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Abstract-a-DGalactosidases (a-D-galactoside galactohydrolase, EC 3.2.1.22) from normal coconut endosperm were 
isolated and partially purified by a combination of ammonium sulfate fractionation, SP-Sephadex O-120 ion- 
exchange chromatography and Sephadex G-200 and G-100 gel filtration. Two molecular forms of the enzyme, 
designated as A and B, were eluted after SP-Sephadex CSO-120 ion-exchange chromatography. a-DGalactosidase A, 
which is the major isoenzyme, was partially purified 43-fold on Sephadex G-200 and has a MW of about 23 000 whereas 
a-D-galactosidase B was partially purified 23-fold on Sephadex G-100 and has a similar MW of about 26 600. Both 
isoenzymes exhibited optimum activity at pH 7.5. The apparent K, and V_ of a-D-galactosidase A were obtained at 
3.46 x 10e4 M and 1.38 x 10-j M p-nitrophenyl a-Dgalactoside, respectively. A distinct substrate inhibition was 
noted. The enzyme was inhibited strongly by Dgalactose and to a lesser extent by myo-inositol, D-glucose&phosphate, 
L-arabinose, mehbiose and mdoacetic acid. Similarly, makapuno a-D-galactosidase was localized in the 670% 
(NH4)2S04 cut but its optimum activity at pH 7.5 was considerably lower as compared to the normal. Its K, was 
obtained at 6.75 x 10m4 M p-nitrophenyl a-Dgalactoside while the V_ was noted at 5.28 x lo- ’ M p-nitrophenyl a-D- 
galactoside. Based on the above kinetic data, the possible cause(s) of the deficiency of a-Dgalactosidase activity in 
makapuno is discussed. 

lNTRODUCTION 

a-D-Galactosrdase catalyses the hydrolysis of an a-D- 
galactopyranosyl linkage from an alkyl, aryl or a glycosyl 
(mono or oligo) residue or group [l]. In plants, one of its 
functions is to cleave a-D-galaCtOSyl groups from a-D- 

galactosecontaining oligo- and polysaccharides. The 
degradation products in turn serve as a ready source of 
energy and cell metabolites [2]. In particular, the enzyme 
activity has been shown to increase during seed germi- 
nation concomitant with the depletion ofgalactomannans 
and other reserve carbohydrates. a-D-Galactosidases have 
been implicated also with the metabolism of galactolipids 
[3] and with chloroplast-membrane function [4,5]. The 
isolation, properties and characterization of these en- 
zymes from animals, plants and micro-orgamsms have 
been discussed in two reviews [ 1,2]. 

In another paper [6], we reported on the deficiency ofa- 
D-galactosidase activity in the mutant (makapuno) en- 
dosperm of coconut and suggested that the deficiency may 
have caused the aberrant cellular behaviour and proper- 
ties of makapuno. In order to understand better the 
regulation of a-D-galactosidase activity, the effects of 
various effecters on and the physico-chemical and kinetic 
properties of the partially purified enzyme were investi- 

*Part 7 m the senes on the “Genettcs and Bmchemistry of 
Makapuno Coconut Endosperm”. For part 6 see ref. [6]. 

iPresent address: Department of Entomology, The Inter- 
nattonal Rice Research Institute, Los Bafios, Laguna. 

gated. The results may provide vital information on why 
a-Dgalactosidase activity is deficient in makapuno. In this 
paper, we report the isolation, partial purification, and 
characterization of a-D-galactosidases from mature co- 
conut endosperms. 

RESULTS AND DISCUSSION 

Purljcation of a-D-galactosidases 

(NH4)#04 fractionation. A summary of the purifi- 
cation scheme is presented in Table 1. a-D-Galactosidase 
was obtained from the 4&70 y0 (NH4)$04 cut. This step 
resulted in a 1.lfold purification with 85 y0 recovery. The 
fraction accounted for about 47 % of the original proteins. 

SP-Sephadex C50-120 ion-exchange chromatography. 
The elution profile after ion-exchange chromatography is 
shown in Fig. 1. Two molecular forms of a-Dgalacto- 
sidase, designated as A and B, were eluted separately at 
0.14 M and 0.24 M NaCl, respectively. a-DGalactosnlase 
A and B were purified respectively 21- and S-fold with 
63 % and 8 % yield. 

Sephadex G-200 gelfiltration. The pooled active frac- 
tions of a-Dgalactosidase A, which was the major iso- 
enzyme, were concentrated to 7 ml by ultrafiltration and 
applied on a Sephadex G-200 column. A 43-fold purifi- 
cation with 50 % recovery was achieved after gel filtration. 
However, PAGE resolved two broad protein bands with 
R, values of 0.63 and 0.72 indicating that the enzyme was 
not yet pure. SDS-polyacrylamide gel electrophoresis of 
the same enzyme resolved only one protein band. 
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Table 1 Purtficatton of a-D-gafactostdase A and B from 11 to 12 month old normal coconut endosperm 

Fraction 
Vol 

(ml) 

Total 
acttvtty 
(umts) 

Total crude extract 
4Ck70 % (NH&SO, cut 
SP-Sephadex C50-120 

a-o-Gal A 
a-o-Gal B 

Sephadex G-200 
a-D-Gal A 

Sephadex G-100 
a-o-Gal B 

752 1083 
41 922 

110 678 5.9 1155 21 63 
190 89 3.2 28 5 8.2 

110 542 2.3 235.8 43 50 

75 38 003 127 23 0.35 

Total 
protein 

(mg) 

195 5 
91.8 

Spectfic acttvity 
(umts/mg 
protem) 

5.5 
10.0 

Purtficatton Recovery* 
factor* (%) 

1 loo 
1.8 85.2 

*The purdicatron factor and % recovery were calculated wrth respect to the crude extract. 

a- D-Gal-A 

Ftg. 1 

E Effluent (ml) 

Elution profile of a-D-gatactosidase A and B after SP-Sephadex C50-120 ion-exchange chromatography 

Sephadex G-100 gelfiltration. a-D-Galactosidase B was 
purified 23-fold wrth a very low recovery of 0.35 % after 
gel filtration. At least two protein peaks were observed to 
be under the activity curve indicating the presence of non- 
enzyme protein impurities. 

Characterization of a-o-galactosldases 

pH-activtty profile. Both a-D-galactosidase A and B 
exhibited optimum activity at pH 7.5. The pH-activity 
curve of a-D-galactosidase A was more steep as compared 
to those of B and the crude enzymes from the normal and 
makapuno. The pH optimum obtained for coconut a-D 
galactosidases was close to that reported for E. coli whtch 
has a pH optrmum of 7.6 [7]. However, this IS in contrast 
to a previous report [8] that a-D-galactosidases from 
coconut kernel exhibited a more actdic pH optimum of 
5.6. 

pH stabrhty and optimum temperature. The a-D- 
galactosidase obtained from the 40-70x (NH&SO4 cut 
was stable over the pH range 4-6.5, when incubated in the 
appropriate buffer for 30 mm at 24”. On further purifi- 
cation with Sephadex G-200, a-D-galactosidase A ex- 
htbtted a broader range of stability over pH 48, when 
Incubated under simtlar conditions. The enzyme retained 
71% and 50 % of its activity after incubation at pHs 2.6 
and 9 respectively. 

The optimum assay temperature of crude CL-D- 

galactosidase was noted at 50”. At hrgher temperatures of 
up to 60”, the enzyme activity declined gradually due to 
thermal denaturation. The enzyme was inactivated com- 
pletely at 70”. A similar temperature opttmum was 
reported for M. vinacea [9]. 

Kinetic constant. A Lineweaver-Burk plot for crude 
a-D-galactosidase gave apparent K, and I&x values 
of 3.13 x 10e4 M and 2.19 x 10-j M p-nitrophenyl Cf-D- 
galactoside respectively, but a distinct substrate inhibition 
was noted. A similar substrate mhibition pattern was 
observed when a-D-galactosidase A from Sephadex G-200 
gel filtration was used (Fig. 2). The apparent K, of the 
partially purified enzyme was obtained at 3.46 x 10m4 M 
p-nitrophenyl a-Dgalactoside while the apparent V,,,, 
was noted at 1.38 x low3 M p-nitrophenyl Cf-D- 
galactoside. The anomalous Lineweaver-Burk plot ob- 
tained for a-D-galactosidase has been reported previously 
by other workers [lo, 111. The kinetic properties of 
makapuno a-Dgalactosidase were obtained after partial 
purification of the enzyme at 40-70x (NH,),SO, satur- 
ation. Makapuno a-D-galactosidase exhibited a slightly 
higher K, at 6.75 x 10m4 M p-mtrophenyl a-D-ga- 
lactonde. The I’_ was obtained at 5.28 x 10e3 M p- 
nitrophenyl a-D-gahtctoside. The above kinetrc data m- 
dicate that the enzymes from the normal and makapuno 
endosperms share almost similar catalytic properties. 
Hence, the deficiency of acttvity in makapuno IS not due to 
a possible mutation of the structural gene for a-D- 
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Fig. 2. Saturation curve and double reciprocal plot (inset) of a- 
D-galactosidase A activity after Sephadex G-200 gel filtration 

versus p-nitrophenyl a-D-galactoside concentration. 

galactosidase, but may be due to either a continuous 
repression of enzyme synthesis or the presence or absence 
of specific effecters. 

Molecular weights. Both a-D-galactosidase A and B 
were monomers with MWs of 23 000 and 26 600 respect- 
ively. The MWs of a-D-galactosidase A and B were 
calculated after Sephadex G-200 and G-100 gel filtration 
respectively. The elution volumes of the enzymes nearly 
coincided with that of trypsinogen which has a known 
MW of 24000. The MWs of the two isoenzymes were 
similar to those reported previously from other sources 
[12,13]. However, they differed from those of a previous 
report [8] on the galactosldases of coconut kernel which 
indicated MWs of 123000 and 21400 for CL-D- 
galactosidases A and B respectively. 

Inhibition by sugars and related compounds. The in- 
hibitory effects of various sugars and related compounds 
on a-D-galactosidase A activity are summarized in Table 2. 
The inhibition by galactosides follows the order: galac- 
tose > myo-inositol > glucosed-phosphate > arabinose 
> mehbiose. D-Galactose was found to be a powerful 
inhibitor. It is possible that the formation of this hexose 
by a-D-galactosidase-catalysed hydrolysis of galactoman- 
nans during the germination of coconut would eventually 
inhibit the further utilization of the polysacchandes. Dey 
and Pridham [l] reported also that galactose is a 
powerful competitive inhibitor of a-D-galactosidases 
from a number of sources. 

The purified galactomannans from coconut endo- 
sperms did not inhibit significantly a-r>-galactosidase A 
activity. Likewise, the crude extracts from mature ma- 
kapuno and young normal endosperms had no inhibitory 
effects on the enzyme. However, it is possible that the 
extracts were diluted considerably. Hence, if galactose or 
other sugar inhibitors were present, their amount may be 
insignificant as compared to that in the intact cell. 

The ability of galactose to inhibit strongly a-D- 
galactosidase may yet find its application in the artificial 
induction of makapuno. Exogenous incorporation of this 
inhlbltor or its analogues to the growth medium of 
normal endosperms cultured in ultra or its direct appli- 
cation to naturally growing coconuts may possibly lead to 

Table 2. InhibItion of a-D-galactosidase A-catalysed 
hydrolysis of p-mtrophenyl a-o-gaktctoside by sugars 

and related compounds at 30” 

Inhibitor 
[Inhibitor] Inhibition 

(mM) (%I 

r+Arabmose 
L-Arabmose 

L-Fucose 
PGalactose 

~-Glucose 
D-Glucose-6-phosphate 

D-Mannose 

Myo-mositol 

Melituose 
Sucrose 
Coconut endosperm 

75 
75 
50 
25 

5 
15 

5 
1 
0.5 
0.1 

15 
75 
50 
25 

5 
75 
25 
75 
50 
25 

5 
75 
75 

0.005 % 5 
0.010 % I 
0.025 % 24 

3 
35 
25 
20 
8 
9 

88 
68 
46 
24 

5 
60 
42 
22 
4 
3 
0 

86 
80 
67 
26 
25 
0 

the formation of the makapuno endosperms. Preliminary 
investigations in this area are currently being undertaken 
in this laboratory. 

Inhibition by suljhydryl-specijic reagents. The inhibltlon 
of a-D-galactosidase A by sulfhydryl specific reagents is 
presented in Table 3. Iodoacetic acid, but not iodoacet- 
amide and dithiothreitol, inhibited the enzyme. This 
suggests that a sulfhydryl group participates in the 
enzyme catalysis. Other a-D-galactosidases that require 
-SH groups for activity were reported m several micro- 
organisms [14-161. At 0.5 M, potassium and sodium did 

Table 3. Inhibition of a-D-galactosldase A by 
cations and sulfhydryl-specific reagents at 30” 

Inlubitor 
[Inlubltor] Inhibition 

(mM) (%) 

Iodoacetlc acid 0.075 96 
0.050 66 
0.025 21 
0.005 6 

Iodoacetamide 0.075 0 
Dithiothratol 0.075 0 

Ml?+ 0.002 0 
K+ 0.5 0 
Na+ 0.5 0 
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not inhibit or activate a-D-galactosidase A. Similarly, 
manganese (0.002 M) had no effect on enzyme activity. 

EXPERIMENTAL 

Endosperms. Makapuno (mmm) coconut endosperms 
(11-12 mo) were collected from embryo-cultured makapuno 
trees (Cocos nucrj&-a L, var Laguna). LIkewIse, normal (MMM) 
coconut endosperms were obtamed from true-breeding normal 
trees. The endosperms were cut mto small cubes, placed insrde a 
perforated plastic bag and frozen lmmedrately They were 
lyophrhzed to constant werght and stored dessrcated at - 10 
untd use 

Enzyme extractton. The lyophrhzed normal endosperm (240g) 
was homogemzed wrth 1.44 1 0.05 M acetate buffer, pH 4, for 
5 mm ma pre-chrlled Wanng blendor. The slurry was centrifuged 
at 12 OCEl rpm for 15 min at 2-8” and the supernatant was filtered 
by suctron through Whatman filter paper no. 3. Further purrfi- 
canon steps were conducted at 4” unless specified otherwise. 

(NH&SO4 fractlonatlon. 752 ml of the crude extract was 
brought to 40% satn by adding 174 g of solid (NH&S04. The 
soln was stirred continuously for 30mm at 0” After standing 
18 hr, the soln was centrrfuged at 12000 rpm for 15 mm at O-8” 
and the ppt was drscarded. The supernatant (821 ml) was brought 
from 40 % to 70 % satn by adding 156 5 g solid (NH&SO4 and 
centrifuged as described after contmuous sturmg for 30 min and 
standing for 2 hr. The ppt was dissolved with 40 ml of the same 
buffer and dialysed twrce against 4 1 of the same buffer for 24 hr. 
A small amount of inactive ppt was removed by centrlfugatron as 
described.. 

SP-Sephadex CSO-120 lon-exchange chromatography 43 ml of 
the 40-70x (NH&SO4 dralysed fractron containing 92 mg 
protein was apphed to a SP-Sephadex CSO-120 column equihb- 
rated wrth 0.05 M acetate buffer, pH 4. The proteins were eluted 
with a linear gradrent of from 0 to 0.5 M NaCl m the same buffer 
in a total vol. of 1700ml at a flow rate of 171.4mljhr. 10ml 
fractrons were collected and alternate fractions were assayed for 
a-n-galactosldase activity and protein concentration. 

Sephadex G-200 and G-100 gelfiltratton. The Pctive fractions 
from SP-Sephadex C50-120 ion-exchange chromatography were 
pooled and coned by ultratiltratron using Amrcon stirred cells 
with UM 10 Draflo ultrafilters The system was operated at 60 psi 
(4 atm) N2 pressure at 24” The maJor peak (a-D-gaiactosidase A) 
contammg 5.9 mg proteins m 7 ml 0.05 M acetate buffer, pH 5, 
was subJected to Sephadex G-2OOgel filtration. Likewise, the 
minor peak (a-o-galactosuiase B) contammg 3 24 mg proteins in 
3 ml of the same buffer was subJected to Sephadex G-100 gel 
filtratron in a separate column eqmlibrated under srmdar con- 
dmons The protems were eluted with the same buffer at a flow 
rate of 18 ml/br 10 and 5 ml fractions were collected for a-o- 
galactosrdase A and B respectrvely, and alternate fractions were 
assayed for enzyme activity and protein content. The active 
fractrons were pooled and stored at 4” MWs of a-n- 
galactosldase A and B were determined by using the followmg 
protein standards cytochrome c (12 384), trypsmogen (24 000). 

egg albumin (43 000) and catalase (240 000). All gel permeatron 
chromatography runs were done at 23” 

Electrophoresu. PAGE was performed as described by Davis 
[17] on 7.5 % polyacrylamide gel (10 x 0.5 cm 1.d.) at 4” and at a 
current of 4 mA/gel cylinder. Protein band patterns were 
visuahzed by mcubatmg the gels with 1% amldo black m 7% 
HOAc for 30mm and destammg in 7 % HOAc for 18hr. SDS- 
PAGE was performed as described by Weber and Osborn [IS]. 

a-r>-Galactoadase assay a-o-Galactosrdase activity was de- 
termmed spectrophotometrmally by measuring the Increase m 
absorbance at 280 nm or by the method of Lowry et al. [ 193 but 
described previously [6]. 

Protem determmatton Total protein was determined either by 
absorbance at 280 nm or by the method of Lowry et al.[19] but 
wrth some modificatrons. 
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