the rates of ce ll d iv is ion . There is however no 

evidence to indicate that lectins which are mitogenic against 

animal ce lls  also exh ib it  th is  a c t iv i ty  against plant ce l ls .
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iv ) they are involved in 'recogn ition ' in teractions. Recently, 

the existence of specific  and complementary molecular mechanisms 

located at the ce ll surface has been demonstrated fo r plant and 

fungal ce l ls  in re la t ion  to mating behaviour (147, 180) and 

morphogenesis (1^1). Specific complementary molecules appear to 

play an important ro le in the recognition between pollen grains 

and stigma surfaces in higher plants. The le c t in ,  Concanavalin A, 

binds to certain wall-bound carbohydrate-containing materials on 

the pollen grain surface, in a species-specific manner, and i t  

has therefore been suggested that the protein p e l l ic le  on the 

stigma surface may contain le c t in - l ik e  receptors responsible fo r 

in i t ia t in g  acceptance or re jection of the pollen grain (1^2). i t  

would appear then, that surface-localised, complementary 

macromolecular mechanisms may be widely involved in recognition 

processes. In several instances, at least one of the complementary 

pairs of molecules possesses le c t in - l ik e  a c t iv i ty .  Recent 

evidence also suggests that s im ila r mechanisms may play an 

important part in determining host-parasite and host-symbiont 

s p e c i f ic i ty .  For instance, lectins have been d ire c t ly  implicated 

in the legume-Rhizobium interaction (^83 " 185), The major 

s ites o f Rhizobium entry into the legume root, the root hairs, 

have been shown to bind erythrocytes heavily to th e ir  surfaces 

(183), Legume lec tins  from kidney bean (183) and soybean (184) 

w i l l  also bind to Rhizobium ce lls  and i t  has been suggested, 

therefore, that surface-localised legume lectins provide receptor 

s ites fo r  the specific  binding of Rhizobium, p r io r  to in fec tion .
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The id e n t i f ic a t io n  of a -galactosidase-haemagglutinins may

indicate that these enzymes are bound to ce ll components such as

membranes and ce ll walls , by lectin-glycan bonds (^ey, P.M. and 

Pridham, J.B ., unpublished)

1.8.3 Glycoprotein nature of hydrolytic enzymes

Glycoproteins are usually defined (136, 187) ^5 macromolecules 

that are composed of a polypeptide backbone to which are attached 

one or more carbohydrate moieties. The la t te r  usually consist of 

monosaccharide residues that are composed of two or more of the 

sugars: D-mannose, D-galactose, D-glucose, L-fucose, N-acetyl- 

D-glucosamine, N-acetyl-D-galactosamine and s ia l ic  acid (138),

Early studies on glycoproteins were l im ited  to those of animal 

o r ig in . The f i r s t  proof of the presence of glycoproteins in 

higher plants was obtained about twenty years ago with the 

iso la t ion  of an asparaginyl-oligosaccharide from soybean 

agglutin in (139) and of the glycopeptide from bromelain, the 

p ro teo ly t ic  enzyme from pineapple (198).

Plant glycoproteins include enzymes, lectins and structura l 

proteins (138), There is experimental evidence to suggest that 

some plant glycosidases (and perhaps a l l )  are glycoproteins 

(191). Thus, there is the in teresting p o s s ib i l i ty  that proteins 

ex is t with ca ta ly t ic  and le c t in  sites and glycosyl residues.
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Evidence o f the glycoprotein nature of glycosidases has been 

obtained by ge l-s ta in ing techniques, carbohydrate analysis and 

Concanavalin A Sepharose binding studies. Thus in the case of 

almond emulsion g-glucosidase, the periodate-metabisulphite 

procedure has been used to locate the enzyme on polyacrylamide 

gels (21), Two forms, I and I I ,  of sugar beet a-glucosidase have 

been pu r if ied  and shown to contain 2.7 and 8.8% neutral 

carbohydrate respective ly (192), The existence of glycan chains 

in a-rhamnosidase from saracen corn seeds is indicated by the 

fac t that the enzyme binds to Con A columns (193), P a r t ia l ly  

pu rif ied  V ic ia faba a-galactosidases, the subject of th is  

thesis, were also reported to contain bound carbohydrate; 4% in 

the case of forms I I I  and I l2  and 8% in enzyme I (58).



MATERIALS AND METHODS
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General laboratory chemicals were obtained from BDH Ltd ., Poole,

Dorset and were of 'Analar' grade where possible. P-Nitrophenyl-a - 

D-galactopyranoside (PNPG), 4-methyl umbel1 i f e r r y l  a-D-galactopyrano- 

side and Triton X-100 were purchased from Koch-Light, Colnbrook, Bucks, 

6-Bromo-2-naphthyl- a -D-galactoside, dimethylformamide, fas t blue RR 

s a l t ,  methyl a-D-mannoside, agarose type I I ,  bovine serum albumin and 

standard proteins fo r  molecular weight estimations by gel f i l t r a t i o n  

were obtained from Sigma (London) Chemical Co., Kingston-Upon-Thames, 

Surrey. Molecular weight markers fo r SDS-PAGE were bought from 

Bio-Rad Laboratories, Watford. Sephadex G-lOO and Concanavalin 

A-Sepharose were purchased fom Pharmacia (G.B.) L td .,  London. 

CM-cellulose (CM-52) was obtained from Whatman Biochemicals,

Maidstone, Kent. V ic ia faba seeds (Bunyard Exhib it ion, long pod 

varie ty ) were acquired from Buttons Seeds, Reading. A l l  the buffers 

used were prepared by the procedures described in Methods in 

Enzymology, V o l. l  (194), /\11 operations were carried out at 4°C,

unless otherwise stated.
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2.1 Enzyme assays

2.1.1 Quantitative assay

a-Galactosidase a c t iv i t y  was assayed by following the in i t i a l  

rate of substrate hydrolysis. An appropriately d ilu ted enzyme 

solution was added to a mixture o f Mcllvaine buffer (195)^ pH 5,5 

and 10 mM PNPG (0.1 ml) preheated to 30°C; the f in a l  assay 

volume was 1.0 ml. The temperature was maintained fo r  15 min, 

a fte r which the reaction was stopped by addition of 0.1 M sodium 

carbonate (5 ml). The absorbance was measured at 405 nm.

Enzyme a c t iv i ty  is expressed as Katal (Kat) where one Katal is 

the amount of enzyme a c t iv i t y  e ffec ting  the conversion of 1 mol 

of substrate per sec.

2.1.2 Detection of a-galactosidase after analytical electrophoresis

Following polyacrylamide gel electrophoresis (PAGE), 

immunoelectrophoresis and immunodiffusion enzyme a c t iv i ty  was 

detected using the following methods.

i )  By the use of fluorescent substrate, 4-methyl 

um be ll i fe rry l-a -D -ga lac tos ide . Polyacrylamide gels or agarose 

coated slides were covered with s tr ip s  of Whatman (no.2) paper 

previously soaked in a solution of substrate (5 mg/10 ml Mcllvaine 

bu ffe r, pH 5.5) and incubated fo r 5-10 min at 37°C. The
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paper was then removed gently and the enzyme a c t iv i ty  located 

using a uv l ig h t .

i i )  By the use of the histochemical substrate, 

6-bromo-2-naphthyl- a -D-galactoside (BNG). The stock substrate 

solution contained 0.3% (w/v) BNG in Mcllvaine buffer, pH 5.5 

(20 ml). The fo llow ing solutions were prepared using the stock 

substrate solu tion.

Soln. A. Mcllvaine bu ffer, pH 5.5, (20 ml) containing 

substrate solution (1 ml) and diazonium sa lt  (20 mg).

Soln. B. Mcllvaine bu ffer, pH 5.5 (20 ml) containing 

substrate solution (1 ml).

Soln. C. Diazonium sa lt  (20 mg) in Mcllvaine buffer (20 ml).

A l l  the solutions were fresh ly  prepared. A fte r electrophoresis, 

the gels were immersed in Soln A fo r  4 h; then transferred to 

Soln. B fo r  3 h a fte r which they were put into Soln. fo r  3 h.

The whole process was carried out at room temperature.

Following detection of enzyme a c t iv i ty  (reddish-brown bands), the 

gels were stored in 7% acetic acid.
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2.2 Protein assays

2.2.1 Measurement of Protein

Protein was determined by the method of Lowry et al (^96)^ using 

c ry s ta l l in e  bovine albumin as the standard.

2.2.2 Detection of protein on gels

Afte r electrophoresis, the gels were stained fo r protein with 

0.2% (w/v) Coomassie b r i l l i a n t  blue (R 250) in 50% (w/v) TCA fo r 

15-30 min at 60°C and then destained at room temperature with a 

solution containing 7.5% (v/v) acetic acid and 12.5% (v/v) 

isopropanol. (The time fo r  destaining the gels could be 

decreased by placing the gels at 30°C).

2.3 Column Chromatography

2.3.1 Sephadex-gel f il tra t io n

Sephadex G-lOO columns (2.5 cm x 90 cm and 5.0 cm x 90 cm) were 

packed by the method described by Andrews (^97), The columns 

(2.5 cm X 90 cm) were eluted with the appropriate buffers at a 

flow rate of 30 ml/h and frac tions (3 ml) were collected. The
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flow rate fo r  the columns (5.0 cm x 90 cm) was 100 ml/h and 

frac tions  (10 ml) collected. The columns were water jacketed and 

therefore run at room temperature, with tap water flowing through 

the jackets.

2.3.2 Concanavalin A-Sepharose a ff in ity  chromatography

A 20 ml p la s t ic  syringe f i t t e d  with a porous polyethylene gel 

support disc was used as a column. Con A-Sepharose was 

eq u il ib r ia ted  with 0.1 M potassium phosphate buffer, pH 7.0, 

containing 0.5 M sodium chloride and the column packed with th is  

gel to a height of 20 cm at a flow rate of 100 ml/h using a 

p e r is ta l t ic  pump. The enzyme sample which had been dialysed 

against 0.1 M potassium phosphate buffer, pH 7.0 was applied on 

the column at a flow rate of 60 ml/h. The column was washed 

with the buffer and frac tions  (2 ml) were collected. The eluent 

was monitored fo r  protein at 280 nm using an LKB uvicord. When 

the E280 was n i l ,  the sample bound to the column was eluted with 

0.5 M methyl -a-D mannoside in the e q u i l ib r ia t in g  buffer and 

frac tions  (2 ml) collected u n t i l  the Egigg was n i l  again.

2.3.3 Ion-exchange chromatography (cation)

Whatman ion-exchange cellu lose, CM-52, was prepared as described 

in the manufacturer's instruction  sheet and equ il ib r ia ted  with 

Mcllvaine buffer, pH 3.5 and a column (1 cm x 14 cm) packed at
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20 ml/h. The enzyme preparation was dialysed against Mcllvaine 

buffer (pH 3.5) fo r  2-3 h and subsequently applied to the column. 

Elution was carried out with the same buffer u n t i l  the absorbance 

of the eluate at 280 nm was neg lig ib le . The bound enzyme was 

then eluted with a linear sodium chloride gradient prepared using 

a mixing chamber containing 0.05 M sodium chloride (100 ml) and a 

reservo ir containing 0.5 M sodium chloride (100 ml) in Mcllvaine 

bu ffer, pH 5.5. Fractions (2.0 ml) were collected at a flow 

rate of 15 ml/h.

2.4 Electrophoresis

2.4.1 Polyacrylamide gel electrophoresis (PAGE)

PAGE was carried out under cation ic conditions according to the 

method of Reisfeld et a l . (^98) ^ i th  a s l ig h t  modification. 

Electrophoresis was performed in gel tubes (0.5 cm x 7.5 cm); 

the separating gel (6.5 cm) consisted o f 7.5%[w/v) N, N, N ', N'- 

tetramethylethylene diamine (Temed), 0.14%(w/v) ammonium 

persulphate, potassium acetate buffer, pH 3.5. The stacking gel 

(0.5 cm) was made with 2.5% (w/v) acrylamide, 0.6% (w/v) N', N'- 

methylene bisacrylamide, 0.06% (v/v) Temed, r ib o f la v in  (5y g/ml), 

0.1 M potassium acetate buffer, pH 6. 8. The stacking gel was 

polymerized (15 - 30 min) by placing a fluorescent lamp behind 

the gel tubes about 3" away. Prepared gel tubes were inserted 

in a Shandon PAGE apparatus and the electrode compartments (anode
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uppermost) f i l l e d  with 3 -alanine acetate buffer, pH 3.5 diluted 

1:1 with water. The samples (up to 70 y 1) containing 10 y 1 of 

10% (v/v) glycerol and 5 y 1 of l%(w/v) methyl green were applied 

to the gels. Electrophoresis was carried out at 4 mA/gel fo r  2.5 

h at room temperature, with tap water flowing through the water 

jacketed apparatus. A fte r electrophoresis, the gels were 

immediately removed from the glass tubes by gently rimming them 

with a 22-gauge syringe needle through which a th in  stream of 

water was passed. The gels were stained fo r  enzyme a c t iv i ty  and 

protein as described in sections 2. 1.2 and 2. 2. 2.

2-4.2 Polyacrylamide gel electrophoresis in the presence of sodium 

dodecyl sulphate (SDS-PAGE)

SDS-PAGE was performed as described by Laemmli (^99) ^ i th  a s l ig h t  

modification. Slab gel electrophoresis was carried out in a 

Bio Rad apparatus while the Shandon system was used fo r 

cy l in d r ica l gels; both apparatus were water jacketed. Stacking 

and separating gels containing 5% and 8% acrylamide respectively 

were prepared from a stock solution of 30% (w/v) acrylamide and 

0.8% (w/v) N, N'-bismethylene acrylamide. The f in a l  

concentrations in the separating gel (1.5 mm x 120 mm) were as 

follows : 8% acrylamide, 0. 1% (w/v) sodium dodecyl sulphate 

(SDS), 2 mM ethylenediaminetetra-acetic acid (EDTA), 0.03% (v/v) 

Temed and 0.03% (w/v) ammonium per sulphate, and 0.38 M Tris-HCl 

bu ffe r, pH 8 .8. The stacking gel (1.5 mm x 30 mm) contained 0.1%
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(w/v) SDS, 2 mM EDTA, 0.05% (v/v) Temed, 0.1% (w/v) ammonium per 

sulphate and 0.13 M Tris-HCl buffer, pH 6.8. 10 ml stacking gel

and 30 ml separating gel solutions were adequate fo r  one slab gel. 

The electrode buffer, pH 8.3 consisted of 0.38 M glycine, 2 mM 

EDTA, 0.1% (w/v) SDS and 0.05 M Tris-HCl buffer, pH 6.8. Protein 

samples were mixed with the sample buffer which contained 0.13 M 

Tris-HCl buffer, pH 6.8, 10% (v/v) g lycero l, 1.25% SDS, 2 mM 

EDTA and 0.015% bromophenol blue. The samples were heated fo r  3 

min at 100°C and a fte r cooling, they were applied to the gel; 

maximum volume of sample not exceeding 60 y l / t ra c k .  Two slab 

gels could be run at the same time. Electrophoresis was 

performed at 12.5 mA/slab gel u n t i l  the samples entered the 

stacking gel (ca 45 min), a fte r which the current was increased 

to 40 mA/gel. The gels were removed when the dye fro n t was 

w ith in  1.0 cm from the botton of the gel. The to ta l time taken 

fo r  the run was 2 h and 45 min. The gels were stained fo r  

protein as described in section 2.2.2. Protein standards used 

were obtained as a k i t  from Bio-Rad and consisted of Myosin (MW 

200,000), 6-galactosidase (MW 130,000), phosphorylase (MW 90,000), 

bovine serum albumin (MW 65,000) and ovalbumin (MW 45,000).

2.5 Purification of a-galactosidases I ,  11  ̂ and 11^

P u rif ica t io n  of the enzymes was carried out according to Fig. 9.

1,000 g of seed powder from dormant broad beans was used fo r each
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Fig. 9. Purification of a -galactosidases I ,  11  ̂ and II^  from 

Vicia faba seeds

Peel and grind seeds into f ine  powder using a mechanical m il l

Add Mcllvaine buffer, pH 5.5 (1.5 ml buffer/g seed powder)

S t i r  and leave at 4°C fo r Ih.

Centrifuge f o r ^4  ̂ min at 10,000g

C it r ic  acid p rec ip ita tion

1
(NH4)2S04 frac tiona tion

a-Galactosidase I

Sephadex G-lOO

a -Galactosidase frac t ion  I I

Sephadex G-lOO 

Con A-Sepharose

CM-cellulose, pH 3.5

I
Recycle on CM-cellulose 

pH 3.5

Sephadex G-lOO 
\

Con A-Sepharose

I
CM-cellulose, pH 3.5

/ ,  \  .
a-Galactosidase II-*- a-Galactosidase I I

1 1
Recycle on 

CM-cellulose, 

pH 3.5

Recycle on 

CM-cellulose, 

PH 3.5
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batch o f p u r i f ic a t io n .  The testas were removed and the beans 

ground in a mechanical grinder. The resultant bean powder 

(1,000 g) was suspended in Mcllvaine buffer, pH 5.5 (1,500 ml) 

s t ir re d  and le f t  fo r  1 h at 4°C. The s lu rry  was then centrifuged 

at 10,000g fo r  40 min using a 6 x 250 MSE 18 ro to r and the ce ll 

debris discarded. The supernatants (1,010 ml) were pooled and 

the pH of th is  crude extract was lowered to pH 3.2 by gradual 

addition of 1 M c i t r i c  acid, with continuous s t i r r in g ,  which was 

maintained fo r  1 h a fte r the las t drop o f c i t r i c  acid had been 

added. The precip ita ted material was centrifuged o f f  at 10,000g 

and the supernatants were again pooled and the pH adjusted to pH

5.5 by the addition of a saturated solution of disodium hydrogen 

orthophosphate. This frac t ion  (1440 ml) was then made 25% 

saturated with ammonium sulphate by the addition of the solid 

sa lt  and s t ir re d  fo r  3 h at 4°C. This sample was then centrifuged 

and the p rec ip ita te  obtained, discarded. The ammonium sulphate 

concentration of the resu ltan t supernatant was raised to 65% and 

s t i r r in g  continued fo r  a fu r the r 3 h at 4°C. The precipitated 

material was collected by centrifugation and the prec ip ita te  

suspended in Mcllvaine buffer, pH 5.5 and dialysed overnight 

against the same buffer. This '25 - 65%' ammonium sulphate 

fra c t ion  (105 ml) was applied to a 5.0 cm x 90 cm Sephadex G-lOO 

column and eluted with Mcllvaine buffer, pH 5.5 containing 0.1 M 

potassium chloride. Fractions (10 ml) were collected, assayed 

fo r  a -galactosidase a c t iv i ty  and the absorbance at 280 nm was 

measured. Enzymically active fractions corresponding to forms I 

and I I  were pooled separately. From th is  stage, the two forms I
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and I I  were pu rif ied  separately.

Pooled enzyme I was concentrated to about 10 ml by u l t r a f i l t r a t io n  

using a PM 10 membrane. This enzyme was re-applied to a 2.5 cm 

X 90 cm Sephadex G-lOO column as described above with the 

exception that 3 ml frac tions  were collected. The fractions 

containing a-galactosidase were pooled, concentrated and dialysed 

against 0.1 M potassium phosphate buffer, pH 7.0 (5 l i t ) .  The 

dialysed sample (8 ml) was applied in 2 ml 'batches' to a Con A- 

Sepharose column (2 cm x 20 cm) equ il ib r ia ted  with 0.1 M potassium 

phosphate bu ffe r, pH 7.0 containing 0.5 M sodium chloride. The 

unbound proteins were washed with the same buffer and when the 

E280 was neg lig ib le , the bound enzyme was eluted with 0.5 M methyl 

a-D-mannoside in the e lu ting  buffer; frac tions (2 ml) were 

collected. The bound and unbound frac tions were assayed fo r 

enzyme a c t iv i t y  and the active frac tions were pooled and 

concentrated separately. The concentrated bound enzyme frac tion  

was dialysed aginst Mcllvaine buffer, pH 3.5 and the sample (6 ml) 

applied to a CM-cellulose column equ il ib r ia ted  with the same 

buffer. The column was washed with th is  buffer (40ml) a fte r 

which the enzyme was eluted with a linear sodium chloride 

gradient from 0.05 M sodium chloride in Mcllvaine buffer, pH 5.5 

(100 ml) to 0.5 M sodium chloride in Mcllvaine buffer (100 ml).

The active frac tions  were pooled, concentrated and f in a l ly  

recycled through the CM-cellulose column. The unbound 

a-galactosidase I fra c t ion  from the Con A-Sepharose stage was 

treated s im ila r ly .
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The same p u r i f ica t io n  procedure was followed fo r  enzyme I I  

fra c t io n  obtained from the Sephadex G-lOO stage except that a 

0.05 M sodium chloride - 0.4 M sodium chloride gradient was used 

to elute the enzyme from the CM-cellulose column. Two peaks of 

a c t iv i t y  11  ̂ and 11  ̂ were obtained when frac t ion  I I  was applied 

on the ion-exchange column. These two enzymes were pooled and 

concentrated separately and recycled through the CM-cellulose 

column. The pu r if ied  enzymes were stored at 4°C with thymol 

added as a preservative.

2.6 Immunological methods

2.6.1 Production of a n t i - ( o t  -galactosidase) antisera

Rabbits of the lop var ie ty  were used to raise the antisera. The 

fo llowing procedure was used fo r  each antigen I ,  11^ and 11^.

125 y g of pu r if ied  antigen in Mcllvaine buffer (0.5 ml) was 

mixed with Freund's complete adjuvant (0.5 ml) and emulsified 

using a 23 gauge, 4 cm long metal tube with leur f i t t in g s  at each 

end to which 1 ml syringes were attached. On day 1, the emulsion 

was in jected subcutaneously in to the rabb it at two sites on the 

shoulder (each side of the vertebral column). The rabbits were 

given successive in jections on days 110, 125 and 162, each 

in jec t ion  consisting of 125 y g o f emulsified antigen (on day 125, 

Freund's incomplete adjuvant was used). Blood was collected, on 

day 192, from the marginal ear vein, allowed to stand fo r  1 h at
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room temperature and overnight at 4°C. I t  was then centrifuged 

at 3,000g fo r  30 min at 4°C. The supernatant was removed and 

tested fo r  the presence of a-galactosidase antibodies by 

immunoprécipitation, immunodiffusion and immunoelectrophoresis 

(sections 2.6.2, 2.6.3 ad 2 .6 .4). 1 ml aliquots of antisera

were stored at - 20°C in 1.2 ml capacity p la s t ic  microcentrifuge 

tubes without any preservative.

2.6.2 Quantitative Immunoprécipitation

Immunoprécipitation was carried out in 0.4 ml p la s tic  

microcentrifuge tubes by adding variable amounts of antiserum 

(0 - 50 y 1 fo r  anti I and anti 11^,0-100 y 1 fo r  anti 11^) to 

constant amounts of enzyme. The to ta l amount of antiserum was 

maintained at 50 y 1 (100 y 1 in the case of 11^) by addition of 

control antiserum. Where d i lu t io ns  of antiserum had to be made, 

control antiserum was used as the d i lu t in g  medium. A fter adding 

the components and mixing, the tubes were incubated fo r  15 min at 

room temperature. F in a l ly ,  the tubes were centrifuged fo r  6 min 

in a microcentrifuge (Q u ick fit  Instruments). The supernatants 

were assayed fo r  a-galactosidase a c t iv i ty  as described in 

section 2. 1. 1.
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2.6.3 Immunodiffusion : The Ouchtelony method (200)

Glass plates (8.3 x 9.2 cm) were overlaid with 11.5 ml of molten 

1% (w/v) agarose in 25 mM sodium c i t ra te  buffer, pH 6.0. Using 

a template, a hexagonal arrangement of wells (4 mm) was punched 

out with the holes spaced 5 mm apart. Four identica l patterns 

of wells were cut, one at each corner of the p late. The 

appropriate antiserum (12 y l )  was placed in the central well of 

each pattern and the corresponding antigen added in increasing 

amounts (2-12 y 1) to the surrounding wells. On a second plate 

the appropriate antiserum was placed in the central well as 

before, except that I ,  11  ̂ and 11  ̂ antigens were added to the 

surrounding wells. A fte r the addition of antiserum and 

antigens, the plates were stored fo r  24 h in p la s t ic  containers 

lined with moist tissue paper to allow d if fus ion  to take place. 

The plates were examined occasionally fo r  the appearance of white 

p re c ip i t in  l ines. A fte r the d if fus ion  was complete, the plates 

were pressed and washed in 0.15 M sodium chloride fo r  4 h at room 

temperature and 20 h at 4°C with one change of the sodium 

chloride so lu tion. The plates were then washed with water fo r  2 

h. Following th is ,  the plates were pressed and stained fo r  

enzyme a c t iv i t y  by the fluorescent method (section 2. 1. 2. ) .

A fte r enzyme sta in ing, the plates were washed, pressed, dried 

under a stream of hot a ir  and stained fo r protein as described in 

section 2. 2. 2.
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2.6.4 Immunoelectrophoresis

The agarose plates were prepared as fo r  immunodiffuson. Three 

antigen wells were cut in the agarose layer using a 4 mm well 

cu tte r. Antiserum troughs (0.2 cm x 6 cm) were cut with a 

scalpel but not removed. The plates were then placed on the 

cooling plate of the electrophoresis apparatus (Shandon) and the 

enzyme solution (12 y 1) added to each antigen well. Three plates 

were run each time. The electrode compartments were f i l l e d  with 

25 mM sodium c i t ra te  buffer, pH 6.0. Electrophoresis was 

performed at lOV/cm fo r 2.5 h at room temperature. The actual 

voltage across the wicks was measured using a voltmeter. At the 

end of electrophoresis, the plates were taken out from the tank 

and the precut agarose s t r ip  removed. The appropriate antiserum 

(100 y 1) was added to each trough and the plate incubated fo r 

24 h at room temperature in a humid atmosphere. A fter th is  stage 

the procedure was the same as fo r immunodiffusion described in 

section 2.6.3.

2.7 Haemagglutinin assay

The method used is described in re f.(201). Blood ce lls  from 

rabbits were harvested by cen tr ifugation , resuspended in 

Alsever's so lu tion, pH 6.1, the volume of Alsever's being equal 

to the o r ig ina l volume of the blood. The ce lls  were washed 

twice with phosphate buffered saline (PBS), pH 7.2 and a 1.5%
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suspension of the blood ce lls  prepared in PBS. To assay fo r 

agglutination, a seria l d i lu t io n  of the lec t in  was made in PBS, 

(100 y 1) and 200 y 1 of the 1.5% suspension of the erythrocytes 

added. The tubes were shaken at 15 min in te rva ls  and the extent 

of agglutination was assessed a fte r 2 h on a scale of 0 - ++++. 

One un it is the amount required to cause half-maximal (++) 

agglutination of the c e l ls .  The assay is semi-quantitative with 

a range o f error o f + 20% (c f .  re f .  202).

2.8 Amino acid and amino sugar analyses

The methods of Allen e t. a l.  (202) and Allen and Neuberger (203) 

were used. Purif ied a -galactosidases I ,  11  ̂ and I l2  (200 y g 

each) were dried in vacuo in hydrolysis tubes with p-fluorophenyl 

alanine (100 nmol) as an internal standard. The hydrolysing 

acid, 3 M p-toluenesulphonic acid (0.5 ml) was added, and the 

solution was thoroughly de-aerated by repeated freezing and 

thawing under vacuum. The tubes were then sealed and heated in 

an oven at 110°C fo r  24 h. A fter cooling the tubes,_p- 

toluenesulphonic acid was p a r t ia l ly  neutralised by the addition 

of water (0.5 ml) and IM sodium hydroxide (1 ml) as recommended 

by Liu (204, 205) fo r  d ire c t application to the analyser.

Cysteine values were obtained from the analysis of cysteic acid 

residues resu lt ing  from performic acid oxidation (206) and 

subsequent hydrolysis of the protein in constant-boiling 6 M HCl 

at 110°C fo r  24 h. For the determination of glucosamine and
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galactosamine, protein samples were hydrolysed in 3 M p-toluene

sulphonic acid at 100°C fo r  24 h.

Analyses were done on a Locarte Mini analyser f i t t e d  with an 

automatic-loading attachment. The standard system fo r  analysis 

was that of Mayes et a l , (207) which involved successive elution 

of the column (0.9 cm x 25 cm) with 0.2 M sodium c i t ra te  buffers,

pH 3.2 fo r 33 min, pH 4.35 fo r  110 min and 1.0 M sodium c it ra te

bu ffer, pH 6.65 fo r  160 min, at a flow rate of 30 ml/h. The

temperature was set at 50°C fo r the f i r s t  bu ffer, and at 60°C

therea fter. The amino sugars were separated by e lu tion on the

column with 0.2 M sodium c i t ra te  buffer, pH 4.25 fo r  200 min at

50°c(203). The absence of hydroxyproline from the hydrolysates 

was demonstrated by e lu tion with 0.2 M sodium c i t ra te  buffer, pH

2.8 as described by Allen and Neuberger (208)^

2.9 Neutral-sugar analysis

The method of Chambers and Clamp (209) was used. This involved 

methanolysis of dry samples (100 w g) of the purif ied  

a-galactosidases I ,  11  ̂ and I l2  with mannitol (25 nmol) as 

an in terna l standard in 1 M methanolic-HCl at 90°C fo r  4 h 

followed by re-acetyl ation and trimethyl s i ly la t io n .  The sugars 

were measured by gas-liqu id chromatography ( g . l . c . )  using a 

Perkin-Elmer F . l l  gas chromatograph f i t t e d  with dual columns and 

a flame ion isa tion detector.



RESULTS AND DISCUSSION

PART 1 Factors Affecting the Extraction 

and the Relative Proportions of 

V. faba a-Galactosidases
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Although m ult ip le  forms of a-galactosidases occur in extracts of 

V ic ia faba seeds in cha rac te r is t ic  proportions depending on the 

physiological state of the seed, i t  is not known whether these 

proportions re f le c t  the state of a f fa irs  in v ivo . Hence the 

e ffe c t of d i f fe re n t extraction and p u r if ica t io n  procedures on the 

enzyme patterns was investigated.

Obviously the enzyme forms present in a tissue extract may not 

represent the in vivo s itua tion  as a l l  forms may not be 

q u an t ita t ive ly  extracted by a pa rt icu la r procedure. Furthermore, 

a fte r enzyme extraction the levels o f the various forms may 

change through secondary modifications (210) such as association 

of subunits. The la t te r  has been observed in the case of 

hepatic g-galactosidases which interconvert in v i t ro  in response 

to changes in the ion ic strength of the medium ( 211» 212)^

In the case of ^ -galactosidases from V. faba seeds, conversion 

of form I I  to form I (see introduction p. 11) in v i t ro  has been

reported (G8» 69), This conversion was f i r s t  observed when an

ammonium sulphate fra c t ion  of a preparation of enzyme I I  was 

stored at 4°C over a period of several days. When th is  was 

examined by Sephadex G-lOO gel f i l t r a t i o n  the higher molecular 

weight form I was also found to be present. Furthermore, 

conversion in v i t ro  has been reported by Hustler (^7) who has 

shown that some processes in the p u r if ica t io n  procedure

fa c i l i t a t e  the conversion of a-galactosidase I I  to

a -galactosidase I .  Hustler (77) observed that in crude V. faba
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extracts, enzyme I I  was present at a higher level than I but 

p a r t ia l ly  pu r if ied  extracts (eg. a fte r ammonium sulphate fractionation) 

showed the reverse pattern (Fig. 10).

Hence, enzyme extraction and subsequent treatments are 

l i k e ly  to seriously in te rfe re  with any attempt to describe 

the pattern of m u lt ip le  forms of a-galactosidases in vivo.

I t  was therefore decided to study the e x t ra c ta b i l i ty  of the 

d if fe re n t  forms of V. faba a-galactosidases and to see what 

factors might a ffec t changes in th e ir  re la t ive  levels.

3.1 Preparation of a-galactosidase extracts

Resting, tes ta -free  V ic ia faba seeds (20 g) were f in e ly  powdered 

in a mechanical m i l l  and extracted at 4°C fo r  1 h in the 

appropriate medium (30 ml). The extract was then centrifuged at 

10,000g fo r  40 min and the supernatant used as the source of 

a -galactosidase.

3.2. Variation of extraction procedures

Cotyledon powder obtained from resting V. faba seeds was 

extracted separately with water and a series of sa lt ,  buffer and 

detergent solutions and a fte r centrifugation, the a-galactosidase 

a c t iv i t ie s  and protein concentrations of the extracts were
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Fig. 10. Sephadex G-lOO Eluent patterns o f a-galactosidases from

dormant V. faba seeds.

Fig. 10.1. a-galactosidase applied a f te r  multi-stage 

pur1fica tion(39).
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measured. Table 3 shows the e ffec t of increasing the ionic 

strengths of the media on the a-galactosidase a c t iv i ty  

extracted. The lowest to ta l a c t iv i ty  was obtained with the 

water extraction and the influence of sa lt  concentration was 

marked. In the case of sodium chloride solution and sodium 

acetate bu ffe r, maximum release of a c t iv i ty  required a minimum 

sa lt  concentration of 0.5 M. S im ila r ly , with Mcllvaine buffer, 

concentrations between 5 and 10 times that normally used were 

needed fo r maximum extraction of enzyme a c t iv i ty .  The specific  

a c t iv i t ie s  were s ig n if ic a n t ly  greater with the higher 

concentrations of sodium chloride and Mcllvaine buffer, although 

th is  was not apparent with acetate buffer. For comparative 

purposes, the extraction of the enzyme with increasing 

concentrations of Triton X-100 was also examined. High to ta l 

a c t iv i t ie s  comparable to those found with the more concentrated 

s a lt  solutions were observed with 0. 1% detergent but a c t iv i ty  was 

los t as the Triton concentration was increased. I t  is 

therefore, c lear, as expected, that the composition of the 

extraction medium is important in terms of to ta l a c t iv i ty  

extracted and the specific  a c t iv i ty  (c f .  213). In these studies 

i t  would appear that a -galactosidase a c t iv i ty  is at least in 

part bound to c e l lu la r  components. However, a fu r the r 

p o s s ib i l i ty  is that d if fe re n t sa lt  concentrations i n i t i a l l y  

extract s im ila r levels of a c t iv i ty  and subsequently there is 

enzyme modification in v i t ro  which resu lts , in the case of high 

s a lt  concentration, in greater a c t iv i ty .  In th is  connection, i t  

should be noted that 0.12 M potassium chloride has been reported
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Table 3. Extraction of a-galactosidase from mature Vicia faba seeds 
using various conditions

Extraction 
med i um

Volume of 
extract 

(ml)

Total enzyme 
a c t iv i t y  

(nkat)

Total protein Sp. act.

(mg) (nkat/mg protein)

Water 12.0 156.1 1356 0.11

Sodium Chloride

0.05M 13.0 213.2 2574 0.08
0.1 M 13.0 199.0 2555 0.08
0.5 M 13.0 270.4 2145 0.13
1.0 M 13.0 270.4 1417 0.19

Triton (w/v)

0. 1% 13.0 251.0 1742 0.14
0.5% 12.5 211.2 1513 0.14
1.0% 12.0 198.0 1200 0.16
5.0% 12.5 111.3 1950 0.06

Acetate buffer (pH 5.5)

0.05M 12.5 191.3 1162 0.16
0.1 M 12.5 218.8 1250 0.17
0.5 M 13.0 245.7 1586 0.15
1.0 M 12.0 244.8 1440 0.17

Mcllvaine buffer (pH 5.5)

xO.5 concn 13.0 210.6 1547 0.14
x l concn 13.0 227.5 1560 0.15
x5 concn 12.0 298.8 1440 0.21
xlO concn 12.0 314.4 1500 0.21

20 g seed powder was extracted with the appropriate extracting medium 
and le f t  to stand at 4°C fo r  1 h. I t  was then centrifuged at
10,000 g fo r  40 min and the supernatant assayed fo r  enzyme a c t iv i ty  
and protein as described in sections 2. 1. 1. and 2. 2. 1.



70

to activate V. faba a-galactosidases (69), Table 4 shows the 

e ffe c t of adding various levels of salts and Triton X-100 to an 

a-galactosidase preparation obtained by extracting seed powder 

with deionized water. Over the range of concentrations 

examined, none of the sa lt  or buffer solutions had a marked 

e ffe c t on the enzyme a c t iv i ty  over a 2 h period, suggesting that 

in v i t ro  modification had not occurred. Triton was observed to 

in h ib i t  the enzyme a c t iv i ty  at the higher concentrations.

3.3 Sephadex-gel f il t ra t io n  of V. fabaa-galactosidase preparations 

obtained by extraction of seed powder with different media

Having completed the prelim inary work on d if fe re n t extraction 

procedures, i t  was decided to examine the levels of the multip le 

molecular forms of «-galactosidase in these extracts. In a l l  

cases examined, the extracts were applied to Sephadex G-lOO 

columns which were subsequently eluted with the corresponding 

sa lt  or buffer solutions. Fractions were collected and 

a-galactosidase a c t iv i t y  assayed. The extraction time and the

time between applying the extract to the column and assaying the 

a c t iv i t y  was kept constant in each case.

The pattern obtained with 0.1 M sodium chloride extract is shown 

in Fig. 11.1. Only one peak of enzyme a c t iv i ty  was detected 

corresponding to the lower MW (40,000) fra c t io n ,  I I .  The enzyme 

preparation obtained with 0.25 M sodium chloride showed three
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Table 4. The effect of increasing ionic strength and 
detergent concentration on a -galactosidase 
ac tiv ity  extracted with water

Final concentration 
in assay mixture

Enzyme a c t iv i ty  
(nkat)

Water 0.13

Sodium Chloride

0.05M 0.14
0.1 M 0.14
0.5 M 0.14
1.0 M 0.14

Triton (w/v)

0. 1% 0.14
0.5% 0.11
1. 0% 0.11
5.0% 0.10

Acetate buffer (pH 5.5)

0.05M 0.13
0.1 M 0.13
0.5 M 0.14
1.0 M 0.15

Mcllvaine buffer (pH 5.5)

X 0.5 concn 0.14
X  1 concn 0.14
X  5 concn 0.13
xlO concn 0.13

20 g bean powder was mixed and s t ir red  with water (30 ml) 
and le f t  to stand at 4°C fo r  1 h. The mixture was then 
centrifuged at 10,000g fo r  40 min and the supernatant was assayed 
fo r  a-galactosidase a c t iv i ty .  This crude aqueous extract 
(0.5 ml) was mixed with the appropriate medium (0.5 ml) and 
allowed to stand at 4°C fo r  2 h before assaying fo r 
a-galactosidase a c t iv i ty ;  the a c t iv i ty  of the aqueous extract 

was re-measured at th is  stage.
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Fig. 11. Examination of NaCl extracts of V. faba seed tissue 

by Sephadex G-lOO chromatography.

Fig. 11.1. Extraction and Elution of a-galactosidase carried 

out with 0.1 M NaCl.
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Fig. 11.2. Extraction and Elution of a-galactosidase carried

out with 0.25 M NaCl.
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peaks of a c t iv i ty  (Fig. 11.2), corresponding to I (MW 209,000) 

and I I ,  together w ith a th ird  peak positioned between I and I I  

w ith an apparent molecular weight of 70,000 (a dimer ?). This 

is the f i r s t  report of the presence of an intermediate form of a 

-galactosidase. Figures 11.3 and 11.4, show the elution p ro f i les  

of enzyme preparations obtained by extraction with 0.5 M and 1.0 

M sodium chloride, respectively. Here again, as with 0.25 M 

sodium chloride, three peaks o f “  -galactosidase a c t iv i ty  are 

seen, although the proportions of the enzyme forms vary at each 

concentration.

I t  is c lear, therefore, that the highest levels of a-galactosidase I 

are found in the extracts obtained with high sa lt  concentrations. 

This could re su lt  because high ionic strengths are needed to 

remove form I from the tissues and/or the high sa lt  causes a 

conversion of I I  to I perhaps via the intermediate form.

In order to investigate the la t te r  p o s s ib i l i ty ,  an enzyme extract 

in 0.1 M sodium chloride was applied to a Sephadex 6-100 column 

which had been equ il ib r ia ted  with 0.5 M sodium chloride and was 

eluted with the same medium (Fig. 11.6). A control experiment was 

carried out where the o r ig ina l extract was applied to a column 

which was equ il ib r ia ted  and eluted with 0.1 M sodium chloride 

(Fig. 11.5). The e lu tion times were the same fo r  both 

experiments. A comparison of Figs. 11.5 and 11.6 c lea r ly  shows 

that during e lu tion  of the column with 0.5 M sodium chloride, 

a-galactosidase I and the intermediate form are produced.
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Fig. 11.3. Extraction and Elution of a-galactosidase carried

out with 0.5 M NaCl.
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Fig. 11.4. Extraction and Elution of a-galactosidase carried

out with 1.0 M NaCl.
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Fig. 11.5. Extraction and Elution of a-galactosidase with

0.1 M NaCl.
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11.6. Extraction of a-galactosidase with 0.1 M NaCl and 

e lu tion with 0.5 M NaCl.0 6
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Inspection of Fig. 11.3 where a c t iv i ty  was extracted with 0.5 M 

sodium chloride and the column eluted with the same sa lt  solution 

shows higher levels (ca. 3.5 fo ld ) of a-galactosidase I than 

in Fig. 11.6 where extraction was effected with 0.1 M sodium 

chloride and e lu tion with 0.5 M sodium chloride. At f i r s t  

s ight, the explanation fo r  th is  difference would appear to be 

th a t ,  in the case o f Fig. 11.3, more conversion o f I I  to I had 

occurred because of the longer exposure time (extraction and 

e lu tion) to the high (0.5 M) sa lt  concentration. However, i t  

should be noted that th is  time difference was only 20%, which 

would be un like ly  to account fo r a 3.5 fo ld  difference in the 

level of enzyme I. Therefore, i t  would seem that enzyme I is 

present in vivo and is extracted more e f f ic ie n t ly  or perhaps only 

by the high sa lt  concentrations. The apparent absence of enzyme 

I in preparations where extraction and column elu tion were both 

achieved with 0.1 M sodium chloride (see Fig. 11.1), may be due 

to the fac t that the high molecular weight form was not extracted 

or i t  was extracted and then dissociated.

To tes t the la t te r  theory, enzyme extracted with 0.5 M sodium 

chloride was applied to a Sephadex G-lOO column, using 0.1 M 

sodium chloride as eluent and in th is  case, the major a c t iv i ty  

detected was a-galactosidase I I  (Fig. 11.7). In the control 

experiment w ith 0.5 M sodium chloride as extractant and eluent, 

both forms I and I I  were present (Fig. 11.3). This gives some 

support fo r  the p o s s ib i l i ty  that form I can be extracted with 

0.1 M sodium chloride but i t  then dissociates.
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Fig. 11.7. Extraction of a-galactosidase with 0.5 M NaCl and

elution with 0.1 M NaCl.
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Fig. 11.8. Extraction and e lu tion of o-galactosidase with

0.05 M NaCl.
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An unexpected re su lt  was obtained in two separate experiments 

when an enzyme extract prepared in 0.05 M sodium chloride was 

applied to a Sephadex column and eluted with the same molarity  sa lt  

so lu tion. Here (Fig. 11.8), s ig n if ica n t levels of a-galactosidase I 

were detected when a pattern s im ila r to that shown in Fig. 11.1 had 

been expected. No clear explanation fo r  th is  observation can be 

given (but see p. 89).

Following the detailed work on the influence of various 

concentrations of sodium chloride on extraction and interconversion 

of m ult ip le  forms of a-galactosidase, the e ffects of solutions of 

other sa lts  and buffers which had been used and were to be used 

in conjunction with a-galactosidase extraction and p u r if ica t io n  

were investigated. The conditions were identica l to those used 

fo r  the 'sodium chloride experiments'.

Potassium chloride plays a ro le in the association/dissociation 

of coconut a-galactosidase (61» 62)^ and i t  activates V. faba 

a-galactosidases (69). I t  was also rou tine ly  used as a buffer 

component fo r  e lu tion of Sephadex-gel columns. Hence, i t s  

e ffec t on the pattern of multip le  forms was examined. At low 

concentration (0.1 M) fo r  both tissue extraction and column 

e lu t ion , only the low MW fra c t io n , I I ,  of a-galactosidase could 

be detected (Fig. 12.1). At higher concentrations (0.5 M), enzyme 

I and the intermediate form were apparent in addition to I I  

(Fig. 12.2). The effects were, therefore, rather s im ila r to those 

of sodium chloride.



79

Fig. 12. Examination of KCl extracts of V. faba seed tissue by 

Sephadex G-lOO chromatography.

Fig. 12.1. Extraction and Elution of a-galactosidase with 0.1 M KCl.
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Fig. 12.2. Extraction and Elution of a-galactosidase with 0.5 M KCl.
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Much of the previous work on multimolecular forms of V. faba 

a-galactosidase had u t i l iz e d  Mcllvaine (citrate/phosphate) 

bu ffer, pH 5.5, in p u r i f ica t io n  procedures. When th is  buffer 

was used fo r  enzyme extraction and e lu t ion , the pattern shown in 

Fig. 13.1 was observed; I and I I  were present with I I  

predominating. The addition of e ithe r 0.1 M sodium chloride or 

0.1 M potassium chloride to the Mcllvaine buffer produced no 

s ig n if ica n t change (Figs. 13.2 and 13,3). However, a 5 fo ld  

concentrated Mcllvaine bu ffe r, pH 5.5, containing 0.1 M potassium 

chloride exhibited a marked e ffe c t on the enzymic forms present. 

Figure 13.4, in comparison with Fig. 13.3, shows that there was a 

s ig n if ica n t increase in enzyme I ,  a decrease in I I  and the 

appearance of the intermediate form which was at higher levels 

than I I .  Thus the concentrated buffer seems to favour the 

intermediate form and enzyme I at the expense of frac t ion  I I .

This led to the examination o f the e ffec t of c i t ra te ,  a Mcllvaine . 

buffer component, on the levels of these enzymes. C itra te  ions 

have been implicated in the conversion of I I  to I (77), The 

e lu tion p ro f i le  obtained with an enzyme extract in 0.1 M sodium 

c i t ra te  buffer, pH 5.5, shows (Fig. 14) some I I ,  a predominance 

of the intermediate form and a neglig ib le  amount of form I .  The 

pattern difference was fu r the r investigated using 0.1 M pH 8. 6, and 

0.5 M, pH 9.1, solutions of unbuffered sodium c i t ra te .  In both 

cases (Figs. 15.1 and 15.2), a-galactosidase I was present at high 

levels and the difference between the pattern fo r  0.1 M sodium 

c i t ra te  solution and that fo r  0.1 M c i t ra te  buffer can, presumably 

be accounted fo r  by the difference in pH. The re la t iv e ly  high pH
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Fig. 13. Examination of Mcllvaine buffer extracts of V. faba seed 

tissue by Sephadex G-lOO chromatography.

Fig. 13.1. Extraction and Elution of a-galactosidase with Mcllvaine

buffer, pH 5.5.
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Fig. 13.2. Extraction and Elution of a-galactosidase with Mcll vaine

buffer containing 0.1 M NaCl, pH 5.5.
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Fig. 13.3. Extraction and Elution of a-galactosidase with Mcllvaine 

buffer containing 0.1 M KCl, pH 5.5.
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Fig. 13.4. Extraction and Elution of a-galactosidase with a 5 fo ld

concentrated Mcllvaine buffer containing 0.1 M KCl, pH 5.5.
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Fig. 14. Examination of a 0.1 M C itrate buffer extract of V. faba 

seed tissue by Sephadex G-lOO chromatography, using the 

same buffer, pH 5.5 as eluent.
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Fig. 15. Examination o f Sodium c i t ra te  extracts of V. faba seed 

tissue by Sephadex G-lOO Chromatography.

Fig. 15.1. Extraction and Elution of a-galactosidase with 0.1 M 

Sodium c i t ra te ,  pH 8 . 6.
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Fig. 15.2. Extraction and Elution of a-galactosidase with 0.5 M

Sodium c i t ra te ,  pH 9.1.
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of the unbuffered c i t ra te  solution may also explain the lower 

recoveries of a c t iv i ty  from the columns; 41% and 59% fo r  0.1 M 

and 0.5 M sodium c i t ra te ,  respective ly.

Sodium phosphate, is the other Mcllvaine buffer component, so 

the e f fe c t  of sodium phosphate buffer, pH 5.7, as extractant and 

eluent was examined. At a concentration of 0.1 M, the pattern 

shown in Fig. 16.1 was observed which was identica l to those 

obtained with sodium chloride and potassium chloride at the same 

concentrations. With 0.5 M sodium phosphate buffer, however, the 

pattern (Fig. 16.2) was d if fe re n t.  Only a c t iv i t ie s  corresponding 

to I and I I  could be detected; there was no trace of the 

intermediate form which was found in the case o f 0.5 M sodium 

c h lo r id e  (F ig. 11.3). S im i la r  resu lts  (Figs. 17.1 and 17.2) were 

obtained with 0.1 M and 0.5 M sodium acetate buffers, pH 5.5 and 

with unbuffered sodium acetate solutions at the same 

concentrations (Figs. 18.2 and 18.3). However, in the case of 

0.05 M sodium acetate solution, pH 7.3, only one enzymically 

active peak corresponding to enzyme I (Fig. 18.1) was found.

This was the only case, including studies wth 0.05 M sodium 

chloride (Fig, 11.8), where I I  was not detected in an enzyme 

extract. I t  is important to mention here, however, that the 

to ta l recovery of enzyme on gel f i l t r a t i o n  was only 17 and 21% in 

duplicate experiments (cf. 0.05 M sodium chloride; 63%). With 

extracts using other s a l t  solutions, even when the recovery was 

low (£a. 40%), fo r  example, with 0.1 M sodium c i t ra te  (Fig. 15.1), 

both forms were present. The explanation fo r  th is  unexpected
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15. Examination of Phosphate buffer extracts of V. faba seed 

tissue by Sephadex G-lOO chromatography.

16.1. Extraction and Elution of a-galactosidase 0.1 M with 

Sodium phosphate bu ffer, pH 5.7.
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Fig. 16.2. Extraction and Elution of a-galactosidase with 0.5 M

Sodium phosphate buffer, pH 5.7.
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Fig. 17. Examination o f  Acetate buffer extracts o f V. faba tissue 

by Sephadex G-lOO chromatography.

Fig. 17.1. Extraction and Elution of a-galactosidase with 0.1 M

Acetate buffer, pH 5.5.0 8  -
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Fig. 17.2. Extraction and Elution of a-galactosidase with 0.5 M

Acetate bu ffe r, pH 5.5.
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Fig. 18. Examination of Sodium acetate extracts of V. faba seed 

tissue by Sephadex G-lOO chromatography.

Fig. 18.1. Extraction and Elution of a-galactosidase with 0.05 M
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re su lt  with low levels of unbuffered sodium acetate (0.05 M) is not 

clear especia lly when compared with the results obtained with 

sodium chloride at the same concentration. However, the pH of 

the former so lu tion, pH 7.3, was higher than that of the sodium 

chloride so lu tion, pH 6.8 and perhaps at low ionic strength and 

high pH, a-galactosidase I I  is unstable. At high ion ic strength 

(see Figs. 18.2 and 18.3), form I I  would appear to be able to 

to le ra te  th is  pH.

This whole investigation c le a r ly  indicates the d i f f i c u l t i e s  in 

try in g  to extrapolate from the pattern o f m ult ip le  forms as 

observed in v i t ro  to the forms as they ex is t in v ivo . In 

summary i t  would seem that a-galactosidase I is present in vivo 

and that high concentrations of sodium chloride, and probably 

other sa lts ,  favour i t  s extraction from seed powders and almost 

ce r ta in ly  enhance conversion of the low MW enzyme to the larger 

aggregates. There is an apparent anomaly in the case of 0.05 M 

sodium acetate and an attempt has been made to explain th is  on 

th is  page.

The e ffe c t o f c i t ra te  on the m ult ip le  forms is of in te res t. 

Inspection of the patterns obtained with sa lt  and buffer 

solutions at the 0.1 M level shows that the high MW forms of the 

enzymes are only present in the cases where c i t ra te  is present 

(sodium c i t ra te  solution and sodium c i t ra te  bu ffe r) .  I t  is 

possible tha t c i t ra te  is acting as a chelating agent ^^5)

which aids extraction o f the high MW enzymes and/or favours



90

aggregation of form I I .  In v i t ro  studies by Hustler (77) have 

shown that c i t ra te  does enhance the conversion of I I  to I .  In 

th is  case and in the present work, th is  could conceivably be 

achieved by the removal of d iva lent cations which in te rfe re  with 

aggregation of subunits. The difference between the effects of

0.1 M sodium c i t ra te  and 0.1 M sodium c i t ra te  buffer may be a 

function of pH where in the former case the higher pH fa c i l i ta te s  

chelation by c i t ra te  and hence the formation of re la t iv e ly  'h igh' 

level of a-galactosidase I .  At the lower pH of sodium c it ra te  

bu ffe r, the aggregation would appear to go no fu r the r than the 

dimer. The e ffe c t of diva lent ions, such as MgZ+ and Ca^*, on 

the polymerization of a-galactosidase monomers is an area worthy 

of fu r the r investigation.

Complex changes in m ult ip le  forms in response to ion ic strength 

and pH in the case of animal 3-galactosidases have been 

observed. For example, the concentration of sodium chloride in 

the e lu ting  medium has been shown to have a marked e ffec t on the 

g e l f i l t r a t io n  patterns of human l iv e r  acid 3-galactosidase (212)  ̂

In the absence of sodium chloride, three peaks of a c t iv i ty  were 

resolved with MWs of 36,000, 67,000 and 130,000. In the

presence of 1 M sodium chloride, a major peak of a c t iv i ty  of MW 

greater than 400,000 was observed with shoulders corresponding to 

lower MW forms. At an intermediate ion ic strength, a 

progressive decrease in the amounts of the three MW forms was 

observed with an increase in the high MW form. S im ila r ly  

Sephadex G-200 p ro f i les  of marmoset kidney 3-galactosidase
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indicated aggregation of the enzyme in response to treatment with 

1 M sodium chloride (216),

Hoeksema et al (217) have detected multimeric and dimeric forms of 

human f ib ro b la s t  3 -galactosidase by gel chromatography. Two

buffer systems were used; in the f i r s t ,  10 mM sodium 

phosphate/10 mM sodium chloride, pH 7.0, the major peak observed 

was a low MW (65,000) form but a minor peak of MW 600,000 was 

also present. In the second buffer, 0.1 M sodium acetate/0.1 M 

sodium chloride, pH 4.5, the dimer with MW 130,000 - 150,000 

predominated and the multimer was absent.



RESULTS AND DISCUSSION

PART 2 Iso la t ion  and Characterization 

o f V. faba a-Galactosidases
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The main aim of th is  project was to obtain highly pu rif ied  samples of 

the previously reported a-galactosidases I ,  I I^  and I I^  from 

V icia faba seeds (25) ^^d to examine th e ir  s tructura l re la tionships by 

immunochemical techniques. Minor goals were to discover more about 

the glycoprotein nature of the enzymes and to establish whether they 

possessed le c t in  a c t iv i ty  as had been claimed e a r l ie r  in thé case of 

Viqna radiata seed a-galactosidase (170).

4.1 Purification of a-galactosidases

The three forms of the enzyme were isolated from powdered resting 

V. faba beans from which the testas had been removed. Fourteen 

preparations of the enzymes were extracted and pu rif ied  over a 4- 

month period. In each case 1 kg (each week) of seed powder was 

used and the process required approximately 2 weeks to complete.

A typ ica l p u r i f ic a t io n  procedure is summarized in Table 5. The 

stage involving addition of c i t r i c  acid (Stage 2) was necessary 

to remove the bulk of the seed storage proteins and a number of 

glycosidases other than a-galactosidase (218), This resulted in 

a 5-fo ld  increase in spec if ic  a c t iv i ty  and also a s ig n if ica n t 

increase in the volume of the preparation. To overcome the 

la t te r ,  the protein was next precip ita ted with ammonium sulphate 

(Stage 3) and the frac t ion  dialysed against Mcllvaine buffer (pH 

5.5). No improvement in the spec if ic  a c t iv i ty  occurred at th is  

stage. The preparation was then rap id ly  applied to a Sephadex
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Table 5. Purification of V. faba a -galactosidases

Stage

Volume

(ml)

A c t iv i ty  

(nkat/m l)

Protein

(mg/ml)

Specific
a c t iv i ty

(nkat/mg)

Recovery*

(%)

1. Crude extract 1010 16.0 88.0 0.18 -

2. C i t r ic  acid 
p rec ip ita t ion 1438 9.1 9.2 1.0 81

3. (NH4)2S04, 25-60% 68 124.4 98.0 1.3 52

4. Sephadex G-lOO

a -Galactosidase I 9.0 253.7 6.1 41.6 14

a -Galactosidase I I 11.0 165.3 62.9 2.6 11

5. Sephadex G-lOO, recycle

I 3.0 426.6 5.4 79 8

I I 4.0 229.5 37.0 6.2 6

6. Con A-Sepharose

I 5.0 184.0 0.8 230.0 4.5

I I 5.0 114.4 3.1 36.9 3.5

7. CM-cellulose 
chromatography

I 1.0 307.0 0.24 1279.0 2.0

I I I 2.5 43.6 1.08 40.4 0.7

I l 2 2.5 48.4 0.56 86.4 0.56

8. CM-cellulose 
chromatography

I 1.0 180.0 0.14 1286.0 1.1

I I I 1.0 60.0 0.78 76.9 0.37

I l 2 1.0 72.0 0.63 114.3 0.44

* % Recovery has been calculated re la t ive  to the f i r s t  stage, ie . crude 
extract. Weight of seed powder taken = 1 kg.
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G-lOO column (Stage 4): resolution of the high and low MW

a c t iv i t ie s  (Fig. 19.1) was re la t iv e ly  poor but the main purpose of 

th is  stage was to minimise the aggregation of the low MW form I I  

to I ;  gel f i l t r a t i o n  had been reported to achieve th is  (67), % 

-galactosidases I and I I  thus obtained were separately pooled, 

concentrated by u l t r a f i l t r a t io n  and then recycled through 

Sephadex G-lOO columns (Stage 5, Figs. 19.2 and 19.3). The 

spec if ic  a c t iv i t ie s  of the two forms were increased 2- fo ld  by 

th is  las t step in the procedure and the two forms were then 

dialysed against potassium phosphate buffer (pH 7.0) and applied 

to Con A-Sepharose columns (Stage 6) in 2 ml 'batches' (Fig. 20). 

In both cases, most of the a c t iv i ty  was bound to the column, 

however 17% of enzyme I (I^b) 20% of I I  (Hyb) were not

absorbed and were eluted by the phosphate buffer. The bound 

enzymes were then desorbed from the columns with buffered 0.5 M 

methyl- a-D mannoside. This step resulted in 2- and 5-fo ld 

p u r i f ic a t io n  of a-galactosidase I and I I ,  respective ly. 

Enzymically active frac tions I ,  I I ,  I^b and I l^ y  from Stage 6 

were then separately pooled, concentrated and dialysed against 

Mcllvaine buffer (pH 3.5) fo r  2-3 h. The enzymes were 

subsequently applied to CM-cellulose columns (Stage 7) which were 

washed u n t i l  the absorbance of the washings at 280 nm was n i l .

The columns were then eluted with sodium chloride gradients (0.05 

- 0.4 M). Considering f i r s t  the enzymes which bound to Con A- 

Sepharose, enzyme I eluted as a single peak (Fig. 21.1) and there 

was a 7-fo ld  increase in i t  s specific  a c t iv i ty .  The 

a-galactosidase I I  f rac t ion  was resolved into two forms (11^ and
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Fig. 19. P u r if ica t ion  of a-galactosidases from V. faba seeds.

Q Fig. 19.1. Sephadex-gel Elution p ro f i le  of I and I I ;  Stage 4
 -  — W —- - ~ A 2 0

160 6

12 o
0 4

0 8

0 2
- 0 4

6 0 0 8 0 07 0 0 9 0 0 1000

1 0
Fig. 19.2. Sephadex-gel Elution p ro f i le  of I .  Stage 5.

12■ 0 8

>* 0*8

0 4
0 2

T3

^  1 0  
p

= 08

^ ^  - - -A
Fig. 19.3. Sephadex-gel Elution 

p ro f i le  of I I .  Stage 5.
-12

0*6

0 4
- 0 4

0 2

190 210 330
Elution volume , ml
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P ur if ica t ion  of a-galactosidases

Fig. 20. Con A-Sepharose Elution p ro f i le  of a-galactosidase. 

Stage 6.

2 0 -

1-6

o as

20 1208 040 60
Elution vo lum e, ml

100

Elution with 0.1 M Phosphate- 

buff er containing 0.5 M NaCl, 

pH 7.0.

■Elution with 0.5 M 

Methyl-a-D-mannosi de 

in the e lu ting  

buffer, pH 7.0.



97

Fig. 21, P u r if ica t ion  of a-galactosidases on ion-exchange columns 

Fig. 21.1. CM-cellulose chromatography of a-galactosidase I
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Fig. 21.2. CM-cellulose chromatography o f a-galactosidase I I
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I I  Fig. 21.2) and the spec if ic  a c t iv i ty  of 11^ was twice that 

of I I I .  jp terms of to ta l a c t iv i ty ,  11  ̂ exceeds 11  ̂ by a factor 

of 3 (Fig. 21.2), however th is  difference was found to be 

variable and was probably dependent on the batch of seeds being 

used.

I t  i t  in te resting  to note that a-galactosidases I and 11  ̂ elute 

at s im ila r  sodium chloride concentrations.

When I I I  and 11^ were recycled, separately through CM-cellulose 

columns to improve homogeneity, fu r the r p u r i f ica t io n  was achieved 

and the spec if ic  a c t iv i t y  ra t io  ( I I ^ / I l l )  was 1.5. The loss of 

to ta l enzyme a c t iv i ty  at the CM-cellulose stages was rather high; 

somewhat s im ila r  losses on CM-cellulose have also been reported 

fo r  a-galactosidase B from human l iv e r  (see Table V re f. 50).

4.2 Electrophoretic examination of a -galactosidases

PAGE of the f in a l  preparations o f a-galactosidases I ,  I I I  

11^ resu lt ing  from Stage 8 were carried out under anionic and 

cation ic conditions. Under anionic conditions (^19) w ith Tris  

buffer, pH 8.3, the electrophoretic m o b il i t ie s  of the three forms 

were zero. This resu lt  contrasts with e a r l ie r  reports that 

pu r if ied  a-galactosidase I and frac tion  I I  from V. faba gave 

single bands on polyacrylamide gels using the same Tris-g lyc ine  

buffer system However, Hadocava and Benes (220) have
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reported that th is  system was unsuitable fo r  the resolution of 

m u lt ip le  forms of a-galactosidases from Zea mays and V ic ia faba 

ro o t t ips .

PAGE of the V. faba enzymes with g-alanine-acetate buffer

at pH 3.5, using the method recommended by Hadocava and

Benes (220) resulted in a l l  forms migrating towards the

cathode as single bands (Figs. 22.1 and 22.2) which were stained fo r

both protein and a-galactosidase a c t iv i ty .  The re la t ive

migrations of 11^ and I on PAGE are s im ila r ,  however

migrates faster. When a-galactosidase I I  eluted from Con

A-Sepharose (Stage 6, Table 5) was subjected to PAGE, i t

was resolved in to two active bands corresponding to 11  ̂ and

I l2  (Fig. 22.2).

On PAGE, at pH 3.5, enzymes I and 11^ appear less basic than 

I I I ,  yet they both elute at a higher sa lt  concentration from 

CM-cellulose columns in comparison to I I I .  This can be 

a ttr ibu ted  to the fac t that only a part of the charged regions of 

the enzyme in te rac t with the ion-exchanger and that e lu tion is 

not a function of the to ta l charges on the proteins.

Some heterogeneity was observed when the pu rif ied  enzyme samples 

were examined by SDS-PAGE: th is  was more evident on slab gels

(Fig. 23.2) than on c y l in d r ic a l  gels (F ig. 23.1). Enzyme I 

dissociated in to a major subunit with MW 41,300 + 1200 and two 

minor bands which had s l ig h t ly  higher m ob il i t ies . There was



Fig. 22.1 Polyacrylamide gel electrophoresis of 

a-galactosidases I ,  and 11̂  

(stained with Coomassie blue)

100

Experimental details are given in section 2.4.1.

10, 21 and 26 y g of purified (after Stage 8 of the 

purification procedure) a-galactosidases I ,  II^  and 11^, 

respectively were applied on the gels and stained for 

protein as described in section 2. 2. 2.
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Fig. 22.2 Polyacrylamide gel electrophoresis of 

a-galactosidases (stained for enzyme 

activ ity )

e

II' II

Experimental details are given in section 2.4.1.

5 and 10 yl of I ,  40yl of II^  and 20 and 30 y 1 of 11̂  

(after Stage 8 of the purification procedure) and 25 y 1 of 

a-galactosidase I I  (after Stage 6 of the purification 

procedure) were applied on the gels and stained for 

a-galactosidase as described in section 2. 1.2 i i .
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Fig. 23 SDS-PAGE of a-galactosidases I,  I j l  and 11^

Fig. 23.1 Disc gel electrophoresis

r- -  T j( -  -

Experimental details are given in section 2.4.2. Gels 1 - 4  represent 

marker proteins; 3-Iactoglobulin (MW 18,400), trypsinogen (MW 24,000), 

pepsin (MW 34,700) and ovalbumin (MW 43,500). Gel 5. 20 y g of 

a-galactosidase I obtained from Stage 6 of the purification procedure, 

Gel 6. 10 yg of a-galactosidase I after Stage 7 of the purification

procedure.

Gel 7. 20 yg of a-galactosidase I I  applied after Stage 6 of the

purification procedure.

Gel 8. 20 yg of a-galactosidase 11̂  applied after Stage 7 of the

purification procedure.

Gel 9. 14 y g of a-galactosidase 11  ̂ applied after Stage 7 of the

purification procedure.

The gels were stained for protein as described in section 2.2.2.
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Fig. 23.2. SDS-polyacrylamide slab gel electrophoresis 

of a-galactosidases I ,  11̂  and 11̂

b—

c-^

d-^

I
1 3 5 7 9 11 13 15

Experimental details are given in section 2.4.2.

Tracks 1 and 8 represent MW markers a) myosin, MW 200,000 

b) e-galactosidase, MW 130,000 c)phosphorylase b, MW 90,000 

d) bovine serum albumin, MW 65,000 e) ovalbumin, MW 45,000 

Tracks 2 - 7  show varying amounts (10, 8 and 15 yg) of

enzyme I,  applied after Stage 7 of the purification procedure.

Tracks 9-10 show enzyme II  applied after Stage 6.

Tracks 11-12 show enzyme 11̂  (20 y g) applied after Stage 7.

Tracks 13-14 show enzyme 11̂  (15 yg) applied after Stage 7,

Tracks 15-16 represent a-galactosidases 11̂  and 11̂  after 

Stage 8; shown more clearly in Fig. 23.3.
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Fig. 23.3 SDS-PAGE of a-galactosidases I,  11̂  and II?

obtained from Stage 8 of the purification 

procedure

1 2  3 4

1. a-Galactosidase 11̂

2. a-Galactosidase 11̂  and 11̂

3. a-Galactosidase II

4. a-Galactosidase I
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clear evidence of microheterogeneity in the major subunit. The 

pattern fo r  ot-galactosidase 11^ was identica l to that of enzyme 

I (Fig. 23.3). The two minor protein bands are thought to be 

p ro teo ly t ic  degradation products (cf. re f. 221). Enzyme 11  ̂

gave a major band exh ib it ing  a MW of 42,650 + 950 with some 

fas te r migrating minor bands. The low carbohydrate content (2- 

5%) of these enzymes is un like ly  to seriously in terefere with 

estimations of MW by the SDS-PAGE method (222)^

The p u r i f ica t io n  of a-galactosidases from various plant and 

animal sources is compared in Table 6. In the two cases cited 

in Table 6, the pu rif ied  animal a-galactosidases have very low 

spec if ic  a c t iv i t ie s .  Inspection of the data fo r  the higher 

plant enzyme preparations shows c lea r ly  that Coffea is an 

excellent source of high spec if ic  a c t iv i ty  a-galactosidases with 

acceptable recovery of to ta l a c t iv i t ie s .  A sa tis fac to ry  

comparison can be made of the present p u r i f ica t io n  of 

a-galactosidase I w ith the previous attempt by Dey and Pridham 

(28), In the former, the spec if ic  a c t iv i ty  is almost doubled at 

the expense, however, of a s ig n if ica n t loss of to ta l a c t iv i ty  

(ca 90%). No comment can be made concerning 11  ̂ and 11^ as 

frac t ion  I I  was not resolved in the e a r l ie r  investigation (28).

4.3 Quaternary structure of the a-galactosidases

Comparison of the MWs of enzymes I l2  and I obtained by SDS-PAGE 

(41,300 + 1200) and sedimentation equilibrium methods (43,390 +
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1409 and 160,400 + 2850, re f .  69), strongly suggests that a - 

galactosidase I is a tetramer of 11^. The tetrameric nature of 

V. faba enzyme I would appear to be s im ila r to a-galactosidases 

extracted from a number of other leguminous plants

Mung bean a-galactosidase, fo r  example, is reported to be 

a tetramer with MW 160,000 which on SDS-PAGE gives a single 

protein band with MW45,000 + 2500 (1^0)^ in the case of 

a-galactosidases from broad bean, although two low MW forms 11  ̂

and I l2  are present, only 11^ seems to aggregate to form I .  In 

mung bean (170)^ only one low MW form has been reported. I t  

should be noted, however, tha t imbibed mung beans were used as 

the source of the a-galactosidases whereas in the present study, 

resting broad beans were used and the pattern o f m ult ip le  enzyme 

forms may be d if fe re n t  in the two seeds because o f the d if fe re n t 

physiological states of the tissues.

Del-Campillo (224)^ has shown tha t soybean seed a-galactosidase 

(MW 160,000) dissociates in the presence of SOS into two sub 

units with MWs 38,000 and 40,000.

Purif ied S-carboxymethylated a-galactosidase A from human 

placenta (221) showed one component with MW 65,000 when examined 

by SDS-PAGE but electrophoresis of the non-S-carboxymethylated 

enzyme showed two components:- a major band o f MW 67,500 and a 

d iffuse band with MW 47,000. I t  was suggested that the smaller 

component was a degradation product and that the enzyme is a 

dimer with a MW of approximately 150,000.
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Immunochemical Studies

Further information on the s truc tura l re la tionships between the 

three forms of a-galactosidase from broad bean was obtained by 

immunological studies.

Antibodies to pu r if ied  I ,  11^ and 11^ were raised by separate, 

m u lt ip le  subcutaneous in jec t ions of the enzymes mixed with 

Freund's adjuvant into rabb its . The blood serum in each case 

was used as the source o f antibodies without fu r the r pu r i f ica t io n  

and each an ti- (a -ga lac tos idase ) serum was subjected to 

immunoprécipitation, immunoelectrophoresis and immunodiffusion 

using a l l  three antigens.

5-1 Quantitative Immunoprécipitation

Figure 24 shows the results  o f immunoprécipitation analyses where 

varying quantit ies of antisera were added to constant amounts of 

enzyme a c t iv i t y  and a fte r incubation and cen tr ifugation , the 

a c t iv i t ie s  of the supernatants were assayed. A n t i - a - 

galactosidase I reacted with a l l  forms ( I ,  11^ and 11^) of the 

enzyme producing p rec ip ita t ion  o f a c t iv i ty ,  the maximum reaction 

occurring between a n t i - I  and enzyme I ,  as expected (Fig. 24.1). 

The reaction between a n t i - I  antiserum and enzyme 11  ̂ was found to 

be stronger than that between a n t i - I  and enzyme 11^.

Prec ip ita tion  reactions between a n t i - I I ^  and a n t i - I I ^  sera
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Fig. 24. Immunoprécipitation of a-galactosidases 

Fig. 24.1. Immunoprécipitation of a-galactosidases I ,  11  ̂

and 11^ with anti-(a-galactosidaseii?) serum.

100

& 8 0

■i 60

20

40 503020
Antiserum

A— A a-galactosidase 11^

□— □ a-galactosidase 11^

e— e a-gal actosidase I

Increasing volumes of antiserum were added to tubes containing
1 9pu rif ied  preparations o f a-galactosidases I ,  II-*- and I I  

from Stage 8 of the p u r i f ica t io n  procedure. A fter incubation 

and centrifugation as described in section 2.6.2., a-galactosidase 

a c t iv i t y  was determined fo r each of the supernatants. The points 

shown represent means of duplicate incubations.
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Fig. 24.2. Immunoprécipitation of a-galactosidases I ,  11  ̂ and

11  ̂ with anti-(a-galactosidase | ) ^  serum.

Q.
S 8 0

i  60

I 40

5030 4010 200
Antiserum /*!

A— ▲ a-galactosidase 11^

# -# a-galactosidase I

□— □ a-galactosidase 11^

Details as fo r  Fig. 24.1. except that an ti-  

(a-galactosidase J •) serum was used.
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1 2Fig. 24.3. Immunoprécipitation of a-galactosidases I ,  I I  and I I  

with anti-(a-galactosidase 11^) serum.

100

3 80 -

60

.> 40

10060 8040200
Antiserum

□— □ a-galactosidase I 

# e a-galactosidase I I '

a-galactosidase I I

Details as fo r  Fig. 24.1. except that an ti-  

(a-galactosidase 11^) serum was used.
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and the three forms of a-galactosidase were also studied 

(Figs. 24.2 and 24.3). As with an ti-  a-galactosidase I ,  cross 

reaction was observed between a n t i - I I ^  and a n t i - I I ^  and 

a-galactosidases I ,  11^ and 11^. From Fig. 24.3 however, i t  

seems that 11  ̂ is a re la t iv e ly  poor immunogenic antigen: only

50% of the enzyme 11^ a c t iv i ty  was precip ita ted with 100 y 1 of 

a n t i - I l l  antiserum (c f .  the t i t r e s  in Figs. 24.1 and 24.2). From 

the gradients of the curves fo r  each antiserum, i t  would appear 

that a-galactosidases I and 11^ are more closely related than a 

-galactosidases I and 11^. This supports the evidence from the 

SDS-PAGE study that a-galactosidase I is a tetramer of 11^.

5-2 Immunoelectrophoresis

Immunoelectrophoretic studies again showed that the three 

antisera reacted with a l l  the forms o f the enzyme. When 

Coomassie blue was used to stain the gels fo r  protein (Figs. 

25.1, 25.2 and 25.3), m u lt ip le  p rec ip ita t ion  arcs were observed 

showing that the antisera were not monospecific. This was 

expected in view of the heterogeneity of the antigens. Single

arcs were obtained when the gels were stained with 4- 

methylumbelliferryl a-D-galactoside and observations made under 

uv l ig h t  (Fig. 26).
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Fig.  25.1 Immunoelectrophoresis of  a -galac tos idase  I

(stained with Coomasie blue)

^  ^

Ü

5 y l  of purified a-galactosidasel(after Stage 8 of the 

purification procedure) were applied to the antigen wells 

and 100 y 1 of a n t i- I ,  an ti- I I^  and an t i- I I^  antisera were 

placed in troughs 1, 2 and 3 respectively. Experimental 

details are given in section 2.6.4.
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Fig.  25.2 Immunoelectrophoresis of  a -galactos idase 11^

(sta ined wi th  Coomassie blue)

I f .

5 y 1 of purified a-galactosidase 11̂  (after Stage 8 of 

the purification stage) were applied to the antigen wells 

and 100 y 1 of a n t i- I I^ ,  an ti- I and anti-11^ antisera were 

placed in troughs 1, 2 and 3 respectively.
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Fig. 25.3 Immunoelectrophoresis of a-galactosidase 11̂

(stained with Coomassie blue)

i )  (   ̂ \

1 2 3

12 yl of purified a-galactosidase I I   ̂ (after Stage 8 of the 

purification procedure) were applied to the antigen wells 

and 100 yl of an ti-11^, an ti-I and anti-11^ antisera were 

placed in troughs 1, 2 and 3 respectively.
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Fig. 26.1 Immunoelectrophoresis of a-galactosidase I

(stained for enzyme activ ity)

The antigen wells contained 12y 1 of purified 

a- galactosidase I and troughs 1, 2 and 3 contained lOOy 1 

of a n t i- I ,  a n t i- I I^  and anti-11^ antisera, respectively.

The slide was stained for a-galactosidase ac tiv ity  as described 

in section 2.1.2 i i .
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Fig. 26.2 Immunoelectrophoresis of « -galactosidase 11̂

(stained for enzyme activity)

The antigen wells contained 60 y 1 of purified 

a-galactosidase 11̂  and troughs 1, 2 and 3 contained 100 y 1 

of a n t i- I I^ ,  an ti- I  and an t i- I I^  antisera, respectively.

The slide was stained for a-galactosidase ac tiv ity .
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Fig. 26.3 Immunoelectrophoresis of a-galactosidase 11̂

(stained for enzyme activity)

The antigen wells contained 20 y 1 of purified 

a-galactosidase 11̂  and troughs 1, 2 and 3 contained 100 y 1 

of a n t i- I I^ ,  an ti- I and a n t i- I I^ ,  respectively.
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5.3 Immunodiffusion

Double d if fus ion  of pu r if ied  a-galactosidases I ,  11^ and 11^ 

against th e ir  respective antisera, using varying amounts of 

enzyme gave p rec ip ita t ion  lines even when small quan tit ites  of 

enzyme (1-2 y g protein) were used (Figs. 27 and 28). The reaction 

between a n t i -11^ serum and enzymes 11^, 11^ and I is shown in 

Fig. 29 where a protein stain has been used. The p re c ip it in  

lines fo r  enzymes I and 11  ̂ appear to form a spur showing p a rt ia l  

id e n t i ty .  However, since m ult ip le  p re c ip it in  lines were 

produced, i t  is impossible to judge which lines are due to the 

enzymic prote in.

With a n t i - I I 2 serum placed in the anti serum well and enzymes 

I and 11^ in adjacent wells, merged p re c ip it in  lines (enzyme 

sta in) were observed ind ica ting a reaction of complete id e n t i ty  

between the two forms (Fig. 30). S imilar resu lts  were obtained 

when a n t i - I  anti serum and enzymes I and 11^ were allowed to 

d iffuse (Fig. 31).

With a n t i - I  in the anti serum well and enzymes I and 11^ in 

adjacent wells, a spur (enzyme sta in) was formed suggesting 

pa rt ia l id e n t i ty  between the two antigens (Fig. 32).
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Fig. 27

27.1

Immunodiffusion of « -galactosidases I ,  11̂

and 11̂  (stained with Coomassie blue)

27.2

Fig. 27.1

Fig. 27.2

Fig. 27.3

2 7.3

Experimental details are given in section 2.6.3.

The centre well contained anti-I serum. The top 

well contained 2 y l  of purified enzyme I.

Continuing in a clockwise direction, the other 

wells contained 4, 5, 7, 8 and 10 y 1 of the enzyme. 

The centre well contained an ti- I I^  serum. The 

surrounding wells contained 2, 4, 5, 7, 8 and 10 y 1 

of purified enzyme 11̂  in the same order as 

described above.

The centre well contained an t i- I I^  serum. The 

surrounding wells, starting from the top one 

contained 3, 5, 8, 10, 15 and 8 y 1 of purified

enzyme 11^.
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Fig. 28 Immunodiffusion of a-galactosidases I and 11̂

(stained for enzyme activity)

282
28.1

Fig. 28.1 The centre well contained an ti-I serum. The top well 

contained 3 y 1 of purified a-galactosidase I. 

Continuing in a clockwise direction, the other wells 

contained 5, 7, 8, 10 and 12 y  1 of the enzyme.

Fig. 28.2 The centre well contained an t i- I I^  serum. Starting 

from well 1 and continuing in a clockwise direction, 

the wells contained 2, 4, 6, 8, 10 and 12 y 1 of 

a-galactosidase 11 .̂
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Fig. 29 Immunodiffusion of a-galactosidases I ,  11̂  and

11̂  with anti-(a-galactosidase 11 )̂ serum.

n'i )

A nti- I I^  antiserum was placed in the centre well and 6, 10 and 

15 y 1 of purified enzymes I I I ,  j ^^d 11̂  respectively were put 

in the surrounding wells as shown above.

Immunodiffusion was performed as described in section 2.6.3 and 

the gel was stained for protein.
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Fig. 30 Immunodiffusion of a-galactosidases I and 11̂

with anti-(a-galactosidase 11 )̂ antiserum

A nti- I I^  serum was placed in the centre well and 10 to 15 yl of 

a-galactosidases I and 11̂  were put in adjacent wells as shown 

above.

Fig. 31 Immunodiffusion of a-galactosidases I and 11̂  

with anti-(a-galactosidase I) anti serum

e

Anti-I serum was placed in the centre well and 10 and 15 y 1 of 

a-galactosidases I and 11̂  were put in adjacent wells as shown 

in the figure. Immunodiffusion was carried out as described in 

section 2.6.3. and the gels stained for a-galactosidase 

ac tiv ity  as described in section 2.1.2i.



Fig. 32
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Immunodiffusion of a-galactosidases I and 11̂

with anti-(a-galactosidase II^) anti-serum

■

A n t i - I l l  serum, was placed in the centre well. 15 and 20 y 1 

of a-galactosidases I and I I ' were placed in adjacent wells as 

shown in the figure. Immunodiffusion was carried out as 

described in section 2.6.3. The gel was stained for 

a-galactosidase ac tiv ity .
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6 Carbohydrate and amino acid compositions o f a-galactosidases I ,

I I I  and 11^

6.1 Carbohydrate analysis

The results  of the neutral sugar analysis by methanolysis and 

tr im ethy l s i ly la t io n  and g.l.c. and amino sugar analysis using an 

amino acid analyser are given in Table 7. Enzymes I ,  and 

11^ contain 2.7%, 2.1% and 4.4% to ta l carbohydrate respectively. 

A ll forms contained xylose, mannose, glucose and glucosamine and 

in a l l  cases, the ra t io  of glucosamine to mannose is the same 

(ca. 0.3). Mannose and glucosamine are commonly part of the core 

structure of plant glycoproteins. However the resu lts  presented 

here do not suggest any s tructura l s im i la r i t y  between the 

oligosaccharide chains on the V. faba enzymes and the mannose 

r ich  glycan moieties of other plant glycoproteins such as soybean 

agglutin in (225, 226)  ̂ Lis and Sharon (225) have demonstrated 

the presence in soybean agglutin in of the branched core:

Man a “ ( 1—*"3)CMan a - ( l-*^6) ]  Man &-(l-»4)GlcNAc $-(1—»4)GlcNAc

This structure had previously been found in many animal, fungal 

and yeast glycoproteins (see re f .  225),

Xylose, which is commonly found in glycosaminoglycans from 

animals is  not uncommon in plant glycoproteins, fo r  example
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Table 7. Carbohydrate content o f a-galactosidases I ,  11^ and 11^.

Enzyme Sugars present (mol/mol protein) Total carbohydrate
Xylose Mannose Glucose Glucosamine (%) (w/w)

I 2.7 6.7 13.0 2.1

(0.25)* (0.75) (1.5) (0.23) 2.7

I I I 0.9 2.3 1.5 0.7

(0.28) (0.9) (0.6) (0.27) 2.1

I l2 1.9 3.2 5.1 0.94

(0.65) (1.3) (2.1) (0.39) 4.4

* The figures in brackets represent the % of each sugar present.

The resu lts  have been calculated using MWs 160,400, 45,730 and 43,390 

fo r  I ,  11  ̂ and 11^ respective ly.
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pineapple stem bromelain and various lec tins  (see re f .  188).

The significance of glucose which was found in the broad bean 

enzyme preparations is not c lear; i t  may be a contaminant (202)^ 

perhaps starch which could be bound as a resu lt  of the lec t in  

properties of the enzymes (see p .41 ). However, glucose has 

been reported as a glycan component of plant glycoproteins (108), 

I f  one disregards the glucose content, then, on a mol/mol basis, 

form I possesses twice as much to ta l carbohydrate as I I ^ .  This 

could mean that the 11^ subunits that constitu te enzyme I have, 

on average, a higher degree of glycosylation and tha t the 

association process 'se lec ts ' monomers with a high carbohydrate 

content. On a molar basis, the ind ividual monosaccharides 

present are also greater in enzyme I than in enzyme I I ^ .

I t  must be remembered that glycoprotein analysis is normally 

complicated by the fa c t that the carbohydrate side chains of a 

single glycoprotein, even when ca re fu l ly  isolated and pu rif ied  

from a genetica lly  pure organism, are not identica l in a l l  the 

molecules of the glycoprotein. This microheterogeneity may 

arise e ither because of an unfinished biosynthetic sequence or a 

post-biosynthetic degradation of completed carbohydrate chains. 

Attachment of carbohydrate side chains is in i t ia te d  through the 

action o f glycosyl transferases capable o f incorporating 

monosaccharides into the side chains o f peptide-bound amino 

acids. Since the substrate s p e c i f ic i t ie s  of glycosyl 

transferases are re la t iv e  rather than absolute, the assembly of
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oligosaccharide residues may be subject to error (227),

For unequivocal demonstration that a protein is indeed a 

glycoprotein, i t  is necessary to iso late from a p a rt ia l  

hydrolysate, a low MW glycopeptide containing both amino acids 

and carbohydrate residues. However, where sa tis fac to ry  evidence 

of the homogeneity of the glycoprotein is available, i t  is 

normally assumed that the carbohydrate is an in tegra l part o f the 

molecule and covalently linked to the polypeptide chain (227),

For the preparation of the glycopeptide at least 5 mg o f pu r if ied  

protein is needed and in the present study, th is  was not 

achieved. Hence fu r the r analysis and confirmation o f the 

glycoprotein structures in the case of the three 

a-galactosidases from V ic ia faba seeds was not possible.

6.2 Amino acid analysis

The resu lts  of the amino acid analyses of a-galactosidases I ,

11  ̂ and I l2  are presented in Table 8. The amino acid content 

has been calculated on the basis of the MWs of the native enzymes 

obtained by the sedimentation equilibrium method (G9). The data 

obtained fo r  the three forms shows that there do not appear to be 

any unusual features in th e ir  amino acid compositions. We have 

shown that form I is l ik e ly  to be a tetramer o f I l2  and, hence, 

on a molar basis enzymes I and I l2  should have s im ila r amino acid 

contents. Although there are many s im i la r i t ie s  between these
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Table 8. Amino acid composition o f a-galactosidases I ,  11^ and 11 ,̂

Amino acid content 
(mol/mol)

I I I I  i i 2

Asp 124 31+ 39 30

Thr 57 14 22 21

Ser 122 30.5 35 36

Glu 113 28 31 26

Pro 67 16.8 26 17

Gly 135 33.8 39 32

A1 a 90 22.5 24 23

Cys* Present 9 9

Val 83 20.8 29 19

Met 6 1.5 1.4 1.7

He 63 15.8 17 19

Leu 112 28 33 34

Tyr 36 9 11 11

Phe 51 12.8 16 22

His 22 5.5 5 5

Lys 58 14.5 16 18

Arg 57 14.21 14 19

The amino acid values are calculated as molar proportions using 
MWs 160,400, 45,750 and 43,390 fo r  I ,  I I I  ^nd 11  ̂ respectively.

represents the value fo r  the subunit assuming that enzyme I is a 
tetramer.

*  Cysteine has been determined separately as cysteic acid a fte r 
hydrolysis o f a performic acid-oxidized sample. Cysteine was 
found to be present in enzyme I but the value was not calculated 
since the resolution of the peak from the analyser was poor.
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two enzymes, anomalies do occur p a r t ic u la r ly  in the case of 

arginine, leucine, phenylalanine, serine and threonine. These 

may re su lt  at least in part from the heterogeneity of the 

preparations which was observed by SDS-PAGE (see p.  104).

A comparison of the amino acid contents of a-galactosidases 11^ 

and I l2  shows that the former is re la t iv e ly  r ich  in the aspartic 

and glutamic acids and contains less arginine: th is  would account

fo r  the greater a c id ity  of 11  ̂ compared with I I ^  (Fig. 21.2). 

Enzyme 11^ also appears to contain more pro line, glycine and 

valine and less phenylalanine than I I ^ .

7 The nature of the « -galactosidase ac tiv ities , Il^yb and 

Il^ub* which are not bound by Con A-Sepharose

When i t  was discovered (p. 94 ) that some a-galactosidase 

a c t iv i t y  had l i t t l e  or no a f f in i t y  fo r  Con A, i t  was f i r s t

thought that the unbound fractions were a re su lt  of overloading

the columns. This was, therefore, checked by applying varying

quantit ies of the isolated unbound enzymes to the column and

measuring bound and unbound a c t iv i ty .  Table 9 shows that 

irrespective of the amount of sample applied, very l i t t l e  enzyme 

was retained by the column and hence, overloading was not the 

cause o f non-binding.
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Table 9. Effect of applying varying amounts of isolated and Ilyb

(fractions not bound by Con A-Sepharose) to Con A-Sepharose 
columns.

Sample Enzyme 
applied 

(00 units)+

Protein
applied

(mg)

UB*

(00 units)

B#

(00 un its)

A c t iv i ty
bound

%

Enzyme lyb 130 27.5 119 6 5

780 82.5 725 20 2.5

1300 137.5 1200 12 1

Enzyme 260 74 185 7 2.6

520 148 484 25 4.8

Unbound a c t iv i t y  was obtained by e lu ting the column with 0.1 M 

potassium phosphate buffer, pH 7.0.

Bound a c t iv i t y  was eluted with 0.5 M methyl a-D mannoside in 

0.1 M potassium phosphate buffer, pH 7.0.

Absorbance at 405 nm.
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Binding to Con A is dependent on the presence o f glucose or 

mannose residues (228), M a tt i la  (229) ^as used Con A-Sepharose 

to separate glycoproteins which exh ib it  heterogeneity in th e ir  

glycan composition. The p o s s ib i l i ty  tha t the bound and unbound 

a-galactosidases had d if fe re n t degrees of glycosylation was 

therefore examined by analysing th e ir  carbohydrate contents.

F i r s t ly ,  however, attempts were made to fu r the r p u r i fy  the 

unbound frac tions by CM-cellulose ion-exchange chromatography.

The e lu tion p ro f i les  fo r  Il^ub shown in

Figs. 33.1 and 33.2. I t  is in teresting to note that a l l  three 

forms elute at a much higher concentration in comparison with 

th e ir  bound counterparts, suggesting they were less acidic (see 

Figs. 21.1 and 21.2). However, as with bound I and I I ^ ,  1̂ ^̂  and 

Il^yb  elute at s im ila r sodium chloride concentrations. The 

three forms showed the same PAGE m o b il i t ies  as the corresponding 

bound forms.

A fte r recycling through CM-cellulose, carbohydrate analyses of 

the three Con A unbound enzymes was carried out. Table 10 shows 

that in comparison with the corresponding bound forms, there were 

quantita tive  differences. The to ta l carbohydrate contents of 

lyb and I l^yb  were higher than those fo r  the bound 

a-galactosidases I and 11  ̂ whereas bound 11^ contained 

approximately four times more carbohydrate than H^yb* Despite 

recycling through the ion-exchange column, a l l  three unbound 

enzyme prepartions were very heterogeneous (SDS-PAGE Fig. 34) and
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Fig. 3 3  Purif ication of a-galactosidases on ion-exchange columns

Fig. 33.1 CM-cellulose chromatography of a-galactosidase
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Table 10. Carbohydrate content o f unbound and bound
a-galactosidases I ,  I P  and I P .

Sample

Unbound
enzyme

Sugars present (mol/mol pro te in)

Xylose Mannose Glucose Glucosamine

Total
Carbohydrate

(%)(w/w)

^ub 5.3 7.0 13.8 4.0
(0 .5 )* (0.8) (1.6) (0.45) 3.35

1.4 3.7 2.2 1.6
(0.45) (1.5) (0.9) (0.63) 3.48

0.6 1.2 1.1 0.5
(0.19) (0.49) (0.45) (0.21) 1.34

Bound enzyme

I 2.7 6.7 13.0 2.1
(0.25) (0.75) (1.5) (0.23) 2.7

I I I 0.9 2.3 1.5 0.7
(0.28) (0.9) (0.6) (0.27) 2.1

IlZ 1.9 3.2 5.1 0.94
(0.65) (1.3) (2.1) (0.39) 4.4

The figures in  brackets represent % o f each sugar present.

The resu lts  have been calculated using MWs 160,400, 45,730 and 

43,390 fo r  I and ly ^ , 11  ̂ and and

Il^yb  respective ly.
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Fig.  34 SDS-PAGE of purified a-galactosidases 

^ub» H ^ u b  ^nd I l ^ y b

#

n

a-Galactosidases ly^, H^yb, and Il^yb were purified up to 

the stage 7 of the purifica tion procedure and then 

electrophoresed.

Tracks 1 and 2 .a -Galactosidase lyb(lOwg).

Tracks 3 - 5 .  a -Galactosidase Illyb(12, 12 and 8ug). 

Tracks 6 - 8 .  a -Galactosidase II^yb(8, 8 and 6ug). 

a-Galactosidases I ,  and 11̂  recycled through a 

CM-cellulose column.

l).10yg of lyb; 2).10yg of Il^yb; 3).8yg of Il^yb-
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hence i t  is  very d i f f i c u l t  to comment on these resu lts  and no 

explanation fo r the low a f f in i t y  o f these enzymes fo r Con A can 

be advanced.

8 The Lectin nature of V. faba a -galactosidases

The occurrence, nature and properties o f le c tin s  has been b r ie f ly  

discussed in the Introduction (p. 35). In view of recent 

reports tha t some a-galactosidases are lec tin s  (contrast re f.

the p o s s ib il ity  tha t V. faba a-galactosidases were also 

le c tin s  was next investigated by observing th e ir  e ffe c t on ra b b it 

erythrocytes. A ll three p u rifie d  forms possessed the a b i l i t y  to 

agglutinate red blood ce lls  and th e ir  re la tiv e  a c t iv it ie s  

expressed as haemagglutinin units/mg protein were 104, 245 and 

847 fo r I ,  I I I  and 11^, respective ly. The lower haemagglutinin 

a c t iv ity  o f enzyme I could be explained i f  the le c tin  binding 

s ites  o f the subunits are occupied in the tetramer by mannose or 

glucose residues present on the surface o f adjacent monomer 

un its . Further, i t  is  o f in te re s t to speculate tha t such 

in te rna l le c t in  binding might serve to hold the tetramer 

together, in addition to other quaternary binding forces.

V. faba seeds as well as other leguminous seeds contain non- 

enzymic le c tin s , one o f which, fav in  from V. faba has been 

p u rifie d  by A llen et al (202) i ts  s tructure  examined in 

d e ta il by Hemperly et al (231) and Hopp et a l . (232)^ This
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le c tin  is a tetramer composed of two & -chains {M  ̂ 5571) and two 

-chains (Mp20,700) which are glycosylated: i t  is  glucose/mannose

spe c ific .

Attempts were made to exclude the p o s s ib il ity  tha t the le c tin  

a c t iv ity  associated w ith the V. faba a-galactosidases was due to 

contamination w ith fav in .

Favin was p u rifie d  according to  the method o f A llen e t al (202) 

and in the f i r s t  place, i t  was found to possess no 

a-galactosidase a c t iv ity  when p-nitrophenyl a-galactopyranoside 

was used as substrate. Figure 35 shows the SDS-PAGE pattern

fo r the p u rifie d  fav in . Five d is t in c t protein bands are

present. The slowest band is  probably the undissociated 

tetramer (M  ̂ ca. 50,000) and the four bands grouped together are 

presumably a mixture o f the 3 -chain w ith other polypeptides tha t 

Hopp et al (232) have been unable to remove. The a -chain 

(Mp 5571) would be obscured by the dye fro n t in Fig. 35.

When the fav in  SDS-PAGE pattern was compared w ith those fo r 

a-galactosidases I ,  I j l  and 11^, no s im ila r it ie s  were apparent 

and, hence, there was no evidence fo r a s ig n if ic a n t contamination 

by fav in .
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Fig.  35 SDS-PAGE o f  p u r i f i e d  fav in

Favin was purifed by the method of Allen et al (^^2) 

5, 10 and 15 yg of favin was applied to the gel.
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FACTORS AFFECTING THE EXTRACTION AND THE RELATIVE 
PROPORTIONS OF MULTIPLE FORMS OF PLANT a-GALACTOSIDASES
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K e y  W o r d  In d e x — Vicia fa b a ]  L e g u m in o s a e ;  b ro a d  b e a n s ;  a -g a la c to s id a s e s ;  m u l t ip le  f o r m s .

Abstract—The extractability of a-galactosidase activity from mature Vicia faba seeds and the conversion of 
the low molecular weight form II to the larger oligomer I, was examined over a range of salt concentrations. 
Specific and total activities of the preparations were high when strong salt solutions were used. Extraction of 
a-galactosidase I, in comparison with II, requires solutions with a high ionic strength (e.g. 0.5 M NaCl). 
Interpretation of gel filtration patterns are, however, complicated by conversion of II to I which occurs under 
these conditions. This conversion is also enhanced by routine procedures used for enzyme purification, such as 
citric acid precipitation.

IN TRO DUCTIO N

It has been clearly demonstrated that multiple forms 
of many glycosidases can be extracted from plant and 
animal cells and that they may have different kinetic 
properties [1-4]. The possible functions of these 
forms in vivo are of considerable interest. For 
example, high and low MW a-galactosidases are 
detectable by gel filtration of buffered extracts of 
mature Vicia faba seeds and enzyme I (MW 
160000 by sedimentation equilibrium method) has 
significantly higher Umax values with a range of sub
strates than the enzyme II fraction [5,6]: the latter is 
a mixture of two forms (MW 43 000 and 46 000) 
separable by ion-exchange chromatography [7]. It has 
been suggested that the presence of a-galactosidase I 
in the resting seed favours a rapid hydrolysis of 
soluble reserves of galactosylsucroses which is 
required at the onset of germination [7]. Little of 
enzyme I can be detected in extracts of seed that 
have germinated [7].

One major problem in attempting to determine the 
relative proportions of the multiple forms of a-galac
tosidase occurring in vivo is that of interconversion. 
With crude and partially purified preparations it has 
been shown that the enzyme II fraction readily 
aggregates to form enzyme I with a consequent in
crease in the specific activity of the preparation [6,8]. 
In addition, Heyworth et al. [9] and Cheetam and 
Dance [10] have shown that the ratio of multiple 
forms of human liver /3-galactosidase is markedly 
affected by the ionic strength of the medium.

Whilst attempting to accurately determine the pro
portions (high and low MW forms) of a-galac- 
tosidases in resting V. faba seeds, a number of 
procedures which are commonly used for the extrac
tion and purification of enzymes were examined to 
see if they affected the ratio of the multiple forms and

the enzyme activity. Detailed information of this kind 
is rarely reported in the literature (however, see e.g. 
refs. [11] and [12]).

RESULTS AND DISCUSSION

Effect of salt concentration on enzyme extraction
Table I shows the effect of increasing the ionic 

strength of the extraction media on the recovery of 
a-galactosidase activity from powdered resting V. 
faba seeds. The time between adding the extraction 
medium to the tissue and assaying the enzyme was 
kept constant (2 hr). Over the range of concentrations 
examined, none of the salt or buffer solutions had any 
effect on enzyme activity when tested in vitro. In the 
case of sodium chloride solution and acetate buffer, 
maximum release of enzyme required a minimum salt 
concentration of 0.5 M. Similarly, with Mcllvaine 
(citrate-phosphate) buffer concentrations between 5 
and 10 times that normally used were needed for 
maximum extraction. With the more concentrated 
solutions specific activities were significantly higher 
when sodium chloride solution or Mcllvaine buffer 
was used, although this was not apparent with acetate 
buffer. For comparative purposes the extraction of 
a-galactosidase with increasing concentrations of 
Triton X-100 was examined. High total activities, 
comparable with those found with the more concen
trated salt solutions, were observed with 0.1% deter
gent but activity was lost as the Triton concentration 
was increased.

Analysis of extracted fractions
Enzyme preparations obtained by extracting with 

solutions of high and low salt concentrations were 
then applied to Sephadex G-lOO columns which were 
eluted with the corresponding extraction media. Elu
tion times were kept constant at ca 12 hr. (Triton

P H Y T O  Vol. 21, No. 7— F
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Table 1. Extraction o f a-galactosidase from  mature V ic ia  fa b a  seeds using various conditions

E x t r a c t io n

m e d iu m

T o t a l  e n z y m e  a c t iv i t y  

( n k a t )

T o t a l  p r o te in  

(m g )

S p . a c t.  

( n k a t /m g  p r o te in )

H . O 1561 1356 0.11

N a C l

0 .0 5  M 21 3 .2 2 5 7 4 0 .0 8

0.1 M 199.0 2 555 0 .0 8
0.5  M 2 7 0 .4 2 14 5 0 .1 3
1.0 M 2 7 0 .4 1417 0 .1 9

T r i t o n  ( w / v )

0 .1 % 2 5 1 .0 1742 0 .1 4

& 5 % 2 1 1 .2 1513 0 .1 4

1 .0% 198 .0 1200 0 .1 6

5 .0 % 111.3 1950 0 .0 6

A c e ta te  b u f fe r  ( p H  5 .5 )

0 .05  M 191.3 1162 0 .1 6

0.1 M 21 8 .8 1250 0 .1 7

0 .5  M 24 5 .7 1586 0 .1 5

1.0 M 24 4 .8 1440 0 .1 7

M c l l v a in e  b u f fe r  ( p H  5 .5 )

xO .5  c o n c n 2 1 0 .6 1547 0 .1 4

x l c o n c n 22 7 .5 1560 0 .1 5

x 5  c o n c n 298 .8 1440 0.21

X 10 c o n c n 3 1 4 .4 1500 0.21

extracts could not be examined in this way because 
of changes in the gel characteristics and the flow 
rate.) Only the lower MW fraction of a-galactosidase 
(II) was detectable in the 0.1 M sodium chloride and 
0.1 M acetate buffer preparations (Figs. la and 3a). 
However, at the 0.5 M levels (Figs. lb and 3b), form I 
was present and with the sodium chloride a form 
intermediate in MW (ca 70 000 by gel filtration [13]) 
was also apparent (Fig. lb). This enzyme, together 
with enzyme I, was also detected when a 5-fold 
concentrated Mcllvaine buffer extract was passed 
through the column (Fig." 2b). In the case of Mcll
vaine buffer at normal dilution, enzyme I was also 
present (Fig. 2a) but at relatively low levels in com
parison with the concentrated buffer extract.

To investigate the possibility that the composition 
of the enzyme mixture was affected after extraction 
by the salt concentration an a-galactosidase pre
paration obtained with 0.1 M sodium chloride solution 
was applied to a column of Sephadex G-lOO, which 
was subsequently eluted with 0.5 M sodium chloride. 
The results (Fig. Ic) clearly show that higher MW 
forms are produced in vitro by high salt concen
trations presumably from II (cf. ref. [8]). No 
significant changes in the column characteristics were 
noticed when a mixture of proteins of known MW 
were analysed using 0.1 or 0.5 M sodium chloride as 
eluant.

Returning to the problem of identifying the multiple 
forms of a-galactosidase occurring in vivo, both the 
extractability of the different forms and the formation 
of oligomers in vitro complicate any interpretation. 
However, a comparison of Figs. 1(a) and 1(c) shows 
that little conversion of I I  to I occurs during the 
processing time and hence most of enzyme I in Fig.

1(b) must presumably have been derived from the 
bean tissues and high sodium chloride levels were 
required for its extraction (cf. Figs. la and lb). Again, 
a concentrated acetate buffer would appear to be 
required for extraction of a-galactosidase I (Fig. 3b). 
Mcllvaine buffer at normal concentrations does 
appear to extract some a-galactosidase I, but the 
amount extracted with buffer of five times this ionic 
strength removes significantly more of enzyme I from 
the seed tissues. The intermediary form of a-galac
tosidase occurring with the concentrated sodium 
chloride solution (Figs. lb and Ic) and Mcllvaine 
buffer (Fig. 2b) may be a dimer.

Effect of purification on the relative proportions of 
enzymes I  and I I  

A four-stage purification of a-galactosidase from 
resting V. faba seeds was next carried out (Table 2). 
The Sephadex G-lOO gel filtration patterns at each 
stage are shown in Fig. 4. Powdered, resting V. faba 
seeds were soaked in Mcllvaine buffer (pH 5.5) for 
1 hr and following centrifugation the soluble fraction 
was acidified to pH 3.2 with citric acid solution and the 
resulting precipitate discarded (Stage b). After read
justing the pH of the supernatant solution to 5.5, the 
enzyme activity and the multiple forms were 
examined. Treatment with citric acid resulted in a 
2.7-fold increase in total activity and a 4-fold increase in 
specific activity during the operation, with a significant 
increase in a-galactosidase I. The rise in total activity 
can be equated with the known higher specific 
activity of form I [14]. In Stage (c) of the purification, 
the fraction precipitating on addition of ammonium 
sulphate to 30-65% saturation was dissolved in 
Mcllvaine buffer (pH 5.5) without dialysis. Little
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change in total activity was observed, the specific 
activity was raised nine-fold (Table 2) but the gel 
filtration pattern (Fig. 4c) remained unchanged. When 
the preparation from Stage (c) was dialysed against 
Mcllvaine buffer (a stage requiring ca 70% of the 
time taken for purification) no protein was lost but 
the total a-galactosidase activity increased 1.7-fold, 
which can be accounted for by a further increase in 
the level of form I (Fig. 4d).

The four-stage purification was completed in ca 
24 hr and the a-galactosidase pattern at Stage (b), 
which was reached in ca 2 hr, (Fig. 4b) can be com
pared with that obtained after storing the crude 
eattract (see Fig. 4a) at 4° for 60 hr, over which there 
was a steady increase in specific activity which paral
leled the accumulation of a-galactosidase I (Fig. 5). It 
can be concluded that the normal aggregation of the 
protein with time is enhanced by citric acid pre
cipitation and that it goes beyond the 60 hr storage 
pattern (Fig. 5) at Stage (d) mainly as a result of the 
long period required for dialysis. The expected con
tinuous change in pattern during the ammonium sul

phate fractionation (Stage c) appears to be inter
rupted, possibly because of ‘salting-out’ effects. This 
contrasts with the enhancement of aggregation 
produced by high levels of salts (see Fig. lb) but the 
‘salting-out’ effect can vary significantly with the 
nature of the ionic species [15].

It would appear, therefore, that great caution is 
needed when relating the pattern of multiple forms of 
enzymes found in vitro to the situation in vivo. 
Different forms may be bound to varying degrees to 
cell contents and hence will require different extrac
tion conditions. On the other hand, at high salt levels 
false impressions may be obtained through aggre
gation of forms. Aggregation of a-galactosidase is a 
slow continuous process which is enhanced by simple 
procedures used in enzyme preparation and un
doubtedly other physical factors such as protein 
concentration, pH and temperature also play im
portant roles.

Our attention has recently been directed towards 
the lectin nature of plant glycosidases [16,17]. V. faba 
a-galactosidases possess haemagglutinating properties
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with mannose-glucose specificity and they are also 
glycoproteins with mannose and possibly glucose resi
dues which leads to interesting possibilities for subunit 
aggregation as well as binding to cell contents. This is 
presently being investigated.

E XPER IM EN TA L

M a tu r e ,  te s ta - f re e  V. faba  ( v a r .  B u n y a r d s  E x h ib i t i o n )  

s e e d s  w e re  f in e ly  p o w d e r e d  a n d  e x t r a c te d  f o r  1 h r  a t  4 °  w i t h  

th e  a p p r o p r ia te  m e d iu m  ( c a  1 g  p o w d e r  p e r  1.5 m l) .  T h e  

e x t r a c t  w a s  th e n  c e n t r i f u g e d  a t  10 0 0 0  g  f o r  4 0  m in  to  o b ta in  a  

s o lu b le  e n z y m e  p r e p a r a t io n  (S ta g e  a ) .
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W h e n  p u r i f y in g  th e  e n z y m e ,  th e  p H  o f  th e  s u p e rn a ta n t  

w a s  f i r s t  lo w e re d  to  3 .2  (S ta g e  b )  b y  s lo w  a d d it io n  o f  1.0 M  

c i t r i c  a c id  s o ln  w i t h  c o n s ta n t  s t i r r in g ;  s t i r r in g  w a s  m a in 

ta in e d  f o r  a f u r t h e r  30  m in  a f te r  th e  r e q u ire d  p H  w a s  

re a c h e d .  T h e  r e s u lt in g  p p t  w a s  re m o v e d  b y  c e n t r i f u g a t io n  a t 

20  0 0 0  g f o r  20  m in  a n d  th e  p H  o f  th e  a c t iv e  s u p e rn a ta n t  

r e a d ju s te d  to  5 .5  w i th  s a td  N a ^ H P O ^  s o ln .  T h e  e n z y m e  s o ln  

w a s  th e n  f r a c t io n a te d  w i t h  (N H ^ jz S O ., (S ta g e  c )  a n d  th e  p p t  

o b ta in e d  a t 3 0 -6 5 %  s a tn  c e n t r i f u g e d  d o w n  a n d  d is s o lv e d  in  

M c l l v a in e  b u f fe r  ( p H  5 .5 ) . T h is  s o ln  w a s  th e n  d ia ly s e d  

(S ta g e  d )  a g a in s t  M c l l v a in e  b u f fe r  ( p H  5 .5 , d i lu te d  1:1 w i th  

d e io n iz e d  H ^ O ) f o r  16 h r .

M u l t ip le  e n z y m e  fo r m s  w e re  e x a m in e d  o n  S e p h a d e x  G -  

100 ( P h a rm a c ia )  c o lu m n s  w h ic h  w e re  p re p a re d  as d e s c r ib e d  

b y  A n d r e w s  [1 3 ].  T h e  c o lu m n s  w e re  e q u i l ib r a te d  w i t h  th e  

a p p ro p r ia te  e lu a n t .  S a m p le s  (3 m l)  w e re  a p p lie d  a n d  th e  

c o lu m n s  e lu te d  a t a f lo w  ra te  o f  30  m l/ h r .  F r a c t io n s  (3 m l)  

w e re  c o l le c te d  a n d  a s s a y e d  f o r  a - g a la c to s id a s e  a c t iv i t y .  T h e  

e lu t io n  v o ls ,  h a v e  n o t  b e e n  c o r re c te d  f o r  th e  c o lu m n  s iz e s .

a - G a la c to s id a s e  a c t iv i t y  w a s  m e a s u re d  as d e s c r ib e d  b y  

D e y  a n d  P r id h a m  [1 ]  u s in g  p - n it r o p h e n y l - a - D - g a la c t o p y -  

ra n o s id e  ( K o c h - L ig h t )  as s u b s t ra te  in  M c l l v a in e  b u f fe r  p H  

5 .5 . P r o te in  w a s  d e te r m in e d  b y  th e  m e th o d  o f  L o w r y  et al. 
[1 8 ].  S p . a c t .  is  d e f in e d  as n k a t  o f  e n z y m e  a c t iv i t y  p e r  m g  

p r o te in .
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Abstract—Three highly purified a-galactosidases. I, II' and iP have been isolated from resting Vicia faba 
seeds. Form I (MW 160 000) is a tetramer of units of enzyme iP, Immunological evidence suggests that all the 
enzyme forms are closely related. The enzymes are glycoproteins and they also possess haemagglutinating 
activity which is glucose-mannose specific. The possible involvement of lectin interactions in the formation of 
the tetrameric enzyme and the binding of the enzymes to cell components is discussed.

IN TRO DUCTIO N

a-Galactosidases (a-D-galactoside galactohydrolases: 
EC 3.2.1.22) are a widely distributed group of enzy
mes [1] which as hydrolytic agents for structural 
investigations, have attracted attention over the last 
two decades. There has also been interest in naturally 
occurring multiple forms of these enzymes in plants 
and in their physiological function (cf. ref. [2]).

In 1968 Dey and Pridham [3] located two forms, I 
and II, of the enzyme in resting V. faba seeds and 
later partially purified and examined their properties 
[4,5]. Sephadex gel filtration suggested that the MWs 
of I and II were 209 000 and 38 000, respectively, and 
the former enzyme possessed a significantly higher 
specific activity than the latter. Later work [6] showed 
that form II was a mixture of two enzymes, II' and IP 
with MWs (sedimentation equilibrium method) of 
45 730 ±3073 and 43 390 ± 1409, respectively, which 
were separable on CM-cellulose columns. Examina
tion of the MW of I by the same method gave a value 
of 160 400 ±2850 [2].

This paper describes the preparation of highly 
purified a-galactosidases I, IP and iP from V. faba 
seeds by a modified procedure involving Con A- 
Sepharose affinity chromatography. The enzymes so 
obtained have been analysed for carbohydrate con
tent, and the subunit structure of I has been examined 
by SDS polyacrylamide gel electrophoresis and im
munochemical methods. All forms were shown to 
possess lectin activity.

RESULTS AND DISCUSSION  

Enzyme purification
Stages 1 and 2 (see Table 1) in the purification of 

the a-galactosidases from resting V. faba seeds were 
essentially those described by Dey and Pridham [4].

In the present work this was followed by ammonium 
sulphate fractionation and Sephadex G-100 chroma
tography. The resolved forms, I and II, were then 
passed separately through columns of Con A- 
Sepharose on which they were largely retained. In 
both cases, however, significant proportions of the 
activities applied (17% of I and 20% of II) appeared 
to be unbound as they were eluted from the columns 
with phosphate buffer (pH 7).

Enzymes bound to the columns were eluted with a 
buffered solution of methyl a-D-mannopyranoside 
which resulted in two- and five-fold purifications of I 
and II, respectively. The resulting enzyme I  fraction 
when applied to a CM-cellulose column and eluted 
with a sodium chlorate gradient, appeared as a single 
sharp band (Fig. la) and there was a seven-fold 
increase in specific activity with no further increase 
on recycling through CM-cellulose. The fraction of 
a-galactosidase II  from the Con A-Sepharose stage 
was resolved into two active enzymes (II' and IT: see 
Fig. lb) by the ion-exchange procedure. The apparent 
specific activity of IT  was twice that of I I ' and the 
proportions of the two total activities varied with 
different batches of seed. It was also noted that 
enzymes I and IT  were eluted from CM-cellulose 
columns by similar sodium chloride concentrations. 
When II' and IT  were recycled separately through 
CM-cellulose further purification was achieved and 
the specific activity ratio (iT/lT) was then 1.5.

The mobility of the three forms of the enzyme on 
polyacrylamide gel electrophoresis (PAGE) at pH 8.3 
was zero. At pH 3.5, however, they all migrated 
towards the cathode as discrete bands (Fig. 2a) when 
examined with both protein and a-galactosidase- 
specific reagents. The mobilities of I and IT  appeared 
to be identical and these proteins were apparently 
less basic than II'. In view of these results the order 
of elution of the enzymes from CM-cellulose columns

2195
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Table 1. Purification o f V. fa h a  a-galactosidases

S ta g e V o lu m e  ( m l)

A c t i v i t y

( n k a t /m ! )

P r o te in

( m g /m l)

S p e c if ic  a c t iv i t y  

( n k a t /m g )

R e c o v e r y *

( % )

1. C ru d e  e x t r a c t 1010 16.0 88 0 .2

2. C i t r i c  a c id  p p tn 1438 9.1 9 .2 1 81

3. ( N H 4 ) : S 0 , ,  2 5 -6 0 % 68 124 .4 98 1 52

4. S e p h a d e x  G -lO O

a -G a la c to s id a s e  I 9 2 5 3 .7 6.1 42 14

a - G a la c to s id a s e  I I 11 165 .3 6 2 .9 3 11

5. S e p h a d e x  G -lO O , r e c y c le

I 3 4 2 6 .6 5 .4 79 8

I I 4 2 2 9 .5 37 6 6

6. C o n  A -S e p h a ro s e

I 5 184 0 .8 185 4 .5

I I 5 114 .4 3.1 36 3.5

7. C M - C e l lu io s e  c h r o m a to g ra p h y

I 1.0 307 0 .2 4 1278 2

I I ' 2 .5 4 3 .6 1.08 40 0 .7

I I - 2.5 4 8 .4 0 .5 6 86 0 .5 6

8. C M - C e l lu lo s e  c h r o m a to g r a p h y ,  r e c y c le

I 1.0 180 .0 0 .1 4 1286 1.1

I I ' 1.0 6 0 .0 0 .78 76 0 .3 7

I I - 1.0 72 .0 0 .63 113 0 .4 4

*9c r e c o v e r y  has  b e e n  c a lc u la te d  r e la t iv e  to  th e  f i r s t  s ta g e , i.e . c r u d e  e x t r a c t .  W e ig h t  o f  seed  p o w d e r  ta k e n  =  1 k g .

(Fig. 1) was not expected, however in this case it can 
be assumed that only a proportion of the charged 
regions of the enzymes interact with the ion exchange 
material and the elution is not a function of the total 
charges on the proteins.
Structural relationships between the enzyme forms

Acid hydrolysis of the three enzymes yielded 
glucosamine, mannose, glucose and xylose in all

cases: the analytical data are given in Table 2. It is of 
interest to note that the ratio of mannose to glucos
amine is comparable for all forms. These monosac
charides are commonly part of the core structure of 
plant glycoproteins but the results presented here do 
not suggest any structural relationship between the 
oligosaccharide chains on the V. fa ta  enzymes and 
the mannose-rich glycan moieties of other plant gly
coproteins such as soybean agglutinin [7]. Xylose is

NaCI 012

0 0 8

0 0 4

E

Jo-4 8y-(b) 2

NaCI 0 3

2001601208 00 4 0

O.A

0.3
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0./,

0.3

0.2

0.1

Volume , ml

F ig .  1. E lu t io n  p r o f i le s  o f  e n z y m e s  I ,  I I '  a n d  i F  o n  C M - c e llu lo s e  c o lu m n s .  E lu t io n  p ro c e d u re  as d e s c r ib e d  in  th e  

E x p e r im e n ta l ,  (a )  a -G a la c to s id a s e  I ;  ( b )  a -g a la c to s id a s e s  I I ' a n d  i F ;  ( • )  p r o te in  ( A 280) ;  ( A )  e n z y m e  a c t iv i t y .
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F ig .  2. (a ) P o ly a c r y la m id e  d is c  g e l e le c t r o p h o re s is  o f  a - g a la c 

to s id a s e s  I ,  I I ' a n d  I I \  (b )  S D S - p o ly a c r y la m id e  g e l e le c 

t ro p h o r e s is  o f  e n z y m e s  I ,  I I '  a n d  i f .  T h e  s ta n d a rd  M W  

m a rk e rs  w e re  1, m y o s in ,  M W  20 0  00 0  ; 2 , ^ -g a la c to s id a s e ,  

M W  130 0 0 0 ; 3 , p h o s p h o r y la s e  b M W  94  0 0 0 ; 4 , B S A ,  M W  

68 0 0 0 ; 5 , o v a lb u m in ,  M W  43 000 .

not an uncommon component of plant glycoproteins 
[9] and glucose which is present in widely varying 
proportions may be a contaminant (cf. ref. [8]) of the 
a-galactosidases; however it has also been reported 
as a glycan component of plant glycoproteins [9,10].

Figure 2(b) shows the SDS-PAGE mobilities of 
a-galactosidases I, II' and I f .  In the case of forms I 
and I f ,  major identical protein bands (apparent MW 
41 300 ± 1200) were observed together with two minor 
components with higher mobilities. (In the case of 
enzyme I there was clear evidence of micro
heterogeneity in the major band.) This MW value 
considered together with the MWs for I and i f  
obtained by ultracentrifugation, suggests that I is a 
tetramer of I f .  a-Galactosidase I f  exhibits an ap
parent MW of 42 650 ±950 on SDS gels and the sedi
mentation equilibrium method also indicates that the 
MW of I f  is greater than that of i f .  The elec
trophoretic pattern for I f  (Fig. 2b) also showed the 
presence of minor polypeptide bands.

Rabbit antisera were raised against the three purified 
V. faba a-galactosidases and each serum was titrated 
against the enzymes by assaying changes in the 
activities in the supernatants (Fig. 3). In all cases 
immunoprécipitation occurred although the reaction

T a b le  2 . C a rb o h y d r a te  c o n te n t  o f  V . faba  a -g a la c to s id a s e s  

S u g a rs  p re s e n t  ( m o l /m o l )

S a m p le X y lo s e  M a n n o s e G lu c o s e G lu c o s a m in e

G a la c to s id a s e  I 2 .7 6 .7 13 2.1

G a la c to s id a s e  i f 0 .9 2 .3 1.5 0 .7

G a la c to s id a s e  i f 1.9 3 .2 5.1 0 .9 4

c  60

( b )

L
50 0 20

A n t i s e r u m  ,

F ig .  3. Im m u n o p r é c ip i t a t io n  c u rv e s  w i th  a -g a la c to s id a s e s  I ,  

I I '  a n d  I f  u s in g :  (a )  a n t i s e r u m - l f ; ( b )  a n t is e ru m - I ;  (c )  

a n t is e r u m - I l ' .

was relatively poor in the case of the anti-lf serum. 
The immunoprécipitation titration curves for anti-I 
indicate homology amongst the three enzyme forms, 
however the slopes of the curves show that I and I f  
are structurally more closely related than I and I f .  
Similarly both the anti-If and - I f  sera reacted with 
all of the a-galactosidases and again showed the close 
relationship between I and I f .  Examination of these 
interactions by the Ouchterlony double diffusion 
method [11] confirmed the above findings.

V. faba a-galactosidase I, therefore, is probably a 
tetramer composed of i f  glycoprotein units and in 
this respect it would appear to be similar to a- 
galactosidases occurring in a number of other 
leguminous plants [12-15]. Although V. faba seeds 
possess two forms of a-galactosidase. I f  and I f ,  of 
similar molecular size only the latter appears to 
aggregate to produce the high MW enzyme I. The 
situation is similar in the case of Vigna radiata (mung 
bean) seeds where examination of the high MW form 
(160 000) by SDS-PAGE yielded a single subunit of 
MW 45 000 [13]. However, there was no report of a 
second low MW enzyme equivalent to I f  in these 
seeds. It should perhaps be noted that Hankins and 
Shannon [13] examined the a-galactosidases in mung 
bean seeds that had imbibed water whereas in the 
present study resting seeds were used. The pattern of 
multiple forms of a-galactosidase are known to change 
when seeds germinate [2]. Del Campillo [16], however, 
has reported that soybean seeds possess a high MW 
(160 (K)0) a-galactosidase which in the presence of SDS 
dissociates into two subunits with MWs of 38 000 and 
40 000. Regarding enzyme I f  in V. faba seeds, it 
appears from the immunological studies that it is 
structurally related to the smaller a-galactosidase I f  
and hence may be the precursor of I f  via post- 
translational modification.

The three purified V. faba enzymes were all shown 
to possess haemagglutinin activity towards rabbit 
erythrocytes: their relative activities expressed as

PHYTO 2 1 :9  -  C
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haemagglutination units per mg protein were, 104, 245 
and 847 for I, II' and II*, respectively. Tetrameric 
forms of a-galactosidase from other leguminous 
seeds have been reported to possess galactose- 
specific lectin activity [13,14]. In contrast to V. faba, 
however, the monomeric a-galactosidase from Vigna 
radiata is said to be devoid of lectin activity [17] as 
apparently are the low MW forms of the enzyme 
from other legumes [14]. Further, haemagglutination 
by the broad bean enzymes was specifically inhibited 
by a-D-mannose and a-D-glucose derivatives but not 
significantly by compounds possessing non-reducing 
terminal a-D-galactosyl residues [Dey, P. M., Naik, 
S. and Pridham, J. B., unpublished results].
Conclusions

V. faba seeds possess an interesting group of 
structurally related enzymes, two monomers and a 
tetramer, with one monomer presumably in equili
brium with the tetramer in vivo [6]. The association 
of subunits of enzyme II* appears to lead to a 
significant increase in specific activity and a reduction 
in glucose-mannose-specific lectin activity. The 
tetramer with its higher enzyme activity, would seem 
to be present only in resting seeds and this would be 
advantageous for oligosaccharide mobilization in the 
ensuing early stages of germination [2].

The lower haemagglutination activity of the 
tetramer (I) in comparison with the monomer (II") is 
to be expected if the lectin binding sites of the 
subunits are occupied in the tetramer by mannose or 
glucose residues present on the surface of the 
monomer units. We speculate that such internal lectin 
bonds may function significantly in holding the 
tetramer together. Further work is in progress to 
investigate this possibility. This hypothesis helps to 
explain the apparent anomaly in the carbohydrate 
analysis data (Table 2) where a-galactosidase I has a 
higher carbohydrate content on a molar basis than 
enzyme I f .  We suggest that this is in part because I f  
is a microheterogeneous mixture of glycoproteins and 
that the process of association to form enzyme I 
preferentially selects, because of stronger binding 
potential, forms of I f  with a relatively high carbo
hydrate content. In addition, internal binding of 
extraneous polymers such as polysaccharides and 
glycoproteins by the tetrameric form of a-galac
tosidase may contribute to these differences in car
bohydrate content, particularly in the case of glucose 
(cf. ref. [8]).

From a physiological standpoint one would also 
expect the enzymes to bind via their lectin sites to a 
variety of cell components of carbohydrate and gly
coprotein nature [18]. This might include cell mem
branes and cell walls and thus the a-galactosidases 
could be ‘compartmentalized’ or regulated perhaps by 
steric interactions (cf. ref. [19]), an essential require
ment if their activities are to be controlled for exam
ple during the synthesis of raffinose and its homolo
gues in developing seeds. Lectin interactions might 
well be modified by the level of soluble carbohydrates 
in the tissues.

EXPER IM EN TA L

Enzyme assay, a -G a la c to s id a s e  a c t iv i t y  w a s  d e te r m in e d  

u s in g  p - n it r o p h e n y l - a -D - g a la c to p y r a n o s id e  as d e s c r ib e d  e a r 

l ie r  [4 ] ,  F o r  d e te c t io n  o f  e n z y m e  a c t iv i t y  o n  p o ly a c r y la m id e  

g e ls , 6 - b r o m o -2 - n a p h th y l - a - o - g a la c to s id e  w a s  u s e d  [2 0 ].  P ro 

te in  w a s  a s s a y e d , a f te r  p p tn  w i t h  10%  T C A ,  b y  th e  m e th o d  o f  

r e f .  [2 1 ].  B S A  w a s  u s e d  as s ta n d a rd .

Enzyme isolation and purification. T e s ta  f re e ,  d o r m a n t  

b e a n s  w e re  g r o u n d  in  a m e c h a n ic a l g r in d e r .  T h e  r e s u lta n t  b e a n  

m e a l (1 k g )  w a s  s u s p e n d e d  in  1.5 1. o f  M c l l v a in e  b u f fe r  p H  5.5 , 

s t i r r e d  a n d  le f t  f o r  1 h r  a t 4°. T h e  s lu r r y  w a s  s u b s e q u e n t ly  

c e n t r i f u g e d  a t 10 00 0  g  f o r  4 0  m in  a n d  th e  re s id u e  d is c a rd e d .  

T h e  p H  o f  th e  s u p e rn a ta n t  w a s  lo w e re d  to  3 .2  b y  g ra d u a l 

a d d it io n  o f  1 M  c i t r ic  a c id  w i t h  c o n s ta n t  s t i r r in g .  T h e  p p te d  

p r o te in s  w e re  d is c a rd e d  b y  c e n t r i f u g in g  a t 10 0 0 0  g a n d  th e  p H  

o f  th e  s u p e rn a ta n t  ra is e d  to  5 .5  w i th  a s a td  s o ln  o f  N a iH P O ., .  

T h is  f r a c t io n  w a s  th e n  m a d e  2 5 %  s a td  w i th  ( N H ^ j iS O ^  a n d  th e  

p p te d  p r o te in  c e n t r i f u g e d  a n d  d is c a rd e d .  T h e  r e s u lta n t  s u p e r

n a ta n t  w a s  m a d e  6 0 %  s a td  w i th  (N H ^ l^ S O ^  a n d  s t i r r e d  f o r  3 h r  

a t  4°. T h e  p p te d  p r o te in  w a s  c o l le c te d  b y  c e n t r i f u g a t io n  and  

s u s p e n d e d  in  M c l l v a in e  b u f fe r  ( p H  5 .5 )  a n d  d ia ly s e d  a g a in s t 

th e  sa m e  b u f fe r  (2  I . )  o v e r n ig h t .  T h is  d ia ly s e d  f r a c t io n  w as 

a p p lie d  to  a 5 x 9 0  c m ,  S e p h a d e x  G -lO O  c o lu m n  p re p a re d  

a c c o r d in g  to  th e  m e th o d  o f  r e f .  [2 2 ].  M c l l v a in e  b u f fe r  c o n ta in 

in g  0.1 M  K C !  w a s  u s e d  to  e lu te  th e  e n z y m e  f r o m  th e  c o lu m n . 

T w o  p e a k s  o f  a - g a la c to s id a s e  a c t iv i t y  I  a n d  I I  w e re  o b ta in e d  

w h ic h  w e re  p o o le d  a n d  c o n c e n t r a te d  s e p a ra te ly .  F r o m  th is  

s ta g e  o n w a r d s  e n z y m e s  I a n d  I I  w e re  p u r if ie d  s e p a ra te ly ,  

a -G a la c to s id a s e s  I  a n d  I I  w e re  r e c y c le d  th ro u g h  th e  S e p h a d e x  

c o lu m n .  T h e  a c t iv e  f r a c t io n s  w e re  d ia ly s e d  a g a in s t  K P i  b u f fe r  

(0 .1  M ,  p H  7 ) a n d  a p p lie d  in  2 m l a l iq u o ts  t o  C o n  A -S e p h a ro s e  

c o lu m n s  ( 2 x 2 0  c m )  e q u il ib r a te d  w i t h  K P i  b u f fe r  ( p H  7) 

c o n ta in in g  0 .5  M  N a C I .  T h e  c o lu m n  w a s  w a s h e d  w i th  b u f fe r  

u n t i l  a l l  th e  u n b o u n d  p r o te in s  h a d  b e e n  e lu te d .  T h e  b o u n d  

e n z y m e  w a s  th e n  e lu te d  w i t h  0 .5  M  a - D - m e th y l  m a n n o s id e  in  

th e  sa m e  b u f fe r .  F r a c t io n s  (2  m l)  w e re  c o l le c te d  a n d  th e  a c t iv e  

f r a c t io n s  p o o le d  a n d  c o n c e n tr a te d .  T h e  e n z y m e s  w e re  th e n  

d ia ly s e d  a g a in s t  M c l l v a in e  b u f fe r  ( p H  3 .5 ) a n d  th e  d ia ly s e d  

s a m p le s  a p p lie d  to  1.0 x  14 c m ,  C M - c e l lu lo s e  c o lu m n s  e q u i l i 

b r a te d  w i t h  M c l l v a in e  b u f fe r ,  p H  3 .5 . T h e  f lo w  ra te  w a s  

15 m l / h r .  F o l lo w in g  s a m p le  a p p l ic a t io n ,  th e  c o lu m n  w a s  

w a s h e d  w i t h  th e  b u f fe r  a n d  e lu t io n  o f  p r o te in  c a r r ie d  o u t  in  a 

l in e a r  N a C I  g r a d ie n t  o f  0 .0 5 -0 .4  M  in  th e  s a m e  b u f fe r ,  a -  

G a la c to s id a s e  I I  w a s  f u r t h e r  r e s o lv e d  in to  I I ' a n d  iF .  A l l  th re e  

e n z y m e s  I ,  I I '  a n d  I I *  w e re  r e c y c le d  th ro u g h  th e  C M - c e llu lo s e  

c o lu m n .  T h e  p u r if ie d  e n z y m e s  w e re  s to re d  a t 4 ° w i t h  th y m o l 

a d d e d  as p r e s e r v a t iv e .

Electrophoresis. P A G E  w a s  c a r r ie d  o u t  u n d e r  c a t io n ic  

c o n d it io n s  a c c o r d in g  to  a n  e a r l ie r  m e th o d  [2 3 ] w i th  a s lig h t  

m o d if ic a t io n .  E le c t r o p h o r e s is  w a s  p e r fo r m e d  in  7 .5  x  0 .5  c m  

g e l tu b e s ,  th e  s e p a ra t in g  g e l b e in g  6 .5  c m  a n d  th e  s ta c k in g  g e l

0 .5  c m . T h e  g e ls  w e re  r u n  a t p H  3 .5  in  )8 -a Ia n in e -a c e ta te  b u f fe r  

d i lu te d  1 :1  w i t h  H jO .  F o r  S D S - P A G E ,  s a m p le s  w e re  h e a te d  to  

100° in  b u f fe r  c o n ta in in g  1 .2 5 %  S D S  a n d  s u b je c te d  to  e le c 

t ro p h o r e s is  t h ro u g h  5 %  a c r y la m id e  s ta c k in g  g e ls  a n d  8 %  

a c r y la m id e  s e p a ra t in g  g e ls  [2 4 ].  G e ls  w e re  s ta in e d  w i th  

C o o m a s s ie  b r i l l i a n t  b lu e -R 2 5 0  [0 .2 %  ( w / v ) ]  in  5 0 %  T C A  f o r  

1 5 -3 0  m in  a t  60° a n d  th e n  d e s ta in e d  w i t h  a  s o ln  c o n ta in in g  

7 .5 %  ( v / v )  H O A c  a n d  1 2 .5 %  ( v / v )  is o - P r O H .  T h e  p r o te in  

s ta n d a rd s  u s e d  w e re  o b ta in e d  as a  k i t  f r o m  B io - R a d .

Amino sugar analyses. A n a ly s e s  w e re  c a r r ie d  o u t  as d e s 

c r ib e d  in  r e f .  [8 ] .

Neutral-sugar analyses. T h e s e  w e re  c a r r ie d  o u t  b y  G C  

a f te r  m e th a n o ly s is  a n d  t r im e t h y ls i ly la t io n  as d e s c r ib e d  e a r l ie r

[2 5 ].

A s s a y  of agglutination. T h e  m e th o d  u s e d  is  d e s c r ib e d  in  r e f .

[2 6 ].  A  s e r ia l d i lu t io n  o f  th e  le c t in  w a s  m a d e  in  100 p,l of 
P i- b u f fe r e d  s a l in e  ( p H  7 .2 )  a n d  2 0 0  p.1 o f  a 1 .5%  s u s p e n s io n  o f  

r a b b i t  e r y th r o c y te s  w a s  a d d e d . T h e  tu b e s  w e re  s h a k e n  a t
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15 m in  in te r v a ls  a n d  th e  e x te n t  o f  a g g lu t in a t io n  w a s  a sse sse d  7.

a f te r  2 h r  o n  a sc a le  o f  0 - + + + + .  O n e  u n i t  is  th e  a m o u n t  o f  

le c t in  r e q u ire d  to  ca u s e  h a l f - m a x im a l ( + + )  a g g lu t in a t io n  o f  th e  8.

c e l ls .  T h e  a s s a y  is  s e m i- q u a n t i ta t iv e  w i th  a ra n g e  o f  e r r o r  o f  

± 2 0 %  ( c f .  r e f .  [8 ]) .   ̂ 9.

Immunological methods. a - G a la c to s id a s e s  I ,  I I '  a n d  I I "  

w e re  p u r if ie d  as d e s c r ib e d  e a r l ie r .  O n e  r a b b i t  p e r  e n z y m e  w a s  10.

u s e d . T h e  r a b b i ts  w e re  in je c te d  x  4  o v e r  a p e r io d  o f  162 d a y s ,  

e a c h  t im e  w i th  125 pg  o f  e n z y m e  m ix e d  w i th  c o m p le te  

F r e u n d ’ s a d ju v a n t ;  s e ru m  w a s  c o l le c te d  30 d a y s  a f te r  th e  la s t  11.

in je c t io n .  I m m u n o p p tn  w a s  c a r r ie d  o u t  in  p la s t ic  m ic r o 

c e n t r i f u g e  tu b e s  b y  a d d in g  v a r ia b le  a m o u n ts  o f  a n t is e ru m  12.

( 0 -5 0  p i  f o r .  a n t is e ru m  I  a n d  a n t is e ru m  I I " ,  0 - 1 0 0  p i  f o r  

a n t is e ru m  I I ' )  t o  c o n s ta n t  a m o u n ts  o f  e n z y m e  a c t iv i t y .  T h e  13.

to ta l  v o l .  o f  a n t is e ru m  w a s  a d ju s te d  to  50 p i  (1 0 0  p i  f o r  

a n t is e ru m  I I ')  in  e a c h  ca se  b y  a d d it io n  o f  b lo o d  s e ru m . A f t e r  14.

m ix in g  th e  a n t is e ru m  a n d  e n z y m e ,  th e  tu b e s  w e re  in c u b a te d  

f o r  15 m in  a t ro o m  te m p . T h e y  w e re  th e n  c e n t r i f u g e d  f o r  6 m in  15.

a n d  th e  s u p e rn a ta n ts  a s s a y e d  f o r  a -g a la c to s id a s e  a c t iv i t y .

E a c h  a n t is e ru m  w a s  t i t r a t e d  a g a in s t  a ll th re e  e n z y m e  fo r m s .  16.
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Aims

The presence of multiple forms (high MW enzyme I and low MW enzyme II) 

of a-galactosidase in Vicia faba seeds was first demonstrated by Dey and 

Pridham (14, 28, 55). Sephadex-gel elution profiles of partially purified 

preparations of the enzyme from mature broad beans showed that a-galactosidase

I was the predominant form. It was also found by the authors that enzyme I 

had a significantly higher specific activity than II (66). This was thought 

to be physiologically significant in that an enzyme with high specific 

activity would efficiently degrade reserve oligosaccharides at the onset of 

germination. However in 1977, Hustler (77) showed that crude extracts of 

a-galactosidases from dormant broad beans contained higher levels of 

a-galactosidase II, contrary to what was shown in partially purified extracts 

of the enzyme. Hustler (77) maintained that a-galactosidase II was being 

converted to a-galactosidase I during the purification procedure. Although 

in vitro reactions were responsible for the conversion, the nature of the 

factor(s) involved in this process was not defined. One aim of the project 

was to assess, as far as possible, the in vivo levels of enzyme I and II, and 

also to investigate the factor(s) that might influence the interconversion of 

the two forms.

Another objective was to determine possible molecular relationships 

between the multiple forms. The working hypothesis had always been that 

a-galactosidase I was a tetramer of II (MW'v40,000). It was later shown that

II could be resolved into two active forms 11^ and 11^ (67, 68). It was, 

therefore, of interest to investigate the relationship of 11^ and 11^ with 

enzyme I. Immunological interactions as well as amino acid and carbohydrate 

analyses were examined to show any correlations. During the later part of 

this work, reports were published showing that some legume a-galactosidases 

displayed lectin properties (170, 172). It was therefore thought to analyse 

V. faba a-galactosidases for haemagglutinin activity. This activity would 

offer interesting possibilities for subunit aggregation of the enzymes as



well as binding to cell components. However, this aspect was touched only 

briefly and the objective was to give lead for future work.

Achievements

The results presented in Part I of the "Results and Discussion" section 

of this thesis clearly show that it is virtually impossible to extrapolate 

the results from in vitro experiments to the in vivo situation as far as the 

levels of a-galactosidases I and II in the mature seeds are concerned.

However, the results do indicate that a-galactosidase I is present in vivo 

in spite of the observed inter conversion between the two forms during 

extraction. This study brings to light the problems one faces when extracting 

multiple forms of an enzyme and it would appear, therefore, that great caution 

is needed when relating the pattern of multiple forms found vitro to that 

which might exist in the tissue.

Purification of a-galactosidases I, 11^ and 11^ was achieved through the 

earlier reported procedure except that the glycoprotein nature of the enzyme 

was taken advantage of and an affinity step using Con A-Sepharose was 

incorporated. All three forms appeared homogeneous on polyacrylamide gel 

electrophoresis; some heterogeneity was observed on SDS-PAGE. Antisera to 

the three forms were successfully raised.

As far as the relationships between enzymes I, II and II are concerned 

firstly the SDS-PAGE pattern indicated that enzyme I was a tetramer of 11^. 

This was further supported by immunological evidence. This technique also 

showed partial relationship of enzyme I with 11^ and 11^ with 11^. The 

conclusions from the carbohydrate and amino acid analyses were, however, 

not as conclusive. It was to be expected that if enzyme I was a tetramer 

of 11^, molar ratios of the carbohydrate contents should be comparable. 

However, a-galactosidase I had a higher carbohydrate content than 11^. 

Considering the glycoprotein nature of the enzyme, it is likely that out of 

a mixture of enzyme-protein species with varying degrees of glycosylation.



only those with a greater carbohydrate content are able to aggregate 

resulting in enzyme I.

Unlike the work reported from Professor Shannon's laboratory (170, 172), 

all three forms of a-galactosidase from V. faba showed haemagglutinin property 

in addition to catalytic activity. However, the present work does not 

entirely clarify whether this haemagglutinin activity is due to favin 

(a glucose/mannose specific lectin) bound to the enzyme glycoprotein.

In conclusion, it can be said that mature V. faba seeds contain a very 

interesting group of structurally related a-galactosidases consisting of two 

monomeric forms 11^ and 11^, and a tetrameric form, I. All the evidence 

obtained so far points to the tetramer being composed of 11^ monomers.

However, we have not been able to relate 11^ and I with respect to aggregation. 

It is possible that 11^ is first transformed to 11^ before aggregating to I; 

further work is required to verify this possibility.

The lectin nature of these a-galactosidases provides a possibility of 

compartmentalization of the enzymes and hence separating them from their 

natural substrates in developing seeds.

The present work has aided towards a better understanding of the 

a-galactosidases in Vicia faba seeds and opened new areas for future research.


