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Abstract-Germinating seeds of lucerne, guar, carob and soybean initially depleted raffinose series oligosacchar- 
ides and then galactomannan. This depletion was accompanied by a rapid increase and then a decrease in X- 
galactosidase levels. Lucerne and guar contained two r-galactosidase activities, carob three and soybean four. 
One of these in each plant, from its location in the endosperm, time of appearance and kinetic behaviour, 
appeared to be primarily involved in galactomannan hydrolysis. This enzyme in lucerne had MW of 23000 and 
could not be separated from b-mannanase by (NH&SO, fractionation. DEAE. CM or SE-cellulose chromat- 
ography or gel filtration, but only by polyacrylamide gel electrophoresis. In guar, carob and soybean, it could 
be separated by ion-exchange chromatography and gel filtration. In lucerne, carob and guar most of the total 
increase in activity was due to this enzyme. The other r-galactosidases had MWs of about 35ooO and could be 
separated from /I-mannanase by dissection, ion exchange cellulose chromatography and gel filtration. They were 
located in the cotyledon-embryo and appeared to be primarily involved in galactosylsucrose oligosaccharide hy- 
drolysis. 

INTRODUCTION 

GALACTOMANNAN occurs in varying amounts in the endosperm of a wide range of legu- 
minous seeds.’ The polysaccharides from different species have different proportions of 
D-galactose and D-mannose, but always consist of a /?(l-4) mannan backbone with single 
D-galactose branches linked a( 1-6).2 x( l-6) Galactosylsucrose oligosaccharides, e.g. raf- 
finose, are also found.3 On germination both oligosaccharides and polysaccharides are 
quickly metabolized by r-D-galactosidase4 (E.C. 3.2.1.22) and a fl-mannanase5 and poss- 
ibly a /$mannosidase. Using specific inhibitors and seed dissection, Reid and Maher have 
shown that in fenugreek the enzymes hydrolysing galactomannan are produced in the 
aleurone layer.‘j Recently they have shown that in this seed increases in endosperm a- 
galactosidase and /?-mannosidase activities parallel galactomannan depletion.’ 

1 ANDERSON, E. (1949) Ind. Eng. Chem. 41,2887. 
* SMITH, F. and MONTGOMERY. R. (1959) The Chemistry of Plant Gums and Mucilages, p. 324, Reinhold New 

York. 
3 HARBORNE, J. B., BOIJLTER, D. and TURNER, B. L. (1971) Chemotaxonomy of Leguminosae, Academic Press, 

London. 
4 COURTOIS, J. E. and PERCHERON, F. (1961) Bull. Sot. Chim. Biol. 43, 167. 
5 BEAUGIRAUD, S. C. and PERCHERON, F. (1968) Bull. Sot. Chim. Biol. 50,633. 
6 REID, J. S. G. and MAHER, H. (1972) Planta 106,44 
7 REID. J. S. G. and MAHER, H. (1973) Planta 112, 301. 
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Two fractions of z-galactosidase which showed similar properties have been obtained 
from an extract of a Cqfin sp., by stepwise pH elution on alumina.x However. Dey and 
Pridham’ separated two activities by gel filtration of extracts of ungerminated Vicicr.faha 

seeds which showed different kinetic properties. They also obtained evidence for a 
monomer-oligomer interconversion and reported that the lower MW form could be 
further fractionated on CM-cellulose using stepwise pH elution.‘” 

The relative hydrolysis rates of .x( 1 -6) galactosylsucrose oligosaccharides and galacto- 
mannan show difTerences. Some fungal z-galactosidases could not hqdrolyse galactoman- 
mtn.’ ’ A preparation from Phusco/tr.s r~&r~i.s hydrolysed galactomannan at a rate of only 
1p3’!o of that of raffinosc.” In contrast. guar x-galactosidasc hydrolvsed polysaccharide 
more readily than oligosaccharide.‘” 

During the development of a number of seeds both r-galactosidase activity and x( l--6) 
galactosylsucrosc content increase. suggestin g compartmentation or endogenous inhibi- 
tion.‘” Dey and Pridham, studying changes in z-galactosidases during maturation and ger- 
mination of I’. ,f&htr seeds, proposed a relationship between the physiological state of the 
seeds and the predominance of one of the MN’ forms of the enqme.” 

The aim of the present work has been to examine the changes in the levels of x-galactosi- 
dase activity in four legume seeds after imbibition, to attempt to fractionate this activity. 
to compare the activities at different locations in the seeds. to find the substrate specificity 
and determine physiological function. 

KESL’LTS AND DISCL’SSIOh 

Figure 1 shows the pattern of depletion of galactomannan in the germinating seeds, and 

the changes in the levels of mono- and oligosaccharides. These wet-c separated by gel 
filtration on polyacrylamide (Bio-gel P-2) and characterized by TLC. PC and hydrolysis 
to constituent monosaccharides. 

The disaccharides found were sucrose and mclibiose and traces of mannobiose. The 
higher oligosaccharides were rafinosc. stachyose. verbascosc and traces of mannotriose. 
The total concentration of (z-1) linked anhydro I,-galactose in galactomannan and galac- 
tosyl-sucrose oligosaccharides before germination was about the same in lucerne. guar and 
carob. 

On imbibition there was an immediate and rapid depletion of the rafinose type oligo- 
saccharides. In lucerne and carob. where stachyose was the major reserve oligomer, its de- 
crease was accompanied by a transient increase in sucrose. In guar. rufinose was present 
as the main oligosaccharide and was initially hydrolyscd to melibiose. In soybean. raf- 
finose and sucrose were present. The rafznosc content decreased but sucrose showed an 
initial increase followed by a decrease. There was some verbascose in lucerne and carob 
and it was rapidly hydrolysed. In all seeds the major monosaccharides Lverc glucose and 
fructose with only traces of mannose and galactose. 
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If seeds were macerated adequately, all the galactomannan could be extracted by cold 
aqueous mercuric chloride solution. Residues were checked for any residual galactoman- 
nan by hotwrater and alkali extraction, the extracts hydrolysed by acid and examined by I 
PC. Hydrolysis of the cold aqueous extracts after precipitation into ethanol (with 0.75 M 
H,SO, for 3 hr at 100’) showed that in the early stages of germination no other polysac- 
charides were detectable, but in the later stages these did appear. When sugars, other than 
mannose and galactose were found after acidic hydrolysis, the galactomannan was purified 
via the copper complex2’ before anthrone estimation. 
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FIG. 1. DEPLETION OF GALACTOMANNAN, OLINSACCHARIDES AND MONOSACCHARIDES ON THE GERMINA- 
TION OF: (a) CAROB; (b) GUAR; (c) LLTCERNE; AND (d) SOYBEAN. 

. 0, Galactomannan; A, oligosaccharides; x . disaccharides; 0, monosaccharides. 

There was an initial period during which no detectable hydrolysis of galactomannan was 
found. This varied from 16 hr in lucerne to 34 days in guar. This lag was followed by 
a rapid and complete depletion which varied from 20 hr for lucerne to 4-5 days for carob 
and guar (cf. fenugreek seed6). The levels of galactomannan hydrolysing activity were mea- 
sured during germination of lucerne by following the rate of reducing sugar release from 
lucerne galactomannan substrate incubated with extracts of the germinating seeds (Fig. 
2). No measurable activity was found in the flour and during a lag period corresponding 
to the time when galactomannan was not hydrolysed. There was then a rapid increase that 
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corresponded with the period of galactomannan depletion in the seed followed by a decline 
after all the galactomannan had been hydrolysed. 

One of the activities involved in the breakdown of galactomannan and raffinose type 
oligosaccharides is x-D-galactosidase. which can be readily assayed with o-nitrophenyl Y-D- 
galactopyranoside (o-NPGal). When this activity was measured in germinating seeds from 
all four species, the patterns shown in Fig. 3 were obtained. Low activities were present 
in the flours; these increased on germination until the depletion of galactose oligomers 
and polymers and then decreased. 
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Fractionation and purification of the z-galactosidase activities. using (NH&SO, preci- 
pitation, ion-exchange chromatography on DEAE. CM- and SE-celluloses and gel 
filtration, showed that at least four enzymes were involved. 

In lucerne seed, extracted 3 days after imbibition, all x-galactosidase activity was found 
in the fraction precipitating between 20~~60”~,, (NH&SO4 saturation. After dialysis. chro- 
matography on DEAE-cellulose (with an unbuffered KC1 gradient) gave two x-galactosi- 
dase fractions. One of these was not adsorbed (x-galactosidase A) and the other was eluted 
at a KC1 concentration of 0.25 M (xc-galactosidase C) (Fig. 4). Re-chromatography of each 
peak gave single fractions with the same elution behaviour. Further chromatography of 
each of these on Sephadex G-100. CM-cellulose or SE-cellulose gave no additional separ- 
ation. r-Galactosidase A was firmly bound to CM-cellulose and only 20 40”; activity was 
recovered with a 0.005-0.5 M acetate (pH 5) gradient. Stepwise increases in buffer con- 
centration up to 2 M gave peaks of activity at each concentration change. However. SE- 
cellulose (0.005-0.3 M gradient. acetate buffer pH 5) produced a single peak of activity and 
5%SOo/, recovery. Extracts from guar seedlings at 6 days of germination also gave two 
peaks of x-galactosidase activity on DEAE-cellulose chromatography and these had the 
same elution characteristics as the lucerne enzymes. LeeI detected only one x-galactosi- 
dase in guar corresponding to x-galactosidase C. However. he used Somogyi estimation 
ofgalactose released from guaran to assay fractions. This method has a low sensitivity and, 
in fact. diagrams of his chromatograms do show a fraction of low activity that corresponds 
to y-galactosidasc A. 
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Chromatography on DEAE-cellulose of extracts from soybean seeds that had ger- 
minated for 3 days gave three active fractions. Two of these were similar in elution beha- 
viour to ix-galactosidases A and C of lucerne and the third eluted at a KC1 concentration 
of 0.05 M (cc-galactosidase B) (Fig. 4). cx-Galactosidase C could be separated into two activi- 
ties (C, and’&) on Sephadex G-200. Dey and Pridham found that an c+galactosidase from 
V~ciufaba could be separated into two activities on Sephadex.’ This result was confirmed 
by us. However, chromatography of the broad bean extract on DEAE-cellulose showed 
that its elution profile resembled a-galactosidase A. Carob extracts also gave three frac- 
tions on DEAE-cellulose chromatography, and these resembled r-galactosidases A and C 
of lucerne and B of soybean. a-Galactosidase B was not always present in seeds harvested 
at different times. A different species of guar (Cyumopsis pmraloides) also contained c(- 
galactosidase B. 
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FIG. 4. DEAE-CELLULOSF. CHROMATOGRAPHY OF LUCERNE AND SOYBEAN U-GALACTOSIDASES AT 3 DAYS OF 

GERMINATION. 

FIG. 5:CHANGES IN Ct-GALACTOSIDASES A AND B ACTIVITIES ON GERMINATION. 

If seeds were separated into endosperm and cotyledons plus embryo, cr-galactosidases 
A and B were always found in the cotyledon-embryo fraction. In the endosperms, only CI- 
galactosidase C was present. However, in carob seeds some a-galactosidase C was found 
in the cotyledons as well as the endosperm. On germination, the changes in the levels of 
activities varied. cc-Galactosidase A of lucerne, carob and soybean were present before ger- 
mination (Fig. 5) and showed a slight increase and decrease on germination, whereas the 
enzyme from guar decreased gradually. The changes were in the order of 2 scale units of 
activity. Soybean a-galactosidase B increased more than 4 scale units and then fell. 
Changes in the levels of r-galactosidase C were much larger except for soybean and the 
cotyledon-embryo C enzyme of carob (Fig. 6). 

In lucerne, carob and guar, seeds that contain significant amounts of galactomannan, 
the major part of the total a-galactosidase increase on germination is due to a-galactosi- 
dase C. This increase in a-galactosidase C at the time of galactomannan depletion and its 
decrease after depletion, as well as its localization in the endosperm, where all the galacto- 
mannan is found, indicates that it is primarily involved in galactomannan hydrolysis. 
However, since galactosylsucrose oligosaccharides are found in the endosperm of these 
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TABLE 2. FURTHER PURIFICATION OF LUCERNE U-GALACTOSIDASE A 

Stage of 
purification 

Total Total 
protein activity 

(mg) (pmol/min) 
Recovery 

(%) 

Specific 
activity 

(pmol/min/ 
mg protein) Purification 

DEAE-cellulose (pH 6) 53.3 260 81 4.90 21.9 
Cellex-SE (pH 5) 15.6 147 56 9.4 42.3 
Sephadex G-100 4.14 114 17 27.5 123 
DEAE-cellulose (pH 6) 1.68 85.8 69 46.8 210 

a-Galactosidases A and B of guar, carob and soybean were obtained free of p-man- 
nanase by extraction from dissected cotyledons soon after imbibition. a-Galactosidase C 
of guar was obtained substantially free of /I-mannanase and carob completely free by 
DEAE- and CM-cellulose chromatography. Soybean H-galactosidase C required only 
DEAE-cellulose chromatography. /?-Mannosidases were removed by chromatography on 
Sephadex G-100 and ion-eitchange celluloses. 

TABLE 3. FURTHER PUR~XATION OF LUCERNE Y-GALACTOSIDASE C 

Total Total 
Stage of protein activity 

purification (mg) (pmol/min) 

Sephadex G-100 24.7 360 
CM-cellulose (pH 5) 3.9 305 
Polyacrylamide gel 

electrophoresis 3.10 122 

* Introduced to remove /I-mannanase activity. 

Recovery 

(“A) 

74 
85 

40 

Specific 
activity 

(pmol/min/ 
mg protein) 

14.5 
77.0 

39.0 

Purification 

65.2 
345 

175* 

Contamination with b-mannosidase was detected using a p-nitro-phenyl fi-mannoside 
substrate. Separation from /I-mannanase was followed by the appearance of discrete /3- 
mannanase fractions on chromatography. These were assayed using carob galactomannan. 

TABLE 4. KINETIC PROPERTIES OF X-GALACTOSIDASES 

a-Galactosidase 

Lucerne A 
Lucerne C 
Guar A 
Guar C 
Carob A 
Carob B 
Carob C (endosperm) 
Carob C (cotyledon) 
Soybean A 
Soybean B 
Soybean C (1) 
Soybean C (2) 

Raffinose 

&z, 

67 
11.8 

7.9 
22.2 
12.1 
9.8 
5.3 
3.6 

11% 
11.8 
22.2 
67 

Substrate 
Lucerne galactomannan 

Km* 
(mM) V,,Xi 

25.7 125 
19.1 790 

8.8 2.6 
25.8 186 
21.9 1.5 
33 25.1 
25.4 11.0 
20.9 22.0 
11.0 25.5 
11.0 100 
19.7 23.2 
8.8 17.2 

o-NPGal 

(& VnwJ 

0.49 186 
2.36 7850 
0.42 122 
0.63 294 
0.42 64 
0.42 43 
0.45 66 
0.50 68 
0.50 44 
0.50 30 
0.55 462 
0.50 141 

* Determined as mM anhydro galactose (galactomannan contained 43.8% galactose). 
t V,,,,, values are expressed relative to raffinose equalling 100. 
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Any contamination of r-galactosidase preparations was detected by comparing the rate 
of release, from galactomannan, of reducing sugar (by fcrricyanide) with the rate of release 
of galactose (with galactose dehydrogenase). Also, /I-mannanase could be sensitively 
detected viscometrically using carob galactomannan. 

Pure x-galactosidase gave a very slight initial decrease in viscosity. whereas even traces 
of p-mannanase caused a very rapid initial reduction. In some cases the products of hy- 
drolysis were examined chromatographically. 

The K, and &,,, values for the various enzymes, using as substrates lucerne galacto- 
mannan, raffinose, melibiose, stachyose and o-NPGal are shown in Tables 3 and 5. Using 
the first four substrates, hydrolysis was estimated as galactose released, assayed with galac- 
tose dehydrogenase. This value was compared with reducing sugar released. assayed with 
ferricyanide, to detect any olher carbohydrate hydrolases. Carob and guar galactoman- 
nans were hydrolysed at rates comparable to lucerne galactomannan. Lucerne and guar 
r-galactosidases C have noticeably high V,,,,, values for galactomannan, in accord with 
their role in galactomanan hydrolysis. However. this does not hold for carob and soybean. 
Carob galactomannan has a low galactose content (X3”,,) and the main function of the x- 
galactosidase C could be to hydrolyse galactoseemannose oligomers produced by the prior 
action of /3-mannanase. The low galactomannan content of soybean (0.1”;) would not 
require an enzyme with high hydrolysis rates. 

x-Galactosidase 

Lucerne A 
Lucerne C 
Guar A 
Guar C 
Carob A 
Carob B 
Carob C (endosperm) 
Carob C (cotyledon) 
Soybean A 
Soybean B 
Soybean c (1) 
Soyhean C (2) 

10~0 
n.d. 
13% 
17.0 
16.7 
40 
.X1 
n.d. 
27.1 
250 
1 I.7 
7.1 

* Not determined. 
5- 1’ mnx values are expressed rclativc to rallinosc quailing 100 

The affinities of lucerne and guar x-galactosidases C are of the same order for both raf- 
finose and galactomannan. The much higher V,,, for galactomannan suggests a multiple 
attack on galactose side chains by a single enzyme molecule on a single galactomannan 
molecule. The V,_ for lucerne z-galactosidase C with o-NPGal is very high but this is 
complemented by its much lower affinity for this substrate than the other enzymes. 

The pH activity curves for luccrne enzymes are shown in Fig. 7. x-Galactosidase A has 
a broad pH optimum in the acidic range characteristic of many hydrolases. r-Galactosi- 
dase C has a double pH optimum. This has been previously observed for x-galactosidases 
from a number of sources and Dey and Pridham l4 have discussed the significance of this 
pattern. 
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All enzymes were stable at room temperature for extended periods. Lucerne a-galactosi- 
dase C was inhibited 75% after heating at 60” for 30 min. 

MWs were determined by gel filtration’6 and SDS polyacrylamide gel disc electrophor- 
esis” and in one case by ultra-centrifugation using the sedimentation equilibrium 
method.18 The results are shown in Table 6. Endosperm a-galactosidases C had MWs of 
about 23000 except the large MW form from soybean. The cotyledon-embryo enzymes 
had higher values of about 35000. 

TABLE 6. MOLECULAR WEIGHTS OF Z-GALACTOSIDASES 

a-Galactosidase 
Molecular weight 

(daltons) Method of determination 

Lucerne A 34000 
33ocO 

Lucerne C 23000 
2100 
23000 

Guar A 34000 
Guar C 24000 
Carob A 37000 
Carob B 37000 

Gel filtration 
SDS-polyacrylamide electrophoresis 
Gel filtration 
SDS-polyacrylamide electrophoresis 
Sedimentation equilibrium 

Carob C (endosperm) 
Carob C (cotyledon) 
Soybean A 
Soybean B 
Soybean C (1) 
Soybean C (2) 

23 000 
23 000 

Gel filtration 

4oooo 
40000 

130000 to 15ooGfl 
25ooo I 

EXPERIMENTAL 

Plant material. Legumes used were lucerne (Medicugo satiua cv. Hunter River), guar (Cyamopsis tetragono- 
lobus), carob (Ceratonia siliqua) and soybean (Glycine max cv. Lee). Seeds were germinated in the dark. After 
soaking in 0.5% NaOCl for 10 min and washing, lucerne was germinated on filter paper in Petri dishes at 25”. 
Guar and soybean were soaked for 2 hr and carob was scarified and soaked for 18 hr and each planted in perlite 
wetted with 9 ppm of 5,5’-dichlor 2,2’-dihydroxy diphenyl and then incubated at 30”. 

PC and TLC. Solvents used were A, n-BuOH:pyridine:H,O:C,H, (5:3:3: 1); B, EtOAc-HOAc-HCOOH- 
Hz0 (18:3: 1:4) and C, n-PrOH:MeNO,:H,O (5:2:3). Compounds were detected with p-anisidine HC1r9 and 
AgNOs.” Silica gel-Kieselguhr (3: 1) was used for TLC and detection was with 50% H2S04.21 

Maceration. Wet mixtures were macerated in an ultra-turrax and flours were made in a water-cooled mill. 
Solns were evaporated below 40”. 

Extraction ofgalactomannan. Ungerminated seeds, as flour, or whole germinated seeds were macerated in 
EtOH, the mixture boiled and macerated again. After filtration, the residue was washed with EtOH, Me&O 
and Et,O. The dry residue was macerated in 0.01 M HgCl, soln. After 18 hr it was again macerated and centri- 
fuged (24000 g for 10 min at 25”). Extraction of the residue was repeated 2 x The combined supernatants were 
precipitated in EtOH (4 vol.) and polysaccharide collected by centrifugation. The supernatant was combined with 
the solvent extract. the ppt. was dispersed in H,O by maceration and centrifuged (24000 g for 30 min at 25”). 
The supernatant was added to EtOH (4 vol.), the ppt. collected by centrifugation and washed with EtOH, Me,CO 
and Et,0 and dried. 

Extraction of mono- and oligoiaccharides. The solvent extract*and the aq. EtOH supernatant from the prep- 
aration of galactomannan were combined and reduced in vol. to 50 ml and extracted 3 x with CHCI,. The aq. 

I6 ANDREWS, P. (1964) Biochem. J. 91, 222. 
I7 SHAPIRO, A. L. (1967) Biochrm. Biophys. Res. Comm. 28,8 15. 
I8 SCHACHMAN, H. K. (1957) in Methods in En:ymology (COLOWICK, S. P. and KAPLAN, N. O., eds.), Vol. 4, p. 

32. 
I9 HOUGH, L., JONES, J. K. N. and WADMAN, W. H. (1950) J. Chem. Sot. 1702. 
*’ TREVELYAN, W. E., PROCTER, D. P. and HARRISON, J. S. (1950) Nature, 166,444. 
21 HUBER, C. N., SCOBELL, H. D., TAI, H. and FISHER, E. E. (1968) Anulyr. Chem. 40,207. 
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phase was deionized (IRA410 and AGSOW-X8). After ccmcn, EtOH was added to ppt. any traces of polysacchar- 
ide. The supernatant after centrifugation was concn to 3 ml/g of seed. This soln was used directly for PC‘ (solvents 
A and B) and TLC (solvent C) and diluted 6 x for chromatography on Bio-Gel P-7. Carbohydrates were elutcd 
with 0.1 M NaCl containing I mM EDTA and estimated by the anthrone method.” Fract&s wcrc examined 
by PC and TLC (solvents A, B and C). 

Purfimtion oJgalactonlrrnrwr~ ziu the copper conq~lc~x.‘~ Fehlings soln (16 ml) was added to galactomannan (1 g) 
dissolred in Hz0 (750 ml) in centrifuge tubes. After vigorous stirring and centrifugation (ZOOOy for 10 min at 25 ‘) 
the ppt. was dispersed in HZ0 1360 ml) in the same tubes. usmg a macerator. M HCl was added dropwise. vrith 
.\tirring. until !lx ppr. dissolwd and the soln \\a\ dialyscd After centrifugation (llC)O01/ for 30 min at 25 ) thr 
supcrnatant was poured into EtOH (3 vol.) the ppt. collected. washed and dried. 

Preptrmtio~f of~~-ifr~~ct.s /br dssa~ of ch~~tqc.~ of‘yala~ton7at~r7u~~-l~ ~dwd~zr.w trd r-~~~ilo~io.siil~~.~~, irctii’ili~‘s on yw- 
mimuiorz. Lucerne. guar, carob or soybean (original whole seed weight 5 g) as a Rout at 0 hr and as seeds at later 
times were crushed in 0.1 M acetate huffcr (pH 5) and dialqsed against butfcr at room temp. for 0 hr. The mixture 
was then finely ground in an all-glass Tenn Brocck homogenizer and dialyscd a lurthcr I8 hr (luccrnc and soy- 
bean) or 40 hr (guar and carob) at room temp. to complete hydrolysis of galactomannan. After ccntrifugation 
(24OOOq for 30min at 2’). (NH,)?SO, was added to the supcrnatant and lhc ppt. produced between 20 60”,, 
saturation. which contained all the activity. NBS collected and re-dissolved in 0.01 M acctatc huller (pH 5.0) and 
dialyscd against huffcr for 20 hr at 2 After centrifugation. the supcrnatant ~\as made up to a vol. of 4 ml pel- 
g original seed weight and assaqcd using the release of o-nitrophcnyl from o-NPGal and the wxxsc in I-educing 
pouer on hqdrol!sis of carob galactomannan. Carob galactomannan (Sigma) was purilicd by dissolving in HZ0 
u\~ng maceration. centrifuging (113000!, for 30 mm at 25 ). precipitating into EtOH. rc-dissolving. ccntril’uging 
again. x-precipitating mto EtOtf. washing with EtOH. Me2C0 and Et,0 and dtqing. Aliquots of the enl!rnc 
crtracts wcrc chromatographed on DEAE-cellulose (Cl-form) with 001 0.3 M K<‘i elution both ulth and with- 
out 0.01 M acetate bulfer (pH 60). Other aliquots were chromatographed on Sephadex G-100 using 0375 M act- 
tate buffer (pH 50) for clution. Fractions were ass:t>ed for ahilit! to h!drolqse o-NP&l and to produce reducing 
activity with carob galactomannan. 

,4.\xr~. qf I-y&crosidtrsc, rrct~,ir~, lr.it/l o-.VPGaI. Nitrophenyl release was measured h\ incubating enzyme prep- 
aration (0 I ml) with M ,X0 o-NPGal (Sigma) (0.1 ml) in 0.05 M .Icetate buffer (pH 5) at .30 Reaction HIS stopped 
with 2”,, Na,CO, (2.X ml) and the .A at 310 nm dctermincd.“.3 

rls.su~~ 01 r-~~crloc~to.sidir.\r iic~tir~it~~ /lj, i~l~‘ii.\Iii’~‘l~1~‘Ilt 01’ I~-~yd/uf~,w rd~vrztd iwuy II-yuluc~lo\v d~~h~rl~oy~,tltrst,.~~ 
Enzyme preparation (0.1 ml)uas incuhatcd with substrate solution (I ml) in OQ5 M acetate butler (pH 5) at 30 
Reaction was stopped by heating to 100 for 2 min. An aliquot (0.5 ml) was transferi-cd to a I cm quart/ spectra- 
photometer tube contnmmg Tris HCl buffer (pH X.5. 01 M 7.4ml) and 0,013 M NAD (0.1 ml). I)-Gatactose 
dchydrogcnase was added and I,-galactose present has determined from NAD reduced. 

,4s,tr~ ofli-rl~u,~ilosidu.\e clc.tirity. Enzyme preparation (@I ml) was incubated with M I60 p-nitro-phenyl /j-man- 
noside (0.1 ml) in 0.1 M acetate buffer (pH 5) at 30’. 2”,, Na,CO, (2.8 ml) was added and Ihc 4 at 420 nm deter- 
mined. 

.45.w~~,for ~-mam~amw trcti~it!.. Enzyme preparation (0.1 ml) was Incubated with 0-I I’(, carob galactomannan 
solution (I.0 ml) at 30. at pH 5. Aliquots (0.1 ml) were assayed for reducing activltl hq reaction with ferriqanide 
hq the method of Park and Johnson.” Viscosity changes were measured h! Inculxtlon of cnl!me prt:paratlon 
(I ml) with @I”,, carob galactomannan solution (20 ml) m an Llbbelohdc viscomctcr. 

Esrrcrcrio~ crrzd /~~r$c.ution NJ ?-~~trlrr~/o.sid~r,scs. Lucerne seed (300 g) was gel-minatcd for 3 days. After mace- 
ration in 0.1 M acetate buffer (pH 5) the homogenate was filtered through muslin and centrifuged (24OOOq for 
15 min at 2’). (NH,),SO, WY added to OO”,, saturation. the ppt. diatqsed for 24 hr .igainst 01 M acetate butfcr. 
After centrifugation, (NH,),SO, was added and the fractions at ZO”,, intervals of saturation coilcctcd. The frac- 
tion with the highest sp. act. (40 60”,,) was equilibrated against 5 mM KCI b> dial)& This *as chromatographed 
on DEAE cellulose (Cl- form) using a 0.005 -0.3 M unbuffered KC1 gl-adicnt. ‘The active fi-actions obtained ucrc 
concentrated with (NHJ)?SO, and dialqsed overnight against 0.01 M acetate butler (pH 5). These fractions were 
then chromatoeraphed on CM crllulox Na ’ form or SE-cellulose, Nat form The\ \vcrc applied in 0.01 M - , 
acetate (pH 5) and elutcd with a gradient of the same buffer (0.01 0.3 M). Actixc fraciions \vcre concn using a 
DiaRo-ultrafiltration cell u ith a PM JO membrane. x-Galactosidase .A was then re-cllrolnatographed on DEAE 
cellulose. Cl- form, at pfl 6 in accta1e hutfer using a 0.01 0.3 hl acetate buffer @I-adient and the actiT,it) concen- 
trated by Llltra-filtr~ction. The varmus fractions were then chromatographcd on Scphadcx G-100 using a 0.1 M 
acetate huffcr (pH 5) for elution and the cnlymes concn by ultra-filtration. Th e sample \ras then sut+xted to 
pol>acrylamide gel disc elcctrophoresis by the method of Wrigley.“’ En/qmc preparations were concrnrratcd 
to 1 mg protein pcl- ml by dialysi\ against iI?‘,, polycthylcne gljcol for 2 6 hr Sucrose was added to a final concn 
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of 40% and aliquots (100 ~1 = 100 pg protein) were applied to a series of gel discs (10% cross-linked). Electrophor- 
esis was performed in Trisglycine buffer (pH 8.5) with a current of I25 mA for 2 3 hr. Brom-thymol blue was 
used as the indicator of the front. Some tubes were stained with amido black and the remainder cut into 5 mm 
segments and crushed in a glass Tenn-Broeck homogenizer, centrifuged and the supernatant assayed for activity. 
In the extraction of a-galactosidases from guar, carob and soybean, to reduce the amount of contamination by 
protein and especially different r-galactosidase activities, cotyledons were separated from endosperm in the early 
stages of imbibition as soon as seeds had swelled sufficiently. 

Properties ofthe a-yalactosiduses. K, and c’,,, values were determined using as substrate, o-NPGal, melibiose, 
raffinose, stachyose and lucerne galactomannan, by o-nitrophenyl release, and by reducing sugar release as mea- 
sured by ferricyanide, and D-galactose released measured by u-galactose dehydrogenase. Lucerne galactomannan 
was prepared by extraction from lucerne flour that had been boiled in EtOH. No Hg’+ was present in the extrac- 
tion solution. pH Optima were determined for o-NPGal with a 0.1 M citrate-phosphate buffer (pH 2.2-8.0). Inhi- 
bition by Hg” was determined by storing the enzyme for 1 hr in HgCl, soln at 30” and then assaying with o- 
NPGal. The molecular sizes of the x-galactosidases were determined by chromatography on Sephadex G-100 
and G-200 as described by Andrews. ih Bovine serum albumin, pepsin, myoglobin, lysozyme. yeast hexokinase 
and cytochrome C were used as standards in either 0.1 M sodium acetate (pH 5) or 0.1 M Tris-HCI (pH 8.5) 
buffers. MW was estimated by the method of Shapiro” using SDS-polyacrylamide gel disc electrophoresis in Tris 
glycine buffer (pH 8.5) on a IO% cross-linked gel and also by ultracentrifugation using the sedimentation equilib- 
rium method’s (52 hr at IX 520 rpm in 0,005 M acetate buffer (pH 5) using a Beckman An-D rotor). 
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