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Introduction 

The fine control between protein synthesis and degradation contribute to the 

homeostasis of the cells and guarantees the continuous renewal of cellular components 

(Morimoto and Cuervo 2009). One actor of these processes is autophagy that is an 

evolutionary conserved cellular self-degradation mechanism, by which part of the 

cytoplasm (organelles and proteins) is degraded through lysosome -in yeast through 

vacuole- to provide amino acids and energy for the cell. This pathway is also active at a 

continuous basal level. 

Experimental studies confirm that the failure in the autophagic process leads to 

accumulation of abnormal proteins and damaged organelles and eventually to cell death 

(Mizushima, Levine et al. 2008). Autophagy takes part in several processes, and loss of 

it leads to many types of illnesses like heart and liver disease, Crohn's disease, cancer 

and neurodegeneration. It also has a role in the defense against pathogens, apoptosis, 

degradation of tissues and organs, in aging and starvation responses. 

Three routes of autophagy are known: chaperon-mediated (CMA), micro- and 

macroautophagy (Klionsky 2005; Mizushima, Levine et al. 2008; Bejarano and Cuervo 

2010), which have different regulation, mechanism and substrates. During 

macroautophagy (referred hereafter as autophagy) a part of the cytoplasm is engulfed by 

the isolation membrane into a double-membrane bound autophagosome. It can fuse with 

endosomes to form an amphisome (Takáts, Nagy et al. 2013), then with 

lysosome/vacuole, producing an autolysosome that way. 

In the autophagic process, the Atg (autophagy) proteins play a central role, and more 

than thirty was identified in yeast. The homologs of them were found in mammals, too, 

and they .take part in the formation of autophagosomes as protein complexes. (Figure 

1). 

The main regulator of autophagy is the TOR kinase complex that is the nutrient and 

energy sensor of the cells. Its function is affected not only by food and energy status but 

the presence of growth factors and stressors, too. TOR complex regulates cell growth, 

aging and memory, and its inactivation leads to activation of autophagy. 

For the elongation of isolation membrane during autophagy, two ubiquitin-like 

conjugation systems are required: Atg8 and Atg12. Atg16 takes part in the lipidation of 

http://www.ncbi.nlm.nih.gov/pubmed/19228787
http://www.ncbi.nlm.nih.gov/pubmed/18305538
http://www.ncbi.nlm.nih.gov/pubmed/15615779
http://www.ncbi.nlm.nih.gov/pubmed/18305538
http://www.ncbi.nlm.nih.gov/pubmed/20160146
http://www.ncbi.nlm.nih.gov/pubmed/20160146
http://www.ncbi.nlm.nih.gov/pubmed/23671310
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Atg8. It binds to the Atg12-Atg5 conjugate and plays the role of the E3 ligase in the 

conjugation of Atg8 to the phosphatydil-ethanolamine found in the isolation membrane 

(Fujita, Itoh et al. 2008). In yeast Atg16 contains an Atg5 binding and a coiled-coil 

multimerization domain (Mizushima, Noda, 1999) that are together referred to as the 

Atg16 domain, both required for the autophagic function (Fujioka, Noda et al. 2010. 

Kuma, Mizushima et al. 2002). Besides these, however, mammalian Atg16 (Atg16L1) 

contains additional regions like a linker and a WD40 protein interaction domain 

(Mizushima, Kuma et al. 2003).  

Atg16L1 has a role in the formation of clathrin-coated vesicles (Ravikumar, Moreau et 

al. 2010), the defense against pathogens (Fujita, Morita et al. 2013), and it is implicated 

in an inflammatory bowel disease, the Crohn's disease (Scharl and Rogler 2012; Naser, 

Arce et al. 2012). These data show the diverse pathways Atg16 takes part in and 

necessitate further experiments on the function of this gene.   

Our model organism is the fruitfly (Drosophila melanogaster). Its main characteristics 

are the short lifecycle, easy handling, smaller genome size compared to the 

mammalians, powerful genetics, and last but not least the in vivo model. In this 

complete animal, starvation-induced and developmantal autophagy can be studied as 

well as behavioural phenotypes can be examined. 

 

 

 

 

Figure 1: Mechanism and complexes of autophagy (made by Péter Nagy) 

http://www.ncbi.nlm.nih.gov/pubmed/18321988
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fujioka%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19889643
http://www.ncbi.nlm.nih.gov/pubmed/?term=Noda%20NN%5BAuthor%5D&cauthor=true&cauthor_uid=19889643
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kuma%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11897782
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mizushima%20N%5BAuthor%5D&cauthor=true&cauthor_uid=11897782
http://www.ncbi.nlm.nih.gov/pubmed/12665549
http://www.ncbi.nlm.nih.gov/pubmed/20639872
http://www.ncbi.nlm.nih.gov/pubmed/20639872
http://www.ncbi.nlm.nih.gov/pubmed/24100292
http://www.ncbi.nlm.nih.gov/pubmed/23295687
http://www.ncbi.nlm.nih.gov/pubmed/22346247
http://www.ncbi.nlm.nih.gov/pubmed/22346247
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Methods 

P element remobilization: 

With the imprecise excision of the G5082 P element found in the 5' untranslated region 

of Atg16, we generated Atg16d129 lacking the Atg16 domain and the Atg16d67 null 

mutant animals. Using these we studied the phenotypes of the lack of Atg16. 

Generation of transgenic animals: 

We generated a genomic promoter driven C-terminally 3xHA tagged Atg16 with which 

we could rescue the phenotypes originating from the lack of Atg16 function. To study 

the level of Crz we produced a Crz-mCherry riporter transgene driven by its own 

promoter. 

Generation of polyclonal antibodies: 

To investigate the Atg16 protein isoforms we generated two polyclonal antibodies, one 

is specific for the Atg16 domain the other is for the Atg16 linker domain. 

PCR: 

To study the size of the deletions we used PCR and to analyze the level of Atg16 and crz 

mRNA we made quantitative Q-PCR. 

Western blot: 

We used Western blot for the investigation of Atg16, the level of Atg8a forms and the 

autophagic cargo p62 in the Atg16 mutants. 

Immuncytochemistry: 

We studied the accumulation of p62 and the colocalization of the genomic promoter 

driven Atg16-3xHA and Crz with immunostaining. 

Light and electron microscopy: 

We investigated the autophagic structures in the clone cells within fat bodies using LTR 

staining in fat cells and electron microscopy in neurons. To study the level of Crz in the 

neurons we used confocal microscopy. 

Alcohol sedation test: 

To study the sensitivity to alcohol vapor of the Atg16, Atg7 and Atg3 mutants we used 

the alcohol sedation test. 

Statistics: 

For the cell fluorescence intensity studies ImageJ program was used. We calculated the 
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p values with SPSS program. 

Results 

 For the functional studies of the Atg16 we generated mutants for this gene via P 

element imprecise remobilization: Atg16d67 and Atg16d129 . 

 

 Our polyclonal antibodies showed that all isoforms were missing from the 

Atg16d67 but only the c isoform was impaired in the Atg16d129 . There was no 

Atg16 mRNA in the null mutant. 

 

 We produced a genomic promoter driven Atg16-3xHA transgenic line for the 

rescue of Atg16d67 null mutant.  

 

 Western blot studies showed the lack of lipidated Atg8a and the accumulation of 

the autophagic cargo p62 in the Atg16 mutants. 

 

 Autophagosomes and autolysosomes are missing in the larval fat body.  

Accumulation of p62 and protein aggregates is obvious in the neurons of adult 

flies. 

 

 Atg16 mutants show impaired climbing activity due to neuromuscular defects. 

 

 Survival analysis showed that the lifespan of the Atg16 mutants is shorter: they 

live about half as long as the control animals, and they are sensitive to the 

oxidative stress-inducing toxin paraquat.  

 

 Atg16 mutants are less sensitive for the sedative effects of ethanol compared to 

the control flies, based on treatment with alcohol vapor.  

 

 Unlike the Atg16 mutants, the Atg7 and the Atg3 null mutant male flies have 

alcohol sensitivity similar to the controls. 

 



 

6 

 The Atg16 protein is highly expressed in the Corazonin neuropeptide producing 

cells and colocalizes with the Crz positive structures. 

 

 The reexpression of Atg16 in the Crz+ neurons restored normal alcohol 

responses in the Atg16 null mutants. 

 

 The specific knockdown of Atg16 in the Crz producing neurons decreased 

alcohol sensitivity. 

 

 We generated a Crz-mCherry transgenic animal driven by its genomic promoter. 

The fluorescence of Crz-mCherry decreased in the Atg16 null mutants under 

alcohol treatment and the level of endogenous Crz showed also significant 

decrease. 

 

 The level of crz mRNA was low in the Atg16 mutants compared to the control 

animals. It suggested that Atg16 has a role in the normal alcohol sensitivity 

through the regulation of the crz mRNA level.  
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Main points of the Thesis 

1. Atg16d129 and the Atg16d67 are deletion mutants. 

2. The Atg16/1 antibody binds to the Atg16 linker domain and recognizes all 

isoforms. The Atg16/2 antibody binds to the Atg16 domain and with that it 

recognizes only the longest, c isoform. 

3. Atg16 is required for the lipidation of Atg8a. 

4. Atg16 is required for the autophagic degradation of p62. 

5. Autophagosome and autolysosome formation is impaired by the lack of Atg16 in 

fat bodies and neurons of the mutant fruitflies.  

6. Lack of Atg16 resulted in the emergence of protein aggregates in neurons.  

7. Lack of Atg16 leads to decreased alcohol sensitivity in an Atg7 and Atg3 

independent manner. 

8. Atg16 functions in Corazonin producing neurons. 

9. Atg16 is required for the maintenance of Crz protein and mRNA levels. 
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Conclusions 

In our work we generated Atg16 mutant fruitfly lines. We detected that in the Atg16d129 

only the c isoform is missing, while Atg16d67 lacks all isoforms based on western blots 

using the antibodies produced by us. Q-PCR showed that there is no Atg16 mRNA in 

the Atg16d67, thus it is a null mutant.  

The study of the autophagic phenotype of the mutants revealed the lack of lipidated 

Atg8a. That means that Atg16 is required for this process similar to yeast and mammals 

(Kuma, Mizushima et al. 2002; Fujita, Itoh et al. 2008). In the Atg16 mutants, p62 

accumulated in the larval fat body in line with the failure of autophagy. Lysotrecker Red 

staining and electron minroscopic images showed the absence of autolysosomes and 

autophagosomes. In addition, protein-aggregates appeared that could be responsible for 

neuromuscular defects. The climbing assay showed that our mutants suffer from 

neuromuscular dysfunction. Similar to other mutants with an autophagic defect (Juhász, 

Érdi et al. 2007), our Atg16 mutants were sensitive to paraquat treatment and had 

shorter lifespan than control flies. These results prove the function of Atg16 in the 

autophagic process. 

Alcohol treatment revealed an increase in the alcohol resistance of the Atg16 mutants 

compared to the control animals, indicating a role for Atg16 in alcohol-induced coma. 

Unexpectedly the Atg7 and Atg3 null mutants showed no change in alcohol sensitivity. 

This suggests that the function of Atg16 in this process in independent from its usual 

autophagic partners.  

Corazonin expressing neurons are known to be responsible for the normal alcohol 

sensitivity (McClure and Heberlein 2013), so we examined the role of Atg16 in these 

cells. The level of Atg16 protein increased in the Crz+ neurons and it colocalized with 

Crz positive structures, which supported the function of Atg16 in these cells. We could 

detect with both immuncytochemistry and Q-PCR that not only the protein but also the 

crz mRNA level was decreased in the Atg16 mutants during alcohol treatment. Our final 

conclusion is that Atg16 ensures normal alcohol sedation sensitivity through the 

regulation of crz level. 

 

http://www.ncbi.nlm.nih.gov/pubmed/11897782
http://www.ncbi.nlm.nih.gov/pubmed/18321988
http://www.ncbi.nlm.nih.gov/pubmed/18056421
http://www.ncbi.nlm.nih.gov/pubmed/18056421
http://www.ncbi.nlm.nih.gov/pubmed/23447613
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