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Aktnct-a-Galactosidase from coconut endosperm was purified to homogeneity with a 49Sfold increase in spacific 

activity. Tbc yield was 70 % and the specific activity was 24.5 units/mg protein. The puritication procedure included 
extraction, acidification, ammonium sulphate fractionation and hydrophobic chromatography. The hydrophobic gel 
(Sepharose4B-capranilide) had a capacity of 0.63 mg of a-galactosidase per ml of gel. Purified a-galactosidase was a 
glycoprotein with a carbohydrate content of 12%. The molar extinction coetkient was 8.7 x lo*/M/cm. 

INTRODUCllON 

a-Galactosidases (a-D-galactosyl galactohydrolase, EC 
3.2.1.22) are widely distributed in nature and commonly 
found in plant seeds [l]. Polysaccharides and oligosac- 
charides containing a-D-gaIactosyl units accumulate in 
seeds during maturation and serve as storage products in 
resting seeds [2]. a-Galactosidase is an important enzyme 
in the coconut endosperm, as here gaiactomannans are the 
major polysaccharide (61%) [3]. a-CMactosidase also 
plays an important role in development of the cell walls of 
coconut and other palm seeds [4]. Balasubmmaniam et al. 
[S] showed the presena of two interconvertible a- 
galactosidase isoenzymes in coconut cndosperm of Mp 
12lCC0 and 21000. Majer et al. [6,7] have partially 
purified a-galactosidases from coconut and indicated its 
importance in germination. In this paper we describe 
purification of a-galactosidase from coconut lo 
homogeneity. 

RESULTS AND DISCUSSION 

The purification of a-galactosidase from coconut kernel 
is summarized in Table 1. The overall yield was 70 y0 and 
the enzyme was purified 490-fold. The hydrophobic 
interaction chromatography step (Fig. 1) gave a 6-fold 
increase in purity. The amount of e-amino-n-caproic acid 
bound to SepharoselB was 38 mol/ml gel while the 
aniline bound to caproic acid was 30 qol/ml gel. This 
shows that co 79% of the carboxylic acid groups of 
caproic acid had been blocked by aniline and the syn- 
thesized ligand exhibited mainly hydrophobic properties. 
In our laboratory attempts were made to purify a- 
galactosidase from coconut kernel by binding Z-amino-2- 
deoxy-Bgalactopymnose to CH-Sepharose4B [S]. 
Bound ligand was calculated to be 20 ~ol/ml gel. The 
capacity of this gel for a-galactosidase was only 4Ccg/ml 

l Pr=t add-: Dqartment of Biochemistry, Fdty of 
Medicine. University of Jpffnr JalTna. Sri u. 

of gel and the results indicated that purification may be 
due lo hydrophobic interactions rather than a!Snity 
chromatography. The use of the hydrophobic gel 
Sepharose 4B-capranilide increased the capacity for a- 
galactosidase lo 630 &ml gel. Isoelectric focusing of the 
purified a-galactosidase gave a single band indicating a 
homogeneous protein. 

Purified a-galactosidase was shown lo be a glycoprotein 
containing 12 % carbohydrate by the Duboii method [9]. 
The amino acid composition of the purified enzyme is 
given in Table 2. The protein has a high acidic amino acid 
content. Unlike in a-galactosidase from Lens culinaris 
[lo] aspartic and glutamic acid must be present in the 
acidic form as the isoelectric point of the low M, a- 
galactosidase from coconut is 3.8 [ 111. The amino acid 
composition of coconut a-galactosidase is similar lo that 
of a-galactosidase from soybean [ 123. Amino acid analy- 
sis also showed that a-plactosidase is a glycoprotein and 
its glucosamine content is 7.5% of the total carbohyd- 
rates. The hi, calculated from the amino acid composition 
and the carbohydrate content for a-galactosidase is 
19 875. The M, of the low M, a-galactosidase isoenxyme 
from coconut determined by gel filtration was 21000 [5]. 

The molar extinction coefficient of a-galactosidase at 
280 nm determined from UV spectra in conjunction with 
amino acid analysis was 8.7 x lO’/M/cm. 

We conclude that the hydrophobic interaction chro- 
matography is a good method for large scale purification 
of a-galactosidase from coconut due to the high capacity 
of the synthesized gel for a-galactosidase. 

EXPERIMENTAL 

Mature coconu(~ were purchasai from the muLet. CNBr was 
synthaiz.ed in the laboratory [ 133. All other chemiab were of 

dytial grdc 
Repcirorion of hydrophobic gel. !tkphuosc 4B (8Oml) wps 

activatai with CNBr (IS 8) a~ described in ref. [ 143. Activakd pl 
was rcsctai with e-amino-n-cpproic acid (6 mmol) in 80 ml of 
0. I M NaHCO, @H 8.5) for 24 hr at 6”. The 8cl was washed with 
H,O and the caproic acid content of the washin8a were 
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Tabk 1. PwSxtion of a-gahchdu from coconut kernel 

Totll gpcciflc 
Toml activity 

v01umc 8ctivity protein (htr/mg Razovery Puriliatioa 
Pmccdure (ml) (units)* (mg)t pro&) (%) (fold) 

Bxtnct 4950 2620 51000 0.05 100 1 
14000 g rupcrMtMt 3650 2590 15300 0.17 99 3 
supanrtratfnrmti 
@H 38) precipitation 4220 2530 1270 20 96 40 
45-60x (-N)t)$O, fiwtion after dialyia 334 1890 468 4.03 72 81 
Hydwbo~du’o=wwb~ 375 1840 75 24.5 70 490 

l 1 unit - 1 p mol/min pnitrophenol libcratal in standard rsrry (lea text). 
t Protein masurai by the method of Lowry et ol. [18] using bovine serum albumin U standard. 
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F& 1 HyQopbobiechromrto~~yofa-~ridut.~ple,l68mg(l20ml~columnAimasia~l.4x28cm 
Elurntr: A, 40% (NH.),SO, in 0.01 M McJhainc bulfer @H 5.Sk B, 2:1 gruiknt of 0.01 M Mcflvainc buffer 
@H 5.5) and the mme buffer containing 0.5 M NaClO. @H 5.5). Flow nte 30 ml/hr. Fraction volume 10 ml. 

M, A at 280 nm; 04. activity (units/mlk A-A, NaClO. (M). 

dctcrmid by tltc ninhydrin method [15]. Rcdi~tilkd aniline 
(6mmol in 80 ml of 40% DMF) and lcthyl-3-(3- 
dimctbyl8minopropyl)arbodisdc (7 mmol) were added to tile 
aproic~boundplurdchepHMImrintlined~t5forlOhr 
8t room temp. (29”). The gel WpI washed with 40 ye dimcthylfonn- 
amide, and tbc aniline content of the waabings was determined 
bymaruringtheA~t280nm.Thcgelmrfurtha~~wich 
H,O md 0.01 M McIlvaine buffer @H 5.5) [16] containing 
NaN, (0.02 % w/v). 

Enzpnc assay. Enzyme ny was done aoxcding to ref. [ 173 
using pnitropbenyl-a-~g&ctopyranoGde a.9 the rubsmate. 

RoteindetenldR&o nwudonccithabyAat28Onmorbytbe 
awtJIod of ref. [18]. 

P&@utoa o/a-galnctosidase. All opuatio~ were done at 
room temp. (29”) and 8ll contrifu@on It 4”. 

Exnoctbn Coconut kernel mumpings in cold (6”) McIlvainc 

buffer @H 5.5) wee homo~ in a precb&d Waring bkn- 
dcr. The extract (2 ml/g) wu pusal through cbeeucloth and 
centrifugui at 14 0008 for 20 min. The rupenutmt wa8 rctahaI. 
The rupanrunt was adjustat to pH 3.8 using 0.5 M citric acid 
~dwu~owedto~dforMmin.The~~~anr 
centrifuged at 14OOOg for 20 min and the pH of the acid 
supcrnrtnnt was adjusted to pH 4.5 using srtd Na,HPO,. 

Amwwnfum sulphate fiactionorlon The acid supcmatant 
@H 4.5) was fmctiotmtcd wing solid (NH&SO,. Tbc fraction 
betv&n4~~u~rbowadthc~trp.rtThcpglaru 
diwolvai in 0.01 M McIlwine bufTer @H 5.5) and dhlysed 
8gainsttheaUncbuffer.ThepptoberwdaftcrdillysiswM 
removed by antrifuption at 25000 g for 20 min and the 
rupulluMt wsa rcmined. 

Hpirophobic fnmaction chromatogr4phy. A column of 
Seph1~ouc4B conjugated to crpmnilide (1.4cm x 28cm) was 
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Table 2. Amino acid composition of coconut 
a- 

Aminoacid nmO1 Ruiduu/moloxk* 

hP 208.61 19.1 (19) 
Thhr 98.65 9.0 (9) 
Ser 139.74 12.8 (13) 
Glu 140.73 12.9 (13) 
RO 69.08 6.3 (6) 

GlY 170.90 15.7 (16) 
Ala 158.59 14.5 (15) 
HaIf cyst 38.90 3.6 (4) 
Vnl 100.64 9.2 (9) 
Met 37.91 3.5 (4) 
ne 76.42 7.0 (7) 
L4Xl 127.63 11.7 (12) 

Tyr 62.92 5.8 (6) 
Phe 42.48 3.9 (4) 
Hi3 28.19 2.6 (3) 
LYS 74.63 6.8 (7) 

Try: 69.47 6.4 (6) 

Arg 65.11 6.0 (6) 
Glucosaminc 13.10 1.2 (1) 

l CakulatefortheM, 19875 witha IZ%arbohyd- 
rate content. Tlu nearest iatcger is given in 
parentheea. 

D&rmincd after performic rid oxidation. 
iD&rmined after hydrolysis with ptolucne 

sulphonic acid. 

cquilibratai with 0.01 M M&&c buffer @H 5.5) containing 
40 % (NH&XIe Dial@ enzyme nmpk (120 ml) from the 
(NH&SO. fractionation step was adjusted to 40% ntn with 
(NH&O, and was l ppliai to the column. The sunpk was 
washed with 8Oml of 40% (NH&SO. in 0.01 M McIlvainc 
buffer @H 5.5) and eluted with a 2: 1 gradient axtsi&g of 
3OOml of 0.01 M McBvaine buffer @H 5.5) and 15Oml of the 
same buffer containing 0.05 M pcrchlonte (PH 5.5). The Bow rate 
was 30 ml/hr and 10 ml fractions were colkctcd. Ibe protein 
concnofthcf~ons~meMlrad~tUU)nmladtheira- 
g4lactosidase activity was uslycd 8t 405nm. The fractions 
showing high enzyme activity m pookd and dialyzed against 
0.01 M Mcllvaine buffer @H 5.5). Perchlorate concn in the 
ftactions wan akukted from the gmdicnt. The column was 
rcgcncmted by washing with one column vol. each of Mcnvaine 
buffer containing 1.5 M per&orate @H 5.5) followed by 0.01 M 
McIlvaine buffer @H 5.5) for 20 hr. 

Isor&cfr&focluing. hodmric focusing in polyaayhmidc gels 
was carried out using LKB 2117 multiphor apparatus (LKB 
Produckter AB, Bromma, Sweden) Commercial polymxylamide 

gcb for isockctric focusing in the pH3.5-9.5 range 
(Ampboline @ PAG plrta) were obtained from the name 
annnmy.Thc~wurun~t~~~tpowaofIW/cm. 
Fiition and staining wcrc done according to ref. [19]. 

Glycoprotein n&we o/ a-goloctoddaw. The arbobydmte 
content of the purified a-w wan d&rmincd by the 
method of ref. [ 191 using glucose aa the standard. 

Am&w acid ana/ysis. Amino acid analysis was arriai out with a 
Durrum D-500 analyxer. Spmpkr were hydrolyscd in 6 M HQ at 
110”for24hr.Tbeoontentofhalfcyst&ewasd&rmi&as 
cyst&c acid after oxidation of the sample with performic acid. The 
tryptophan content was determined r&r hydrolysis in 3 M p 
tolucncaulphonic acid [20]. 
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