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CHAPTER 1
Introduction and aim of the thesis
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CHAPTER 1

INTRODUCTION

Chorea-Acanthocytosis

Chorea-Acanthocytosis (ChAc) is one of the core neuroacanthocytosis (NA) syndromes together 

with McLeod syndrome (MLS). NA syndromes also include Huntington’s disease-like 2 (HDL2) and 

panthothenate kinase-associated neurodegeneration (PKAN)1–3. NA syndromes are a genetically and 

clinically heterogeneous group of rare neurodegenerative diseases that are characterized by neurological 

abnormalities, degeneration of the basal ganglia, and spiky formed red blood cells called acanthocytes3–5. 

Since presence of acanthocytes can be variable it is not required for diagnosis of one of the NA 

syndromes4. All four NA syndromes are caused by genetic mutations in genes that have been identified 

over the last decades. ChAc, MLS and PKAN are caused by loss-of-function mutations in VPS13A (Vacuolar 

Protein Sorting 13A)6,7, XK8,9, and PANK2 (Panthotenate Kinase 2)10 respectively. The autosomal dominant 

disease HDL2 is caused by an expansion mutation of three nucleotides in the JPH3 (Junctophilin 3) gene11. 

NA syndromes are extremely rare with around 1000 cases of ChAc worldwide4. 

In this Chapter we give a description of Chorea-Acanthocytosis and provide an overview of previous data 

on the affected cellular processes of the disease. Furthermore we summarize the current knowledge 

on the localization and function of VPS13 in different organisms. Finally we highlight the Drosophila 

melanogaster ovary that is used for further study in this thesis and serves as a powerful and versatile 

system to investigate a broad number of cellular processes. 

Clinical manifestations and aetiology of Chorea-Acanthocytosis

The progressive autosomal recessive neurodegenerative disorder ChAc usually presents between ages 

20-40 with a mean age of onset around 35 years of age1. The disease is characterized by a variety of 

movement abnormalities including chorea, mostly of the limbs, and dystonia. The latter mainly affects the 

oral region and the tongue in particular, making orofacial dystonia the most distinctive feature of ChAc1. 

Dyskinesias of eyes, mouth, tongue and vocalizations are common, and tongue protrusion and feeding 

dystonia are highly specific hallmarks for ChAc12. These symptoms cause severe problems with feeding 

resulting in weight-loss. Although ChAc usually presents with hyperkinetic movement disabilities, some 

patients present with parkinsonism4. Cognitive and psychiatric symptoms are common among ChAc 

patients and may include anxiety, depression and obsessive behavior1,13. Seizures can be a predominant 

feature of ChAc and affect at least one third of the patients, where they   usually precede the appearance 

of movement abnormalities4,12,14. Elevated levels of creatine phosphokinase (CK) in serum are found in the 

majority of ChAc patients and muscle weakness is commonly reported1,3. Neuroimaging shows atrophy of 

the striatum and caudate nucleus in particular1,4,5,15,16. Histopathological analysis of post-mortem material is 

consistent with those findings, showing neurodegeneration and astrogliosis in the striatum17–19, although 

the exact extend of the neuronal loss and neuropathology in patients is still poorly understood. 
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Patients are usually diagnosed based on clinical symptoms, presence of acanthocytes and elevated serum 

CK levels. ChAc can be confirmed by detecting loss of VPS13A protein using Western Blot analysis of red 

blood cells3,20. The current treatment of ChAc is purely symptomatic to temporarily relieve the chorea 

and dystonia. Deep brain stimulation might be helpful and was shown to temporarily improve the motor 

symptom severity in about two third of the patients treated21. Progression of the disease inevitably leads 

to premature death. 

ChAc is caused by mutations in the gene encoding vacuolar protein sorting associated protein 13A 

(VPS13A) leading to the absence of VPS13A protein (also called Chorein) in patients6,7,20. Various mutations, 

distributed throughout the VPS13A gene have been identified in different ChAc patients including 

nonsense, frameshift, splice-site mutations and deletions22–24. VPS13A belongs to the VPS13 protein family 

that contains three additional homologs25: VPS13B-D, which are all associated with different neurological 

disorders. The rare autosomal recessive Cohen syndrome is caused by mutations in VPS13B26 while 

mutations in VPS13C lead to autosomal recessive Parkinson’s disease27. Only recently it was discovered 

that mutations in VPS13D are associated with a novel recessive ataxia and childhood onset movement 

disorder28,29. 

VPS13 function and localization

In 2001 the human CHAC gene (later renamed VPS13A) was discovered to be the causative gene for 

ChAc6,7. The gene codes for a transcript consisting of 11.263 base pairs (bp), which is widely expressed in 

different tissues of the body, encoding a protein of 3174 amino acids (aa) that are organized into 73 exons6,25. 

Multiple splicing variants exist with slight differences in transcript and protein size6,25. Many different 

species contain an orthologous  gene and protein of VPS13A, including M. musculus30; D. melanogaster31; 

C. elegans25; S. cerevisiae32; T. thermophila33 and D. discoideum34. The highest conservation of the protein 

is found in the terminal domains and all proteins contain a chorein domain at the N-terminus6,25.

The exact function of VPS13A, and the mechanism underlying the pathogenesis of ChAc are still largely 

unknown. Most of the knowledge that is currently available comes from unicellular organisms and yeast in 

particular. Figure 1 summarizes the proposed localization and functions of VPS13A and its orthologs. VPS13, 

the yeast ortholog of the human VPS13A, is a peripheral membrane protein35 localized to endosomes36 

and plays a role in intracellular trafficking of membrane proteins from the trans-Golgi network (TGN) 

to the prevacuolar compartment (PVC) and recycling back to the TGN32,35,37–39. In addition, it regulates 

membrane morphogenesis during sporulation in Saccharomyces cerevisiae, where it is translocated from 

endosomes to the prospore membrane40–42. Absence of VPS13 leads to defects in prospore formation 

that are caused by reduced levels of PI(4)P and PI(4,5)P
2
 at the prospore membrane41. VPS13 functions 

redundantly with ERMES, a complex that connects the endoplasmic reticulum and mitochondria, and 

dynamically localizes to contact sites between mitochondria and the vacuole and nuclear-vacuole 

junctions43–45. Furthermore, VPS13 is important for mitochondrial integrity and function46; mitophagy46; 

homotypic fusion of TGN membranes39; endosomal recycling47 and its function in prospore membrane 

formation, TGN-PVC transport and TGN homotypic fusion involves or depends on binding to various 

phospholipids39,41,48.
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In the ciliate Tetrahymena thermophila it was found that the ortholog of VPS13A, TtVPS13A, is necessary 

for efficient phagocytosis and associates with the phagosome membrane during the entire cycle 

of phagocytosis. In addition, growth speed of a TtVPS13A knockout strain was significantly reduced in 

conditions where phagocytosis is required33. A role for VPS13 in autophagy was implicated in Dictyostelium 

discoideum. Mutants defective for the VPS13A-related protein TipC show autophagic dysfunction, which 

was also found in HeLa cells by downregulation of VPS13A34.

VPS13A is further implicated in a number of cellular processes, including actin polymerization49–51; 

autophagy34,52,53; apoptosis49,54,55; regulation of phospholipids56 and dopaminergic vesicle release57.

A ChAc mouse model was established which carries a deletion-mutation also found in Japanese ChAc 

patients. Those mice display acanthocytes and disturbances in motor function at old age, but there is no 

reduction in life span30. Later it was found that the genetic background of the mice strain is of influence on 

the phenotype suggestive for genetic modulators that influence ChAc phenotypes58. This is in line with 

ChAc patients who also exhibit a range of symptoms. However, for the proper study of VPS13A function it 

is beneficial to reduce individual genetic background variation to a minimum and therefore the need for 

an additional solid multicellular disease model is of high importance. 
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Figure 1. Overview of VPS13 localization and function known from literature

Schematic representation of proposed localization and functions of VPS13. Functions in which VPS13 plays a role are numbered from 

1 to 9. 1. Retrograde transport; 2. Golgi-Late endosome-vacuole transport; 3. Phagocytosis; 4. Actin cytoskeleton polymerization; 5. 

Formation of yeast prospore membrane during cytokinesis; 6. Nuclear-vacuole junctions; 7. Vacuole and mitochondria patches; 8. 

Mitophagy; 9. Endosome-mitochondrial contact sites. 
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The Drosophila melanogaster ovary system

Model organisms are of high importance to understand neurodegenerative diseases and to develop 

future treatments. The fruit fly (Drosophila melanogaster) has made a substantial contribution to the 

understanding of many neurological and neurodegenerative diseases as well as providing a foundation 

for therapies and intervention strategies (Chapter 2). 

When investigating a neurodegenerative disease in fruit flies, the most obvious choice is to study the 

Drosophila central nervous system. However, different organ systems can be of great help to gain insight 

in the cellular function of a certain gene and protein of interest. For example, the Drosophila gene 

wingless (wg) was discovered to play an important role in wing development59,60 and only later it was found 

that wg is the homolog of the mammalian proto-oncogene Wnt-1 that regulates cell proliferation61. Wnt 

signaling is now recognized to play a pivotal role in development of human cancers62, which illustrates the 

significant role different organ systems can play in research. 

In addition to the central nervous system, we focus on the Drosophila ovary in this thesis. The Drosophila 

ovary system and the process of oogenesis is an excellent system to study a wide variety of biological 

processes63. Drosophila females have a pair of ovaries, each of these ovaries contains 15-17 tubular ovarioles 

in which the egg chambers develop64 (Figure 2A). Each ovariole contains a series of developing egg 

chambers that are connected via stalk cells65. The germline and somatic stem cells that produce the egg 

chambers are located in the germarium at the tip of the ovariole (Figure 2B). The individual egg chambers 

bud off from the germarium to travel down the ovariole and grow through 14 well-defined developmental 

stages until mature eggs pass into the oviduct where they are fertilized and then deposited63,64 (Figure 

2B). Asymmetrical division of the germline stem cell creates another stem cell and a daughter cell: the 

cystoblast. The 16 germline cells of an egg chamber all originate from this single daughter cell through 

four rounds of division. Because cytokinesis is not complete during this process all germline cells remain 

connected via special cytoplasmic bridges called ring canals while developing into a mature egg63,65. One 

of the 16 germline cells develops into the oocyte at the posterior end of the egg chamber. The other 15 

cells differentiate into polyploid nurse cells (NCs) that have an important role in production and supply 

of nutrients for the oocyte. A layer of somatically derived follicle cells (FCs) surrounds the 16 germline 

cells, together they form an individual egg chamber63,64. The 14 developmental stages of the developing 

individual egg chamber can be distinguished based on morphology and size. Egg chambers in stage 1-5 are 

characterized by their spherical shape, while during stage 6-9 the egg chamber elongates and acquires a 

more oval shape (Figure 2B). In addition, the posterior FCs that are in contact with the oocyte start to take 

a more columnar shape while the anterior FCs flatten and stretch over the NCs. The oocyte compartment 

increases in size taking up a volume of about one third of the entire egg chamber by the end of stage 9. 

During stage 10 and 11 a massive dumping of NC cytoplasm into the oocyte compartment takes place which 

drastically increases the size of the oocyte. This is also the start of formation of the dorsal appendages (DA) 

that are thought to play a role in respiration of the future egg64–66. In stage 12-14 the remaining NC nuclei 

are degraded and removed by the stretch FCs that surround them. Additionally, the DA are completed, the 

oocyte maturates and the eggshell, or chorion, is secreted by the FCs followed by their programmed cell 

death. Finally the layer of dying FCs covering the egg slides off and a finished egg is produced64,66. 
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King was the first to elaborately describe the process of Drosophila oogenesis in 197067,  and since then 

many areas of research took advantage of the versatility of the Drosophila ovary making it one of the 

most studied systems of the fruit fly63. One of the greatest benefits of this system is of practical nature 

being that the ovary is the largest organ in the female fly, easily accessible, and manipulation of the ovary 

is possible without affecting survival of the female fly itself63. The large egg chambers and individual cells 

facilitate the study and visualization of many cellular processes using different imaging techniques that 

have contributed to the current knowledge of molecular, cellular and developmental biology. Processes 

that are studied include stem cell maintenance, cell differentiation, morphogenesis and a large number 

of common cell biological functions63.

Another advantage for studying the Drosophila ovary is the availability of a wide range of tools for 

oogenesis research. These tools include the specific control of gene expression in either germline 

Ovarioles in ovary

Posterior

Anterior

A

B

Germarium Stage 5 Stage 7 Stage 8

Stage 9 Stage 10 Stage 12 Stage 14

Follicle cells Nurse cells

Oocyte compartment

Stalk cellsFSCGSC

Dorsal appendage

Figure 2. The Drosophila ovary and oogenesis

A. Schematic representation of the Drosophila ovary consisting of multiple ovarioles that contain different developmental stages of 

individual egg chambers (green). Nuclei are in blue. B. Oogenesis begins in the germarium located at the tip of an ovariole where 

germline (GSC) and somatic stem cells (FSC) continuously generate new egg chambers. An individual egg chamber consists of 15 

nurse cells (NCs): light green; one future oocyte: dark green; surrounded by a layer of follicle cells (FCs): purple. Each individual egg 

chamber grows through 14 well defined developmental stages.
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or somatic cells using the GAL4/UAS system (Chapter 2, Figure 1), expression of fluorescently tagged 

proteins at endogenous levels with the use of protein trap lines and the possibility to generate genetically 

mosaic ovaries via different techniques68. Together this makes the Drosophila ovary a convenient and 

advantageous system to utilize and answer questions from various fields of research, including the 

investigation of pathophysiology underlying human diseases, localization of specific proteins or cellular 

consequences of specific gene dysfunction. 

AIM AND OUTLINE OF THE THESIS
The research in this thesis was aimed to provide understanding about the underlying pathophysiology 

of ChAc by gaining insight in the function and localization of VPS13A and its ortholog in Drosophila 

melanogaster: Vps13. The main focus of investigation was on Drosophila melanogaster as a model 

organism and the initial objective was to characterize a Drosophila Vps13 mutant that can serve as a model 

for ChAc. Next we implemented the gene editing technique CRISPR/Cas9 and created an additional Vps13 

knockout mutant and Vps13-GFP flies to enable the investigation of Vps13 localization and function. We 

then continued the study of Vps13 function and localization in the well described multicellular system of 

the Drosophila ovary. Finally we tried to understand the versatile role of human VPS13A at a molecular 

level to unravel the subcellular localization, dynamics, binding partners and various domains of VPS13A in 

mammalian cells to eventually verify this in the Drosophila Vps13 mutant. 

Chapter 2: Modelling in Miniature: using Drosophila melanogaster to study human 

neurodegeneration

Model organisms are of extreme importance when studying the pathophysiology underlying many 

human diseases. In Chapter 2 we provide an overview about the contribution of Drosophila melanogaster 

as a model organism in the field of neurodegeneration. The review shortly summarizes the history of 

the fruit fly in research. Furthermore, the versatility and the extensive toolbox that make Drosophila a 

powerful model are discussed followed by examples of how the fruit fly has been utilized in the study 

of several neurodegenerative diseases and genetic and pharmacological screening. Finally we highlight 

some findings from Drosophila that were validated in other model organisms and are now further 

developed for applications in the clinic. 

Chapter 3: Drosophila Vps13 is Required for Protein Homeostasis in the Brain

Loss-of-function mutations in the Vacuolar Protein Sorting 13 homolog A (VPS13A) gene lead to the rare 

neurodegenerative disease Chorea-Acanthocytosis (ChAc). The disease is characterized by movement 

disabilities and spiky morphology of erythrocytes (acanthocytes). Knowledge about the function of 

VPS13A and the consequences of VPS13A impairment is limited and urge the development of models 

to investigate underlying disease mechanisms of ChAc. Therefore, in Chapter 3 we characterized a 

Drosophila Vps13 mutant. We demonstrated that Vps13 mutants have a shortened lifespan, impaired 
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climbing capacity and vacuoles in the brain, which are all typical for neurodegeneration in flies. 

Furthermore we found accumulation of ubiquitinated and aggregated proteins in the brain, suggestive 

for impaired protein homeostasis. Overexpression of hVPS13A in the Vps13 mutant background partially 

rescued some of the phenotypes, which indicates the functional conservation of both proteins and 

underscores the relevance of this Drosophila disease model. 

Chapter 4: CRISPR/Cas9 based genome editing of Drosophila for the generation of a Vps13 

knockout mutant and Vps13-GFP flies

The genome editing technique CRISPR/Cas9 has gained extreme popularity in many fields of research 

over the last couple of years because of the easy implementation, high specificity and low costs. 

Initially discovered as an adaptive immune system in bacteria, CRISPR/Cas9 is now applied as a targeted 

mutagenesis technique but can also be used to endogenously tag genes of interest with a fluorescent 

marker like a Green Fluorescent Protein (GFP). In Chapter 4 we elaborately describe the implementation 

of the versatile CRISPR/Cas9 technique to generate a Vps13 knockout mutant and a Vps13-GFP fly line. 

We showed that by injection of two sgRNAs into cas9 expressing Drosophila embryos it is possible 

to introduce a double stranded break in the Vps13 gene. This led to the creation of a Vps13 knockout 

mutant that does not express the Vps13 gene, leading to the complete absence of Vps13 protein. With 

the simultaneous injection of a sgRNA and a donor plasmid containing the GFP sequence flanked by 

two homologous arms of the C-terminus of Vps13 we were able to create a Vps13-GFP fly line with 

proper expression of Vps13-GFP and presence of Vps13-GFP protein. We also discussed our most striking 

observations about the application of the CRISPR/Cas9 technique for the creation of both lines. Further 

validation and application of both lines is described in Chapter 5. 

Chapter 5: Timely removal of nurse cell corpses requires cell-autonomous function of Vps13

The Drosophila ovary system is widely used to study biological and cellular processes because of its easy 

accessibility and the availability of many genetic tools. Cell death and removal of superfluous Nurse Cells 

(NCs) during late oogenesis is a poorly understood mechanism, of which mainly non-autonomous factors 

in Follicle Cells (FCs) have been discovered. In Chapter 5 we identified Vps13 as a cell-autonomous player 

during developmental programmed cell death in the Drosophila ovary using the Vps13null and Vps13-GFP fly 

lines we created in Chapter 4. Vps13 mutant females have a deficit in egg lay and produce lower numbers 

of offspring. A striking accumulation of persistent nurse cell nuclei (PNCN) in late stage egg chambers 

of mutant females was observed. Absence of Vps13 in NCs specifically led to PNCN accumulation, while 

knockdown of Vps13 in FCs does not. Antibody staining and endogenous Vps13-GFP expression showed 

a specific signal in close proximity to nuclei of dying NCs in late-stage oogenesis. Large scale electron 

microscopy revealed a novel Vps13-dependent membrane structure adjacent to the plasma membrane 

of NCs undergoing cell death in control flies that was almost entirely absent in Vps13 mutants. Together 

these data implicate a cell-autonomous function of Vps13 in proper egg development and removal of 

cells that undergo programmed cell death. 
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Chapter 6: Human VPS13A is associated with multiple organelles and required for lipid 

droplet homeostasis

Previous research about the function of VPS13A indicates a versatile role for the protein in a wide range 

of cellular processes, including autophagy, protein homeostasis and actin polymerization. In Chapter 

6 we investigated the subcellular localization, dynamics, binding partners and individual domains of 

VPS13A to provide more understanding about its molecular function. We demonstrated that VPS13A is 

associated with mitochondria and interacts with VAP-A, thereby establishing membrane contact sites 

between mitochondria and endoplasmic reticulum (ER). Altering levels of fatty acids induces a dynamic 

shift in VPS13A localization from mitochondria to lipid droplets (LD). When VPS13A is localized to LDs their 

movement is temporarily paused while absence of VPS13A leads to increased LD number and size that 

show faster directional mobility. Finally we showed that Drosophila Vps13 mutant flies accumulate LDs in 

the central nervous system using large scale electron microscopy which indicates functional conservation 

of VPS13 in LD homeostasis.

Chapter 7: Summarizing discussion and future perspectives

Chapter 7 summarizes the main results presented in this thesis. Furthermore it provides a general 

discussion and future perspectives that follow from the data presented here. 



16 

CHAPTER 1

REFERENCES
1. Rampoldi, L., Danek, A. & Monaco, A. P. Clinical features and 

molecular bases of neuroacanthocytosis. J. Mol. Med. (Berl). 
80, 475–91 (2002).

2. Walker, R. H. et al. Neurologic phenotypes associated with 
acanthocytosis. Neurology 68, 92–98 (2007).

3. Prohaska, R. et al. Brain, blood, and iron: perspectives on 
the roles of erythrocytes and iron in neurodegeneration. 
Neurobiol. Dis. 46, 607–24 (2012).

4. Jung, H. H., Danek, A. & Walker, R. H. Neuroacanthocytosis 
Syndromes. Orphanet J. Rare Dis. 6, 68 (2011).

5. Peikert, K., Danek, A. & Hermann, A. Current state 
of knowledge in Chorea-Acanthocytosis as core 
Neuroacanthocytosis syndrome. Eur. J. Med. Genet. (2017). 
doi:10.1016/j.ejmg.2017.12.007

6. Rampoldi, L. et al. A conserved sorting-associated protein 
is mutant in chorea-acanthocytosis. Nat. Genet. 28, 119–20 
(2001).

7. Ueno, S. et al. The gene encoding a newly discovered 
protein, chorein, is mutated in chorea-acanthocytosis. Nat. 
Genet. 28, 121–2 (2001).

8. Ho, M. et al. Isolation of the gene for McLeod syndrome 
that encodes a novel membrane transport protein. Cell 77, 
869–80 (1994).

9. Ho, M. F., Chalmers, R. M., Davis, M. B., Harding, A. E. & 
Monaco, A. P. M. A novel point mutation in the mcleod 
syndrome gene in neuroacanthocytosis. Ann. Neurol. 39, 
672–675 (1996).

10. Zhou, B. et al. A novel pantothenate kinase gene (PANK2) is 
defective in Hallervorden-Spatz syndrome. Nat. Genet. 28, 
345–9 (2001).

11. Holmes, S. E. et al. A repeat expansion in the gene encoding 
junctophilin-3 is associated with Huntington disease–like 2. 
Nat. Genet. 29, 377–378 (2001).

12. Bader, B. et al. Tongue protrusion and feeding dystonia: a 
hallmark of chorea-acanthocytosis. Mov. Disord. 25, 127–9 
(2010).

13. Hardie, R. J. et al. Neuroacanthocytosis. A clinical, 
haematological and pathological study of 19 cases. Brain 114 
( Pt 1A), 13–49 (1991).

14. Benninger, F. et al. Seizures as presenting and prominent 
symptom in chorea-acanthocytosis with c.2343del VPS13A 
gene mutation. Epilepsia 57, 549–56 (2016).

15. Henkel, K., Danek, A., Grafman, J., Butman, J. & Kassubek, J. 
Head of the caudate nucleus is most vulnerable in chorea-
acanthocytosis: a voxel-based morphometry study. Mov. 
Disord. 21, 1728–31 (2006).

16. Walterfang, M. et al. Shape alterations in the striatum in 
chorea-acanthocytosis. Psychiatry Res. 192, 29–36 (2011).

17. Ishida, C., Makifuchi, T., Saiki, S., Hirose, G. & Yamada, 
M. A neuropathological study of autosomal-dominant 
chorea-acanthocytosis with a mutation of VPS13A. Acta 
Neuropathol. 117, 85–94 (2009).

18. Connolly, B. S., Hazrati, L.-N. & Lang, A. E. Neuropathological 
findings in chorea-acanthocytosis: new insights into 

mechanisms underlying parkinsonism and seizures. Acta 
Neuropathol. 127, 613–5 (2014).

19. Liu, J. et al. Subcortical neurodegeneration in chorea: 
Similarities and differences between chorea-acanthocytosis 
and Huntington’s disease. Parkinsonism Relat. Disord. 49, 
54–59 (2018).

20. Dobson-Stone, C. et al. Chorein detection for the diagnosis 
of chorea-acanthocytosis. Ann. Neurol. 56, 299–302 (2004).

21. Miquel, M. et al. Short and long term outcome of bilateral 
pallidal stimulation in chorea-acanthocytosis. PLoS One 8, 
e79241 (2013).

22. Dobson-Stone, C. et al. Mutational spectrum of the CHAC 
gene in patients with chorea-acanthocytosis. Eur. J. Hum. 
Genet. 10, 773–81 (2002).

23. Tomiyasu, A. et al. Novel pathogenic mutations and 
copy number variations in the VPS13A Gene in patients 
with chorea-acanthocytosis. Am. J. Med. Genet. Part B 
Neuropsychiatr. Genet. 156, 620–631 (2011).

24. Shen, Y. et al. Novel VPS13A Gene Mutations Identified in 
Patients Diagnosed with Chorea-acanthocytosis (ChAc): 
Case Presentation and Literature Review. Front. Aging 
Neurosci. 9, 95 (2017).

25. Velayos-Baeza, A., Vettori, A., Copley, R. R., Dobson-Stone, 
C. & Monaco, A. P. Analysis of the human VPS13 gene family. 
Genomics 84, 536–549 (2004).

26. Kolehmainen, J. et al. Cohen syndrome is caused 
by mutations in a novel gene, COH1, encoding a 
transmembrane protein with a presumed role in vesicle-
mediated sorting and intracellular protein transport. Am. J. 
Hum. Genet. 72, 1359–69 (2003).

27. Lesage, S. et al. Loss of VPS13C Function in Autosomal-
Recessive Parkinsonism Causes Mitochondrial Dysfunction 
and Increases PINK1/Parkin-Dependent Mitophagy. Am. J. 
Hum. Genet. 98, 500–513 (2016).

28. Gauthier, J. et al. Recessive mutations in VPS13D cause 
childhood onset movement disorders. Ann. Neurol. (2018). 
doi:10.1002/ana.25204

29. Seong, E. et al. Mutations in VPS13D lead to a new recessive 
ataxia with spasticity and mitochondrial defects. Ann. 
Neurol. (2018). doi:10.1002/ana.25220

30. Tomemori, Y. et al. A gene-targeted mouse model for 
chorea-acanthocytosis. J. Neurochem. 92, 759–766 (2005).

31. Vonk, J. J. et al. Drosophila Vps13 Is Required for Protein 
Homeostasis in the Brain. PLoS One 12, e0170106 (2017).

32. Redding, K., Brickner, J. H., Marschall, L. G., Nichols, J. W. & 
Fuller, R. S. Allele-specific suppression of a defective trans-
Golgi network (TGN) localization signal in Kex2p identifies 
three genes involved in localization of TGN transmembrane 
proteins. Mol. Cell. Biol. 16, 6208–17 (1996).

33. Samaranayake, H. S., Cowan, A. E. & Klobutcher, L. A. 
Vacuolar Protein Sorting Protein 13A, TtVPS13A, Localizes to 
the Tetrahymena thermophila Phagosome Membrane and 
Is Required for Efficient Phagocytosis. Eukaryot. Cell 10, 
1207–1218 (2011).



1

17 

Introduction

34. Muñoz-Braceras, S., Calvo, R. & Escalante, R. TipC and the 
chorea-acanthocytosis protein VPS13A regulate autophagy 
in Dictyostelium and human HeLa cells. Autophagy 11, 918–
27 (2015).

35. Brickner, J. H. & Fuller, R. S. SOI1 encodes a novel, conserved 
protein that promotes TGN-endosomal cycling of Kex2p 
and other membrane proteins by modulating the function 
of two TGN localization signals. J. Cell Biol. 139, 23–36 (1997).

36. Huh, W.-K. et al. Global analysis of protein localization in 
budding yeast. Nature 425, 686–691 (2003).

37. Luo, W. j & Chang, A. Novel genes involved in endosomal 
traffic in yeast revealed by suppression of a targeting-
defective plasma membrane ATPase mutant. J. Cell Biol. 138, 
731–46 (1997).

38. Zhang, B., Chang, A., Kjeldsen, T. B. & Arvan, P. Intracellular 
retention of newly synthesized insulin in yeast is caused by 
endoproteolytic processing in the Golgi complex. J. Cell 
Biol. 153, 1187–98 (2001).

39. De, M. et al. The Vps13p–Cdc31p complex is directly required 
for TGN late endosome transport and TGN homotypic 
fusion. J. Cell Biol. jcb.201606078 (2017). doi:10.1083/
jcb.201606078

40. Nakanishi, H., Suda, Y. & Neiman, A. M. Erv14 family cargo 
receptors are necessary for ER exit during sporulation in 
Saccharomyces cerevisiae. J. Cell Sci. 120, 908–16 (2007).

41. Park, J.-S. & Neiman, A. M. VPS13 regulates membrane 
morphogenesis during sporulation in Saccharomyces 
cerevisiae. J. Cell Sci. 125, 3004–3011 (2012).

42. Park, J.-S., Okumura, Y., Tachikawa, H. & Neiman, A. M. SPO71 
Encodes a Developmental Stage-Specific Partner for Vps13 
in Saccharomyces cerevisiae. Eukaryot. Cell 12, 1530–1537 
(2013).

43. Lang, A. B., Peter, A. T. J., Walter, P. & Kornmann, B. ER–
mitochondrial junctions can be bypassed by dominant 
mutations in the endosomal protein Vps13. J. Cell Biol. 210, 
883–890 (2015).

44. Xue, Y. et al. Endoplasmic reticulum–mitochondria junction 
is required for iron homeostasis. J. Biol. Chem. 292, 13197–
13204 (2017).

45. John Peter, A. T. et al. Vps13-Mcp1 interact at vacuole-
mitochondria interfaces and bypass ER-mitochondria 
contact sites. J. Cell Biol. 216, 3219–3229 (2017).

46. Park, J.-S. et al. Yeast Vps13 promotes mitochondrial function 
and is localized at membrane contact sites. Mol. Biol. Cell 27, 
2435–2449 (2016).

47. Dalton, L. E., Bean, B. D. M., Davey, M. & Conibear, E. 
Quantitative high-content imaging identifies novel 
regulators of Neo1 trafficking at endosomes. Mol. Biol. Cell 
28, 1539–1550 (2017).

48. Rzepnikowska, W. et al. Amino acid substitution equivalent to 
human chorea-acanthocytosis I2771R in yeast Vps13 protein 
affects its binding to phosphatidylinositol 3-phosphate. 
Hum. Mol. Genet. 26, 1497–1510 (2017).

49. Föller, M. et al. Chorein-sensitive polymerization of cortical 
actin and suicidal cell death in chorea-acanthocytosis. 

FASEB J. 26, 1526–34 (2012).

50. Schmidt, E.-M. et al. Chorein sensitivity of cytoskeletal 
organization and degranulation of platelets. FASEB J. 27, 
2799–806 (2013).

51. Alesutan, I. et al. Chorein Sensitivity of Actin Polymerization, 
Cell Shape and Mechanical Stiffness of Vascular Endothelial 
Cells. Cell. Physiol. Biochem. 32, 728–742 (2013).

52. Lupo, F. et al. A new molecular link between defective 
autophagy and erythroid abnormalities in chorea-
acanthocytosis. Blood 128, 2976–2987 (2016).

53. Sasaki, N. et al. Chorein interacts with -tubulin and histone 
deacetylase 6, and overexpression preserves cell viability 
during nutrient deprivation in human embryonic kidney 293 
cells. FASEB J. 30, 3726–3732 (2016).

54. Honisch, S. et al. Chorein addiction in VPS13A overexpressing 
rhabdomyosarcoma cells. Oncotarget 6, 10309–10319 (2015).

55. Pelzl, L. et al. Lithium Sensitive ORAI1 Expression, Store 
Operated Ca2+ Entry and Suicidal Death of Neurons in 
Chorea-Acanthocytosis. Sci. Rep. 7, 6457 (2017).

56. Park, J.-S., Halegoua, S., Kishida, S. & Neiman, A. M. A 
Conserved Function in Phosphatidylinositol Metabolism for 
Mammalian Vps13 Family Proteins. PLoS One 10, e0124836 
(2015).

57. Honisch, S. et al. Chorein Sensitive Dopamine Release from 
Pheochromocytoma (PC12) Cells. Neurosignals. 23, 1–10 
(2015).

58. Sakimoto, H., Nakamura, M., Nagata, O., Yokoyama, I. & Sano, 
A. Phenotypic abnormalities in a chorea-acanthocytosis 
mouse model are modulated by strain background. 
Biochem. Biophys. Res. Commun. 472, 118–24 (2016).

59. Sharma, R. P. Wingless - A new mutant in Drosophila 
melangoster. Drosoph. Inf. Serv. 50, (1973).

60. Sharma, R. P. & Chopra, V. L. Effect of the Wingless (wg1) 
mutation on wing and haltere development in Drosophila 
melanogaster. Dev. Biol. 48, 461–5 (1976).

61. Rijsewijk, F. et al. The Drosophila homolog of the mouse 
mammary oncogene int-1 is identical to the segment 
polarity gene wingless. Cell 50, 649–57 (1987).

62. Zhan, T., Rindtorff, N. & Boutros, M. Wnt signaling in cancer. 
Oncogene 36, 1461–1473 (2017).

63. Bastock, R. & St Johnston, D. Drosophila oogenesis. Curr. 
Biol. 18, R1082–R1087 (2008).

64. Verheyen, E. & Cooley, L. Looking at oogenesis. Methods 
Cell Biol. 44, 545–61 (1994).

65. Horne-Badovinac, S. & Bilder, D. Mass transit: epithelial 
morphogenesis in the Drosophila egg chamber. Dev. Dyn. 
232, 559–74 (2005).

66. Nezis, I. P. Oogenesis: Methods and Protocols. (Springer 
Nature, 2016).

67. King, R. Ovarian development in Drosophila melanogaster. 
(Academic Press, 1970).

68. Hudson, A. M. & Cooley, L. Methods for studying oogenesis. 
Methods 68, 207–17 (2014).




	Chapter 1

