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Micropilar and embryonic events during hydration of
Melanoxylon brauna Schott seeds'
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ABSTRACT — Germination is a complex process that involves molecules properties that make up the cell walls, hydrolytic enzymes
that break the bonds between the polymers and action of reactive oxygen substance. Melanoxylon brauna is a forest species of
high economic value. In order to evaluate the physiological and biochemical changes that occur in the embryonic axis during
germination, fresh matter, length, activities of the enzymes pectin methylesterase, polygalacturonase, superoxide dismutase, catalase,
peroxidase and hydrogen peroxide levels were quantified in the embryonic axis. Furthermore, in the micropyle area the composition
of carbohydrates and micropyle physical resistance were evaluated with and without drying. During soaking, if there are increases in
fresh matter and length of the embryonic axis, there is the same trend of polygalacturonase and pectin methylesterase enzymes. The
hydrogen peroxide content was reduced during the soaking, as well as the puncture force of the micropylar area. It is concluded that
the seed coat and the cotyledons are responsible for 90% of the water soaked by the seeds. The events in the micropyle and embryonic
axis occur independently in the first 16 hours. The weakening of the micropyle features an elastic step and a plastic one. Enzymes

pectin methylesterase and polygalacturonase act in cellular expansion of the embryonic axis.

Index terms: puncture force, hydrogen peroxide, cell wall, germination.

Eventos micropilar e embrionario na hidrata¢do de
sementes de Melanoxylon brauna Schott

RESUMO - A germinag@o ¢ um processo complexo que envolve propriedades das moléculas que compdem a parede celular,
enzimas hidroliticas que quebram ligagdes entre polimeros da pectina e da hemicelulose e acdo das substancias reativas
de oxigénio. Melanoxylon brauna é uma espécie florestal de alto valor econdmico. Com o objetivo de avaliar alteragdes
fisiologicas e bioquimicas no eixo embrionario durante a germinacdo, foram quantificados a massa fresca, o comprimento,
as atividades das enzimas pectina metilesterase, poligalacturonase, superoxido dismutase, catalase, peroxidase e os teores de
peroxido de hidrogénio. Foram avaliados na regido micropilar a composi¢ao dos carboidratos e a resisténcia da micropila
seca e sem secagem. Durante a embebigdo, ocorrem aumentos na massa fresca e comprimento dos eixos embrionarios,
mesma tendéncia das enzimas poligalacturonase e pectina metilesterase, que participam da expansao celular. O contetido de
peroxido de hidrogénio reduziu durante a embebicdo, assim como a for¢a de ruptura da regido micropilar. Conclui-se que
o tegumento e os cotilédones sdo responsaveis por 90% da dgua embebida pelas sementes. Os eventos na micropila e eixo
ocorrem independentes nas primeiras 16 horas. O enfraquecimento da micrépila apresenta uma etapa elastica e outra plastica.

As enzimas pectina metilesterase e a poligalacturonase atuam na expansao celular do eixo embrionario.

Termos para indexacao: forca de ruptura, peroxido hidrogénio, parede celular, germinagao.

Introduction

Germination is the result of expansion of the embryonic
axis due to the embryo potential growth and cell wall
weakening of the micropyle, which is the limiting component
of the radicle growth. According to Nonogaki (2014),
germination will occur when the active embryo radicle is
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able to break the strength exerted by tissue wraps. Different
enzymes are involved in the germination process, both in the
embryonic axis and in the micropyle.

The seeds micropylar endosperm resistance decreases
by the action of enzymes during germination, which
weaken the cell wall and allow root protrusion. Among
these enzymes, the activity of pectin methylesterase was
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detected by Scheler et al. (2015) in Lepidium sativum seeds,
with the penetration of the radicle in the endosperm being
dependent of cells cohesion loss in place, resulting from the
action of the enzyme. Moreover, the growth of the embryonic axis
of Dalbergia nigra seeds by polygalacturonase was observed,
which facilitates expansion of the axis by effect of hydration,
according to Ataide et al. (2013). Reactive oxygen species (ROS)
are considered toxic molecules formed during normal metabolic
functions and induced when plants are exposed to environmental
stimuli (Eaux and Toledano, 2007). However, they also act as
signaling molecules in response to different stresses during
germination (Gomes and Garcia, 2013; Tenhaken, 2015) or even
germination under normal conditions, as occurs in Dalbergia
nigra seeds (Matos et al., 2014). Reactions catalyzed by
peroxidase also result in stimulation of sprouting, especially in
the weakening of the cell wall, since they produce the hydroxyl
radical (Richards et al., 2015).

To avoid irreversible cell damage, the antioxidant system
enzymes come into play when ROS levels exceed certain levels,
as verified for Dalbergia nigra seeds (Matos et al., 2014). The first
line of defense in plants against oxidative stress is the superoxide
dismutase (SOD), an enzyme that catalyzes the conversion of
superoxide radicals (O,*) at H,0, (Alscher et al., 2002). The H,O,
formed in turn can be removed from the cells by enzymes such as
peroxidase (POX), and catalase (CAT) which, in general, use it as
a substrate, reducing it to water.

Among the forest native species of ecological and economic
importance for use in plantations, there is the Melanoxylon
brauna, popularly known as bratna, naturally occurring in
the Atlantic Forest in Northeast and Southeast Brazil, being
the species known for the quality and great economic value of
its wood (Lorenzi, 2009). Currently, it is in the Brazilian List
of Endangered Flora Species (MMA, 2008). Despite the great
economic and environmental value and studies involving aspects
related to the seed species physiology (Flores et al., 2014a; Flores
et al., 2014b; Borges et al., 2015), more scientific research about
the spread of M. brauna is needed, particularly with an emphasis
on dehydration and germination steps.

Thus, it is proposed to quantify the physiological and
biochemical changes which occur in the embryonic axis and in
the micropyle during the germination of M. brauna seeds, such
as the antioxidant system enzymes activity, polygalacturonase
and pectin methylesterase and the mechanical resistance of
the micropyle, with a view to understanding the germination
process of the species.

Material and Methods

Melanoxylon brauna seeds were collected from ripe

fruit in five trees from natural regeneration in the Brazilian
district of Cataguases, Minas Gerais state (23K 0721180 and
7701850, UTM, 609 m of altitude), and taken to Forest Seed
Analysis Laboratory at University Federal of Vigosa. After
drying in the sun, at up to about 12-15% moisture, the seeds
were processed and mixed, forming a single lot. The seeds
were stored in a refrigerator (about 5 °C) in cardboard drums
until the beginning of the experiments.

The fresh matter of seeds parts were quantified (integument,
cotyledons and embryos) and of isolated embryos during
soaking. To this end, whole seeds were kept on two sheets
of germitest-type paper moistened with water at 30 °C, with
constant light from four 40 W daylight-type fluorescent lamps,
and sampled at times zero, 2, 4, 16 and 24 hours, when the
seeds were dissected in integument, cotyledons and embryonic
axis, superficially dried on paper towels and each part weighed
in scales of down to a hundredth precision. In the fresh matter
evaluations of the embryonic axes isolated from these seeds,
they were removed with a scalpel and placed to soak under the
same temperature and light conditions above outlined, and the
samples were withdrawn at times zero, 2, 4, 16 and 24 hours.

The determinations done in isolated embryos at times
zero, 2, 4, 16 and 24 hours were:

Fresh matter — Five replications of ten embryonic axes were
used by means of weighing the sample on a precision balance.

Length of the embryonic axes — To calculate the average
length of the embryonic axis, these were individually
measured using a photographic enlarger and a millimeter
ruler. Five replicates of ten embryonic axes were used.

Pectin methylesterase enzyme — The extraction of the
pectin methylesterase enzyme was performed according to the
method described by Pinto et al. (2011), with modifications.
Four replications of 0.1 g of embryonic axes removed at times
zero, 2, 4, 16 and 24 hours of soaking were used, which were
homogenized in 4.0 mL of solution of NaCl 1.0 M, pH 7.5,
containing 1.0% (m/v) of insoluble polyvinylpolypyrrolidone
(PVPP). This solution was centrifuged at 15,000 g for
30 minutes in a centrifuge refrigerated at 4 °C, and the
supernatant (enzyme extract) was used for determination of
enzyme activity. The activity was quantified according to
Grsic-Rausch and Rausch (2004), being considered that a
pectin methylesterase unit corresponds to 1 uM of NADPH
formed per minute in pH 7.5 and 25 °C.

Polygalacturonase Enzyme — The enzyme extracts were
obtained as described by Guimardes et al. (2001). Four
replications of 0.1 g of embryonic axes removed at times
zero, 2, 4, 16 and 24 hours of soaking were used. The activity
assessment was based on the dosage reducing sugars produced
according to the method of DNS (3,5-Dinitrosalicylic acid),
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according to Miller (1959). The enzyme unit was defined as
the amount of protein required to produce the equivalent of
1.0 pmol of glucose per minute.

Hydrogen peroxide (H,0,) — The extraction and
production of hydrogen peroxide were conducted according
to Gay and Gebicki (2000). Three replicates of 0.1 g for each
sample withdrawal time were used.

Superoxide dismutase (SOD) and catalase (CAT)
enzymes — The crude enzyme extract used were obtained
from the method described by Flores et al. (2014a). Three
replicates of 0.1 g for each sample withdrawal time were
used for both enzymes. The superoxide dismutase activity
was determined according to Del Longo et al. (1993) and
Beauchamp and Fridovich (1971). The activity of catalase
was determined according to Hodges et al. (1997). The
enzyme activity was calculated using the molar extinction
coefficient of 36 M.cm’!, according to Anderson et al. (1995).

Peroxidase enzyme — Enzymatic extracts were obtained
according to Peixoto et al. (1999). The activity was determined
according to Kar and Mishra (1976) using the molar extinction
coefficient of 2.47 mM'.cm™' (Chance and Maehley, 1995) and
expressed in pumol'.min".mg"! of protein. Three replicates of
0.1 g per hour of sample withdrawal were used.

The protein contents of the enzymatic extracts were
determined by the method by Bradford (1976), using BSA
(bovine serum albumin) as a standard.

To quantify changes in seeds micropyle, whole seeds
samples were germinated under the same conditions described
above, removing the seeds micropylar area for the following
assessments:

Micropyle resistance in whole seeds — The resistance of
the micropyle area was quantified by the puncture force in
whole seeds in the soaking times of 0 (control), 24, 48 and 72
hours of soaking after removal of the embryonic axis in each
of these times.

Resistance of the isolated micropyle, wet and after drying
in the soaking times of 0, 2, 4, 16, 24, 48 and 72 hours — In
these times, the puncture force was measured in the wet seeds
and after drying at room temperature. Independent samples
were used for the measurement of wet and dry seeds. The
micropyle resistance was also quantified after subjecting them
to a temperature of 80 °C for 24 hours in order to kill the
seed and subsequent denaturation of the enzymes present in
the micropyle, and the puncture force was measured after this
period, whether or not followed by drying.

All quantifications of alterations in the cell wall strength
were done by the strength for tissues rupture using a texture
analyzer (Stable Micro Systems Texture Analyzer). The
micropyle area (about 2 mm) of the dry or hydrated seeds

was cut using a multi-tool kit with a circular saw. Then it
was positioned on the probe and drilled. The required force to
puncture the endosperm expressed in Newton (N) was used as a
strength parameter of the micropylar endosperm to the embryo
elongation during germination. The resistance data were
obtained from the average of five replicates of 10 individual
seeds, taken at random after each aforementioned range.

Extraction of the cell wall and carbohydrates quantification—
The micropyle cell wall was purified according to Borges et
al. (2000), with modifications: 300 mg of micropylar material
were homogenized in a tris-HCI buffer, 50 mM, pH 8.0, at 5 °C.
After filtration in a nylon filter, two more washings and filtering
were done. The residue was washed in deionized water at 5 °C
and kept in suspension, being considered as a crude extract of
the cell wall.

The extraction of carbohydrates of the micropyle area was
performed as described by Carpita and Gilbeaut (1993), and
alditol acetates were prepared for monosaccharide analysis
in gas chromatography, according to Englyst and Cummings
(1984). Four replications were done in the soaking times of 0,
2,4, 16, 24, 48 and 72 hours.

Results and Discussion

The hydration of M. brauna seed embryos began
slowly after four hours in water, while the cotyledons and
the integument started in the first two hours of soaking,
continuously reaching higher values for 24 hours (Figure 1).
Two aspects must be highlighted in the hydration of the three
compartments. In the case of cotyledons, the size of both is
clearly superior to the embryo, besides having reserves with
hygroscopic properties, such as starch, soluble sugars and
proteins, and thus, being capable to hydrate more efficiently.

The integument, by having a high concentration of
galactomannan (unpublished data) in a thin inner layer, acts in
the same way, since this reserve tissue is highly hygroscopic.
Due to the reduced size of the embryonic axis with respect
to the integument and the cotyledons and being wrapped by
both, it can be stated that the root protrusion is determined
in part by the greater time to achieve water content needed
to swell and increase the potential growth, acting against the
integument tissues that are opposed to this expansion.

This is corroborated by the data in Figure 2, which represent
the increase in fresh matter and length of isolated embryos.
Please note that the value achieved in 24 hours for fresh matter
is similar to that obtained for whole seeds embryos that were
soaked for 72 hours. This increase in fresh matter is followed
by the increase in the average length of embryos, following the
three-phase standard proposed by Bewley et al. (2013).

Journal of Seed Science, v.37, n.3, p.192-201, 2015



E. E. L. BORGES et al. 195

130 A
120 A
110 A
100

—&— Embryo
—O— Cotyledons
—w— Integument

Fresh matter (mg)

SRS J
S ]

Time (hours)

Figure 1. Fresh matter of the parts of seeds of Melanoxylon
(embryonic
integument) during soaking at a temperature of
30 °C. +— Standard error.
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Figure 2. Fresh matter (a) and medium length (b) of embryonic
axes isolated from Melanoxylon brauna seeds during
soaking at a temperature of 30 °C. +— Standard error.

Thus, it is clear that once having access to water, axis
expansion starts. Possibly by the activation of enzyme activities
that weaken the connections that maintain the cell wall
cohesion of the embryonic axis cells in the soaking exponential
phase, with small increases in expansion of the embryonic axis
in the stationary phase. These stages correspond to soaking
phases I and 11, respectively, according to Bewley et al. (2013).
Alternatively, physical expansion of the wall may have occurred
due to the polymers mechanical properties such as xyloglucan,
for example, which comprises it (Park and Cosgrove, 2012).
Other elements are involved for axis new growth to occur,
corresponding to soaking phase III, which corresponds to the
phase of root protrusion (Bewley et al., 2013).

By the results obtained with enzymes pectin methylesterase
(Figure 3a) and polygalacturonase (Figure 3b) in embryonic
axis, it is possible to see that both are pre-formed and their
activities have greatly increased in 16 hours and are more
pronounced in 24 hours. The polygalacturonase activity is
high at the beginning of hydration, which may imply that
demethylation and calcium bridges formation have already
taken place during the seed formation phase. The expansion
in the second phase would be conditioned to the presence of
both enzymes. Together they would act more strongly in the
weakening or extensibility of cell wall from four hours, more
specifically in pectin, allowing its expansion with the water
inlet. Thus, enzyme participation in the initial expansion of the
embryonic axis is clear.

Factors that increase the wall extensibility influence
hydration, which in turn allows cell growth. Pectin is formed
by homogalacturonan or rhamnogalacturonans I and II.
According to Peaucelle et al. (2012), the degree of methyl
esterification of the homogalacturonan defines porosity,
elasticity and compressibility of the wall. The action of pectin
methylesterase allows increased wall susceptibility to the
action of polygalacturonase, resulting in changes in the wall
biomechanical properties (Wakabayashi et al., 2003). Thus
both act, allowing cell expansion upon hydration.

Moreover, the observed increase in fresh matter of the
isolated embryonic axes in the first four hours (Figure 2a)
also appears to be related to the presence of reactive oxygen
substances. A high concentration of hydrogen peroxide up
to four hours of hydration was observed, stabilizing at 16
and with a marked reduction in 24 hours, when it reached
minimum values (Figure 4).

Hydrogen peroxide breaks bonds between polysaccharides
in non-enzymatic reactions, causing weakening of the wall
(Schopfer, 2001). Thus the weakening of the cell wall by
non-enzyme reactions may have reduced the wall potential,
allowing cell expansion by the hydration resulting from

Journal of Seed Science, v.37, n.3, p.192-201, 2015



196 Biochemistry and physiology of Melanoxylon brauna germination

the water potential difference between the medium and the
axis cells in phase 1. This possibility is in accordance with
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the proposal that the hydration in phase I is purely physical,
according to several authors cited by Weitbrecht et al. (2011).
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Figure 4. Hydrogen peroxide content (umol/g FM) in
embryonic axes isolated from Melanoxylon brauna
seeds during soaking at a temperature of 30 °C. +—
Standard error.

The conformation of the two curves (Figure 2a and Figure 4)
is clear, where it is possible to observe inverse behaviors between
them. The concentration of hydrogen peroxide also has the three-
phase conformation with a decrease in 2 hours, followed by a
stabilization phase between 4 and 16 hours, and decreasing again
in 24 hours. The reduction in the peroxide concentration over the
hydration period has eliminated the chance of possible damage
caused by the presence of the reactive oxygen substance.

The production of hydrogen peroxide can have a different
source from that usually cited (mitochondrion or peroxisome),

being produced by the action of NADPH peroxidase which,
according to Bedard et al. (2007), is the enzyme producing
ROS in plants and animals. Moreover, the production and
maintenance of hydrogen peroxide can also be by the action
of NADPH oxidase, according to Karmer et al. (2010).
According to them, hydrogen peroxide production outside the
cell could return in the form of hydrogen peroxide, formed by
the effect of extracellular pH 5.0.

In Figure 5a, it is seen that the enzyme superoxide
dismutase activity was stable in the first 16 hours and increased
by 24 hours, and it was not possible to implicate it in the first
phase of action in the reduction of reactive oxygen species
such as superoxide. It is possible that this concentration is low
at this stage, with no need for dismutation by the enzyme.
It is noteworthy that the presence of the substance under the
conditions of this study not detected.

On the other hand, the enzyme catalase (Figure 5b) had
high activity at first and then decreased until 16 hours of
soaking, returning to the same level of two hours. Unlike the
latter, peroxidase (Figure 5c) showed low activity in the first
four hours, with successive increases in up to 24 hours. It is
noticed that both enzymes have fairly similar activities in the
control embryos, with more pronounced decrease of catalase,
which approached the peroxidase values in up to four hours
of hydration. Subsequently, there was a substantial increase
in the latter, which can indicate greater effectiveness of
peroxidase to eliminate excess hydrogen peroxide produced
by the increase in metabolic activity during hydration.

Considering that the production of ROS occurs during seed
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formation due to the synthesis metabolism (Liuetal., 2014), catalase
activity would act to reduce the level of these substances during
germination so they do not cause damage to the cells, but keeping
them in a concentration that would act in the wall flexibility. Thus,
hydration occurring in phase I would be possible by the Fenton
reaction. Subsequently, with the hydration increases and metabolic
activation, the increase of ROS induced the increase of peroxidase
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activity. It is noteworthy that, according to Weitbrecht et al. (2011),
phase III is typically metabolic and therefore the production of
ROS is high, especially by the mitochondrion, one of the producers
of these substances (Vanlerberghe, 2013). Thus, without the ROS
reduction in phase III there would be inactivation of enzymes
catalase and peroxidase, without which the flexibility of the wall
and subsequent increase in size would not have occurred.
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Figure 5. Activity of enzymes superoxide dismutase (a), catalase (b), and peroxidase (c) in embryonic axes isolated from

Melanoxylon brauna seeds during soaking at a temperature of 30 °C. +— Standard error.

In assessing the change in the micropyle wall strength in
whole seeds, shown in Figure 6a, it was possible to observe
its marked reduction in 24 hours, in the same manner as in
the micropyle isolated in two hours (Figure 6b). The puncture
force values found during these times near 1 N are similar. In
Figure 6b it is seen that the weakening of the wall occurs in
two hours and remains relatively constant for 72 hours. Such
similarity could not be otherwise, unless the embryo inhibited
any activity at that location, which does not seem to be the case.

Drying the micropyle resulted in increasing its resistance.
For permanent deformation of the wall to occur, there would

be the need for changes in both components. The wall
elastic element could be credited to the mechanical action
of the polymers (Suslov et al., 2010), thus keeping the wall
expansion property. As for the plastic change, it would result
from the action of enzymes attached to the wall or exuded
from the radicle to that location, which would degrade the
wall component, such as, for example, of pectin.

After submission to the temperature of 80 °C and
subsequent drying of the micropyle, the puncture force
increased compared to the force required to puncture the wet
seeds, as shown in Figure 6¢. Thus, the possible action of
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soluble enzymes in the micropyle is discarded in view of their
deterioration by heat.

Thus, the presence of proteins in the cell wall can be
an actual fact, in case of its synthesis in a similar manner to
Arabidopsis seeds, which, according to Dekkers et al. (2013),

the expansin gene is expressed exclusively in the micropylar
endosperm. According to the authors, although there are
variations in cell wall architecture among different species,
the weakening of the wall by specific proteins is widely
conserved in the seed germination mechanism.

(a)
7 -
— 6 1
Z
&
L 5 A
Q
3
=
o 41
ot
=]
g 5]
g
j=]
[=9
2 4
l 4
0L ; . ;
0 24 48 72
Time (hours)
8 z 8
(b) =7 (©) —— Wet
7 36 71 —o— Drying at 80 °C
25
£
~ 6 24 \ 6
z 53 \ 2
~ 22 =
=1
§ 51 21 e . g 57
L‘Q‘ 0 0 24 S
L 44 Time (hours)'® u 4
g {3
Q - 3
g 3 5
g 3
& . . &
5 ] —e— Without drying 2
—o— With drying
14 1
0 14 ; ; ; 0 T T \7 T 7. .;
0 u 5 7 0 4 812 16 20 24
Time (hours) Time (hours)
Figure 6. Required puncture force to rupture (N) the micropylar area of whole seeds (a) the isolated micropyle (b) and after

subjection to a temperature of 80 °C (c) in Melanoxylon brauna seeds during soaking at a temperature of 30 °C. +—
Standard error. The detail in Figure 6b is the puncture force in the micropyle isolated within the first 24 hours.

Considering the results obtained in the initial hydration phase,
expansin would be one of the candidates to work in the elastic
component of the micropyle wall. According to Cosgrove (2000),
one of the features of expansin is the immediate extension of the
wall, which begins within seconds after the extract containing
expansin being placed in contact with the substrate, besides not
causing continuous wall weakening.

The analysis of the micropyle cell wall composition
(Figure 7) shows the possible formation of galactomannan,
a cell wall reserve material, and rhamnogalacturonan,
characteristic polysaccharide of pectin, responsible for wall
stability by forming bonds with calcium or boron (Peaucelle

etal., 2012). Apparently, the presence of rhamnogalacturonan,
consisting in rhamnose and galactose, is small, which allows
the expansion of the wall due to increased turgor being easier.
Moreover, the absence of xylose and glucose eliminates the
possibility of xyloglucan-cellulose intersection, which would
give greater resistance to the turgor wall.

It is evident that the micropyle cell wall is not structured
as in other composite tissues of cellulose-hemicellulose and
pectin. There were no changes in the sugars concentrations,
assuming that there was no participation of hydrolytic
enzymes, with the initial expansion of the wall being due to
reduction in strength.
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Figure 7. Cell wall of monosaccharides of the micropylar
area of Melanoxylon brauna seeds during soaking
at a temperature of 30 °C. +— Standard error.

According to Prietruszka and Lewicka (2007), the growth
results from increase and irreversible deformation of the
cell wall, while the elastic extension is not permanent and is
reversed when the force is removed. According to the authors,
the polymers, as the cell wall components are inert and have a
stable elastic behavior at a wide temperature range, suggest that
the elastic behavior is purely physical. Thus, the micropylar
wall plastic component resistance of the M. brauna seeds is
overcome by metabolic action, such as, for example, enzymes
attached to the micropyle wall or exuded from the embryo axis.

Conclusions

The integument and cotyledons are responsible for 90% of the
water soaked by the Melanoxylon brauna seeds within 72 hours;

The events in the embryonic axis and in the micropyle
occur independently in the first 16 hours;

The weakening of the micropyle occurs in two stages,
one plastic and another elastic;

Enzymes polygalacturonase and pectin methylesterase
are involved in cell expansion of the embryonic axis;

Germination of M. brauna seeds comprises the change in
plasticity of the micropyle wall by a physical effect (phase I),
followed by permanent alteration of the wall (plastic element)
by the action of enzymes or proteins (phases II-11I).
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