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1. INTRODUCTION AND AIMS 

 

Uracil-DNA glycosylase is present in all examined mammalian and bacterial organisms 

hitherto, excepted several pupating insects. Uracil in DNA is excised by this enzyme and it 

generates abasic site [1]. Therefore arise of stable uracil-substituted DNA is not possible in 

the presence of uracil-DNA glycosylase. Fruitfly genome lacks the coding sequence of uracil-

DNA glycosylase therefore it may accumulate uracil-substituted DNA in the case of adequate 

nucleotide ratio (significant increase of dUTP level)[2].Previously we published that 

Drosophila larvae lack dUTPase enzyme, which keeps the cellular level of dUTP at low level 

[3]. Whether the lack’s of dUTPase increasing level of dUTP really may lead to accumulation 

of uracil-substituted DNA in fruitfly larval tissues.  

What is the role of uracil-substituted DNA arising in fruitfly larvae? It is known that the larval 

tissues in the pupating insect decay by programmed cell death (apoptosis) during the pupal 

stages and they provide material for the adult fly, which is growing in the pupa. 

 The DNA fragmentation in larval tissues may give the starting or enhancing signal to turn on 

metamorphosis related cell death. The double strand breaks in DNA mean very strong 

apoptotic signal [4]. A uracil-DNA specific endonuclease can easily generate several double 

strand breaks by cleaving both DNA strands. It is needed for the appropriate controlling of the 

process that the uracil-DNA cleaving endonuclease would be upregulated before or directly 

after pupation. 

In good agreement with the hypothesis of Deutsch and co-workers, we think uraci-DNA may 

preserved until the end of the third larval stage, when the novel uracil-specific DNA 

degrading factor (UDE) identified by us starts producing. 

The two aims of my thesis are tightly connected to the upper described hypothesis. One hand I 

wanted to analyze the structural-functional connection of UDE protein by generating several 

truncated and single mutant constructs.  

Other hand I started with the optimization of qualitative, semi-quantitative and mutative 

determination of the Uralic content of Drosophila tissues from different developing stages to 

understand the running biochemical processes during metamorphosis related cell death of 

pupating insects. 

 



2. Applied methods 

2.1. The applied methods during the determination of the uracil content of the 

Drosophila genomic DNA  

I maintained the Oregon-R wilde type Drosophila melanogaster strain. For the experiments I 

collected embryos, late third stage (wandering) larvae and adult flies. The control plasmids 

were generated by the amplification of pSUPERIOR puro plasmid in CJ236 dut-/ung-cells in 

the case of the uracil-containing plasmid or in XL1-Blue (wilde type) E.coli cells in the case 

of the normal plasmid. 

Foe the determination of uracil content I used three different methods: 

1. Agarose assay: I treated the control plasmids and the isolated genomic DNA by UNG 

and/or APE enzyme. The UDG enzymes cut the glycosidic bond between the ribose and base. 

The generated abasic site by this way will be recognized and cut by APE. After this treatment 

the DNA strand breaks will be detectable on agarose gel. 

2. Aldehyde reactive probe: I treated the control plasmids and the isolated genomic DNA by 

UDG int he presence of ARP reagent, which contained biotinylated hydroxylamine. The AP-

sites generated after UDG treatment was detected on dot blot with horse redish peroxidase 

conjugated streptavidine. 

3. HPLC-MS method: 

a: DNA samples were digested by UDG enzyme , the concentration of the releasing uracil 

after HPLC separation was determined by MS based on the molecular masses of the fragment 

ions. 

b: The isolated genomic DNA was treated first by UDG, and then the releasing uracil was 

derivatized with 4-bromomethyl-7-methoxycoumarin.  

2.2. The applied methods during the structural and functional analysis of the UDE 

protein 

The total length UDE and the truncated and single mutant proteins generated by site directed 

mutagenesis were produced in BL21 (DE3) ung-151 pLysS E.coli cells. The protein was 

purified on Ni-NTA column by manually or by AKTA system. During the in silico analysis of 

the UDE protein the homologue sequences were searched by Tblastpand genomic BLAST 

programme. The alignment of the sequences was done by CLUSTAL W programme. The 

primary parameters of the protein were determined by the PROTPARAM programme. For the 



disorder prediction on the basis of the amino acid sequence of the protein the IUPred, 

DISOPRED, RONN programmes were used. 

2.3. The structural analysis of UDE 

The domain organization analysis of the protein was done by limited proteolysis. The used 

proteases (trypsin, chymotrypsin, Asp-N endoproteinase) were chosen by the 

PEPTIDCUTTER programme. The ESPRIT (expression of soluble proteins by random 

incremental truncation) method, a new library-based construct screening technique developed 

at EMBL, was used to identify expressible domains in a short timeframe. 

Prediction of domain boundaries, secondary structure and fold recognition of UDE were 

conducted via GeneSilico Metaserver. To predict the tertiary structure of UDE, our co-

workers, J. Bujnicki and J. Kosinski performed de novo modeling of the region encompassing 

Motifs 1A and 1B using ROSETTA programme. To verify structural predictions, circular 

dichroism (CD) spectroscopy measurements were carried out. 

2.4. Functional characterization of the recombinant UDE 

2.4.1. Analysis of UDE catalytic activity 

First the uracil-DNA degrading activity of the protein was examined on normal and uracil-

containing plasmid DNA. The results were detected on agarose gel. To address the possibility 

of UDE catalyzing glycosidic bond cleavage, two independent methods were used. First, 

uracil release was addressed by analyzing reaction products generated in mixtures of UDE or 

UNG and uracil-DNA plasmid by HPLC/MS. By an independent second approach, the 

formation of aldehyde groups generated at abasic sites was followed by the Aldehyde 

Reactive Probe (ARP) reagent. The reaction product of UDE catalysis was analyzed on 

synthetic 75mer radioactively labeled (at the 5’ end) single-stranded and double-stranded 

oligonucleotides, containing one single uracil moiety in one of the strands, at the 30. position. 

The products were visualized on poliakrylamide denaturating gel. Later we performed 

cleavage experiments using synthetic 60mer single-stranded and double-stranded 

oligonucleotides, containing one single uracil moiety in one of the strands, at the mid-

position. The uracil-containing strand was labeled with a fluorescent dye to aid visualization 

of the reaction. The reaction mixtures were run on TBE-PAGE gel. To map the catalytic site 

of the protein the DNA-cleavage ability of the generated single and double mutant UDE 

proteins was analyzed. Examination of UDE RNase activity was performed using synthetic 

471mer double-stranded RNA.  



 

2.4.2. Characterization of UDE homologue in Tribolium castaneumban 

To confirm the in silico prediction of the UDE-like protein product in Tribolium, extracts of 

the insect larvae were investigated on Western blot using the polyclonal antiserum produced 

against recombinant Drosophila UDE. Producing the truncated UDE isoform corresponds to 

the physiological Tribolium UDE homologue we selected a chemical agent, hydroxylamine 

that cleaves peptide bonds exclusively between N111 and G112.The native molecular mass 

for the full length protein and the truncated UDE isoform was determined by analytical gel 

filtration and analytical ultracentrifugation. Structural models of Drosophila UDE 

pseudodimer and Tribolium UDE dimer were done by PyMol programme. 

2.4.3. Study of the DNA binding ability of UDE 

To assess the affinity of total length UDE and the truncated UDE isoform towards normal and 

uracil-containing oligonucleotides or normal and uracil-substituted plasmid DNA 

Electromobility shift assay (EMSA) was performed. Complexation between wild type or 

different point mutant UDE constructs and normal or uracil-substituted oligonucleotide 

ligands was also followed by oligonucleotide-binding induced quench in tryptophan 

fluorescence. 

2.4.4. Examinations of nucleic acid containing fraction of UDE  

To identify the size of bound nucleic acid the UDE-nucleic acid complex was treated by 

DNase, RNase and Proteinase K. To characterize the RNA species co-purifying with the 

protein, the presence of three specific RNA molecules were checked using reverse 

transcription followed by real-time PCR. The RNA content of endogen UDE was checked by 

analytical gelfiltration. Developmental regulation of UDE protein was followed on Western 

blot. 

 



3. Scientific results 

3.1. Results on the determination of the uracil content of the Drosophila genomic DNA  

1. Using the optimized agarose assay we verified that the larval genomic DNA compared to 

the DNA of adult flies contains detectable amount of uracil nucleobase. 

2. I also justified using the more sensitive aldehyd reactive probe (ARP) that the genomic 

DNA of the 3rd stage larva contains similar amount of uracil compared to the plasmid DNA 

amplified in dut-/ung- double mutant E.coli cells. 

3. For the quantitative determination of the uracil content of Drosophila tissues we started 

with the optimization of High Performance Liquid Chromatography (HPLC) connected Mass 

Spectrometry (MS).  To improve the sensitivity and selectivity we generated uracil 

derivatives. The derivatization reaction is under optimization. 

3.2. Results on the structural and functional analysis of the UDE protein 

1. The recombinant UDE protein was produced in E. coli BL21(DE3)ung-151 cells under the 

strong control of the pLysS plasmid to avoid of the endogen E. coli UNG contamination. 

2. By in silico analysis we found primary structural homology for UDE with a group of 

sequences present in genomes of other pupating insects. Five conserved motifs can be 

identified among these sequences. The first two motifs are rather extended, and show 

significant homology to each other. The sequence of UDE does not show any appreciable 

similarity to other nucleases or uracil-DNA recognizing proteins 

3. The domain organization of the protein was identified by limited proteolysis. DNA binding 

induces significant protection against proteolysis cleavage along the conserved motifs 1A and 

1B, and it induces a protein conformational transition. The C-terminal part of UDE containing 

motifs 2-4 is expected to be compactly folded because we did not identify any preferred 

cleavage sites. 

4. Using the ESPRIT (expression of soluble proteins by random incremental truncation), a new 

library-based construct screening technique developed at EMBL, I generated tens of thousands of 

random UDE constructs. From the best 96 constructs, that showed good expressing and solubility, I 

choosed 9 truncated UDE fragment for crystallization experiments. In the case five construct I 

identified new domain boundaries. 

5. De novo modeling was performed using ROSETTA and a 3D structural model was 

constructed for the tandemly duplicated N-terminal motifs 1A and 1B of the UDE protein 

separately. Secondary structure prediction revealed that the duplicated fragments are mainly 



alpha-helical and interact through the conserved segment of the surface. Circular dichroism 

spectroscopy also reinforces presence of α-helices in UDE. 

6. The protein is strictly uracil-DNA specific, it cleaves only single stranded DNA and it does 

not require divalent metal ions for its catalytic activity. 

7. UDE showed lower efficiency on uracil-substituted DNA compared to other uracil-specific 

enzymes. 

8. UDE does not catalyze glycosidic bond cleavage was justified by aldehyde reactive probe 

and HPLC-MS. 

9. We determined that the physiologically occurring Tribolium UDE lacks the N-terminal 

segment, and it may fold on its own, and may form a functional protein.  

10. The in vitro generated truncated UDE isoform preserved catalytic activity and specificity 

for uracil-substituted DNA. The catalytic activity was still present, but it was detectable only 

on single-stranded substrate.  

11. Native molecular mass estimation by gel filtration and analytical ultracentrifugation 

indicated that the truncated recombinant Drosophila UDE, representing Tribolium UDE, 

forms a homodimer. The two homologous Motifs 1A and 1B in the recombinant Drosophila 

UDE monomer may lead to the formation of a partial pseudodimer (Figure 1). 

 

Figure 1.: Structural models of Drosophila mel. UDE pseudodimer  and Tribolium 

cas.UDE dimer. 

 

12. Among the conserved residues investigated by mutational analysis, we found that K-137 

in conserved Motif 1B is indispensable for protein catalytic activity. 

13. Using electrophoretic mobility shift assay we found that UDE is capable of binding 

normal and uracil-containing DNA with comparable affinities.  



14. Fluorimetric studies verified that the wilde type and the mutant UDE protein bind with 

similar dissociation constant to the normal and uracil-sibstituted oligonucleotide. 

15. A specific difference was observed when comparing spectral characteristics of normal and 

uracil-substituted oligonucleotide and protein complexes during titration. For normal DNA, a 

red shift was evident upon complexation of UDE and DNA, but no such shift was seen when 

UDE was titrated with uracil-substituted DNA. This difference argues for uracil-specific 

distinction (Figure 2). 
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Figure 2.: Perturbation of emission spectra of UDE tryptophan fluorescence by DNA 

binding. 

16. Fluorimetric analysis of truncated UDE fragments confirmed both the N-terminal 

duplicated motifs, 1A and 1B, and Motif 4 take part in DNA binding and uracil-substituted 

DNA distinction (Figure 3). 

 

 

Figure 3.: The putative model of total length UDE and normal DNA complex. 

 



17. Analysis of UDE-nucleic acid complex showed that UDE eluted together with large 

amount of nucleic acid during its purification. 

18. The RT-PCR experiment confirmed the presence of UDE mRNA as well as 23S 

ribosomal RNA in the RNA-UDE species. We also observed that considerable fraction of 

endogenous UDE within pupal extracts is associated to RNA. 

19. UDE showed pupation-timed expression pattern on Western blot. 

 

4. Summary 

Fruitfly larvae lack two repair enzymes, the major uracil-DNA glycosylase and dUTPase, and 

may accumulate uracil-DNA. I set out to analyze the presence of uracil-DNA in Drosophila 

larval tissues. I compared genomic DNA from larvae and imago after treating them with UNG 

and APE, members of BER mechanism. In larval genomic DNA, notable degradation was 

detectable. I also applied a more sensitive method, the Aldehyde Reactive Probe assay, which 

was also capable to determine the uracil content of larval DNA. For quantative determination 

of the uracil content of Drosophila tissues, we started with the optimization of HPLC - MS 

which is also a sensitive and selective analytical method.  

Uracil in DNA may be used for signalling in Drosophila development via recognition by a 

novel uracil-DNA degrading factor (UDE) expressed during pupation. The UDE protein has 

no detectable similarity to any other uracil-DNA binding factors and has no structurally or 

functionally described homologues. Limited proteolysis with different proteases shows 

extensive protection by DNA at the N-terminal duplicated conserved Motif 1A/1B, and a 

well-folded domain within the C-terminal conserved Motifs 2-4. Fold prediction models for 

Motif 1A and 1B suggest similar α-helical bundles and two conserved positively charged 

surface patches that may bind DNA. A truncated protein construct, lacking one copy of the N-

terminal conserved Motif 1, is capable to fold on its own.  This physiologically occurring 

truncated isoform in T. castaneum preserved its specificity and catalytic activity. The protein 

is specific for uracil, it cuts single stranded uracil-containing DNA and does not requires the 

presence of any divalent metal ions.  I characterized DNA-binding segments of UDE and 

identified a conserved lysine residue (K-137) within conserved Motif 1B that may be essential 

for DNA-cleaving function. Electrophoretic mobility shift assay showed that UDE has 

comparable binding affinities towards normal and uracil-containing oligonucleotides. Binding 

assays based on protein tryptophane fluorescence revealed that the protein is capable of 

uracil/thymine distinction in complex with DNA. We also found that recombinant UDE is co-



purified with significant amount of RNA species strongly bound to the protein. RNA-

dependent complexation of UDE was also demonstrated in fruit-fly pupal extract suggesting 

physiological relevance of RNA-binding.  

UDE represents a new class of proteins that process uracil-DNA with potential involvement in 

metamorphosis.  

 

5. References 

 

1. Friedberg EC, Walker, G. C., Siede, W. (1995) DNA Repair and Mutagenesis 

American Society for Microbiology Press, Washington, D. C. 

2. Aravind L, Walker DR & Koonin EV (1999) Conserved domains in DNA repair 

proteins and evolution of repair systems. Nucleic Acids Res 27, 1223-1242. 

3. Bekesi A, Zagyva I, Hunyadi-Gulyas E, Pongracz V, Kovari J, Nagy AO, Erdei A, 

Medzihradszky KF & Vertessy BG (2004) Developmental regulation of dUTPase in 

Drosophila melanogaster. J Biol Chem 279, 22362-22370. 

4. Hengartner MO (2000) The biochemistry of apoptosis. Nature 407, 770-776. 

 

6. Publications 

6.1. Journal articles 

1. Békési, A., Pukáncsik, M., Muha, V., Zagyva, I., Leveles, I., Hunyadi-Gulyás, E., 

Klement, E., Medzihradszky, K. F., Kele Z., Erdei A., Felföldi F., Kónya E., Vértessy B. G. 

„A novel fruitfly protein under developmental control degrades uracil-DNA” 

Biochem. Biophys. Res. Commun. 2007. 355 (3): p. 643-8. 

 

2. Békési, A., Felföldi, F., Pukáncsik, M., Zagyva, I.,Vértessy, G.B. 

 Uracil-DNA nuclease: protein enzyme possessing nuclease activity specific for uracil 

containing nucleic acid, process for its preparation and methods of use 

United States Patent and Trademark Office. 2005: USA. No.: 11/160040, 2005 

 

3. Pukáncsik M, Békési A, Klement E, Hunyadi-Gulyás E, Medzihradszky KF, Kosinski J, 

Bujnicki JM, Alfonso C, Rivas G, Vértessy BG. 



„Physiological truncation and domain organization of a novel uracil-DNA-degrading factor” 

FEBS J. 2010 Mar; 277 (5):1245-59. 

 

4. Pukáncsik M., Békési A., Horváth G., Kónya E., Vértessy B. G. 

„Identification of conserved residues and segments responsible for specific DNA binding 

and catalytic activity of a novel uracil-sensor protein” (Submitted) 

 

5. Békési A., Haasz P., Felföldi L., Pukáncsik M ., Leveles I., Muha V., Hunyadi-Gulyas E., 

Erdei A., Medzihradszky K. F., Vértessy B. G. 

“Association of RNA to the uracil-DNA degrading factor has major conformational effects 

and is potentially involved in protein folding” (Submitted) 

 

6. Muha V., Horváth A., Erdélyi M., Pukáncsik M., Békési A., Hodoscsek B., Merényi G., 

Jankovics F. and Vértessy B. G. 

“Uracil-DNA in Drosophila: interpretation and developmental involvement” (Submitted) 

6.2. Oral presentations 

2009: Pukáncsik M, Békési A, Klement E, Hunyadi-Gulyás E, Medzihradszky KF, Kosinski 

J, Bujnicki JM, Alfonso C, Rivas G, Vértessy BG. 

„Structural and functional characterization of a novel uracil-DNA 

degrading protein” 

Straub Meeting of the Biological Research Center, Hung. Acad. Sci., Szeged, Hungary  

2008: Pukáncsik M, Békési A, Klement E, Hunyadi-Gulyás E, Medzihradszky KF, Kosinski 

J, Bujnicki JM, Vértessy BG. 

„Structural and functional analysis of uracil-DNA degrading factor” 

Meeting of Department of Molecular Biology of the Hungarian Biochemical Society, Szeged, 

Hungary 

6.3. Poster presentations 

2007: Pukáncsik Mária, Angéla Békési, Imre Zagyva, Ibolya Leveles, Hunyadi-Gulyás 

Éva, Klement Éva, Medzihradszky F. Katalin, Janusz Bujnicki,Vértessy Beáta. 

„Domain analysis of uracil-DNA degrading factor” 

Meeting of Department of Molecular Biology of the Hungarian Biochemical Society, 

Debrecen, Hungary 



 

2007: M. Pukáncsik, A.Békési ,I. Zagyva, I. Leveles, Emese Kónya,F. Felföldi, É. Klement, 

K. F. Medzihradszky, B. G. Vértessy.  

„Structural analysis of a new nuclease” 

EMBO Workshop on Integrated Approaches in Structural Enzymology  

EMBL Hamburg 

2007:M. Pukáncsik, A.Békési ,I. Zagyva, I. Leveles, F. Felföldi, É. Klement, K. F.  

Medzihradszky, A. Erdei, P. Szabó, B. G. Vértessy.  

„Characterization of the nuclease responsible for uracil-DNA signaling in Drosophila 

melanogaster”. 

„UDE protein in the fly and design of specific mutants based on structural predictions”. 

 Alexander von Humboldt Workshop on Structure-Based Approaches Towards Disease 

Control, Mátraháza. 

2006: Pukáncsik Mária, Békési Angéla, Felföldi Ferenc, Zagyva Imre, Leveles Ibolya, 

Hunyadi-Gulyás Éva, Medzihradszky F. Katalin, Erdei Anna ,Vértessy G. Beáta. 

 „Characterization of uracil-DNA specific nuclease in Drosophila melanogaster ”.  

Meeting of Department of Molecular Biology of the Hungarian Biochemical Society, Pécs, 

Hungary 

2006: A. Békési, M. Pukáncsik, V. Muha, I. Zagyva, I. Leveles, F. Felföldi, É. Klement, K. 

F. Medzihradszky, A. Erdei, P. Burkovics, L. Haracska, B. G. Vértessy.  

„Characterization of the nuclease responsible for uracil-DNA signaling in Drosophila 

melanogaster” 

31st  FEBS Congress, Istanbul. 

 

 


