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Activities of a-galactosidase and polygalacturonase during hydration of

Dalbergia nigra ((Vell.) Fr All. ex Benth.) seeds at different temperatures*

Glauciana da Mata Ataide”*, Eduardo Euclydes de Lima e Borges?,
José Francisco de Carvalho Gongalves?, Valéria Monteze Guimaraes®,
Elisa Monteze Bicalho®, Andressa Vasconcelos Flores®

ABSTRACT — Germination is a process that begins with seed water uptake, stimulating enzyme synthesis or activating
enzymes already present. The objective of this study was to evaluate variations in monosaccharide reserves and the activities
of the a-galactosidase and polygalacturonase enzymes during the hydration of two lots of Dalbergia nigra (Bahia Rosewood)
seeds. Seeds from different origins constituted the two lots I and II, classified as high and low vigor, respectively. Both lots
were placed in desiccators with a high relative humidity to hydrate and at 15 and 25 °C until levels of 10, 15, 20 and 25%
moisture levels in seeds were reached. The seed cotyledons were analyzed for the quantity of monosaccharides and enzyme
activity. The control had higher concentrations of xylose and rhamnose, which decreased during hydration until the 15%
level was reached, after which concentrations increased again in both lots. Lot I, with a superior quality, showed higher
glucose synthesis and degradation during seed hydration. Both enzymes were pre-existing since activity was already present
in the seeds without imbibition. The polygalacturonase enzyme increased and the a-galactosidase enzyme remained relatively
constant during seed hydration.

Index terms: imbibition, Bahia Rosewood, biochemical modifications, monosaccharides.

Atividades de a-galactosidase e poligalacturonase durante a hidratagdo de sementes
de Dalbergia nigra ((Vell.) Fr. All. ex Benth.) sob diferentes temperaturas

RESUMO - A germinagdo ¢ um processo que se inicia com a absor¢do de agua pelas sementes, estimulando a sintese de enzimas
ou ativacao daquelas pré-existentes. O objetivo deste trabalho foi estudar as variagdes nas reservas de monossacarideos e
atividades das enzimas a-galactosidase e poligalacturonase durante a hidratacdo de sementes de dois lotes de Dalbergia nigra
(jacaranda-da-Bahia). Para tanto, sementes de duas procedéncias constituiram os lotes I e II, classificados como de alto e baixo
vigor, respectivamente. Os lotes foram colocados para hidratar em dessecadores com alta umidade relativa nas temperaturas de
15 e 25 °C até atingirem os niveis de hidratacdo de 10, 15, 20 e 25% de umidade nas sementes. Os teores de monossacarideos e
as atividades das enzimas foram analisados nos cotilédones das sementes. Os teores de ramnose e xilose apresentaram valores
superiores na testemunha, com redug¢do durante a hidratacdo até 15%, momento a partir do qual aumentaram novamente,
em ambos os lotes. O lote I, de qualidade superior, possui maior sintese ¢ degradagio de glicose durante a hidratacdo das
sementes. Ambas as enzimas mostraram ser pré-formadas, por ja apresentarem atividade nas sementes sem embebicdo. A
poligalacturonase aumentou e a a-galactosidase manteve-se relativamente constante durante a hidratagdo das sementes.

Termos para indexag@o: embebi¢do, jacarandd-da-Bahia, modificagdes bioquimicas, monossacarideos.

Introduction

The germination process is a complex and ordered
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series of physiological and biochemical events, starting
with renewed embryo growth and the subsequent rupture
of the integument by the radicle (Nonogaki et al., 2007).
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Germination is influenced by external factors, such as light,
temperature, and water and oxygen availability, as well as by
internal factors, such as germination inhibitors and promoters,
which can act alone or in combination with the other factors
(Borges and Rena, 1993).

Seed hydration results in increased metabolic activity,
stimulating the synthesis of enzymes or the activation of pre-
existing ones, with mobilization of reserves and digestion of the
cell wall, weakening it and causing a consequent rupture of the
integument by the radicle (Baskin and Baskin, 1998). During the
germination process, several enzymes are involved in metabolic
reactions of molecule synthesis and degradation. The hydrolytic
enzyme a-galactosidase acts in the mobilization of polysaccharides
and cell wall components and in oligosaccharides of the raffinosic
series, and its degradation products are used to generate energy
and produce raw materials for germination, among other things
(Buckeridge et al., 2004). The activity of the o-galactosidase
enzyme increased during the germination of Tachigali multijuga
seeds, being related to the capacity to hydrolyze oligosaccharides,
such as raffinose, stachyose and galactomannan polymers,
indicating a special role during germination (Fialho et al., 2008).
According to Polowick et al. (2009), after super expression of the
a-galactosidase gene in Pisum sativum seeds, the lines showed
significant reductions in oligosaccharides, specifically raffinose
and stachyose, and germination rates were 96%.

Among the main enzymes which degrade cell wall pectin
compounds, are the polygalacturonases (PG), which hydrolyze
the a-1,4 glycoside bonds between two residues of galacturonic
acid of the pectin chain (Swain et al., 2011). Their activity is
correlated with an increase in soluble pectins and changes in the
pericarp texture during fruit maturation (Ghiani et al., 2011).
It is thought that the polygalacturonase enzyme acts in pectin
degradation during germination, softening the integument for
protrusion of the radicle (Kanai et al., 2010).

Dalbergia nigra ((Vell.) Fr. All. ex Benth.), popularly
known as Bahia Rosewood, is a semi-heliophilous, arboreal
species, which grows in the Atlantic Forest and belongs to the
Leguminosae Papilonoideae family (Lorenzi, 1992). In plant
succession, it is classified as a late secondary to climax species
and is considered suitable for mixed plantings on degraded,
permanently conserved land (Donadio and Dematté, 2000).
Its wood is moderately hard, heavy, decorative and naturally
long lasting, and can be used to make musical instruments,
such as pianos (Carvalho, 2003). Due to its valued wood and
heavy logging, this species is currently on the Brazilian list of
species threatened with extinction, classified in the vulnerable
category (Ibama, 2008), so that the implementation of plans
for its genetic conservation is urgent.

Considering the ecological importance of this species,

its potential economic uses with sustainable management,
associated with the need to better understand the factors involved
in seed germination, the objective of this research was to study
the variations in monosaccharide reserves and the activities of
the a-galactosidase and polygalacturonase enzymes during the
hydration of two lots of Dalbergia nigra seeds.

Materials and Methods

The present study was done at the Laboratory of
Forestry Seed Analysis, Forestry Department of the Federal
University of Vigosa, Vigosa, Minas Gerais State, Brazil.
Seeds of Dalbergia nigra were collected at two different sites
in Vicosa, denoted lots I and II. Immature, deteriorated and
damaged seeds were eliminated during cleaning. The selected
seeds were kept in wood fiber drums and stored in a cold
chamber at 5 °C and 60% RH for two months.

Seeds from both lots were placed to germinate on two
leaves of germitest paper in Petri dishes moistened with 4.0
mL of distilled water at 25 °C, in continuous light from four
40 W daylight-type bulbs, for 12 days (Ferraz-Grande and
Takaki, 2001). The substrates were kept humid during the
experiment. The percentage germination was calculated by
counting daily those seeds which emitted a radicle and the
germination speed index (GSI), from the formula proposed
by Maguire (1962).

Seed samples from lots I and I were hydrated by keeping
them in desiccators with a relative humidity of 95-99% at 15
and 25 °C, until approximately four levels of humidity were
reached: 10, 15, 20 and 25%. The hydration of the seeds up
to the desired amount of water was calculated from the initial
water content of 7.92 and 8.98% for lots I and 11, respectively,
and from the initial weight of the seed samples, as in the
equation below (Cromarty et al., 1990):

where: M = weight of desired content of water (g); Mi =
weight of original content of water (g); CA| = original water
content (percentage on a wet basis); CA, = desired water
content (percentage on a wet basis).

After reaching the desired moisture levels, corresponding
to phases I and II of the absorption curve of the water by the
seeds during germination, the samples were removed for
analysis of the monosaccharides and enzyme activity.

Analysis of the monosaccharides: monosaccharides were
extracted from the cotyledons according to the methodology
described by Black et al. (1996), but with modifications: the
dry, ground-up material was homogeneized with 80% ethanol
at 75 °C for 30 minutes, then centrifuged for 10 minutes
at 16000 xg. The supernatant liquid with the sugars was
separated and this stage of the extraction was repeated four
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more times, for homogeneization of the precipitate with 80%
ethanol. The supernatants were mixed, completely dried and
added to 1.0 mL of distilled water. Then, 500 uL aliquotes
were taken from the samples to prepare the alditol acetates,
used in monosaccharide analysis with gas chromatography.
A mixture containing the sugars glycose, galactose, mannose,
xylose, arabinose and rhamnose was also prepared, serving as
Standards for comparing with the sample.

Quantification was made according to Englyst and
Cummings (1984), using Shimadzu GC14-A gas chromatography,
equipped with a flame ionization detector (FID), linked to a
C-R6A chromatopac recorder and integrator. The gas flow was
0.25 mL.min"!, with the temperatures of the injector, detector and
column at 250, 220 and 275 °C, respectively. After injection of
the Standards, 1.0 pL of alditol acetate was injected per sample.
Three replications were made for each extract and measurement.
The sugars were identified and measured by recording the
concentration of each sugar on the integrator based on the retention
area and time corresponding to the standard sugar and the results
were printed on a chromatogram (Rodrigues et al., 2005).

Analysis of enzyme activity: the cotyledons were evaluated
for the activities of the a-galactosidase and polygalacturonase
enzymes. The enzyme extracts were obtained by macerating
0.1 g of vegetable tissue in 1.5 mL of 100 mM sodium acetate
buffer, pH 5.0, using a porcelain mortar in an ice bath. The samples
were then centrifuged at 24,000 g for 20 minutes at 4 °C, and the
clear supernatant was used as an enzyme source as described
by Guimardes et al. (2001).

o-galactosidase enzyme trial:
a-galactosidase enzyme was determined by adding 20 pL

the activity of the

of crude enzyme extract to a reaction medium composed of
730 pL of 100 mM sodium acetate buffer, pH 5.0 and 250 puL
of 2 mM p-nitrophenyl- a -D-galactopyranoside (p-NPGal).
The reaction was conducted for 15 minutes in a water bath
at 37 °C, being interrupted by the addition of 1 mL of 0.5
M sodium carbonate solution. The reading was taken at 410
nm, with an enzyme unit being defined as the quantity of
protein necessary to produce one pumol of p-nitrophenol per
minute under the trial conditions (Guimaraes et al., 2001).
The absorbance values obtained were transformed to umoles
of p-nitrophenolate, using a standard curve constructed with
0-0.20 pmoles of p-nitrophenol (p-NP).

Polygalacturonase enzyme trial: to evaluate the activity
of polygalacturonase enzyme, the standard trial was based on
the dosage of reducing sugar produced according to the DNS
method (3,5 dinitrosalicylic), described by (Miller, 1959). The
substrate used was 0.3% polygalacturonic acid from oranges to
evaluate enzyme activity. The reaction mixture was composed
of 1500 pL of buffer extraction, 100 pl of enzyme extraction

and 350 pL of substrate. The tubes with the solution were kept
in a water bath at 40 °C for 60 minutes, the reaction being
interrupted by adding 1.0 mL of DNS solution and boiling for
5 minutes, after which 2.0 mL of distilled water were added.
Absorbance readings were taken at 540 nm, with one enzyme
unit being defined as the quantity of protein necessary to
produce a umol equivalent of glycose per minute.

Experimental design and statistical procedure: the
experimental design was completely random (DIC), composed
ofa2 x4 x 2 factorial (two lots, four levels of hydration and two
temperatures), with the control as an additional treatment. The
trials for determining enzyme activity were done in triplicate,
with three replications per treatment. Analyses of variance were
done for the germination and GSI variables and the means were
compared using the Tukey test at the 5% probability level.
The levels of monossacharides were analyzed with regression
analyses and the significance tested with the t test at the 5%
level using the Statistica program (Statsoft, 2008).

Results and Discussion

The results for the germination and germination speed
index showed that the physiological quality of the lot I seeds
was statistically superior to that of lot II, with germination
percentages of 80% and 33% respectively (Figure 1). The
germination speed index of the lot I seeds was also greater
than for lot II, with GSI means of 1.85 and 0.74, respectively.
Therefore, the lot I seeds of Dalbergia nigra could be classified
as having a high vigor compared to a low vigor for lot II.
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Figure 1. Germination percentage (A) and germination speed
index (GSI) (B) of Dalbergia nigra seeds lots I and II.

*Means followed by the same letter did not differ between themselves at the
5% level according to the Tukey test.
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The concentrations of monosaccharides in the seed cotyledons
of Dalbergia nigra were affected by the different moisture levels
(Figure 2). At the hydration temperatures of 15 and 25 °C, the
tendency curves were similar for each lot. The concentrations of
the galactose and glycose sugars in lot I increased up to a hydration
level of 15%, decreasing thereafter. Rhamnose and xylose produced
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opposite results, with higher values in the control and a reduction
during hydration up to a level of 15%, after which they increased
again. In the low vigor lot I, the variations in the concentrations of
the galactose, rhamnose and xylose sugars were similar to those of
lot I, while those of glycose were different between the lots, both
in quantity and tendency.
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Figure 2. Concentration of monosaccharides (mg.g"! of dry weight) in Dalbergia nigra seeds, during hydration at 15 and 25°C.
(A) Lot I - 15°C. (B) Lot I1-25°C. (C) Lot IT - 15°C. (D) Lot II - 25°C.

The tendencies shown by rhamnose and xylose in lots I and
II for both temperatures indicate that they may be in the process
of being consumed by metabolism or being incorporated into
the cell wall. From the similarity in the germination and
distribution patterns of both monosaccharides in both lots,
incorporation into the cell wall would seem to be the most
reasonable explanation in this case, since expansion of the
radicle needs this incorporation to increase wall flexibility for

water to enter for hydration. Later, seed deterioration resulted
in a lower use of both sugars, resulting in the accumulation
observed. The glycose levels in lot I reached values of around
0.7 and 0.5 mg.g! MS at 15and 25 °C, respectively, whereas
in lot II the maximum values seen were 0.2 mg.g' MS at
both temperatures, decreasing for 15 °C and with the same
tendency, but at lower values for 25 °C. In the case of the
less vigorous lot, it can be suggested that there was solute
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leakage to the apoplast or to the germination medium, seeing
that the seeds had a lower physiological quality. Thus, in
more deteriorated seeds, membrane permeability, especially
the plasma membrane, would increase, resulting in glycose
moving to the apoplast. The hydration of the lot I seeds was
greater than in the more vigorous lot, reaching higher final
values, so that water entry occurs not to the cell interior but
to the apoplast determined by the presence of a high glycose
content, which would be reducing the water potential of the
seeds. In the more vigorous lot I seeds, the increase in glycose
content may be due to amide degradation, whose rate of
degradation by hydrolytic enzymes would increase with an
increase in seed water content at a lower temperature, resulting
in a greater accumulation with lower metabolic activity.

When comparing distinct genotypes of Zea mays, the
genotypes which had a higher endogenous glycose content
were those which had higher germination and initial seedling
development (Oliveira Janior et al., 2009). The authors
emphasized that glycose exerts a strong influence on the
germination process, reducing the effect of ABA on the
inhibition of hydrolytic enzyme synthesis, favoring activation
of the a-amylase enzyme. Among the enzymes present in the
embryos and cotyledons of Platymiscium pubescens, glycose
was the only sugar detected during seed imbibition in PEG,
and it is thought that this sugar is used in respiration and
osmosis, resulting in more water absorption in the early stages
of imbibition (Borges et al., 2002a). Also, in isolated embryos
of Senna macranthera, a high concentration of glycose was
observed in the dry seeds, with a significant increase after
72 h imbibition, with this increase being credited to the
metabolism of other reserves, such as lipids and proteins
(Borges et al., 2002b).

The levels of galactose showed similar patterns of
variation in the two lots at both temperatures, indicating that
temperature did not exercise any influence on its changes. The
oligosaccharides of the raffinose family are reserves for rapid
use, being the first to be mobilized by plants and used as an
energy source during germination (Buckeridge et al., 2000;
Molle and Tiné, 2009). The degradation of the oligosaccharides
of the series results in a temporary accumulation of glycose
and galactose in the cotyledons. Analyzing the mobilization
of oligosaccharides of the raffinose series, there were
accumulations of saccharose and free monosaccharides during
the germination of Phaseolus aureus (Kuo et al., 1988) and
Sesbania maginata (Buckeridge and Dietrich, 1996).

The activities of a-galactosidase during hydration of
the D. nigra seeds of lots I and II can be seen in Figure 3.
Small differences were seen in the activities of the enzyme
between the hydration temperatures of 15 and 25 °C in both

lots (Figures 3A and 3B). The activity of a-galactosidase was
detected in the seeds even before imbibition, suggesting that
this enzyme is pre-existing and present in the ripe seeds. The
activities of the enzyme at both temperatures in lots I and II
remained approximately constant, with a small reduction at
20% humidity for lot II. When comparing the activity data
of the a-galactosidase enzyme in the cotyledons with the
increasing levels of galactose (Figure 2), which is one of the
products resulting from the action of this enzyme, it can be
seen that although the activity of the enzyme stays practically
constant for all levels of water content in both lots, the increase
in the concentration of galactose confirms the assumption that
this accumulation does not come from the continual increase
of product but from accumulation due to less use or leakage of
the apoplast. The activity of a-galactosidase increased during
the germination of Tachigali multijuga seeds, associated with
the reduction in raffinose and stachyose levels, so that seed
hydration during imbibition possibly induced a-galactosidase
activity, resulting in a breakage of the oligosaccharids, which are
indirectly involved in energy production (Fialho et al., 2008).
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Figure 3. Activity of the a-galactosidase enzyme in cotyledons
(COT) of Dalbergia nigra seeds lots I (A) and II (B)
during hydration at 15 and 25°C.
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The activity of polygalacturonase detected during hydration
of the Dalbergia nigra seeds in the two lots evaluated indicates
that this enzyme is pre-existing in both lots (Figure 4). There
was a small reduction in activity of the enzyme at the 10%
moisture content level for both temperatures in lot I, but with
a continuous increase at higher moisture levels. On the other
hand, activity increased continuously in lot II, independently of
the temperature or seed water content. There was no relationship
between the activities of the enzyme, at any temperature, with the
values of galactose (Figure 2) at the different hydration levels.
This may be explained by the polygalacturonase acting in the
loss of cohesion between cells and the dissolution of the cell
walls due to the removal of polygalacturonic acid. The action
of polygalacturonase on the tissue cell walls of Dalbergia nigra
seeds during imbibition was observed from the first day of
imbibition, contributing to a reduction in the sugar components
of the cell wall during imbibition (unpublished data).
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Figure 4. Activity of the polygalacturonase enzyme in cotyledons
(COT) of Dalbergia nigra seeds lots I (A) and 11 (B)
during hydration at 15 and 25°C.

Magalhaesetal.(2009)observedthatthepolygalacturonase
enzyme is active even before imbibition by Schizolobium
parahyba seeds, with an increase in activity in the embryonic
axis and in the cotyledons close to germination (six to eight

days), favoring cell expansion by reducing cell wall resistance
to water entry and also by cell division. The activity of this
enzyme also increased during imbibition in Lycopersicon
esculentum seeds, being high when the seeds had completed
germination (Sitrit et al., 1999). The authors believed that this
enzyme was responsible for the mechanical weakening of the
micropyle endosperm. However, polygalacturonase activity
was not detected in the endosperm of Euphorbia heterophylla
seeds during germination (Suda et al., 2003).

Conclusions

Higher vigor Dalbergia nigra seeds showed greater synthesis
and degradation of glycose and galactose during hydration.

The activity of the o-galactosidase enzyme in the
cotyledons of D. nigra seeds is similar at 15 and 25 °C, and
independent of seed vigor.

The polygalacturonase enzyme shows greater activity
in the cotyledons as the level of moisture in D. nigra seeds
increases, independently of the temperature.
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