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Formation of covalent bonds between DNA and proteins, the so-called DNA-protein
crosslinks, occur naturally in our cells typically as an unwanted product under various
environmental influences. This class of conjugates represent an understudied form of DNA
damage that may interfere with replication and transcription. If unrepaired, such modifications
can have severe biological consequences and defects in the repair mechanisms are linked to
various disease states. Therefore, the development of strategies enabling controlled formation
of DNA-protein crosslinks is of high importance not only to better understand their formation,
but also to study the respective repair mechanisms and pathological consequences.

This PhD thesis describes the work on the design, preparation and application of probes,
which enable formation of defined DNA-protein crosslinks with the focus on the unique
reactivity of di-carbonyls with arginine. The presented strategy is based on enzymatic
incorporation of modified nucleotides containing reactive diketone and glyoxal moieties into
DNA, which irreversibly react with guanidinium moieties of arginine residues. Different
strategies and approaches toward this goal were investigated. | appreciate especially that
despite initial discouraging results in application of the protecting strategy, the applicant was
able to bring the concept and the project to success. It is also obvious that the applicant had
to master various skills ranging from synthetic organic chemistry to biochemistry to accomplish
the outlined goals.

Overall, the work described in this thesis was well performed and will be of great
importance to the field, which is also reflected by two publications in excellent journals (+ one
review article). The thesis follows standard format and is clearly written so that it was easy to
follow the results and logic behind the experiments. The experimental part sufficiently supports
the major claims and provides additional details to the study. Despite a few typos, | found no

major errors or formatting flaws and the language is of good quality.
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From the minor errors, | would like to point out few issues that should be avoided in the future:
1) Bioorthogonal is written with double oo.

2) Page 35 at the top, one should always put information about reaction kinetics into context
(e.g. concentration of reagents, solvent, temperature).

3) Page 35, dihydropyridazines are formed in reaction of 1,2,4,5-tetrazines with alkenes and
pyridazines in reaction with alkynes. 1,2,4-triazines form dihydropyridines and pyridines,
respectively.

4) Figure 17, page 41, the adduct of cisplatin with protein should be on N7 nitrogen of the
guanine nucleobase.

5) Scheme 22, page 87, starting compounds are identical to products.

Questions for discussion

1) Page 85, the LC-MS/MS analysis of the crosslink shows modification of single arginine
residue within the protein. Was the modified DNA designed to bind to a specific position/region
of the histone or is there any preference in binding of the strand to the protein?

2) Page 94, experiments with peptides containing two lysine residues show some extend of
labeling. How this is possible when the imine formation is reversible? Can you comment?

3) For CuAAC labeling, you used slightly different procedures. CuSO, + ascorbate or CuBr +
ligand. Is there any difference, advantage or reason for the different modification procedures?
4) What are the main side products in CUAAC and in the cross-coupling reactions of monoftri-

phosphates or are there any other reasons for the relatively low yields?

In respect to the high quality of the work and overall good quality of the thesis, | recommend
the work for defense.

Yours faithfully, In Prague
16/08/2022
Milan Vrabel
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