Inaugural dissertation
for
obtaining the doctoral degree
of the
Combined Faculty of Mathematics, Engineering and Natural Sciences
of the
Ruprecht — Karls — University

Heidelberg

Presented by
Mgr. Dajana Tanasi¢, MSc
Born in: Banja Luka, Bosnia and Herzegovina

Oral examination: 01.07.2022



Intracellular membrane trafficking of

E-cadherin in Drosophila

Referees:
Prof. Dr. Dr. Georg Stoecklin

PD Dr. Veit Riechmann



Ehrenwortliche Erklarung zu meiner Dissertation mit dem Titel:

»intracellular membrane trafficking of E-cadherin in Drosophila”

Hiermit erklare ich, dass ich die vorliegende Arbeit ohne unzuléssige Hilfe Dritter und nur unter
Verwendung der angegebenen Quellen und Hilfsmittel verfasst habe. Jegliche Ausfuhrungen,
die wortlich oder sinngemap tbernommen wurden, sind als solche kenntlich gemacht. Ich habe
diese Arbeit bisher an keinem anderen in- oder auslandischen Naturwissenschaftlich-

Mathematischen Fachbereich als Prufungsarbeit verwendet oder als Dissertation eingereicht.

I hereby declare that | have written this thesis without the unauthorized help of third parties
and only using the sources and aids indicated. Any statements that have been taken over
verbatim or in spirit are marked as such. | have not used this thesis as an examination paper
or submitted it as a dissertation to any other department of natural science or mathematics in

Germany or abroad.

Ort, Datum Unterschrift



Acknowledgements

This research was carried out at the Department of Cell and Molecular Biology of Medical
Faculty Mannheim, University of Heidelberg. First, | would like to express my gratitude to my
supervisor, PD Dr. Veit Riechmann, for allowing me to work on a PhD project in his lab. | am
grateful for all of his help and support over the last five years. Even when my scientific
enthusiasm was low, discussions with him were always inspirational and informative, teaching
me how to think critically and approach problems from other perspectives. | am also grateful
for his time and patience. | would not have completed my PhD as successfully as | did without
his mentoring.

I would like to thank Nicola Berns, the lab postdoc, for her support, and assistance throughout
my PhD. Her ideas contributed to the quality of my work. I'm also thankful for the opportunity
to share the lab and enjoy the conversation during the long lab hours.

I'd also like to express my heartfelt gratitude to my colleague, Dr. Sara Laiouar-Pedari. With
her wonderful personality and cheerful spirit, she was the nicest labmate anyone could ask for.
She truly brightened my PhD days.

A big thank goes to the lab technician Nadine Kraft. She did an amazing job in performing the
immunohistochemistry experiments and managing the lab. It was a pleasure to share the
workplace with her.

I would also like to thank our secretary Felicitas Olschowsky for all the paperwork that she has
performed for our lab.

Prof. Dr. Dr. Georg Stoecklin and Prof. Dr. Steven Dooley, members of my TAC committee,
deserve special recognition. During our annual meetings, their feedback and encouragement
have always motivated me and contributed to the improvement of my project.

| further want to express my gratitude to Dr. Nitin Patil, Bojana Pavlovic, Oznur Singin and
Johanna Dieplinger for reviewing my thesis and providing constructive criticism, suggestions,
and feedback.

In addition, | would like to thank Radana and Nedo Drvar for their friendship and love, as well
as for providing me with a family atmosphere when | needed it most.

I am forever thankful for love and support that my parents Jelena and Miroslav and my sister
Aleksandra, as well as the rest of my family, have always shown me. They had unconditional
faith in me and selflessly encouraged me to pursue my dreams. None of my accomplishments
would have been possible without their love, patience and encouragement, and | dedicate this
milestone to them.

Last but not the least, | would like to praise and thank God for countless blessings in my life,

amongst which are the successful end of my PhD.



Zusammenfassung

Die Aufrechterhaltung der Zell-Zell-Adhasion ist entscheidend fur die Gewebeintegritat und
die epitheliale Homdostase. Der Hauptbaustein der Zellverbindungen, der sogenannten
Adherens-Verbindungen, ist E-Cadherin. Eine Unterbrechung der E-Cadherin-Sekretion zur
Plasmamembran verursacht Gewebezerfall und Metastasierung.

Trotz der Wichtigkeit der ordnungsgemalen E-Cadherin-Lieferung an die Plasmamembran,
bleiben die Transportmechanismen unbekannt. In dieser Arbeit untersuche ich den Transport
von E-Cadherin unter Verwendung des follikularen Epithels von Drosophila-Ovarien.

Ich zeige, dass das neu synthetisierte und endozytierte Drosophila E-Cadherin (DE-Cadherin)
die apikalen endosomalen Kompartimente Rab7 und Rab11 durchquert. Die Signale fir die
richtige Abgabe von DE-Cadherin an apikale Endosomen befinden sich im zytoplasmatischen
Schwanz des Proteins. Darlber hinaus rekrutiert Rab7 das Sorting Nexin 16 (Snx16) fur den
anschlieBenden DE-Cadherin-Transport. Snx16 liefert DE-Cadherin  Uber die
Tubulationsaktivitat an das Rab11-Kompartiment. Meine Ergebnisse legen nahe, dass Snx16
auch fur die Stabilisierung des DE-Cadherin- und Armadillo-Komplexes erforderlich ist, was
wiederum flr einen effizienten DE-Cadherin-Transport notwendig ist. AuRerdem werden die
Exozystenkomponente Sec15 und der Motor MyosinV (MyoV) von Rab11 rekrutiert. Dies fuhrt
zur Bildung des MyoV/Sec15/Rab11-Komplexes, der apikale Aktinbahnen nutzt, um DE-
Cadherin zu der Zonula-Adhdrenz zu transportieren, wo es einen kontinuierlichen
Adhasionsgurtel bildet. Meine Daten zeigen, dass flr die ordnungsgemafe Bildung des
MyoV/Sec15/Rab11-Komplexes und die ungehinderte DE-Cadherin-Abgabe an die
Plasmamembran aquivalente Spiegel von MyoV, Rab11 und Sec15 erforderlich sind. Bei der
Expression des nicht funktionsfahigen MyoV, reichert sich DE-Cadherin in den endosomalen
Kompartimenten Rab7 und Rab11 an, wodurch die Zonula-Adharenz nicht kontinuierlich
gebildet werden kann. Dies deutet darauf hin, dass der MyoV-Motor DE-Cadherin auch aus
apikalen endosomalen Kompartimenten transportiert. Darliber hinaus zeigen meine Daten,
dass DE-Cadherin auch entlang der basalen Aktinkabel Uber den MyoV/Sec15/Rab11-
Komplex zur Abgabe an die basolaterale Plasmamembran transportiert wird.
Zusammengenommen geben meine Ergebnisse Aufschluss Uber die DE-Cadherin-
Sekretionswege. Ich konnte mehrere zusatzliche Aspekte des E-Cadherin-Transports
innerhalb endosomaler Kompartimente und zur Plasmamembran zeigen. Dadurch tragen
meine Daten zu einem besseren Verstandnis der epithelialen Homdostase und der Pravention

von Krankheiten und deren Folgen, einschliel3lich Krebsmetastasen, bei.



Summary

The maintenance of the cell-cell adhesion is crucial for tissue integrity and epithelial
homeostasis. E-cadherin is the main building block of the cell junctions called adherens
junctions. Disruption in E-cadherin secretion to the plasma membrane causes tissue
disintegration and metastasis.

Despite the importance of the proper E-cadherin delivery to the plasma membrane, the
mechanisms of transport remain unknown. Here, | investigate E-cadherin trafficking using the
follicular epithelium of Drosophila ovaries.

I show that the newly synthesized and endocytosed Drosophila E-cadherin (DE-cadherin)
transverses through the apical Rab7 and Rab11 endosomal compartments. The signals for
the proper DE-cadherin delivery to apical endosomes are located within the protein's
cytoplasmic tail. Furthermore, the Rab7 recruits a sorting nexin 16 (Snx16) for subsequent DE-
cadherin transport. Snx16 delivers DE-cadherin to the Rab11 compartment via the tubulation
activity. My finding suggests that Snx16 is also required for the stabilization of the DE-cadherin
and Armadillo complex, which is necessary for efficient DE-cadherin trafficking. Further, the
exocyst component Sec15 and the motor MyosinV (MyoV) are then recruited by Rab11. This
results in the formation of the MyoV/Sec15/Rab11 complex that uses apical actin tracks to
transport DE-cadherin to the zonula adherens, where it creates a continuous adhesion belt.
My data shows that equivalent levels of MyoV, Rab11 and Sec15 are required for the proper
MyoV/Sec15/Rab11 complex formation and unhampered DE-cadherin delivery to the plasma
membrane. Upon the expression of the nonfunctional MyoV, DE-cadherin accumulates in
Rab7 and Rab11 endosomal compartments, and zonula adherens cannot be continuously
formed. Additionally, my data reveal that the DE-cadherin is also transported along basal actin
cables via the MyoV/Sec15/Rab11 complex for delivery to the basolateral plasma membrane.
Taken together, my findings shed light on the DE-cadherin secretion pathways. | was able to
show several additional aspects of E-cadherin transport within endosomal compartments and
towards the plasma membrane. As a result, my data contribute to a better understanding of
epithelial homeostasis and the prevention of diseases and their consequences, including

cancer metastasis.
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1 Introduction

1.1 Drosophila oogenesis

The epithelium of the Drosophila ovary is an excellent model to study how membrane proteins
are secreted, endocytosed and recycled. Such transport processes in membrane vesicles are
summarized by the term ‘membrane trafficking’. The fly has a pair of ovaries and each ovary
consists of 15-20 ovarioles (Figure 1a). A single ovariole contains gradually matured egg
chambers of different stages (Figure 1b). The most anterior part of the ovariole is termed
germarium and is the place where the stem-cell niche is located (Lin, 2002). The germarium
develops into egg chambers, which form a series of progressively older-stage egg chambers.
Each egg chamber consists of an inner cyst that contains 16 germline cells: 1 oocyte and 15
nurse cells. A monolayer of epithelial cells surrounds the inner cyst of each egg chamber. As
the oocyte matures and grows in size, the epithelial cells enclosing the inner cyst need to adapt
to the changes. One of the adaptions involves the change in the egg chamber rotation. In
stages 1-5 egg chambers rotate slowly, whereas the egg chambers’ rotation speeds up in
stages 6-8 resulting in a fast rotation. Interestingly, the rotation completely stops after stage 9
(Cetera et al., 2014; L. He et al., 2010). Besides the changes in the egg chamber rotation, the
cell shape of the epithelium changes as well. The epithelial cells in Drosophila egg chambers
of the early stages all have cuboidal cell shape. At the beginning of stage 9, the cell shape
throughout the epithelium becomes heterogeneous: approximately 50 anterior cells become
flat and adopt a squamous shape, while the posterior cells become columnar. At stage 10, the
egg chambers consist of squamous cells in the anterior part and the columnar cells in the

posterior part of the egg chamber (Horne-Badovinac & Bilder, 2005).
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Figure 1. Schematic diagram of the Drosophila ovary. (a) The female fly has a pair of ovaries and
each ovary consists of 15-20 ovarioles. (b) A single ovariole of the Drosophila ovary, with the germarium
at the anterior part and different developmental stages of the egg chambers. Follicle cells are
represented in grey, nurse cells in yellow and the oocyte in red. The figure is adapted from Lebo &
McCall, 2021.

Epithelial shape changes are characterized by the removal and recycling of the adhesion
membrane proteins. Two important families of adhesion membrane proteins are the
immunoglobulin and cadherins superfamily. Fasciclin 2 (Fas2), the insect homolog of the
vertebrate neural cell-adhesion molecule (N-CAM), and Fasciclin 3 (Fas3), which doesn’t have
a vertebrate homolog until now, both belong to the immunoglobulin superfamily (Grenningloh
etal., 1991; Patel et al., 1987; Snow et al., 1989). By stage 8 of egg chambers, Fas2 and Fas3
are completely removed from the cell membrane by endocytosis. This removal is critical for
the posterior cells transition from cuboidal into squamous shape and for anterior cells to flatten
into squamous shape (Gomez et al., 2012; Grenningloh et al., 1991; Laiouar et al., 2020;
Szafranski & Goode, 2004).

Cadherin molecules also play an essential role in cell shape establishment, as the presence
of cadherins at the membrane determines the shape of the cells (Hayashi & Carthew, 2004).
Particularly important is the epithelial cadherin, E-cadherin. It serves as a building block for the
homophilic cell-cell adhesion in the epithelial cells. Preventing the removal of E-cadherin from
the plasma membrane can result in increased adherence amongst cells and cell shape
distortion (Levayer et al., 2011; K. Sato et al., 2011). The removal and turnover of E-cadherin
must therefore be regulated. However, the exact mechanisms involved in E-cadherin delivery
to the plasma membrane, internalization and intracellular transport remain unknown.

In the Drosophila ovary follicular epithelium, Drosophila E-cadherin (DE-cadherin) is detected
along the lateral membrane but concentrated at the apical-most region, termed zonula
adherens, throughout all egg chamber stages (Figure 2). However, at the beginning of stage
9, the expression of DE-cadherin at the posterior part of the egg chamber reduces significantly
(arrows in Figure 2). This change in DE-cadherin expression in the posterior part of the egg
chamber corresponds to the change in the cell shape of the follicle cells. At stage 9, the cell
shape becomes heterogeneous throughout the egg chamber (Horne-Badovinac & Bilder,
2005).
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Figure 2. DE-cadherin localization throughout different developmental Drosophila egg chamber
stages. The ovaries were stained with a-DE-cadherin antibody and one ovariole is represented. Until
stage 9, DE-cadherin can be detected at the membrane encircling the inner cyst. At stage 9, DE-
cadherin is barely detected at the posterior part of the egg chamber (arrows). The scale bar in the lower

right corner represents 10um.

1.2 Cell-cell adhesion

Cells are attached to each other or to the common surface, termed extracellular matrix, via the
cell adhesion process. The extracellular matrix is a three-dimensional network of collagens,
proteoglycans, elastin, laminin, and a variety of other glycoproteins that gives structural and
biological support to adjacent cells (Romani et al., 2021). Proper cell attachment is necessary
for the formation of organized multicellular structures, as well as for cell-cell communication
and interaction. Structures called cell junctions are responsible for cell-cell adhesion.
Anchoring junctions are one type of cell junctions that can stretch across the membrane and
connect the adhesion surface (neighboring cell or matrix) to the inner cellular structures. The
adherens junction, which is a form of anchoring junction, is critical for cell polarity and tissue
homeostasis (Green et al., 2010).

The main building block of the adherens junction is the protein E-cadherin that interacts with
another E-cadherin protein on the neighboring cell. Adherens junctions form a belt, resulting
in the belt-like adherens junction, that links the cells into a continuous sheet termed the zonula
adherens. Besides the belt-like adherens junction, E-cadherin can be observed localizing
along the lateral membrane below the zonula adherens, forming the punctate-like adherens
junction (Takeichi, 2014).

The strength of adherens junction depends on E-cadherin available for its formation. The
process of adherens junction constant assembly and disassembly is linked to changes in cell
shape, tissue remodeling, cell division and cell death. Fast E-cadherin turnover is therefore
crucial in these processes, as the changes in adherens junction are reflected by the changes
in the localization of E-cadherin on the plasma membrane (Harris & Tepass, 2010; Takeichi,
2014). It is thus important to understand the mechanisms behind the processes of E-cadherin

transport within the cell and, eventually, to the adherens junction.



1.21 The transmembrane adhesion protein E-cadherin

E-cadherin is expressed in epithelial cells and belongs to the cadherin protein family.
Cadherins are cell adhesion molecules that form ‘calcium-dependent adhesion’. Their function
is dependent on calcium ions, since calcium depletion leads to conformational changes of
cadherin proteins and thus suppresses cell adhesion via cadherins (Nagar et al., 1996).
Structurally, mature E-cadherin consists of an extracellular domain, a transmembrane domain
and an intracellular (cytoplasmic) domain (Figure 3). The vertebrate extracellular domain has
5 cadherin repeats, whereas in Drosophila, 7 cadherin repeats are present (Harris & Tepass,
2010). Cadherin repeats have binding sites for Ca®" located between them and these cadherin
repeats are important for building homophilic interactions between E-cadherins on neighboring
cells (Chappuis-Flament et al., 2001).

The intracellular domain of the E-cadherin protein has binding sites for different E-cadherin
regulators and links the cell surface to the cytoskeleton. It is a rather short (150 amino acids)
unstructured domain that is highly conserved throughout species, unlike the extracellular
domain. There are two distinct domains within the intracellular E-cadherin tail: a membrane-
proximal cytoplasmic domain (the so-called juxtamembrane domain) and a -catenin binding
domain (Biswas & Zaidel-Bar, 2017; Van Roy & Berx, 2008). Within the intracellular domain,
there is also a so-called serine cluster that has been shown to significantly increase the affinity
of E-cadherin towards the p-catenin regulator in vivo and in vitro (Choi et al., 2015). B-catenin
regulation of E-cadherin is essential for cell-cell attachment (J. Chen et al., 2017; Choi et al.,
2015; A. H. Huber & Weis, 2001). Studies have shown that the intracellular domain of E-
cadherin contains sorting signals for proper E-cadherin transport (Y. T. Chen et al., 1999;
Miranda et al., 2001). The dileucine motif, in particular, provides signals for direct E-cadherin
sorting to the plasma membrane, according to in vitro research (Miranda et al., 2001).
Interestingly, despite high sequence similarity amongst the species, the dileucine motif is not
present in Drosophila E-cadherin intracellular domain (Bulgakova & Brown, 2016; Myster et
al., 2003). Therefore, the exact sorting signals required for E-cadherin delivery to the plasma

membrane in both vertebrates and Drosophila still remain unknown.
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Figure 3. Schematic representation of vertebrate E-cadherin protein domains. The vertebrate
extracellular domain consists of five E-cadherin repeats (blue). In Drosophila, however, there are 7
cadherin repeats. The transmembrane domain (TM) connects the extracellular domain to the

intracellular domain, which is made of juxtamembrane domain (purple) and B-catenin domain (red).
1.2.2 Regulation of E-cadherin transport and its delivery to the cell surface

Precise delivery of E-cadherin to the plasma membrane is achieved by regulated intracellular
E-cadherin transport. Newly synthesized E-cadherin first needs to be transported out of the
endoplasmic reticulum (ER). At the ER, B-catenin binds to the E-cadherin cytoplasmic domain
and forms the E-cadherin/pB-catenin complex that is shown to be required for efficient E-
cadherin transport out of the ER and localization to the plasma membrane (Y. T. Chen et al.,
1999). However, further studies on the importance of E-cadherin/B-catenin complex in vitro
and in vivo revealed that E-cadherin is able to not only leave the ER but also localize to the
plasma membrane without B-catenin (Miranda et al., 2001; Pacquelet & Rgrth, 2005). After
leaving the ER, E-cadherin undergoes sorting for the subsequent transport steps. This sorting
can take place at the Golgi network (Beronja et al., 2005; Satoh et al., 2005) or at the
endosomes (Classen et al., 2005; Langevin et al., 2005). Transport of E-cadherin out of the
trans-Golgi compartment is regulated by the tubulovesicular carrier Golgin-97 (Lock et al.,
2005). Once the E-cadherin/p-catenin complex reaches the adherens junction at the plasma
membrane, B-catenin links E-cadherin to the actin cytoskeleton via a-catenin (Drees et al.,
2005). Interestingly, a study conducted in Drosophila suggests that the linkage of E-cadherin
to the actin cytoskeleton via a-catenin might be the primary role of B-catenin at the adherens
junctions (Pacquelet & Rgrth, 2005). Another member of the catenin protein family, p120, also
binds E-cadherin at the adherens junction. The binding of p120 to E-cadherin regulates E-
cadherin turnover and degradation (Bulgakova & Brown, 2016; K. Sato et al., 2011; Thoreson
et al., 2000).

Once at the plasma membrane, E-cadherin can be internalized via endocytosis. E-cadherin
endocytosis is an essential process in cell reshaping and tissue remodeling. Endocytosis of E-
cadherin can be performed via two different mechanisms: clathrin-dependent or clathrin-
independent endocytosis. Clathrin-dependent endocytosis involves vesicles consisting mainly

of clathrin proteins. Clathrin requires adaptor proteins to recognize different motifs for cargo



binding (B. T. Kelly & Owen, 2011). E-cadherin endocytosis through clathrin-vesicles has been
associated with the AP-2 adaptor. Studies in vertebrates have shown that E-cadherin binds
AP-2 through the dileucine motif located within the cytoplasmic tail (Miranda et al., 2001;
Miyashita & Ozawa, 2007). Other studies reveal that the endocytic adaptor Numb binds to E-
cadherin and promotes endocytosis of the protein from the plasma membrane (Lau &
McGlade, 2011; Z. Wang et al., 2009). Another adaptor Disabled-2 (Dab2) has also been
associated with E-cadherin. Dab2 downregulation results in E-cadherin accumulation and loss
of apical-basal polarity (Yang et al., 2007). Formation of clathrin-coated vesicles also involves
Dynamin, the main component of the endocytic machinery, and Rab5 GTPase. Rab5 recruits
clathrin-coated vesicles and Dynamin drives the cleavage of the endocytic vesicle
(Kirchhausen et al., 2014). The less studied endocytosis mechanism of E-cadherin is the
clathrin-independent endocytosis. According to a few studies, -clathrin-independent
endocytosis can be performed either via caveolin-mediated internalization or via
micropinocytosis (Bryant et al., 2005; Lu et al., 2003; Paterson et al., 2003).

E-cadherin first enters the Rab5 positive compartment, also known as the early endosome, if
it is internalized by clathrin-mediated endocytosis (S. R. Pfeffer, 2013; Wandinger-Ness &
Zerial, 2014). Studies in cultured cells have shown that endocytosis through Rab5
compartments is the driving force of E-cadherin dynamics (De Beco et al., 2009; Le et al.,
1999). Along the endocytic pathway, E-cadherin is constantly trafficked. Fluorescence
recovery after photobleaching experiments demonstrated that adherens junction disassembly
and E-cadherin extraction from the plasma membrane occur via endocytosis (De Beco et al.,
2009).

From the Rab5 compartment, E-cadherin can face two different fates. It is either transported
back to the plasma membrane or degraded in the lysosomes. The decision between recycling
and degradation regulates the strength of cell-cell adhesion. The more E-cadherin is degraded,
the weaker the cell adhesion is. Similarly, more rapid recycling results in stronger cell-cell
adhesion (Briser & Bogdan, 2017). A study in Drosophila ovaries has shown that endocytosed
E-cadherin passes through the Rab11 endosomal compartment if destined to be recycled for
the adherens junction formation (Langevin et al., 2005). This is in line with findings in cultured
mammalian cells, which show that newly synthesized E-cadherin vesicles also fuse with
intermediate Rab11 compartments before reaching the plasma membrane (Stow & Lock,
2005). Live imaging conducted in the same study with cultured mammalian cells detected both
Ecad and Rab11 in highly dynamic tubulovesicular carriers, indicating active involvement of
Rab11 in E-cadherin exocytosis. E-cadherin cannot be secreted to the cell surface when the
dominant-negative form of Rab11 is expressed, confirming the role of Rab11 in E-cadherin
delivery to the plasma membrane (Stow & Lock, 2005). A recent study from our lab in

Drosophila ovaries also shows that Rab11 is involved in the delivery of newly synthesized E-
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cadherin directly to the zonula adherens (Woichansky et al., 2016). The same study suggests
that E-cadherin delivery to the lateral area of the plasma membrane, however, is Rab11-
independent, indicating that the cell has several E-cadherin delivery routes to the plasma
membrane (Woichansky et al., 2016). Despite significant research, it is still unclear how E-
cadherin reaches Rab11 compartments. Furthermore, transfer of E-cadherin within the
endosomal compartment has also not been thoroughly studied.

Once E-cadherin reaches the Rab11 compartment, the evolutionarily conserved exocyst
complex is recruited for the subsequent trafficking steps. Absence of the exocyst subunits
SecbH, Sec6 and Sec15 leads to the accumulation of the E-cadherin protein within the enlarged
Rab11 compartment (Langevin et al., 2005). This demonstrates that the exocyst promotes the
delivery of E-cadherin to the lateral membrane from recycling endosomes (Langevin et al.,
2005). Depletion of Protein Associated with Lin Seven 1 (PALS1), a mammalian homologue
for an important polarity protein termed Stardust in Drosophila, leads to mislocalization of the
exocyst complex and the cytoplasmic E-cadherin accumulation (Q. Wang et al., 2007). This
result indicates an important function of the exocyst in E-cadherin recycling in vertebrates as
well. However, it still remains unclear how exactly the exocyst complex transports E-cadherin
from endosomes to the plasma membrane.

Other proteins in Drosophila that regulate the localization of E-cadherin at the membrane are
Cip4 and Nostrin. Cip4 and Nostrin belong to the Bin/Amphiphysin/Rvs (BAR) - protein family,
whose members are capable of generating vesicles and tubules. Nostrin localizes to the Rab11
compartment and Cip4 and Nostrin might be mediating the transport of E-cadherin at the
endosomes via tubulation activity (Zobel et al., 2015).

When not destined for recycling, E-cadherin is sent for degradation. E-cadherin targeted for
the degradation associates with the ubiquitin ligase Hakai. The ubiquitination and binding of
Hakai to E-cadherin depends on the Src-mediated phosphorylation at the two tyrosine residues
within the E-cadherin juxtamembrane domain (Fujita et al., 2002). Interestingly, the binding
site for the p120 regulator is near the tyrosine residues that are phosphorylated, suggesting
that p120 and Hakai might be competing in binding to E-cadherin (Hartsock & Nelson, 2012).
The organelle responsible for the degradation of biological macromolecules is the lysosome
(Hesketh et al., 2018; Saftig & Klumperman, 2009). It is a membrane-enclosed acidic
compartment containing up to 50 acid hydrolases in its lumen. The late endosome is capable
of fusion with the lysosome, leading to the formation of the hybrid compartment termed
endolysosomes. A study in mammalian cells has demonstrated that lysosomal hydrolases can
also be detected in the endolysosomes (Bright et al., 2016). This suggests that the degradation

of cargo might already start in the endolysosomes.



1.2.3 E-cadherin in tumor development and progression

Disturbance of E-cadherin localization at the plasma membrane leads to cell and tissue
disorders that result in the development of disease processes. Lack of E-cadherin has been
connected to tumor development and cancer metastasis already in an early study (Berx et al.,
1995). Metastasis of the cancer cells requires the loss of E-cadherin on the membrane in the
process termed epithelial-mesenchymal transition (EMT). EMT is a well-organized and
regulated cell program activated in many cancer cells that leads to the suppression of epithelial
markers and the upregulation of mesenchymal markers. The cells undergoing EMT gradually
lose epithelial character and acquire mesenchymal character. The hallmark of the EMT
process is the downregulation of E-cadherin, since the changes in E-cadherin expression
affect cell shape and cell-cell adhesion (Huang et al., 2012). Suppression of E-cadherin
expression is accompanied by the upregulation of the mesenchymal marker N-cadherin. The
mesenchymal cells form homotypic N-cadherin interactions that are significantly weaker than
the interactions through E-cadherin. Such N-cadherin links promote invasive and migratory
properties of cells (Wheelock et al., 2008). The reduced level of E-cadherin on the cell
membrane also leads to increased cell motility (Qin et al., 2005; Yilmaz & Christofori, 2010).
Increased cell motility during EMT requires changes in the cell cytoskeleton. Actin filaments
facilitate cell movement by forming sheet-like and spike-like membrane protrusions termed
lamellipodia and filopodia. Rearrangement of the cytoskeleton is the prerequisite for the front-
rear polarity, characteristic for migrative cells (Ridley, 2011; Thiery & Sleeman, 2006; Yilmaz
& Christofori, 2009). Taken together, E-cadherin localization at the plasma membrane is
essential for maintaining cell integrity and homeostasis. Disturbance in the expression of E-

cadherin at the cell surface underlies tissue disorders and diseases development.

1.3 The actin network and myosin motors

The cytoskeleton is a network of interconnected structures that maintains cells’ support and
organization. Cell-cell adhesion and cytoskeletal structures are co-dependent. Tight control in
regulating the cross-talk between the cell-cell adhesion and cytoskeletal structures is thus
crucial. E-cadherin and the catenin regulators play an essential role in this cross-talk (Parsons
et al., 2010). E-cadherin, which is a building block of adherens junctions, is attached to the
cytoskeleton via the binding to p-catenin and a-catenin (Drees et al., 2005). Past studies have
shown that a-catenin is a crucial linker in conducting signals from cytoskeletal structures to the
cell membrane, as it interacts with the actin filaments and actin-binding proteins through its C-
terminal domain (Borghi et al., 2012; Kobielak & Fuchs, 2004; Rimm et al., 1995; Yonemura
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et al., 2010). Besides the interplay of the cytoskeleton and cell adhesion, the cytoskeletal
elements are also essential in the transport of E-cadherin. However, it is unclear exactly what
motors and which cytoskeletal tracks are involved in this process of E-cadherin trafficking.
Microtubules and actin filaments are the main components of the cell cytoskeleton, which also
provide the tracks for the movement of molecular motors that transport vesicles, organelles
and other cargo. Actin filaments are polarized and highly dynamic cytoskeletal structures. They
are capable of performing rapid structural changes in a very short time and are involved in
processes such as cell movement, cell morphology and vesicle trafficking (Galletta & Cooper,
2009). The main unit of the actin filaments is globular actin (G-actin). G-actin forms fiber-like
structures of double-helical filaments referred to as F-actin. The continuous assembly and
disassembly of the actin network can occur locally. During endocytosis, invagination of the
plasma membrane leads to the formation of a local actin network that eventually assists in the
formation of the endocytic vesicle from the internalized region of the membrane (Galletta &
Cooper, 2009; Simonetti & Cullen, 2019). Molecular motors using F-actin filaments to transport
cargo are myosin motors (Pollard, 2016).

Myosin motors consist of a large superfamily. Three different subdomains can be distinguished
within myosin proteins: the motor domain, the neck domain and the C-terminal tail domain.
Rather conserved amongst myosin proteins is the motor domain, which uses the energy from
ATP hydrolysis to “walk” along the actin filaments (Heissler & Sellers, 2016). On the other
hand, the tail domain varies widely in both length and sequence (Sellers, 1999). The motor
and tail domains are thought to be interrelated, and both are considered necessary for the
specific function of myosin motors (Korn, 2000; Krendel & Mooseker, 2005; O Connell et al.,
2007). Furthermore, the tail of the myosin motor binds to the specific adaptor protein, resulting
in the myosin recruitment to an organelle or molecular complex (Akhmanova & Hammer lll,
2010; Hartman & Spudich, 2012). Directionality also plays an important role in myosin-
dependent transport (O'Connell et al., 2007). Actin filaments within the cell are arranged in a
polarized order, with the minus-end oriented towards the interior of the cell and the plus-end
oriented towards the plasma membrane. A myosin motor implicated in the transport of vesicles
will thus move towards the plus end in the process of protein secretion. Myosin proteins are
grouped into 20 different classes, based on the phylogenetic analysis of the motor domain
(O Connell et al., 2007). Another classification of myosin motors can also be distinguished:
conventional myosins, (consisting of skeletal, cardiac, smooth myosins and non-muscle
myosin 1) and unconventional myosins (representing a majority of myosin genes) (Fili &
Toseland, 2020).

One class of the myosin superfamily, unconventional motor myosin V (MyoV), is found widely
within many species. It is involved in the trafficking of many membrane cargos such as

secretory vesicles, vacuoles and recycling endosomes (Hammer & Sellers, 2012; Hammer &
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Wagner, 2013). There are three classes of MyoV in humans (Va, Vb and Vc), whereas in
Drosophila there is a single MyoV gene. The association of MyoV motors with Rab GTPases,
such as Rab8 and Rab11, has already been described in both mammals and Drosophila
(Lapierre et al., 2001; Li et al., 2007; Roland et al., 2009). Previous work in yeast used pull-
down experiments to show that MyoV is a Rab11 binding partner, which is further confirmed
by experiments in vitro and in vivo (Jin et al., 2011). The same study also demonstrates that
there is an interaction between MyoV and the exocyst subunit Sec15, revealing possible
binding sites within both proteins (Jin et al., 2011). All of this suggests the existence of a
complex involving the MyoV motor, Rab11, and the exocyst complex. However, it is unknown
which proteins are transported via this complex. It is also unclear which tracks exactly the

complex uses to move within the cell.

1.4 Rab proteins

Rab proteins were initially described as Ras-related genes expressed in the rat brain (Touchot
et al., 1987). In vertebrates, there are more than 75 different Rab proteins, whereas in
Drosophila only 31 are identified. Nevertheless, most Drosophila Rab proteins are closely
related to at least one vertebrate Rab gene based on sequence similarity (Zhang et al., 2007).
Rab proteins act as molecular switches alternating between an active and an inactive state
(Figure 4). In their active state, Rab proteins are recruited to the membranes of cell organelles
where they interact with different factors to control various steps in vesicle trafficking (Zerial &
McBride, 2001). Rab proteins in inactive form, on the other hand, remain in the cytosol and
await activation. An active state is when the Rab protein is bound to the guanosine-5'-
triphosphate (GTP), while the Rab protein bound to the of guanosine-5'-diphosphate (GDP) is
in its inactive state. A number of assistant proteins support the Rab protein switch between the
active and the inactive state (Barr & Lambright, 2010). Rab proteins interact with the guanine-
nucleotide-exchange factor (GEF), which prompts the exchange of inactive Rab (GDP-bound)
to active Rab (GTP-bound). This release of GDP and binding of GTP initiates the downstream
cascade. The switch to the inactive state occurs when GTP is hydrolyzed to the GDP. This is
stimulated by the GTPase activating protein (GAP). Once in the inactive state, Rab proteins
soon re-enter the cycle by the exchange of GDP to GTP that is prompted by GEFs (E. E. Kelly
et al., 2012; Wandinger-Ness & Zerial, 2014). The interplay of Rab proteins and their GEFs
and GAPs is necessary to have the Rab protein functions in vesicles trafficking properly carried
out (Barr & Lambright, 2010; Zerial & McBride, 2001).

The nucleotide exchange and the molecular switch depend on the structural features of Rab

proteins. Rab proteins consist of two variable regions that are named switch | and switch Il.
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These switch regions can change their conformation depending on the active/inactive status
of the Rab protein (S. R. Pfeffer, 2005). Another crucial part of the Rab GDP-GTP cycle is the
tethering of Rab proteins to the membrane of different cell organelles (S. Pfeffer & Aivazian,
2004). To be bound to the membrane, Rab proteins first need to be prenylated. Prenylation is
a posttranslational modification where geranylgeranyl groups are covalently added to the C-
terminal cysteine residues. Prenylation allows for the attachment of the Rab protein to the
target membrane (Alexandrov et al., 1994). Prenylated Rab proteins can also be found in the
cytosol, where they form a complex with the GDP-dissociation inhibitor (GDI) (Alory & Balch,
2001). Attachment of Rab proteins to membranes is essential for their roles in membrane
trafficking such as vesicle budding, motility, tethering and fusion. An early study has shown
that different Rab proteins are present on different membranous organelles in the cytoplasm,
making Rab GTPases suitable as markers for the various compartments (Chavrier et al.,
1990). Rab1 is mainly detected on the Golgi, whereas Rab3 is present on the synaptic vesicles.
Rab5 is traditionally used as a marker for the early endosome, Rab11 for the recycling
endosome, while Rab7 and Rab9 are expressed on the late endosome (Zerial & McBride,
2001). The presence of Rab proteins on different compartments also marks them as molecular
addresses for different steps in vesicle trafficking. The early endosomal Rab5, for instance,
can be replaced by Rab7 as the compartment matures into the late endosome (Rink et al.,
2005). Therefore, Rab GTPases play an important role in the dynamics of the intracellular

compartments and vesicles trafficking.
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Figure 4. Schematic representation of the interchange of Rab proteins from active to inactive
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state. When in the inactive state, Rab protein bound to GDP. GEF catalyzes the exchange from GDP
to GTP, Rab binds GTP and enters the active state. In its active state, Rab proteins are capable of
binding the effectors, which would promote processes such as vesicle trafficking. Eventually, Rab
proteins re-enter inactive state by GAP-facilitated hydrolysis of GTP to GDP. The figure is adapted from
S. Wang et al., 2017.

1.5 The intracellular trafficking compartments

Cell homeostasis and the cell's interaction with the environment are dependent on the
transport of different proteins into and out of the cell. Intracellular delivery of proteins to the
plasma membrane or the extracellular space is termed exocytosis. On the other hand,
endocytosis describes the process of the internalization of proteins into the cell. Proteins can
also be transported within different cellular compartments. One established way of protein
transport is performed via vesicular transport (Schu, 2001). Vesicles are transport tools
enclosed by a membrane that bud from one compartment and fuse with the target
compartment to release the transported cargo. Vesicle budding is performed with the help of
adaptor proteins and specialized coat proteins, whereas vesicle fusion with the target
compartments requires tethers and specialized proteins called SNAREs (Y. A. Chen et al.,
2001; Guo et al., 2000). There are many different routes that vesicles can utilize to transport
proteins, some being general and some being specific to the cargo they are transporting. The
following sections provide an insight into the different cell compartments involved in vesicle

transport and their context within cargo trafficking (Figure 5).
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Figure 5. Schematic representation of intracellular trafficking compartments. The endoplasmic
reticulum (grey) is the site of protein synthesis. After the synthesis, proteins enter the Golgi network
(green) via COPII vesicles (grey). The Golgi network consists of cis- (dark green), median- (medium
green) and trans- (light green) sides. From the Golgi network, proteins are transported to the plasma
membrane via the secretory pathway. Once at the plasma membrane, proteins can be internalized via
endocytic vesicles in the process termed endocytosis. After the endocytosis, the proteins enter the early
endosome marked by Rab5 (red rim). From the early endosome, proteins can be sorted for fast or slow
recycling. Slow recycling involves the passage of proteins through the recycling endosomes marked by
Rab11 (blue rim). From the recycling endosome, proteins can be sent back to the plasma membrane
with the help of the exocyst complex (orange). Proteins destined for degradation will be sorted into the
intraluminal vesicles (ILVs) at the early endosome. ILVs form multivesicular bodies (MVBs) that bud
from the early endosomes and make up the late endosomes marked by Rab7 (green rim). From the late
endosomes, the proteins go to the endolysosomes, hybrid transitional compartments that eventually
transform into the degradative compartments called lysosomes (pale pink). From the late endosome,
proteins can also enter so-called retrograde transport, where they are sent back to the Golgi network

from which they re-enter the secretory pathway. The figure is adapted from Cullen & Steinberg, 2018.
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1.5.1 Endoplasmic reticulum and Golgi network

The endoplasmic reticulum (ER) is the organelle in which synthesis of transmembrane and
secreted proteins takes place (Jan et al., 2015; Reid, 2017). The ER is the largest organelle in
the cell and very dynamic and complex in structure. The ER consists of a continuous
membrane that can be divided into three main morphological structures: the nuclear envelope,
the peripheral ER cisternae and an interconnected tubular network. The biggest domain is the
nuclear envelope, which is composed of a double membrane around the cell nucleus.
Peripheral ER diverges from the nuclear envelope and can be subdivided into cisternae and
tubular domains. The tubules of the peripheral ER are used to contact the plasma membrane
and other organelles, establishing membrane contact sites (MCSs) (Eden et al., 2010; Ogata
& Yamasaki, 1997; Phillips & Voeltz, 2016; Rocha et al., 2009; West et al., 2011). The ER exit
sites (ERES) are used for secretory proteins to exit the ER. ERES are also characterized by
the formation of coat protein complex Il (COPIl)-coated vesicles that are in charge of
transporting the cargo leaving the ER for the Golgi network (Bannykh et al., 1996; Barlowe et
al., 1994; Kurokawa & Nakano, 2019).

The Golgi network is a primary site for the receiving and the dispatching of proteins arriving
from the ER. Structurally, the Golgi stack consists of 4-8 flat cisternal membranes that form
ribbon-like compartments. In Drosophila, however, Golgi stacks are not connected and
arranged into the Golgi ribbon, but are rather diffused throughout the cytoplasm. These
diffused Golgi stacks are spatially related to the ER exit sites (Kondylis & Rabouille, 2009).
The Golgi network is additionally also organized into cis, median and trans compartments,
reflecting the polarity of the apparatus. The cargo is received from the ER on the cis side,
whereas cargo exits the Golgi apparatus on the frans side (Kulkarni-Gosavi et al., 2019;
Ravichandran et al., 2020). Once the proteins arrive at the frans-Golgi, they are sorted and
sent for delivery to their further destinations. The Golgi is involved in vesicle trafficking via the
so-called membrane tethers, the Golgi-associated proteins such as GRASPs (Golgi
Reassembly and Stacking Proteins) and golgins. GRASPs are involved in the proper stacking
of cisternae within the Golgi stacks as well as tethering of vesicles destined for merging with
the Golgi apparatus (Feinstein & Listedt, 2008; Puthenveedu et al., 2006; Y. Wang et al., 2003).
Golgins have a rod-like coiled-coil structure that allows them to span the long distances in the
cytosol, “catch” vesicles and also tether them to the Golgi network. The coiled-coil nature of
golgins is not rigid but rather flexible, accommodating for the changes in the conformation of
golgin protein when required. Different golgins are localized to different regions of the Golgi
network dependent on their function (Barinaga-Rementeria Ramirez & Lowe, 2009; Munro,
2011).
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1.5.2 Endosomes

1.5.2.1 Early endosomes

Endosomes are cell compartments that serve as intermediate stations for the trafficking of
proteins via vesicular transport. It is directly important to note that ‘the endosome compartment’
is still not precisely described, despite its importance in vesicle trafficking. Furthermore,
although numerous advanced scientific approaches have been used for the investigation of
endosomes, their characteristics remain unclear and diversified (Naslavsky & Caplan, 2018).
Hence the distinction between early, late and recycling endosomes, widely used in the
literature and presented in the following sections, should be regarded with caution.

The early endosome is the first stop for proteins that are internalized from the plasma
membrane. Early endosomes are formed by the fusion of endocytic vesicles that originate from
the plasma membrane. They can have diverse morphology, composition, localization and
function (Huotari & Helenius, 2011). Early endosomes are rather small in size and can be
detected at the periphery of the cell near the plasma membrane (Hoepfner et al., 2005; Nielsen
et al., 1999). The membrane of the early endosome is marked by Rab5 GTPase, although
subdomains enriched in Rab4, Rab11, Arf1/COPI and retromer can be detected as well (Rojas
et al., 2008; Vonderheit & Helenius, 2005). These domains can be found on the tubular
structures within the early endosome, assisting in the generation of vesicles that will transport
the cargo to the subsequent target compartment. The early endosome consists of a central
vacuole with tubular extensions facing the cell cytosol. Additionally, intraluminal vesicles (ILVs)
budding from the outer early endosome membrane toward the central vacuole can also be
detected (Klumperman & Raposo, 2014). Already at the early endosome, the cargo can be

sorted either for recycling or for degradation (Rojas et al., 2008).

1.5.2.2 Late endosomes and degradation

The cargo destined for degradation is packed into the ILVs and eventually sent to the
lysosomes (Frankel & Audhya, 2018). The regions of the early endosome containing ILVs
“‘mature” by segregation and form multivesicular bodies (MVBs) or endosomal carrier vesicles
(ECVs). Through further maturation, those compartments become part of the late endosome,
another essential stop in proteins trafficking (Scott et al., 2014). During this process, Rab5
GTPase is replaced with Rab7 GTPase, a marker for the late endosomes. Rab5 recruits Rab7
to the early endosome, swiftly changes to its inactive GDP-bound form and detaches from the

endosome (Rink et al., 2005). The maturation process of the early endosome to the late
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endosome is very fast, as within 40 minutes all early endosome characteristics and markers
are replaced by the late endosomal character. Late endosome characteristics include its more
central cell position (in contrast to the early endosome position, which is more peripheral),
greater number of ILVs, lower pH, different membrane composition, as well as changes in the
compartment structure. Late endosomes are oval, round and bigger opposed to small tubular
early endosomes (Huotari & Helenius, 2011). From the late endosome, the cargo destined for
degradation is sent to the lysosomes. The lysosome is the organelle responsible for the
degradation of biological macromolecules (Hesketh et al., 2018; Saftig & Klumperman, 2009).
Late endosomes can temporally or completely merge with lysosomes, resulting in the
formation of the endolysosomes (Bright et al., 2016). A recent study has shown that RabX1
GTPase plays a role in the formation of endolysosomal compartments (Laiouar et al., 2020).
RabX1 localizes to late endosomal compartments and interacts with lysosomes by forming
tubular structures. This results in the formation of endolysosomes, where the content exchange
between lysosomes and late endosomes occurs. Loss of RabX1 function prevents degradation
of lateral protein Fas2 and results in Fas2 accumulation in swelling late endosomal
compartments, since no tubular structures enabling the content exchange can form. The
frequent contact between RabX1 and lysosomes, as well as the content exchange, has been
termed the ‘kiss and run’ mechanism. (Laiouar et al., 2020). However, it remains to be
investigated whether proteins localizing to the apicolateral membrane, such as E-cadherin, are

also degraded via the RabX1 compartment.

1.5.2.3 Recycling endosomes

Besides degradation, proteins can be destined for recycling. Cargo sorted for recycling needs
to avoid packing into ILVs through the process named cargo retrieval (Seaman et al., 1997).
Complexes such as the retromer and the retriever are required for the recognition of the sorting
recycling motifs on the cargo (Cullen & Steinberg, 2018). Once retrieved for recycling, the
cargo can undergo two routes. From the early endosome, the cargo can be directly transported
to the plasma membrane. This is termed the fast-recycling pathway, which is Rab4 GTPase
dependent (Huotari & Helenius, 2011; Maxfield & McGraw, 2004; Sheff et al., 1999; van der
Sluijs et al., 1992). Besides Rab4, Rab35 is shown to be another important factor in the fast-
recycling process (Kouranti et al., 2006; M. Sato et al., 2008). Proteins not being recycled via
the fast-recycling route enter the recycling endosome or endocytic recycling compartments
(ERC) for the slow-recycling pathway. The marker for the recycling endosome is Rab11
GTPase. Similarly to the early endosome localization, recycling endosomes in many cells are
also tubular membrane-bound compartments located at the cell periphery (Grant & Donaldson,

2009; Maxfield & McGraw, 2004).
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Besides Rab11, additional GTPases needed for the transport of cargo from the early to the
recycling endosome are Rab22 and Rab10 (Babbey et al., 2006; C. C.-H. Chen et al., 2006;
Magadan et al., 2006). The sorting nexins (Snx) are another protein family that serves for the
cargo delivery to the recycling endosome (Pelham, 2002; Traer et al.,, 2007). They are a
divergent and conserved protein group that shares the common phospholipid-binding motif
termed PX domain. This domain allows Snx proteins to bind membranes enriched in so-called
phosphatidylinositol phosphates (PtdinsPs) and thus deliver the cargo in a targeted fashion.
PtdInsPs can be found on the cell and endocytic membranes (Worby & Dixon, 2002). Some
studies describe members of the sorting nexin family as regulators of E-cadherin transport.
Snx1 and Snx5 facilitate E-cadherin recycling and prevent its degradation (Bryant et al., 2007;
Schill et al., 2014). The interaction of Rab11 and another sortin nexin, Snx4, with lipid raft
protein reggie-1 has also been shown to facilitate E-cadherin sorting and recycling (Solis et
al.,, 2013). A particularly interesting sorting nexin for E-cadherin trafficking is Snx16.
Experiments in vitro showed that Snx16 depletion results in the reduction of E-cadherin on the
cell surface, suggesting that Snx16 regulates E-cadherin recycling in the Rab11-dependent
pathway (Jinxin Xu et al., 2017). Further analysis has shown that the PPIl/a2 loop of Snx16’s
PX domain contains two alkaline residues, R170 and K173, that interact with E-cadherin, as
R170/K173 double mutant couldn’t precipitate together with the E-cadherin (Jinxin Xu et al.,
2017). Nevertheless, it is still unclear how Snx16 is recruited for E-cadherin recycling and how
it delivers E-cadherin for the subsequent trafficking steps.

Recycling can also occur via the trans-Golgi network (TGN), which is termed retrograde
transport. Retrograde transport from the endosomes to the Golgi connects the endocytic and
the biosynthetic/secretory pathways, and is shown to be crucial for many biological processes
such as infection by pathogens (Barlocher et al., 2017) and sorting of enzymes for the
lysosomal degradation (Cheng & Filardo, 2012; Shafag-Zadah et al., 2016). Such diversity in
the recycling routes was shown to be necessary to ensure proper cell polarization and

signaling (Cullen & Steinberg, 2018).

1.5.3 Exocyst

The plasma membrane is a dynamic structure that provides a physical barrier between the
cytoplasm and the extracellular space, controlling the exchange of biomolecules between the
inner and outer cell environment. Transport vesicles carrying cargo between the plasma
membrane and membrane-bound compartments as well as between two membrane-bound
compartments require proper tethering to the membrane by specialized tethering complexes.

The exocyst is a widely studied tethering complex and is conserved from yeast to mammals
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(B. He & Guo, 2009; Hsu et al., 1996; TerBush et al., 1996). It localizes to distinct regions of
the plasma membrane, where it plays a role in tethering vesicles to the membrane before the
SNARE-mediated fusion starts (Grote et al., 2000; Wiederkehr et al., 2004). The exocyst is an
octameric complex consisting of subunits Sec3, Sec5, Sec6, Sec8, Sec10, Sec15, Exo70 and
Exo84. Studies in yeast cells have shown that it is structurally composed of two sub-
complexes: Sec3-Sec5-Sec6-Sec8 and Sec10-Sec15-Exo74-Exo80 (Heider et al., 2016;
Katoh et al., 2015). Delivery of the majority of exocyst subunits to the plasma membrane is
assisted by actin filaments (Boyd et al., 2004). The exocyst complex has a crucial function in
the organism, as all the exocyst subunit null mutants in mammals and Drosophila are lethal
(Friedrich et al., 1997; Murthy et al., 2003, 2005). In vivo and in vitro binding assays in
mammalian cells reveal that the exocyst subunit Sec15 interacts with the active form of Rab11
GTPase (Zhang et al., 2004). Similarly, a study in Drosophila also shows that Sec15 binds to
the GTP-bound Rab11 via its C-terminal, as well as to Rab3, Rab8 and Rab27 proteins (S. Wu
et al., 2005). Taken together, this hints at Sec15 being an effector of Rab11 GTPase in both
Drosophila and mammalian cells. The role of the exocyst in E-cadherin transport has also been
demonstrated. Upon the depletion of the exocyst subunit Sec5, both endocytosed E-cadherin
and B-catenin accumulate in recycling endosomes that are Rab11 positive (Langevin et al.,
2005). Another study in Drosophila ovaries suggested that Rab11 may be essential for the
recruitment of the exocyst complex in the transport of newly generated E-cadherin as well
(Woichansky et al., 2016). Interestingly, the link between the exocyst and E-cadherin is
hypothesized to exist via B-catenin, as pull-down assays revealed that p-catenin binds the
exocyst subunit Sec10 (Langevin et al., 2005). Sec15 interacts with the MyoV motor,
potentially creating a complex with Rab11 GTPase, as previously mentioned (Jin et al., 2011)
(see 1.3). Despite extensive research, it is still unclear how exactly DE-cadherin interacts with
the exocyst. Additionally, it remains unknown what other components interact with the exocyst

in DE-cadherin transport.
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2 Aim of my thesis

E-cadherin is an adhesion membrane protein that forms adherens junctions in epithelial cells.
Previous studies have shown that E-cadherin passes through the endosomal compartments
on its way to the plasma membrane. Additionally, the critical role of Rab11, as an important
organizer of E-cadherin transport, as well as the exocyst complex, which is responsible for
tethering of E-cadherin to the plasma membrane, have been demonstrated. However, the
underlying mechanisms of E-cadherin trafficking remain unknown.

My research aims to elucidate the mechanisms behind the transport of E-cadherin to the
plasma membrane in the Drosophila follicular epithelium. First, | want to characterize the
endosomal compartments through which E-cadherin transverses on the way to the plasma
membrane. Further, | would like to investigate the transport of E-cadherin within the endosomal
compartments. | am also interested in identifying at which stage does Rab11 play a role in the
secretion of E-cadherin. Additionally, | aim to study how are the exocyst subunits recruited for
the E-cadherin trafficking steps. Finally, | am particularly interested in identifying motors that
deliver E-cadherin to the plasma membrane, as well as the pathways that these motors use to

secrete E-cadherin.
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3 Materials and Methods

3.1 Fly stocks

Flies were raised at 27°C in incubators with a 12h-light/12h-dark cycle and maintained on an

agar medium. 1-3 days after hatching, ovaries were dissected and stained. The only exception

are experiments with the dominant-negative shibire flies, which were raised at 18°C to avoid

lethality (Figure 11b). After hatching flies were kept at 27°C for 24 hours to induce expression

and then dissected.

All UAS-transgenes were induced with fraffic jam-Gal4 with the exceptions of experiments
shown in Figures 11a and 18b, where GR1-Gal4 was used to induce UAS-YFP-Rab11 and

UAS-GFP-Snx16.

3.1.1 Drosophila melanogaster fly lines
RNA.i line Library CG Number Provider ID Number
RNA: line for Sec15 KK CG7034 VDRC 105126
Fly line Reference Provider ID
w; traffic jam-Gal4 Olivieri et al., 2010 J. Brennecke N/A
Gupta &
GR1-Gal4/TM3Ser Schiipbach, 2003 S. Roth N/A
UAS-YFP-Rab11 Zhang et al., 2007 Bloomington 9790
w[*]; TM3, P{w[+mc]=UAS-shibire. K44A}3- .
10/TM6B, Tb[1] Srahna et al., 2006 | Bloomington 5822
Wucherpfennig et .
. 2
w; FRT40A Rab5¢/cyo al., 2003 A. Guichet N/A
UAS-HA-Rab11 Woichansky etal, | oyn tab N/A
2016
w; yRab7 Dunst et al., 2015 M. Brankatschk N/A
w;; FRT82B Rab119"RT/TM3Sb Bogard et al., 2007 | R.S. Cohen N/A
FRT82B Rab7¢cal-knockin/T\|g Cherry et al., 2013 | R. Hiesinger N/A
UAS-wtSnx16-SNAP Rodal et al., 2011 A.A. Rodal N/A
UAS-Snx16ACC-SNAP Wang et al., 2019 A.A. Rodal N/A
UAS-GFP-Snx16 Wang et al., 2019 A.A. Rodal N/A
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FRT42 Snx16"'/cyo Rodal et al., 2011 A.A. Rodal N/A
UAS-GFP-MyoV full-length (FL) Krauss et al., 2009 A. Ephrussi N/A
UAS-GFP-MyoV-GT Krauss et al., 2009 | B.J. Thompson N/A
UAS-Sec15-mCherry Michel et al., 2011 C. Bockel N/A
UAS-DE-cadhACyt/a-cat posqueletetal, Bloomington 67415
UAS-DE-cadherin-Ap-catenin gggguelet etal, Bloomington 58497
UAS-DE-cadherin-AJM posauelet & Rerth, | Bioomington 58444
UAS-DE-cadherin-AAA gggg“e'et etal, Bloomington 58434
Silies & Klambt .
GFP-397 ,
Fas2 2010 C. Klambt N/A
w;;sco/Cyo; UAS-Lifeact-RFP/TM3 Ser Riedl et al., 2008 Bloomington 58716
3.2 Detailed experimental genotype
Figure Genotype Staining
Figure 7a hsFLP/w;; FRT82B Rab11/FRT82B RFP DE-cad, RFP
. hsFLP/w; traffic jam-Gal4 Sp/UAS-HA-Rab11, :
Figure 7b FRT82B Rab11/FRT82B RFP DE-cad, HA-Rab11, RFP
Figure 7c w; traffic jam-Gal4 Sp/+; UAS-HA-Rab11/+ DE-cad, HA-Rab11
Figure 7d w; traffic jam-Gal4 Sp/+; UAS-HA-Rab11/+ DE-cad, HA-Rab11
Figure 8a w; traffic jam-Gal4 Sp/+; UAS-YFP-Rab11/+ YFP-Rab11, DE-cad
. w; traffic jam-Gald Sp/+; UAS-YFP-Rab11/UAS-HA- | YFP-Rab11, HA-Rab11, DE-
Figure 8c
Rab11 cad
Figure 9a w; traffic jam-Gal4 Sp/+; UAS-YFP-Rab11/+ YFP-Rab11, Arm, DE-cad
. hsFLP/w; FRT40A Rab5%/FRT 40A RFP; UAS-YFP-
Figure 11a Rab11/GR1-Gal4 YFP-Rab11, RFP, DE-cad
Figure 11b w; trafflg Jjam-Gal4 Sp/+; UAS-YFP-Rab11/UAS- YFP-Rab11, DE-cad
DNshibire
Figure 12a w; traffic jam-Gal4 Sp/+; UAS-YFP-Rab11/+ YFP-Rab11, Golgin-245
Figure 12b w; traffic jam-Gal4 Sp/+; UAS-YFP-Rab11/+ YFP-Rab11, Rab7, Rab5
Figure 12¢ w; traffic jam-Gal4 Sp/+; UAS-YFP-Rab11/ UAS-DE- YFP-Rab11, DE-cad
cadhACyt/a-cat
Figure 14a w; traffic jam-Gal4 Sp/+; UAS-HA-Rab11/yRab7 yRab7, HA-Rab11, DE-cad
Figure 14b w; traffic jam-Gal4 Sp/+; UAS-HA-Rab11/yRab7 yRab7, HA-Rab11, aPKC
Figure 15a hsFLP/w;; FRT82B Rab11/FRT82B RFP DE-cad, Golgin-245, GM130
Figure 15b hsFLP/w;; FRT82B Rab11/FRT82B RFP DE-cad, Rab7, Rab5
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Figure 15¢

hsFLP/w;; FRT82B Rab11/FRT82B RFP

DE-cad, Rab7, LT/RFP

Figure 16a hsFLP/w; FRT82B Rab7/FRT82B RFP DE-cad, LT, RFP
. w; traffic jam-Gal4d UAS-Snx16-SNAP/cyo; .
Figure 17a Sb/TM3Ser GM130, Golgin-245, Snx16
. w; traffic jam-Gald UAS-Snx16-SNAP/cyo;
Figure 17b Sb/TM3Ser Rab7, Snx16
. w; traffic jam-Gald UAS-Snx16-SNAP/cyo; UAS-
Figure 17¢c YFP-Rab11/TM3Ser YFP-Rab11, DE-cad, Snx16
Figure 18a hsFLP/w; FRT42 Snx16*'/FRT42 RFP DE-cad, Rab7, RFP
. hsFLP/w; FRT42 Snx16*'/FRT42 RFP; UAS-GFP-
Figure 18b Snx16/GR1-Gald Snx16, DE-cad, RFP
. hsFLP/w; FRT42 Snx16"'/FRT42 RFP; FRT82B
Figure 18c Rab7/FRT82B RFP DE-cad, RFP
. hsFLP/w; traffic jam-Gal4 UAS-wtSnx16-SNAP/cyo;
Figure 19a FRT82B Rab7/FRT82B RFP DE-cad, Snx16, RFP
. hsFLP/w; traffic jam-Gal4 UAS-Snx16ACC-
Figure 190 | o\ AP/cyo; FRT82B Rab7/FRT82B RFP DE-cad, Snx16, RFP
Figure 20a hsFLP/w;; FRT82B Rab11/FRT82B RFP Arm, DE-cad, RFP
Figure 20b hsFLP/w; FRT42 Snx16*'/FRT42 RFP Arm, DE-cad, RFP
Figure 20c hsFLP/w; FRT82B Rab7/FRT82B RFP Arm, DE-cad, RFP
Figure 21a w; trafﬁc Jjam-Gal4 Sp/+; UAS-DE-cadherin-AB- KDEL, GM130, DE-cad
catenin/+
Figure 21b w; trafﬁc Jjam-Gal4 Sp/+; UAS-DE-cadherin-AB- Arm, DE-cad
catenin/+
Figure 21c w; trafflc Jjam-Gal4 Sp/+; UAS-DE-cadherin-AB- Rab5, DE-cad
catenin/+
Figure 21d w; trafﬁc Jjam-Gal4 Sp/+; UAS-DE-cadherin-AB- Rab7, DE-cad
catenin/+
. w; traffic jam-Gal4d/cyo, UAS-Sec15-
Figure 22a mCherry/TM3Ser DE-cad, Sec15
Figure 22b w; traffic jam-Gal4/+, Sec15 RNAI/+ DE-cad
Figure 22c gN t;\?fﬂc Jjam-Gald/cyo, UAS-Sec15-mCherry/Sec15 DE-cad, Sec15
GFP- . T _ -
Figure 23a Fas2°"""397/w; traffic jam-Gal4/+, UAS-Sec15 Fas2, Sec15
mCherry/+
Figure 23b Fas2CFP-397/w; traffic jam-Gal4/+, Sec15 RNAIi/+ Fas2, DE-cad
. w; traffic jam-Gal4d/cyo, UAS-Sec15-
Figure 24a mCherry/TM3Ser DE-cad, Sec15
. w; traffic jam-Gal4 Sp/+; UAS-Sec15-mCherry/UAS-
Figure 24b DE-cadhACytlo-cat DE-cad, Sec15
. w; traffic jam-Gal4 Sp/+; UAS-Sec15-mCherry/UAS- )
Figure 24c DE-cadherin-AJM DE-cad, Sec15
Figure 25a w; traffic jam-Gal4 Sp/+; UAS-Sec15-mCherry/UAS- DE-cad, Sec15

DE-cadherin-AAA
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w; traffic jam-Gal4 Sp/+; UAS-YFP-Rab11/UAS-DE-

Figure 25b cadherin-AAA YFP-Rab11, DE-cad

. w; traffic jam-Gal4 Sp/+; UAS-HA-Rab11/UAS- } )
Figure 26a Sec15-mCherry HA-Rab11, Sec15, DE-cad
Fiqure 26b | ¥ traffic jam-Gal4 Sp UAS-HA-Rab11/+; UAS-YFP- | YFP-Rab11, Sec15, HA-

9 Rab11/UAS-Sec15-mCherry Rab11

. w; traffic jam-Gald UAS-Snx16-SNAP/+; UAS-HA- )

Figure 27a Rab11/UAS-Sec15-mCherry HA-Rab11, Sec15, Snx16

. w; traffic jam-Gald UAS-Snx16-SNAP/+; UAS-HA- )

Figure 27b Rab11/UAS-Sec15-mCherry DE-cad, Sec15, Snx16

. w; traffic jam-Gal4 Sp/+; UAS-Sec15-mCherry UAS- )
Figure 28a MyoV-FL-GFP/UAS-HA-Rab11 MyoV, Sec15, HA-Rab11

. w; traffic jam-Gal4 Sp/+; UAS-Sec15-mCherry UAS- )
Figure 28b MyoV-FL-GFP/UAS-HA-Rab11 MyoV, Sec15, DE-cad
Figure 29a w; traffic jam-Gal4 Sp/+; UAS-MyoV-GT-GFP/+ MyoV, DE-cad

. w; traffic jam-Gal4 Sp/+; UAS-MyoV-GT-GFP/UAS-

Figure 29b HA-Rab11

Figure 29c w; traffic jam-Gal4 Sp/+; UAS-MyoV-GT-GFP/+ MyoV, Rab7, DE-cad

Figure 29e w; traffic jam-Gal4 Sp/+; UAS-MyoV-FL-GFP/+ DE-cad

Figure 29f w; traffic jam-Gal4 Sp/+; UAS-MyoV-GT-GFP/+ DE-cad

Figure 30c | w; traffic jam-Gal4 Sp/+: UAS-HA-Rab11/+ g;‘)ﬁid’ Phalloidin, HA-

Figure 32a w; traffic jam-Gal4 Sp/+; UAS-MyoV-FL-GFP/+ MyoV, Phalloidin, DE-cad
. w; traffic jam-Gal4 Sp/cyo; UAS-MyoV-FL-GFP/UAS-

Figure 32b 1| froactRFP /

. w; traffic jam-Gal4 Sp/+; UAS-Sec15-mCherry UAS- -
Figure 32c MyoV-FL-GFP/ MyoV, Sec15, Phalloidin
Figure 33b w; traffic jam-Gal4 Sp/+; UAS-MyoV-FL-GFP/+ MyoV, Phalloidin, DE-cad

. w; traffic jam-Gal4 Sp/+; UAS-Sec15-mCherry UAS- )
Figure 33c MyoV-FL-GFP/UAS-HA-Rab11 MyoV, Sec15, HA-Rab11
Figure 33d w; traffic jam-Gald Sp/+; UAS-Sec15-mCherry UAS- MyoV, Sec15, DE-cad

MyoV-FL-GFP/UAS-HA-Rab11
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3.3 Primary antibodies

Antigen (host) Dilution Provider Seller Reference
DE-Cadherin (rat) 1:50 |Developmental Studies Hybridoma Bank DCAD2
RFP (rabbit) 1:200 | Rockland 600-401-379
HA (mouse) 1:400 | Santa Cruz Biotechnology 11867423001
GFP-FITC (goat) 1:100 |Biozol GeneTex GTX26662-100
Armadillo (mouse) 1:100 | Developmental Studies Hybridoma Bank N2 7A1
Golgi-245 (goat) 1:500 | Developmental Studies Hybridoma Bank Riedel et al., 2016
Rab7 (mouse) 1:20 | Developmental Studies Hybridoma Bank Riedel et al., 2016
Rab5 (rabbit) 1:500 |Abcam ab31261
aPKC (rabbit) 1:200 |Santa Cruz Biotechnology sc-2016
GM130 (rabbit) 1:100 |Abcam ab30637
KDEL (mouse) 1:50 | Santa Cruz Biotechnology sc-58774

3.4 Secondary antibodies

Secondary antibody Fluorophore Dilution Provider Seller Reference

488 A11034

. . . Thermo Fisher
Alexa goat anti-rabbit 555 1:200 Scientific A11036
647 A21244
488 A11006

. . Thermo Fisher
Alexa goat anti-rat 555 1:200 Scientific A11077
647 A21247
488 A11001

. . Thermo Fisher
Alexa goat anti-mouse 555 1:200 Scientific A11031
647 A21235
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3.5 Chemicals and drugs

Chemicals/drugs Provider Seller Reference | Final concentration
LysoTracker™ Red Thermo Fisher Scientific L7528 10 uM
SNAP-Cell TMR-Star New England BioLabs S91058S 3 uM
SNAP-Cell 647SiR New England BioLabs S9102S 3 uM

™

Alexa Fluor™ 568 Thermo Fisher Scientific A12380 1:100
Phalloidin

Alexa Fluor™ 647 , I _
Phalloidin Thermo Fisher Scientific A22287 1:100
Latrunculin A Sigma-Aldrich L5163 20 pM
3.6 Buffers and solutions

Buffers and solutions Provider Identifier

Phosphate-Buffered Saline (PBS) tablets Thermo Fisher Scientific 18912014
Schneiders Medium Thermo Fisher Scientific 21720024
Triton-X 100 Carl Roth 3051.2
10% Formaldehyde Ultra-pure PolyScience Europe 04018-1
Vectashield Mounting Medium Vector Laboratories VEC-H-1000
Bovine Serum Albumin (BSA) NEB B9001 S
Fetal Bovine Serum (FBS) Thermo Fisher Scientific 10270106
Insulin solution Sigma 10516-5ML
Penicillin Streptomycin Solution (Pen/Strep) Thermo Fisher Scientific 15140122

3.7 Software and algorithms

Software and

Algoritmhs Source

Identifier

FIJI (Imaged v2.3.2)

Plugins used: Cell Schindelin et al.,

2012

https://imagej.net/Fiji

Counter

g%aﬁ)hPad Prism I(?]::aphPad Software, https://www.graphpad.com

Photoshop CS 3.0 .

and CS 4.0 N/A https://www.adobe.com/de/products/photoshop.html
Microsoft Excel N/A N/A
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3.8 RNAiI induction, the generation of genetic mosaics and the Rab119FRT
FRT82B recombination

For RNAi knockdown in the follicular epithelium, UAS-inducible Sec15 RNA/ transgene was
driven with traffic jam-Gal4.

Heat-shock (hs) inducible Flipase (FLP) was used to generate genetic mosaics were
generated using a heat-shock (hs) inducible Flipase (FLP). Heat shocks were used to induce
the hs-FLP for the generation of homozygous mutant cell clones by placing the vials in a 37
°C water bath for 1 hour daily until hatching. Females were raised at 27°C and dissected 24 to
48 hours after hatching.

Rab119RT was initially on a chromosome containing the FRT site next to the mutation in
Rab11. | recombined the Rab119RT allele with the FRT82B to use the traditional FRT82B for

clone induction. This eliminated a mutation that affected the cell cycle in the background.

3.9 Immunohistology

Drosophila ovaries were dissected in Schneider's medium and fixed in 4% formaldehyde in
PBS for 10 minutes at room temperature. Ovaries were then washed and permeabilized with
0.1% TritonX-100 in PBS. Further, ovaries were blocked with 0.5% BSA in 0.1% TritonX/PBS
containing 0.5 pg/ml DAPI for nucleus staining for 20 minutes. Both primary and secondary
antibodies were diluted in 0.1% Triton/PBS and incubated for 3 hours at room temperature.

Finally, ovaries were washed and mounted in Vectashield.

3.10 Pulse-chase endoassay

In Schneider's medium, living ovaries were incubated at room temperature in a pulse-chase
solution containing a-DE-cadherin antibody (1:25), 10% FCS, and 0,2 mg/ml Insulin. On a
rocking platform, the incubation was done for 2 minutes. The ovaries were washed and
incubated in Schneider's medium for different intervals in a solution containing only 10% FCS
and 0.2% Insulin. The ovaries were then washed and fixed in formaldehyde at a concentration

of 4%. The staining was done according to the instructions (see 3.8).
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3.11 Live-lmaging

Female flies were kept at 27°C for 1-3 days on fly food with a generous amount of yeast after
hatching. They were then dissected, with single ovarioles being transferred to X-well chambers
(Sarstedt 94.6190.802) containing 200 pL live-imaging media. Imaging media consists of
Drosophila Schneider's medium with 15% FCS and 0.2mg/mL insulin. Egg chambers were
imaged with 63x/HCX PL APO 1.3 glycerol immersion objective on an inverted Leica LSM SP5
confocal microscope with HyD detectors. Time-lapse videos were taken at a resolution of 512
x 512.

3.12 Lysotracker staining

Ovaries were dissected and incubated at room temperature in Lysotracker solution containing
10 uM Lysotracker, 10% FCS and 0,2 mg/ml Insulin in Schneider's medium. Incubation was
performed for 30 minutes on a rocking platform. Ovaries were then washed and fixed in 4%
formaldehyde. Staining was carried on as described (see 3.8). All steps were performed

protected from light.

3.13 Phalloidin staining

Ovaries were dissected in Schneider's medium and fixed in 4% formaldehyde in PBS for
10 minutes at room temperature. Ovaries were washed and permeabilized with 0.1% TritonX-
100 in PBS. Next, ovaries were blocked with 0.5% BSA in 0.1% TritonX/PBS containing 0.5
ug/ml DAPI for nucleus staining for 20 minutes. Additionally, Alexa Fluor™ 568 Phalloidin or
Alexa Fluor™ 647 Phalloidin were added into the blocking solution using the concentrations
indicated in the table above. Both primary and secondary antibodies were diluted in 0.1%
Triton/PBS and incubated for 3 hours at room temperature. When using Alexa Fluor™ 647
Phalloidin, Alexa Fluor™ 647 Phalloidin was added to the solution with primary antibody as
well. After incubation with both primary and secondary antibodies, ovaries were washed and

mounted in Vectashield.

3.14 SNAP staining

Ovaries were dissected and incubated at room temperature in SNAP solution containing 3 uM
SNAP-Cell TMR-Star or SNAP-Cell 647SiR, 10% FCS and 0,2 mg/ml Insulin in Schneider’s
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medium. Incubation was performed for 30 minutes on a rocking platform. Ovaries were washed
and fixed in 4% formaldehyde. Staining was carried on as described (see 3.8). All steps were

performed protected from light.

3.15 Latrunculin A treatment

Ovaries were dissected and then incubated with 20 yuM Latrunculin A in Schneider's medium
containing 10% FCS and 0.2 mg/mL Insulin for 2 hours at room temperature on a rocking
platform. In parallel, another set of ovaries was dissected and then incubated with Schneider's
medium containing 10% FCS and 0.2 mg/mL Insulin and DMSO as a control. Ovaries were

then washed and fixed in 4% formaldehyde. Staining was performed as described (see 3.8).

3.16 Imaging

All pictures shown in Figures 6 - 33 are single confocal sections. | usually stained five to eight
ovaries in one experiment, and each experiment was repeated at least twice. | used the
following method to capture images: at a distance of 0.8 um, 7-9 images were taken along the
apical-basal axis of the epithelium, which were then analyzed for possible defects. The high
intensity of the DE-cadherin staining at the plasma membrane helped me identify the zonula
adherens as a marker. A second sagittal section was taken to identify the follicle's
developmental stage.

Images were acquired using Leica TSC SP5 confocal microscope equipped with HyD
detectors using x 63 oil immersion magnification at a resolution of 1,024 x 1,024 then adjusted
for gamma, edited and assembled with Adobe Photoshop CS3. Image quantification was
performed before “gamma adjustment”. | indicated the cases when maximal projections of z-

stacks were used for quantification (see below).

3.17 Quantification and image analysis

3.17.1 Quantification of colocalization between different cell compartments

| selected an area of cells showing the zonula adherens and cropped it for subsequent analysis
using the “Polygonal Lasso” tool of Photoshop CS3. | counted the total number of
compartments, as well as cases when the colocalization was detected, In ImageJ/FIJI with

Plugins>Analyze>Cell counter tool. The ratio of the compartments colocalizing and the total
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number of the compartment was then calculated. | performed the analysis with the confocal
single sections, except for the Figures 11a, 15a — 15¢, 16a and 19b, 20a - 20c where the
snapshots of maximal projections of the z-stacks were analyzed. | used Graph Pad Prism
Software to analyze and show the data for Figures 9b, 14c, 15d and 20d. This analysis was
applied for Figures 7d, 8a, 9a, 11a, 11b, 12b, 13c, 14a, 14b, 15a — 15c¢, 16a, 17b, 19b, 20a —
20c, 30a and 30c.

3.17.2 Quantification of the size of compartments

| selected and cropped an area of a minimum of 20 cells within a follicle for the analysis. |
further selected the compartment of interest using the "Freehand selection" tool in ImageJ/FIJI.
Then, | measured the size using the Analyze>Measure tool. The data was saved in ROI
manager (Analyze>Tools>ROI manager) and exported to an Excel spreadsheet, where the
average compartment size was determined. | used confocal single sections for analysis.
Further, | used Graph Pad Prism Software to analyze and show the data for Figures 8d and

26¢. This analysis was applied for Figures 8c, 13a, 13b and 26a.

3.17.3 Quantification of the number of DE-cadherin aggregates

| calculated the ratio between the number of cell clones showing the DE-cadherin aggregation
and the total cell clones. For analysis and data representation, | used Graph Pad Prism
Software data for Figures 18d and 19c. | used snapshots of maximal projections of the z-stacks
for analysis. To further analyze and show data in Figures 18d and 19c, | used Graph Pad Prism

Software. This analysis was applied for Figures 7b, 16a, 18a — 18c, 19a and 19b.

3.17.4 Quantification of signal intensities at the plasma membrane versus the signal

intensity in the cytoplasm

| selected an area with approximately 20 cells showing the zonula adherens using the
"Polygonal Lasso" tool. A line was created along the membrane and along the aggregate in
the cytoplasm in ImageJ/Fiji using the "Straight line" tool. | used Analyze>Plot Profile tool to
acquire the signal intensity values along the membrane and in the cytoplasm. For MyoV-FL-
GFP/Sec15-Cherry/HA-Rab11 expressing ovaries, an area with two cells was selected, one
with low MyoV expression and one with high MyoV expression. A line was drawn along the

membrane in a cell with high MyoV expression and along the aggregate in the cytoplasm in a
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cell with low MyoV expression. The average signal intensity values for each membrane and
aggregate in the cytoplasm were calculated after the data was exported to an Excel sheet.
Finally, for each compartment, the ratio between the intensity values in the
cytoplasm/aggregate and on the membrane was calculated. | used single confocal slices for
the analysis. | used Graph Pad Prism Software to analyze and represent the data in Figures

8b and 9b. This analysis was applied for Figures 8a and 9a,

3.17.5 Quantification of number of DE-cadherin aggregates with regard to DE-
cadherin signal intensity at the plasma membrane in Sec15-Cherry/HA-Rab11
versus MyoV-FL GFP/ Sec15-Cherry/HA-Rab11 expressing epithelia

| selected an area containing a minimum of 20 cells, which show the zonula adherens, and
cropped it for further analysis. | used the “Freehand line” tool in ImageJ/FIJI to draw the line
along the two faintest membranes. Using Analyze>Plot Profile tool, the plot intensity graph for
these two membranes was obtained. | then calculated the signal intensity average from these
membranes, which | then used as the reference value for the intensity minimum. This was set
in ImageJ/FIJI Image>Adjust>B&C option. DE-cadherin aggregates that remained visible after
setting the new reference value for the minimal intensity were counted using
Plugins>Analyze>Cell counter tool. Finally, | calculated the number of DE-cadherin aggregates
per cell. | used snapshots of maximal projections of the z-stacks for analysis. This analysis
was applied for Figure 28b and | used Graph Pad Prism Software to analyze and represent

the data in Figure 28c.

3.17.6 Quantification of fragmented membranes in wild type follicles, follicles
expressing MyoV-FL-GFP and MyoV-GT-GFP, and follicles treated with
Latrunculin A and DMSO

| selected an area of approximately 10 cells showing the zonula adherens and cropped it for
further analysis. | used Plugins>Analyze>Cell counter tool in ImageJ/FIJI to count the cells
with fragmented zonula adherens as well as the total number of cells. Finally, | calculated the
percentage of cells with fragmented zonula adherens. For the analysis and representation of
data in Figure 31c, | used Graph Pad Prism Software. | used single confocal slices for the
analysis. This analysis was applied for Figures 29d — 29f and 31a — 31b. | used Graph Pad

Prism Software to analyze and represent the data in Figure 31c.
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3.18 Statistical analysis

Data are shown as mean + SEM. P values for the two-tailed t-test (equal variance; a. = 0.05)
are as follows: * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001.
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4 Results

4.1 Rab11 is a part of the endosomal system where endocytosed and newly

synthesized DE-cadherin converge

In epithelial cells, the E-cadherin protein concentrates on the apicolateral membrane and acts
as a building block for homophilic cell-cell attachment. As fast changes in the developing
organism such as cell division and cell differentiation need rapid turnover, there are two pools
of E-cadherin within the cells: newly synthesized E-cadherin and endocytosed E-cadherin.
Past studies showed that the transit of E-cadherin through the Rab11 compartment is essential
for proper E-cadherin secretion to the plasma membrane (Woichansky et al., 2016; Jiang Xu
et al., 2011). However, it remains unclear which of these two E-cadherin pools require Rab11

and at which stage of E-cadherin transport is Rab11 involved.

4.1.1 Endocytosed DE-cadherin localizes to the apical HA-Rab11 compartment

| first wanted to know to which compartment the endocytosed E-cadherin, also known as DE-
cadherin in Drosophila, localizes within the Drosophila follicular epithelium. To answer this
question, | performed a DE-cadherin pulse-chase endocytosis experiment. Pulse-chase
endocytosis experiment detects DE-cadherin that has been localized to the plasma membrane
and then endocytosed. This detection is achieved by incubating the living ovaries for a certain
period with an a-DE-cadherin antibody, which binds to the extracellular part of DE-cadherin
(Oda et al., 1994). Due to the fact that the plasma membrane is not permeabilized, the antibody
will only bind specifically to DE-cadherin present at the plasma membrane, and not to the DE-
cadherin within the cell. The ovaries are then washed and incubated with the chase solution
for different periods to allow the DE-cadherin internalization. Finally, ovaries are fixed and
stained (see also 3.9 in Materials and Methods). For the analysis of DE-cadherin trafficking in
the Drosophila follicular epithelium, | used follicles in stages 8 and 9.

| first performed the pulse-chase endocytosis experiments with wild type Drosophila ovaries. |
used the time course of 0 minutes, 10 minutes and 20 minutes. My data revealed that after 0
minutes and 10 minutes of incubation with an a-DE-cadherin antibody, no DE-cadherin spots
were detected in the cytoplasm (Figures 6b and 6¢). The DE-cadherin was only observed to
mildly concentrate to the plasma membrane (compare Figures 6a, 6b and 6c¢). After 20
minutes, on the other hand, endocytosed DE-cadherin spots were detected in the apical

cytoplasm of cells (arrows in Figure 6d). The endocytosed apical DE-cadherin spots detected
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after 20 minutes of pulse-chase endocytosis were of an average size of 0.67 ym? (x 0.07,
n=220 cells from 6 follicles). They most likely represent the cell compartment, to which
endocytosed DE-cadherin is transported. This suggests that the DE-cadherin endocytosis and
its subsequent transport to the certain cell compartment occurs within 20 minutes in the

Drosophila follicular epithelium.
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Figure 6. Cytoplasmic endocytosed DE-cadherin detected after 20 minutes of pulse-chase
endocytosis. (a-d) Apical confocal optical sections perpendicular to the apical-basal axis of the follicular
epithelium. The scale bar represents 10um. Pulse-chase endocytosis was performed with epithelia
shown in (b-d). PM DE-cadherin (plasma membrane DE-cadherin) stands for endocytosed DE-cadherin.
(a) Wild type epithelia that is fixed and stained with a-DE-cadherin. (b-c) Wild type epithelia incubated
with the a-DE-cadherin antibody for 0 minutes (b) and 10 minutes (c). (d) Wild type epithelia incubated
with the a-DE-cadherin antibody for 20 minutes. DE-cadherin spots can be detected in the cytoplasm

(red arrows).
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Previous studies suggested that the endocytosed E-cadherin passes through the Rab11
compartment (Desclozeaux et al., 2008; Langevin et al., 2005). As it can be seen in Figure 6d,
| detected endocytosed DE-cadherin in the cell cytoplasm after 20 minutes of pulse-chase
endocytosis. | asked if there is any connection between the Rab11 compartment and
endocytosed DE-cadherin spots in the apical area of the cell. To answer this question, |
expressed the HA-tagged Rab11 protein in Drosophila follicular epithelium using the UAS-HA-
Rab11 construct.

For the induction of the overexpression and knockdown of different genes specifically in the
cells of the follicular epithelium, | used the Gal4/UAS system (Brand & Perrimon, 1993). The
transcription factor Gal4 is encoded by the Gal4 gene and binds to the Upstream Activating
Sequence (UAS). The binding of Gal4 to UAS activates the expression of the downstream
located gene. Placing the Gal4 gene under the specific promoter allows a controlled gene
expression. Since | was interested in investigating the DE-cadherin trafficking in epithelial cells,
| used two drivers that specifically induce the expression in the Drosophila follicular epithelium.
The majority of UAS-transgenes were induced with traffic jam-Gal4 driver, which is expressed
throughout the whole stages of oogenesis in the Drosophila follicular epithelium (Olivieri et al.,
2010). In two experiments, the second driver called GR1 is used, which is active from stage 1
of oogenesis in Drosophila follicular epithelium (Gupta & Schipbach, 2003). These two
exceptions are emphasized in the experiment explanation.

To test if the HA tag impairs the function of Rab11, | expressed the UAS-HA-Rab11 construct

14FRT null allele, in

in Rab11 mutant cells. To generate Rab77 mutant cell clones, | used Rab1
which the promoter and the first two exons are deleted (Bogard et al., 2007). In Rab11 mutant
cell clones, DE-cadherin heavily accumulated in the cytoplasm (Figure 7a). This resultis in line
with previous findings (Woichansky et al., 2016; Xu et al., 2011). However, the expression of
UAS-HA-Rab11 in Rab11 mutant cells entirely rescued the cytoplasmic DE-cadherin
aggregation (100%, n=6 cell clones) (Figure 7b). This suggests that the UAS-HA-Rab11
construct expresses a fully functional Rab11 protein.

Since my data showed that HA-tagged Rab11 protein is functional, | used it as a marker of
Rab11 compartments. To investigate the spatial connection between the Rab11 compartments
and endocytosed DE-cadherin, | performed the pulse-chase endocytosis experiment with
follicles expressing UAS-HA-Rab11. | analyzed the DE-cadherin localization in regard to the
HA-Rab11 in the time course of 10 minutes and 20 minutes.

After 10 minutes of the pulse-chase endocytosis, no DE-cadherin endocytic spots were
detected (Figure 7c). This is in line with the results obtained after performing pulse-chase
endocytosis with wild type Drosophila ovaries (Figure 6b). After 20 minutes of pulse-chase
endocytosis, the cytoplasmic endocytosed DE-cadherin was detected in the apical area of
cells. Overall, 81.84% (+ 3.11) of endocytosed DE-cadherin colocalized with HA-Rab11
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compartments (n=159 cells from 5 follicles) (arrows in Figure 7d). This suggests that the
endocytosed DE-cadherin enters the apical Rab11 compartment.

In summary, my data show that the endocytosed DE-cadherin is detected within the apical
area of the cytoplasm after 20 minutes of endocytosis. Moreover, these endocytosed DE-

cadherin spots localize to the Rab11 compartment.
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Figure 7. HA-Rab11 colocalizes with endocytosed DE-cadherin. (a-d) Confocal optical sections
perpendicular to the apical-basal axis of the follicular epithelium. The scale bar represents 10um. (a’-
d’) show individual DE-cadherin channels. Pulse-chase endocytosis was performed with epithelia
shown in (c-d). PM DE-cadherin (plasma membrane DE-cadherin) stands for endocytosed DE-cadherin.
(a) Rab11 clone stained for DE-cadherin (green). Clone cells are indicated by the absence of RFP
(blue). The clone border is represented by the white line in (a) and by the red line in (a’). (b) Epithelia
expressing UAS-HA-Rab11 (red) and stained with DE-cadherin (green) in Rab11 clone. Clone cells are
indicated by the absence of RFP (blue). The clone border is highlighted by the white line in (b) and by
the red line in (b’). (c) Apical epithelia expressing UAS-HA-Rab11 (red) incubated with the a-DE-
cadherin antibody (green) for 10 minutes. (d) Apical epithelia expressing UAS-HA-Rab11 (red)
incubated with the a-DE-cadherin antibody (green) for 20 minutes. HA-Rab11 colocalizes with the DE-

cadherin spots (white arrows).
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41.2 YFP-Rab11 as a tool for studying DE-cadherin trafficking

My data show that endocytosed DE-cadherin spots localize to the Rab11 compartment. This
suggests the role of Rab11 in DE-cadherin trafficking. To further investigate the function of
Rab11 in transport of DE-cadherin, | used the UAS-YFP-Rab11 construct. The expression of
UAS-YFP-Rab11 construct in Drosophila follicular epithelium resulted in prominent Rab11
compartments that are situated in the apical area of the cell (Figure 8a). Such structures were
not observed upon the expression of the UAS-HA-Rab11 construct (compare UAS-YFP-
Rab11 and UAS-HA-Rab11 in Figure 8c). Surprisingly, these apical YFP-Rab11 compartments
accumulated high levels of DE-cadherin (Figure 8a) (100%, n=37 follicles). This suggests that
DE-cadherin transport is hindered by the expression of UAS-YFP-Rab11. Nevertheless, DE-
cadherin still localized properly at the plasma membrane, as | did not observe any impairment
in the formation of the zonula adherens, the apicolateral area of the plasma membrane where
DE-cadherin concentrates, or any cell shape distortion (arrows in Figure 8a). This could be
explained by the presence of the endogenous Rab11 that is sufficient to support DE-cadherin
transport to the plasma membrane in UAS-YFP-Rab11 expressing follicles. This all together
suggests that YFP-Rab11 compartments do not completely block DE-cadherin transport, but
rather attenuate it.
One of the challenges in studying protein trafficking is the small size of the transport vesicles
and the endosomal compartments. This could be overcome with these apical YFP-Rab11
compartments, which could serve as a ‘magnifying glass’ into the trafficking. The average size
of YFP-Rab11 compartments is 1.56 ym? (x 0.19, n=176 cells from 5 follicles) and they are
significantly bigger than HA-Rab11 structures (Figure 8d). The large apical YFP-Rab11
compartments are thus a convenient tool to investigate DE-cadherin transport within the Rab11
compartment.
The DE-cadherin cytoplasmic accumulation within the YFP-Rab11 compartments suggests
that DE-cadherin trafficking in UAS-YFP-Rab11 expressing follicles is attenuated. Namely in
wild type epithelia, DE-cadherin is detected only at the membrane and no cytoplasmic DE-
cadherin signal can be detected (Figure 6a). To evaluate how much DE-cadherin trafficking is
attenuated in UAS-YFP-Rab11 expressing follicles, | compared the signal intensity of DE-
cadherin at the plasma membrane and the signal intensity of DE-cadherin aggregating within
YFP-Rab11 compartments. | assumed that the more impaired the transport of DE-cadherin is,
the less DE-cadherin will be concentrated at the plasma membrane and thus the lower the
signal intensity at the plasma membrane will be. To quantify this, | measured the intensities of
DE-cadherin signal at the membrane and within YFP-Rab11 compartments using the function
Plot Profile in ImageJ/Fiji. The measurement showed 1.65 times higher signal intensity of DE-
cadherin within the YFP-Rab11 compartments than at the membrane (Figure 8b). This
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suggests that more DE-cadherin is stuck within the YFP-Rab11 compartments than is
concentrating at the zonula adherens. This result further confirms that the YFP tag in follicles
expressing YFP-Rab11 impairs DE-cadherin transport to the plasma membrane. However,
DE-cadherin still reaches the plasma membrane in sufficient amounts, as cell shape and
zonula adherens formation were undisturbed.

My previous data show that UAS-HA-Rab11 represents functional Rab11 compartment (Figure
7b). To analyze if functional Rab11 localizes to the YFP-Rab11 apical compartments, |
expressed the UAS-HA-Rab11 and the UAS-YFP-Rab11 constructs together in Drosophila
follicular epithelium. The result revealed that HA-Rab11 punctate compartments were detected
at the rims of YFP-Rab11 compartments and close to the plasma membrane (arrows and
asterisks in Figure 8c). This suggests that there is a connection between the HA-Rab11 and
the YFP-Rab11 compartment, raising the possibility that transport from YFP-Rab11 is possible
via the functional Rab11 compartments that are represented by the HA-Rab11.

In summary, my data suggest that the expression of UAS-YFP-Rab11 results in the prominent
apical YFP-Rab11 compartments. The DE-cadherin is accumulated within these apical YFP-
Rab11 compartments, but the endogenous Rab11 is capable to support the proper DE-
cadherin transport to the plasma membrane. Additionally, the functional Rab11 is detected at
the edges of the YFP-Rab11 compartments, suggesting that transport from the compartments

is possible.
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Figure 8. DE-cadherin accumulates within YFP-Rab11 compartments and functional HA-Rab11
localizes at the rims of the YFP-Rab11 compartments. (a) and (c) Apical confocal optical sections
perpendicular to the apical-basal axis of the follicular epithelium. The scale bar represents 10um. (a)
DE-cadherin (red) accumulates in YFP-Rab11 GFP compartments (green) in the apical area of the cell.
Despite the hindered DE-cadherin transport, zonula adherens forms properly (white arrows). The inset
shows the DE-cadherin channel of the designated area alone. (b) Quantification of DE-cadherin signal
intensity at the plasma membrane and within the YFP-Rab11 compartments. The representative image
is shown in (a). The quantification showed that the DE-cadherin signal intensity within YFP-Rab11
compartments is 1.65 (+ 0.08) times higher than the DE-cadherin signal intensity at the membrane (n=8
follicles). Data are shown as mean + SEM. A two-tailed t-test (equal variance, a=0.05) was performed
and p values are presented as ***p < 0.001. (c) Epithelia expressing the UAS-YFP-Rab11 (green) and
the UAS-HA-Rab11 (red) is stained with a-DE-cadherin antibody (blue). HA-Rab11 localizes outside of
the YFP-Rab11 close to the membrane (white asterisks) as well as on the rims of YFP-Rab11
compartments (white arrows) in the apical area of the cell. (d) Quantification of the size of HA-Rab11

and YFP-Rab11 compartments. The representative image is shown in (c). The average size of HA-
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Rab11 compartments is 0.31 pm2 (x 0.02, n=176 cells from 5 follicles), whereas the average size of

YFP-Rab11 compartments is 1.56 ym2 (£ 0.19, n=133 cells from 5 follicles). Data are shown as mean

p

*kk

+ SEM. A two-tailed t-test (equal variance, a=0.05) was performed and p values are presented as
< 0.001.

4.1.3 Armadillo mildly accumulates within YFP-Rab11 compartments

My data suggest that DE-cadherin transport is attenuated by the expression of the UAS-YFP-
Rab11 compartments (Figure 8a). Since past studies demonstrated that the formation of the
complex between E-cadherin and B-catenin is essential for E-cadherin delivery to the plasma
membrane (Y. T. Chen et al., 1999; Langevin et al., 2005; Pacquelet et al., 2003), | asked if 3-
catenin is also hindered by the expression of the UAS-YFP-Rab11 construct.

To answer this question, | analyzed the localization of B-catenin, termed Armadillo in
Drosophila, in the UAS-YFP-Rab11 expressing follicles. The experiments revealed that at the
membrane, especially at the zonula adherens, Armadillo and DE-cadherin colocalized (Figure
9a). This observation is consistent with the previous findings that DE-cadherin and Armadillo
are transported in a complex to the zonula adherens (Langevin et al., 2005; Pacquelet et al.,
2003). Additionally, | checked for the Armadillo localization within YFP-Rab11 compartments.
Surprisingly, the Armadillo signal within YFP-Rab11 vesicles was weaker than the DE-cadherin
signal (compare Figures 9a’ and 9a™"). To confirm my observation, | quantified Armadillo signal
intensity within YFP-Rab11 compartments and Armadillo signal intensity at the membrane.
The quantification revealed that the Armadillo signal intensity at the membrane was
significantly stronger than the Armadillo signal within the YFP-Rab11 compartments (Figure
9b). This implies that more Armadillo concentrated at the membrane than within YFP-Rab11
compartments. Such a result is in contrast to the DE-cadherin localization in UAS-YFP-Rab11
expressing follicles, where more DE-cadherin is concentrated within YFP-Rab11
compartments than at the membrane (compare Figures 8d and 9b). This suggests that the
formation of YFP-Rab11 compartments impacts more DE-cadherin localization than Armadillo
localization. This further implies that a certain amount of DE-cadherin dissociates from
Armadillo and remains trapped within YFP-Rab11 compartments.

Taken together, my data show that Armadillo signal within YFP-Rab11 compartments is
weaker than DE-cadherin signal. | speculate that DE-cadherin stuck within YFP-Rab11
compartments dissociated from Armadillo and cannot thus be transported to the plasma

membrane.
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Figure 9. Armadillo mildly accumulates within YFP-Rab11 compartments. (a) Apical confocal
optical sections perpendicular to the apical-basal axis of the follicular epithelium. The scale bar
represents 10um. Epithelia expressing YFP-Rab11 (green) and stained for Armadillo (red) and DE-
cadherin (blue). (a’) and (a’) show Armadillo and DE-cadherin channels alone respectively. (b)
Quantification of Armadillo signal intensity at the plasma membrane and within the YFP-Rab11
compartments. The representative image is shown in (a). The quantification showed that the Armadillo
signal intensity at the membrane is 1.70 (£ 0.10) times higher than the Armadillo signal intensity within
YFP-Rab11 compartments (n=4 follicles). Data are shown as mean + SEM. A two-tailed t-test (equal

variance, a=0.05) was performed and p values are presented as *p < 0.05
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41.4 Endocytosed DE-cadherin is detected within YFP-Rab11 compartments

My data show that endocytosed DE-cadherin, which can be detected after 20 minutes of
endocytosis, localizes to apical HA-Rab11 (Figure 7d). Interestingly, YFP-Rab11
compartments are also observed in the apical cytoplasm (Figure 8a). Because both
endocytosed DE-cadherin and YFP-Rab11 compartments are found in the apical cytoplasm, |
wondered if there was a possibility of colocalization between endocytosed DE-cadherin and
YFP-Rab11 compartments.

To answer this question, | performed a DE-cadherin pulse-chase endocytosis experiment in
UAS-YFP-Rab11 expressing follicles. My previous data suggest that the endocytosed DE-
cadherin in wild type and in UAS-HA-Rab11 expressing follicles is detected in the apical area
of the cell after 20 minutes of endocytosis (Figures 6d and 7d). Interestingly, no endocytosed
DE-cadherin was detected after 20 minutes of pulse-chase endocytosis in UAS-YFP-Rab11
expressing follicles (Figure 10a). Only after 30 minutes of pulse-chase endocytosis, | observed
mild DE-cadherin aggregation within the YFP-Rab11 compartments (Figure 10b). The slower
DE-cadherin transport into the YFP-Rab11 compartments could be attributed to the Rab11
protein's YFP-tag inhibiting DE-cadherin trafficking.

To see if the intensity of DE-cadherin accumulation within YFP-Rab11 compartments will
increase over time, | analyzed DE-cadherin localization in UAS-YFP-Rab11 expressing
follicles after 6 hours of pulse-chase endocytosis. The accumulation of endocytosed DE-
cadherin within apical YFP-Rab11 compartments indeed became more intense after 6 hours
of ovary incubation with a-DE-cadherin antibody (compare Figures 10b™ and Figure 10c’). This
suggests that endocytosed DE-cadherin accumulated over time within YFP-Rab11
compartments. This could be explained by a slower and more hindered process of DE-
cadherin transport in Drosophila follicles expressing the UAS-YFP-Rab11 construct.

Taken together, my data imply that endocytosed DE-cadherin starts accumulating within YFP-
Rab11 compartments after 30 minutes of endocytosis and that this accumulation of

endocytosed DE-cadherin increases over time.
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Figure 10. Endocytosed DE-cadherin accumulates within YFP-Rab11 compartments after 30
minutes of endocytosis. (a-c) Apical confocal optical sections perpendicular to the apical-basal axis
of the follicular epithelium. The scale bar represents 10um. Pulse-chase endocytosis with a-DE-
cadherin (red) antibody incubated for different periods was performed with all shown epithelia, which
express UAS-YFP-Rab11 (green). PM DE-cadherin (plasma membrane DE-cadherin) stands for
endocytosed DE-cadherin. (a) shows epithelia incubated for 20 minutes, (b) for 30 minutes and (c) for

6 hours. (a’-¢’) show individual DE-cadherin channel.
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41.5 Newly synthesized and endocytosed DE-cadherin converge in endosomes

My data show that endocytosed DE-cadherin accumulated within YFP-Rab11 compartments
(Figure 10). A previous study showed that newly synthesized DE-cadherin also passes through
Rab11 compartments (Stow & Lock, 2005). Therefore, | asked whether newly synthesized DE-
cadherin accumulates within YFP-Rab11 compartments as well. To answer this question, |
blocked the import of endocytosed DE-cadherin to detect only newly synthesized DE-cadherin
within the cell. The block of endocytosed DE-cadherin import into early endosomes can be
achieved by depleting Rab5 GTPases. Previous studies revealed that Rab5 marks the
endocytic vesicle that needs to be fused with the endosomes for proper endocytosis. The
binding of Rab5 to the early endosomal antigen 1 (EEA1) leads to membrane curvature and
fusion of the endocytic vesicles with the endosomes (Murray et al., 2016). Upon Rab5
depletion, the endocytosis process is inhibited (Zeigerer et al., 2012), thus within the Rab5-
depleted cells, only newly synthesized DE-cadherin can be detected.
To test if newly synthesized DE-cadherin accumulates within YFP-Rab11 compartments, |
expressed the UAS-YFP-Rab11 construct in Rab5 mutant cells. For this experiment, | used
the FRT/FLP technique, which allows for the generation of mosaic tissues (T. Xu & Rubin,
1993). The FRT/FLP method induces mitotic recombination in proliferating tissues that are
heterozygous mutants for a specific gene. The heterozygous follicular epithelium used for
analysis has one wild type and one mutant chromosome. The wild type chromosome is
GFP/RFP-labelled and is flanked by the specific sequences called ‘FRT sites’. The mutant
chromosome is also flanked with the FRT sites but has no GFP/RFP label. Finally, the enzyme
Flipase, whose expression is induced under the control of a heat-shock promoter, recognizes
FRT sites and induces mitotic recombination. As a result, three types of cells are observed in
the heterozygous follicular epithelium: homozygous mutant, homozygous wild type and
heterozygous mutant. The mutant cells are easily detectable by the absence of GFP/RFP, as
wild type chromosome is not labelled by GFP/RFP. Such a system allowed me to directly
compare DE-cadherin aggregation in Rab5 mutant cells expressing UAS-YFP-Rab11 and
neighboring cells expressing only UAS-YFP-Rab11.
To eliminate any potential enduring activity of Rab5, | used a Rab5® allele. Rab5” allele has a
4-kb deletion of the promoter region, the 5" non-translated leader and the first exon within the
open reading frame (ORF) (Wucherpfennig et al., 2003). The deleted exon of the ORF also
encodes the guanine base-binding motif of the GTPase domain, and the inability of Rab5 to
properly bind to the GTP has been shown to inhibit the early endosome fusion (Olkkonen &
Slenmark, 1997). This implies that Rab5?is a null allele. Additionally, | used cell clones that
cover at least one-third of the follicle for the analysis. Such big clones have been induced
already in the germarium, and these cell clones have gone through the eight-cell divisions after
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the induction, meaning that any residual Rab5 activity is lost (Margolis & Spradling, 1995). For
the induction of UAS-YFP-Rab11 construct in Rab5 clones | used GR1 driver.

The expression of UAS-YFP-Rab11 in Rab5 clones revealed that DE-cadherin still
accumulated in YFP-Rab11 compartments in high levels (Figure 11a) (100%, n=12 cell
clones). This suggests that the newly synthesized DE-cadherin could also be detected within
YFP-Rab11 compartments. Such a result is consistent with the observation of a study in
mammalian cells, where E-cadherin localization was monitored in live cells and detected at
the Rab11 positive compartment (Stow & Lock, 2005).

Further, | blocked endocytosis using a different approach to confirm that YFP-Rab11
compartments also accumulated newly synthesized DE-cadherin. | co-overexpressed the
YFP-Rab11 construct and the dominant-negative form of shibire. Shibire encodes the
Drosophila homologue of Dynamin, which plays a crucial role in the scission of endocytic
vesicles and late stages of membrane invagination. In vitro studies showed that Dynamin binds
and hydrolyzes GTP to properly complete its function (Hill et al., 2001). The dominant-negative
form of shibire has a mutation in the GTPase binding domain, therefore disabling Dynamin
binding of the GTP. This means that the overexpression of the dominant-negative form of
shibire restricts the formation of endocytic vesicles and thus blocks the endocytosis. The co-
overexpression of the dominant-negative shibire and the YFP-Rab11 construct revealed that
the DE-cadherin still accumulates within YFP-Rab11 compartments (Figure 11b). DE-cadherin
within YFP-Rab11 compartments was detected in 85.95% of cells (£ 3.73, n=207 cells from 6
follicles). Both methods thus confirmed that YFP-Rab11 compartments also consist of newly
synthesized DE-cadherin.

Taken together, my data suggest that YFP-Rab11 compartments localize predominantly in the
apical area of the cell, and accumulate both endocytosed and newly-synthesized DE-cadherin.
This also implicates that biosynthetic and endocytic DE-cadherin pathways converge in the

apical Rab11 compartment.
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Figure 11. Newly synthesized DE-cadherin accumulates within YFP-Rab11 compartments. (a-b)

Apical confocal optical sections perpendicular to the apical-basal axis of the follicular epithelium. The

scale bar represents 10um. (a’) and (b’) show DE-cadherin channel alone. (a) Epithelia expressing

YFP-Rab11 (green) and stained for DE-cadherin (red) in Rab5 clone. Clone cells are indicated by the
absence of RFP (blue). The clone border is highlighted by the white line (a) and by the red line (a*). (b)

Epithelia co-expressing YFP-Rab11 (green) and a dominant-negative form of shibire and stained for

DE-cadherin (red).
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4.1.6 YFP-Rab11 is a part of the endosomal system and DE-cadherin cytoplasmic
domain is required for the DE-cadherin delivery to the YFP-Rab11

compartments

My data show that apical YFP-Rab11 compartments accumulate endocytosed and newly
synthesized DE-cadherin (Figures 10 and 11). | was further interested in the characterization
of YFP-Rab11 compartments. To achieve this, | performed co-immunostaining experiments
with the UAS-YFP-Rab11 expressing follicles and different cell compartments markers. Since
previous studies showed that Rab11 acts at the frans-Golgi network (Beronja et al., 2005;
Satoh et al., 2005), | first examined if YFP-Rab11 compartments are connected with the trans-
Golgi network in Drosophila follicular epithelium. The Golgi network marker Golgin-245, which
is a golgin present on the trans-Golgi network, showed no colocalization with YFP-Rab11
compartments (Figure 12a). By contrast, immunostaining with the endosomal markers Rab5
and Rab7 showed a complete overlap with the YFP-Rab11 structures (Figure 12b) (100%,
n=12 follicles). These results suggest that YFP-Rab11 structures are part of the endosomal
system and appear not to have a direct connection with the Golgi.

Since my data suggested that YFP-Rab11 compartments are part of the endosomal system, |
asked how DE-cadherin reaches endosomes. Specifically, | was interested in the sorting
signals found within the E-cadherin domain, which could be responsible for E-cadherin delivery
to YFP-Rab11 endosomal compartments. Previous studies showed that the cytoplasmic
domain of E-cadherin, highly conserved amongst many species, contains sorting signals (Y.
T. Chen et al., 1999; U Tepass et al., 2001). | thus asked if the sorting signals for DE-cadherin
transport to the endosomal YFP-Rab11 system could also be located within the DE-cadherin
cytoplasmic domain.

To address this question, | used the mutant form of DE-cadherin protein, DE-cadhACyt/a-cat,
which was previously generated by deleting the whole cytoplasmic domain and replacing it
with the coding region of the a-catenin gene (Pacquelet et al., 2003). To test if DE-cadhACyt/a-
cat reaches the apical YFP-Rab11 compartment, | co-expressed UAS-DE-cadhACyt/a-cat and
UAS-YFP-Rab11 in the follicular epithelium. The DE-cadherin mutant lacking the cytoplasmic
domain wasn’t detected within YFP-Rab11 compartments (Figure 12c). This shows that DE-
cadherin mutant lacking the cytoplasmic domain cannot be delivered to YFP-Rab11
endosomal compartments. This finding suggests that the sorting signals for DE-cadherin
transport to YFP-Rab11 endosomal compartments are located within DE-cadherin cytoplasmic

domain.
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Taken together, my data show that apical YFP-Rab11 compartments colocalize with the
endosomal markers Rab5 and Rab7, suggesting that YFP-Rab11 compartments belong to the
endosomal system. Additionally, the cytoplasmic domain of DE-cadherin contains sorting
signals that are necessary for the DE-cadherin delivery to YFP-Rab11 endosomal

compartments.
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Figure 12. YFP-Rab11 compartments are part of the endosomal system and DE-cadherin
cytoplasmic tail is required for the delivery to the YFP-Rab11 compartments. (a-c) Apical confocal
optical sections perpendicular to the apical-basal axis of the follicular epithelium. The scale bar
represents 10um. (a) Epithelia expressing UAS-YFP-Rab11 (green) and stained marker Golgin-245
(red). (b) Epithelia expressing UAS-YFP-Rab11 (green) and stained for Rab7 (red) and Rab5 (blue).
Insets on the right show the individual Rab7, YFP-Rab11 and Rab5 channels of the marked area. (c)
Epithelia co-expressing UAS-YFP-Rab11 (green) and UAS-DE-cadhACyt/a-cat, the DE-cadherin

mutant protein lacking the cytoplasmic tail (red). (c’) shows the DE-cadherin channel alone.
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4.2 Rab7 is involved in DE-cadherin trafficking within the endosome

Endosomes have been described as compartments where the sorting of proteins occurs
(McNally & Cullen, 2018; Scott et al., 2014; Simonetti & Cullen, 2019). Proteins are internalized
from the plasma membrane via endocytosis and imported into the early endosomal system,
where they can either be destined for degradation or recycling. Once the decision has been
made, proteins are then sorted into different endosomal tubular extensions (Simonetti &
Cullen, 2019). At the end of these branches, tubulo-vesicular carriers are generated, which
bud from one compartment and fuse with another, thus facilitating cargo transport (Cullen &
Steinberg, 2018; Naslavsky & Caplan, 2018; Simonetti & Cullen, 2019; Weeratunga et al.,
2020). My data and previous studies showed that DE-cadherin passes through the endosomes
on its route to the plasma membrane (Figure 12) (Zeigerer et al., 2012). Nevertheless, how

DE-cadherin moves within the endosomal system for further transport remains unknown.

4.2.1 Rab7 is a part of the apical endosomal system involved in DE-cadherin

transport

My results show that YFP-Rab11 compartments are part of the endosomal system where
newly synthesized and recycled DE-cadherin accumulate. As | observed that Rab7 colocalized
with apical YFP-Rab11 compartments (Figure 12b), | asked what is the role of Rab7 in DE-
cadherin transport. On a side note, YFP-Rab11 compartments also colocalized with the
endosomal markers Rab5 (Figure 12b). However, | speculate that the colocalization between
Rab5 and YFP-Rab11 compartments is due to a well-established route of early endosome
fusion with the endosomal system (Naslavsky & Caplan, 2018). The observed overlap between
YFP-Rab11 and Rab7 can be more challenging to explain since Rab7 is shown to be involved
in both recycling and degradation of proteins (Balderhaar et al., 2010; Bucci et al., 2000; Liu
et al., 2012; Priya et al., 2015; Rojas et al., 2008; Seaman, 2004; Seaman et al., 2009).

To investigate the role of Rab7 in the DE-cadherin trafficking pathway, | first analyzed the Rab7
localization in the Drosophila wild type follicular epithelium. The immunostaining of wild type
Drosophila ovaries with a-Rab7 antibody revealed that Rab7 compartments are rather big
(0.88 ym? + 0.07, n=120 cells from 7 follicles) and predominantly detected in the apical area
of the cell (82% of the total number of Rab7 compartments) (Figures 13a and 13b).

| further analyzed the localization of DE-cadherin in relation to Rab7 compartments in wild type
epithelium. My data revealed that DE-cadherin was detected within the apical Rab7
compartments (arrows in Figure 13a). This suggests that DE-cadherin passes through the

Rab7 compartment during its transport. Next, | investigated if Rab7 is a part of the apical
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compartment where endocytosed DE-cadherin localizes. To do this, | performed pulse-chase
endocytosis with the Drosophila wild type follicular epithelium and stained the epithelia for
Rab7. | observed that endocytosed DE-cadherin colocalized with Rab7 compartments in the
apical cytoplasm after 20 minutes of endocytosis (arrows in Figure 13c). Within Rab7
compartments, 89.57% (+ 2.26) of endocytosed DE-cadherin spots were detected (n=220 cells
from 6 follicles). This suggests that endocytosed DE-cadherin enters the Rab7 compartment
after endocytosis. Further, this also implies that Rab7 is part of the apical endosomal system
where endocytosed and newly synthesized DE-cadherin accumulates.

Taken together, my data suggest that big Rab7 compartments are predominantly detected in
the apical cytoplasm. Furthermore, endocytosed DE-cadherin localizes to apical Rab7
compartments, implying that Rab7 is involved in DE-cadherin transport via the apical

endosomal system.
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Figure 13. DE-cadherin traffics through the apical endosomal Rab7 compartment. (a-c) Confocal
optical sections perpendicular to the apical-basal axis of the follicular epithelium. The scale bar
represents 10pm. Experiments shown were performed with wild type epithelia. (a) The apical confocal
section of epithelia stained for Rab7 (green) and DE-cadherin (red). (a") and (a"*) show individual DE-
cadherin and Rab7 channels respectively. DE-cadherin localizes within Rab7 compartment (white
arrows in (a), red arrows in (a’) and (a')). (b) The basal confocal section of epithelia stained for Rab7.
(c) Pulse-chase endocytosis with a-DE-cadherin (red) antibody for 20 minutes and stained for Rab7
(green). PM DE-cadherin (plasma membrane DE-cadherin) stands for endocytosed DE-cadherin. The
apical confocal section is shown. (¢') shows the individual DE-cadherin channel. Endocytosed DE-

cadherin colocalizes with Rab7 compartments (white arrows in (c) and red arrows in (c’)).

4.2.2 DE-cadherin localizes to Rab7 and functional Rab11 compartment

My data suggest that both YFP-Rab11 and Rab7 are part of the endosomal system, where
newly synthesized and endocytosed DE-cadherin accumulate. | further asked if there is an
interaction between Rab11 and Rab7 in DE-cadherin transport. For the investigation of the
interaction between Rab7 and Rab11 in DE-cadherin trafficking, | aimed to test the localization
of Rab7 in regard to the functional Rab11 compartment. For this purpose, | used the UAS-HA-
Rab11 construct. As a-Rab7 and a-HA antibodies are generated from the same species, |
wasn’t able to use them together. To circumvent this problem, | used Drosophila follicles
expressing yRab7 construct. yRab7 is a construct in which the endogenous Rab7 is tagged
with the GFP and can thus be detected with the GFP antibody (Dunst et al., 2015). My data
showed that yRab7 and HA-Rab11 were often found either partially colocalizing or nearby
(Figure 14a) (77% + 5.74, n=176 cells from 6 follicles). This implies that Rab11 and Rab7
compartments might be spatially connected.

| also analyzed the localization of DE-cadherin in relation to Rab11 and Rab7 compartments.
| observed that DE-cadherin also colocalized with yRab7 and HA-Rab11 (Figure 14a) (63% *
3, n=324 cells from 6 follicles). This suggests that Rab11 and Rab7 might be interacting in DE-
cadherin transport. To evaluate how specific is the DE-cadherin colocalization with HA-Rab11
and yRab7 compartments, | analyzed the localization of atypical protein kinase C (aPKC), the
protein unrelated to HA-Rab11 and yRab7. Atypical protein kinase C (aPKC) is a key polarity
protein, whose localization in Drosophila follicular epithelium doesn’t depend on Rab7 and
Rab11 but on the apical complex Crb/Sdt and other proteins such as Canoe and the FERM
domain protein Willin (Hong, 2018; Hong et al., 2001; Ishiuchi & Takeichi, 2011; Sawyer et al.,
2009). In my observation, aPKC colocalized with yRab7 and HA-Rab11 to a significantly lesser
extent when compared to DE-cadherin (7% % 3, n=199 cells from 5 follicles) (Figure 14c). This

confirms that the DE-cadherin localization to HA-Rab11 and yRab7 compartments is specific.
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In summary, my data show that DE-cadherin localizes to Rab7 and functional Rab11

compartment, suggesting the interaction of Rab7 and Rab11 in DE-cadherin transport.

lézadeAS'HA'Rab“ y?:‘(‘g UAS-HA-Rab11 aPKC vs DE-cad in yRab7/HA-Rab11
-ca da

-, apical b s M C 1007 ane

Y - ks 80

% overlap
(-2
o
1

-
o
1

Figure 14. DE-cadherin localizes to Rab7 and Rab11 compartments. (a-b) Apical confocal optical
sections perpendicular to the apical-basal axis of the follicular epithelium. The scale bar represents
10um. (a) Epithelia co-expressing yRab7 (green) and UAS-HA-Ra11 (red) stained for DE-cadherin
(blue). Insets below show individual HA-Rab11, Rab7 and DE-cadherin channels of the marked area.
HA-Rab11, Rab7 and DE-cadherin colocalize (red arrows). (b) Epithelia co-expressing yRab7 (green)
and UAS-HA-Ra11 (red) stained for aPKC (blue). Insets below show individual HA-Rab11, Rab7 and
aPKC channels of the marked area. No colocalization is observed between HA-Rab11, Rab7, and aPKC
(red arrows). (c) Quantification of the colocalization of the yRab7/HA-Rab11 compartment with aPKC
and DE-cadherin. Data are shown as mean + SEM. Two-tailed t-test (equal variance, a. = 0.05) was
performed and p values are presented as ****p < 0.0001. The quantification was performed with 5
follicles (n=199 cells) for the aPKC and yRab7/HA-Rab11 and with 6 follicles (n=324 cells) for DE-
cadherin and yRab7/HA-Rab11.

4.2.3 DE-cadherin exit from the Rab7 compartment is Rab11 dependent

My data show that DE-cadherin localizes to apical Rab7 and Rab11 compartments (Figure
14a), suggesting the interaction between Rab7 and Rab11 in DE-cadherin transport. | aimed
to further study the interaction between Rab7 and Rab11 by characterization of Rab11
mutants. The Rab71 mutant cell clones were induced using FRT/FLP technique as previously
described (see 4.1.5) (T. Xu & Rubin, 1993).

As shown in Figure 7a and by previous research, DE-cadherin heavily accumulated in Rab11
clone cells, suggesting the critical role of Rab11 in DE-cadherin transport (Woichansky et al.,

2016; Xu et al., 2011). To identify the compartments where DE-cadherin accumulates, | stained
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Rab11 mutant cell clones with different markers of cell compartments. | observed that DE-
cadherin aggregates weakly colocalized with frans-Golgi marker Golgin-245 and almost didn’t
colocalize at all with cis-Golgi marker GM130 in Rab711 mutants (Figure 15a). This suggests
that DE-cadherin aggregates localize outside of the Golgi and are not blocked within the Golgi
compartment in the absence of Rab11. | also observed that DE-cadherin aggregates were not
colocalizing with Rab$, the marker for early endosome, in Rab11 mutants (Figure 15b). This
further implies that DE-cadherin can leave the early endosome in the absence of Rab11.
Next, | analyzed the localization of DE-cadherin aggregates in Rab11 cell clones in relation to
the lysosome, the degradative cell compartment. The reason for this analysis is that DE-
cadherin protein could be destined for degradation after not being delivered to the plasma
membrane in the absence of Rab11. For this purpose, | visualized lysosomes using a pH-
sensitive dye LysoTracker Red, which is widely used for the detection of lysosomes in many
different cells and tissues (Avrahami et al., 2013; Lund et al., 2018; Zhitomirsky et al., 2018).
Lysotracker is a weak base that is attached to a fluorophore and accumulates within the
organelles with a highly acidic environments (Haller et al., 1996; Johnson et al., 2016).
Drosophila ovaries are incubated with the lysotracker for 30 minutes at room temperature and
the dye accumulates within the low pH compartments. | observed weak colocalization of DE-
cadherin aggregates and lysotracker in Rab711 mutant ovaries (Figure 15c). This result
suggests that DE-cadherin is not degraded upon Rab11 depletion.

Finally, | analyzed the localization of DE-cadherin aggregates in Rab11 clones in relation to
the Rab7 endosomal compartment. | observed the extensive overlap of DE-cadherin
aggregates with Rab7 compartments upon the Rab11 depletion (Figures 15b and 15c). This
result implies that DE-cadherin is blocked and cannot leave the Rab7 compartment in the
absence of Rab11. In addition to this, | noticed that Rab7 compartments in Rab11 mutant cells
were enlarged (Figures 15b and 15c). The finding further suggests that Rab7 compartments
in Rab11 cell clones are enlarged due to the accumulation of DE-cadherin. To confirm the
observation that DE-cadherin aggregates are blocked within Rab7 compartments, | quantified
the colocalization between DE-cadherin and different cell markers analyzed. The quantification
analysis supported the observation that DE-cadherin aggregates extensively localize to Rab7
compartments in Rab711 mutants (Figure 15d). This further confirms that DE-cadherin
aggregates in Rab11 clones are blocked within the enlarged Rab7 compartment.

Taken together, my data suggest that DE-cadherin can leave the Golgi and early endosome
in the absence of Rab11. Furthermore, the DE-cadherin protein accumulating in the cytoplasm
is also not sent for degradation upon Rab11 depletion. Instead, DE-cadherin is blocked and
unable to leave Rab7 compartments without Rab11, which enlarge as a consequence. This
suggests that the DE-cadherin exit from the Rab7 compartment is dependent on the Rab11.

Overall, these results further confirm that Rab7 and Rab11 interact in DE-cadherin transport.
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Figure 15. DE-cadherin exit from the Rab7 compartment is Rab11 dependent. (a-c) Confocal
optical sections perpendicular to the apical-basal axis of the follicular epithelium. The scale bar
represents 10um. Clone borders are marked by the white line and heavy DE-cadherin (green)
accumulation. In (c) clone cells are also recognized by the absence of RFP (blue). (a) Rab11 clone
stained for DE-cadherin (green), Golgin-245 (trans-Golgi) (red) and GM130 (cis-Golgi) (blue). Insets
below show individual Golgin-245, DE-cadherin and GM130 channels from the marked area. DE-
cadherin aggregates do not colocalize with Golgin-245 and GM130 (red arrows). (b) Rab71 clone
stained for DE-cadherin (green), Rab7 (red) and Rab5 (blue). Insets below show individual Rab7, DE-

cadherin and Rab5 channels from the marked area. Rab7 and DE-cadherin aggregates colocalize (red
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arrows). (c) Rab11 clone stained for DE-cadherin (green), Rab7 (red) and lysotracker (LT) (blue). Insets
below show individual Rab7, DE-cadherin and LT channels from the marked area. DE-cadherin
aggregates do not colocalize with the LT (red arrows). (d) Quantification of the colocalization between
DE-cadherin aggregates in Rab11 mutant cells with Rab7, Golgin-245 (trans-Golgi), GM130 (cis-Golgi)
and Rab5. Representative images are shown in (a) and (b). Data are shown as mean + SEM. Two-tailed
t-test (equal variance, o = 0.05) was performed and p values are presented as ****p < 0.0001. The
quantification was performed with 10 follicles (n=197 clone cells) for Rab7&DE-cadherin, 14 follicles
(n=276 clone cells) for Golgin-245&DE-cadherin, 9 follicles (n=165 clone cells) for GM130&DE-cadherin
and 7 follicles (n=122 clone cells) for RabS&DE-cadherin.

4.2.4 DE-cadherin aggregates in Rab7 mutants form due to the impaired recycling

pathway

My data suggest that DE-cadherin is blocked in Rab7 compartments upon Rab11 depletion
(Figure 15). | further asked how is DE-cadherin localized and transported in Rab7 depleted
cells. To answer this question, | induced Rab7 cell clones in Drosophila follicular epithelium

using the Rap7¢aknockin

null allele, which was previously generated and published (Cherry et
al., 2013). | observed the cytoplasmic DE-cadherin aggregation upon the Rab7 depletion
(Figure 16a). This result implies the requirement of Rab7 in DE-cadherin transport. However,
DE-cadherin’s proper localization to the plasma membrane revealed that DE-cadherin
transport was still possible, suggesting the potential redundant role of Rab7 in DE-cadherin
transport.

Next, | asked if DE-cadherin aggregates in Rab7 clones are resulting from the impaired
degradation pathway. | was specifically interested to test whether DE-cadherin aggregates
form due to the impairment in the degradation, since previous studies showed that Rab7 plays
arole in the degradative pathway of proteins (Bucci et al., 2000; Guerra & Bucci, 2016; Laiouar
et al., 2020; Zhang et al., 2009). To answer this question, | analyzed the localization of DE-
cadherin aggregates in Rab7 mutant cells in relation to the lysosomal marker lysotracker. |
observed that most DE-cadherin aggregates showed no colocalization with the lysotracker
(91% = 1.93, n=180 clone cells from 4 follicles) (arrows in Figures 16a" and 16a™"). This implies
that DE-cadherin aggregates in Rab7 cell clones do not form due to an impairment in the
degradative pathway.

Curiously, previous studies demonstrated that Rab7 plays a role not only in the degradation
but also in recycling of proteins, suggesting the dual role of Rab7 in endosomes (Balderhaar
et al., 2010; Liu et al., 2012; Priya et al., 2015; Rojas et al., 2008; Seaman, 2004; Seaman et
al., 2009). Since my data imply that DE-cadherin aggregates in Rab7 mutants do not result
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from the defective degradative pathway, | speculated that they form due to a defective
recycling pathway, in which Rab7 also plays a role.

In summary, my data show that DE-cadherin accumulates in the cytoplasm in the absence of
Rab7. This suggests the function of Rab7 in DE-cadherin transport. In addition, DE-cadherin
localizes properly to the plasma membrane in Rab7 cell clones, implying that its role in DE-
cadherin secretion to the plasma membrane might be redundant. My findings further revealed
that DE-cadherin aggregates do not colocalize with lysosomes, implying that DE-cadherin
aggregates do not form due to the defective degradation upon Rab7 depletion. | thus propose
that DE-cadherin aggregates in Rab7 mutants result from impaired recycling, suggesting the

role of Rab7 in DE-cadherin recycling.
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Figure 16. DE-cadherin accumulates in the cytoplasm in Rab7 clone cells. Apical confocal optical
section perpendicular to the apical-basal axis of the follicular epithelium. The scale bar represents 10um.
(a) Rab7 cell clones stained for DE-cadherin (green) and lysotracker (LT) (red). Clone cells are
recognized by the absence of RFP (blue). (a') and (a'") show individual DE-cadherin and LT channels
respectively. The clone border is highlighted by the white line (a) and the red line in (a’) and (a™*). DE-

cadherin aggregates do not colocalize with the LT (white arrows in (a) and red arrows in (a’) and (a™")).
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4.3 Snx16 is recruited by Rab7 for DE-cadherin transport to Rab11

compartments via tubules

Proteins within the endosomal system destined to be recycled are retrieved from degradation.
Retrieval complexes recognize cargo and sort it into various endosomal recycling branches,
where tubulo-vesicular carriers promote future trafficking (Cullen & Steinberg, 2018; Simonetti
& Cullen, 2019; Weeratunga et al., 2020). Despite extensive research and the presence of
several promising candidates promoting this process, such as members of the sorting nexin
family (Bryant et al., 2007; Solis et al., 2013; Jinxin Xu et al., 2017; Zobel et al., 2015), the
mechanism by which DE-cadherin is retrieved from the degradative pathway remains

unknown.

4.3.1 Snx16 localizes to Rab7 and Rab11 endosomes

My findings suggest that Rab7 plays a role in DE-cadherin recycling. | further aimed to
investigate which factors could interact with Rab7 in this process. Previous studies have shown
that Rab7 recruits different effectors to endosomes for the recycling of proteins (Rojas et al.,
2008; Seaman et al., 2009). | asked what effectors could be recruited by Rab7 for the DE-
cadherin recycling. A very good candidate is a member of the sorting nexin family, sorting
nexin 16 (Snx16), since past studies showed that Snx16 localizes to endosomes and directly
binds DE-cadherin in the DE-cadherin recycling process (Brankatschk et al., 2011; Jinxin Xu
etal., 2017).

To analyze the potential role of Snx16 in DE-cadherin transport, | used Drosophila follicles
expressing the UAS-Snx16-SNAP construct (Rodal et al., 2011). SNAP-tag is a small
polypeptide (19.4kDa) that is a mutant for human DNA repair protein O®-alkylguanine-DNA-
alkyltransferase (hAGT). hAGT reacts fast and specifically with the benzylguanine (BG)
derivatives, which results in the covalent labelling of the probe with the SNAP-tag (Keppler et
al., 2003, 2004). | first investigated the spatial localization of Snx16 in relation to the different
markers for the cell compartments. | observed that Snx16 doesn’t colocalize with GM130 (cis-
Golgi marker) and Golgin-245 (frans-Golgi marker), showing the spatial separation of Snx16
from the Golgi network (Figure 17a). This suggests that Snx16 doesn’t act in the Golgi
compartment.

Next, | observed that Snx16 colocalized with the apical Rab7 compartments (Figure 17b) (88%
+ 1.46, n=199 cells from 5 follicles). This suggests that Snx16 acts in the Rab7 endosomal
compartment. Such a result is consistent with the previously published finding in cultured cells,

which demonstrated that Snx16 localizes to Rab7 endosomes (Brankatschk et al., 2011). |
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also investigated the spatial relation between Snx16 and YFP-Rab11 endosomal
compartments, to additionally confirm that Snx16 acts at endosomes. To perform this, | co-
expressed UAS-Snx16-SNAP and UAS-YFP-Rab11 constructs in Drosophila follicles. |
observed that Snx16 localizes to apical YFP-Rab11 compartments (Figure 17c). Additionally,
| also noticed that Snx16 compartments were enlarged upon UAS-YFP-Rab11 expression.
This suggests that the function of Snx16 might be attenuated in follicles expressing the UAS-
YFP-Rab11 construct. My previous data show that DE-cadherin accumulates within YFP-
Rab11 compartments (Figure 8a), so | further analyzed if DE-cadherin accumulates within
YFP-Rab11/Snx16 compartments as well. | indeed observed high levels of DE-cadherin within
apical YFP-Rab11/Snx16 compartments (Figure 17c). This suggests that DE-cadherin is
blocked within apical YFP-Rab11 compartments that also contain Snx16.

Taken together, my data show that Snx16 localizes to Rab7 and YFP-Rab11 endosomal
compartments. These findings suggest a potential function of Snx16 in the apical endosomal

system, through which DE-cadherin transits on its way to the plasma membrane.
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Figure 17. Snx16 localizes to Rab7 and YFP-Rab11 compartments. (a-c) Apical confocal optical
sections perpendicular to the apical-basal axis of the follicular epithelium. The scale bar represents
10um. (a) Epithelia expressing UAS-Snx16-SNAP (blue) and stained for GM130 (green) and Golgin-
245 (red). Insets below show individual Golgin-245, GM130 and Snx16 channels of the marked area.
(b) Epithelia expressing UAS-Snx16-SNAP (red) and stained for Rab7 (green). Insets below show the
individual Snx16 and Rab7 channels of the marked area. Snx16 localizes to Rab7 compartments (red
arrows). (c) Epithelia co-expressing UAS-YFP-Rab11 (green) and UAS-Snx16-SNAP (blue) and stained
for DE-cadherin (red). Insets below show individual YFP-Rab11 and Snx16 channels of the marked

area.
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4.3.2 Loss of Snx16 leads to the DE-cadherin aggregation

My data show that Snx16 localizes to Rab7 and YFP-Rab11 compartments that are part of the
DE-cadherin transport route. | next asked what role does Snx16 have in DE-cadherin
trafficking. To answer this question, | generated Snx76 clones using an Snx76*' null allele,
which has the entire coding region and the part of the neighboring gene removed by imprecise
excision (Rodal et al., 2011). | induced Snx16 cell clones in Drosophila follicular epithelium
and analyzed the DE-cadherin localization. | observed cytoplasmic DE-cadherin aggregates
upon Snx16 depletion (Figure 18a). This implies that Snx16 plays a role in DE-cadherin
transport. Nevertheless, DE-cadherin was properly localized to the plasma membrane, which
shows that the transport of DE-cadherin still takes place. This suggests that the role of Snx16
in DE-cadherin trafficking might be redundant. Additionally, |1 noticed that DE-cadherin
aggregates in Snx716 mutants localized within the enlarged Rab7 compartments (arrows in
Figures 18a" and 18a’"). This suggests that DE-cadherin remains trapped in the Rab7
compartment in the absence of Snx16. | next wanted to confirm that DE-cadherin aggregates
in Snx16 mutants are indeed caused by the absence of Snx16. For this purpose, | used GR1
driver to induce the expression of UAS-GFP-Snx16 construct in Snx76 mutants. | observed
that the overexpression of the GFP-tagged Snx16 protein rescued the DE-cadherin
aggregation in Snx16 mutants (92%, n=12 cell clones) (Figure 18b). This confirms that DE-
cadherin aggregates form due to the lack of Snx16.
| noticed similarities in DE-cadherin localization in Rab7 and Snx16 mutants. Namely, upon
the depletion of Rab7 and Snx16, | observed cytoplasmic DE-cadherin aggregation.
Nonetheless, DE-cadherin localized properly to the plasma membrane in both types of mutants
(compare Figures 16 and 18a). This suggests that Rab7 and Snx16 might play a redundant
role in DE-cadherin transport. | thus asked if Rab7 and Snx16 cooperate in DE-cadherin
transport. If Rab7 and Snx16 cooperate in DE-cadherin transport, then the simultaneous
depletion of Rab7 and Snx16 would result in a more severe DE-cadherin phenotype. To
investigate this hypothesis, | generated Rab7 Snx16 double cell clones and analyzed DE-
cadherin localization. | noticed more cytoplasmic DE-cadherin aggregates in Rab7 Snx16
double mutants than in individual Rab7 and Snx16 mutants (Figure 18c). This observation was
confirmed by the quantification of the total number of DE-cadherin aggregates in Rab7 and
Snx16 single and double mutants (Figure 18d). However, | observed no additional serious cell
defects as DE-cadherin was still properly localized to the plasma membrane. This suggests
that there might be more factors cooperating with Rab7 and Snx16 in DE-cadherin transport.
In summary, my data reveal that DE-cadherin accumulates in the cytoplasm upon Snx16
depletion. Additionally, these DE-cadherin aggregates localize to enlarged Rab7
compartments. This suggests that Snx16 plays a role in DE-cadherin transport, as well as that
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there might be a functional link between Snx16 and Rab7. Nevertheless, the role of Snx16, as
well as the role of Rab7, could possibly be redundant and there could be additional factors

cooperating with Snx16 and Rab7 in DE-cadherin transport.
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Figure 18. DE-cadherin accumulates in the cytoplasm in Snx16 clone cells. (a-c) Confocal optical
sections perpendicular to the apical-basal axis of the follicular epithelium. Scale bars represent 10um.
The clone border is highlighted by the white line in pictures showing merged channels and by the red
line in pictures showing individual channels. Clone cells are additionally indicated by the absence of
RFP (blue in (a) and (b) and red in (c)). (a) Snx16 clone and stained for DE-cadherin (green) and Rab7
(red). (@) and (@) show individual DE-cadherin and Rab7 channels respectively. DE-cadherin
aggregates localize to Rab7 compartments (red arrows). (b) Epithelia expressing UAS-Snx16-GFP
(green) in Snx16 clone cells stained for DE-cadherin (red). (b’) shows the individual DE-cadherin
channel. (c) Rab7 Snx16 double clone stained for DE-cadherin (green). (c’) shows the individual DE-
cadherin channel. (d) Quantification of DE-cadherin aggregates in wild type epithelia, Rab7 clones,
Snx16 clones and Rab7 Snx16 double clones. Representative images are shown in (a), (¢) and Figure
16a. Data are shown as mean + SEM. A two-tailed t-test (equal variance, a=0.05) was performed and
p values are presented as *p < 0.05. The quantification was performed with 6 follicles (n=161 cells) for
wild type, 5 follicles (n=90 clone cells) Snx16 clones, 6 follicles (n=120 clone cells) for Rab7 clones and

5 follicles (n=85 clone cells) for Rab7 Snx16 double clones.
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4.3.3 Rab7 recruits Snx16 for subsequent DE-cadherin transport via tubules

My data suggest that Snx16 localizes to Rab7 and YFP-Rab11 endosomes and that it plays a
role in DE-cadherin transport (Figures 17 and 18). Furthermore, | aimed to investigate my initial
hypothesis that Rab7 recruits Snx16 as an effector molecule in the DE-cadherin recycling
pathway (see 4.3.1). To test this hypothesis, | expressed UAS-Snx16-SNAP in Rab7 cell
clones in Drosophila follicular epithelium. | anticipated that, if Rab7 is critical for Snx16
recruitment, expressing high levels of Snx16 in cells could overcome its necessity for Rab7
and thus rescue DE-cadherin aggregation. | indeed noticed that the overexpression of Snx16
in Rab7 mutants rescued cytoplasmic DE-cadherin aggregation (Figure 19a).

A previous study has revealed that the Snx16 protein has a tubulation activity (S. Y. Wang et
al., 2019). Tubulation activity of proteins is usually performed via a BAR domain (Peter et al.,
2004). Interestingly, Snx16 doesn’t have the BAR domain but can still form tubules, which
makes it a unigue member of the sorting nexin protein family. The tubulation activity of Snx16
depends on the coiled-coil (CC) domain, and mutants lacking the CC domain cannot form
tubules (S. Y. Wang et al., 2019). Since my data show that the overexpression of Snx16 in
Rab7 mutants rescued cytoplasmic DE-cadherin aggregation, | asked if the Snx16 ability to
rescue DE-cadherin aggregates in Rab7 cell clones is dependent on the tubulation activity. To
test this, | used UAS-Snx16ACC-SNAP construct, which lacks the CC domain and cannot thus
form tubules (S. Y. Wang et al., 2019). | expressed UAS-Snx16ACC-SNAP in Rab7 mutants
and analyzed DE-cadherin localization. Interestingly, | still observed cytoplasmic DE-cadherin
aggregation in Rab7 cell clones overexpressing the Snx16ACC construct (Figure 19b). This
suggests that the Snx16ACC mutant protein cannot rescue DE-cadherin aggregation in Rab7
mutants. To confirm my observation, | quantified DE-cadherin aggregates in Rab7 mutants
alone as well as in Rab7 mutants expressing UAS-Snx16-SNAP and UAS-Snx16ACC-SNAP.
The quantification revealed that DE-cadherin aggregates were present in epithelia expressing
UAS-Snx16ACC-SNAP in Rab7 mutants and in Rab7 mutants alone (Figure 19c). In epithelia
expressing UAS-Snx16-SNAP in Rab7 mutants, on the other hand, a rather low number of
DE-cadherin aggregates was detected. This implies that the Snx16 mutant lacking the CC
domain cannot rescue DE-cadherin aggregation in Rab7 mutants. Next, this also suggests that
Snx16 rescues DE-cadherin aggregation in Rab7 mutants via tubulation activity.

Besides the CC domain, the Snx16 protein also has a PX domain. One part of the PX domain
(termed PPIl/a2 loop) was shown to be critical for binding of Snx16 to E-cadherin (Jinxin Xu et
al., 2017). Therefore, | asked if Snx16ACC mutant is still able to associate with DE-cadherin
via the PX domain, despite lacking the CC domain. To answer this question, | analyzed the

DE-cadherin localization in Rab7 mutants in relation to the Snx16ACC mutant protein. |
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observed that DE-cadherin aggregates colocalized with Snx16ACC (arrows in Figure 19b)
(87% clones, n=15). This finding suggests Snx16ACC, a mutant lacking CC domain and still
harboring PX domain, can associate with DE-cadherin. This further confirms that the PX
domain of Snx16 protein is required for the interaction between Snx16 and DE-cadherin.

In summary, my data show that the expression of UAS-Snx16-SNAP rescues DE-cadherin
aggregates in Rab7 clones. The expression of the UAS-Snx16ACC-SNAP, the mutant unable
to form tubules, cannot rescue DE-cadherin aggregates in Rab7-depleted cells. This overall
suggests that Rab7 recruits Snx16 to endosomes and that Snx16 transports DE-cadherin for
further trafficking steps via tubulation activity. My data also show that the PX domain within

Snx16 is required for Snx16 binding to DE-cadherin.
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Figure 19. Snx16 overexpression rescues DE-cadherin aggregates in Rab7 clone cells. (a-b)
Confocal optical sections perpendicular to the apical-basal axis of the follicular epithelium. The scale
bar represents 10um. Clone cells are indicated by the absence of RFP (blue). The clone border is
highlighted by the white line in pictures showing merged channels and by the red line in pictures showing
individual channels. (a) Epithelia expressing UAS-Snx16-SNAP (red) in Rab7 clone and stained for DE-
cadherin (green). (a') shows the individual DE-cadherin channel. The expression of UAS-Snx16-SNAP

rescues cytoplasmic DE-cadherin aggregates (compare to Figure 16). (b) Epithelia expressing UAS-
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Snx16ACC-SNAP (red) in Rab7 clone and stained for DE-cadherin (green). DE-cadherin aggregates
colocalize with Snx16ACC (white arrows). (b’) and (b"") show individual DE-cadherin and Snx16ACC-
SNAP channels respectively. (c) Quantification of DE-cadherin aggregates in Rab7 cell clones.
Representative images are shown in (a), (b) and Figure 16. Data are shown as mean + SEM. A two-
tailed t-test (equal variance, a=0.05) was performed p values are presented as ****p < 0.0001. The
quantification was performed with 30 follicles (n=38 cell clones) for Rab7 clones, 17 follicles (n=18 cell
clones) for UAS-Snx16-SNAP in Rab7 clones and 5 follicles (n=85 clone cells) for UAS-Snx16ACC-
SNAP in Rab7 clones.

4.3.4 Snx16 stabilizes DE-cadherin and Armadillo interaction

My data so far show that DE-cadherin passes through apical Rab11 and Rab7 endosomal
compartments to which Snx16 is recruited. In addition, the depletion of Rab11, Rab7 and
Snx16 all resulted in cytoplasmic DE-cadherin accumulation (Figures 7a, 16 and 18a). Since
previous studies showed that the DE-cadherin/Armadillo complex is essential for efficient DE-
cadherin transport (Y. T. Chen et al., 1999; Langevin et al., 2005), | asked how Armadillo
localizes upon the depletion of Rab11, Rab7 and Snx16.

To answer this question, | first tested the localization of Armadillo in Rab71 cell clones. |
observed that Armadillo could not localize to the plasma membrane but instead accumulated
in the cytoplasm in Rab11-depleted cells (Figure 20a). This suggests that neither DE-cadherin
nor Armadillo can be transported to the plasma membrane in the absence of Rab11.

I further asked how Armadillo localizes in Snx716 cell clones. Surprisingly, despite the
cytoplasmic DE-cadherin aggregation in Snx76 mutants, | observed a low number of Armadillo
cytoplasmic aggregates (Figure 20b). This suggests that the Armadillo transport is not impaired
upon Snx16 depletion. Since DE-cadherin and Armadillo form the complex for the delivery to
the plasma membrane. | speculated that in Snx16-depleted cells, DE-cadherin/Armadillo
complex dissociates, resulting only in DE-cadherin cytoplasmic accumulation, while Armadillo
is still delivered to the plasma membrane. This hypothesis suggests that Snx16 might be
required for the stabilization of the DE-cadherin/Armadillo complex.

| finally tested the localization of Armadillo in Rab7 cell clones. Comparable to Snx16-depleted
cells, very few Armadillo aggregates were detected in cells lacking Rab7 (Figure 20c). This
finding suggests that DE-cadherin/Armadillo complex dissociates also in the absence of the
Rab7. However, since | speculated that Rab7 is required for Snx16 recruitment (see 4.3.3), |
propose that the dissociation of DE-cadherin/Armadillo complex in Rab7-depleted cells is due
to the failure of Snx16 recruitment. This result further confirms my hypothesis that Snx16 plays

a role in DE-cadherin/Armadillo complex stabilization.
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In summary, my data show that DE-cadherin and Armadillo both accumulate in Rab11 cell
clones. This suggests that the Rab11 is required for the delivery of the DE-cadherin/Armadillo
complex to the plasma membrane. Further, upon Snx16 and Rab7 depletion, only DE-cadherin
accumulates in the cytoplasm, whereas the localization of Armadillo remains undisturbed. |
propose that this could be due to the dissociation of the DE-cadherin/Armadillo complex in the
absence of Snx16. This suggests that Snx16 might be required for the stabilization of the DE-
cadherin/Armadillo complex. The dissociation of the DE-cadherin/Armadillo complex in Rab7

mutants, on the other hand, is caused by the lack of the Snx16’s recruitment.
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Figure 20. DE-cadherin/Armadillo complex dissociates in Rab7 and Snx16 clone cells. (a-c)
Confocal optical sections perpendicular to the apical-basal axis of the follicular epithelium. The scale
bar represents 10um. Clone cells are indicated by the absence of RFP (blue). The clone border is
highlighted by the white line in pictures showing merged channels and by the red line in pictures showing
individual channels. (a) Rab11 clone stained for Armadillo (green) and DE-cadherin (red). The inset in
the lower right corner shows the single Armadillo channel of the marked area. (b) Snx76 clone stained
for Armadillo (green) and DE-cadherin (red). Only DE-cadherin, not Armadillo, aggregates can be
observed in the cytoplasm (white arrows). (b") shows the individual Armadillo channel. (c) Rab7 clone
stained for Armadillo (green) and DE-cadherin (red). Only DE-cadherin, not Armadillo, aggregates can

be observed in the cytoplasm (white arrows). (d) Quantification of the colocalization of DE-cadherin and
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Armadillo aggregates in Rab11, Snx16 and Rab7 clones. Representative images are shown in (a), (b)
and (c). Data are shown as mean + SEM. A two-tailed t-test (equal variance, a=0.05) was performed,
and p values are presented as **p < 0.01 and ***p < 0.001. The quantification was performed with 23
follicles (n=32 cell clones) for Rab11 clones, 17 follicles (n=18 cell clones) for Snx16 clones and 11
follicles (n=12 cell clones) for Rab7 clones.

4.3.5 DE-cadherin exit from endosomes requires direct association with Armadillo

My data suggest that Snx16 is required for the stabilization of the DE-cadherin/Armadillo
complex (Figure 20). This prompted me to further investigate the requirement for the DE-
cadherin/Armadillo complex in DE-cadherin secretion to the plasma membrane. To perform
this, | used the UAS-DE-cadherin-Ap-catenin construct, which expresses the DE-cadherin
mutant unable to bind Armadillo (Pacquelet et al., 2003). | first expressed UAS-DE-cadherin-
AB-catenin in Drosophila epithelia and analyzed DE-cadherin localization. | detected
cytoplasmic DE-cadherin aggregates in Drosophila follicles expressing UAS-DE-cadherin-Aj-
catenin construct (Figure 21a). This indicates that transport of DE-cadherin mutant that is
unable to bind Armadillo is hampered. Interestingly, | still detected DE-cadherin at the plasma
membrane, suggesting that DE-cadherin can reach the plasma membrane without being
directly bound to Armadillo. | further analyzed Armadillo localization in UAS-DE-cadherin-Aj-
catenin expressing follicles. My finding revealed that Armadillo also aggregates in the
cytoplasm upon the expression of the UAS-DE-cadherin-Ap-catenin construct (Figure 21a).
Curiously, Armadillo and DE-cadherin aggregates completely colocalized (arrows in Figure
21a). This implies that DE-cadherin and Armadillo might still be transported together towards
the plasma membrane even when not directly associated.

| further investigated the spatial relation between the DE-cadherin aggregates in UAS-DE-
cadherin-Ap-catenin expressing follicles and different cell markers. My data showed that DE-
cadherin aggregates could occasionally be detected in the ER and Golgi as | observed that
DE-cadherin aggregates sometimes colocalized with ER marker KDEL and cis-Golgi marker
GM130 (Figure 21b). This implies that DE-cadherin transport from the ER and Golgi UAS-DE-
cadherin-Ap-catenin expressing follicles may be impeded, but can still occur.

| next asked how DE-cadherin aggregates detected in UAS-DE-cadherin-AB-catenin
expressing follicles localize in regard to the Rab5 and Rab7 endosomal markers. | observed
the colocalization between DE-cadherin aggregates and Rab5 and Rab7 (Figures 21c and
21d). This suggests that DE-cadherin can reach the endosomal system without physical

interaction with the Armadillo. My finding also further implies that the DE-cadherin/Armadillo
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complex might be required for the DE-cadherin export from the endosomal compartments,
since the DE-cadherin mutant that is unable to bind Armadillo accumulates within endosomes.
In summary, my data show that the DE-cadherin can be secreted to the plasma membrane
independently of DE-cadherin/Armadillo complex. Nevertheless, the transport route might still
be hampered, since DE-cadherin mutant, which cannot bind Armadillo, aggregates in the
cytoplasm. Interestingly, Armadillo also aggregates in UAS-DE-cadherin-Ap-catenin
expressing follicles, and these Armadillo aggregates colocalize with DE-cadherin. This
suggests that the DE-cadherin and Armadillo might still be transported together even when
they are not directly associated. Finally, the DE-cadherin/Armadillo complex might be essential
for the export of DE-cadherin from endosomes, as the DE-cadherin mutant protein that cannot

bind Armadillo aggregates within endosomes.
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Figure 21. DE-cadherin exit from endosomes requires direct association with Armadillo. (a-d)
Confocal optical sections perpendicular to the apical-basal axis of the follicular epithelium. The scale
bar represents 10um. All epithelia shown express UAS-DE-cadherin-AB-catenin, the DE-cadherin
mutant protein unable to bind Armadillo. Insets below show individual channels of marked areas. DE-
cadherin colocalizes with Armadillo (red arrows in (a)), Rab5 (red arrows in (c)) and Rab7 (red arrows
in (d)). (a) Epithelia stained for Armadillo (green) and DE-cadherin (red). (b) Epithelia stained for ER
marker KDEL (green), Golgi marker GM130 (red) and DE-cadherin (blue). (c) Epithelia stained for Rab5
(green) and DE-cadherin (red). (d) Epithelia stained for Rab7 (green) and DE-cadherin (red).

4.4 The exocyst subunit Sec15 is recruited by Rab11 for DE-cadherin

transport

Past studies demonstrated that the exocyst complex is involved in E-cadherin trafficking in
both Drosophila and cultured cells (Langevin et al., 2005; Xiong et al., 2012; Yeaman et al.,
2004). The exocyst complex is a conserved octameric structure that plays a critical role in the
tethering of proteins to the plasma membrane (B. He & Guo, 2009). However, mechanisms
behind the exocyst recruitment for DE-cadherin transport and for the DE-cadherin secretion to

the plasma membrane remain unknown.

441 The UAS-Sec15-mCherry construct represents functional exocyst subunit
Sec15

Previous studies demonstrated that the critical function of Rab11 is the recruitment of its
effector Sec15, the exocyst subunit (Prigent et al., 2003; Zhang et al., 2004). Furthermore, a
study in Drosophila showed that the exocyst components Secb, Sec6 and Sec15 regulate the
DE-cadherin delivery to the plasma membrane (Langevin et al., 2005). | aimed to further
investigate the role of the exocyst subunit Sec15 in DE-cadherin transport. For this purpse, |
used the UAS-Sec15-mCherry construct, in which the exocyst subunit Sec15 is tagged with
mCherry (Michel et al., 2011).

The expression of UAS-Sec15-Cherry in Drosophila follicles led to the formation of prominent
apical Sec15 compartments (Figure 22a). | analyzed localization of DE-cadherin in regard to
Sec15 compartments. Notably, | detected that DE-cadherin localizes within Sec15
compartments (arrows in Figure 22a). This suggests that DE-cadherin interacts with Sec15
during its transport. To test if the UAS-Sec15-mCherry construct is functional, | expressed
UAS-Sec15-Cherry in Drosophila ovaries in Sec15 mutants. | generated Sec75 mutants by
inducing Sec15 RNA interference (RNAi). RNA interference (RNAI) is a tool that results in the
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specific suppression of gene expression. Using the Gal4/UAS system, the expression of short
inverted repeats that bind to each other and form a hairpin RNA (hpRNA) is induced. The
hpRNA is complementary to the gene of interest. The enzyme Dicer then cleaves hpRNA into
short double-stranded RNA (siRNA) fragments. These siRNAs are then incorporated into the
RNA-induced silencing complex (RISC) for the recognition of the complementary mRNA
sequence. This leads to the degradation of the mRNA and the gene of interest is silenced
(Heigwer et al., 2018).

| first analyzed the DE-cadherin localization in Drosophila follicles expressing Sec15 RNAI. |
observed that DE-cadherin was barely detectable at the plasma membrane, but formed
aggregates in the cytoplasm instead. As a result, the cell shape was irregular in the absence
of Sec15 (Figure 22b). This observation is in line with the previously published study, where it
was shown that DE-cadherin accumulates in the cytoplasm upon Sec15 depletion in
Drosophila ovaries (Langevin et al., 2005). | then expressed the UAS-Sec15-Cherry in Sec15
RNA:I to analyze if it can rescue the cytoplasmic DE-cadherin aggregation. | observed that the
expression Sec15-Cherry construct indeed resulted in the rescue of irregular cell shape and
DE-cadherin cytoplasmic aggregation (92%, n=13 follicles) (Figure 22c). This suggests that
the mCherry tag in UAS-Sec15-Cherry construct doesn’t impair Sec15 function and that UAS-

Sec15-Cherry construct represents functional Sec15 exocyst subunit.
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Figure 22. UAS-Sec15-Cherry represents functional exocyst subunit Sec15. (a-c) Apical confocal
optical sections perpendicular to the apical-basal axis of the follicular epithelium. The scale bar
represents 10um. (a) Expression of the UAS-Sec15mCherry construct results in the formation of Sec15
compartments (red) to which DE-cadherin (green) localizes (white arrows). (b) Epithelia expressing
Sec15 RNA| and stained for DE-cadherin. (c) Epithelia expressing UAS-Sec15-mCherry (red) in Sec15

RNAI results and stained for DE-cadherin (green). (¢') shows the individual DE-cadherin channel.

I next asked if the lateral protein Fas2 also localizes to the Sec15 compartment. To answer
this question, | co-expressed Fas2-GFP and UAS-Sec15-Cherry constructs. My finding
showed that Fas2 could not be detected within the cytoplasmic Sec15 compartments (Figure
23a). This suggests that Sec15 is not involved in Fas2 transport towards the plasma
membrane. | further analyzed if the absence of Sec15 affects the localization of Fas2. To test
this, | expressed Fas2-GFP in Sec15 RNA; follicles. Fas2 localized properly to the lateral
membrane, suggesting that the downregulation of Sec15 doesn’t influence the Fas2 transport

(Figure 23b). Overall, this suggests that Sec15 plays a role in the transport of apicolateral
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protein, such as DE-cadherin, but is not involved in the transport of proteins localizing to the
lateral membrane, such as Fas2. This finding is in line with the previous study, which also
demonstrated that upon the depletion of another exocyst unit, Sec5, the localization of the
lateral protein Fas3 remains unaffected (Langevin et al., 2005).

In summary, my findings show that the expression of the UAS-Sec15-Cherry construct results
in the formation of Sec15 compartments. Within these Sec15 compartments, DE-cadherin is
localized. The functionality of the Sec15-Cherry construct was confirmed by the expression of
UAS-Sec15-Cherry in Sec15 RNAI follicles, which rescued cytoplasmic DE-cadherin
aggregation. Further, the localization of the lateral protein Fas2 is not observed within the
Sec15 compartment. Fas2 localization was also undisturbed in Sec15 RNAi expressing
follicles. This suggests that the Sec15, which is a part of the exocyst complex, is involved in
the transport of apicolateral protein DE-cadherin, but not in the transport of the lateral protein
Fas2.
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Figure 23. Exocyst subunit Sec15 is not involved in the transport of Fas2. (a-b) Apical confocal
optical sections perpendicular to the apical-basal axis of the follicular epithelium. The scale bar
represents 10um. (a) The expression of UAS-Sec15-mCherry (red) and Fas2 GFP (green). (a") shows
the individual Fas2 channel. Fas2 doesn’t localize to Sec15 compartments (white arrows in (a) and red
arrows in (a’)). (b) Epithelia expressing Sec15 RNAi and Fas2 GFP (green) and stained for DE-cadherin
(red). (b") shows the single Fas2 GFP channel.

4.4.2 The glycine triplet within the DE-cadherin juxtamembrane domain is required

for the localization within Sec15 compartments

My data show that DE-cadherin localizes to apical Sec15 compartments (Figure 22a). Since
my data previously demonstrated that the DE-cadherin cytoplasmic domain is required for the
DE-cadherin delivery to apical endosomes (Figure 12c), | aimed to investigate if the same
domain is required for DE-cadherin localization to the Sec15 compartment. To answer this
question, | co-expressed UAS-Sec15-Cherry and UAS-DE-cadhACyt/a-cat, a mutant lacking
the cytoplasmic domain, to see if the DE-cadherin can still localize within Sec15 compartments.
My data showed no detectable DE-cadherin mutant protein within Sec15 compartments
(compare Figures 24a and 24b). This suggests that the cytoplasmic domain is required for the
DE-cadherin localization within the Sec15 compartment.

Previous studies demonstrated that the domain within the DE-cadherin cytoplasmic tail, termed
the juxtamembrane domain, is implicated in the regulation of DE-cadherin turnover and
degradation (Hartsock & Nelson, 2012; Miyashita & Ozawa, 2007). | next asked if the
juxtamembrane domain is required for DE-cadherin localization within Sec15 compartments.
To answer this, | co-expressed UAS-Sec15-Cherry and UAS-DE-cadherin-AJM construct, a
DE-cadherin mutant lacking the 113bp within the juxtamembrane domain (Pacquelet & Rgarth,
2005). | observed that the DE-cadherin mutant without the complete juxtamembrane domain
didn’t localize within Sec15 compartments (compare Figures 24a and 24c). This implies that

the juxtamembrane domain is essential for DE-cadherin interaction with Sec15 compartments.
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Figure 24. DE-cadherin juxtamembrane domain is required for the localization within Sec15
compartments. (a-c) Apical confocal optical sections perpendicular to the apical-basal axis of the
follicular epithelium. The scale bar represents 10um. (a’-c’) show individual DE-cadherin channels. (a)
Epithelia expressing UAS-Sec15-Cherry (red) and stained with DE-cadherin (green). (b) Epithelia co-
expressing UAS-DE-cadhACyt/a-cat (green), the DE-cadherin mutant protein lacking the cytoplasmic
domain, and UAS-Sec15-mCherry (red). (c) Epithelia co-expressing UAS-DE-cadherin-AJM (green), the
DE-cadherin mutant protein without the complete juxtamembrane domain, and UAS-Sec15-mCherry
(red).

After uncovering that the juxtamembrane domain of DE-cadherin is required for DE-cadherin
localization within the Sec15 compartment, | asked which part of the juxtamembrane domain
could be essential. To answer this question, | used the DE-Cadherin-AAA mutant construct,
which yields a mutant protein that has the glycine triplet on the positions 1376-1378 within the
juxtamembrane domain replaced by three alanines (Pacquelet et al., 2003). | co-expressed
UAS-DE-Cadherin-AAA and UAS-Sec15 Cherry constructs in Drosophila follicles and
analyzed if the glycine triplet within the juxtamembrane domain is critical for DE-cadherin
localization within Sec15 compartments. My results revealed that the DE-cadherin-AAA mutant

didn’t localize to the Sec15 compartment (Figure 25a). This suggests that the glycine triplet
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within the DE-cadherin juxtamembrane domain is required for the localization of DE-cadherin
within the Sec15 compartment.

Since my data show that the glycine triplet is essential for DE-cadherin localization within
Sec15 compartments, | was curious to study what impact these three glycines have on DE-
cadherin localization to endosomes. To answer this question, | co-expressed UAS-DE-
Cadherin-AAA and UAS-YFP-Rab11 constructs and analyzed DE-cadherin localization. | used
the UAS-YFP-Rab11 construct as a marker for endosomal compartments, as the expression
of UAS-YFP-Rab11 in Drosophila follicular epithelium results in the formation of prominent
apical endosomal structures that can be easily visualized (Figure 8a). My data showed that
the DE-cadherin mutant was able to localize to apical YFP-Rab11 endosomal structure (Figure
25b). This finding implies that glycine residues within the juxtamembrane domain are not
essential for DE-cadherin delivery to the endosomes.

In summary, my data show that the juxtamembrane domain of the DE-cadherin cytoplasmic
tail is required for the DE-cadherin localization within Sec15 compartments. More specifically,
the glycine triplet within the DE-cadherin juxtamembrane domain is critical for DE-cadherin
localization within Sec15 compartments. Curiously, these glycine residues within the
juxtamembrane domain are not required for DE-cadherin localization to the apical endosomal
compartment, as DE-cadherin-AAA mutant is still detected within YFP-Rab11 endosomal

compartments.
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Figure 25. Glycine triplet in the DE-cadherin juxtamembrane domain is required for DE-cadherin
localization within Sec15 compartments, but not within YFP-Rab11 compartments. (a-b) Apical
confocal optical sections perpendicular to the apical-basal axis of the follicular epithelium. The scale bar
represents 10um. (a) Epithelia co-expressing UAS-DE-cadherin-AAA (green), the DE-cadherin protein
with mutated glycine triplet within the juxtamembrane domain, and UAS-Sec15-mCherry (red). (a’)
shows the individual DE-cadherin channel. DE-cadherin is not detected within Sec15 compartments
(white arrows in (a) and red arrows in (a™")). (c) Epithelia co-expressing UAS-YFP-Rab11 (green) and
UAS-DE-cadherin-AAA (red). (b’) shows the individual DE-cadherin channel.

73



443 Rab11 recruits the exocyst subunit Sec15 for DE-cadherin transport

Previous research has demonstrated that the exocyst subunit Sec15 is an effector of Rab11
protein (Prigent et al., 2003; Zhang et al., 2004). My data, as well as previous findings,
demonstrated that Rab11 plays a critical role in DE-cadherin transport (see 4.1) (Stow & Lock,
2005; Woichansky et al., 2016; Jiang Xu et al., 2011). | thus asked if Sec15 interacts with
Rab11 in DE-cadherin transport. To answer this question, | co-expressed UAS-Sec15-Cherry
and UAS-HA-Rab11 constructs in Drosophila follicular epithelium. The co-overexpression of
Sec15-Cherry and HA-Rab11 resulted in the formation of prominent Sec15-Cherry/HA-Rab11
compartments (Figure 26a). These Sec15/Rab11 compartments were enlarged when
compared to Sec15-Cherry and HA-Rab11 compartments individually (Figure 26¢). In addition,
| also observed that DE-cadherin accumulated within these Sec15-Cherry/HA-Rab11
compartments. This suggests that simultaneous high levels of Sec15-Cherry and HA-Rab11
interfere with DE-cadherin transport. Additionally, this also implies possible interaction
between Sec15 and Rab11 in DE-cadherin trafficking.

| further aimed to analyze the localization of the Sec15-Cherry/HA-Rab11 compartments in
relation to the apical endosomal system represented by YFP-Rab11 compartments. To
perform this, | co-expressed UAS-HA-Rab11, UAS-Sec15-Cherry and UAS-YFP-Rab11
constructs in Drosophila follicular epithelium. | observed no significant differences in
Sec15/Rab11 compartments in presence of YFP-Rab11 compartments when compared to the
formation of Sec15-Cherry/HA-Rab11 compartments alone (Figure 26b). Curiously, these
enlarged Sec15-Cherry/HA-Rab11 compartments were localized in the close vicinity of the
YFP-Rab11 compartments (arrows in Figure 26b). This result shows that Sec15-Cherry/HA-
Rab11 compartments and YFP-Rab11 compartments are separated spatially. Further, this
data implies that the functional HA-Rab11 protein might recruit Sec15-Cherry protein, but
impaired YFP-Rab11 cannot do the same, and that Sec15-Cherry/HA-Rab11 compartment is
able to transport DE-cadherin. This is consistent with the previously published data
demonstrating that Sec15 is an effector of the Rab11 (Langevin et al., 2005; Zhang et al.,
2004).

In summary, my data show that the co-expression of UAS-Sec15-Cherry and UAS-HA-Rab11
results in enlarged Sec15/Rab11 compartments within which DE-cadherin accumulates.
These Sec15/Rab11 compartments might represent the functional transport of DE-cadherin
from the apical endosomal system. This suggests that Rab11 recruits the exocyst subunit

Sec15 for DE-cadherin transport from endosomes to the plasma membrane.
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Figure 26. HA-Rab11 recruits Sec15-Cherry in DE-cadherin transport. (a) and (b) Apical confocal
optical sections perpendicular to the apical-basal axis of the follicular epithelium. The scale bar
represents 10um. (a) Epithelia co-expressing UAS-HA-Rab11 (green) and UAS-Sec15-mCherry (red)
and stained for DE-cadherin (blue). Insets on the right show the individual Sec15, HA-Rab11 and DE-
cadherin channels of the marked area. (a’) shows individual DE-cadherin channel. (b) Epithelia co-
expressing UAS-YFP-Rab11 (green), UAS-Sec15-mCherry (red) and UAS-HA-Rab11 (blue). Insets on
the right show the individual Sec15, YFP-Rab11 and HA-Rab11 channels of the marked area. Sec15-
Cherry/HA-Rab11 compartments localize in the vicinity of YFP-Rab11 compartments (white arrows). (c)
Quantification of the size of HA-Rab11, Sec15-Cherry and Sec15-Cherry/HA-Rab11 compartments.
Representative images are shown in (a), Figure 22a and Figure 7c. Data are shown as mean + SEM.
The quantification was performed with 5 follicles (n=153 cells) for HA-Rab11, and 5 follicles (n=117
cells) for both Sec15-Cherry and Sec15-Cherry/HA-Rab11 compartments.
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4.4.4 Snx16 is spatially separated from Sec15/Rab11 compartments

My data show that the co-expression of UAS-Sec15-Cherry and UAS-HA-Rab11 constructs
results in the formation of enlarged Sec15-Cherry/HA-Rab11 compartments that accumulate
DE-cadherin (Figure 26a). In addition, my data also show that these Sec15-Cherry/HA-Rab11
compartments localize in the vicinity of apical endosomal compartments (Figure 26b). | further
asked how do Sec15-Cherry/HA-Rab11 compartments localize in relation to Snx16, another
important factor in DE-cadherin transport that | investigated.

To answer this question, | co-expressed UAS-Sec15-Cherry, UAS-HA-Rab11 and UAS-
Snx16-SNAP constructs in Drosophila follicular epithelium. | observed no significant
differences in the formation of Sec15-Cherry/HA-Rab11 compartments in presence of Snx16
when compared to the formation of Sec15-Cherry/HA-Rab11 compartments alone (Figure
27a). In the proximity to Sec15-Cherry/HA-Rab11 compartments, | detected Snx16 (arrows in
Figure 27a). This result suggests that there might be a spatial separation between Snx16 and
Sec15-Cherry/HA-Rab11 compartments. | speculate that this might be due to Rab11
recruitment of the Sec15 subunit after Rab11 dissociates from Snx16.

| also analyzed the DE-cadherin localization in follicles overexpressing Sec15-Cherry, HA-
Rab11 and Snx16-SNAP. | observed that DE-cadherin localizes mostly within Sec15-
Cherry/HA-Rab11 compartments and only occasionally colocalizes with Snx16 (Figure 27b). |
propose that this is because Sec15-Cherry/HA-Rab11 compartments form a complex with DE-
cadherin for the subsequent transport towards the plasma membrane. Snx16, on the other
hand, might dissociate from DE-cadherin as soon as it delivers DE-cadherin to the Rab11
compartment.

In summary, my data showed that Snx16 localizes in close proximity to Sec15-Cherry/HA-
Rab11 compartments. Further, DE-cadherin was predominantly localized within the Sec15-
Cherry/HA-Rab11 compartments. This overall implies that Rab11 recruitment of the Sec15

subunit might occur only after the Rab11 dissociated from the Snx16 compartment.
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Figure 27. Snx16 localizes in the vicinity of Sec15-Cherry/HA-Rab11 compartments. (a-b) Apical

confocal optical sections perpendicular to the apical-basal axis of the follicular epithelium. The scale bar
represents 10um. Insets below show individual channels of the marked area. (a) Epithelia co-expressing
UAS-HA-Rab11 (green), UAS-Sec15-mCherry (red) and UAS-Snx16-SNAP (blue). Snx16 localizes in
the vicinity of Sec15-Cherry/HA-Rab11 compartments (white arrows). (b) Epithelia co-expressing UAS-
HA-Rab11 (not stained), UAS-Sec15-mCherry (red) and UAS-Snx16-SNAP (blue) stained for DE-
cadherin (green).

4.5 MyoV is a motor that transports DE-cadherin along the actin filaments in

the complex with Sec15 and Rab11

My laboratory has previously suggested the existence of two pathways that deliver DE-
cadherin to the plasma membrane: ’apicolateral exocytosis’, which transports DE-cadherin to
the zonula adherens, and ‘lateral exocytosis’ which delivers DE-cadherin to the lateral
membrane for the formation of punctate adherence junctions (Woichansky et al., 2016).
However, it remains unclear which particular motors and cytoskeletal tracks are employed for
DE-cadherin delivery from endosomes to the plasma membrane via these different trafficking

routes.
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4.5.1 MyoV-FL overexpression rescues enlarged Sec15/Rab11 compartments

My data show that the expression of UAS-Sec15-mCherry and UAS-HA-Rab11 constructs
results in enlarged Sec15-Cherry/HA-Rab11 compartments (Figure 26a). Studies in yeast cells
identified the interaction between Sec15, Rab11 and the actin motor MyosinV (MyoV) (Jin et
al.,, 2011). | thus aimed to investigate if there is an interaction between Sec15, Rab11 and
MyoV in DE-cadherin transport in Drosophila ovaries. To test this hypothesis, | used the UAS-
MyoV-FL-GFP construct, which expresses the full-length MyoV protein tagged with GFP. | co-
expressed UAS-MyoV-FL-GFP, UAS-Sec15-mCherry and UAS-HA-Rab11 in Drosophila
follicular epithelium.
The expression of UAS-MyoV-FL-GFP in Drosophila follicles resulted in variable expression in
epithelial cells. This inconstancy in the expression may be due to the Gal4/UAS system, and
this observation has been previously reported (Skora & Spradling, 2010). A study in Drosophila
ovaries demonstrated that variation in the Gal4/UAS expression results from unstable
epigenetic inheritance (Skora & Spradling, 2010). As a result of this variable epithelial MyoV-
FL-GFP expression, | was able to compare cells with high and low MyoV-FL-GFP expression
in Drosophila follicles co-expressing UAS-MyoV-FL-GFP, UAS-Sec15-Cherry and UAS-HA-
Rab11 constructs. In Figures 28a and 28b, low MyoV-FL-GFP expression cells are marked
with asterisks while high MyoV-FL-GFP expression cells lack asterisks.
Cells with low levels of MyoV-FL-GFP expression showed enlarged Sec15-Cherry/HA-Rab11
compartments. These enlarged Sec15-Cherry/HA-Rab11 compartments were similar to
Sec15-Cherry/HA-Rab11 compartments detected in follicles not expressing MyoV-FL-GFP
(Figure 26a). Additionally, | observed that MyoV-FL-GFP localized to these Sec15-Cherry/HA-
Rab11 compartments. Curiously, cells with high levels of MyoV-FL-GFP expression showed
no detectable Sec15-Cherry/HA-Rab11 compartments. This suggests that MyoV-FL-GFP is
able to rescue the enlarged Sec15-Cherry/HA-Rab11 compartments. In addition, | also
observed colocalization of MyoV-FL-GFP, Sec15-Cherry and HA-Rab11 at the plasma
membrane in cells with high levels of MyoV-FL-GFP expression. This implies that high levels
of MyoV could rescue the enlarged Sec15-Cherry/HA-Rab11 compartments by delivering them
to the plasma membrane.
In parallel, | also analyzed the effect of co-expression of UAS-HA-Rab11, UAS-Sec15-mCherry
and UAS-MyoV-FL-GFP on DE-cadherin localization. My data previously showed that the co-
expression of UAS-Sec15-mCherry and UAS-HA-Rab11 resulted in enlarged Sec15-
Cherry/HA-Rab11 compartments that also accumulated DE-cadherin (Figure 26a). | observed
that the co-expression of UAS-MyoV-FL-GFP, UAS-Sec15-mCherry and UAS-HA-Rab11
resulted in different intensities of DE-cadherin aggregation. In the case of cells with high MyoV-
FL-GFP expression, | observed almost no DE-cadherin aggregates (Figure 28b), as no
78



enlarged Sec15-Cherry/HA-Rab11 compartments were detected either. Similarly, in cells
expressing low levels of MyoV-FL-GFP, | observed DE-cadherin aggregates within enlarged
Sec15-Cherry/HA-Rab11 compartments (Figure 28b). This data suggests that the
overexpression of MyoV-FL-GFP rescues DE-cadherin aggregation within Sec15-Cherry/HA-
Rab11 compartments.

To confirm my observation, | quantified the DE-cadherin signal intensity in cytoplasmic
aggregates with respect to the plasma membrane. In the first case, | quantified the DE-
cadherin signal in cells expressing UAS-MyoV-FL-GFP (high levels), UAS-Sec15-Cherry and
UAS-HA-Rab11, and in the latter case, the DE-cadherin signal in cells expressing only UAS-
Sec15-Cherry and UAS-HA-Rab11 (see also 3.16.5 in Materials and Methods). The
quantification has revealed a tenfold reduction in the number of DE-cadherin aggregates in
cells expressing MyoV-FL (Figure 28c). This result further confirms that the expression of UAS-
MyoV-FL-GFP suppresses the DE-cadherin aggregation which is induced by the expression
of UAS-Sec15-mCherry and UAS-HA-Rab11.

Taken together, my data suggest that the UAS-MyoV-FL-GFP expression rescues the
formation of enlarged Sec15-Cherry/HA-Rab11 compartments. Similarly, MyoV-FL-GFP
overexpression also rescues DE-cadherin aggregates. This suggests that MyoV plays a crucial

role in DE-cadherin transport towards the plasma membrane via Sec15/Rab11 compartments.
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Figure 28. MyoV-FL overexpression rescues DE-cadherin aggregates within Sec15-Cherry/HA-
Rab11 compartments. (a-b) Apical confocal optical sections perpendicular to the apical-basal axis of
the follicular epithelium. The scale bar represents 10um. (a) Epithelia co-expressing UAS-MyoV-FL-
GFP (green), UAS-Sec15-mCherry (red) and UAS-HA-Rab11 (blue). Insets below show individual

Sec15, MyoV-FL and Rab11 channels of the marked area. Asterisks mark cells with low levels of MyoV-
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FL-GFP expression. (b) Epithelia co-expressing UAS-HA-Rab11 (not stained), UAS-MyoV-FL-GFP
(green) and UAS-Sec15-mCherry (red) and stained for DE-cadherin (blue). Insets below show individual
Sec15, MyoV-FL and DE-cadherin channels of the marked area. Asterisks mark cells with low levels of
MyoV-FL-GFP expression. (c) Quantification of the number of DE-cadherin aggregates in regard to DE-
cadherin membrane signal in UAS-MyoV-FL-GFP/UAS-Sec15-Cherry/UAS-HA-Rab11 expressing
follicles vs. UAS-Sec15-Cherry/UAS-HA-Rab11 expressing follicles. Data are shown as mean £ SEM.
Two-tailed t-test (equal variance, o = 0.05) was performed and p values are presented as ****p < 0.0001.
The quantification was performed with 10 follicles (n=300 cells) for the UAS-Sec15-Cherry/UAS-HA-
Rab11 and with 9 follicles (n=249 cells) for UAS-MyoV-FL-GFP/UAS-Sec15-Cherry/UAS-HA-Rab11.

4.5.2 Dominant-negative form of MyoV results in DE-cadherin aggregation and

zonula adherens fragmentation

My data show that MyoV-FL-GFP interacts with the Sec15-Cherry/HA-Rab11 compartment in
transport of DE-cadherin to the plasma membrane (Figure 28). | further aimed to investigate
how the reduced activity of the MyoV motor influences DE-cadherin transport. To answer this
question, | used the dominant-negative form of the MyoV motor, UAS-MyoV-GT-GFP
construct. UAS-MyoV-GT-GFP has a mutation in a globular domain, which is crucial for cargo
binding (Krauss et al., 2009; X. Wu et al., 1998). | expressed the dominant-negative form of
MyoV, UAS-MyoV-GT-GFP, in Drosophila follicles, which resulted in the formation of enlarged
cytoplasmic compartments (Figure 29a). This phenotype is in line with the result of a previous
study in Drosophila ovaries, where they also observed enlarged MyoV compartments upon
expression of the dominant-negative MyoV-GT-GFP construct (Aguilar-Aragon et al., 2020). |
further analyzed DE-cadherin localization in Drosophila follicles expressing UAS-MyoV-GT-
GFP. | detected DE-cadherin aggregates within these MyoV-GT-GFP compartments, which
suggests that DE-cadherin transport is hindered (Figure 29a). This finding implies that the
dominant-negative form of MyoV hinders DE-cadherin transport towards the plasma
membrane. Such a result suggests that the functional MyoV motor plays a critical role in DE-
cadherin transport.

I next asked if the dominant-negative form of MyoV affects the formation of the zonula
adherens, the plasma membrane’s apical-most region that is built by DE-cadherin. To
investigate this, | analyzed DE-cadherin localization at the zonula adherens in wild type
epithelia, in epithelia overexpressing full-length MyoV-FL-GFP and in epithelia overexpressing
dominant-negative MyoV-GT-GFP. Zonula adherens in wild type epithelia as well as in
epithelia overexpressing MyoV-FL-GFP was intact, which suggests that DE-cadherin transport
was not affected (Figures 29d and 29e). Zonula adherens in epithelia overexpressing the

dominant-negative MyoV-GT-GFP form, on the other hand, was not continuously formed but
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fragmented instead (Figure 29f). Such a phenotype could be due to the nonfunctional MyoV
motor being unable to deliver DE-cadherin to the plasma membrane. This suggests that the
functional MyoV motor is required for DE-cadherin transport to the plasma membrane and
proper zonula adherens formation.

| further wanted to characterize the inactive MyoV-GT-GFP compartments that form in epithelia
expressing the dominant-negative form of MyoV. To perform this, | co-expressed UAS-HA-
Rab11 and UAS-MyoV-GT-GFP constructs in Drosophila epithelia. My data showed that HA-
Rab11 and MyoV-GT-GFP colocalized together (Figure 29b). Additionally, | also observed that
DE-cadherin accumulated within these HA-Rab11/MyoV-GT-GFP compartments. This
suggests that if the MyoV motor is not active, this leads to the entrapment of DE-cadherin
within the endosomal compartment represented by HA-Rab11. Next, | also analyzed the
localization of additional endosomal marker Rab7 in epithelia expressing the dominant-
negative form of MyoV. | observed that Rab7 also completely colocalized with MyoV-GT-GFP
compartments, similar to HA-Rab11 colocalization with MyoV-GT-GFP compartments (Figure
29c). This further confirms that DE-cadherin requires the activity of the MyoV motor to leave
endosomal Rab7 and Rab11 compartments.

Taken together, my data show that the expression of the dominant-negative form UAS-MyoV-
GT-GFP results in enlarged MyoV compartments that accumulate DE-cadherin. Additionally, |
observed fragmented zonula adherens in cells expressing UAS-MyoV-GT-GFP. This suggests
that the activity of MyoV is required for efficient DE-cadherin delivery to the plasma membrane
as well as for zonula adherens formation.Further, MyoV-GT compartments colocalize with
Rab7 and HA-Rab11, suggesting that DE-cadherin is blocked within HA-Rab11 and Rab7
endosomes upon the reduced activity of MyoV motor. This implies that the functional MyoV

motor is required for DE-cadherin transport from the apical endosomal system.
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Figure 29. Expression of dominant-negative MyoV results in cytoplasmic DE-cadherin
aggregation and zonula adherens fragmentation. (a-f) Apical confocal optical sections perpendicular
to the apical-basal axis of the follicular epithelium. The scale bar represents 10um. (a) Epithelia
expressing UAS-MyoV-GT-GFP (green) and stained for DE-cadherin (red). Insets on the right show
individual DE-cadherin and MyoV-GT-GFP channels of the marked area. (b) Epithelia co-expressing
UAS-MyoV-GT-GFP (green) and UAS-HA-Rab11 (red) and stained for DE-cadherin (blue). Insets on
the right show individual Rab11, DE-cadherin and MyoV-GT-GFP channels of the marked area (c)
Epithelia expressing UAS-MyoV-GT-GFP (green) and stained for Rab7 (red) and DE-cadherin (blue).
Insets on the right show individual Rab7, DE-cadherin and MyoV-GT-GFP of the marked area. (d) The
apical section of wild type epithelia stained for DE-cadherin. (c) The apical section of epithelia
expressing UAS-MyoV-FL-GFP and stained for DE-cadherin. (d) The apical section of epithelia
expressing UAS-MyoV-GT-GFP and stained for DE-cadherin. Zonula adherens is fragmented and

ruptured (red arrows).
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4.5.3 Endocytosed DE-cadherin localizes to endosomes within the apical actin

network

My data show the functional role of the MyoV motor in the transport of DE-cadherin from apical
endosomal compartments towards the zonula adherens. Since it is well-established that MyoV
is a motor that uses the actin cytoskeleton to transport any cargo within the cell (Kodera &
Ando, 2014; Langford, 2002; Mehta A.D. et al., 1999), | asked if the actin cytoskeleton may be
used by the MyoV motor in DE-cadherin exit from endosomes. To answer this question, |
visualized the actin cytoskeleton using a specific fluorescently labelled phallotoxin termed
Phalloidin, which forms tight complexes with F actin (Cooper, 1987; Melak et al., 2017; Wulf et
al., 1979). Phalloidin staining revealed that the apical actin network is concentrated at
adherens junction (arrows in Figures 30a and 30a’). Structurally, apical actin cables are
arranged in an irregular pattern, which spreads in random directions (Figures 30a and 30a’).
In addition to this, | analyzed the localization of endocytosed DE-cadherin spots along the actin
cables that were visualized with Phalloidin. For this purpose, | used the pulse-chase
endocytosis experiment. After 20 minutes of endocytosis, | observed that endocytosed DE-
cadherin spots were detected either near actin or colocalized with actin (total 96.67% + 0.20,
n=176 cells from 4 follicles) (Figure 30a). This implies that the endocytosed DE-cadherin uses
the actin cables during transport.

Additionally, | also analyzed the localization of endosomal compartments within the apical actin
network. | tested the localization of Rab7 and HA-Rab11 compartments in relation to the actin
network. My data showed that Rab7 was present within actin the network (Figure 30b). Similar
findings were noticeable in the case of HA-Rab11 (Figure 30c). | specifically quantified the
colocalization between HA-Rab11, endocytosed DE-cadherin and actin fluorescence signals
in the cytoplasm. The quantification revealed the colocalization of all three proteins (81.84% +
3.11, n=159 cells from 5 follicles). This data suggests that actin cables are the path that the
DE-cadherin uses for transportation from the endosomes.

In summary, my data show that endocytosed DE-cadherin localizes to the apical actin network.
Furthermore, endosomal Rab7 and HA-Rab11 compartments that colocalize with endocytosed
DE-cadherin were also found within the actin network. This suggests that the DE-cadherin

uses the actin network for the transport from the apical endosomal system.
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Figure 30. Endocytosed DE-cadherin is transported from apical endosomal compartments via
the actin network. (a-c) Apical confocal optical sections perpendicular to the apical-basal axis of the
follicular epithelium. The scale bar represents 10um. Pulse-chase endocytosis was performed with
epithelia shown in (a) and (c). PM DE-cadherin (plasma membrane DE-cadherin) stands for
endocytosed DE-cadherin. (a) Wild type epithelia stained for actin filaments (red) and incubated with
the a-DE-cadherin antibody (green) for 20 minutes. (a’) shows the individual actin channel. Actin cables
are concentrated at zonula adherens (white arrows in (a) and red arrows in (a")). Insets below show the
actin and DE-cadherin channels of the marked area individually. Red arrows in insets point to the
colocalization between actin and endocytosed DE-cadherin. (b) Wild type epithelia stained for actin
filaments (red) and Rab7 (green). Rab7 localizes within the actin network (white arrows). (c) Epithelia
expressing UAS-HA-Rab11 (blue) stained for actin network (red) and incubated with the a-DE-cadherin
antibody (green) for 20 minutes. Insets below show the actin, DE-cadherin and Rab11 channels of the

marked area individually. HA-Rab11, DE-cadherin and actin spots colocalize (red arrows).
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4.5.4 Disruption of the actin network leads to the zonula adherens fragmentation

My data show that DE-cadherin exits endosomal compartments towards the plasma
membrane via apical actin tracks. To provide additional support for this finding, | disrupted the
actin network and analyzed DE-cadherin localization. | presumed that the disruption of the
actin will affect the DE-cadherin delivery to the plasma membrane, specifically to the zonula
adherens, where DE-cadherin is mostly concentrated. To test this, | treated Drosophila ovaries
with Latrunculin A, a marine toxin that inhibits actin polymerization. The role of latrunculin A is
well-known for increasing the hydrolysis rate of the ATP at the actin ends, which eventually
results in the actin depolymerization (Coue et al., 1987; Fujiwara et al., 2018; Spector et al.,
1983).

| compared the zonula adherens in Drosophila ovaries in Latrunculin A versus the dimethyl
sulfoxide (DMSO) control group. Treatment with Latrunculin A resulted in fragmented zonula
adherens and complete disruption of the apical actin network (Figure 31a). In the case of the
DMSO control group, DE-cadherin at membranes formed intact zonula adherens (Figure 31b).
To confirm my observation, | quantified the number of cells with the fragmented zonula
adherens in both Latrunculin A and DMSO groups. Quantification revealed that 82.38% (+
3.63) of cells treated with Latrunculin A had a fragmented zonula adherens. In contrast, only
2.55% (+ 1.05) of cells in the DMSO control group showed a fragmented zonula adherens
(Figure 31c). This implies that disruption of the actin network impairs DE-cadherin transport to
the zonula adherens. This observation was similar to the effect of the expression of the
dominant-negative form of MyoV, UAS-MyoV-GT-GFP, in Drosophila follicular epithelium,
which also resulted in fragmented zonula adherens (Figure 29f).

In summary, my data show that the disruption of the actin cytoskeleton results in the
fragmented zonula adherens. A possible reason for the fragmented zonula adherens could be
the disruption of tracks that DE-cadherin uses for reaching the plasma membrane This
suggests that the actin network is essential for the delivery of DE-cadherin to the plasma

membrane where it forms continuous zonula adherens.
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Figure 31. Disruption of actin filaments results in zonula adherens fragmentation. (a-b) Apical
confocal optical sections perpendicular to the apical-basal axis of the follicular epithelium. The scale bar
represents 10um. (a) Wild type epithelia treated with 20uM Latrunculin A for 2 hours and stained for DE-
cadherin (green) and actin (red). (a') and (a’’) show individual actin and DE-cadherin channels
respectively. Zonula adherens is fragmented and ruptured (red arrows). (b) Control wild type epithelia
for (a) treated with DMSO for 2 hours and stained for DE-cadherin (green) and actin (red). (b’) shows
the individual DE-cadherin channel. (c) Quantification of zonula adherens fragmentation shown in (a),
(b) and in Figures 29d-29f. Data are shown as mean + SEM. The quantification was performed with 5
follicles (n=138 cells) for wild type, 5 follicles (n=131 cells) for MyoV-FL-GFP, 4 follicles (n=85 cells) for
MyoV-GT-GFP, 6 follicles (n=152 cells) for ovaries treated with Latrunculin A and 9 follicles (n=287
cells) for ovaries treated with DMSO.
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4.5.5 The MyoV-FL-GFP/Sec15-Cherry/HA-Rab11 compartment functions in apical
DE-cadherin transport

My data show that DE-cadherin uses the actin network to leave endosomes and reach zonula
adherens (Figures 30 and 31). | further analyzed if MyoV-FL-GFP/Sec15-Cherry/HA-Rab11
compartments are involved in DE-cadherin transport along the actin cytoskeleton. To answer
this question, | first expressed the UAS-MyoV-FL-GFP construct in Drosophila ovaries and
visualized the actin network with Phalloidin. | observed that MyoV-FL localized to the apical
actin network (arrows in Figure 32a). | additionally performed live imaging experiment with
Drosophila ovaries to see if MyoV-FL vesicles indeed move along the actin network. For this
purpose, | expressed the UAS-Lifeact-RFP construct in Drosophila follicular epithelium, which
is a protein that binds filamentous actin and can thus be used for visualization of actin dynamics
(Riedl et al., 2008). | was able to monitor the movement of MyoV-FL vesicles along the actin
filaments (arrows in Figure 32b), which confirmed that MyoV-FL is using the actin cytoskeleton
for movement within the cell.

| further asked if MyoV-FL-GFP/Sec15-Cherry/HA-Rab11 compartment can also be detected
within the actin cytoskeleton. To answer this question, | co-expressed UAS-MyoV-FL-GFP and
UAS-Sec15-Cherry in Drosophila follicle cells and visualized the actin network with Phalloidin.
My data revealed that Sec15-Cherry localized to the actin network (Figure 32c). Since my
previous results showed that Sec15-Cherry and HA-Rab11 compartments completely
colocalize (Figure 26a), as well as that HA-Rab11 localizes within the apical actin network
(Figure 30c), this suggests that HA-Rab11 probably also colocalizes with Sec15-mCherry to
the apical actin network. This overall implies that MyoV-FL-GFP/Sec15-Cherry/HA-Rab11
complex utilizes the actin network for DE-cadherin transport.

In summary, my data show that MyoV-FL vesicles are detected within the apical actin network.
Further, Sec15-Cherry also localize within the actin network. This implies that MyoV, Sec15
and Rab11 act together in DE-cadherin transport via apical actin tracks. This pathway

correlates to what my lab previously termed ‘apicolateral exocytosis’ (Woichansky et al., 2016).
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Figure 32. MyoV-FL-GFP/Sec15-Cherry/HA-Rab11 compartment localizes within apical actin
filaments. (a) and (c) Apical confocal optical sections perpendicular to the apical-basal axis of the
follicular epithelium. Scale bars in (a) and (c) represent 10um. (a) Epithelia expressing UAS-MyoV-FL-
GFP (green) and stained for actin (red) and DE-cadherin (blue). Insets on the right show the individual
actin and MyoV-FL channels of the marked area. MyoV-FL localizes within the apical actin network (red
arrows). (b) Montage of a live imaging movie showing the follicular epithelium in an apical view. Eight
images of the movie are shown. The scale bar represents 2.5um. White arrows point to the moving
MyoV-FL (green) vesicle along the actin filament (red). (c) Epithelia co-expressing UAS-MyoV-FL-GFP
(blue) and UAS-Sec15-Cherry (red) and stained for actin (green). Insets on the right show the individual
Sec15 and actin channels of the marked area. Sec15 localizes within the apical actin network (red
arrows). The detection of Sec15 compartments is only possible in the cells which show low MyoV-FL

expression (see 4.5.1).

4.5.6 MyoV-FL-GFP/Sec15-Cherry/HA-Rab11 compartment in basal DE-cadherin

transport

My data suggest that MyoV-FL/Sec15/Rab11 compartment utilizes the apical actin network to
deliver the DE-cadherin to the zonula adherens. In parallel, | also investigated the possibility
of DE-cadherin transport in a basal area of the cells. For this purpose, | visualized the basal
actin cytoskeleton with Phalloidin in wild type epithelia. My data showed that the basal actin
filaments are organized in parallel structures (Figure 33a). This observation is in line with a
previous study in Drosophila ovaries (Baum & Perrimon, 2001). However, the parallel basal
actin structures are in contrast to the apical actin cytoskeleton, which revealed an irregular

disorganized network (compare Figures 30a” and 33a’).
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| further asked whether the MyoV motor also uses basal actin filaments for DE-cadherin
transport. To answer this question, | checked for the basal localization of MyoV-FL-GFP
vesicles. | expressed the UAS-MyoV-FL-GFP construct in ovaries and stained them with
Phalloidin for actin network visualization. Notably, | detected MyoV-FL-GFP vesicles along
basal actin filaments as well (white arrows in Figure 33b). This suggests that MyoV also uses
a basal actin network for cargo transport. | next asked if the MyoV motor uses basal actin
filaments in the complex with Sec15-Cherry/HA-Rab11 for DE-cadherin transport. To answer
this question, | co-expressed UAS-MyoV-FL-GFP with the UAS-Sec15-Cherry and UAS-HA-
Rab11 and analyzed the localization of these compartments in the basal area of the cell. In
the case of low MyoV-FL-GFP expressing cells, Sec15-Cherry, HA-Rab11 and MyoV-FL-GFP
indeed formed a compartment in the basal cytoplasm (arrows in Figure 33c). In addition, | also
analyzed DE-cadherin localization in the basal cytoplasm in follicles co-expressing UAS-
MyoV-FL-GFP, UAS-Sec15-Cherry and UAS-HA-Rab11 constructs. As shown in Figure 33d,
DE-cadherin was also localized to the MyoV-FL-GFP/Sec15-Cherry/HA-Rab11 compartments
in the basal area (Figure 33d). This finding suggests the existence of a basal DE-cadherin
transport pathway involving the MyoV-FL-GFP/Sec15-Cherry/HA-Rab11 compartment along
the organized basal actin network. Such a route corresponds to what my lab previously termed
‘lateral exocytosis’ (Woichansky et al., 2016). Lateral exocytosis could be a source for the DE-
cadherin puncta concentrated along the lateral membrane. DE-cadherin within these puncta
could also be fed into the zonula adherens by an apical membrane transport termed ‘cadherin
flow’. Cadherin flow is a pathway initially reported in mammalian cells (Kametani & Takeichi,
2007), but has also been confirmed in Drosophila follicular epithelium by my lab (Woichansky
et al., 2016).

Taken together, my data show that the MyoV motor transports DE-cadherin in the complex
with the Sec15-Cherry/HA-Rab11 compartment along the actin filaments in both apical and
basal areas of the cell. The transport via apical actin filament is organized in irregular patterns
and provides DE-cadherin for zonula adherens formation, corresponding to apicolateral
exocytosis. Transport via basal cables organized in regular patterns might, on the other hand,
represent the lateral exocytosis pathway and act together with cadherin flow to contribute to
DE-cadherin localization at the lateral membrane. Additionally, it can also serve as an

alternative route for supplying DE-cadherin to the zonula adherens.
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Figure 33. MyoV-FL-GFP/Sec15-Cherry/HA-Rab11 compartment uses basal actin filaments for
DE-cadherin transport. (a-d) Basal confocal optical sections perpendicular to the apical-basal axis of
the follicular epithelium. The scale bar represents 10um. (a) Basal section of wild type epithelia stained
for DE-cadherin (green) and actin (red). (a’) shows the individual actin channel. (b) Basal section of
epithelia expressing UAS-MyoV-FL-GFP (green) and stained for actin (red) and DE-cadherin (blue).
MyoV-FL, DE-cadherin and actin colocalize (white arrows). (c) Basal section of epithelia co-expressing
UAS-MyoV-FL-GFP (green), UAS-Sec15-Cherry (red) and UAS-HA-Rab11 (blue). Asterisks mark cells
with low levels of MyoV-FL-GFP expression. MyoV-FL-GFP, Sec15-Cherry and HA-Rab11 colocalize in
the basal area of the cell (white arrows). (d) Basal section of epithelia co-expressing UAS-MyoV-FL-
GFP (green), UAS-Sec15-Cherry (red) and UAS-HA-Rab11 (not stained), and stained for DE-cadherin
(blue). (d") shows the individual DE-cadherin channel. Asterisks mark cells with low levels of MyoV-FL-
GFP expression.
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5 Discussion & Outlook

5.1 Model for DE-cadherin transport in Drosophila follicular epithelium

| aimed to investigate the mechanism behind DE-cadherin secretion to the plasma membrane
in the epithelial cells of the Drosophila ovary. My data suggest the following model for the DE-
cadherin transport (Figure 34). After endocytosis from the plasma membrane (A in Figure 34),
DE-cadherin enters the apical endosomal compartment, where newly synthesized DE-
cadherin is also transported (B in Figure 34). Rab7 recruits Snx16 to these compartments,
which then transports DE-cadherin to the Rab11 compartment via tubulation activity (C in
Figure 34). Eventually, Rab11 recruits Sec15 and MyoV (D in Figure 34). MyoV is a motor that
uses actin cytoskeleton for cargo transport within the cell (E in Figure 34), while the subunit
Sec15 of the exocyst complex recruits the exocyst’s other components, which are necessary
for the fusion of the DE-cadherin vesicle with the plasma membrane (F in Figure 34). Hence,
MyoV/Sec15/Rab11 complex transports DE-cadherin towards the plasma membrane along
the actin cables in the apical area of the cell (so-called ‘apicolateral exocytosis’) and in the

basal area of the cell (‘lateral exocytosis’).
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Figure 34. Model for DE-cadherin transport in Drosophila follicular epithelium. DE-cadherin (red
arrow), in the complex with Armadillo (black circle), is endocytosed (A) via Rab5 (pale red) and delivered
to endosomes, where it meets newly synthesized DE-cadherin (B). From the Rab7 (green) within the
endosome, DE-cadherin is transported via the tubulation activity of Snx16 (pink oval rectangle) to Rab11
(blue) (C). Rab11 then recruits the MyoV motor (brown ‘reversed V’) and the exocyst subunit Sec15
(orange oval rectangle) for the subsequent trafficking steps (D). MyoV forms a complex with Sec15 and
Rab11 and then transports DE-cadherin along the apical actin network (E). This process is termed
‘apicolateral exocytosis’. Once the complex reaches the zonula adherens, Sec15 recruits other exocyst
subunits for the fusion of DE-cadherin with the membrane (F). In parallel, the MyoV/Sec15/Rab11 also

transports DE-cadherin along the basal actin network in a process termed ‘lateral exocytosis’.

5.2 Apical endosomal compartments as sorting stations for recycling and

degradation

At the beginning of my investigation, | first analyzed the localization of endocytosed DE-
cadherin. My data showed that endocytosed DE-cadherin spots were detected in the
cytoplasm after 20 minutes of endocytosis (Figure 6d). Similarly, in the case of cultured
mammalian cells, endocytosed intracellular E-cadherin was observed after 5 minutes (Le et
al., 1999). The delayed endocytosis observed in my experiments may be due to fixed intact
tissues being investigated, whereas in the mentioned study they have used cultured
mammalian cells. The experimental evidence provided by using in vitro studies do not consider
the physiological levels of proteins, and the complexity of the living tissues could impact the

duration of endocytosis (Weigert, 2014).
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My data showed that newly synthesized and endocytosed DE-cadherin converge in one
endosomal compartment located in the apical cytoplasm (B in Figure 34). Furthermore, my
results also showed that Rab7 and Rab11 domains appear to be present within these
endosomes (Figure 12b). It is thus tempting to suggest that the apical endosomal system
serves as a sorting station for the subsequent DE-cadherin transport steps. The existence of
such endosomal apical compartments decorated by Rab proteins has already been suggested
(Hoekstra et al., 2004).

Namely, the DE-cadherin protein in the cell can have two fates: either be recycled back to the
plasma membrane or degraded (Briser & Bogdan, 2017). The apical endosomes that
accumulate newly synthesized and endocytosed DE-cadherin could be a site where the
decision is made. The more DE-cadherin is sorted for recycling, the more DE-cadherin will be
present at the membrane, which could eventually result in stronger adherence. As suggested
by Nanes and colleagues, this more solid cell-cell adhesion could be essential during cell
proliferation (Nanes & Kowalczyk, 2012). On the other hand, the more DE-cadherin is destined
for degradation, the less is available for building the zonula adherence at the plasma
membrane. This could result in weaker adherence between the cells, which is favorable during
dynamic and rapid changes such as cell differentiation and the growth of the oocyte (Briser &
Bogdan, 2017; Nanes & Kowalczyk, 2012). The apical endosome would thus be able to
finetune the intensity of cell-cell adhesion by dictating the rate of recycling and degradation.
Since the evaluation of the ratio between the recycled and degraded DE-cadherin would be an
interesting point, | attempted to address this issue in preliminary research. For this purpose, |
have used the UAS-HA-Rab11 construct as a marker for a recycling compartment and the
UAS-RabX1-GFP construct as a marker for a degradative compartment. Rab11 has
traditionally been considered a marker for the recycling endosomes (Zerial & McBride, 2001).
An earlier study from my lab proposed the role of RabX1 in DE-cadherin recycling (Woichansky
et al., 2016). However, a later study also from my laboratory showed that RabX1 actually
coordinates the endosomal degradative branch (Laiouar et al., 2020). | thus proposed that DE-
cadherin destined for degradation enters the RabX1 endosomal domain. For this reason, |
used RabX1-GFP as a marker for the degradative compartment. | performed pulse-chase
endocytosis experiments with Drosophila follicles co-expressing UAS-HA-Rab11 and UAS-
RabX1-GFP and tried to quantify the amount of DE-cadherin localized within these
compartments. The idea behind this was to compare the amount of DE-cadherin in the
recycling compartment and in the degradative compartment, and thus estimate the ratio
between recycled and degraded DE-cadherin. Unfortunately, the HA-Rab11 and RabX1-GFP
compartments are located in very close proximity to one other, which makes it rather hard to
distinguish between them. Hence better experimental approaches are required to estimate the

ratio between recycled and degraded DE-cadherin.
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One way could be blocking degradation by proteasomal inhibition and thus quantifying the total
amount of DE-cadherin detected in the cell. This amount should then be compared with the
amount of DE-cadherin detected when degradation takes place. However, impaired
degradation could also result in enhanced autophagy (Low et al., 2013), thus the way of

blocking degradation should be carefully selected.

5.3 Endosomal compartments can be transported to the apical cytoplasm

Rab11 and Rab7 compartments, in which newly synthesized and endocytosed DE-cadherin
converge, are noticeable larger in the apical area of the cell in comparison to compartments
found in the basal area of the cell (Figures 8a and 13a). | speculated that the reason for the
increase in the size of apical endosomes is due to the accumulation of DE-cadherin protein.

To confirm this hypothesis, | suggest investigating where endosomes start collecting the
protein cargo. One possibility is that cargo accumulation occurs in the apical cytoplasm, where
endosomes are detected. Another possibility is that endosomes start accumulating cargo
elsewhere, such as in the basal cytoplasm. Endosomes then increase in size due to the
collection of proteins which they then transport to the apical part of the cell. If endosomes start
accumulating DE-cadherin prior to apical transport, this suggests that the synthesis of DE-
cadherin and its endocytosis occur somewhere other than the cytoplasm’s apical region.
Directed transport of cargo from the basal to the apical area has already been described in a
past study that investigated the transport of the transmembrane protein Crumbs (Crb) in
Drosophila ovaries (Aguilar-Aragon et al., 2020). Namely, Crb protein normally localizes to the
apical domain of the plasma membrane. However, downregulation of the microtubular motor
Dynein led to the accumulation of Crb in Rab11 compartments specifically at the basal area of
the cytoplasm. This suggests that the directed motor transport of Rab11 endosomes towards
the apical area of cells is required for proper Crb localization (Aguilar-Aragon et al., 2020). This
study prompted me to speculate that apical endosomal compartments, which | found to collect
endocytosed and newly synthesized DE-cadherin, are also transported via motor dynein to the
apical cytoplasm. One way to test this is to express Dynein RNAi construct and to analyze
whether Rab7 and Rab11 compartments remain apically localized. Another approach could be
to destabilize microtubules either by low temperature or by different microtubule inhibitors like
vinblastine and nocodazole (Laisne et al., 2021). However, interfering with dynein-mediated
transport could lead to disruption of other organelles and could affect polarity markers. This
makes it difficult to evaluate if the possible effect observed is direct or indirect. Hence additional

fine approaches and the utilization of appropriate controls are required.
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If endosomal compartments containing newly synthesized DE-cadherin are transported to the
cell’'s apical area, it is likely that they were initially near the DE-cadherin translation site. Firstly,
detecting the place of the local DE-cadherin translation could thus help to address the question
of whether endosomes themselves are being transported apically. Secondly, blocking the local
translation of proteins could reveal where DE-cadherin is synthesized. Protein translation can
be blocked using drugs such as thapsigargin, cycloheximide and lactimidomycin, and this
approach has been widely applied (Jaskulska et al., 2021; Schneider-Poetsch et al., 2010). If
DE-cadherin accumulates in the basal cytoplasm after the inhibition of protein synthesis, this
would suggest that endosomal compartments could be transferred from the basal area of the
cell, where the protein synthesis takes place, to the apical area of the cell. Endosomes would
accumulate both newly created and endocytosed DE-cadherin during transport in this

scenario, resulting in enlarged apical endosomal compartments.

5.4 Rab7 and Snx16 redundancy in DE-cadherin transport

My data showed that the member of sorting nexin family 16 (Snx16) localizes to Rab7 and
Rab11 endosomes, within which newly synthesized and endocytosed DE-cadherin aggregates
(Figure 17b). Furthermore, my findings revealed that DE-cadherin aggregates in the cytoplasm
upon the Snx16 depletion (Figure 18a). Curiously, Rab7 likely recruits Snx16 for the DE-
cadherin recycling (Figure 19a). This overall suggests the interaction between Rab7 and
Snx16 in the DE-cadherin transport process.

Despite DE-cadherin cytoplasmic accumulation in Rab7 and Snx16 cell clones, | observed no
severe defects in the cell shape or zonula adherens formation (Figures 16a and 18a). This
suggests that DE-cadherin secretion to the plasma membrane is still possible. Mild DE-
cadherin phenotype in Rab7 and Snx16 cell clones might be due to a Rab7 and Snx16
redundancy. Redundant mechanisms that control DE-cadherin transport have already been
reported (Zobel et al., 2015). A previous study showed that the simultaneous depletion of two
BAR proteins, Cip4 and Nostrin, resulted in the reduction of DE-cadherin turnover and in DE-
cadherin intracellular accumulation (Zobel et al., 2015). DE-cadherin also accumulates in the
cytoplasm in Cip4 single mutants, but to a significantly lesser extent. Nostrin single mutants,
on the other hand, do not result in DE-cadherin aggregation in the cytoplasm. Taken together,
this suggests that Cip4 and Nostrin work together to regulate DE-cadherin transport (Zobel et
al., 2015). This research prompted me to test whether the simultaneous depletion of Rab7 and
Snx16 could also result in a more severe phenotype. My data revealed that the cell shape and
the zonula adherens formation in Rab7 Snx16 double mutants were intact (Figure 18c).

Nevertheless, | did observe an increased number of cytoplasmic DE-cadherin aggregates
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(Figure 18d). This suggests that Rab7 and Snx16 are involved in the same DE-cadherin
transport route, but that there could also be an additional factor involved in the regulation of
DE-cadherin trafficking. An interesting candidate is a member of the sorting nexin family 1
(Snx1). A study in cultured cells showed that the endocytosed E-cadherin accumulates in the
cytoplasm upon Snx1 depletion (Bryant et al., 2007). It would thus be interesting to investigate
the simultaneous knockdown of Rab7, Snx16 and Snx1 in Drosophila and analyze DE-
cadherin localization and the formation of zonula adherens.

Further studies are necessary to identify other factors possibly interacting with Rab7 and
Snx16 in DE-cadherin transport. This could be done by the purification of Rab7 and Snx16
interactors by affinity chromatography and by subsequent mass spectrometry analysis. This
would yield the list of candidates, which could be tested in Drosophila ovaries using different
RNAI strains and null mutants.

Rab7 recruits Snx16 to endosomes for further DE-cadherin transport stages, as previously
indicated (Figure 19a). The precise mechanism by which this is accomplished is another
intriguing topic that needs to be investigated. Recruitment to the endosomal membrane and
tubule formation of another member of the sorting nexin family 5 (Snx5), is thought to be
dependent on the microtubule network, according to a previous study (Kerr et al., 2006). It
would be interesting to see if Snx16 recruitment to Rab7 endosomes is likewise influenced by

the microtubule integrity.

5.5 Snx16 stabilizes the DE-cadherin/Armadillo complex

Previous studies have shown that DE-cadherin and Armadillo, the Drosophila homolog of (3-
catenin, are secreted together to the plasma membrane in a complex that is formed soon after
DE-cadherin synthesis (Y. T. Chen et al., 1999; Langevin et al., 2005; Stow & Lock, 2005).
Hence the finding that, when Snx16 and Rab7 are depleted, only DE-cadherin — but not
Armadillo — accumulates in the cytoplasm was unexpected (Figures 20b and 20c). | speculated
that the DE-cadherin/Armadillo complex dissociates in the absence of Snx16 and Rab7. Since
my data suggest that Rab7 recruits Snx16 (Figure 19a), | proposed that Snx16 is required for
the stabilization of DE-cadherin/Armadillo complex. The absence of Armadillo accumulation in
Rab7 mutants is an indirect effect due to a failure to recruit Snx16.

Both Armadillo and Snx16 bind DE-cadherin directly (Aberle et al., 1994; Jinxin Xu et al., 2017).
An earlier study showed that -catenin binds newly synthesized E-cadherin in the ER (Y. T.
Chen et al., 1999). Since a previous study suggested that the Snx16 is recruited to endosomes
(Brankatschk et al., 2011), | proposed that the E-cadherin is most likely bound to Snx16 at

endosomes. This binding could further stabilize the DE-cadherin/Armadillo complex.
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My other results are additionally also strengthening the hypothesis that Snx16 stabilizes DE-
cadherin/Armadillo complex. My data showed that Armadillo only mildly accumulates in YFP-
Rab11 compartments, in contrast to heavy DE-cadherin accumulation within YFP-Rab11
compartments (Figures 8 and 9). | speculated that this is due to the dissociation of the DE-
cadherin/Armadillo complex within YFP-Rab11 compartments. As a consequence, a certain
amount of DE-cadherin remains trapped within YFP-Rab11 compartments. This speculation is
in line with the hypothesis that Snx16 stabilizes DE-cadherin/Armadillo complex at endosomes.
The stabile DE-cadherin/Armadillo complex might be required for efficient DE-cadherin
transport from endosomes. Since the stability of the complex is critical for successful transport,
another protein on endosomes helps to keep the complex stable. My data suggest that this
protein could be Snx16.

My findings further add to conflicting studies regarding the requirement of DE-
cadherin/Armadillo complex for DE-cadherin delivery to the plasma membrane. An early study
in cultured cells has shown that E-cadherin that is incapable of binding -catenin remains in
the ER (Y. T. Chen et al., 1999). Notably, some later studies have demonstrated that E-
cadherin can not only leave ER without being bound to B-catenin, but is also capable to localize
to the membrane independently (Miranda et al., 2001; Pacquelet & Rarth, 2005). Despite this,
B-catenin remains the main regulator of E-cadherin transport. In the absence of B-catenin, E-
cadherin accumulates in the cytoplasm (Drees et al., 2005). Additionally, upon the depletion
of B-catenin, E-cadherin is not capable to bind another regulator, a-catenin, which mediates
the link of E-cadherin to the actin cytoskeleton (Drees et al., 2005). My findings also point to
the need for the DE-cadherin/Armadillo complex, but only in the endosome-to-plasma
membrane path of DE-cadherin transport. It, therefore, remains to be further investigated how
crucial DE-cadherin/Armadillo complex is for DE-cadherin secretion and at what stages it might

be redundant.

5.6 The glycine triplet within the DE-cadherin cytoplasmic tail is important for

the interaction with the exocyst

A previous study demonstrated that both Armadillo and mammalian homolog -catenin form a
complex with exocyst components (Langevin et al., 2005). More precisely,
immunoprecipitation experiments revealed that the exocyst subunit Sec10 is capable of
precipitating Armadillo, suggesting a direct association between Sec10 and Armadillo. The
same study also performed immunoprecipitation experiments with mammalian B-catenin.
Interestingly, Armadillo and mammalian homolog B-catenin seem to be interacting with
different exocyst subunits, as p-catenin immunoprecipitated Sec5 and Sec8 (Langevin et al.,
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2005). This result is even more surprising since these exocyst subunits belong to different
exocyst subcomplexes. Namely, Sec5 and Sec8, which interact with -catenin, belong to the
exocyst subcomplex |, whereas Sec10, which interacts with Armadillo, belongs to the
subcomplex Il. This suggests certain differences in the regulation of the exocyst in Drosophila
and mammalian cells.

Additionally, these results also point at B-catenin mediating the interaction between E-cadherin
and the exocyst complex. Therefore, | was surprised by the result that the mutation of the
glycine triplet within the DE-cadherin cytoplasmic domain prevents DE-cadherin localization
within Sec15 compartments (Figure 25a). This result implies that these glycine residues might
be required for the interaction of DE-cadherin with the exocyst complex. Curiously, these
glycine residues in human E-cadherin represent the binding site for p120, catenin that is
involved in the regulation of cell-cell adhesion and endocytosis (Bulgakova & Brown, 2016; K.
Sato et al., 2011; Thoreson et al., 2000). It is thus tempting to speculate that DE-cadherin
might be associated with the exocyst complex via p120 protein.

Despite the research, no direct association between the exocyst and DE-cadherin has been
demonstrated so far. It is thus unclear what role the glycine triplet plays in the E-cadherin-
exocyst complex relationship. One possibility could be that it mediates the direct interaction
between the E-cadherin and one of the exocyst subunits. Another possibility could be that E-
cadherin interacts via glycine residues with another component (which is not -catenin) and
which then, in turn, makes a complex with the exocyst as well. As suggested above, this
component could be p120 protein.

Curiously, a study in Drosophila ovaries showed that DE-cadherin accumulates in the
cytoplasm in Armadillo mutants (Langevin et al., 2005; Pacquelet et al., 2003). If DE-cadherin
interacts with the exocyst via Armadillo, this DE-cadherin cytoplasmic aggregation may be a
result of the inability of the exocyst complex to be recruited to the DE-cadherin vesicles in the
absence of Armadillo. The cytoplasmic aggregation of DE-cadherin seen in Rab11 cell clones

could be due to the same cause — a failure to recruit the exocyst complex.

5.7 The exocyst complex is involved in the transport of the apical proteins

My results suggest that the lateral protein Fas2 doesn’t localize within the Sec15 compartment
(Figure 23a). Additionally, the expression of the Sec75 RNAI construct also doesn’t influence
the localization of Fas2, as it is the case with the DE-cadherin (Figure 23b). This suggests that
the transport of the lateral protein Fas2 is not dependent on the function of the exocyst subunit
Sec15. This finding is consistent with a previous study in Drosophila, where it was shown that

the localization of another lateral protein, Fas3, remains unaffected upon the depletion of the
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exocyst subunit Sec5 (Langevin et al., 2005). Overall, this implies that the transport of proteins
localizing to the basolateral membrane such as Fas2 and Fas3 does not involve the exocyst
complex. More research is required on other transport mechanisms that may exist for
delivering proteins localizing to the other area of the plasma membrane. It also remains to be
investigated if newly translated or endocytosed Fas2 and Fas3 are delivered to endosomes.

The localization of apical protein Crb, on the other hand, seems to be dependent on the exocyst
complex. One study suggests that exocyst subunits Sec5 and Sec15, together with Rab11 and
MyoV motor, facilitate Crb localization to the apicolateral plasma membrane (Aguilar-Aragon
et al., 2020). In the context of my results, these findings suggest that the exocyst complex is
involved in the transport of apical proteins such as DE-cadherin and Crb (Aguilar-Aragon et
al., 2020). However, there must be some differences in the way these two proteins are being
sorted for subsequent secretion processes. As previously stated, DE-cadherin might interact
with the exocyst via Armadillo (Langevin et al., 2005). On the other hand, Crb's association
with Armadillo is unlikely, which raises the question of how Crb interacts with the exocyst
complex. Furthermore, DE-cadherin uses both apical and basal actin tracks, whereas Crb is
not detected at the basolateral membrane (Ulrich Tepass et al., 1990). As a result, there must
be a way to prevent Crb from localizing to the basolateral membrane. Crb and DE-cadherin
trafficking routes from the endosome to the plasma membrane also differ because Crb is
recycled via the retromer complex (Pocha et al., 2011). It would thus be interesting to
investigate the differences in pathways of various cargos and mechanisms used for sorting

cargos along these distinct routes.

5.8 The existence and the activation of different DE-cadherin routes to the

plasma membrane

My data showed that the simultaneous overexpression of Sec15 and Rab11 results in enlarged
Sec15-Cherry/HA-Rab11 compartments that accumulate DE-cadherin (Figure 26a). Further,
the simultaneous expression of UAS-MyoV-FL-GFP, UAS-Sec15-Cherry and UAS-HA-Rab11
constructs in Drosophila follicles rescued the formation of Sec15-Cherry/HA-Rab11
compartments and DE-cadherin aggregation (Figures 28a and 28b). This suggests that MyoV
interacts with the Sec15 and Rab11 in DE-cadherin transport. Additionally, the expression of
the dominant-negative form of MyoV resulted in the fragmented zonula adherens (Figure 29f).
This further confirms the role of the MyoV in DE-cadherin delivery to the zonula adherens. My
data also revealed that the disruption of the actin cytoskeleton leads to the same phenotype

as observed after the expression of the dominant-negative form of MyoV - zonula adherens
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fragmentation (Figure 31a). This implies that the MyoV motor, together with the Sec15 and
Rab11, delivers DE-cadherin along the actin filaments to the zonula adherens.

Furthermore, the transport of DE-cadherin via the MyoV, Sec15 and Rab11 is performed along
the apical and basal actin network (Figures 32 and 33). Apical actin tracks deliver DE-cadherin
directly to the apical-most area of the plasma membrane, where the zonula adherens is
formed. Basal actin tracks, on the other hand, suggest the existence of DE-cadherin transport
routes in the basal region of the epithelium, for which the interaction between MyoV, Sec15
and Rab11 compartments is also employed. However, it is unclear if MyoV-FL-GFP/Sec15-
Cherry/HA-Rab11 compartments that are detected within the basal actin network transport
newly synthesized DE-cadherin, endocytosed DE-cadherin, or both. This basal pathway could
represent a possible route that my laboratory previously termed ‘lateral exocytosis’
(Woichansky et al., 2016). | speculated that lateral exocytosis supplies the DE-cadherin that
forms a punctate-like adherens junction, which is observed below the zonula adherens and
along the lateral membrane. After reaching the basal membrane, DE-cadherin could be
distributed along the lateral membrane via the so-called ‘cadherin flow’ (Figure 34). Cadherin
flow has already been described for vascular endothelial cadherin (VE-cadherin) in mammalian
cells (Kametani & Takeichi, 2007). VE-cadherin moves from the basal to the apical area of the
membrane via actin filaments. The actin motor myosin Il transports the VE-cadherin, as the
inhibition of the myosin Il function as well as the disruption of the actin filaments leads to the
block of the cadherin flow. The cadherin flow could also be used as an alternative source of
DE-cadherin, to be fed into the zonula adherence. This speculation has been confirmed by the
study from my laboratory, which showed that upon blocking of the cadherin flow, DE-cadherin
is detected along the lateral membrane but not concentrated at the zonula adherens
(Woichansky et al., 2016). Furthermore, the block of the cadherin flow is achieved by inhibition
of the actin polymerization, suggesting that in Drosophila, similar to mammalian cells, cadherin
flow depends on the actin filaments. It would, therefore, be interesting to test whether myosin
Il also transports DE-cadherin along the membrane in Drosophila.

As previously mentioned, my findings imply that Rab11 recruits the exocyst complex for DE-
cadherin trafficking in both apical and basal regions of the cell. However, how Rab11 is
activated for the recruitment of the exocyst protein Sec15 remains unknown. Rab11 activation
could be regulated by the interaction of ‘transport protein particle 1I' (TRAPPII) complex and
Parcas, which enhances the GDP-GTP exchange (Riedel et al., 2018). Another open question
is how Sec15 vesicles, which transport DE-cadherin, build within the Rab11 endosomal
compartment. A recent study in C. elegans and mammalian cells identified so-called ‘factors
for endosome recycling and Rab interactions’ (FERARI) (Solinger et al., 2020). FERARI is a
multiprotein tethering complex that recruits Rab11 to endosomes and provides a link between
Rab11 and the Rab11 effector Rab11FIP5. Live imaging experiments showed that FERARI is
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required for Rab11 fusion and fission at sorting endosomes, where it picks up proteins similarly
to the kiss-and-run mechanism.

Furthermore, it is unknown when the other exocyst subunits are recruited for the fusion of
vesicles carrying DE-cadherin with the plasma membrane. One possibility could be that it
happens already at endosomes, as soon as Sec15 is recruited. However, one study in cultured
cells used live imaging to demonstrate that the exocyst sub-complexes meet at the plasma
membrane, which they reach at similar times (Ahmed et al., 2018a). This finding suggests that
the remaining exocyst subunits are recruited directly at the plasma membrane after the
complex reaches the zonula adherens. This implies that, in the case of DE-cadherin transport,
MyoV/Sec15/Rab11 compartment might reach the plasma membrane independently of the
remaining exocyst subunits, which would only then be recruited for the fusion of the complex
with the plasma membrane.

Another interesting point to be discussed is how exactly DE-cadherin is fused with and
precisely targeted to the plasma membrane. A study in cultured mammalian cells revealed that
Par3 protein serves as an anchor for the exocyst complex (Ahmed & Macara, 2017), which
localizes to the zonula adherens in Drosophila follicular epithelium (Franz & Riechmann, 2010).
A Drosophila homolog of the Par3 gene, Bazooka (Baz), is thus a great candidate for the
precise targeting of the MyoV/Sec15/Rab11 compartment that delivers DE-cadherin to the
zonula adherens. Furthermore, another study in cultured mammalian cells showed that
aquaporin3 (AQP3) localizes to zonula adherens at the plasma membrane, suggesting that it
can also be a landmark for the targeted delivery of DE-cadherin and its transport complex
(Nejsum & Nelson, 2007). However, no Drosophila homolog of AQP3 has yet been found.
Finding the crucial E-cadherin anchor and the factors involved in the precise delivery may be
of therapeutical significance, as the restoration of E-cadherin targeted secretion in leukemia
cells resulted in the enhancement of E-cadherin adhesion (Shaaban & Mohammed, 2021).
Therefore, it would be beneficial to elucidate the exact mechanism behind DE-cadherin
delivery to the plasma membrane and its anchor. However, additional research is needed to
investigate the precise mechanisms for the recruitment of Sec15 and the motor MyoV to the
endosomes, as well as to tether DE-cadherin vesicles to the membrane. Live imaging
experiments have already been employed to elucidate mechanisms behind the exocyst
dynamics (Ahmed et al., 2018b). The same approach might therefore be useful to monitor the
association of DE-cadherin with the complex consisting of MyoV, Sec15 and Rab11, as well
as the fusion of DE-cadherin vesicles with the plasma membrane. Another useful technique
that could be used for elucidating the trafficking of DE-cadherin vesicles is ‘retention using
selective hooks’ (RUSH) system. This method allows the monitoring of cargo transport in a
timely controlled manner and has already been used in cultured cells (Boncompain et al.,
2012).
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5.9 Rab11 compartments transporting DE-cadherin via MyoV motor as a part

of the actin nucleation center

My data showed that endocytosed DE-cadherin was detected within the apical actin network
(Figure 30a). Additionally, | have observed that HA-Rab11 compartments also colocalize with
endocytosed DE-cadherin within the apical actin network (Figure 30c). Curiously, these
endocytosed DE-cadherin spots, as well as HA-Rab11 compartments, localize to the actin
‘clumps’ (Figure 30c). | speculated that these actin clumps represent the actin nucleation
centers.

Nucleation, or the catalysis of new actin filaments, is usually the first step in constructing the
actin network. Previous studies have pointed to the importance of the interaction between actin
nucleators, motors and proteins to be transported (J. Cheng et al., 2012; Schuh, 2011; Sirotkin
et al., 2005; Sun et al.,, 2006). Actin nucleator Spir creates actin cables at the vesicle
membrane marked by Rab11, which is further transported by the myosin Vb (Schuh, 2011). A
study in cultured cells showed that Spir directly interacts with the MyoV via its globular tail.
Additionally, the same study also proposed a ternary complex consisting of Spir, MyoV and
Rab11 (Pylypenko et al., 2016). These findings made me speculate that the DE-cadherin
transport could be initiated by the Spir/MyoV/Rab11 complex. Preliminary results with the
expression of the Spir RNAi showed that DE-cadherin still colocalizes with the HA-Rab11 and
actin upon the Spir depletion. This implicates that there might be an additional factor recruiting
Rab11 and MyoV to the nucleation center for the subsequent DE-cadherin transport.

Another actin nucleator, Cappuccino (Capu) directly interacts with Spir to build the actin
network (Bradley et al., 2020). My initial results showed that in the cells lacking Capu, DE-
cadherin was also still colocalizing with actin and HA-Rab11, implying that Rab11 can be
recruited to the actin nucleation center in the absence of Capu. In addition to this, the
cooperation between Spir and Capu has recently established suggested (Bradley et al., 2020;
Dahlgaard et al., 2007). In line with this new finding, it would be interesting to see the effect of
double knockdown of Spir and Capu on the recruitment of HA-Rab11 for DE-cadherin transport

to the actin nucleation centers.

5.10 Evolutionary conservation of DE-cadherin transport pathway

The critical function of E-cadherin in cell-cell adhesion is conserved throughout species, which
raises a question of extent to which my model for DE-cadherin transport can be applied to
other organisms. Direct interaction between the MyoV, Sec15 and Rab11 has been identified

in yeast (Jin et al., 2011). This shows that the established E-cadherin trafficking mechanism is
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conserved in higher evolved organisms. Interestingly, even though three myosin V motors (Va,
Vb and Vc) can be distinguished in mammalian cells, Rab11 was shown to bind only myosin
Vb (Roland et al., 2009). This suggests that the specific interaction between Rab11 and the
MyoV motor exists in the higher organisms. Another study in mammalian cells demonstrated
that Sec15 is an effector of Rab11, and the Rab11 and Sec15 interaction has been confirmed
in vivo (S. Wu et al., 2005; Zhang et al., 2004). This demonstrates possible interactions also
between Rab11 and Sec15 in higher species. Taken together, this demonstrates that the
complex consisting of MyoV, Sec15 and Rab11 evolved from a single-celled organism and
that it is conserved in higher organisms as well.

The role of Rab11 in E-cadherin transport has also been well-documented in cultured
mammalian cells. Firstly, E-cadherin was detected to pass through the apical endosomal
compartment that is Rab11 positive (Stow & Lock, 2005). Secondly, E-cadherin localization to
the plasma membrane is dependent on the human Rab11 orthologue Rab11a, since in its
absence E-cadherin cannot be delivered to the plasma membrane (Desclozeaux et al., 2008;
Stow & Lock, 2005). From these studies, it can be concluded that Rab11's critical involvement
in E-cadherin trafficking has been preserved. Furthermore, studies in mammalian cells
revealed that sorting signals for proper E-cadherin delivery are situated within the cytoplasmic
tail (Y. T. Chen et al., 1999; Miranda et al., 2001), which is consistent with my findings in
Drosophila epithelium. The endosomal retrieval mechanisms seem to be similar between flies
and mammals too, since the interaction between E-cadherin and Snx16 has also been
identified (Jinxin Xu et al., 2017). It would thus be interesting to test my proposed model for
DE-cadherin transport in Drosophila epithelium and also in the mammalian system, using both
experiments in fixed cells and live imaging techniques.

Altogether, my model for DE-cadherin trafficking in Drosophila follicular epithelium established
a good foundation for further investigation of how changes in E-cadherin trafficking impact
morphogenesis and how defective mechanisms of E-cadherin turnover and secretion promote

disease progression.
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6 List of abbreviations

DE-cadherin | Drosophila E-cadherin

Fas2 Fasciclin2

Fas3 Fasciclin3

ER Endoplasmic reticulum

Dab2 Disabled-2

PALS1 Protein Associated with Lin Seven 1
BAR domain | Bin/Amphiphysin/Rvs domain

EMT Epithelial-mesenchymal transition
ATP Adenosine triphosphate

ADP Adenosine diphosphate

MyoV Myosin V

GTP Guanosine-5'-triphosphate

GDP Guanosine-5"-diphosphate

GEF Guanine-nucleotide-exchange factor
GAP GTPase activating protein

SNAREs Soluble N-ethylmaleimide-Sensitive Factor Attachment Protein Receptors
ERES ER exit sites

COPII Coat protein complex Il

GRASPs Golgi Reassembly and Stacking Proteins
ILVs Intraluminal vesicles

MVBs Multivesicular bodies

Snx proteins | Sorting nexin proteins

PtdInsPs Phosphatidylinositol phosphates
PM Plasma membrane

UAS Upstream Activating Sequence
EEA1 Early endosomal antigen 1

ORF open reading frame

aPKC Atypical protein kinase C

LT Lysotracker

CC domain Coiled-coil domain

RNAI RNA interference

hpRNA hairpin RNA

siRNA short double-stranded RNA
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RISC

RNA-induced silencing complex

bp Base pairs

DMSO Dimethyl sulfoxide

Crb Crumbs

PIPKly Iy phosphatidylinositol-4-phosphate 5-kinase
VE-cadherin | Vascular endothelial cadherin

TRAPPII Transport protein particle Il

FERARI Factors for endosome recycling and Rab interactions
Baz Bazooka, Drosophila Par3 homolog

AQP3 Aquaporin3

RUSH Retention using selective hooks

Capu Cappuccino protein
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