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Introduction 

Macroautophagy (hereafter simply autophagy) is a eukaryotic cell biological process 

in which cells utilize the lysosomal system to degrade intracellular components. At the 

beginning of the process a double membrane cistern, the so-called phagophore emerges and 

engulfs a portion of the cytoplasm (e.g. malfunctioning organelles, pathogens, even 

aggregates of misfolded proteins). The enclosure of the phagophore creates an 

autophagosome, which then fuses with the components of the endolysosomal system, giving 

rise to an autolysosome.  The autophagic cargo then becomes degraded in the acidic lumen 

of the autolysosome, and the resulting monomers are recycled back to the cytoplasm (Boya 

et al., 2013; Mizushima et al., 2008). Autophagy is important for maintaining the 

homeodynamic balance of the cell - therefore its perturbation is known to contribute to 

various diseases (Mizushima et al., 2008). 

Receptor mediated endocytosis (hereafter endocytosis) is an important cell biological 

process, in which cells take up receptor-bound extracellular material, forming intracellular 

vesicles (endosomes), which either can be recycled back to the plasma membrane or can be 

degraded in the lysosome. In the latter case the early endosomal membrane invaginates in 

order to be able to digest selected transmembrane proteins and - due to other changes as 

well - transforms into a late endosome, also called multivesicular body. The late endosome 

then fuses with an existing lysosome or with Golgi-derived lysosomal enzyme transporting 

vesicles, forming a sufficiently acidic compartment (a new lysosome) in which the 

intraluminal content can be degraded.  

Thus endocytosis is also a key process in the regulation of many signal transduction 

pathways: receptor molecules are taken up and sequestered in order to silence signaling; or 

in various situations (such as in the case of Notch signalization) early steps of endocytosis are 

required for the activation of the receptors. Moreover, endocytosis is also needed for 

establishing normal cell polarity by transporting plasma membrane components to their 

destination (Babst, 2011).  

Phosphoinositide 3-kinase III (hereafter PI3K(III)) is responsible for phosphorylating 

phosphatidylinositol (PI), generating phosphatidylinositol 3-phosphate (PI3P). This 
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membrane lipid localizes to both early endosomes and the phagophore, and FYVE or 

PROPPIN domain containing effector proteins - mediating the maturation of endosomes or 

autophagosomes - are able to bind it (Backer, 2008; Baskaran et al., 2012). 

The core of the PI3K(III) is composed of three subunits: the catalytic subunit Vps34 

and the two regulatory subunits Vps15 and Atg6 (Vps30 in yeast, Beclin 1 in mammals). In 

most eukaryotic cells this complex exists in two forms with different additional subunits. 

Atg14 and UVRAG forms a functional complex with the core proteins in the PI3K(III) complex 

I and complex II, respectively (Itakura et al., 2008). Based on yeast and mammalian cell line 

studies, complex I is required for autophagosome generation, whilst complex II is needed 

during endosome maturation (Itakura et al., 2008).  However, Atg14 has recently been 

suggested to promote endocytic traffic and UVRAG - by mediating autophagosome-lysosome 

fusions as well – was found to be required for autophagy (Jiang et al., 2014; Kim et al., 2012; 

Liang et al., 2006; Liang et al., 2008). Although the role of Atg6 in autophagy is undoubted, 

its function in other processes such as endocytosis is less clear; moreover, many studies 

suggest Atg6 to be an autophagy specific protein (Burman and Ktistakis, 2010; Furuya et al., 

2005; Liang et al., 1999; Yu et al., 2015; Zeng et al., 2006). These findings raise the possibility 

that roles of the different PI3K(III) complexes and even that of Atg6 and may differ in distinct 

cell types. 

Homologues of all PI3K(III) components can be found in the fruit fly Drosophila 

melanogaster and - as expected from other model systems - they are important for 

autophagy and endocytosis (Abe et al., 2009; Bánréti et al., 2012; Juhász et al., 2008; Lee et 

al., 2011; Shravage et al., 2013). However, our current knowledge regarding the role of the 

different PI3(K) complex types in similar conditions is poor. Therefore our aim was to analyze 

the role of the core component Atg6 and the subtype specific components Atg14 and 

UVRAG in the developing Drosophila imaginal wing disc and pupal wing.  
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Methods 

 Genetics. The fruit fly Drosophila melanogaster is a widely used model for studying 

vesicular traffic and offers the opportunity to alter gene expression in a tissue-

specific, spatially controlled manner. We used an RNAi approach on several 

transgenic flies expressing fluorescent endosomal or autophagy markers to examine 

the effect of Atg6, Atg14 or UVRAG depletion.  

We chose two different Gal4 lines to drive the expression of the RNAi constructs in 

the wing epithelia. MsGal4 and enGal4 was used to trigger transgene expression in 

the whole wing or exclusively in the posterior compartment of the wing, respectively. 

In the latter case the anterior half of the wing served as control. As we dispose of an 

Atg6 null mutant line, most of our results obtained with RNAi flies were also 

confirmed by studying mutant clones using the mitotic recombination technique. 

Also, in some cases we generated whole wings and eyes exclusively composed of null 

mutant cells. 

 

 Western blot and immunolocalization studies. For studying the localization of 

various proteins we used fluorescent reporter proteins or performed immunostaining 

experiments. The amount of Notch, p62 or Cathepsin L protein in Atg6 mutants were 

examined using Western-blot. 

 

 Other histological processes. To follow the fate of the uptaken Notch receptor we 

used anti-Notch antibody on living wing cells as an endocytic tracer. 

 

 Microscopy. Fluorescent samples were examined by fluorescent microscopy and we 

performed ultrastructural studies by electron microscopy. We used enzyme 

cytochemistry and immunocytochemistry to examine the ultrastructural localization 

of endosomal/lysosomal markers. 

 

 Statistical analysis. Our data were quantified and analyzed using the appropriate 

statistical approach.  
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Results, theses 

 

1. Using GFP-2xFYVE (a fluorescent PI3P binding reporter protein) we showed that 

in the absence of Atg6 or UVRAG, no PI3P can be detected in the pupal wings. In 

contrast, in Atg14 depleted wings PI3P production seems to be normal.  

 

2. Using fluorescent endosomal and lysosomal markers we showed that in the 

absence of Atg6 or UVRAG (and in contrast to Atg14 depletion), abnormal 

endosomes and lysosomes accumulate. 

 

3. By immunohistochemistry using mCherry-tagged Atg8 (an autophagic vacuole-

specific fluorescent reporter) we showed that unlike UVRAG, Atg6 and Atg14 are 

both required for autophagy. 

 

4. By electron microscopy we showed that the apical cytoplasm of Atg6 RNAi and 

mutant cells accumulates abnormal multivesicular and multilamellar bodies, 

similarly to UVRAG RNAi cells. Using enzyme cytochemistry and 

immunocytochemistry we demonstrated that these organelles are defective 

endolysosomes. Ultrastructure of Atg14 RNAi cells appeared to be normal. 

 

5. Using immunohistochemistry we showed that upon the loss of Atg6 or UVRAG 

(but not in the absence of Atg14), defects in endosomal traffic leads to the 

accumulation of Notch, Delta and Wingless in intracellular puncta.  

 

6. We performed an ex vivo Notch traffic assay and we found that cell surface-

localized Notch was internalized normally but later became trapped in vesicular 

structures in Atg6 depleted cells. 

 

7. Using Western blot we could show that in Atg6 mutant larvae maturation of the 

lysosomal Cathepsin L is perturbed and the signaling domain of Notch is 

accumulated. 
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8. Using a fluorescent Notch signaling reporter we could show that depletion of 

Atg6 or UVRAG leads to the enhancement of Notch signaling, unlike in the case of 

Atg14 depletion. 

 

9. We showed that wing-specific silencing of Atg6 (either by RNAi or by mutant wing 

generation) and wing-specific UVRAG RNAi leads to the malformation of wings: 

they become blistered or creased, indicating cell polarity problems. In contrast, 

Atg14 RNAi wings are vestigial, due to excessive cell death (based on TUNEL assay 

and anti-activated caspase immunostainings). No cell death could be detected in 

Atg6 or UVRAG RNAi wings. 

 

10. Using rhodamin-phalloidin staining for detection of wing hairs in pupal wings and 

antisera against different cell adhesion proteins, we showed that both basolateral 

and planar cell polarity and also the localization of cell adhesion proteins are 

severely altered in Atg6 or UVRAG RNAi cells, in contrast to Atg14 RNAi cells. 

 

11. We generated compound eyes composed exclusively of Atg6 null mutant cells by 

mitotic recombination. We observed that - compared to controls - the eye color is 

slightly darker, and the hexagonal arrangement of ommatidia is lost, resulting in a 

rough eye phenotype in mutants. It is indicates that Atg6 is required for the 

generation of lysosome-related organelles and proper eye development. 

 

 

  



 
7 

 

Discussion 

Atg6 is a key player in mediating autophagy, as in the absence of Atg6 no 

autophagosomes can be formed (Burman and Ktistakis, 2010; Kang et al., 2011; Scott et al., 

2004). Atg6, along with Vps34 and Vps15 forms two distinct PI3K(III) complexes: either with 

Atg14, forming PI3K(III) complex I; or with UVRAG, forming PI3K(III) complex II. Based on 

yeast and mammalian cell line studies, PI3K(III) complex I is required for autophagosome 

generation, whilst complex II is required for endosome maturation (Itakura et al., 2008). As 

the core member Vps34 and Vps15 has been shown to regulate both autophagy and 

endocytosis (Abe et al., 2009; Backer, 2008; Bechtel et al., 2013; Itakura et al., 2008; Jean 

and Kiger, 2014; Juhász et al., 2008; Kihara et al., 2001), it can be speculated that Atg6 is also 

an important regulator of endocytosis. However, the role of Atg6 in endocytosis seems to be 

controversial: several papers provide evidence that Atg6 may be dispensable for 

endocytosis, whilst others take a stand on the opposite (Furuya et al., 2005; Liang et al., 

1999; Shravage et al., 2013; Thoresen et al., 2010; Zeng et al., 2006). Moreover, the PI3K(III) 

complex I-specific Atg14 has recently been suggested to promote endocytic traffic while the 

complex II-specific UVRAG has been suggested - by mediating autophagosome-lysosome 

fusions - to be required for autophagy (Jiang et al., 2014; Kim et al., 2012; Liang et al., 2006; 

Liang et al., 2008). 

It is worthy of note that most of these studies were carried out on cultured cells; thus 

the direct evidence for the participation of Atg6 in other processes than autophagy 

remained to be demonstrated in vivo (Funderburk et al., 2010). Therefore, our aim was to 

elucidate the different in vivo roles of Atg6 and the two PI3K(III) complexes. For this purpose, 

we used RNAi-silenced and mutant developing Drosophila wing disc and pupal wing cells and 

performed detailed light and electron microscopic analyses in order to examine the resulted 

phenotypes. 

We could demonstrate that - similarly to Vps15 and Vps34 (Abe et al., 2009; Juhász et 

al., 2008) - Atg6 is essential for endosome maturation. In the absence of Atg6, cells fail to 

produce PI3P, therefore the maturation of endosomes stalls; similarly to Vps15 RNAi cells 

(Abe et al., 2009). Atg6 depleted cells show altered cell polarity, leading to wing or eye 

malformations. As most cell adhesion proteins are transported (and are also degraded) via 
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vesicular transport (Burdick et al., 1996; Devenport, 2014; Lee and Streuli, 2014; Mellman 

and Yarden, 2013; Sebbagh and Borg, 2014), it can be assumed that the disturbance of cell 

polarity in Atg6 depleted cells has resulted from the failure of endosomal traffic. As Atg6 is 

suggested to be a tumor suppressor as well (Furuya et al., 2005; Kang et al., 2011; Liang et 

al., 1999; Qu et al., 2003), and many tumor cells show altered cell polarity (Lee and Streuli, 

2014; Sebbagh and Borg, 2014; Sever and Brugge, 2015; Tellkamp et al., 2014), it can be 

hypothesized that the tumor suppressive ability of Atg6 - at least partially - is due to its 

requirement for the transportation of cell adhesion molecules to their normal destination. 

Notch signaling is a very extensively studied pathway, which is essential for normal 

organ development, and its disturbance often leads to cancer (Andersson et al., 2011; Ayaz 

and Osborne, 2014; Chillakuri et al., 2012; Hu et al., 2012). In this process, endocytosis is a 

key step for both receptor activation and downregulation (Barth and Kohler, 2014; Estella 

and Baonza, 2015; Fortini and Bilder, 2009; Vaccari et al., 2010; Vaccari et al., 2008). 

Importantly, we found that due to the failure of endosomal degradation, Atg6 mutant and 

RNAi cells accumulate Notch (and other signaling proteins, such as Wingless) leading to 

signaling enhancement. This phenotype is remarkably similar to that of Vps34 or UVRAG 

mutant fruit fly cells (Juhász et al., 2008; Lee et al., 2011). 

UVRAG is a component of PI3K(III) complex II involved in endocytosis, but it has been 

suggested to regulate autophagy as well (Itakura et al., 2008; Liang et al., 2006; Liang et al., 

2008). Since besides participating in PI3K(III) complex II, UVRAG has been speculated to form 

other complexes in mammals - such as with class C Vps required for autophagosome-

lysosome fusion (Liang et al., 2008) -, the question remained open: which UVRAG-mediated 

processes are independent from PI3K(III) complex II. Phenotypes of UVRAG RNAi cells in all 

cases were almost identical to that of Atg6 RNAi cells except the autophagy failure. As no 

autophagy defect could be detected in UVRAG depleted cells, it can be assumed that at least 

in fruit flies - UVRAG does not interact with class C Vps proteins. A similar observation was 

made on fruit fly larval fat cells (Takáts et al., 2014), confirming our results. 

Atg14 was identified as the mammalian autophagy-specific factor for Beclin 1 and is 

also a component of the PI3K(III) complex I (Itakura et al., 2008; Matsunaga et al., 2010; Sun 

et al., 2008). Although Atg14 is considered to be autophagy-specific, there are some results 
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suggesting that Atg14 may also participate in the regulation of endocytosis (Kim et al., 2012). 

The Drosophila orthologue of Atg14 was shown to be also essential for autophagy in the fat 

body (Bánréti et al., 2012; Pircs et al., 2012), but the participation of Atg14 in other PI3K(III)-

mediated processes remained unclear. We found that although depletion of Atg14 causes 

very serious malformations in the wing, this effect is neither the consequence of altered cell 

polarity nor resulted from endocytosis defects. In wing epithelium, Atg14 seems to be 

required exclusively for autophagy. Although we observed elevated cell death in Atg14 

depleted wings, this is most likely due to an ‘off-target’ effect has been observed in many 

other RNAi flies obtained from the VDRC KK RNAi library (Green et al., 2014). 

Our data presented here suggest that the UVRAG-containing PI3K(III) complex II acts 

as an essential regulator of endocytosis, required for membrane trafficking and 

downregulation of several signaling pathways in Drosophila (Figure 1). Due to these 

functions, Atg6 cannot be considered as an exclusive autophagy-related protein: it is 

indispensable for proper organ development and - as a key component of PI3K(III) complex II 

– it has several tumor suppressive functions as well. In contrast, the Atg14-containing 

PI3K(III) I complex is involved exclusively in autophagy. 

 

Figure 1: Schematic representation summarizing the multiple roles of the two PI3K(III) complexes in 
Drosophila.  

 

 

 



 
10 

 

PhD. thesis is based on the following publications 

Lőrincz, P., Z. Lakatos, T. Maruzs, Z. Szatmári, V. Kis and  M. Sass. 2014. Atg6/UVRAG/Vps34-
containing lipid kinase complex is required for receptor downregulation through 
endolysosomal degradation and epithelial polarity during Drosophila wing development. 
BioMed Research International. 2014. 

Lőrincz, P., S. Takáts, M. Kárpáti and  G. Juhász. 2016. iFly: The eye of the fruit fly as a model to study 
autophagy and related trafficking pathways. Experimental eye research. 144:90-98. 

Maruzs, T., P. Lőrincz, Z. Szatmári, S. Széplaki, Z. Sándor, Z. Lakatos, G. Puska, G. Juhász and  M. Sass. 
2015. Retromer ensures the degradation of autophagic cargo via maintaining lysosome 
function in Drosophila. Traffic (Copenhagen, Denmark). 

 

Other publications of the author 

Klionsky, D.J., K. Abdelmohsen, A. Abe, M.J. Abedin, H. Abeliovich, A. Acevedo Arozena, H. Adachi, 
C.M. Adams, P.D. Adams, K. Adeli, P.J. Adhihetty, S.G. Adler, G. Agam, R. Agarwal, M.K. Aghi, 
M. Agnello, P. Agostinis, P.V. Aguilar, J. Aguirre-Ghiso, E.M. Airoldi, S. Ait-Si-Ali, T. Akematsu, 
E.T. Akporiaye, M. Al-Rubeai, G.M. Albaiceta, C. Albanese, D. Albani, M.L. Albert, J. Aldudo, H. 
Algul, M. Alirezaei, I. Alloza, A. Almasan, M. Almonte-Beceril, E.S. Alnemri, C. Alonso, N. 
Altan-Bonnet, D.C. Altieri, S. Alvarez, L. Alvarez-Erviti, S. Alves, G. Amadoro, A. Amano, C. 
Amantini, S. Ambrosio, I. Amelio, A.O. Amer, M. Amessou, A. Amon, Z. An, F.A. Anania, S.U. 
Andersen, U.P. Andley, C.K. Andreadi, N. Andrieu-Abadie, A. Anel, D.K. Ann, S. Anoopkumar-
Dukie, M. Antonioli, H. Aoki, N. Apostolova, S. Aquila, K. Aquilano, K. Araki, E. Arama, A. 
Aranda, J. Araya, A. Arcaro, E. Arias, H. Arimoto, A.R. Ariosa, J.L. Armstrong, T. Arnould, I. 
Arsov, K. Asanuma, V. Askanas, E. Asselin, R. Atarashi, S.S. Atherton, J.D. Atkin, L.D. Attardi, P. 
Auberger, G. Auburger, L. Aurelian, R. Autelli, L. Avagliano, M.L. Avantaggiati, L. Avrahami, S. 
Awale, N. Azad, T. Bachetti, J.M. Backer, D.H. Bae, J.S. Bae, O.N. Bae, S.H. Bae, E.H. 
Baehrecke, S.H. Baek, S. Baghdiguian, A. Bagniewska-Zadworna, … P. Lőrincz, … et al. 2016. 
Guidelines for the use and interpretation of assays for monitoring autophagy (3rd edition). 
Autophagy. 12:1-222. 

Kovács, G., L. Breydo, R. Green, V. Kis, G. Puska, P. Lőrincz, L. Perju-Dumbrava, R. Giera, W. Pirker and  
M. Lutz. 2014. Intracellular processing of disease-associated α-synuclein in the human brain 
suggests prion-like cell-to-cell spread. Neurobiology of Disease. 

Szatmári, Z., V. Kis, M. Lippai, K. Hegedűs, T. Faragó, P. Lőrincz, T. Tanaka, G. Juhász and  M. Sass. 
2014. Rab11 facilitates cross-talk between autophagy and endosomal pathway through 
regulation of Hook localization. Molecular biology of the cell. 25:522-531. 

 

  



 
11 

 

References 

Abe, M., Y. Setoguchi, T. Tanaka, W. Awano, K. Takahashi, R. Ueda, A. Nakamura, and S. Goto. 2009. Membrane 
protein location-dependent regulation by PI3K (III) and rabenosyn-5 in Drosophila wing cells. PloS one. 
4:e7306. 

Andersson, E.R., R. Sandberg, and U. Lendahl. 2011. Notch signaling: simplicity in design, versatility in function. 
Development (Cambridge, England). 138:3593-3612. 

Ayaz, F., and B.A. Osborne. 2014. Non-canonical notch signaling in cancer and immunity. Frontiers in oncology. 
4:345. 

Babst, M. 2011. MVB vesicle formation: ESCRT-dependent, ESCRT-independent and everything in between. 
Current opinion in cell biology. 23:452-457. 

Backer, J.M. 2008. The regulation and function of Class III PI3Ks: novel roles for Vps34. The Biochemical journal. 
410:1-17. 

Bánréti, Á., T. Lukácsovich, G. Csikós, M. Erdélyi, and M. Sass. 2012. PP2A regulates autophagy in two 
alternative ways in Drosophila. Autophagy. 8:623-636. 

Barth, J.M., and K. Kohler. 2014. How to take autophagy and endocytosis up a notch. Biomed Res Int. 
2014:960803. 

Baskaran, S., M.J. Ragusa, E. Boura, and J.H. Hurley. 2012. Two-site recognition of phosphatidylinositol 3-
phosphate by PROPPINs in autophagy. Molecular cell. 47:339-348. 

Bechtel, W., M. Helmstadter, J. Balica, B. Hartleben, B. Kiefer, F. Hrnjic, C. Schell, O. Kretz, S. Liu, F. Geist, D. 
Kerjaschki, G. Walz, and T.B. Huber. 2013. Vps34 deficiency reveals the importance of endocytosis for 
podocyte homeostasis. Journal of the American Society of Nephrology : JASN. 24:727-743. 

Boya, P., F. Reggiori, and P. Codogno. 2013. Emerging regulation and functions of autophagy. Nature cell 
biology. 15:713-720. 

Burdick, D., A.H. Le Gall, and E. Rodriguez-Boulan. 1996. Vesicular transport: implications for cell polarity. 
Biocell : official journal of the Sociedades Latinoamericanas de Microscopia Electronica ... et. al. 
20:343-353. 

Burman, C., and N.T. Ktistakis. 2010. Regulation of autophagy by phosphatidylinositol 3-phosphate. FEBS 
letters. 584:1302-1312. 

Chillakuri, C.R., D. Sheppard, S.M. Lea, and P.A. Handford. 2012. Notch receptor-ligand binding and activation: 
insights from molecular studies. Seminars in cell & developmental biology. 23:421-428. 

Devenport, D. 2014. The cell biology of planar cell polarity. The Journal of cell biology. 207:171-179. 
Estella, C., and A. Baonza. 2015. Cell proliferation control by Notch signalling during imaginal discs development 

in Drosophila. AIMS Genetics. 2:70-96. 
Fortini, M.E., and D. Bilder. 2009. Endocytic regulation of Notch signaling. Current opinion in genetics & 

development. 19:323-328. 
Funderburk, S.F., Q.J. Wang, and Z. Yue. 2010. The Beclin 1-VPS34 complex--at the crossroads of autophagy and 

beyond. Trends in cell biology. 20:355-362. 
Furuya, N., J. Yu, M. Byfield, S. Pattingre, and B. Levine. 2005. The evolutionarily conserved domain of Beclin 1 

is required for Vps34 binding, autophagy and tumor suppressor function. Autophagy. 1:46-52. 
Green, E.W., G. Fedele, F. Giorgini, and C.P. Kyriacou. 2014. A Drosophila RNAi collection is subject to dominant 

phenotypic effects. Nature methods. 11:222-223. 
Hu, Y.Y., M.H. Zheng, R. Zhang, Y.M. Liang, and H. Han. 2012. Notch signaling pathway and cancer metastasis. 

Advances in experimental medicine and biology. 727:186-198. 
Itakura, E., C. Kishi, K. Inoue, and N. Mizushima. 2008. Beclin 1 forms two distinct phosphatidylinositol 3-kinase 

complexes with mammalian Atg14 and UVRAG. Molecular biology of the cell. 19:5360-5372. 
Jean, S., and A.A. Kiger. 2014. Classes of phosphoinositide 3-kinases at a glance. Journal of cell science. 127:923-

928. 
Jiang, P., T. Nishimura, Y. Sakamaki, E. Itakura, T. Hatta, T. Natsume, and N. Mizushima. 2014. The HOPS 

complex mediates autophagosome-lysosome fusion through interaction with syntaxin 17. Molecular 
biology of the cell. 25:1327-1337. 

Juhász, G., J.H. Hill, Y. Yan, M. Sass, E.H. Baehrecke, J.M. Backer, and T.P. Neufeld. 2008. The class III PI(3)K 
Vps34 promotes autophagy and endocytosis but not TOR signaling in Drosophila. The Journal of cell 
biology. 181:655-666. 

Kang, R., H.J. Zeh, M.T. Lotze, and D. Tang. 2011. The Beclin 1 network regulates autophagy and apoptosis. Cell 
death and differentiation. 18:571-580. 



 
12 

 

Kihara, A., T. Noda, N. Ishihara, and Y. Ohsumi. 2001. Two distinct Vps34 phosphatidylinositol 3-kinase 
complexes function in autophagy and carboxypeptidase Y sorting in Saccharomyces cerevisiae. The 
Journal of cell biology. 152:519-530. 

Kim, H.J., Q. Zhong, Z.H. Sheng, T. Yoshimori, C. Liang, and J.U. Jung. 2012. Beclin-1-interacting autophagy 
protein Atg14L targets the SNARE-associated protein Snapin to coordinate endocytic trafficking. 
Journal of cell science. 125:4740-4750. 

Lee, G., C. Liang, G. Park, C. Jang, J.U. Jung, and J. Chung. 2011. UVRAG is required for organ rotation by 
regulating Notch endocytosis in Drosophila. Developmental biology. 356:588-597. 

Lee, J.L., and C.H. Streuli. 2014. Integrins and epithelial cell polarity. Journal of cell science. 127:3217-3225. 
Liang, C., P. Feng, B. Ku, I. Dotan, D. Canaani, B.H. Oh, and J.U. Jung. 2006. Autophagic and tumour suppressor 

activity of a novel Beclin1-binding protein UVRAG. Nature cell biology. 8:688-699. 
Liang, C., J.S. Lee, K.S. Inn, M.U. Gack, Q. Li, E.A. Roberts, I. Vergne, V. Deretic, P. Feng, C. Akazawa, and J.U. 

Jung. 2008. Beclin1-binding UVRAG targets the class C Vps complex to coordinate autophagosome 
maturation and endocytic trafficking. Nature cell biology. 10:776-787. 

Liang, X.H., S. Jackson, M. Seaman, K. Brown, B. Kempkes, H. Hibshoosh, and B. Levine. 1999. Induction of 
autophagy and inhibition of tumorigenesis by beclin 1. Nature. 402:672-676. 

Matsunaga, K., E. Morita, T. Saitoh, S. Akira, N.T. Ktistakis, T. Izumi, T. Noda, and T. Yoshimori. 2010. Autophagy 
requires endoplasmic reticulum targeting of the PI3-kinase complex via Atg14L. The Journal of cell 
biology. 190:511-521. 

Mellman, I., and Y. Yarden. 2013. Endocytosis and cancer. Cold Spring Harbor perspectives in biology. 
5:a016949. 

Mizushima, N., B. Levine, A.M. Cuervo, and D.J. Klionsky. 2008. Autophagy fights disease through cellular self-
digestion. Nature. 451:1069-1075. 

Pircs, K., P. Nagy, A. Varga, Z. Venkei, B. Érdi, K. Hegedűs, and G. Juhász. 2012. Advantages and limitations of 
different p62-based assays for estimating autophagic activity in Drosophila. PloS one. 7:e44214. 

Qu, X., J. Yu, G. Bhagat, N. Furuya, H. Hibshoosh, A. Troxel, J. Rosen, E.L. Eskelinen, N. Mizushima, Y. Ohsumi, G. 
Cattoretti, and B. Levine. 2003. Promotion of tumorigenesis by heterozygous disruption of the beclin 1 
autophagy gene. The Journal of clinical investigation. 112:1809-1820. 

Scott, R.C., O. Schuldiner, and T.P. Neufeld. 2004. Role and regulation of starvation-induced autophagy in the 
Drosophila fat body. Developmental cell. 7:167-178. 

Sebbagh, M., and J.P. Borg. 2014. Insight into planar cell polarity. Experimental cell research. 328:284-295. 
Sever, R., and J.S. Brugge. 2015. Signal transduction in cancer. Cold Spring Harbor perspectives in medicine. 5. 
Shravage, B.V., J.H. Hill, C.M. Powers, L. Wu, and E.H. Baehrecke. 2013. Atg6 is required for multiple vesicle 

trafficking pathways and hematopoiesis in Drosophila. Development (Cambridge, England). 140:1321-
1329. 

Sun, Q., W. Fan, K. Chen, X. Ding, S. Chen, and Q. Zhong. 2008. Identification of Barkor as a mammalian 
autophagy-specific factor for Beclin 1 and class III phosphatidylinositol 3-kinase. Proceedings of the 
National Academy of Sciences of the United States of America. 105:19211-19216. 

Takáts, S., K. Pircs, P. Nagy, A. Varga, M. Kárpati, K. Hegedűs, H. Krämer, A.L. Kovács, M. Sass, and G. Juhász. 
2014. Interaction of the HOPS complex with Syntaxin 17 mediates autophagosome clearance in 
Drosophila. Molecular biology of the cell. 25:1338-1354. 

Tellkamp, F., S. Vorhagen, and C.M. Niessen. 2014. Epidermal polarity genes in health and disease. Cold Spring 
Harbor perspectives in medicine. 4:a015255. 

Thoresen, S.B., N.M. Pedersen, K. Liestol, and H. Stenmark. 2010. A phosphatidylinositol 3-kinase class III sub-
complex containing VPS15, VPS34, Beclin 1, UVRAG and BIF-1 regulates cytokinesis and degradative 
endocytic traffic. Experimental cell research. 316:3368-3378. 

Vaccari, T., S. Duchi, K. Cortese, C. Tacchetti, and D. Bilder. 2010. The vacuolar ATPase is required for 
physiological as well as pathological activation of the Notch receptor. Development (Cambridge, 
England). 137:1825-1832. 

Vaccari, T., H. Lu, R. Kanwar, M.E. Fortini, and D. Bilder. 2008. Endosomal entry regulates Notch receptor 
activation in Drosophila melanogaster. The Journal of cell biology. 180:755-762. 

Yu, X., Y.C. Long, and H.M. Shen. 2015. Differential regulatory functions of three classes of phosphatidylinositol 
and phosphoinositide 3-kinases in autophagy. Autophagy. 11:1711-1728. 

Zeng, X., J.H. Overmeyer, and W.A. Maltese. 2006. Functional specificity of the mammalian Beclin-Vps34 PI 3-
kinase complex in macroautophagy versus endocytosis and lysosomal enzyme trafficking. Journal of 
cell science. 119:259-270. 


