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RESUMO

SANTOS, Marcone Moreira, D.Sc., Universidade Federal desdi¢fevereiro de
2018. Germinagdo de sementes déMelanoxylon brauna Shott. sob estresse
térmico e as consequéncias fisioldgicas, anatbmicas e bioquimic@sientador:
Eduardo Euclydes de Lima e Borges.

Estudos anatoroos, fisioldégicos e bioquimicos durante a germinacdo de sementes de
Melanoxylon. braunaob estresse térmico sdo fundamentais diante da itidadié

do aumento da temperatura global, da importancia econbmespdaie e do pouco
conhecimento referente aquelas areas especificas.b#sdo, o presente trabalho
tem por objetivos:caracterizar alteracbes bioquimicafisielégicas durante a
germinacao sob estresse térmico. Também foram avahadaeracoes anatbmicas
reacdo de Fenton. Avaliou-se a germinacao nas temperatunstantes de 25, 35 e
45 °C e em sementes embebidas por 24, 48 e 72 h em 35 e 45 t€rierpwnte
transferidas para 25 °C. A CE, producdo de EROs e atividadméatica foram
avaliadas em sementes embebidas por 0, 24, 48 e 72 h em 2%538Ce A
resisténcia micropilar foi avaliada em sementes se@msbebidas por 24 h em agua
e solucdo de ¥D, nas concentracdo de 20 e 40 um.Os experimentos foram
conduzidos no delineamento inteiramente casualizado (Di@)aPgerminacao e CE
foram utilizadas 5 repeticbes com 20 sementes cada. Ramdacdo de EROs
atividade enzimatica foram utilizadas cinco repeticbes de 50 dmgeixos
embrionarios ou 100 mg de micropilas. A forca de rompimeetio micropilar
também foi avaliada em 3 repeticbes com 10micropilas Aadmbebicdo das
sementes em 35 °C com posterior transferéncia para #b/8ece a germinacao.
Em 45 °C ocorre maiesdanosao sistema de membranas, maior acumulo@g H
comprometimento do sistema antioxidante e posteriorenalaig sementes. Apés 16 h
de embebicdo, foram observadas as primeiras alterag@@émicas na regiao
micropilar e endosperma lateral. A presenca gle-elreducéo da forca de ruptura da
regido micropilar indicam provavel ocorréncia da reagéd-enton. A temperatura
influenciou a atividade das enzimasgalactosidase, poligalacturonase (PG), pectina
metil esterases (PME), pectina liase (PL), celulases totais, B-1,3 glicosidase e 3-1,4
glicosidase e 0 estresse térmico ndo comprometeu sesesienzimatico, porém

comprometeu a germinagéo em 45 °C



ABSTRACT

SANTOS, Marcone Moreira, D.Sc., Universidade Federal de ¥jcé&gbruary,
2018. Germination of seeds dflelanoxylon brauna Shott. under termal stress
and the physiological, anatomical and biochemical consequence&dvisor.
Eduardo Euclydes de Lima e Borges.

Anatomical, physiological and biochemical studies durthg germination of
Melanoxylon braunaeeds under thermal stress are fundamental to thibiptsef
global temperature increase, the economic importantieeaspecies and the lack of
knowledge related to those specific areas. In this senseyréisent work has as
objectives: to quantify germination, electrical conductiviyC), production of
reactive oxygen species (ROS) and enzymatic activity dugergnination under
thermal stress. The anatomical alterations, Fentactios (H202 levels and Fe and
Cu ion contents) and resistance of the micropillaryiore of the seeds during
imbibition were also evaluated. The germination was ewvaduaat constant
temperatures of 25, 35 and 45 ° C and in seeds soaked for 24d #2 h at 35 and
45 ° C and subsequently transferred to 25 ° C. EC, ERO produwtid enzymatic
activity were evaluated in seeds soaked in 0, 24, 48 and 725) 35 and 45 °C. The
micropylar resistance was evaluated in dry seeds and sé@ked h in water and
H202 solution at the concentration of 20 and 4. The experiments were
conducted in a completely randomized design (DIC). For igation and CE, 5
replicates with 20 seeds each were used. For the prodwdtBROs and enzymatic
activity, five replicates of 50 mg of embryonic axes or 100ahgiicropiles were
used. The force breaking micropillary region was alsduated in 3 replicates with
10 micropiles each. The imbibition of the seeds at 351t subsequent transfer to
25 ° C favors the germination. At 45 °C, there is gredémnage to the membrane
system, higher accumulation ob®h, impaired antioxidant system and subsequent
seed death. After 16 h of imbibition, the first anatomat@nges were observed in
the micropillary region and lateral endosperm. The pasef HO,, Fe and Cu and
reduction of the rupture force of the micropylar regiowicate a probable
occurrence of the Fenton reaction. The temperature ntffice the activity of the
enzymesa-galactosidase, polygalacturonase (PG), pectin methylasste (PME),

pectin lyase (PL), total cellulasgs,1,3 glycosidase angh1,4 glycosidase. Thermal



stress did not compromise the enzymatic system, bupimised the germination
in 45 °C.
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Introducgéo geral

As projecdes do Painel Brasileiro de Mudancas Climaticagramos de
forma geral, que havera alta nas temperaturas do pais nuedaebesse século. As
mudancas na temperatura podem oscilar de 1 °C a 5 °C abé@ladd século
dependendo do aquecimento global e da emissdo de gases deesfefa. O
nordeste da Mata Atlantica tera alta entre 2 °C e & Haixa pluviométrica entre
20% e 25% em meados do século. Na por¢cédo sul e sudeste datlataa a
temperatura devera subir entre 2,5 °C a 3 °C nesse mesimdopd&tmbora haja alto
grau de incerteza nas previsdes das mudancas climaticas,d#adiferentes fontas
respeito mostram alteracbes na temperatura ao longaétaslas. As previsdes
indicam alteracdes nos biomas e comprometimento nabuatade genética das
espécies florestais (PBMC, 2013)

A temperatura € um dos componentes determinantes da roxarmde
determinada espécie em um bioma pela influéncia que exergermanacao da
semente e no crescimento da planta. Cochrantal. (20149 demonstraram a
vulnerabilidade das espécies as mudancas climaticas, sobretadmndicdes de
temperaturas elevadas. Brancalion et al. (2010) relacioretamperatura 6tima de
germinacdo de sementes de 272 espécies florestais natiasschiomas e com o
grupo sucessional. Os resultados indicaram que 90,4% das spé@sidiferentes
biomas requerem temperaturas de 20 a 30 °C como 6timas paraayerasses
mesmos autores relatam que reduz substancialmente a PmEcespécies que
germinam em 35 °CA ocorréncia de dada espécie em determinado bioma esta
relacionada a temperatura de origem, sendo, pois, adajisioémyica Brancalion
et al, 2010)

Tendo em vista a possibilidade da elevacdo da temperatperganta é
como sera a resposta adaptativa das espécies e cqudes@terferir no processo
para que nao haja desaparecimento da(s) espécie(s)?

Dentre as espécies florestais nativas de importancibgica e econémica
tem-se avlelanoxylon braunapopularmente conhecida como braldna, pertencente a
familia Fabaceae Caesalpinoidea.De ocorréncia natufidnesta pluvial da encosta
atlantica das regides Nordeste e Sudeste, especialmEngstados da Bahia, Séo
Paulo e Minas Gerais(Lorenzi, 2008). A espécie é conheatla qualidade e

durabilidade de suas madeiras, apresentam caracteristgtanbe@a, quase negra



nos espécimes mais velhos, sendo considerada uma maeldéiade grande valor
econdmico(Ataidet al.,2016). No entanto, devido a intensa exploracéo, a espécie se
encontra atualmente na lista de espécies ameacadeigaae (Brasil, 2014)

Apesar de a espécie ser conhecida pela qualidade e durabilidasiea de
madeira, do grande valor econémico e ambiental, poucasitemfeito no sentido de
aprofundar investigacfes cientificas a respeito da{gtégia(s) de propagacao da
espécie, em particular com énfase na sua germinacao, eogsétui a via principal
utilizada. Existem poucas pesquisas publicadas até o moreertdyendo espécies
florestais nativas, que identificam as alteracfes hinigas e fisioldgicas que

ocorrem nas sementes como reacao ao estressse.

Somente o conhecimento da fisiologia e da bioquimica dainpgé&o das
sementes possibilitara a tomada de decisdo acertadataBtatreo conhecimento
gerado até o momento € praticamente nulo, especialnamisiderando a imensa
guantidade de espécie somente no Bioma Mata Atlanticapessjuisas, em
suamaioria, determinam as temperaturas maximas e Otineams, contudo,
estabelecer o que foi alterado internamente na sensamep, portanto, resultados
pontuais (Oliveireet al.,2016; Silvaet al.,2016)

Dentre as varias consequéncias metabdlicas causadassp@lsse térmico
durante a germinacao, as espécies reativas de oxigénio )(gFROmeio @ aumento
na producdo e acumulo, sdo das que mais acarretam daaosviar danos
celulares irreversiveis, enzimas do sistema antioxidamti@m em acdo quando 0s
niveis de EROs ultrapassam niveis normais.As enzimas pem®xitdasscorbato
(APX), catalase (CAT), superéxido dismutase (SOD) e persaglgPOX)tén
importante papel na remocédo do excesso de EROs nosnthfereompartimentos
celulares. A temperatura € um dos fatores que determincidage de defesa quanto
a remocdao de tais substancias, tendo em vista que éssaida a ativacado aacao
das enzimas (Matcet al.,2014)

Por outro lado, EROs como 0,B: em niveis controlados, desempenham
papel fundamental durante a germémacAs paredes celulares sdo compdsitos
fiborosos em que as microfibrilas de celulose séo cogixtesn permeadas por
polissacaridos ndo celuldsicos. Essas redes fibrésabareira a germinacdo, sdo

enfraquecidas pela presenca de perdéxido de hidrogénio. Sua présencao



aumento da atividade de enzimas responsapela quebra e mobilizacdo de
compostos de reserva (Zhagtgal., 2014).

A presenca do D, pode contribuir ainda para ocorréncia da reacdo de
Fenton. Esta, definida como a geracao cataliticeadieais hidroxilo (OHe) a partir
da reacdo em cadeia entre os fons metalicos, nornteleererro (F&) e HO,, em
meio &cido, tem demonstrado ser bastante eficiente magéxi de compostos
organicos toxicos e ndo biodegradaveis (Noguefral, 2007). Nesse sentido a
reacao de Fenton pode contribuir para o enfraquecimentoddsgerma micropilar,
no entanto, ainda ndo ha relatos sobre a ocorréncipapel desse processo na
germinagao.

A germinacéo € o resultado da expansao do eixo embriopdéidoefeito do
turgor, e do enfraquecimento da parede celular da micrdmlaetanto, o embrido
ativo somente completard& o processo quando a radicraeguir romper a
resisténcia mecanica exercida pelos tecidos envoliB®sleyet al, 2013)

Diferentes enzimas participam no processo de germinagétm ho eixo
embrionario como na micropila. A forca de resistémmaendosperma micropilar
diminui pela acdo de enzimas que degradam a parede celutar,exemplo: endo-
B-mananasey-galactosidase, poligalacturonase (PG), pectina metiasste (PME),
pectina liase (PL), celulases totais, B-1,3 glicosidase e -1,4 glicosidase(Ataidet al.,
2013; Han & Yang, 2015; Sair al, 2015 Scheleret al, 2015)

Considerando-se as alteracdes climaticas observadas @nsequentes
aumentos na temperatura que atingirdo as espécies @a Atlahtica; que a
diversidade genética das espécies restantes nesse biextiierdamente reduzida
pela acdo predatéria do homem; que as mudancas climaticas poogmometer a
ocorréncia das espécies nos biomas atuais, tornam-snfentais estudos
envolvendo os efeitos do estresse térmico na germincdementele M. brauna

Embora as temperaturas médias nas regibes de ocordgn@apécie nao
ultrapassem 30 °C, em diversas épocas do ano podem dearperaturas acinv0
°C em algumas regides especificas (Koppen e Geiger, 1936).Vakses somados
agueles previstos pelas alteracdes climéaticas podem contpran@esenvolvimento
de diversas espécies, inclusive o processo de germimkcdh braung cujo a
temperatura 6tima de germinacdo € 27 °C e a temperatura néxigeminagao €
42 °C (Flore=t al.,2014).



Dessa forma, propfe-se neste trabalho analisar aacélkesr fisiologicas
anatdmicas e bioquimicas que ocorrem durante a germinacéenumtes dé/.
brauna em diferentes temperaturas. As informacfes a serenadasscalém de
relevantes para a pesquisa basica, sdo essenciais pathar entendimento dos
processos ecoldgicos de estabelecimento de plantas, sueessgeneracdo dentro
das comunidades, constituindo ferramenta basica parasareagdo da espécie, seja
para cultivos comerciais ou para reflorestamento, ®epracao da espécie.
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Abstract

In this article, the authors aimed to analyze the phygicdd and biochemical
alterations inMelanoxylon braunaseeds subjected to heat stress. For that, seed
germination, electric conductivity (EC), production of fdac oxygen species
(ROS), and activity of antioxidant enzymes were asseSzsts were incubated at
constant temperatures of 25, 35, and 45 °C. Independent samgpéefrst incubated
at 35 and 45 °C and then transferred to 25 °C after thevatgesf 24, 48, 72, and 96
h. To evaluate EC, seeds were soaked during 0, 24, 48, and Z5h38t and 45 °C
and then transferred to Erlenmeyer flasks containing 75 nieiohized water at 25
°C, for 24 h. ROS production and enzyme activity were assesszy 24 h in seeds
soaked at the aforementioned temperatures. Germinationotlidcour at 45 °C.
Seeds soaked at 35 °C for 72 h and then transferred to 25 @dshuogher
percentages of germinationand higher germination speed. $ak&thg at 45 °C
increased peroxide production, which compromised the antiox&tayme system
due to reduction in the activity of enzymes APX, POX, and CiWlis ultimately

also compromising the cell membrane system.
Keywords: Climate change; seeds; physiological quality; antioxidanymes.
1. Introduction

The projections from the Brazilian Panel on Climater@ashow that global

temperature will increase throughout the century. Such chaigje range from 1 to
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5 °C until the end of this time period [1]. Considering plossibility of temperature
to increase in the next years, the following questiomsane how will species adapt
to such change and how can we interfere so that they dbsappear?

Melanoxylon braunaKabaceae-Caesalpinioideae), also known as brauna, is a
native species to the Atlantic Forest, occurring inBhazilian states of Bahia, S&o
Paulo, Minas Gerais, Espirito Santo, Para, and Rio rrdg2]. The wood species
is dense and highly used in the sailing industry, as well as straation and the
manufacture of light poles and furniture [3]. The speciBs® d&as ornamental
features, being used in afforestation and landscaping pBojes well as in folk
medicine [2,4].

Brauna is currently included in the “Official List of Species from the
Brazilian Flora Threatened with Extinchtid under the ‘vulnerable’ category,
according to the Brazilian Ministry of Environment [5]. In wieof these factors,
studies approaching seed physiology and germination represetimgstpoints to

develop new strategies to preserve the brauna speties [6

Seed germination is influenced by environmental factors sutdmgeerature,
which can be manipulated to optimize the percentage, speedjrdfiodmity of
germination, resulting in more vigorous seedlings and lowedymtion costs [7,8].
Temperature affects water absorption by the seed aruidbtleemical reactions that
regulate the entire seed metabolic process [9]. Theeaeture range in which
germination occurs varies amongst species, and thusspacles may have a base
and an optimal germination temperature. Generally, the rahd® to 30 °C is
adequate for germination of many subtropical and tropicaiep§l0-12]. In brauna,
for instance, the range between 25 and 30 °C is considerechabdor seed

germination [13].

Heat stress increases production and accumulation ofveastygen species
(ROS) in seeds [14]. ROS include free radicals such as sugerarion (@),
hydroxyl radical {OH), and molecules that are not considered free ragitiake
hydrogen peroxide (#D.) and singlet oxygen'®.) [15]. ROS are formed either due
to excess energy in plants, specifically in chloroplastispchondria, and plasma
membranes; or as byproducts of metabolic pathways irreliffecell compartments

[16]. Excess ROS is highly damaging, and when the levelssétimolecules exceed



the capacity of defense mechanisms to scavenge thésnuedergo oxidative stress
[17].

Plant cells have efficient enzymatic mechanisms f@SRremoval, which
enables them to not be damaged by intoxication. Temperatiaets the removal
capacity of ROS, as it determines the activation andracti enzymes superoxide
dismutase (SOD), catalase (CAT), ascorbate peroxidaBX)( and peroxidase
(POX), the main responsible agents for ROS scavenging [18].

Considering the ecological and economic importance ofinaraand the
influence of environmental conditions on seed germinati@naimed to evaluate the
physiological and biochemical alterations that occur durermination of
Melanoxylon braunaeeds subjected to heat stres

2. Materials and Methods

The experiments were performed between February and August RD16.
brauna fruits were collected in the Leopoldina municipality, e tState of Minas
Gerais , southeastern Brazil (21° 31' 55" S and 42° 38' 351iVHeptember 2015.

Fruits were dried in the sun until opening and seeds weneettieacted manually.

Seeds were incubated in water, in Petri dishes, at 25, 3%45A@ under
constant light. Another test was performed aiming to exalpossible damage to the
seeds after exposure to stressful temperatures. Forirttlependent samples were
first incubated at 35 and 45 °C under the same previousbrided conditions, and
then transferred to 25 °C after 24, 48, 72, and 96 h, after wheghwere evaluated

for germination percentage and germination speed index (GSI).

Seeds were considered germinated when the primary root emergeda& Sl

calculated by Maguire’s equation [19], with replicates of 20 seeds per treatment.

To evaluate electric conductivity (EC), seeds were soaked,f24, 48, and
72 h at 25, 35, and 45 °C and then transferred to Erlenmeyks 8astaining 75 ml
of deionized water at 25 °C for 24 h. EC of the solution wasrogned by a
MICRONAL conductivity-meter, as described by Woodstock [20]. Féeable was

assessed in five replicates of 20 seeds and results weessed in uS cinseed.



The effect of temperature on ROS production, lipid peroxidatiad enzyme
activity was evaluated throughout germination. The analyses pexformed on the
embryo axis of seeds soaked for 0, 24, 48, and 72 h at 25, 3% 46d

Superoxide was analyzed as described by Mohammadi and Kar [21].
Superoxide anion production was evaluated by determining the anmiun
accumulated adrenochrome [22], using a coefficient ohmalbsorptivity of 4.0 x
10° M1[23].

Samples of 50 mg of embryonic axis and micropylar endosperoh tose
guantify hydrogen peroxide were crushed and homogenized in 2.0 mL oiVb0
potassium phosphate buffer, followed by centrifugatio®480 g for 15 minutes at 4
°C, after which the supernatant was collected [24]. Aliquotd@F pL of the
supernatant were added to the reaction medium, which cahsis50uM ferrous
ammonium sulfate, 25 mM sulfuric acid, 2%M xylenol orange and 100 mM
sorbitol, in a final volume of 2 mL [25].The mixture wagthhomogenized and kept
in the dark for 30 min. Absorbance was determined by a gpdcttometer at 560
nm. Contents of kD, were quantified based on the calibration curve, using peroxide
concentration as a standard. Plant extracts were neltairom samples while

analytical blanks were prepared in parallel.

Lipid peroxidation was evaluated by determining TBA (thiobarktacid)
concentration [26]. Results were expressed as mg MDAy, after absorbance

conversion [27]. Three replicates were used per treatment.

To evaluate enzyme activity, seeds were soaked at 25, 3¥45afi@ as
previously described in the germination section, and samples eadlected from
seeds every 24 h. The embryonic axis was extracted, finZeuid nitrogen and

lyophilized. These samples were stored in a freezer (-20ri@)analysis.

The enzyme extracts used to determine the activities ofaxige dismutase
(SOD), ascorbate peroxidase (APX), and catalase (CAT) el@eened following the
method described by Hodges [28], with adaptations. Samples ofj 5¢ene crushed
and homogenized with 2.0 mL of a solution of 50 mM phosphattferbpH 7.8 and
1% (w/v) polyvinylpolypyrrolidone (PVPP). Then, the extragas centrifuged at
19,000 g for 30 min at 4 °C and the supernatant was used asyameesmract. The

entire procedure was conducted at 4 °C.
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SOD activity: Superoxide dismutase activity was determined bpssay
using 30 pL of extract and 2.97 mL of a reaction mixtureprasad of 150QuL of
100 mM phosphate buffer pH 7.5, 780 of 50 mM methionine, 225L of 1 mM p-
nitro blue tetrazolium (NBT), 6QL of 5 mM EDTA, 60uL of 2 uM riboflavin, and
345 uL of distilled water [29]. The reaction was conducted at @5rf a reaction
chamber under fluorescent light (15 W). After five min ohtiggxposure, the blue
formazan produced by NBT photoreduction was measured at 560 nm aesddrey
obtained at 560 nm was retrieved from the illuminated safBple The absorbance
at 560 nm of a reaction mixture equal to the other oneylyieh was kept in the dark
for an equal period, was used as the control. One SOD usitdetined as the
necessary amount of enzyme to inhibit of NBT photoreductidsOBfy [31].

APX activity: Ascorbate peroxidase activity was determined byassay
adapted from Ramalheiro [32], using 100 pL of enzyme extrattl400 pL of a
reaction mixture comprised of 7L of 50 mM phosphate buffer pH 7.8, 400 of
0.25 mM ascorbic acid containing 0.1 mM EDTA, and 3@0of 0.3 mM HO..
Enzyme activity was calculated based on the molar eikimcoefficient of 2.8 mM
! cm* [33]. One activity unity (U) was defined as the amount of ereyeeded to

convert 1 nmol of substrate into product per min, perunider the assay conditions.

CAT activity: Catalase activity was determined by an assdgpted from
Hodges et al. [34], using 100 pL of enzyme extract and 1400 pd refaction
mixture constituted by 900 uL of 50 mM phosphate buffer pH 7B50 pL of
0.97 M HO,. Enzyme activity was calculated using the molar extinctoefficient
of 36 M* cmi* [35]. One activity unit was defined as the amount of enzyeesled
to convert 1 umol of substrate into product per min, per oider the assay

conditions.

POX activity: Peroxidase activity was determined by adding 3®fudrude
enzyme extract to 2.97 mL of a reaction mixture constitie 25 mM potassium
phosphate buffer pH 6.8, 20 mM pyrogallol and 20 mMDH[36]. Purpurogallin
production was determined in a spectrophotometer by the indreavsorbance at
420 nm, at 25 °C, until the second minute of reaction. Enzgoievity was

calculated using the molar extinction coefficient @f2mM* cmi* [37].
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Enzyme activities were expressed as specific activiSU SOD min* mg
proteir’; APX: nmol Asc mifi ug proteift; CAT: umol HO, min™ mg proteir;
POX: umol mit mg proteift).

Protein concentration in samples was determined by thdf@d method
[38], with a standard curve constructed using bovine serum abi@8A) at 2.5 to

50 g protein.

For all determinations, the statistical design was dntir@ndomized with
five replicates. The data of germination was submitted wariance analysis using
the Statisca (Statsoft) program and the averages ofhtéonehe treatments were
compared by the Tukey test as a 5% significance. The d&&,0ROS and enzyme
activity was submitted to a regression analysis (p<0,05).

Pearson correlation analysis was performed (GENES seifwa®] on the
evaluated variables. The results were interpreted as saddsstMukaka [40], under
the following criteria: a correlation coefficient of 0t®@ 1.0 (positive or negative)
indicates strong correlation (***), of 0.7 to 0.9 (positiver@gative) indicates high
correlation (**), of 0.5 to 0.7 (positive or negative) indiest moderate correlation
(*), of 0.3 to 0.5 (positive or negative) indicates low etation, and of 0 to 0.3

(positive or negative) indicates negligible correlatio
3. Results

3.1. Germination and GSI
A significant difference was detected between the meamesalof

germination as a function of temperature. In generajsecubated at 35 °C for 24
and 72 h and then transferred to 25 °C and seeds incubatddntiynat 25 °C
showed higher germination values: 88%, 84%, and 83%, respectively.veipwe
constant incubation at 45 °C caused seed death. Mord¢engrerature increase prior
to the transfer of seeds to 25 °C caused loss of vigemuificant difference in GSI
was also observed. Soaking of seeds at 35 °C for 24, 482ahdollowed by their
ulterior transfer to 25 °C favored germination speed (Figlré\fter a 96 h soaking
at 45 °C, all seeds died.
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Figure 1. Germination percentage (a) and germination speed index f(b) o
Melanoxylon braunaeeds under different temperatures (T1: 25 °C; T2: 35 °C; T3:
35 °C/24 h; T4: 35 °C/48 h; T5: 35 °C/72 h; T6: 45 °C; T7: 45 °C/24 h; T8: 45 °C/48
h; T9: 45 °C/72 h). Vertical bars = +SE, n=5
3.2.Eletric Condutivity
The interaction between temperature and soaking timeigmificant for EC,
being highest at the highest temperature (Figure 2). 26 &€ differed from that at

35 °C only with a 72-h soaking period, the former showintgar decrease.
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Figure 2: Electric conductivity inMelanoxylon braunaseeds under different
temperatures and soaking periods. *Indicate statisticalreifé® between means.

Vertical bars = +SE, n=5.
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3.3.Superoxide anion and hydrogen peroxide
Superoxide anion was not detected by the adopted method undestég:
conditions. HO, concentration decreased during the first 24 h of soakndy a
increased from 48 h. At 45 °C, the embryonic axis and mytaopendosperm
showed the highest -, levels at all soaking times (Figure 3). At 25 and 35 °C, no
difference in peroxide concentration in the embryonicveassobserved after any of
the analyzed soaking times.

0.05
= 2 004 1
a o
g 0 0,03 1
S o
g g
ﬂ E 0.02 3
Q Q
& 5
Z L 001 1
—v— 45°C
0.0 T T 0.00 T T
0 24 48 72 0 24 48 72
Imbibition time (h) Imbibition time (h)
(a) (b)

Figure 3: Hydrogen peroxide concentration in the embryonic axis @naoropylar
endosperm (b) oflelanoxylon braunaeeds soaked at 25, 35, and 45 °C. *Indicate
statistical difference between means. Vertical barSE,H=5.
3.4.Lipid peroxidation

Lipid peroxidation at 25 °C showed a decrease in the first dBdoaking,
followed by an increase. At 35 and 45 °C, peroxidation increasedgdine first 24
h, with posterior reduction. The highest peroxidatiorele were observed at 45 °C
(Figure 4).
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Figure 4. Malondialdehyde (MDA) concentration iMelanoxylon braunaseeds
soaked at 25, 35, and 45 °C. *Indicate statistical differéyeteeen means. Vertical
bars = +SE, n=5.
3.5.Specific activity of antioxidant enzymes

A significant interaction was detected among the speafiwity of enzymes
APX, POX, SOD, and CAT at the different temperatures amaking times,
indicating that both these factors influenced enzyme agctimitthe embryo axis

during germination of brauna seeds.

The highest values of SOD activity occurred in seeds digioje¢o 45 °C. At
all temperatures, enzyme activity decreased after 48goaiing (Figure 5a). The
differences between the two other temperatures were samallsuch differences
might have occurred due to sampling effect. It is worth gotirat seeds showed a

wide range of maturation levels during the harvest period.

Regarding APX specific activity at 25 °C, a slight increases detected
during the first 24 h, followed by a decrease. At 35 and 4%& W&crease in enzyme
activity was observed during the first 24 h. After that periad, increase was
observed at both temperatures, but more intensely edssencubated at 35 °C
(Figure 5b).

CAT activity in the embryonic axis decreased after 24 soaking at 25 and
45 °C. At 35 °C, a small increase in enzyme activity waseoved in the embryo
during seed hydration. The differences in CAT activity agnoime three soaking
temperatures were clearly highest after 72 h of hydréEaure 5c).
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POX activity was constant at 25 °C, but at 35 °C it increagter 24 h of

soaking. The opposite behavior was observed in seeds indudiad® °C, in which

enzyme activity decreased during soaking (Figure 5d).
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Figure 5: Specific activities of enzymes superoxide dismutase (S@Jprnscorbate
peroxidase (APX)(b), catalase (CAT)(c), and peroxidase (POXjd) in the

embryonic axis oMelanoxylon braunaseeds during the germination period, after

soaking at 25, 35, and 45 °C. * Indicatestatistical diffeeebetween means. Vertical

bars = +SE, n=5.

Pearson correlation was assessed for variables: KOy, ddncentration in the

embryo and micropylar endosperm, and activity of enzyR@X, SOD, APX and

CAT in Melanoxylon braunaeeds during soaking at 25, 35 and 45 °C. The obtained
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coefficients allowed for detecting significant correlas, both positive and negative,

among the evaluated variables at all tested temperaftabi(1).
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Table 1: Pearson correlation coefficients for means of aleaonductivity (EC),

concentration of hydrogen peroxide in the embryo and mytaogndosperm, and
activity of enzymes peroxidase (POX), superoxide dismutase )S@dzorbate
peroxidase (APX), and catalase (CAT) Melanoxylon braunaseeds germinated
after soaking at 25, 35, and 45 °C.

Temperature Electric [H207]
(°C) Conductivity embryo
[H20;] embryo -0.82**
[H202] micropyle -0.85**
POX 0.06 -0.22
25
SOD 0.51 0.05
APX 0.75** -0.59*
CAT 0.38 -0.19
[H20;] embryo -0.06
[H207] micropyle -0.70**
POX 0.95*** 0.24
35
SOD -0.47 -0.47
APX 0.07 0.90***
CAT 0.97*** -0.26
[H20;] embryo 0.36
[H20;] micropyle -0.78**
POX -0.80** -0.21
45
SOD 0.25 -0.29
APX -0.48 0.60*
CAT -0.88** -0.61*

*Moderate correlation (correlation coefficient of 0.5 tor Qpositive or
negative)); **high correlation (correlation coefficiert@7 to 0.9 (positive
or negative)); ***strong correlation (correlation cdeiént of 0.9 to 1.0

(positive or negative)) (following Mukaka [37])
4. Discussion

The observed variation in germination percentages of Braleds seith

different temperatures is in accordance with what wasritbesl by Flores et al. [12].
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These authors verified that germination in this speaesrs between 12.3 and 42.5
°C and that 27 °C is the optimal temperature for gernanatsimilar to what we
observed in the present study, they also verified thaenmination occurs at 45 °C,
and increasing the soaking time of seeds at this temperatdréhen transferring
them to 25 °C reduces seed germination potential.

Soaking of seeds at 35 °C during 24, 48, and 72 h followed bytthasfer
to 25 °C yielded higher percentages of germination and GSI. eStumh the
germination physiology of other species indicate thatperatures near 35 °C
provide higher GSI values than those obtained at 25 °C, edwm the latter
temperature yields higher germination percentages. The @@istemperature for
germination is different from the appropriate temperafurgermination speed [41].
The same pattern has been observeddrresia acreanaand Cecropia glaziovii
seeds. This phenomenon occurs because water absorpmtitoahemical reactions

occur more quickly at higher temperatures [42, 43].

Besides being a determining factor of seed germination,aenpe affects
the EC of seeds during soaking. The EC value is assoaidtedhe amount of
leaked electrolytes in the solution, being thereforectlyreelated to the integrity of
cell membrane. Thus, high EC values indicate high lealagsolutes due to
alteration in the integrity of cell membranes, and thyereepresent reduced seed
vigor. Consequently, EC has been proposed as a parametsr tsed in the

assessment of seed physiological quality [44].

The observed EC values in Brauna seeds incubated°at were higher than
those from seeds incubated at 25 and 35 °C. This indicateshth damage to cell
membranes was higher in seeds soaked at 45 °C. At alevateperatures,
membrane selective permeability is lost due to the inghbilit the membrane to

resume its functions because of the disorganizatiomeotipid bilayer [13].

During soaking, there is an increase isOplconcentration in the micropylar
endosperm along the first 24 h (Figure 3). Such increase isodtesumption of
respiration. Increased amounts ofQd leads to weakening of the wall of seed coat
cells, thus enhancing germination. The roles that ROS plplants also include cell

signaling, promotion of programed cell death, and increae iaxpression of genes
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that encode oxidative stress enzymes. However, at etteancentrations, these free

radicals may attack the cell membrane system, causiuiisituption [45, 46].

Regarding ROS production, our results showed that under soregisians of
elevated temperatures there is an increased production,@f Hhe increased
concentration of this molecule might lead to the o@ne of lipid peroxidation and
to an ulterior disruption of the cell membrane, as midid by the increased leakage
at 45 °C, which caused a gradual decrease in seed viability.aSimgults were
found in Dalbergia nigraseeds, which showed a gradual loss in viability at 45 °C
[18]. With increasing stress, formation of ROS is inteadifiand their elimination
must be constant to avoid oxidative stress. Thereforesyhehronized action of
enzymes responsible for ROS removal provides a highessstolerance to plants
subjected to elevated temperatures.

The higher levels of }D, at 35 and 45 °C led to an increased production of
malondialdehyde, which in turn is an indicator of high rate$ipid peroxidation.
Increased peroxidation of lipids, mediated by free radieald peroxides, is a

possible reason for loss of viability in seeds soaked at 45 °C

Superoxide dismutase (SOD), the first enzyme of the xad#iat system to
act, doing so by dismutating superoxide radical)(@to H,O,, showed low activity.
However, such activity was higher in seeds soaked at 45 °{Catimd) a possible
detoxification. This is one of the possible explanatidosthe higher HO,
concentration detected at that temperature. Our reselts axccordance with what
was reported by Flores et al. [13], who observed incre8€Hdd activity in brauna
seeds subjected to high temperatures. The behavior of S28°€ is similar to that
found in Picea omorikaseeds, in which enzyme activity remained constant during
germination at 25 °C [47]. Similar results have also eported to SOD activity in
Medicago sativaseeds, which showed constant behavior at 22 °C [48]. During

soaking ofDalbergia nigraseeds, SOD activity is higher at 45 °C than at 25 °C [18].

Nevertheless, Kumar et al. [49] observed an increaS©D activity until 40
°C in maize and rice genotypes, followed by a decrease 4% °C. Although
production of SOD is one of the first responses to abgitiess, the action of this
enzyme must not be evaluated individually, since APX and/of,Gér instance,

eliminate HO,, which permeates the membrane easily and is toxic to[68]IsAPX
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and CAT belong to different classes of antioxidant evey due to their different
affinities for HO,, in the orders ouM and mM, respectively. While APX is
responsible for the refined modulation of ROS for cejhaling, CAT is responsible
for removing the excess ROS generated during stress cond&ibris?].

The activity of SOD is stimulated at 45 °C in 48 hours, wiiee highest
H,0O, concentrations were detected. SOD activity is lower an@53%& °C, indicating
that peroxide levels at those temperatures are safgg bafficiently low to not be
detected by the enzyme.

The activity of enzymes APX, POX, and CAT decreased atz45vhich led
to an increased concentration of(4 and a consequent damage to cell membranes
(Figure 2), which ultimately affected seed germination (Figjre

There was no correlation between APX activity an®DHscavenging at 35
°C. The higher activity of this enzyme at 25 °C kepOkconcentrations at low
levels. The decreased enzyme activity after 48 h andaisedeconcentrations of
H,0, might be due to the need for this compound on the weakesmugjons of the
wall of micropyle cells [45]. On the other hand, APX migldoaact on different

organelles where D, is produced at unsafe levels.

APX can scavenge 4@, from cells using ascorbate as an electron donator for
the reaction [53]. Sun et al. [54], after evaluating seedssaedlings of wild plants
and of two mutant linages dicotiana tabacunfor the ATtAPX genes, observed
that seeds from the wild genotype had lower percentaggeraiination at 42 °C,
thus proving the importance of APX under stress conditidesice, we suggest that
APX is dependent on temperatures near the one that as fiole germination of

brauna seeds.

CAT activity at 25 °C was constant during the first 24 sadiking, with a
slight decrease during this period. At 35 °C, the activitthsf enzyme increased as
a function of soaking time, indicating that CAT acts ungdee-stress conditions,
avoiding ROS accumulation. However, at 45 °C a slight deerga€AT activity
occurred after 24 h of soaking. Moreover, at 35 °C both R@X CAT showed
increased activities, especially the former. In the @dsBOX, the breakdown of
storage lipids in peroxisomes results in the increase £, Honcentration.

Additionally, even increased respiration in mitochondwajch results in increased
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concentration of kD, [13], may determine an increase in activity of both G
POX at 35 °C.

These results demonstrate that CAT has an importanirrokgulating ROS
levels, acting in accordance with other metabolic egiclsuch as that of
ascorbate/glutathione. At 25 °C, APX is apparently responsiole H,O,
degradation, since at that temperature neither CAT nor BOMXportant in such
process. This is justified by the fact that CAT actelavated HO, concentrations,
which is not the case during the periods of 24 and 48 h. Deagpiteg on a
micromolar scale, CAT seems to have not been eskantiatermining the existing

H,0O; levels, which in turn did not cause major damage to selechetabolism.

Our results indicate that the low ROS production and thexagdiot enzyme
activity at 25 °C maintained the physiological qualityseeds, thus favoring the
occurrence of germination. Pre-soaking at 35 °C followegdsterior transfer to 25
°C increased seed metabolism and did not compromise \gability, therefore
enabling a quicker and even more germination. Soaking at 45 °Ch wtiessed
seeds, compromised antioxidant enzyme activity and membyatems, resulting in
increased b, production and causing vigor loss and absence of germination in

Melanoxylon braunaeeds.

Table 1 shows that EC had a significant inverse cormelatwith HO,
concentration in the embryo only at 25 °C. In that seitseeems reasonable to
presume that such correlation is associated with thduption of ROS and their
impact on cell membrane integrity. Increase in ROS costentld lead to damage
to the cell membranes, while a reduction in those comtevdguld not affect
membrane structure. Hence, at 25 °C th®Hevels and EC values were safe, thus
causing neither oxidation damage nor damage to the membyatem (Figures 2
and 3).

The HO, concentrations in the micropyle and embryo showed afisignii
inverse correlation at all temperatures. Peroxide cantemtreased with leakage
from the embryonic axis. Such leakage may possibly asteakening the micropyle
by means of the Fenton reaction [55]. This phenomeneanrsadue to the high
capacity of HO, to cross cell membranes, through protein channels that have

important physiological roles in the capture, translocatisequestration, and
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extrusion of this molecule [56]. Transport 05®% through protein channels might
occur in response to the increased concentration ®ROIS in the micropyle [56].
The increase in D, concentration from the occurrence of respiratoryvagtin the
embryo during germination is explained by the kinetic festwof this ROS. Such
features enable the binding of the substrate to aquapduegp the molecule dipole
moment of 2.26 x 18 esu (HO,) vs. 1.85 x 10° esu (HO), the dielectric constant
of 73.1 (HO,) vs. 80.4 (HO), a molecular diameter of 0. 2528 nm (HO,) vs.
0.275 nm (HO), and the capacity to form hydrogen bonds [57]. The ptalged by
H,0O; is not restricted to oxidative stress; during seed gerramatinis ROS is also
responsible for softening micropyle tissues and signalirty bBpoptosis and cell
proliferation [55].

Regarding the enzymes, no relevant correlation of SODT,C#& POX
activity with EC and HO; levels was detected in the embryo or micropyle at 25 °C.
APX showed a strong correlation with,® concentration in the micropyle as well
as with EC. Although APX activity was constant during thet #8 h of soaking,
swch activity was enough to keep®h concentrations at safe levels. These results
reinforce the hypothesis that APX has its activity potdizgd at temperatures near

the optimal temperature for germination.

At 35 °C, POX and CAT activities showed a strong correfatioth EC,
while APX showed a higher correlation with,® in the micropylar endosperm
(Table 1). Our results indicate an initial oxidative s¢re@nd compromise of the
membrane system. Thus, the increased enzyme activitysatC enabled the
elimination of excess D, and the consequent reestablishment of metabolic routes
related to seed germination. In general, heat stress bscenident at 35 °C;
however, at that temperature the antioxidant systemtanddll membrane system
were not entirely compromised, which explains the occaer@f germination under

those conditions (Figure 1).

A strong correlation of POX and CAT activities with BM@s observed at 45
°C. APX showed a strong negative correlation witloHlevels in the embryo (Table
1). The decreased enzyme activity at 45 °C might have conmed the antioxidant
system due to heat stress. Consequently, there was ex ligtumulation of kO,
the excess of which attacked the cell membrane systming its disruption due to

increased EC and ultimately leading to seed death.
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Unlike existing studies, we tried to analyze the seed tissejearately. By
evaluating the behavior of the micropillary region alnel €mbryo as such, we were
able to interpret changes in each tissue separately.

5. Conclusions

Soaking at 35 °C during 72 h followed by transfer to 25 °C favor

germination and germination speed in brauna seeds.

At 45 °C, on the other hand, there is an increased productiod
accumulation of KO, and the antioxidant system at that temperature is then
compromised. Catalase is the enzyme with the highesttaciiiong peroxidases.
The temperature of 45 ° C had a deleterious effect on tligases, while it was a
stimulant for SOD. In general, enzyme activities vaeyween the temperatures and
during the period of germination.

Consequently, EC is significantly increased, as the memaebsystem of seed
cells is compromised with these conditions. As altesa germination occurs at 45

°C. Additionally, soaking seeds at this temperature leadedd death.
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Abstract

Thisaimed wasevaluate anatomical and enzymatic changeseinmicropilar
endosperm oMelanoxylon braunaeeds during germination. Seeds were germinated
at 25 °C. Samples for evaluations of reactive oxygen spewxid activity of the
enzymes end@-mannanase, o-galactosidase, polygalacturonase and
pectinmetylesterase were collected with 0, 24, 48 and 72 lngo&eeds soaked at
25°C for 0, 16, 24, 48 and 72 h were used for anatomical ewaduBtiring the first

72 h of soaking ocurred reduction of micropyle endosperm tegsknand
consumption of lateral endosperm cells. Also ocurred arease of hydrogen
peroxide in the micropyle during the first 24 h of soaking.ré&heas no activity of

the enzyme endf-mannanase under tissues and conditions evaluated. During the
soaking process there was activity of the enzymegalactosidase and
pectinmetylesterase in the micropilar region of the semddencing the importance

of these enzymes in germination process.

Key words: Micropyle, reactive oxygen species, hydrolgtizymes, cell wall.
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1. Introduction

Melanoxylon braunaSchott. (Brauna) is a native species to the Atlantic
Forest, occurring in the brazilian states of Bahia, Béiolo, Minas Gerais, Espirito
Santo, Para, Rio de Janeiro and Sergipe. Due to the &pioof its wood, the
species is currently under the ‘vulnerable’ category on “Brazilian Official List of
Flora Threatened Species”, according to the Ministry of Environment. Therefore,
information about seeds physiology and germination couldtribote for the
development of new strategies for the species consamvgilmeidaet al., 1998;
Lorenzi, 2008; Brasil, 2014; Ataide, 2016).

Seed germination involves a series of physiological and émdal
processes relatively complex (Nonogad al., 2014). In the soaking process,
changes occur in the embryo cells involving reactive omyggecies (ROS), proteins
and enzymes capable of changing cell wall characteristlos lower resistance of
the cell wall due to the enzymatic activity contributetfee cell elongation, resulting
in primary root protrusion (Zhangt al., 2014).The mechanisms related to the
micropilar region rupture, specially the weakening of involtissues, are scarcely
known (Wanget al., 2014; Zhanget al., 2014). However, it is known that the
elongation of the hypocotyl-radicle axis and the weakenintpeinicropyle tissues
are involved in germination. For the radicle to emergenfa seed, the balance of
embryo growth potential and the mechanical resistandbeotissues that it must

change (Bewlewt al.,2013).

ROS is a general concept used to describe oxygen reduced lew)éaihe
form of molecular oxygen “singlet” (02), oxygen peroxide (H>O;), hydroxyl radical
(OH) and oxygen (O). Although its accumulation causes damageeveral cell
compartments, under controlled levels ERO act as an iagoigermination
regulator given that it weakens the endosperm (Zleingl., 2014; Borge<t al.,
2015).

A different hypothesis is the occurrence of Fenton cRea during
germination process. The catalytic generation of hydreegicals (OH) originated
from the reaction between metal ions in acid medium, ustedlly (F€") and
hydrogen peroxide (¥D,), has proved to be very efficient at oxidizing toxic and

non-biodegradable organic compounds (Noguetira,, 2007).
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Simultaneously, endf-mannanaseg-galactosidase, polygalacturonase and
pectinmetylesteraseare are hydrolytic enzymes and plagsential role in several
species germination processes, contributing for weakeningpittepilar endosperm
(Bewleyet al., 2013).Primary root protrusion and loss of cell wall integstgue to
activity of hydrolases, transglycosylases, cellulaBesjicellulases such as: enflo-
mannaseg -galactosidase, polygalacturonase e pectin metylasstd PME) (Wang
2014; Nonogaki, 2014; Zhang 2014).

Based on the foregoing, this study aoho evaluate the anatomical changes,
guantify the presence of ROS and the activity of the eegyemdo3-mannanasey-
galactosidase, polygalacturonase e pectinmetylesterabe micropilar endosperm

of M. braunaseeds during germination.
2. Material e methods

Melanoxylon braundruits were collected in the Leopoldina region, in the
State of Minas Gerais (21° 31' 55" S and 42° 38' 35" W). Aftéeatmin, the fruits
were sun dried until its opening and the seeds were manuéiaced. Seeds were
benefited, conditioned in fiber drums and stored in coldnrad 5 °C and 60% RH,
until the experiments were carried out. Subsequently, ruktie germination, seeds
were placed above two sheets of germitest paper moistetiedistilled water at 25
°C. Seeds with primary root emission were considered germiratddesults were
expressed as mean percentage. Five replicate of 20 seedsusesrefor each

treatment.

2.1. Anatomical changes

M. braunaseeds soaked at 25 °C after 0, 16, 24, 48 and 72 h were fixed in
FAAsq (formaldehyde: acetic acid and ethyl alcohol (50%, 5: 5: 90, v/fdv 48 h
and stored in 70% ethanol (Johasen, 1940). Then, the nhatera included in
methacrylate (Historesin-Leica), according to the mariufars recommendations.
Samples were longitudinally sectioned in automatic advaotary microtome
(model RM2155, Leica microsystems Inc., Deerfield, USA), Veithhm thickness
and stained with Toluidine blue (O’brien et al., 1964). Later, permanent slides were
produced using synthetic resin (Permount®). Structural analysiges were
obtained by optical microscope (model AX-70 TRF, Olympusidapt Tokyo,
Japan) coupled to digital camera (model Zeiss AxioCam Kttinger, Germany)

and microcomputer with Axiovision Image Capture Program.
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2.2. Reactive Oxygen Species

The production of reactive oxygen species (ROS) and eataymctivity
were evaluated during germination. The analysis were performedcropyles of
seeds soaked for O (totally dry seeds), 24, 48, 72 h at 25 °C, sulibefreene-
dried and stored at -20 °C. Enzymatic activity in micropgetracted before soaking

process was also evaluated.

Superoxide Anian Superoxide anion production was assessed by
measurement of the rate of adrenochrome accumul@kisra and Fridoovich,
1971), using the molar absorption of 4,0 x 103 (Hoveries, 1984).

Hydrogen Peroxide100mg samples of micropyles were weighed, crushed
and homogenized (Kuo and Kao, 2003). Determination of abserhaas obtained
by spectrophotometer, in 560 nm, and the quantification 3, vas performed
based in the calibration curve using peroxide concentraopattern (Gay and
Gebicki, 2000).

2.3. Reacéo de Fenton
Quantification of micronutrients: in the micronutriengéxtraction
stage it was used Mehlich-1 extractor (Defilipo and Ribeiro, 1987)he dosage
stage, it was used an atomic absorption spectrophotoamdean optical emission
spectrophotometer in induced plasma. It was evaluated Fe anev€a in dried

micropyles, using five repetitions with 20 micropyles each

Analysis of micropilar region resistance: The micregylwere kept in
greenhouse at 80 °C for 24 h to promote denaturation of allnhgmes. Then,
micropyles were soaked for 0, 2 and 24 h in water or hydrogemxiger in
concentrations of 20 to 40 mM at 25 °C. After soaking prod¢kesmicropyles were
washed, dried on paper and positioned on texturometer (Stabl® Bistems
Texture Analyzer), for evaluation of micropilar reéaisce. The following speeds
were used: pre-test: 2,00 mm/s; test: 1,60 mm/s; post-test: Bima distance of

5 mm.

2.4. Enzymatic activity
Endo#-mananaseActivity of the enzyme end@-mannanase was calculated

according to Downie et al. (1994).
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c-galactosidasst was used the methodology described by Viana (2002). The
enzyme unity was defined as the necessary amount ofrptotproduce 1 mol gf-

NP per minute under experiment conditions.

PolygalacturonaseThe enzymatic activity was determined by the dosage of
reductive sugar produced according to the DNS method (3,5-dititsdisaacid),
adapted by Miller (1959). Results were expressed in polygalaesgamities. Each
polygalacturonase unity corresponds to the amount of tgateic acid released
(M) by minute of reaction (U/mL).

PME: Extraction was performed according to the method deschipdeinto
et al. (2001), with a few modifications. The activity w@santified according do
Grsic-Rausch and Rausch (2004), considering that eachuPiijEcorresponds to 1
uM of NADPH formed per minute at pH 7,5 and 25°C.

Protein concentration in samples was determined by the d@dhdfiethod,
with a standard curve constructed using bovine serum all@@8iA) at 2.5 to 50 ug

protein.

For all determinations, the statistical design was dntir@ndomized with
five replicates. The data of germination was submitted wariance analysis using
the Statisca (Statsoft) program and the averages ofbtéonehe treatments were
compared by the Tukey test as a 5% significance. The daROS8f and enzyme

activity was submitted to a regression analysis (p<0,05).
3. Results

3.1. Anatomical changes during germination

Germination started after soaking for 72 h, reaching aveoddt3%. M.
braunaseeds are formed by integument, endosperm and embry@fdree it is an
albuminous seed. It presents a hard and dark brown colaesmliiment, besides a
dense endosperm. It also presents a layer of macradslewih Malpighi cells,
which are cells with thick walls, strongly connected, perpeddily arranged in
relation to the surface, constituting the exotestawdts possible to observe
differential thickness for that structure, being largerthe mycropyle than other
regions. Internally to macrosclereids there is the dgpme, constituted by a layer of
osteo-sclereids which are sclerified, columnar and a&edertells presenting

hourglass shape (Figure 1A).

35



Soaking process caused reduction of micropilar endosperminésis,
initiated consumption of lateral endosperm cells and alused breakingin the
integument (Figure 1). After soaking for 24 h, it was obsgreonsumption of cell
wall material, macro and osteo-sclereids, and latemdbsperm cells (Figure 1E).
During this period, it was also possible to observe the embeyelopment with
hypocotyl-radicle axis elongation (Figure 1F), besidesfdhenation of a protective
region that will give rise to the root cap (Figure 6D). Aftealdng for 48 h, the
tissue responsible for composing the outer layers ofonaed osteo-sclereids was
almost totally consumed in the micropilar region (Figura.l@anwhile, even in
the less consumed lateral regions, it was observed thengee®f breaking(Figura
11). The lateral endosperm was almost totally consumell th& presence of big

empty spaces due to worn-out tissues, specially in the marapdion (Figure 1H).
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Figure 1: Anatomical changes during soaking processlelanoxylon braungeeds.
A = Control group (0 h soaking); B = detail of intactigtment (0 h); C=16 h; D =
24 h; E = detall of lateral endosperm consumption (24 hy; detail of embryo
preparing for germination (24 h); G = 48 h; H = lateral endosmemsumption (48
h); 1 = integument detrition (72 h) and J = detail of eyobic axis cells (72 h).
Arrows indicate weakening of endosperm during germination. i8kteiindicate
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division and elongation of embryo cells. Em = embryc; lateral endosperm; mc =
micropyle; md = endosperm. Bars = 300 pm; exception: B = 200 um

3.2.  Metabolism changes

The presence of superoxide anion was not detected under tested
conditions.Hydrogen peroxide concentration in micropyledosperm region
increased in the first 24 h of soaking, subsequently dengeéSigure 7.

0,04

0,08 1

0,021

[H,0,](mole g'DM)

0,01 +

0,00 T . .
0 24 48 72
Imbibition time (hours)

Figure 2:Hydrogen peroxide levels in micropyle endospermMVofbrauna seeds
during (Vertical bars indicate standard error of the mean5).

It was detected the presence of iron (50,48 mg)kmd copper (4,35 mg.kg

1) in the micropyle of Bratina seeds.

The strength required to break up the micropilar region extiaéter 24 h for
all treatments. However, the addition of 40 mM ofX had a significant reduction

compared to other treatments (Figure 3).
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Figure 3:Forca necessaria para rompimento da regido micro@itarmicropilas
secas (control) e embebidas durante 24 horas em agua eosdugieréxido de
hidrogénio nas concentracdes de 20 (Perox20) e 40 mM (PeroRatfas verticais

indicam erro padréo, n = 5.

It was also not detected activity of the enzymes ¢hdmnnanase os-
galactosidase, polygalacturonase and pectinmetylesterasmaiked micropyles
without embryo. For complete soaked seeds, it was adbestivity of these three

enzymes in the micropilar endosperm.

Activity of a-galactosidase showed a decrease in the first 24 h ofngpaki
with posterior increase (Figure 4A). Polygalacturonasiity increased in the first
48 h of soaking (Figure 4B). Pectinmetylesterase activityedesed in the first 24 h
of soaking, independente of temperature (Figure 4C). Ai@rh occured a

inexpressive increase in the activity of these enzymes.
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Figure 4: Specific activity of the enzymes a-galactosidase (A), polygalacturonase
(B) and PME (C) in the micropilar endospermMf braunaseeds during soaking
process. Vertical bars indicate standard error of mearb.

4. Discussion
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The beginning of germination process was observed beferérsh 24 h of
soaking, evidenced by the worn-out cells of tegument (Fige Embryo growth
potential and weakening of surrounding tissue act concattyitazontributing for
primary root protrusion through surrounding tissues (Nambagd., 2010; Bewley
et al, 2013).

The sequence of events described in Figure 1 contradiethypothesis
described in literature. This hypothesis affirms that npglar endosperm
consumption precedes lateral endosperm consumption in ordiacitibate root
protrusion (Mulleret al., 2006; Bewleyet al, 2013; Yanet al., 2014). However, in
M. braunaseeds, lateral endosperm consumption is the first onegio,kand it also

occurs concomitantly to micropilar endosperm consumption.

In other species, the micropilar endosperm is the dingt to be consumed
during soaking process. For example, it happens in tomateatwbarley, rice,
watercress and tabacco seeds (Linkiesl., 2009, Leeet al.,2012; Yaret al.,2014).
This difference between both sequences of events mighisbeciated to several
factors, such as: integument thickness, soaking veloaigrphoanatomical

characteristics and phytormonium activity.

During the first 24 h of soaking, there was an increadgydfogen peroxide
concentration (Figure 2). This compounds increase faetitdie weakening of cell
walls that compose integument, mostly in the mycropstgon, helping to promote
primary root protrusion. Hydrogen peroxide has been shown tanbEnportant
regulator of germination potential in seeds like Arabidopbis,regulating the
synthesis of hydrolytic enzymes that allow the breaking mobilization of reserve
compounds (Bethket al.,2007; Linkieset al.,2009; Voegelet al.,2011; Zhanget
al., 2014).

The reduction of hydrogen peroxide levels after 24 h soakimg the
presence of Fe and Cu in micropilar region indicatestydtogen peroxide might
be consumed via Fenton Reaction. The reaction, definéldeasatalytic generation
of hydroxyl radicals (O originated from the chain reaction between metal ions in
acid medium, usually iron (E8and hydrogen peroxide §B,), has proved to be
very efficient at oxidizing toxic and non-biodegradable orgaoampounds
(Nogueiraet al,, 2007).
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The OB radical is considered the most oxidizing among ROSstarigh
reactivity results in fast and unspecific reactions wifferent substrates, potentially
reacting with all types of biological molecules (Barbes al., 2014). Although it is
not described in literature the occurrence and effectSeoton Reaction during
germination, it is evident that moderated levels of hydrasadical act as an
important compound regulating root growth and cell wall weadgeneésulting from
the degradation of lignocellulosic and polysaccharide congmuiMylona &
Polidoros, 2011; Fauret al.,2012; Barbosat al.,2014).

The occurrence of enzyme activity @falactosidase, polygalactunorase and
pectinmetylesterase only in the micropilar endosperm offeestiaked seeds sugests
that these enzymes are produced in the embryo and texhdferthe micropyle
during hidration. Such mechanism endorses the hypothesish#sd enzymes act
weakening cell walls and contributing for germination. Activatya-galactosidase
from the beginning of the soaking process suggests thanityeme is formed since
seed development and act duridy braunagermination. The observed results
resemble to the results obtained by Bicalho et al. (20tt@) verified similar

behavior during germination éfcrocomia aculeatat 27°C.

In most casesy-galactosidase act by mobilizing polysaccharides of cell walls
and raffinose series oligosaccharides. The enzyme deigragaovides energy for
the germination process (Buckeridgeal., 2004; Ataie et al., 2013). The enzyme
activity had an increase after the first 24 h, and didonegented expressive changes
after 48 and 72 h. Thus, it might explain anatomical changestegument and
adjacent tissues to the embryo during advanced periodsriminggion process. It
was reported increase ingalactosidase activity during germination@ifycine max
andLycopersicon esculentyravidencing the enzyme importance during the process
(Furtadoet al.,2001; Guimaraest al.,2001).

Polygalactunorase also act weakening the cell wall and consbguen
promoting root protrusion (Pontes, 2008). The enzyme is agtier before soaking
Schizolobium parahybaseeds, increasing its activity close to germination
(Magalhéeset al., 2009). InLycopersicon esculentuseeds, the enzyme activity
increased during soaking process and even more in the mofrgegrmination (Strit
et al.,1999). Detrition in tissues that composes integument causkd previous 24

h also might be related to polygalacturonase activitynAlgh was not possible to
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observe the highest activity of this enzyme in the beginoiritydration, the enzyme
pre-exsts in seed (Ataidet al.,2013). Thus, after initiating the soaking process, this
enzyme act in the dissolution and loss of cohesiawéd®n cells, by catalyzing the
hydrolysis ofa 1-4 bond between galacturonic acid residues of the pecam ch
(Figure 8B e 8C) (Fischer and Bennett, 1991). This way, polygalsic activy

becomes fundamental to facilitate germination.

Studies using Arabidopsis (lglesias-Fernandesl., 2013) andLepidium
(Morris et al., 2011), for example, highlightened the role of enzymes thgitades
cell wall components during seeds germination. The increagegaround 24 h for
polygalactunorase and 48 h fergalactosidase and pectinmetylesterase (Figure 8).
In both periods, it was possible do observe the highesadations in tissues that
composed integument, followed by lateral endosperm consumatid micropilar
endosperm reduction (Figure 6D-6J).

Pectinmetylesterase (PME) are involved in deesteribinatof methyl
esterified pectin, which can not be recognized by polygaladses. The enzyme
play an important role in pectin degradation (Muééal.,2013), cell wall expansion
and growth (Dixitet al.,2016). PME activity presented high levels in the beginning
of soaking process and declined in the first 24 h. From@awhards, it was observed
an intensification of its activity at 25, 35 and 45°C. 38°C occurred activity
decrease after 48 h. According to these resultspibssible to infer that the enzyme
is preformed and it is associated with integument detritioiesropylar endosperm
reduction and mobilization of lateral endosperm resemstiall events intensified

after 24 h of soaking.

These results are consistent with results obtaine@drges et al. (2015),
which verified increase in PME activity during hytdom of M. brauna seeds at
30°C. Scheler et al. (2015) detected the presence of PMEgdygimination of
Lepidium sativumseeds during germination, suggesting that the enzyme glay

fundamental role in the teste rupture during root protrusion

The role of HO, summed up to the activity of hydrolytic enzymes facilitite
cell expansion, due to turgidity, promoting the weakenihgiaropilar endosperm
of M. braunaseeds during germination. Thus, the reduction of this compatrtisie

visibly noticed, and it becomes as narrower as soakirg pimogresses (Figure 6). It
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Is also possible to observe the lateral endosperm pgtgn, which serves as an

energy source for the embryo growth (Figure 6E and 6H).
5. Conclusions

Alterations in integument and lateral endosperm consoemgiegin in the
first 24h of soaking, initiating lateral endosperm caongtion and posterior

weakening of micropilar endosperm.
There is a increase o8, concentration during the first 24 h of soaking.

There are indications of occurrence of Fenton Reactiommicropilar
endosperm of seeds.

There was no activity of the enzyme erflorannanase in the tested

conditions.

The weakening of micropilar endosperm due to activity of theyreesa-
galactosidase, polygalacturonase and PME is indispensitile end of germination

by endosperm rupture.
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Resumo

O presente trabalhi®vepor objetivos avaliara germinacéaaividade enzimatica na
regido micropilar de sementes & brauna durante a germinacdo sob estresse
térmica A germinacdao foi avaliada nas temperaturas de 25, 35 e 45 ttvéls de
anion superoxido, peréxido de hidrogénio e atividade enzimatiaenfavaliadas em
micropilas de sementes embebidas por 0, 24, 48 e 72 horas a€2853%. Houve
maior germinacdo em 25 °C. Nao foi detectada atividade dalmtdemananase. A
temperatura de embebicdo influénciou na atividade das enahgaksctosidasef
Gal), poligalacturonase (PG), pectinametilesterase (PMiextinaliase (PL)
celulases totais, B-1.3 glicosidase e B-1,4 glicosidase na regido micropilar de

sementes d®l. braunandicando a importancia de tais enzimas na germinacgao.

Palavras-chave:germinacdo, temperatura, espécies reatvasxigénio, parede

celular, enzimas.

Abstract

This work aims to quantify the germination, presence of Rf0Ssible occurrence
of Fenton reaction and enzymatic activity in the npetar region ofM. brauna

seeds during a germination under thermal stress. A preseReeaad Cu ions in dry
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micropiles and a bursting force in dry microgels impregnated water and KO,
peroxide solution (20 and 40 mM) for 24 h were evaluated. Geriginatas
evaluated at temperatures of 25, 35 and 45 ° C. Superoxide ardoogéy peroxide
and enzymatic activity levels were evaluated in 0, 24, 48 7@hdhours soaked
micropipettes at 25, 35 and 45 ° C. There was greater germirgat®s ° C. There is

a probable occurrence of Fenton reaction in the micropggion. Endo-beta-
mannanase activity was not detected. An imbibition temperainfluenced the
activity of a-galactosidaseofGal), polygalacturonase (PG), pectin methyl esterase
(PME), pectinase (PL), total cellulasg$.1,3 glycosidase an@-1,4 glycosidase
micropylar region of M. brauna seeds indicating the ingrae of such enzymes in

germination.
Key words: germination, temperature, reactive oxygen spaxstsyall, enzymes.
1. Introducéo

Melanoxylon braunéchott. (Brauna) € uma espécie arbdérea nativa da Mata
Atlantica, de ocorréncia no sudeste e nordeste brasilossui madeira de Otima
gualidade e sua casca e seiva sdo amplamente utilizadadus&ria e medicina
popular (Lorenzi, 2008). No entanto, devido a intensa exg@orde sua madeira, a
espécie encontra atualmente na “Lista oficial das espécies da flora brasileira
ameacadas de extin¢do”, na categoria vulneravel, segundo o Ministério do Meio
Ambiente. Portanto, informacfes quanto a fisiologia e ger@malas sementes
podem contribuir para o desenvolvimento de novas estratggiasconservacao da
espécie (Brasil, 2014).

A germinacdo envolve uma série de processos fisicoslofigios e
bioquimicos relativamente complexos. Na embebicédo ocaattemacdes nas células
do embrido envolvendo espécies reativas de oxigénio (ER@sginas e enzimas
capazes de alterar as caracteristicas da parede. Biatreten muitas espécies, a
regido micropilar constitui uma barreira para a es@® e posterior emergéncia da
radicula. Nesse caso, a penetracdo da radicula nesde tegprecedida pelo
enfraquecimento do endosperma na regido micropilar da ssnpentonde ocorre a
emergéncia radicular (Yaat al.,2014)

Os mecanismos relacionados a ruptura da regido micropiegiaknente o
enfraquecimento dos tecidos envolvidos, sdo ainda pouco cdovedtorém, é

aceito que o alongamento do eixo hipocétilo radicula enfbaquecimento dos
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tecidos da micrépila estdo envolvidos na germinacdo. Esseprbmessos atuam
conjuntamente para que haja protrusdo da raiz primaria. Ambosssps requerem
a perda da integridade da parede celular devido a atividade delased;
transglicosilases, celulases, hemicelulases e anueesde espécies reativas de
oxigénio (Borge=t al.,2015; Koeret al.,2017; Singlet al.,2017)

Enzimas como [B-mananasesgp-galactosidasego-Gal), poligalacturonases
(PG), pectina metil esterases (PME), pectina liasg¢ €telulases séo ativadas no
inicio da hidratacdo das sementes e sdo responsavieis dpgradacdo dos
polissacarideos das paredes celulares, contribuindo pasino enfraquecimento do
endosperma micropilar, possibilitando a protrusdo da raiz painiBetts et al.,
2017; Mascheret al., 2017). Dentre os fatores que influenciam a atividade
enzimatica durante a germinacao, a temperatura pode proraduefio, aumento ou
até mesmo inibicdo dessa atividade (Laghmoethli.,2017).

Nesse sentido, o estudo da temperatura tem papel fundarpenta a
compreensao do processo germinativo, pois este fator ndeiate no acelerar ou
desacelerar do metabolismo. Além disso, € um importatde fisico que influencia
na velocidade de embebicdo, modificando a velocidade das seqgiieicas que
promovem a mobilizacdo de reservas e a sintese de sbst&@ecessarias ao
crescimento de plantulas, assim, a temperatura € um dat@rminante para
ocorréncia de uma espécie em dado local (Meelirz., 2016).

Estudos indicam que, devido ao agravamento do efeito eattdanperatura
do planeta aumentara ao longo do século numa escadalemts °C (PBMC, 2013).
Considerando a possibilidade desse aumento de temperatirargdmos anos
guestiona-se: como as espécies se adaptardo e como podenfixripara que elas
ndo desaparecam perante tal mudanca?

Diante da importancia disl. braung das previsées de mudancas climaticas,
da influéncia da temperatura na germinacdo e da escasseforieacdes sobre
eventos bioquimicos na regido micropilar, esse trabdbye por objetivos:
guantificar a germinacéo, a presenca de EROs, a ocortenoiacao de Fenton e as
atividades das enzimas enflgnananasay-galactosidase, poligalacturonase, pectina
metil esterasepectina liasecelulases totais, p-1,3 glicosidase e -1,4 glicosidase no
endosperma micropilar de sementedvidbraunadurante a germinagao sob estresse

térmico.
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2. Material e métodos

Os frutos foram coletados na regido de Leopoldina, M@asis. Apos a
coleta, os frutos foram secos ao sol até a sua ahesemdo as sementes extraidas
manualmente. As sementes foram beneficiadas, acoratii@srem tambores de fibra
e armazenadas em camara fria a 5 °C e 60% UR, até o noodeentalizacdo dos

experimentos.

2.1. Germinacao

As sementes foram colocadas para germinar em placastridesdbee duas
folnas de papel germitest umedecidas com &gua destilada naeratmas
constantes de 25, 35 e 45 °C. Foram consideradas germinadasnastes que
apresentaram emissao de raiz primaria, sendo o0s resul@qoessos em
porcentagem média. Foram utilizadas cinco repeticbes deri@nges para cada

tratamento.

2.2. Alteracbes no metabolismo

A producédo de espécies reativas de oxigénio (EROs) foi quadtfiem
micropilas isoladas de sementes embebidas por O (semerdsy &4, 48 e 72 h em
25, 35 e 45 °C. ApOs a obtencdo das micropilas, estas ftiodiizadas e

armazenadas-a20 °C até o inicio das quantificacoes

~ 2.2.1. Producao de EROs
Anion superoxido: Para avaliar a producdo de anion superoxido foram

utilizadas amostras de 100 mg de micropilas. A quantificacdd,déoi realizada
através da quantidade de adenocromo acumulado (MisréFrahmbvich, 1971),

utilizando-se a absortividade molar de 4,0 x 103(Bbveries, 1984).

Peréxido de hidrogénio: Amostras de 100 mg de micropilas foraadaes
trituradas e homogeneizadas (Kuo and Kao, 2003). A determiiacabsorbancia
foi feita em espectrofotbmetro, em 560 nm, e a quantificdedla,O, foi realizada
com base em curva de calibracédo utilizando-se de coacéaetr de peroxido como
padréao (Gay and Gebicki, 2000).

2.3. Atividade enzimética
As anadlises enzimaticas foram realizadas em micrépilassedeentes
embebidas por 0 (sementes secas), 24, 48 e 72 h em 25, 35 @d&&drmente

liofilizadas e armazenadas-a20 °C. Também foi avaliada a atividade enzimética
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nas micropilas isoladas e posteriormente embebidas coadicdes descritas

anteriormente.

A atividade da enzima endbmananase foi calculada de acordo com Downie
et al. (1994).

Utilizou-se a metodologia descrita por Viana (2002) na quantificacdo da a-
galactosidase. A unidade de enzima foi definida como a idadset de proteina
necessaria para produzir 1 mol de PNP por minuto nas cosdigdensaio.

A atividade da PG foi determinada pela dosagem de acUcar rechdarido
segundo o método do DNS (3,5 dinitrossalicilico), adaptado itler NL959). Os
resultados foram expressos em unidades de poligalacturamate,uma unidade

corresponde & quantidade de dcido galacturdnico liberado (uM) por minuto de reagéo
(U/mL).

A extragdo da PME foi realizada de acordo com o métiedorito por Pinto
et al. (2011). A atividade foi quantificada de acordo com &Raigsch e Rausch
(2004), sendo considerado que uma unidade de PME corresponde a 1 uM de
NADPH formado por minuto em pH 7,5 a 25 °C.

A atividade da PL foi determinada pelo método espectofotonae®35 nm,
conforme descrito por Albersheim e Kilias (1962), utilizando a almaate molar de
5550 motf-.L.cm™* para o célculo (Albersheim, 1996).

A atividade da celulase em papel de filtro foi determinadeaiao de cultivo
obtido no final da incubacdo, usando-se uma fita de padéirdede 6 cni em um
tubo de ensaio contendo 0,5 mL do caldo e 1,0 mL de tamp&icadet sodio 50
mM, pH 5,0. a reacado foi interrompida pela adicdo de 1 mkedgente DNS. Os
acucares redutores foram determinados em espectrofotdmeiliaando-se
comprimento de ord)) de 540 nm (Ghose, 1987).

A atividade da B-glicosidase foi avaliada utilizande-o substrato sintético p-
nitrofenil-B-D, glicopiranosideo (B-1,3) e CMC (B-1,4,) em tampao fosfato 50 mM,
pH 6,0. A atividade enzimatica foi expressa em U/g do substratoondgz6es do

ensaio (Singhaniet al.,2013).
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A concentracdo de proteinas para todas as amostras foniteida pelo
método de Bradford (1976), utilizando-se curva padrdo constooidaalbumina
sérica bovina (BSA), de 2,5 a 50 pg de proteina.

Para todas as andlises, foi utilizado o delineamentoantente casualizado
(DIC) com cinco repeticdes. Os dados foram submetidos asanddi variancia
eregressdo utilizando o software estatistico SAS (ve9s&oSAS Institute, Inc.,
Cary, NC, EUA) e as médias obtidas para os tratamdatasn comparadas pelo
teste de Tukey 5% de significancia.

3. Resultados

A temperatura de 25 °C resultou nos maiores valores dmirgerao,
apresentando meédia de 83%, enquanto a 35 °C ocorreu reducadspardNao

ocorreu germinacgao a 45 °C, indicando a morte das sementes

3.1. Espécies reativas de oxigénio

N&o foi detectada a presenca de anion superoxido nas conthgiedas.
Para todas as temperaturas houve aumento na concenttacieroxido de
hidrogénio nas primeiras 24 horas de embebicdo no endospenr@pilar das
sementes. De modo geral, em 45 °C os niveis B féram superiores em todos 0s
tempos de embebicéao (figura 3, capitulo 1), com valor gghifamente maior que
nas outras duas temperaturas em 24 horas de hidratacdo. Eno2%alores foram

significativamente inferiores em relacdo as outras thraperaturas.

3.2. Atividade Enzimatica
N&o foi detectada atividade enzimatica nas micropilas sembad® apos 24
h de embebicdo. Em sementes embebidas inteiras, ndetésiaba a atividade da

enzima end@-mananase.

Houve diferenca significativa na atividade das demais enziamsliferentes
temperaturas. Ai-Gal apresentou maior atividade nas temperaturas de 25 e 35 °C
(figura 1A). As enzima®G, PME e PLapresentaram maiores atividades apés 72 h de
embebicdo a 45 °C (figura 1BCe 1D).
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Figura6: Atividade especifica das enzimasgalactosidase (A), poligalacturonase
(B), pectina metil esterase (C), pectina liase (Dphdidam diferenca estatistica entre
as médias. Barras verticais indicam o erro padrad.n

As atividades das celulases totais §-da,4. glicosidase foram superiores em
35 ° C apo6s 24 h de embebicéo (figdra e 2C). A embebicdo a 35 °C também
favoreceu a atividade ¢a 1,3 glicosidase até o final do periodo de 72 h (figura 2B
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regiao micropilar de sementbk braunalurante a embebicdo em 25, 35, e 45 °C.
* Indica diferenca estatistica entre as médBarras verticais indicam o erro

padrdo, n = 5.

4. Discussao

A temperatura € um fator que exerce grande influéncia noegsoc

germinativo, regulando a absorgédo de agua e as reacOesriaguénvolvidas em
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todo o processo metabdlico (Bewley al, 2013; Graeber et. al.,, 2014). De modo
geral, a faixa entre 20 e 30°C € a adequada para a germinag@mnde nimero de
espécies subtropicais e tropicais (Olivaital.,2016; Silvaet al.,2016).

Em sementes der&8una, o comportamento da germinacdo nas diferentes
temperaturas estd em conformidade ao descrito na liter&lares et al., 2014,
verificaram que a germinagao ocorre entre 12,3 e 42,5 A8p <&/ °Ca temperatura
Otima e sua auséncia a 45 °C. A embebicdo por mais de 72 h acébis&Zdanos
irreversiveis as sementes de Brauna, impossibilitandarrairggdo, mesmo apos
transferidas para 25 °C (Santetsal., 2017). Outro fato observado é que sementes

submetidas a 35 e 45 °C sofrem maior ataque de micro-organismos

Os niveis de perdxido de hidrogénio também variaram em funcdo das
temperaturas de embebicdo. Em altas concentracdes, oaigddires atacam o
sistema de membranas celulares causando sua desestou{@@gies et al.; 2015;
Karkonen e Kuchitsu, 2015, Santet al.,, 2017). Nesse sentido, as maiores
concentracdes de,B, em 45 °C pode ser apontado como uma das causas da morte
das sementes por estresse oxidativo. As EROs podem chusss estruturais e
funcionais as células (Prodanowt al., 2007). Os danos peroxidativos decorrem,
principalmente, da deterioracdo oxidativa de acidos graxsaturados das

membranas pela acdo de EROs presentes no interior dias ¢Elores et al., 2014).

Embora o HO, em altas concentracbes seja prejudicial, em niveis
controlados esse tem se mostrado um importante regutidayerminacdo. As
paredes celulares sdo compdsitos fibrosos em que asfibmitas de celulose sdo
coextensivas permeadas por polissacaridos ndo celuloBesss redes fibrosas que
sdo barreira a germinacdo, sdo enfraquecidas pela predengzeroxido de
hidrogénio,cuja presenca leva ao aumento da atividade de enhidraliticas,
responsaveis pela quebra e mobilizacdo de compostos dearésmkies et al.,
2009; Voegeleet al.,2011; Yaret al.,2014; Zhanget al.,2014).

Deacordo com os resultados, houve atividades das enzimas a-galactosidase,
PG PME, PL, celulases totais, B-1,4 glicosidase e B-1,4 glicosidase apenas no
endosperma micropilar de sementes embebidas inteirage$alkados sugerem que

essas sdo produzidas no embrido e transferidas paradpitaidurante a hidratacéo.
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Tal mecanismo reforca a hipétese que essas atuam no eoimaepi® da parede

celular, contribuindo assim para a germimaca

A acdo dessas enzimas tem sem mostrado importante degulaa
germinacao através do enfraquecimento da parede celular,ipéongitprotruséo da
raiz priméria (Borgeet al., 2015; Bicalhoet al.,2016). As a-galactosidases atuam
diretamente na quebra e mobilizacdo de polissacarideosrede peelular e em
oligossacarideos da série rafiem, fornecendo assim energia para germinacgao
(Fariaset al., 2015). A maior atividade da enzima ocorreu em 25 °C, temperatura

com maior germinagao, demonstrando sua importancia aegsmc

Bicalho et al., 2016 verificaram comportamento semelhante durante a
germinacao de sementes de macaieaocomia aculeafpa 27 °C. Em sementes de
Dalbergia nigraa maior atividade da-Gal ocorre a 25 °C(Ataidet al., 2013). A
reducdo da atividade em 45 °C indica que as isoformas-@al presente em
sementes de Brauna sdo mais sensiveis ao estress® térirandem a potencializar

sua atividade em temperaturas proximas as otimas de germinaca

Assim como a-Gal, aPG tem se mostrado fundamental na germinacéo de
diversas espécies. A PG cataliza a hidrdlise das ligagdes a 1-4 entre os residuos de
acido galacturénico da cadeia de pectina. Sua atividadeideninsestigada e se
mostrado importante durante a investigacdo de varias esp&mmig Schizolobium
parahybae Arabidopsis (Magalhdex al., 2009; Han & Yang, 2015; Schelet al.,
2015).

Apds 24 h de embebicdo a PG apresentou maior atividade em 48 °C, s

mantendo superior em 48 e 72 h. Tais resultados evidenciaantgogeratura 6tima

de germinacdo nem sempre coincide com a temperatura Oénaivilade das
enzimas que participam do processo. Em sement&alibergia nigraos picos de
atividade de PG acontecem em 40, 45 e 60 °C, enquanto as ntakassde
germinacdo ocorrem em 25 °C(Pontes et al., 2008). Em fdetbkmpaca kirkiana,
Ziphus mauritiana, Tamarindus iade Berchemia a faixa de temperatura 6tima
esteve entre 25 e 37°C(Muchuweti al., 2005). Em frutos dé’runnuspérsicaa

maior atividade ocorre proximo aos 35 °C(Sahal.,2015).

A atividade das PG ocorre de forma concomitante a das, Bbtglo que

essas catalisam a desesterificacdo substancias pgttideolizando grupos metil-
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éster, produzindo pectinas de menor grau de metilagdo queisettei substrato as
PG (Sainzet al., 2015). A atividade da PME se apresentou alta no inicio da
embebicdo e reduziu nas primeiras 24h. A partir desse perfaioye uma
intensificagdo na sua atividade em 25, 35 e 45 °C. Em 35 °Ceacqueda na
atividade apds 48h. De acordo com esses resultados, igepasterir que esta
enzima é pré-formada e estad associada com o desgastgudwem¢o, reducédo do

endosperma micropilar e mobilizacéo de reservas.

Esses resultados estdo em conformidade aqueles obtidooqmsBt al
(2015), que verificaram aumento da atividade da PME durante atdgdo de
sementes de brauna a 30 °C. Durante a germinacdo de semeriepidium
sativum ocorre atividade da PME, sugerindo que essa desempenha pap&niepo
no rompimento da testa durante a protruséo radicular (Seheler2015).

Durante a hidratacdo de sementes de brauna, ocorre aumenividdale de
PL em todas as temperaturas, sendo que em 45 °C a ativishhelesificada. As PLs
atuam na quebra de oligogalacturonideos de parede celular setanostrado
importante durante a germinacdo, pois atuam no enfraqueoirdenendosperma
lateral e na inducdo da sintese de expansinas @halq 2008; Cao, 2012; Sairet
al., 2015).

As celulases totais, -1,3 glicosidase e B-1,4 glicosidase apresentaram maior
atividade em 35 e 45 °C. No entanto, ap0s 48 h de embebicéas asenzimas
reduziram a atividade em 45 °C. Tal fato pode estar relage® com a perda de
vigor das sementes acarretada pelo estresse térmicogergue perda de atividade e

desnaturacao de diversas enzimas (Saitak,2017).

As celulases sdo enzimas responsaveis pela degradacdolasecerincipal
composto presente nas células vegetais. Dentre as celulases totais, as B-glicosidases
guebram a ligacdo quimica existente entre as duas unidadesode glie formam a
celobiose, liberando unidades de glicose (livres). Ness@cemtatividade de tais
enzimas também favorecem o enfraquecimento do endosperorapilar e
expansao da radicula, fato confirmado em sementeSoffea arabica, Lactuca
sativae Lepidium sativunf{Castro e Pereira, 2010; Chemnal.,2016; Ogorék, 2016).

De modo geral, a temperatura influenciou na atividade enzemaNo

entanto, ndo é possivel estabelecer uma relac@ie anatividade enzimética e a
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germinagcdo nas diferentes temperaturas. Nem todas as enmiwestigadas
potencializaram sua atividade na temperatura 6tima de germjnpgém todas,
exceto ap-Man apresentaram atividade em 25 °C evidenciando impa@tamc
processo. Vale ressaltar que em 45 °C nao ocorre comprané&iindo sistema
enzimatico analisado e assim outros fatores contribuipara reducdo da
germinacao em 35 °C e morte das sementes em 45 °C.

E provavel que a maior atividade enzimatica em 35 e 45 °C maiar
enfraquecimento da parede, faciltando a ocorréncia de dasasembranas e
demais compartimentos celulares devido ao acimulo de ER@®<xt al.,2017) e

atague de microorganismos.
5. Conclusbes

A temperatura de 25 °C favorece a germinacdo, enquanto égdéorre a

morte das sementes.
Em 45 °C ha maior acumulo de® na regido micropilar.
N&o ha atividade d@gMan na regido micropilar.
As maiores atividade daGAL ocorrem em 35 e 45 °C.
A temperatura de 45 °C favorece a atividade das enzimasvise IPL.

O pico de atividade das celulases totais oceme48 h de embebicdo na

temperatura de 35 °C.

As maiores atividades dal,3 ep-1,4glicosidase ocorrem em 35 e 45 °C.A

partir de 48h de embebicéo ha reducao da atividade em 45 °C.

Agradecimentos: A CAPES por meio do Projeto Pro-Amazorke, ndo
CNPq, FAPEMIG e DEF/UFV.
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Conclusdes gerais

A temperatura de 25 °C e a embebicdo por até 72 h em 35 °Gosbenior
transferéncia para 25 °C favorecem a germinacas. @rauna.

Em 45 °C ocorre maiores danos ao sistema de membrama®reacimulo
de HO,,

Em 45 °C ocorre comprometimento do sistema antioxidemte queda na
atividade das enzimas SOD, APX, CAT e POX.

Ocorre a morte das sementesem 45 °ap6s 72 h.
Alteracfes anatdmicas tem inicio nas primeiras 16 h de egaloebi

ApoOs 24 h de embebigdo ha inicio do consumo do endosperenal lat

posterior enfraquecimento do endosperma micropilar.
A atividade da end@-mananase nas condi¢cOes testadas € ausente.

O enfraguecimento do endosperma micropilar pela acdo damasnalfa-
galactosidase, poligaltacturonases e PME é imprescindival gpaconclusédo da

germinacgao por ruptura da regiao micropilar.

A presenca de ¥D, ions de Fe e Cu e reducao da forca de ruptura da regido

micropilar apds embebicéo, indicam provavel ocorréncieagdo de Fenton.

A temperatura influencia na atividade das enzjnea&al, PG, PME, PL,
celulases totais, B-1,3 glicosidase ¢ f-1,4 glicosidase, porém, o estresse térmico nao

compromete esse sistema enzimatico.
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ANEXOS

Tabela 2: Andlise de variancia dos dados de germinacéo (Artigo 1).

FV gl QM F valor-P F critico
Entre 8 4427,66 64,06 4,9E-22 2,208518
Dentro 36 69,11
Total 44

Tabela 3: Andlise de variancia dos dados de IVG (Artigo 1)

FV gl QM F valor-P F critico
Entre 8 10,00744  32,10823  3,77E-14 2,208518
Dentro 36 0,311678
Total 44

Tabela 4: Andlise de regressao para os dados de condutividade eb@tri2s °C (Artigo 1)

FV gl SQ QM F F de sig.
Regressao 1 0,673445 0,673445 0,008449  0,935142
Residuo 2 159,4182  79,70912
Total 3 160,0917

Tabela 5: Andlise de regresséo para os dados de condutividade ebétrigd °C (Artigo 1)

FV gl SQ QM F F de sig.
Regresséo 1 291,3898 291,3898 231,3425  0,004295
Residuo 2 2,51912 1,25956

Total 3 293,9089

Tabela 6: Andlise de regressao para os dados de condutividade ebétriéd °C (Artigo 1)

FV gl SQ QM F F de sig.
Regressao 1 7436,682  7436,682  8,107563 0,104384
Residuo 2 1834,505 917,2525
Total 3 9271,187

Tabela 7. Andlise de regressao para os dados de niveis@gend eixo embrionario em 25 °C (Artigo
1).

FV gl SQ QM F F de sig.
Regresséao 1 0,010974 0,010974 0,070044 0,816051
Residuo 2 0,313343 0,156671

Total 3 0,324317
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Tabela 8 Andlise de regressao para os dados de niveis@gend eixo embrionario em 35 °C (Artigo
1).

FV gl SQ QM F F de sig.
Regressdo 1 0,006752 0,006752 0,048078 0,846785
Residuo 2 0,280878 0,140439

Total 3 0,28763

Tabela 9 Andlise de regressao para os dados de niveis@gend eixo embrionario em 45 °C (Artigo
1).

FV gl SQ QM F F de sig.
Regresséo 1 0,001315 0,001315 0,051288 0,841877
Residuo 2 0,05129 0,025645

Total 3 0,052605

Tabela 10 Analise de regressédo para os dados de niveis;@¢ Ha regido micropilar em 25 °C
(Artigo 1).

FV gl SQ QM F F de sig.
Regresséo 1 5,48E-05 5,48E-05 0,291969 0,643085
Residuo 2 0,000375 0,000188

Total 3 0,00043

Tabela 11: Analise de regressdo para os dados de niveis,@g i regido micropilar em 35 °C
(Artigo 1).

FV gl SQ QM F F de sig.
Regressao 1 0,000113 0,000113 3,933046 0,18581
Residuo 2 5,74E-05 2,87E-05

Total 3 0,00017

Tabela 12: Analise de regressdo para os dados de niveis,@g i regido micropilar em 45 °C
(Artigo 1).

FV gl SQ QM F F de sig.
Regressao 1 0,000115 0,000115 0,656722 0,502815
Residuo 2 0,000351 0,000176

Total 3 0,000467

Tabela 13: Andlise de regressao para os dados de niveis de MDAixas embrinérios em 25 °C
(Artigo 1).

FV gl SQ QM F F de sig.
Regresséo 1 92,12692 92,12692 3,815135 0,190019
Residuo 2 48,29549 24,14775

Total 3 140,4224
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Tabela 14: Andlise de regressao para os dados de niveis de MDAixas embrinarios em 35 °C
(Artigo 1).

FV gl SQ QM F F de sig.
Regressao 1 91,38924 91,38924 8,103282 0,104431
Residuo 2 22,55611 11,27805

Total 3 113,9453

Tabela 15: Andlise de regressao para os dados de niveis de MDAixas embrinarios em 45 °C
(Artigo 1).

FV gl SQ QM F F de sig.
Regressao 1 35,78535 35,78535 2,031666 0,290122
Residuo 2 35,22759 17,61379

Total 3 71,01293

Tabela 16 Analise de regresséo para os dados da atividade daaeB@m em 25 °C (Artigo 1).

FV gl SQ QM F F de sig.
Regresséo 1 0,001201 0,001201 1,132453 0,398732
Residuo 2 0,002122 0,001061

Total 3 0,003323

Tabela 17:Anélise de regressao para os dados da atividade da eéd@itham 35 °C (Artigo 1).

FV gl SQ QM F F de sig.
Regressao 1 0,003458 0,003458 0,473491 0,562477
Residuo 2 0,014608 0,007304
Total 3 0,018067

Tabela 18: Andlise de regressao para os dados da atividade da é@itham 45 °C (Artigo 1).

FV gl SQ QM F F de sig.
Regressac 1 0,009901 0,009901 1,505722 0,344634
Residuo 2 0,013152 0,006576

Total 3 0,023053

Tabela 19 Analise de regressao para os dados da atividade daaefABhem 25 °C (Artigo 1).

FV gl SQ QM F F de sig.
Regresséc 1 0,001072 0,001072 1,57769 0,335937
Residuo 2 0,001359 0,00068
Total 3 0,002431
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Tabela 20: Andlise de regressao para os dados da atividade da eiR2knam 35 °C (Artigo 1).

gl SQ QM F F de sig.
Regressac 1 1,35E-06 1,35E-06 0,001213 0,97538
Residuo 2 0,002222 0,001111
Total 3 0,002223

Tabela 21:Andlise de regressao para os dados da atividade da eR2inam 45 °C (Artigo 1).

FV gl SQ QM F F de sig.
Regressac 1 0,00408 0,00408 1,807148 0,311035
Residuo 2 0,004515 0,002257

Total 3 0,008594

Tabela 22: Andlise de regressao para os dados da atividade da é&ifnam 25 °C (Artigo 1).

FV gl SQ QM F F de sig.
Regresséac 1 5,239808 5,239808 12,66859 0,07067
Residuo 2 0,827212 0,413606

Total 3 6,067021

Tabela 23: Andlise de regressao para os dados da atividade da é&ifnam 35 °C (Artigo 1).

FV gl SQ QM F F de sig.
Regressac 1 1,758245 1,758245 55,26466 0,017618
Residuo 2 0,06363 0,031815

Total 3 1,821875

Tabela 24: Andlise de regressao para os dados da atividade da é&ifnam 45 °C (Artigo 1).

FV gl SQ QM F F de sig.
Regressac 1 64,47641 64,47641 6,719067 0,122152
Residuo 2 19,19207 9,596035

Total 3 83,66848

Tabela 25:Andlise de regressao para os dados da atividade da é@dham 25 °C (Artigo 1).

FV gl SQ QM F F de sig.
Regresséc 1 0,00014 0,00014 65,32558 0,014965
Residuo 2 4,3E-06 2,15E-06

Total 3 0,000145

Tabela 26:Analise de regressao para os dados da atividade da éP@dham 35 °C (Artigo 1).

FV gl SQ QM F F de sig.
Regresséc 1 0,011092 0,011092 10,91361 0,080693
Residuo 2 0,002033 0,001016

Total 3 0,013125
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Tabela 27:Andlise de regressao para os dados da atividade da dr@iam 45 °C (Artigo 1).

FV gl SQ QM F F de sig.
Regressdc 1 0,002122 0,002122 36,51979 0,026307
Residuo 2 0,000116 5,81E-05

Total 3 0,002238
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