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Evaluation Report on the Doctoral Thesis 

Modifications of DNA by reactive groups for bioconjugations and cross-links with arginine-

containing peptides and proteins 

by Denise-Liu’ Leone 

 

The presented dissertation thesis is focused on the preparation of DNA modified with various 

functional groups that can selectively form a covalent bond with the arginine side chain of 

peptides/proteins. Such molecules can be used to study interactions between DNA and arginine-rich 

proteins, in particular histones, but also many other (especially DNA-binding) proteins. 

The actual work consisted in the design and preparation of several types of reactive moieties that 

should form stable conjugates with arginine. In subsequent steps, these moieties had to be introduced 

into a nucleoside or nucleotide at selected positions and further enzymatically incorporated into the 

DNA strand, which then served as a probe to study possible crosslink or conjugate formation. 

The first compounds investigated were nucleotides modified with glyoxylamide, which was prepared 

via a protected intermediate. The reaction sequence was successful, but the first experiments showed 

that the glyoxylamide part was not reactive enough to form a conjugate with arginine; only adducts 

with lysine or cysteine were obtained. Nevertheless, further experiments were carried out on the 

model molecule, which showed that the model nucleotide is a good substrate for KOD XL polymerase 

and can be incorporated into DNA and subsequently cleaved. This provided important information for 

the preparation of other molecules. In further experiments, glyoxal itself was chosen as the reactive 

modification. Various approaches to its preparation were tried, but usually encountered problems in 

deprotection. Therefore, two approaches were tried with unprotected phenyl glyoxal, both of which 

resulted in relatively good yields of the target molecules. This procedure also produced small amounts 

of by-products, the identification of which has received considerable attention. I really appreciated 

this part, it was really interesting to find out. Exploratory reactions with arginine showed good 

reactivity of the glyoxal-containing nucleoside monophosphates with arginine, whereas the reaction 

with lysine did not proceed, which was in agreement with the aim of the work – the crosslinks should 

form selectively with arginine. The analogous nucleoside triphosphates were then incorporated into 

DNA via PEX methodology. Subsequently, the designed molecules were shown to form adducts with 

both arginine and arginine-containing peptides or proteins. All this was properly demonstrated by gel 

electrophoresis and mass spectrometry. The last reactive modification was the introduction of 1,3-

diketones into the DNA chain with the sequence analogous to the previous cases. This part was also 

successful and the resulting DNAs provide adducts with arginine and peptides or proteins rich in 

arginine. Thus, the stated aims of the present dissertation have been completely fulfilled. 

The thesis has a traditional structure with a highly informative introductory section, followed by 

specific objectives that provide the rationale for the thesis, then results and discussion, conclusion, 

experimental section and references. The thesis is written in a relatively clear language and it is easy 

to follow the main ideas, hypotheses, experimental setup and results. Only rarely does it contain 

complicated sentences that the reader has to puzzle with for a while. The experimental part is 

described in detail, with all necessary spectral and physical data given, and the descriptions of the 

experiments and gels are very easy to navigate through. The experiments are fully consistent with the 
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conclusions of the thesis. Among the minor criticisms I would mention occasional typos, formaldehyde 

in Figure 17 (to the right of the arrow) looks like acetone, in Scheme 22 the reactant formula is identical 

to the product formula. But these are only minor details. 

Questions and topics to the discussion: 

1. On page 45, Scheme 2, the yields for the free nucleoside, monophosphate, and triphosphate 

are 22%, 56%, and 7%, respectively. Do you have any explanation why monophosphate had the best 

result? Is it an isolation problem etc.? Please comment further on the experiment. 

2. Section 3.2.2, deprotection of glyoxal did not result in a reasonable yield of the expected 

product. The table summarises the conditions investigated, but it is not accompanied by any 

references. Was the method of acetal deprotection considered before starting of the actual synthesis? 

3. Page 81, based on the very limited formation of conjugates with TVE (Tobacco-etch virus 

protease) and BirA (Biotin ligase) proteins, it was concluded quite strongly that crosslinking is only 

efficient with DNA-binding proteins. Is this sufficient proof? 

In spite of all the comments and questions, I must conclude that the stated objectives of the submitted 

work have been fully met. This is a very innovative interdisciplinary research, where the adept had to 

combine a deep knowledge of organic synthesis with many methodologies used in the fields of 

biochemistry and molecular biology. A significant part of it was published in excellent international 

scientific journals and the candidate has thus demonstrated that she is capable of independent 

scientific work.  

In conclusion, the presented results are original and of high scientific value, and therefore I recommend 

the thesis for defence and further proceedings for the degree of PhD. 

In Olomouc 2.9.2022 

 

Doc. RNDr. Milan Urban, Ph.D. 

 


