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INTRODUCTION 

Autophagy is an important self-degradation mechanism in eukaryotic cells. Its main 

function is to degrade and recycle old or dispensable cell components through lysosomes to 

provide substrates to anabolic processes (De Duve 1967). Three types of autophagy exist: 

micro-, macro- and chaperone-mediated autophagy. We are only working with the most well-

known and characterized form, macroautophagy (referred hereafter as autophagy). The first 

step of the process is the formation of a double-layered isolation membrane which engulfs a 

part of the cytoplasm (Mizushima, Levine et al. 2008). Closing of the isolation membrane 

gives rise to an autophagosome which then fuses with a lysosome producing an autolysosome, 

where the degradation takes place (Figure 1.). 

In every cell there is an ongoing basal autophagy. Developmental autophagy is induced 

during metamorphosis, when there is massive tissue and cell degradation. During starvation or 

energy deprivation autophagy is induced to maintain the most important cell functions. 

Autophagy takes part in various physiological processes, like immunity and aging, and 

protects cells and the organism from many diseases like neurodegeneration, cancer, liver 

diseases, or myopathies (Reggiori and Klionsky 2002, Mizushima, Levine et al. 2008, Yang 

and Klionsky 2010, Devenish and Klionsky 2012, Jiang and Mizushima 2014). These 

processes are often caused by malfunctioning or overfunctioning of autophagy. This short 

enumeration shows that autophagy has a highly varied cellular function and we have to study 

the regulation and operation of this process. 

ATG (autophagy-related) genes were first identified in yeast, but the process is highly 

conserved, most ATG gene homologs exist in all eukaryotes including Drosophila and 

mammals (Itakura and Mizushima 2010, Devenish and Klionsky 2012). Autophagic proteins 

and related morphological processes can be devided into six groups (Figure 1.): 1. initiation; 

2. isolation membrane nucleation; 3. isolation membrane elongation and autophagosome 

formation; 4. docking and fusion with lysosomes; 5. acidification and degradation of 

autolysosomes, and at last 6. recycling.  

The mechanism of autophagy is highly regulated. Its main regulator is TOR (target of 

rapamycin) serin-threonin kinase, which is the main energy and amino acid sensor of the cell. 

In addition to its role in promoting cell growth and proliferation, TOR suppresses autophagy 

(Hosokawa, Hara et al. 2009, Yang, Rudge et al. 2013). This suppression is caused by the 

phosphorylation of the members of the Atg1 kinase complex (Figure 1.). 
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FIP200 (FAK family interacting protein of 200kDa) is also a subunit of the initation 

complex (Ganley, Lam du et al. 2009, Hosokawa, Hara et al. 2009, Mizushima 2010). The 

mammalian FIP200 is a relatively big scaffold protein, acting in various cellular processes 

such as cell growth, migration, proliferation and survival. First it was identified by its 

interaction with ULK1/2 proteins (mammalian homologs of Atg1). Now the interaction with 

the other complex member, Atg13 has been verified. In mammals, the ULK1/2 complex is 

assembled regardless of the nutrient status. In nutrient rich conditions TOR protein directly 

binds to the initiation complex and suppresses it. During starvation this binding and also the 

suppression breaks off and the ULK1/2 complex can induce autophagy. First step of the 

initiation is the changing of the phosphorylation status of Atg13 protein, due to the changing 

activity of two kinases, ULK1/2 and TOR (Chang and Neufeld 2009, Hosokawa, Hara et al. 

2009, Jung, Jun et al. 2009). In contrast, the yeast initiation complex contains Atg1, Atg13, 

Atg17 and Atg29, Atg31 proteins. The complex only assembles at autophagic induction. In 

this process the inactivation of TOR and the almost complete dephosphorylation of Atg13 

(formerly phosphorylated by TOR kinase) are two important steps. Interesting difference 

between the two species is that Atg17 and FIP200 are not evolutionarily related, they only 

have similar roles in the complex, which is why they are considered as functional analogs. 

Drosophila CG1347 is the subject protein of our research. Based on bioinformatic analysis, 

CG1347 and mammalian FIP200 are orthologs (Kim, Park et al. 2013).  

Our model organism was the fruit fly, Drosophila melanogaster. This species has been the 

subject of genetic studies for a very long time. Its short lifespan, easy maintenance and the 

genetical and cell/developmental experimental methodology makes it a very efficient model 

for basic research. The fruit fly is one of the best models for autophagy, because in addition to 

starvation-induced autophagy, there is developmental autophagy during the third larval stage 

(Baehrecke 2003, Denton, Shravage et al. 2009, McPhee and Baehrecke 2009). We also used 

Drosophila haemocyte cell cultures for in vitro experiments.  

Figure 1. Mechanics and major complexes of the autophagic machinery (Made by Peter Nagy) 
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METHODS 

Molecular cloning and embryo injection 

For testing the function and the localization of Drosophila FIP200 protein, we generated a 

UAS-FIP200-GFP transgene and injected it to Drosophila embryos.  

 

Generation of polyclonal antibodies 

To investigate autophagy and localization of autophagic proteins, we generated endogenous 

polyclonal anti-FIP200, anti-Atg1, anti-Atg13, anti-Atg8a and anti-TOR rat and/or rabbit 

antibodies. 

 

Immunohistochemistry 

With the generated new antibodies we successfully localized the endogenous Drosophila 

proteins in midgut and fat body cells. 

 

Light and electron microscopy 

There are numberous methods for testing the autophagic machinery, transmission 

electronmicroscopy is the most classical form of investigating cell components. In addition to 

that, there are many fluorescent transgenes or dyes to detect autophagy in Drosophila midgut 

and fat body preparations.  

 

Immunoprecipitation 

For investigating the interactions between the protein members of the induction complex, we 

performed several immunoprecipitations both on in vivo and in vitro samples. We also 

mapped the interaction regions of Atg1-FIP200-Atg13 proteins. 

 

Western blots 

To determine the quantity and mobility of the proteins, we performed many western blot 

experiments. Unfortunately our anti-Atg1 is not working very efficiently, but the anti-Atg13 

antibody is very effective for testing the phosphorylation of this protein. 

 

Statistics 

Results collected from Western blots and microscopical images were evaluated with ImageJ 

and we estimated p values in all cases. 
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RESULTS 

 We identified the product of Drosophila CG1347 gene as a homolog of mammalian 

FIP200. To test protein function, we generated FIP200-/- null mutant animals, a 

FIP200-GFP transgene, and a polyclonal antibody against endogenous FIP200 protein. 

 

 We showed that autophagy is impaired in somatic clones and also in whole fat body 

tissue FIP200-/- mutant cells/animals. For testing, we used specific autophagic 

markers, such as LTR (LysoTracker Red) which stains the acidic cell organelles and 

mCherry-Atg8a transgenes and anti-Atg8 staining. There were no autophagic 

structures in the FIP200-/- cells. 

 

 We tested the FIP200-/- mutant animals’ fat body with transmission 

electronmicroscopy. We saw many autophagosomes and autolysosomes in contol 

animals, but not in the mutants. 

 

 We used western blots and light microscopy to show the accumulation of the selective 

autophagic cargo, p62 protein in FIP200-/- mutants. The presence of p62 aggregates 

imply impaired degradation. 

 

 For establishing the Atg1-FIP200 hierarchy, we made epistasis analysis. There were 

no mCherry-Atg1 positive structures in the FIP200-/- mutants. Overexpressing Atg1 

protein on a FIP200-/- mutant background resulted in many autophagic structures, 

suggesting that Atg1 acts downstream of FIP200. 

 

 We also tested the impact of FIP200-/- mutation on developmental autophagy and 

metamorphosis. In FIP200-/- mutants there was no developmental autophagy. Salivary 

glands and gastric ceaca are degraded in control animals during metamorphosis. The 

histolysis is inhibited in mutants, suggesting that the absence of FIP200 blocks 

developmental autophagy as well. 

 

 We tested the FIP200-/- mutant brains. Similar to other Atg mutants, there were many 

protein aggregates in mutant neurons. 
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 We investigated the localization of FIP200 and different Atg proteins. FIP200-GFP 

and the endogenous protein also colocalized with known PAS markers, suggesting that 

FIP200 is needed in the earliest step of the process. There was high colocalization 

between p62 and FIP200. Interestingly FIP200 localizes on cytoplasmic dots in close 

proximity to the lysosomes. 

 

 Overexpression of FIP200 protein induced autophagy, even without starvation. In 

Atg1 mutants there was no autophagy even in FIP200 overexpressed animals, meaning 

that FIP200 induces autophagy in an Atg1 dependent manner. 

 

 We carried out immunoprecipitations to prove that FIP200 is a member of the Atg1 

complex. We showed in vitro and also in vivo that FIP200 interacts with Atg1, Atg13 

and also Atg101. 

 

 We mapped the FIP200-Atg13 and Atg1-Atg13 interaction regions in Atg13 protein. 

Of the truncated Atg13 constructs, a fragment containing the putative unstructured 

regions of the protein binds strongly to FIP200. Atg1 binds to the C-terminal region of 

Atg13. 

 

 During the investigation of Atg1-Atg13 interacting region, we noticed that there were 

different mobility forms of Atg13 in the samples containing the Atg1 binding region. 

We demonstrated with phosphatase treatment and with different autophagy inducer 

and suppressor proteins that these forms are differently phosphorylated Atg13 

proteins. In well-fed animals there is a low level of slower mobility, highly 

phosphorylated Atg13. Starvation elevates the ratio of slower mobility Atg13 forms. 

 

 We investigated the effect of FIP200 on Atg13 mobility. Overexpression of FIP200 

decreases Atg13 mobility in fat bodies of well-fed animals. The starvation-induced 

shift of Atg13 to slower mobility forms is lost in FIP200-null mutants. Coexpression 

of dominant-negative Atg1 prevents FIP200-induced shift of Atg13 to slower mobility 

forms in fat body extracts of well-fed larvae. 
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MAIN POINTS OF THE THESIS 

 

1. Drosophila CG1347 is an analog of mammalian FIP200. 

 

2. Loss of FIP200 results in a block of basal and starvation-induced autophagy, even the 

earliest structures are missing. 

 

3. FIP200 acts upstream of Atg1. 

 

4. FIP200 is necessary for developmental autophagy. 

 

5. Protein aggregates accumulate in FIP200 mutant brains.  

 

6. FIP200 localizes near the lysosomes and colocalizes with p62 dots in the cells. 

 

7. Overexpression of FIP200 induces autophagy in an Atg1-dependent manner. 

 

8. Drosophila FIP200 is a member of the Atg1 kinase complex, and interacts with Atg1, 

Atg13 and Atg101. 

 

9. FIP200 activates Atg1 in vivo, and they control the phosphorylation state of the Atg13 

protein. 
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CONCLUSIONS 

 

In this study we demonstrated that in Drosophila melanogaster, a widely used genetic 

model organism, FIP200 is part of the Atg1 induction complex. This protein is similar to the 

mammalian one, and is the biggest subunit of the Atg1 complex and acts as a scaffold protein. 

We showed that FIP200 is necessary for basal, starvation-induced and developmental 

autophagy. Overexpression of the protein results in autophagy induction even without 

starvation.  

We investigated the localization of the protein. During starvation FIP200 localizes to 

cytoplasmic punctae in close proximity to lysosomes, colocalizing with p62 dots. Probably 

these are the preautophagic (PAS) structures, similar to yeast, where autophagic structures 

form near the vacuole. With this, maybe we are one step closer to solving the mystery of the 

early autophagic steps. 

We further investigated the hierarchy and operation of the induction complex, in which 

mammals, yeast and Drosophila are different. Here we demonstrated that in Drosophila, 

FIP200 is the most upstream component of the complex. Testing Atg13, we saw different 

phosphorylation states which change during starvation. Atg13 hyperphosphorylation is 

FIP200 and Atg1 dependent. In well-fed animals there was a low level of active, 

hyperphosphorylated Atg13 which probably controls basal autophagy. Based on these results 

we created a hypothetical model which shows the phosphorylation forms of Atg13 during low 

and high level autophagy (Figure 2.). 

  

Figure 2.:  

A hypothetical model of 

Atg13 function during 

basal and induced 

autophagy. 

 

(Made by Peter Nagy) 
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