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Abstract—pB-Mannosidase activity in the maturing normal endosperm of coconut decreased from 1.40 milliunit/mg
protein at 7-8 months to 0.29 milliunit/mg protein at 11-12 months. It was 6-10 times lower at 7-8 and 8-9 months
and was not detected at the more mature stages of makapuno. In contrast, the liquid endosperm from normal nuts
increased in a-D-galactosidase, f-mannanase and f-mannosidase activity as development progressed. In makapuno
liquid endosperm, the values for all the enzymes were consistently low during endosperm maturation. During
germination, a-D-galactosidase activity in the solid endosperm increased from 0.51-0.84 unit/mg protein. B-
Mannanase and B-mannosidase activity increased from 33.12 to 67.76 milliunit/mg protein and 5.13 to 43.05
milliunit/mg protein, respectively. In the haustorium, a-D-galactosidase activity remained at 0.25-0.27 unit/mg protein
while f-mannanase increased from 55.34 to 138.12 milliunit/mg protein. B-Mannosidase decreased from 371.79 to
165.17 milliunit/mg protein. The implications of enzyme levels of a-D-galactosidase, f-D-mannanase and B-D-
mannosidase on the mode of galactomannan degradation in the developing and germinating nut and phenotype

determination of both normal and makapuno nuts are discussed.

INTRODUCTION

Makapuno is a mutant coconut found among normal
nuts. These nuts are characterized by a thick, soft and
fluffy solid endosperm and a very viscous fluid which
completely fills the centre of the nut. Earlier studies in our
laboratory revealed that makapuno endosperm contains
significantly higher amounts of viscous component than
the normal {1]. This viscous component was found to
consist of water-soluble galactomannan with a
mannose: galactose ratio of 3:1 [2, 3]. These results
indicate that the makapuno phenotype is a consequence
of the accumulation of galactomannan in the makapuno
endosperm.

Makapuno nut is considered a lethal mutant because of
its inability to germinate. However, embryo culiture tech-
nigue has been successfully employed to grow makapuno
trees which could yield 100% makapuno nuts [4].

Galactomannans are common major carbohydrate
reserves in seed endosperm of plants that belong to the
families Anonaceae, Convulaceae, Leguminosae, Palmae
and Rubiaceae. Degradation of galactomannans involves
three enzymes: a-D-galactosidase [a-D-galactoside galac-
tohydrolase, EC 3.2.1.22], f-mannosidase [f-D-manno-
side mannohydrolase 3.2.1.25] and f-mannanase [(1-4)
B-D-mannan mannohydrolase EC 3.2.1.78]. Several stud-

*The major portion of this study was obtained from the MS
thesis of the senior author.
tAuthor to whom correspondence should be addressed.

ies on mobilization of galactomannans during germina-
tion have been reported for fenugreek (Trigonella foecum-
graecum) [5] and some legume seeds such as lucerne,
guar, carob and soybean [6].

Some of the abnormal cellular properties and the non-
germination of the makapuno could result from an
altered galactomannan metabolism. Thus, as part of our
efforts to elucidate the abnormal cell growth of maka-
puno, we have worked on the enzymes involved in
galactomannan degradation. Earlier reports showed a
much greater level of the a-D-galactosidase activity in the
normal than in the makapuno [7]. Kinetic data also
showed the similar properties for the enzymes from the
two types of coconut [8]: This paper reports on the two
other enzymes, B-mannosidase and f-mannanase, in-
volved in galactomannan degradation during endosperm
development and on all three enzymes during germi-
nation.

RESULTS AND DISCUSSION

During maturation

a-D-Galactosidase. A previous study [7] showed that
a-D-galactosidase activity continually increased signifi-
cantly with age in the normal solid endosperm from 0.07
to 1.71 unit/mg protein (Table 1). In contrast, this enzyme
in the makapuno solid endosperm was detectable only at
11-12 months and was 8300-fold lower than normal.

In the liquid endosperm of the normal coconut, -D-
galactosidase also increased significantly and was 200- tc
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Table 1. a-D-Galactosidase activity in developing normal and
mutant (makapuno) coconut solid and liquid endosperms

Specific activity (unit/mg protein)

Solid endospermt  Liquid endosperm ( x 10%)

Age*

(months) Normal Makapuno Normal Makapuno
7-8 007df O 0.74d 0
89 023d O 064d 0
9-10 0.59¢ 0 146¢ 0

10-11 099b 0 209b 0

11-12 1.71a slight§ 3.06a 0

*Age in months after pollination.

tData from Mujer et al. [7]

{Means followed by the same letter within each category are
not significantly different from each other at 0.05 level of
significance [Duncan’s Multiple Range Test (DMRT)].

§8300-fold lower.

1000-fold lower than in the solid endosperm (Table 1).
This enzyme was not detected in the makapuno liquid
endosperm. :

The increase in a-D-galactosidase activity in both the
solid and the liquid endosperms of the maturing coconut
was accompanied by a two-fold decrease in water-soluble
galactomannan and a four-fold increase in its mannan
fraction [2, 3]. In maturing makapuno, opposite trends
were observed: a 50-100% increase in water-soluble
galactomannan and a two-fold decrease in. mannan. An
apparent increase in a-D-galactosidase activity has been
observed to accompany the synthesis of galactosylsucrose
derivatives in maturing seeds such as Vicia faba [9] and
Phaseolus vulgaris [10].

B-Mannanase. f-Mannanase activity decreased signifi-
cantly in both the normal and makapuno selid en-
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dosperm (4- and 30-fold from 7-8 months to 11-12
months old endosperm, respectively; Table 2). It was also
consistently higher in makapuno than in normal except in
the 11-12 month sample.

B-Mannanase in the liquid endosperm was eight- and
300-fold lower than in the solid endosperm. The trend,
however, was different; there was a significant increase
from 0.34 milliunit/mg protein at 7-8 months to 1.86
milliunit/mg protein at 11-12 months in the normal nut.
However, in makapuno, the increase was from 0.22
milliunit/mg of protein at 7-8 months to 0.78 mil-
liunit/mg protein at 10-11 months followed by a 50%
drop in activity at 11-12 months. The differences in the §-
mannanase activity with regard to phenotype and age
were both highly significant.

These results indicate an active degradation of the
polymer in both types of nuts during maturation.
The higher mannanase activity in makapuno solid endo-
sperm could also account for its shorter and less viscous
galactomannan [2].

B-Mannosidase. -Mannosidase activity decreased sig-
nificantly from 1.40 milliunit/mg protein at 7-8 months to
0.29 milliunit/mg protein at 11-12 months in the en-
dosperm of the normal (Table 3). In the makapuno
endosperm f-mannosidase also decreased significantly
from 0.19 milliunit/mg protein at 7-8 months to zero at
11-12 months.

In the liquid endosperm of the normal coconut, §-
mannosidase increased significantly from 0.19 mil-
liunit/mg protein at 7-8 months to 1.52 milliunit/mg
protein at 11-12 months. However, this enzyme only
slightly increased in the liquid endosperm of the maka-
puno. The difference between normal and makapuno for
both solid endosperm and liquid endosperm was highly
significant.

The lower levels of f-mannosidase and f-mannanase
in the mature samples suggest that less amounts of sour-
ces of energy and metabolites were being produced by the
cell and indicate a slowing down of the mature cell’s
metabolism.

Table 2. p-D-Mannanase activity in developing normal and makapuno coconut solid
and liquid endosperms

Specific activity (milliunit/mg protein)

Solid endosperm

Liquid endosperm

Age*

{months) Normal Makapuno Normal Makapuno
6-7 69.38 at — — —
7-8 28.31b 60.02a 034c 022¢c
8-9 29.14b 4801 a 038¢ 026¢
9-10 17.21b 3608 b 050¢ 055b

10-11 1693 b 4163a 095b 0.78 a

11-12 16.10b 222¢ 1.86a 031c

Normal vs makapuno hi **

Age (23 L3

Interaction e

'Agé in months after pollination.

tMeans followed by the same letter are not significantly different at 5% level of

probability (DMRT).
**Highly significant.
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Table 3. f-Mannosidase activity in developing normal and makapuno coconut solid and
liquid endosperms

Specific activity (milliunit/mg protein)

Solid endosperm Liquid endosperm

Age*

{months) Normal Makapuno Normal Makapuno
7-8 140at 0.19a 0.19¢ 0.11b
89 057b 0.11b 0.14c¢ 0.12b
9-10 043¢ 0.00c 020c 0.16 ab

10-11 0.26d 0.00 ¢ 069 b 022a

11-12 029d 0.00c¢ 1.52a 021a

Normal vs makapuno b i

Age ** -

Interaction b -

*Age in months after pollination,

+Means followed by the same letter within each category are not significantly different

at 5% level of probability (DMRT).
**Highly significant.

During germination

During germination the solid endosperm decreases
four-fold from zero to six months. At one month the
liquid endosperm has decreased by 50% and the haustor-
ium has grown to almost one-third of the space inside the
nut. At two months, the liquid endosperm has disap-
peared and the haustorium fills the space inside the nut
[11]. Therefore, for germination, enzyme activities were
determined in the solid endosperm and haustorium only.

a-D-Galactosidase. a-D-Galactosidase activity increas-
ed from 0.51 to 0.837 unit/mg protein at 0.5 months and
7-8 months, respectively, in the endosperm (Table 4). Its
activity in the haustorium ranged from 025 to 0.45
unit/mg protein. The enzyme levels in the endosperm and
haustorium during germination were comparable with
the activities observed in the developing endosperm.

Table 4. a-p-galactosidase activity in germinating normal co-
conut solid endosperm and haustorium

Specific activity
Aget (unit/mg protein)
(months) Solid endosperm Haustorium
0.5 0.511 d} —a
1 0412¢ 0249 a
2 0391 e 0251 a
5 0.782¢ 0450 a
6 0917 a 0.305a
7 0837b 0270a
Endosperm vs Haustorium *
Age b

These results indicate that degalactosylation occurs ex-
tensively throughout the normal nut’s development and
germination, a step needed for more efficient action by the
two other enzymes on the resulting mannan polymer. In
cotton seeds [12] and carob seeds [13], an increase in a-
D-galactosidase levels was observed during seed germi-
nation concomitant with the depletion of reserve polysac-
charide. McCleary and Matheson [6] observed an in-
crease and then decrease in a-D-galactosidase activity in
seeds of lucerne, guar, carob and soybean accompanied
by a depletion of galactomannan.

B-Mannanase. p-Mannanase activity in the solid en-
dosperm of the germinating nut increased significantly by
two-fold from 33.12 milliunit/mg protein at 0.5 month to
67.76 milliunit/mg protein at six months (Table 5). In the

Table 5. f-Mannanase activity in germinating normal coconut

solid endosperm and haustorium
Specific activity

Age* (milliunit/mg protein)
(months) Solid endosperm Haustorium
0.5 33.12 bt 55.34d
1 33830 7239 cd
2 5336 ab 89.36¢c
3 58.68 ab 21.32e
4 39.66b 22050 a
5 43,73 ab 131.86 b
6 67.76 a 138.12a
Endosperm vs Haustorium i
Age -
Interaction b

tAge in months after sowing nuts in a seed bed.

}{Means in a column followed by the same letter are not
significantly different at 5% level of probability (DMRT).

*Significant.

PHYTO 28:9-D

*Age in months after sowing nuts in a seed bed.

+Means followed by a common letter within each catégory are
not significantly different at 5% level of probability (DMRT).

**Highly significant.
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Table 6. f-Mannosidase activity in germinating nor-
mal coconut solid endosperm and haustorium

Specific activity
Age* (milliunit/mg protein)
months Solid endosperm Haustorium
0.5 5.13 bt 3711.79a
1.0 30.94 ab 299.51 b
20 32.33ab 169.02d
30 27.58 ab 206.75 ¢
40 14.04 ab 11244 ¢
5.0 3398 ab 163.95d
6.0 4305a 165.17d
Endosperm e
Age L]
Interaction e

*Age in months after sowing nuts in a seed bed.

+Means followed by a common letters within each
category are not significantly different at 5% level of
probability (DMRT).

**Highly significant.

haustorium the activity also increased significantly from
55.34 to 138.12 milliunit/mg protein at 0.5 and 6 months,
respectively. f-Mannanase activities in lucerne, soybean
and carob seeds increased and decreased during germi-
nation, paralleling galactomannan degradation [6].

B-Mannosidase. This enzyme was also found to be very
active in the solid endosperm of the germinating nut. Its
activity increased eight-fold from 5.13 milliunit/mg pro-
tein at 0.5 month to 43.05 milliunit/mg protein at 6.0
month. In the haustorium the activity decreased more
than two-fold from 371.79 milliunit/mg protein at 0.5
month to 165.17 milliunit/mg protein at 6.0 month. -
Mannosidase levels in lucerne and honey locust varied
little during germination although certain isozymes of
mannosidase in guar and carob started very high and
decreased during germination [6].

The high activity of a-D-galactosidase and even much
higher activities of f-mannanase and f-mannosidase
account for the large decrease in hydrolysable polysac-
charides in the haustorium and solid endosperm of the
germinating coconut [11]. This is accompanied by a four-
fold decrease in total soluble sugars and reducing sugars
in the solid endosperm and 10-fold increase in the haus-
torium [11]. Similar trends for the soluble sugars were
earlier reported by Balasubramaniam et al. [15].

CONCLUSIONS

Previous results showed the deficiency of a-D-galac-
tosidase in makapuno which permits the accumulation of
the viscous water-soluble galactomannan giving maka-
puno its soft and flufly endosperm phenotype [7]. The
results of this study further show that the shorter and less
viscous galactomannan of makapuno [2] could be due
to the higher activity of f-mannanase in makapuno than
in normal.

On the other hand, barely detectable levels of a-D-
galactosidase and f-mannosidase in the makapuno com-
pared to the much higher levels in the normal could result
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in the little or non-mobilization of the galactomannan
indicating lack of nutrients and energy for the embryo,
and thus, could contribute primarily to the non-germi-
nation of makapuno.

In the germinating normal nut, all three enzymes were
active in both solid endosperm and haustorium. f-Man-
nanase and f-mannosidase activities were notably higher
in the haustorium than in the endosperm indicating that
the greater rate of degradation of smaller galactomannan
polymers to smaller units occurs in the haustorium for
uptake by the growing plant.

EXPERIMENTAL

Materials. The plant materials used in the study were normal
and makapuno nuts of the Laguna Tall Green Variety. The
developing and germinating nuts were obtained from the
Department of Horticulture, University of the Philippines at Los
Bafios, College of Agriculture. The classification of develop-
mental stage was based on the age of the nut in months after
pollination for the developing nut and in months after sowing for
the germinating nut.

Preparation of samples for enzyme determination. The en-
dosperms were diced into small pieces. The endosperm (10 g) was
homogenized in 20 ml of 0.05 M Mcllvaine buffer pH 5 at 4° for
10 min. The resulting slurry was pressed through 3 layers of
cheesecloth and the filtrate was centrifuged at 10000 rpm for 15
min at 4°. The clear supernate was then placed in an Erlenmeyer
flask and analysed for enzyme activity. The same extraction
procedure was done on the haustorium of germinating coconuts.
Coconut water of developing normal and makapuno nuts was
also analysed for galactomannan degrading enzymes after filtra-
tion through Whatman filter paper no. 1 at 4°. The conditions
used for the assay of coconut f-mannanase and S-mannosidase
were first determined and will be reported in another paper.

a-D-Galactosidase assay. Enzyme soln (25 ul) was incubated
with 5ul of 001 M p-nitrophenyl a-D-galactopyranoside in
300 ul of 0.05 M K-Pi buffer pH 7.5 for 5 min at 30°. Reaction
was stopped with 2.5 ml of 0.1 M Na,CO; and absorbance at
420 nm determined [14]. One unit of a-D-galactosidase activity
was defined as the amount of enzyme that releases 1 umol of p-
nitrophenol per min at 30°, pH 7.5 under specified conditions as
earlier reported [7].

B-Mannanase. Coconut galactomannan solution (1%, 100 ul)
was pre-incubated with 0.05 M Mcllvaine buffer pH 5.8 (300 ul)
for 5 min at 4° after which the enzyme preparation (50 ul) was
added and further incubated for 15 to 30 min. The reaction was
stopped with dinitrosalicylic acid reagent (1 ml). The resulting
mixture was heated at 100° for 15 min, cooled to room temp. and
read at 540 nm [16]. One unit of f-mannanase activity was
defined as the amount of enzyme that releases 1 pmol of reducing
sugar and estimated as glucose at 40° and pH 5.8 under the
specified conditions.

B-Mannosidase assay. Enzyme soln (25 ul) and 0.05 M Mcll-
vaine buffer pH 5.0 (300 ul) were incubated for 5 min at 50°. To
this mixture, 0.01 M p-nitrophenyl mannopyranoside (25 ul) was
added. The mixture was further incubated for 5 min, the reaction
stopped by adding 0.1 M Na,CO; soln (2.5 ml) [5] and ab-
sorbance read at 402 nm. )

One unit of B-mannosidase activity was defined as the amount
of enzyme that releases 1 umol of p-nitrophenol per min at 50°
and pH 5.0 under the specified conditions.

Protein determination. Total protein was determined by the
method of ref. [17] with some modifications.

Statistical design and analysis. Each enzyme was analysed
from a minimum of 3 nuts coming from 3 different trees.
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Two subsamples were done per nut. Split-plot in complete
randomized design was used in the statistical analysis of the data.
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