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1. Introduction  

 
Autophagy is a basic cell biological process of self-digestion in eukaryotic cells that 

maintains homeostasis by cleaning up and recycling long-lived or damaged proteins and cellular 

organelles. If cells are challenged by different stress conditions such as hypoxia, cold or heat 

stress or starvation, autophagy provides them with monomers and energy in order to help them 

survive. Interestingly, autophagy also has an important in programmed cell death, especially in 

the postembryonic development of metamorphosing animals. This controversial phenomenon 

initiates an intensive discussion on how a suggested role of autophagy in cell suicide might be 

linked with its survival function. 

First of all, a well-characterized group of genes should be activated in order to start the 

autophagic machinery and make appear that morphological structures which indicate the starting 

of the autophagy. These genes and the proteins coded by them are involved not only into the 

autophagy but also they control the steps of embryonic and postembryonic development, the 

formation of tumors and neurodegenerative diseases as well as the conditioning of aging and 

lifetime.  

There is an extremely effective and very well coordinated system behind this cell 

biological process which makes the cells give a prompt and adequate autophagic answer to the 

changes or challenges of their environment. The central regulator of the autophagy is TORC1 

(target of rapamycin kinase complex 1), which is capable to phosphorylate and inactivate the 

proteins responsible for the initiation of autophagy. In this way, when the TORC1 is active the 

formation of double layered isolating membrane and the starting of autophagy is inhibited.  

The TORC1 multiprotein complex can integrate the signals passed trough numerous 

signaling pathways such as signals of supply of nutrients or different stress as well as the 

presence or absence of hormones or growth factors. Via this, the TORC1 can control and direct 

the metabolism and growth of the cell. Both in the unicellular yeast and multicellular eukariotes 

the process of autophagy depends on the activity of the proteins which are coded by autophagy-

related (atg) genes but are governed by TORC1. These proteins play an important role in the 

nucleation, elongation and closing of the pre-autophagosomal structure (PAS) or phagophore. 

Furthermore, they help its fusion with the lysosomes.  

 

 



 

 

 

The first step to initiate autophagy is the inactivation of TORC1 and as a consequence of this , the 

partial dephosphorylation of Atg13 and its binding to the Atg1/ULK1/2 protein. In the yeast the 

next protein which combines to this complex is the Atg17 and it is followed by Atg11, Atg29 and 

finally the Atg31. The nucleation and assembly of the initial phagophore membrane requires the 

class III phosphatidylinositol 3-kinase (PtdIns3K) complex, which is composed of the PtdIns3K 

Vps34 (vacuolar protein sorting 34), a myristoylated serine/threonine kinase Vps15, Atg14 and 

Atg6/Vps30. The PtdIns3K complex, partly together with the above Atg proteins, further recruits 

two interrelated ubiquitin-like (Ubl) conjugation systems, Atg12–Atg5-Atg16 and Atg8–PE 

(phosphatidylethanolamine), to the phagophore, which play an essential role in regulating the 

membrane elongation and expansion of the forming autophagosome. 

When autophagosome formation is completed, Atg8 attached to the outer membrane is 

cleaved from PE by Atg4 and released back to the cytosol. However, the retrieval and uncoating 

mechanisms of other Atg proteins remain to be studied. Autophagosome-lysosome fusion is 

mediated by the same machinery that is involved in homotypic vacuole membrane fusion. In 

mammalian cells, the fusion event requires the lysosomal membrane protein LAMP-2 and the 

small GTPase Rab7, although the mechanism is less characterized. The inner content of 

autophagosome is rapidly degradated and the monomers are transported back into the cytoplasm.  

In holometabolous insects, autophagy is induced in larval tissues before and during 

metamorphosis, when the majority of these cells die. The timing and hormonal control of this 

process are well-known in these animals and this makes them a remarkable model for the study 

of autophagy. At the time of the wandering period, in the fat body which is one of the most 

important larval tissues, the emerging autophagosome fuses with a lysosome, and forms an 

autophagic vacuole, in which the sequestered material is degraded. In alignment with this 

increasing degradation, the total activity of the lysosomal enzymes is low during the feeding 

period becomes higher in the course of the wandering stage and increases strikingly at the 

puparium formation. Since it is easy to propagate and it has been investigated for more than a 

century and finally because this organism is eligible to be investigated by an extremely wide 

range of molecular-biology tools the Drosophila melanogaster is one of the best subjects for the 

research of the process of autophagy. 

 



 

2. Objectives 

2.1. The role of cAMP in the control of autophagy  

A sophisticated network is formed from kinases and phosphatases which are 

involved into the control of the autophagy. Their activity is strongly affected by the 

content of cAMP of the cytoplasm. We analyze the relationship between the titer of 

molting hormone and the cAMP level in the trophocytes at the time of developmental 

autophagy.  

2.2. The origin of the enzymes located in the protein granules.  

Along the autophagy, the trophocytes of the larvae of holometabolus insect show a 

marked heterophagy. By using an antiserum raised against the isolated protein with the 

para-nitrophenyl activity, we investigate whether this enzyme can be stored in the 

inactive form transitionally in the hemolymph.  

2.3. Investigation of Drosophila genes which seems to be homologous to the autophagy genes 

of the yeast.    

After an in silico screen for the homologues of the autophagy genes in the database 

of Drosophila, we investigate draut1 (the Drosophila homologue of Aut1/Atg3) in order 

to prove that this gene plays an indispensable role in the developmental autophagy and 

through this in the postembryonic development.   

 

2.4. Finding of the novel autophagy-related genes by screening the Drosophila mutant 

collections carrying P-element insertion.   

  We screen the mutant stocks using light- and electronmicroscopic methods and 

select the lines that seem to be potentially defected in endocytosis or autophagy. After 

having excluding the lines which were rescued by 20-hydroxyecdysone treatment, we 

determine the exact position of the inserted P-element and the gene affected by it in the 

remaining lines. Finally, we remobilize the P-element from its original insertion point to 

another one in order to prove that the resulted phenotype was caused by the insertion-

affected gene.  



 

2.5. The role of snf4a (AMPK) gene in the regulation of autophagy  

 

One of the isolated mutants carries an insertion of a P-element in the gene coding 

snf4aγ, the Drosophila homologue of the AMPK (AMP-activated protein kinase) subunit. 

The ability to form autophagic vesicles can be restored by remobilization of the P-element 

in the mutant. Silencing of snf4aγ by RNAi suppresses autophagic vesicle formation in 

wildtype flies. The antibody raised against Snf4a showed that this gene product is 

constitutively present in the wild-type larval tissues during postembryonic development, 

but the  Snf4a protein was nearly absent from the cells of homozygous mutants. Snf4a 

translocates into the nuclei of fat body cells at the onset of the wandering stage 

concurrently with the beginning of the autophagic process. Our results demonstrate that 

Snf4a has an essential role in the regulation of autophagy in Drosophila larval fat body 

cells. 

  

2.6. The significance of lqf gene in the autophagy and heterophagy  

 

The other finding of the screening P-element-induced mutant collections was the 

l(3)S011027 stock,  in which the liquid facets (lqf) gene was affected that codes an epsin 

homolog protein in Drosophila. We revealed that Lqf is essential to the receptor-mediated 

endocytosis of larval serum proteins (LSPs) in the larval fat body cells of Drosophila. In 

l(3)S011027 line, lack of Lqf protein fails the formation of autophagosomes what leads to 

the arrest of destroying of trophocytes. Transgenic larvae carrying Lqf-RNAi construct 

were unable to generate endocytic and autophagic vacuoles and led to a prolonged larval 

stage. On the other hand, GFP-tagged Lqf protein showed an exclusive colocalization 

with the LysoTracker Red- or GFP-Atg8a labeled autophagosomes. By using the 

antiserum generated against the fifth exon of lqf, we demonstrated that prior to the onset 

of developmental autophagy the Lqf protein was present in the nucleus of fat body cell, 

but thereafter the protein was localized in the territory of endocytic and autophagic 

vacuoles. The fact that the inhibition of the target of rapamycin (TOR) did not restore the 

autophagic process and the normal development in the case of lqf mutant larvae points to 

that the Lqf is downstream to the TOR, the central kinase of the autophagy pathway. 

 

 



3. Methods  

3.1. Treatments in vivo  

The hormones or compounds either were injected into the body cavity of the larvae by using 

a glass microsyringe or were fed by larvae. The amino acid withdrawing was used for the 

induction of autophagy  

 

3.2. Measure of the cAMP content. 

The competitive protein binding assay was applied to determine the cAMP concentration of 

the fat body tissue.  
 

3.3. Determination of the acid phosphatase content and activity of the fat body and hemolymph  

We examined the activity of the acid phosphatase based on the splitting of the p-nitrophenyl-

phosphate. In order to determine the enzyme content of the given tissue we used ELISA 

method.   
 

3.4. Raising of antiserum  

The proteins which were used as antigen were either isolated traditionally or cloned.  
 

3.5. Molecular-biological methods   

The RNAi-, GFP- and rescue constructs were created by using kits. The other molecular-

biological methods (PCR, digestion with restriction enzymes, ligation, transformation and 

plasmid isolating) were conventional. 

  

3.6. Creation of transgenic animals   

The proper constructions were injected into the posterior end of the fertilized Drosophila 

eggs by ourselves or by the Transforming Service of BRC, Szeged.  After the collection of 

the transgenic animals the stable stocks were founded. 
 

3.7. Genetic experiments  

They were: Generation of mitotic clones in the fat body, remobilization of P-element, and 

mendelian crossings.  
 

 3.8. Demonstration of the presence of autophag structures  

The freshly dissected fat body lobes were stained with acridine orange or LysoTracker red 

solution. The stained samples were investigated directly under fluorescent microscope.  
 

3.9. Western blots  

The protein samples were separated on polyacrilamide gel slabs then they were blotted to a 

nitrocellulose filter. After the immunostaining has been finished, the blots were developed.  
 

3.10. Immunohistochemistry. 

The slightly fixed fat body lobes were stained by the conventional method and then they 

were investigated either under fluorescent or confocal microscope.  
 

3.11. Light- and electronmicroscopy 

After the fixation with aldehyde the samples were embedded into araldyte. The semi-thin 

sections were stained with toluidine blue and they were investigated under light microscope. 

The ultrathin sections were analyzed under electron microscope.  

 

 



4. Results and discussion 

 

4.1. The massive autophagy at the time of the preparation for the metamorphosis accompanied by 

the elevating of the concentration of cAMP in the larval fat body of the Lepidopteran larvae. 

The changes of the cAMP level in the cytoplasm of trophocytes were well correlated with the 

changes detected in the titer of molting hormone and the appearance of autophagy. The latter 

was also enhanced in the cells exposed to dibutyryl CAMP or theophylline either in vivo or 

in vitro. Based on these data, we think that CAMP content of the fat body is controlled by 

ecdysone and that CAMP plays a significant role in the regulation of autophagocytosis in this 

tissue during metamorphosis. 

 

4.2. Using immunobiological methods we proved that the trophocytes could secrete acid 

phosphatase into the hemolimph where they are transitionally stored in inactive form. 

Increase in the 20-HE titer at the end of last larval stage reverses this process, and the 

enzyme proteins are taken up by the fat body cells, and transferred into the protein granules 

where they become activated at the time of metamorphosis.  

 

4.3. We demonstrated that the Drosophila homolog of yeast Aut1/Draut1, is a ubiquitously 

expressed cytosolic protein. Draut1 loss of function was achieved by expression of an 

inverted repeat transgene inducing RNA interference causing a considerable decreasing of 

the number of autophagosomes. Draut1 loss of function larvae are unable to induce 

autophagy and heterophagy in fat body cells before pupariation and die during 

metamorphosis.  

 

4.4. Screening P-element-induced mutant collections, 52 lines were selected as potentially 

defected ones in endocytosis or autophagy. After excluding those which were rescued by 20-

hydroxyecdysone treatment, the exact position of the inserted P-element was determined in 

the remaining lines. Until recently the next two lines (1(3)S005042 and l(3)S011027) have 

been investigated in detail. 



 

4.5. Investigation using light and electron microscopy of one of the isolated mutants 

(l(3)S005042) revealed the absence of autophagic vesicles in their fat body cells during the 

third larval stage. We showed that formation of autophagic vesicles cannot be induced by 20-

hydroxyecdysone in the tissues of mutant flies and represent evidence demonstrating that the 

failure to form autophagic vesicles is due to the insertion of a P-element into the gene coding 

Snf4aγ, the Drosophila homologue of the AMPK (AMP-activated protein kinase) γ subunit. 

The ability to form autophagic vesicles (wild type phenotype) can be restored by 

remobilization of the P-element in the mutant. Silencing of snf4aγ by RNAi suppresses 

autophagic vesicle formation in wildtype flies. We raised an antibody against Snf4aγ and 

showed that this gene product is constitutively present in the wild-type larval tissues during 

postembryonal development. Snf4aγ is nearly absent from the cells of homozygous mutants. 

Snf4aγ translocates into the nuclei of fat body cells at the onset of the wandering stage 

concurrently with the beginning of the autophagic process. Our results demonstrate that S 

Snf4aγ has an essential role in the regulation of autophagy in Drosophila larval fat body 

cells. 

 

4.6. In the case of l(3)S011027 stock, that liquid facets (lqf) gene was affected which codes an 

epsin homolog protein in Drosophila. We revealed that Lqf is essential for the receptor-

mediated endocytosis of larval serum proteins (LSPs) in the larval fat body cells of 

Drosophila. In l(3)S011027 line, lack of Lqf fails the formation of autophagosomes, and 

consecvently, leads to the arrest of destroying of trophocytes. Transgenic larvae carrying 

Lqf-RNAi construct were unable to generate endocytic and autophagic vacuoles and led to a 

prolonged larval stage. On the other hand, GFP-tagged Lqf protein showed an exclusive 

colocalization with the LysoTracker Red- or GFP-Atg8a labeled autophagosomes. By using 

the antiserum generated against the fifth exon of lqf, we demonstrated that the Lqf protein 

was present in the nucleus of fat body cells prior to the onset of developmental autophagy, 

but thereafter it was localized in the territory of endocytic and autophagic vacuoles. The fact 

that the inhibition of the target of rapamycin (TOR) did not restore the autophagic process 

and the normal development in the case of lqf mutant larvae points to that the Lqf is 

downstream to the TOR, the central kinase of the autophagy pathway.  
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