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continued synthesis of galactomannans from the onset of endosperm formation
until maturity, The viscous cellular components may have been a conseguence of a
misregulated genetic system that occurred eatlier In the course of development, The
end product(s) of this system probably atter still some pathways leading to the
biosynthesis/degradation of these cellular components whose level is critical to the
expression of the normal phenotype. One possible pathway is that of galactoman-
nan degradation. The presence of this disaccharide in very high amounts in maka-
puno suggests that the pathway leading to its degradation is shut off. This is in
contrast to the nommal ¢ndosperm whose palactomannan degradation continues.
Galactomannan is an important cell wall constituent in plants. Tts aliered level
could explain the absence of celt adhesion in makapuno.

Galectomannan degradation

The accumulation of the viscous component in the makapune ¢ould be due
to the inactivation or absence of some enzymes that normally catalyze its degrada-
tion to non-viscous products. When crude extracts from the normal endosperm
were added to the makapuno viscous components, an 82% reduction in relative
viscosity was observed {Table 10).

Table 10. Relative viscosity of viscous campoenent (105 sofution from makapuno before
and after addition of crude extract from the normal endosperm

Incubation time % Decrease in
Treatment fhr.) Reigtive viseosity  relative viscosity
1. (.50 (Nﬁ4)2504 fraction a 2.39
+ crude extract 20 0.43 82,0
2 0.30% (Nt )480, fraction ¢ 2.24
+ Ha0 20 203 9.6

From Mujer et al, 1983b

Galactomannan degradation requires at least three different enzymes: a-
D-galactosidase for the removal of the (I = 8) w-D-galactase side chains; g-D-man-
nanase for fission of the (| -+ 4)}f8-D-mannan backbone into oligosaccharides; and
g-D-mannosidase for complete hydrolysis of the D-manno-oligosaacharides to I
MAnnose.

Y. a-D-galactosidase

Table i1 shows the a-D-galactosidase activity at varicus stages of normal
endosperm developmernt. The enzyme activity continually increased with age
until cndosperm ruwturity. The pattern of a-D-galactosidase activity is inversely
wworiated with tie amount of galactomannans in the developing nomnal endos-
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perm. Hence, it is possible that this enzyme plays a major role in the galactomannan
degradation.

Table 11, a-D-galactosidase activity in normal coconut endosperm at various stages of

development
Age Specific actfvity*
{Mo. after polfination) (milliunits/mg protein)
7-8 0.07d
B-9 0.23d
9.10 0.59¢
10-11 6%t
11-12 1.71a

*Average of 6 replications. Means followed by the same letter arg not significantly
different at 0.05 level (DMRT).
From Mujer ez al., 1984b

In sharp contrast, a-D-galactosidase activity was not detected in the ma-
kapuno endosperm when the usual kinetic assay procedure was employed. How-
ever, activity was detected when the enzyme was incubated in the reaction mixture
for 18 to 24 hours at 30°C (Incubation period for the normal, 30 min.) o-D-
galactosidase activity was 8,268-fold lower in makapuno as compared to that
of the normal endosperm.

There are three possible causes of these differences in a-D-galactosidase
activities of the normal and makapunoc endosperm:

1. there is a continuous repression of enzyme synthesis;

2. the presence or absence of specific effectors caused the deficiency in
enzyme activity:

3.  the a-D-galactosidase in the makapuno is enzymatically/catalytically
defective,

To determine the specific cause, the enzyme was purnified and characterized.
The results show that the a-D-galactosidase from normal and makapuno cndo-
sperim are identical. Hence, the deficiency of activity in makapuno is not due to a
structural mutation of the «-D-galactosidac gene, but probably to either a conti-
nuous repression of enzyme synthesis or the presence of specifice effectors.

2. 3-D-mannanase

‘he 3-D-mannanase activity was found to decrease in maluring endosperm
fur both the normal and mokapunn (Tabfe 12). Tt was higher in the makapuno
than the normal at several stages. These results indicate an active degradation going
ne in both types of endosperms duving their maturity. The higher mannanase
activity in mukapuno could account for its sherter and more viscous galactoman-
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Table 12. g-D-Mannanase activity in normal and makapuno endosperm at various stages
of development (milliunits/mg protein)

Age Genotype
{mo. after pollination) MMM (normal) mmm (makapuno)
6-7 69.384 -
7-8 2831e 60.02a
8-9 29.14 ¢ 48.01a
9-10 17.21e 36.08b
10-11 1693 e 41.63a
11-12 16.10e 222¢

Average of 3 replicates. Values followed by the same letter are not significantly different at
0.05 level (DMRT).
From Dela Cruz, N. 1985

nans. The increased levels of galactomannans in the maturing makapuno endosperm
could induce the higher activity of this enzyme in makapuno. ’

B-D-mannanase from normal and makapuno endosperms also exhibited
identical properties.

3. p-D-mannosidase

Table 13 shows that the specific activities of f-D-mannosidase decreased
in maturing normal soljd endosperms, while they increased in the liquid endosperm

Table 13. g-D-mannosidase activity of normal and makapuno endosperm during maturation
(milliunits/mg protein)

Age Genotype
(mo. after pollination) MMM (Normal) mmm (makapuno)

A. Solid endosperm )
7-8 1.39 0.19

8-9 0.59 0.10
9-10 0.44 n.c.
10-11 0.26 n.c
11-12 0.28 n.c.
B. Liquid endosperm
7-8 0.16 0.13
8-9 0.14 0.11
9-10 0.18 0.12
10-11 0.68 0.21
11-12 1.49 0.21

*n.c., no color formed but high absorbance values due to turbidity.
From Mendoza et al., 1985
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The deficiency of g-D-galactosidase. activity coincides with the signi
ficantly high level of galactomannans in makapuno. Possibly the normal degrada-
tion pathway is disturbed in this tissue, consequently leading to the accumnulation
of high amounts of galactomanmans. In turn, the abnormally high galactomannan
level have caused the expression of allered characteristics, such as loss of intercellu-
lar adhesion, highly elongated cells and amitosis. Balasubramaniam (1976) pointed
to the structural role of galactomannans in the fomation o fthe primary ccli wall of
coconut endosperms. They act as the matrix polysaccharide and together with
glusans form the initial cell wall layers. Rao and Mukherjie {19623 reported that
galactomannans were dominant in the cell walls of unripe palmyra palin seeds,
whereas those of the ripe seeds consisted chiefly of mannans containing a smail
percentage of galactose residues. This means that most galactose groups ase re-
moved during seed maturation. The process occurs with the transition of the
endosperm from the hydrated gelatinous phase to the dehydrated solid mature
stale, The almost virtual absence of galactose hydrolysis due to a-D-galactosidase
deficiency could have blocked the normal endosperm development in the ma-
kapuno.

Inhibition of o-D-galactosidase activity

The inhibitory effects of various sugars and-related compounds on oD
galactosidase activity were tested. The inhibition follows the order: D-galactose
> myo-ingsitol > D-glucose-6-phosphate > L-arabinose > melibiose (Tables 14 and
15},

The ability of galactose to strongly inhibit e-D-galactosidase may vet
find its application in the artificial induction of makapuno. Exogenous incorpora-
tion of this inkibitor or its analogues to the growth medium of normal endosperms
cultare fn vitro or its dircet application to nommal coconut may lead to the for-
mation of the makapuno endosperms.

Artificial Induction of Makapuno

Two approaches were used in the artificial induction of makapuno conditions.
(1) in vitro induction on cultured tissues of the normal endospenm, and {2} i vive
inductior: on developing nuts.

In vitro induction

The in vitre induction requires successful tissue culture of the nommal coce-
nut endosperm, Callus was successfully induced i explants from young coconut
endosperms {Fig. 4). The callus cells are similac to the normal endospern cells in
shape, thickness of cell wall and gencral appearance, although larger than ke
normal and makapuano celis, The callus cells exhibited sroniotic division in the form
of budding nucled simifar to these ohserved in makapuno cells, although the normat
cytokinesis predominated. in addilion, multi-nucleated cells and cells of different
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