Universiteit

4 Leiden
The Netherlands

The role of autophagy during carbon starvation in Aspergillus niger
Burggraaf, M.A.

Citation
Burggraaf, M. A. (2021, May 25). The role of autophagy during carbon starvation in
Aspergillus niger. Retrieved from https://hdl.handle.net/1887/3179455

Version: Publisher's Version
Licence agreement concerning inclusion of doctoral thesis in the

Institutional Repository of the University of Leiden
Downloaded from: https://hdl.handle.net/1887/3179455

License:

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3179455

Cover Page

The handle https://hdl.handle.net/1887/3179455 holds various files of this Leiden
University dissertation.

Author: Burggraaf, M.A.
Title: The role of autophagy during carbon starvation in Aspergillus niger
Issue Date: 2021-05-25


https://openaccess.leidenuniv.nl/handle/1887/1
https://hdl.handle.net/1887/3179455
https://openaccess.leidenuniv.nl/handle/1887/1�

The role of autophagy during carbon starvation
in Aspergillus niger

Anne-Marie Burggraaf






The role of autophagy during carbon starvation
in Aspergillus niger

Proefschrift
ter verkrijging van
de graad van doctor aan de Universiteit Leiden,
op gezag van rector magnificus prof. dr. ir. H. Bijl,
volgens besluit van het college voor promoties
te verdedigen op dinsdag 25 mei 2021
klokke 13.45 uur

door
Maria Anne Burggraaf-van Welzen
geboren te Alphen aan den Rijn
in 1988



Promotores

Dr. AFJ.Ram

Prof. dr. PJ. Punt

Prof. dr. CA.M.J.J. van den Hondel

Promotiecommissie

Prof. dr. G.P. van Wezel (Universiteit Leiden)

Prof. dr. J.H. de Winde (Universiteit Leiden)

Prof. dr. I.J. van der Kleij (Rijksuniversiteit Groningen)
Prof. dr. A.H. Meijer (Universiteit Leiden)

Prof. dr. I. Pécsi (University of Debrecen)

Prof. dr. H.A.B. Wosten (Universiteit Utrecht)

ISBN: 978-94-6423-239-4
Cover design: Anne Morbach
Printed by:  ProefschriftMaken || www.proefschriftmaken.nl

This work was supported by grants of the Kluyver Centre for Genomics of Industrial Fermentation and the
Netherlands Consortium for Systems Biology, which are part of the Netherlands Genomics Initiative/Netherlands
Organization for Scientific Research (KC4.3).



Outline

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Contents

Post-genomic approaches to dissect carbon starvation responses in
Aspergilli

Autophagy promotes survival in aging submerged cultures of the
filamentous fungus Aspergillus niger

Transcriptional profiling of the Aspergillus niger Aatg1 mutant during
submerged carbon starvation

Autophagy is dispensable to overcome ER stress in the filamentous
fungus Aspergillus niger

The unconventional secretion of PepN is independent of a functional
autophagy machinery in the filamentous fungus Aspergillus niger

Summarizing discussion

Samenvatting

References

Supplementary material

List of publications

Curriculum vitae

11

33

55

73

91

105

111

115

133

135

137






Outline

Outline

Filamentous fungi with a saprophytic lifestyle, like Aspergillus niger, commonly encounter
limitations in the available carbon sources in their environment. During such conditions,
very specific carbon starvation responses are induced aiming at survival and proliferation
of the fungus. One of the processes that is highly activated by carbon starvation is
autophagy. Autopaghy is an intracellular degradation system which targets cytosolic
components to lytic compartments for degradation and recycling of the building blocks
of the cell. The process has been described in many species, most importantly in yeast
and mammalian cells, and also including filamentous fungi. During autophagy in A. niger,
cytoplasmic proteins and organelles are sequestered and delivered to vacuoles in double
membrane vesicles, termed autophagosomes. Upon fusion of the outer membrane of
the autophagosome with the vacuolar membrane, a single membrane vesicle is released
into the hydrolytic environment of the vacuole. Following lysis of the autophagosomal
membrane and hydrolytic degradation of the vesicular contents, breakdown products are
transported back into the cytosol for reuse by the cell. The autophagy pathway is regulated
by autophagy-related (Atg) proteins, which specifically support the different steps in the
process. The process is highly induced by carbon starvation conditions, during which the
recycling of nutrients is highly important for maintenance of the mycelium and to fuel
asexual spore formation and cellular differentiation. This thesis aims at evaluating the
autophagy process in the filamentous fungus A. niger, focusing on its role during carbon
starvation, ER stress and unconventional protein secretion.

Chapter 1 reviews the specific responses to carbon starvation in Aspergillus species, giving
insights into the most important cellular responses which include morphological responses
such as asexual spore formation and recycling mechanisms such as the degradation and
utilization of inner cell materials by autophagy and the degradation of cell wall constituents
by extracellular hydrolytic enzymes.

In chapter 2 phenotypical and cytological characterizations of A. niger autophagy deletion
mutants in surface and submerged growth during carbon starvation are provided. The
disruption of autophagy-related homologs in fluorescent reporter strains shows that
both atg1 and atg8 are essential for autophagy, whereas atg17 is not essential. By using
automated image analysis it is demonstrated that cell death and outgrowth of cryptic
hyphae is accelerated in autophagy deletion strains.

Chapter 3 describes the results of genome-wide transcriptional analysis comparing the A.
niger Aatg1 mutant strain with the wild-type during submerged carbon starvation. Early
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and late carbon starvation responses can be clearly distinguished, as genes related to cell
division and DNA repair are higher expressed in the Aatg7 mutant at one day post carbon
depletion whereas lower expression of metabolic processes is specific for the late phase
of carbon starvation.

Chapter 4 shows the effects of applying ER stress in A. niger strains defective for functional
autophagy and/or ER associated degradation (ERAD), by which the possible link between
ER stress and autophagy is investigated. ER stress conditions are induced either by
exposure to a chemical ER stressor or by expression of a disulfide bond mutated form of
the glucoamylase protein. Fluorescent labeling of this misfolded protein visualizes higher
accumulating protein levels in the ER in ERAD-defective background strains as compared
to wild-type and autophagy single deletion mutants.

In chapter 5 the unconventionally secreted aspartic protease PepN is used as a target
protein to describe the role of autophagy in unconventional protein secretion. Proteome
and immunoblotting analyses demonstrate the presence of PepN in secretomes of wild-
type, Aatgl and Aatg8 strains, indicating that the secretion of PepN is independent of
autophagy-essential Atg1 and Atg8.






