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RESUMO

O presente trabalho se propos a buscar um melhor entendimento dos mecanismos de indugéo
envolvidos na degradacdo da biomassa lignocelulésica por Myceliophthora thermophila. O
capitulo 2 teve como objetivo descrever as similaridades e diferencas entre as linhagens de
Myceliophthora thermophila ATCC 46424 e M.7.7 em diferentes substratos lignoceluldsicos.
O perfil de crescimento e a atividade de enzimas extracelulares demonstraram que ambas as
linhagens utilizam mecanismos similares de degradacdo da biomassa. No entanto, a linhagem
ATCC 46424 liberou uma maior quantidade de enzimas nas primeiras horas de crescimento,
ao passo que M.7.7 revelou uma dindmica diferente de secrecdo de enzimas celuloliticas e
hemiceluloliticas. Essa comparacdo enfatiza a diversidade no sistema regulatorio de enzimas
lignoceluloliticas em diferentes linhagens da mesma espécie, 0 que pode estar relacionado
com a adaptacdo do fungo em diferentes bidtopos. No capitulo 3 o fungo Myceliophthora
thermophila M.7.7 foi cultivado em quatro diferentes fontes de carbono facilmente
metabolizaveis sem agitacéo e o efeito de diferentes concentraces das mesmas foi avaliado
na sintese de celulases, proteinas totais, consumo de aclcar e crescimento da biomassa ao
longo do tempo de cultivo. A lactose foi considerada ser um indutor promissor para a sintese
de celulases na concentracdo de 1,5%. O capitulo 4 teve como objetivo compreender os
mecanismos de inducédo a nivel molecular através da delecdo do fator de transcricdo xyrl em
Myceliophthora thermophila C1. O perfil de crescimento do mutante foi drasticamente
reduzido em xilose e xilano, e parcialmente em arabinose. A abordagem de RNA-seq foi
utilizada para estudar o efeito da delecdo de xyrl nos niveis de transcricdo dos genes que
codificam enzimas ativas de carboidratos (CAZymes). A analise do transcriptoma das
linhagens selvagem e mutante em glicose, xilose, arabinose e arabinoxilano, permitiu a
identificacdo de genes celuloliticos e hemiceluloliticos que estdo sob controle de xyrl. Além
disso, genes envolvidos na via catabdlica de pentose e na via das pentoses-fosfato tiveram sua
expressdo drasticamente reduzida na linhagem mutante, sugerindo que estes genes também
estdo sob controle de xyrl. A regulacdo do sistema xilanolitico de Myceliophthora
thermophila pode estar envolvida em uma rede complexa de fatores de transcricéo.

Palavras-chave: Microbiologia, Xilanases, Celulases, inducdo enzimética, fungos



ABSTRACT

The present work focused on a better understanding of the induction mechanisms involved in
plant cell wall degrading enzymes in Myceliophthora thermophila. The Chapter 2 describes
similarities and differences between the Myceliophthora thermophila ATCC 46424 and M.7.7
strains in different lignocellulosic substrates. The growth profile and the activity of extracellular
enzymes demonstrated that both strains use similar mechanisms to degrade biomass. However,
ATCC 46424 secreted a greater amount of enzymes in the first few hours of growth, whereas
M.7.7 revealed a different dynamics of secretion of cellulolytic and hemicellulolytic enzymes. This
comparison emphasizes the diversity of the (hemi-) cellulolytic regulatory system in different
strains of the same species, which might be related to the adaptation of the fungus to their
different biotopes. In the Chapter 3, the strain Myceliophthora thermophila M.7.7 was cultivated
in four different easily metabolized carbon sources and the effect of different concentrations of
them was evaluated in the synthesis of cellulases, total proteins, sugar consumption and biomass
growth over time cultivation. Lactose was considered to be a promising inducer for the synthesis
of cellulases at the concentration of 1.5%. The Chapter 4 aimed to understand the induction
mechanisms at the molecular level by deleting the transcription factor xyrl in Myceliophthora
thermophila C1. Growth phenotype analysis of the mutant strain revealed a severely reduced
growth on D-xylose and birchwood xylan and partially in arabinose. RNA-seq was used to study
the effect of the xyrl deletion on transcripts levels of genes encoding Carbohydrate Active
enzymes (CAZymes). The transcriptome analysis of the wild type and mutant strains cultivated in
glucose, xylose, arabinose and arabinoxylan allowed the identification of cellulolytic and
hemicellulolytic genes that are under xyrl control. In addition, genes involved in the pentose
catabolic pathway and in the pentose phosphate pathway were drastically reduced in the mutant,
suggesting that these genes are also under xyrl control. The regulation of the xylanolytic system
of Myceliophthora thermophila might be involved in a complex network of transcription factors.

Keywords: transcription factors, xylanases, cellulases, Myceliophthora thermophila,
enzymatic regulation
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Introducéo geral

A demanda por alimentos, combustivel e recursos energéticos continua a aumentar em
todo o mundo. O réapido consumo dos combustiveis fosseis levou ao aumento da geracdo de
gases poluentes lancados na atmosfera, que causaram mudangas no clima global. A solugéo
para essa problematica depende de como serdo empreendidos o desenvolvimento e a
implementacdo de tecnologias baseadas em fontes alternativas de energia. A biomassa
lignocelulésica tem sido apontada como a mais apropriada matéria prima para a producdo de
biocombustiveis, uma vez que, consiste de aproximadamente 75% de polissacarideos
(GOLDEMBERG, 2007). Atualmente, existem muitos gargalos presentes no processo de
producdo de etanol de segunda geracdo que precisam ser superados para que este combustivel
se torne competitivo. Dentre eles, destacam-se pre-tratamentos e hidrélises enzimaticas mais
eficazes e producdo de enzimas lignoceluloliticas a baixo custo.

Os fungos sdo altamente eficientes no processo de degradacdo da biomassa vegetal, uma
vez que evoluiram e desenvolveram uma complexa e eficiente maquinaria de enzimas
hidroliticas e oxidativas capazes de quebrar os polissacarideos da parede vegetal (VAN DEN
BRINK; DE VRIES, 2011). O fungo filamentoso Myceliophthora thermophila teve o seu
genoma sequenciado e anotado e é caracterizado por ser um excelente produtor de celulases e
hemicelulases (BERKA et al., 2011). Na natureza este fungo atua na despolimerizacao de uma
grande variedade de polissacarideos, dentre os quais a celulose e a hemicelulose. A producéo
dessas enzimas em fungos é rigorosamente regulada e controlada por uma série de fatores de
transcricdo que ativam subconjuntos de genes em resposta a indutores especificos, geralmente
componentes monoméricos da biomassa vegetal ou seus produtos metabolicos. Apesar do
conhecimento adquirido sobre o seu amplo complexo enzimatico, ainda ndo € satisfatoriamente
compreendido como este fungo utiliza seu sistema celulolitico e hemicelulolitico para

descontruir a parede celular vegetal.
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Chapter 5

Final remarks and conclusions



Enzymes from filamentous fungi have a central role in the degradation of
different plant polysaccharides. It requires not only the secretion of vast number of
enzymes, but also a complex regulatory system. The regulators need to act together in a
coordinated manner to express the right enzymes over time, depending on the substrate
and fungal species. Understanding the mechanisms involved in the production of
enzymes by fungi when they are cultivated in the presence of simple and complex
carbon sources is fundamental for the development of mutant strains in order to make
the commercialization of enzymatic cocktails viable. However, our understanding of
plant biomass degradation strategies by fungi is only in its infancy.

Myceliophthora thermophila is a thermophilic ascomycete fungus and naturally
occurs in soil and self-heated soil masses of composted organic matter. M. thermophila
is known to produce a complete set of cellulolytic enzymes that act synergistically when
grown on cellulose.

The main objective of the present work was to understand the mechanism of
induction of enzymes involved in the degradation of plant biomass in Myceliophthora
thermophila. The Chapter 2 describes the similarities and differences between
Myceliophthora thermophila ATCC 46424 and M.7.7 strains when cultured on different
lignocellulosic substrates. These data demonstrate that different strains of
Myceliophthora thermophila employ significantly different approaches to degrade plant
biomass and could result in improved enzyme mixtures for industrial applications,
saccharification of plant biomass for biofuel production. In Chapter 3, Myceliophthora
thermophila strain M.7.7 was grown in four different easily metabolizable carbon
sources and the influence of different concentrations was evaluated in the synthesis of

cellulases, total proteins, sugar consumption and biomass growth over the growing time.

115



Chapter 4 aimed to understand the mechanisms of induction at the molecular level by
deleting the transcription factor Xyrl in Myceliophthora thermophila C1. The role of
Xyrl on the regulation of cellulolytic and xylanolytic genes are well studied in
mesophilic fungi. However, the xylanolytic system and its regulation in Myceliophthora
thermophila has not been fully described to date. This study provided new insights in
the regulation and interactions of genes and proteins involved in plant polysaccharide
degradation and provided new hypotheses that will help guide the optimization of
pathways for increased enzyme production in filamentous fungi. All these data suggest
the presence of a complex network between inducers and regulatory systems involved

in plant biomass utilization in Myceliophthora thermophila
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