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Abstract Seeds of Sesbania virgata (Cav.) Pers. (Legumi-
nosae) contain galactomannan as a cell wall storage polysac-
charide in the endosperm. After germination, it is hydrolysed
by three enzymes: α-galactosidase (EC 3.2.1.22), endo-β-
mannanase (EC 3.2.1.78) and β-mannosidase (EC 3.2.1.25).
This work aimed at studying the role of the testa (seed coat)
on galactomannan degradation during and after germina-
tion. Seeds were imbibed in water, with and without the
testa, and used to evaluate the effect of this tissue on stor-
age mobilisation, as well as its possible role in the galac-
tomannan hydrolases activities. Immunocytochemistry and
immunodotblots were used to follow biochemical events by
detecting and localising endo-β-mannanase in different tis-
sues of the seed. Endo-β-mannanase and α-galactosidase
activities were found in the testa and latter in the endosperm
during galactomannan degradation. The former enzyme was
immunologically detected in the testa, mainly during germi-
nation. The absence of the testa during imbibition led to the
anticipation of protein mobilisation and increased of the α-
galactosidase activity and galactomannan degradation. Thus,
the testa appears to play a role during storage mobilisation
in the legume seed of S. virgata probably by participating in
the control of the production, modification and/or storage of
the hydrolases.
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Introduction

The Angiosperms display different strategies for establish-
ment that include accumulation of different cell wall storage
polysaccharides in their seeds (Buckeridge et al. 2000c).
These polymers are mobilised during seedling development
and their products are used for several purposes such as en-
ergy generation and production of raw material for building
cells and tissues (Mayer and Poljakoff-Mayber 1975).

The seeds of many legumes are known to accumulate
galactomannan in their endospermic cell walls, but they
also occur in seeds of species of other plants families such
as Annonaceae and Convolvulaceae (Tookey et al. 1962;
Dea and Morrison 1975; Guzmán and Hernandez 1982;
Buckeridge and Dietrich 1996; Buckeridge et al. 2000b).
Sesbania virgata Cav. (Pers.) (previously published by our
group under the synonym of Sesbania marginata Benth.) is
a small legume tree that occurs mainly in the gallery forests
in Neotropical regions and is associated with early stages of
ecological succession (Potomati and Buckeridge 2002).

Besides playing a role as a post-germinative reserve,
galactomannans have also been demonstrated to perform
other functions, such as modulation of the mechanical
strength of the endosperm of seeds to facilitate radicle pro-
trusion (Groot and Karssen 1987) and to control water im-
bibition in early stages of germination (Reid and Bewley
1979). It takes up proportionally high amounts of water and
distributes it around the embryo, protecting it against loss of
water (Reid and Bewley 1979).

Galactomannans are composed of a linear backbone of
β-(1→4)-linked D-mannose residues to which single units
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Fig. 1 Transversal sections of
seeds of S. virgata. The seeds of
this species have a resistant testa
(t) and a massive endosperm (e)
inside which the embryo (em) is
immersed a. Between the testa,
with exotesta (ex), mesotesta
(me), endotesta (en) and the
endosperm (e), with protein
bodies (→) and thick walls, an
aleurone layer (∗)
b. Scale bar = 84 µm. The
diameter of the cross section of
one seed is approximately 0.5
mm

of D-galactose residues are attached by α-(1→6)-linkages,
providing polymers with different mannose:galactose ratios
(Dea and Morrison 1975; Reid 1985). Three hydrolytic en-
zymes are known to be involved in galactomannan degrada-
tion: α-galactosidase (EC 3.2.1.22), endo-β-mannanase (EC
3.2.1.78) and β-mannosidase (EC 3.2.1.25) (Reid and Meier
1972; Mc Cleary and Mathenson 1976; Buckeridge and Di-
etrich 1996).

In seeds of Cyamopsis tetragonolobus (guar), the aleu-
rone layer is thought to be responsible for the production of
these hydrolytic enzymes (Reid 1985), as has been demon-
strated for seeds of Trigonella foenum-graecum (fenugreek),
Trifolium incarnatum and Medicago sativa (Reid and Meier
1972). However, in seeds of Ceratonia siliqua (carob), the
enzymes are probably produced and secreted into the cell
walls by living endospermic cells (Seiler 1977). Differently
from carob, in seeds of S. virgata, an aleurone layer is clearly
seen between testa (seed coat) and endosperm (Fig. 1), but
at the same time the endosperm cells are living (Buckeridge
and Dietrich 1996; Potomati and Buckeridge 2002). On the
basis of this observation, Buckeridge et al. (2000a) suggested
that in seeds of S. virgata, the hydrolytic enzymes might be
produced both in the aleurone and endosperm cells.

Besides the endosperm, the testa can prevent water imbibi-
tion, provide mechanic resistance, interfere with gaseous ex-
changes and prevent or promote the release of inhibitors that
are related with establishing/breaking seed dormancy respec-
tively (Bewley and Black 1994). Kontos and Spyropoulos
(1996) suggested that the testa of C. tetragonolobus controls
the production of α-galactosidase and endo-β-mannanase in
the endosperm of developing carob seeds. The inhibitory
effect of the testa or the seed enclosing tissues on endo-β-
mannanase production has also been shown in mature and
developing tomato seeds (Kontos and Spyropoulos 1996).

In this paper, we present evidence that the testa is related
to the storage mobilisation and galactomannan-hydrolysing

enzyme activities, possibly through the production, modi-
fication and/or storage of these enzymes that are present in
the tissue. From experiments in which the testa was detached
during germination and early seedling growth, a cause–effect
relationship was observed between testa and storage mobil-
isation.

Material and methods

Plant material, seed germination and sampling

Seeds of S. virgata were collected from trees found in the
urban region of São Paulo, Brazil. Seeds were scarified me-
chanically by abrasion of the testa, placed on one layer of
filter paper in 5 or 9 cm Petri dishes (5 and 10 or 30 seeds
per plate respectively) and then incubated in 0.5 ml of wa-
ter per seed at 25◦C under a 12 h photoperiod for 6 days.
Germination percentage was recorded daily up to the sec-
ond day, when 100% of the seeds showed radicle protrusion
(Fig. 2).

Fig. 2 Germination percentage of seeds of S. virgata, from the first to
the sixth day after imbibition
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Detection of enzyme activities

Seeds incubated in water were harvested from the second to
the sixth day after imbibition (five seeds per plate) and dis-
sected in order to separate endotesta and endosperm. These
tissues were crushed with 50 mM sodium acetate buffer pH
5.0, containing 100 mM NaCl and centrifuged (10,000 × g,
5◦C). Aliquots of the supernatants were assayed for α-
galactosidase and β-mannosidase activities using 50 mM
ρ-nitrophenyl-α-D-galactopyranoside and ρ-nitrophenyl-β-
D-mannopyranoside respectively as substrates (Reid and
Meier 1973; Buckeridge and Dietrich 1996). For endo-β-
mannanase assays, aliquots of the supernatants were assayed
using a 1% solution of S. virgata galactomannan as substrate.
Viscometric measurements were obtained by recording the
flow times at regular intervals of the mixtures through a
0.2 ml glass pipette that has been used as a viscometer. The
specific viscosity (ηsp) at each time was calculated as fol-
lows: [ηsp = (t − t0)/t0], where t0 is the viscometer flow time
(s) for the enzyme plus buffer and t is the flow time for this
solution with galactomannan. The logarithmic function of
ηsp was plotted against the elapsed time, giving a straight
line which permitted the calculation of the number of arbi-
trary units of endo-β-mannanase activity (viscometric units)
as 10 times the reciprocal of the number or minutes required
for the ηsp to reach half of its initial value (adapted from Reid
and Davies 1977).

Endo-β-mannanase

Western immunoblotting

The purified endo-β-mannanase, obtained as described
by Lisboa et al. (2006), after separation by SDS-PAGE
(Laemmli 1970, Hames 1990), was transferred to a nitro-
celulose membrane, for 2 h in 0.4 M glycine–20% methanol
buffer using a constant current of 400 mA, which was subse-
quently incubated for 1 h in 100 mM potassium ferricyanide,
to inhibit peroxidase seed activity (Guéra and Sabater 2002).
The membrane was blocked for 3 h in a solution containing
0.1% gelatine, 1% BSA in 0.1 M phosphate buffer saline
(PBS) pH 7.0, with some drops of Tween 20. The mem-
brane was incubated overnight in a solution containing anti-
endo-β-mannanase antibody diluted 1:200 in PBS, prepared
in rabbits against endo-β-mannanase purified from coffee
seeds, provided by Prof. Dr. J. Giorgini from the Depart-
ment of Biology of University of São Paulo, Brazil. The
membrane was washed with 50 mM Tris–HCl pH 7.4 and
subsequently incubated for 1 h in a solution containing goat
anti-rabbit IgG conjugated to peroxidase diluted 1:200 in
PBS. The membrane was washed again and the reaction was
visualised by the addition of diaminobenzidine (DAB) solu-
tion (50 mg in 100 ml 50 mM Tris–HCl pH 7.4) followed

by 0.03% hydrogen peroxide (adapted from Buckeridge and
Reid 1994).

Dot Western immunoblotting

Seeds incubated in water were harvested from the first to
sixth day after imbibition (30 seeds per plate) and dissected
in order to separate testa, endosperm, cotyledons and radi-
cle. These tissues were crushed with 50 mM Tris–HCl pH
7.8, filtered and centrifuged (13,000 × g, 10 min, 5◦C). The
aliquots of the supernatants were assayed for protein (Brad-
ford 1976). For each extract, a volume corresponding to
100 µg of proteins was separated, freeze dried and resus-
pended in 50 mM Tris–HCl pH 7.4. Volumes corresponding
to approximately 2 µg of protein were applied on the sur-
faces of nitrocellulose membranes, which were submitted to
technique described above for Western immunoblotting. The
reaction, characterised by the dark granulation in the extract,
indicated the presence of endo-β-mannanase in the tissue.

For quantification of endo-β-mannanase, the membranes
were subjected to densitometric analysis, which was per-
formed with KDS 1D image analysis software (Kodak Dig-
ital Science 1D 3.0.1). The relative protein quantity of each
tissue, from the first to sixth day after imbibition, was ex-
pressed in percentage and calculated from their respective
intensity against the total intensity in each tissue for all the
period of imbibition.

Immunofluorescence

Seeds incubated in water were harvested on the third day
after imbibition (10 seeds per plate) and fixed in a solu-
tion of Karnovisky (paraformaldehyde and glutaraldehyde in
sodium cacodylate buffer), according to Karnovisky (1965),
for 48 h. After hydration in an ethanol series, the seeds were
incubated at 60◦C in 20% polyethylene glycol (PEG), being
embedded in pure PEG when the concentrations reached
100% (Freund 1970; Richter 1981). Transversal sections
with approximately 15–25 µm thick slices were obtained
with the help of a slip microtome (Richter 1981), and sub-
mitted to immunofluorescence labelling (adapted from Buck-
eridge and Reid 1994; Orfila and Knox 2000; Willats et al.
2001). This technique was similar to the technique described
earlier for Western immunoblotting, although the sections
were incubated in a solution containing goat anti-rabbit IgG
conjugated to diluted 1:320 in PBS, without addition of di-
aminobenzidine solution. As a control, sections were sub-
mitted to the same process, but without any antibody, to
evaluate autofluorescence of the tissues, and other sections
were blocked and incubated only in the solution contain-
ing goat anti-IgG conjugated to fluorescein isothiocyanate
diluted 1:320 in PBS to detect possible non-specific reac-
tions of the second antibody (data not shown). The sections
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were observed in a fluorescence microscope (Axioplan 2-
MC80DX) and photographed. The reaction, characterised
by green fluorescence in the tissue, indicated the presence of
endo-β-mannanase.

Quantification of proteins, α-galactosidase activity and
reducing sugars

Seeds incubated in water, with and without testa, were har-
vested from the first to fourth day after imbibition (five seeds
per plate) and dissected in order to separate endosperm and
testa. These tissues were crushed with 20 mM Tris–HCl pH
7.8, filtered and centrifuged (13,000 × g, 5 min). Aliquots of
the supernatants were assayed for proteins (Bradford 1976),
α-galactosidase activity, as described earlier (Reid and Meier
1973; Buckeridge and Dietrich 1996), and reducing sugars
(Somogyi 1945).

Results

The seeds of S. virgata present a thick endosperm, with
approximately 20% of its dry weight being galactomannan
(Buckeridge and Dietrich 1996). Figure 1 shows transver-
sal sections of this seed as a general view (Fig. 1a) and a
closer view of the testa and endosperm (Fig. 1b). The latter
shows the endosperm, in which storage cell walls (unstained
regions in the endosperm) and the cytoplasm containing pro-
tein bodies (arrow in Fig. 1b) can be clearly seen.

Changes in galactomannan hydrolases

Seed germination starts on the first day, reaching 100% on the
second day after imbibition (Fig. 2). After radicle protrusion,
storage mobilisation takes place, flowing up to the fourth and
fifth days after imbibition (Buckeridge and Dietrich 1996;
Tonini et al. 2006). According to Buckeridge and Dietrich
(1996), the mobilisation of storage cell wall polysaccharide
galactomannan in seeds of S. virgata takes place, thanks
to the raise and fall of the activities of hydrolases in the en-
dosperm. In the present work, we investigated these activities
both in endosperm and testa tissues. Figure 3 shows a com-
parison between the changes in activity of the three galac-
tomannan hydrolases (α-galactosidase, endo-β-mannanase
and β-mannosidase) in the endotesta and the endosperm of
seeds of S. virgata. The activities of α-galactosidase and β-
mannosidase increased together in the endotesta and in the
endosperm (Fig. 3A and C). The activities were highest on
the third day for α-galactosidase and β-mannosidase (Fig.
3A and C) in both tissues, while a delay was observed in
the appearance of endo-β-mannanase in the endosperm in
relation to the endotesta, with peaks of activity on the fourth
and fifth days after imbibition respectively (Fig. 3B). Also,

Fig. 3 Activities of α-galactosidase a, endo-β-mannanase b and β-
mannosidase c in the endotesta (•) and endosperm (�) of seeds of S.
virgata, from the second to the sixth day after imbibition (gal, galactose;
man, mannose; UAs, viscometric units)

for α-galactosidase, a higher level of activity was observed
up to the fifth day in the endosperm, whereas it decreased
steadily in the endotesta from the third to the sixth day after
imbibition (Fig. 3A).

Endo-β-mannanase

Immunodetection of endo-β-mannanase by dot Western im-
munoblotting, and subsequent quantification by densitome-
try, was used to follow the specific production of enzyme
protein in all tissues of the seed. This enzyme could be lo-
calized, since the antibody against endo-β-mannanase from
coffee seeds demonstrated specificity towards the purified
enzyme from S. virgata (Fig. 4). The detection of endo-β-
mannanase in the cotyledons occurred during all the exper-
imental period, presenting an increase from the third day
after imbibition (Fig. 5, Table 1). These changes were fol-
lowed by the changes observed in the radicle, although the
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Fig. 4 Analysis of the purified endo-β-mannanase from the endosperm
plus testa of seeds of S. virgata by SDS-PAGE a and Western im-
munoblotting b. Standard molecular weight markers and their respec-
tive masses (kDa) are shown on the left

radicle presented a decrease on the third day of imbibition,
followed by a increase after the third day (Fig. 5, Table 1).
In the endosperm, the enzyme was present principally on
the third and fourth days after imbibition, presenting also an
increase on the fifth day (Fig. 5, Table 1). In the testa, endo-
β-mannanase was detected with higher intensity on the first

Fig. 5 Dot Western immunoblotting of the radicle, cotyledon, en-
dosperm and testa of seeds of S. virgata, localising endo-β-mannanase
from the first to sixth day after imbibition in water (X, no extract ap-
plied; 1/2, half of the volume applied)

Table 1 Percentage of endo-β-mannanase in the radicle, cotyledon,
endosperm and testa of seeds of S. virgata, from the first to sixth day
after imbibition in water, localised by dot Western immunoblotting and
quantified by densitometry

Days after
imbibition

RAD COT END 1/2 TESTA

1 15.05 ± 2.34 13.26 ± 1.81 – 32.48 ± 2.50
2 14.00 ± 2.68 12.06 ± 1.03 4.58 ± 0.46 29.83 ± 0.40
3 8.15 ± 0.21 12.27 ± 0.16 22.06 ± 2.09 12.72 ± 1.29
4 18.95 ± 1.43 14.90 ± 0.08 25.40 ± 3.40 11.07 ± 6.94
5 16.83 ± 0.98 22.19 ± 0.76 19.93 ± 2.93 4.16 ± 1.01
6 27.03 ± 2.40 25.32 ± 2.15 28.03 ± 3.78 9.75 ± 4.32

Data are means ± SE of replicates.

( − ) no extract applied; 1/2, half of the volume applied.

(around 40% germination) and second days after imbibition
(100% germination), presenting a decrease from the third to
the fifth day after imbibition, with a minor increase on the
sixth day (Fig. 5, Table 1).

In order to endo-β-mannanase in the testa, an immunoflu-
orescence technique was utilised. Although the detection of
this enzyme in the endosperm and aleurone layer was not pos-
sible due to the presence of strong autofluorescence related to
the protein bodies (Fig. 6a and b), endo-β-mannanase could
be detected in all layers of the testa (exotesta, mesotesta and
endotesta). It was principally associated to the cell walls of
the osteosclereids in the mesotesta (Fig. 6c and d).

The role of the testa on storage mobilisation in the
endosperm

To directly test the role of the testa on storage mobilisation in
the endosperms of S. virgata, an experiment was performed
in which the testa was dissected out and storage mobilisation
was followed by measurement of the contents of soluble pro-
teins and galactomannan degradation, which was estimated
by measuring the levels of α-galactosidase activity and the
content of reducing sugars in the endosperm.

The presence of the testa significantly controlled protein
mobilisation, since protein degradation was faster in seeds
imbibed without testa in comparison with seeds imbibed in
the presence of this tissue. On the third day after imbibition,
the seeds, which had their testa detached, presented half of
the level of proteins as compared to seeds imbibed with the
testa (Table 2).

The effect of the testa on galactomannan degradation was
indirectly evaluated through the observation of the changes
in activity of α-galactosidase in the testa and endosperm.
We found that enzyme activity increased less in seeds in
which the testa was maintained during all the experimental
period (Table 2). Another form to estimate the pace of galac-
tomannan degradation is through the production of reducing
sugars in the endosperm during galactomannan degradation.
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Fig. 6 Immunofluorescent
labelling of transversal sections
of seeds of S. virgata, localising
endo-β-mannanase on the third
day after imbibition in water.
White light a, c. Fluorescence b,
d. Control without any antibody
a, b. Sections treated with
primary and second antibodies
c, d. Scale bars = 87 µm (pb,
protein bodies; e, endosperm;
en, endotesta; ex, exotesta; me,
mesotesta; ∗ , aleurone layer;
→, the green fluorescence
shows the reaction that
characterises the presence of
endo-β-mannanase

A comparable trend was observed for the two parameters, i.e.
the levels of reducing sugars increased less in intact seeds
than in seeds in which the testa had been detached (Table 2).

As a control, the levels of proteins, α-galactosidase and
reducing sugars were followed in isolated testas (Table 2).
Whereas the levels of reducing sugars were similar through-
out the period of germination and seedling development, pro-
teins and α-galactosidase increased approximately twofold
from the first (around 40% germination) to the fourth day
(100% germination). This with the results shown in Figs. 3,
5 and 6 that show the presence of enzymes in the testa during
and after germination.

Discussion

Galactomannan hydrolases activities and localisation of
endo-β-mannanase

The three enzymes known to be responsible for the post-
germinative galactomannan breakdown (α-galactosidase,
endo-β-mannanase and β-mannosidase) were detected in
the endotesta of S. virgata (Fig. 3). The facts that the

maximum activity of α-galactosidase and β-mannosidase oc-
curred on the third day after imbibition in the endotesta and
endosperm and the activity of endo-β-mannanase reached
its maximum around the fourth and fifth days in these tissues
(Fig. 3), confirm previous suggestions that these enzymes
are involved in degradation of galactomannan, acting in con-
cert in the endosperm after germination. According to Mc-
Cleary (1983), Buckeridge and Dietrich (1996) and Buck-
eridge et al. (2000b), the mobilisation of the galactoman-
nan is a post-germinative phenomenon that starts only after
radicle protrusion. In seeds of S. virgata, the radicle emer-
gence occurs in all seeds on the second day after imbibition
(Fig. 2) (Potomati and Buckeridge 2002).

According to Lisboa et al. (2006), the action of the α-
galactosidase from S. virgata on galactomannan is a neces-
sary condition to grant access of endo-β-mannanase to the
main chain of galactomannan polymer in seeds of S. virgata.
This explains the appearance of α-galactosidase activity prior
to endo-β-mannanase (Fig. 3A and B; see also Buckeridge
and Dietrich 1996). This also underlines the importance of
the previous debranching of the polymer and probably ex-
plains the particularly high level of α-galactosidase activity
found during galactomannan mobilisation in vivo in species
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Table 2 Concentrations of proteins (mg of protein per gram of fresh
weight), activity of α-galactosidase (µmol of galactose min−1 g−1 of
fresh mass) and quantification of reducing sugars (mg of equivalents
in glucose per gram of fresh mass) in different tissues of seeds of S.
virgata, from the first to the fourth day after imbibition in water with
and without testa

Days after Imbibition with testa Imbibition without testa
imbibition TESTA END END

Proteins
1 1.65aA 5.13bB –
2 1.97aAB 6.23bB 6.97bB
3 2.27aAB 6.03bB 2.98aA
4 2.35aB 2.04aA 2.08aA

α-Galactosidase
1 0.13aAB 1.15bA –
2 0.10aA 0.64aA 3.40bA
3 0.21aBC 10.74bB 14.52cB
4 0.26aC 16.05bC 28.50cC

Reducing sugars
1 0.32bA 0.07aA –
2 0.24aA 0.05aA 0.22aA
3 0.29aA 1.03bB 4.03cB
4 0.29aA 1.41bB 4.52cB

Data are means of three replicates. The means designated with the same
letter, low caps in rows and capital in columns, are not significantly
different according to LSD test (0.05%).

END, endosperm; ( − ) not determined.

containing highly substituted polymers (McCleary and Ma-
thenson 1975; Buckeridge et al. 2000a; Lisboa et al. 2006).

The presence of the three galactomannan hydrolases ac-
tivities in the endotesta and endosperm (Fig. 3) suggests
the possibility that the syntheses of these enzymes occur
in the endosperm and/or in the testa. In seeds of C. sili-
qua, the enzymes are probably produced and liberated into
the cell walls by the endospermic cells (Seiler 1977), while
in seeds of T. incarnatum, M. sativa, T. foenum-graecum
and C. tetragonolobus, the aleurone layer is thought to be
the cell layer responsible for the production of galactoman-
nan hydrolases (Reid and Meier 1972; Reid 1985). In seeds
of S. virgata, it has been proposed that galactomannan hy-
drolytic enzymes might be produced both in the aleurone and
also by endosperm cells (Buckeridge et al. 2000a). Although
our results cannot define precisely whether the enzymes are
produced in the aleurone layer and/or in the rest of the en-
dosperm, they suggest the participation of the testa in the
production, modification and/or storage of these enzymes.

Since the endo-β-mannanase was immunodetected in the
testa (Figs. 5 and 6d, Table 1), and the cells of endotesta
are living (Tonini et al. 2006), it is possible that this tissue
participates in the production, modification and/or storage of
this enzyme. Kontos and Spyropoulos (1996) suggested that
the testa controls the production of the endo-β-mannanase
in the endosperm of developing carob seeds. The inhibitory
effect of the testa on endo-β-mannanase production has also

been shown in mature and developing tomato seeds (Kontos
and Spyropoulos 1996).

The immunodetection (Fig. 5, Table 1) as well as activity
(Fig. 3b) of the endo-β-mannanase in the endosperm was
found principally after germination, coinciding with the pe-
riod of galactomannan degradation that occurs during the
post-germinative process of seeds of S. virgata (Buckeridge
and Dietrich 1996). The higher levels of detection of the
endo-β-mannanase in the endosperm on the third and fourth
days after imbibition, preceding its maximum detectable
activity on the fifth day, suggests the presence of this en-
zyme in the endosperm immediately after germination for
the consequent galactomannan degradation (Figs. 3B and 5,
Table 1).

A possible explanation for the presence of the endo-β-
mannanase in the radicle during germination (Fig. 5, Table 1)
might be related to the occurrence of endosperm weakening
around this tissue, which is necessary to complete the radicle
emergence and germination (Groot et al. 1988; Leubner-
Metzger et al. 1995; Welbaum et al. 1995). In fact, it can
be observed that the enzyme decreased after germination on
the third day after imbibition (Fig. 5 and Table 1). Also,
endo-β-mannanase has been detected in the radicle during
this process in the same species (Lisboa et al. 2006).

However, the presence of this enzyme in the radicle and
cotyledons after germination (Fig. 5, Table 1) can be re-
lated to galactomannan degradation in the endosperm and/or
to the hydrolysis of manno-oligosaccharides that are pro-
duced during galactomannan degradation and supposed to
be translocated to the embryo in seeds of S. virgata (Buck-
eridge and Dietrich 1996). Activities of α-galactosidase and
β-mannosidase were also detected in the embryo of seeds
of S. virgata (Buckeridge and Dietrich 1996) and lettuce
(Bewley and Black 1994).

The role of the testa

According to Garciarrubio et al. (1997), abscisic acid (ABA)
prevents the degradation of storage proteins in seeds of Ara-
bidopsis thaliana. In the present work, we observed that the
testa of S. virgata, which has high concentrations of ABA
(Tonini et al. 2006), apparently provoked a similar effect,
since detachment of the testa accelerated the decrease in the
levels of storage proteins after germination (Table 2). Thus,
it is possible to speculate that testa probably also modulates
the utilisation of enzymatic and structural proteins by the
seed through ABA.

A metabolic control of cell wall storage mobilisation by
the testa can be suggested on the basis of the changes ob-
served in activity of α-galactosidase during and after germi-
nation. The activity of this enzyme was higher in the absence
of the testa during imbibition (Table 2). According to Kon-
tos and Spyropoulos (1996), developing seeds of C. siliqua
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displayed inhibitory action by the testa in the production
of α-galactosidase. Furthermore, seeds of the same species
and also of T. foenum-graecum showed the production of
α-galactosidase regulated by inhibitory substances in the en-
dosperm and/or testa.

Regarding galactomannan degradation, we observed that
the production of reducing sugars was higher in the ab-
sence of the testa during imbibition (Table 2). As reduc-
ing sugars (glucose and fructose) are the main products of
galactomannan degradation in the endosperm (Buckeridge
and Dietrich 1996), it can be suggested that the testa of
S. virgata participates in the control of storage mobilisation.
Furthermore, the testa probably interferes in the galactoman-
nan degradation, through the production, modification and/or
storage of in the tissue, consequently interfering in the ac-
tion and/or the dynamic distribution of these enzymes in the
endosperm.

The testa’s control of galactomannan degradation can be
related to the presence of ABA in the tissue (Tonini et al.
2006). Indeed, ABA has been shown to act as a potent in-
hibitor of galactomannan degradation in seeds of fenugreek
(Reid and Meier 1973), carob (Seiler 1977), lettuce (Halmer
and Bewley 1979), tomato (Nomaguchi et al. 1995) and
S. virgata (Potomati and Buckeridge 2002), interfering in
the activity of galactomannan-hydrolysing enzymes (Dul-
son et al. 1988; Nomaguchi et al. 1995; Giorgini and Comoli
1996; Nonogaki and Morohashi 1996; Toorop et al. 1999,
2000; Potomati and Buckeridge 2002).

In the present work, we present evidence that the testa
participates in the control of storage protein mobilisa-
tion and galactomannan degradation. We suggest that the
testa interferes in the storage mobilisation by controlling
the production, modification and/or storage of the hydro-
lases, so that embryo growth would be synchronised with
storage mobilisation. This is likely to confer higher effi-
ciency for intercommunication among the three seed tissues
(testa, endosperm and embryo), possibly improving eco-
physiological performance of the seedlings in their natural
environment.
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