SUMMARY

This PhD thesis describes the development and the synthesis of DNA-reactive probes bearing 1,3-
diketone or phenylglyoxal moieties which can be used for cross-linking with arginine-containing
peptides or proteins. The general strategy was based on the functionalization of the position 5 of
pyrimidines via aqueous Sonogashira coupling or click reaction (CuAAC) with reactive building
blocks to synthesize modified 2’-deoxyribonucleoside monophosphates and triphosphates
(dINMPs/dNTPs). The following step was the enzymatic incorporation of such functionalized
dNTPs into DNA via primer extension (PEX). In parallel, the monophosphate derivatives were
used as model compounds for reactions with arginine and arginine-containing peptides to test the
reactivity of the probes. For the reactive candidates, model reactions on the modified-DNA with
arginine or Arg-containing peptides were performed and the DNA-probes were used in cross-
linking reactions with Arg-rich DNA-binding proteins. The development of such probes was not
straightforward but required the investigation of diverse candidates. More importantly the balance
between reactivity and stability of the reactive group was the focus point and the challenge in the
design of the reactive building blocks. The first candidate consisted of thiazolidine masked
glyoxylamide group. Unfortunately, this candidate revealed to be non-reactive towards arginine.
The second candidate contained acetal-protected glyoxal. Further studies on monophosphate
showed the necessity of very hard conditions to free the reactive group. However, the conditions
were not ideal for biological systems and therefore the moiety needed to be re-designed. The third
strategy foresaw the use of phenyl-dihydroxy-ethyl ketone to be further transformed, by oxidative
cleavage, in phenylglyoxal. In this case the treatment with NalO4 caused the double cleavage of
the reactive group and the impossibility to bring this approach to further investigation. Since the
use of a protection/masking strategy compromised either the reactivity or the integrity of the
reactive group, free-phenylglyoxal group and 1,3-diketone were selected for the study. Both of the
monophosphates showed good reactivity in model studies with arginine. Additionally, they were
good substrates for KOD XL DNA polymerase in primer extension reactions and in all cases full-
length product was observed. Model studies with modified-DNA probes and Arg-containing
peptides were successful and the covalent adducts were characterized. Furthermore, peptides
containing all other amino acids except arginine were used as negative control to prove the
selectivity towards arginine. Cross-linking reactions with Arg-containing DNA-binding proteins

(e.g histones) were successfully performed and in both cases covalent adducts were observed by



gel analysis and characterized by ESI mass spectrometry. In the same conditions, phenylglyoxal-
linked DNAs were more reactive than the 1,3-diketone DNA probes. In case of 1,3-diketone, post-
labelling of azido-modified DNA with alkyne-modified 1,3-diketone was performed and the
derivatives were tested in cross-linking reactions with proteins. According to the results, the

enzymatically synthesized probe is more reactive than the post-labelled one.

These enzymatically synthesized arginine-selective DNA probes could be used in further
applications as a potential tool to study protein-DNA interactions via covalent cross-linking or to

design irreversible inhibitors of DNA-binding proteins.



