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RESUMO

O ascorbato (ASC, vitamina C) ¢ um antioxidante e cofator enzimatico crucial para
animais ¢ plantas. No entanto, ndo ¢ sintetizado por humanos, sendo sua aquisi¢ao
primariamente proveniente de vegetais. A acdo antioxidante do ASC em plantas reduz o
excesso de espécies reativas de oxigénio (EROs) geradas em condicdes fisiologicas
normais, ¢ sobretudo diante de estresses ambientais, de forma ndo enzimatica e
enzimatica através do ciclo ascorbato-glutationa (ASC-GSH). Capsicum annuum L.
engloba varias cultivares de pimenteiras, cujos frutos sdo amplamente consumidos e
reconhecidos pelo elevado conteudo de ASC. No entanto, os mecanismos regulatorios
envolvidos no metabolismo desse micronutriente ainda sdo pouco esclarecidos nessa
espécie. Dessa forma, o presente estudo, organizado em trés capitulos, objetivou avancar
na compreensao do metabolismo do ASC em C. annuum. O primeiro capitulo apresenta
uma revisdo de literatura sobre a producdo e os efeitos das EROs nas células, os
mecanismos antioxidantes de defesa das plantas, bem como sobre o papel e o
metabolismo do ASC. Os dois capitulos seguintes apresentam uma investigacdo da
expressao dos genes que codificam para a sua biossintese (capitulo 2) e para o ciclo ASC-
GSH (capitulo 3). Foram conduzidas andlises in silico, com a coleta de dados gendmicos
e de nove bioprojetos de RNA-Seq representativos do desenvolvimento do fruto,
exposicao da planta a estresses bidticos e abioticos ¢ a fitormdnios. No total, foram
identificados 21 genes codificando para as quatro vias de biossintese de ASC em
pimenteira. Os dados de expressdo confirmaram o papel principal da via da L-galactose
nas diferentes condi¢des analisadas, enquanto genes de vias alternativas parecem ter
algum papel coadjuvante sob situacdes especificas de estresse e exposi¢ao a fitormonios.
Os membros GGP2, GMEI e 2, e GalLDH destacaram-se como promissores alvos
regulatorios. Em relacdo ao ciclo ASC-GSH, foram identificados 14 genes codificando
para isoenzimas atuantes em diferentes compartimentos subcelulares. O perfil de
expressdo evidenciou os genes APX3 e 5, da via de oxidagdo, como 0s mais expressos nas
diferentes condic¢des analisadas, acompanhados por APX2 e 6 no fruto vermelho maduro
e APX4 em tratamentos de estresse abiotico e fitormonios. Quanto a via de reciclagem,
os membros MDHAR3, DHAR? e GR2 foram mais responsivos nas diferentes condigdes
de estresse analisadas. Em suma, esses resultados fornecem um melhor entendimento
sobre a regulagdo transcricional do metabolismo do ASC em C. annuum, e tragam um
caminho para futuras investigagdes que visem a biofortificacdo de culturas com baixo
contetido de ASC, promovendo assim o aumento do valor nutricional e da tolerincia a
estresses ambientais.

Palavras-chave: acido ascorbico, Capsicum, perfil transcricional, regulagdo metabdlica.



ABSTRACT

Ascorbate (ASC, vitamin C) is an antioxidant and enzyme cofactor essential for animals
and plants. However, it is not synthesized by humans and its acquisition is primarily
obtained from vegetables. The antioxidant action of ASC in plants reduces the excess of
reactive oxygen species (ROS) generated under normal physiological conditions and
especially in face of environmental stresses, through non-enzymatical and enzymatical
responses involving the ascorbate-glutathione (ASC-GSH) cycle. Capsicum annuum L.
includes several hot and bell peppers cultivars, which are widely recognized and
consumed fruits due its high ASC content. However, the regulatory mechanisms involved
in the metabolism of this micronutrient are still poorly understood in this species. Thus,
this study, divided into three chapters, aims to advance on understanding of ASC
metabolism in C. annuum. The first chapter presents a literature review about the
production and effects of ROS, the antioxidant plant defense mechanisms, as well as the
role and metabolism of ASC. The next two chapters examine the expression of the genes
encoding to its biosynthesis (chapter 2) and the ASC-GSH cycle (chapter 3). In silico
analyses were performed by collecting genomic data and nine RNA-Seq bioprojects
representatives of fruit development, plant exposure to biotic and abiotic stresses, and
phytohormones. A total of 21 genes encoding enzymes of the four proposed ascorbate
biosynthesis pathways in pepper were identified. The expression data confirmed the
major role of the L-galactose pathway in the different conditions analyzed, while genes
from alternative pathways seem to play a supporting role under specific situations of
stress and exposure to phytohormones. The members GGP2, GME! and 2, and GalLDH
emerged as promising regulatory targets. In relation to the ASC-GSH cycle, 14 genes
were identified to encode isoenzymes acting in different subcellular compartments. The
expression profile showed that APX3 and 5, from the oxidation pathway, were the most
highly expressed genes in the different conditions analyzed, followed by 4APX2 and 6 in
ripe red fruits and 4PX4 under abiotic stress and phytohormone treatments. Regarding
the recycling pathway, MDHAR3, DHAR2 and GR2 members were more responsive
under the different stress conditions analyzed. In conclusion, these results provide a better
understanding on the transcriptional regulation of ASC metabolism in C. annuum and
trace a path for future investigations aiming at the biofortification of crops with low ASC
content, thus promoting increased nutritional value and tolerance to environmental
stresses.

Keywords: ascorbic acid, Capsicum, transcriptional profile, metabolic regulation.
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