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Ms Barbora Profantová – Řezáčová presents a doctoral thesis work on “Molecular 

mechanisms of DNA regulatory segment recognition by MADS box family transcription 

factors” in order to obtain a PhD from the University of Pierre et Marie Curie in Paris and 

from the Charles University in Prague. 

 

The thesis document is organized in three main chapters. The first chapter is related to the 

state of the art particularly on the MADS box family of transcription factors. In the second 

chapter are presented the experimental aspects both on samples and on the spectroscopic 

techniques used. The third chapter is focused on results and their discussions.  

 

Transcription factors play an essential role in the gene regulation of higher organisms, binding 

to multiple target gene sequences in a complex manner. Members of the MADS box family of 

transcription factors are involved in signal transduction and development control in yeasts, 

fungi, plants and animals. MADS acronym is derived from the four of the originally identified 

members: Minichromosome maintenance 1, Agamous, Deficiens and Serum response factor 

(SRF). They show an extensive homology of a 55-60 amino acids called the MADS box. This 

segment forms a part of a core domain of many members of the family. Its N-terminal basic 

part enables DNA specific sequence recognition and binding, whereas the C-terminal 

hydrophobic segment forms a protein dimerization domain.  One of the most extensively 

characterized DNA binding sequence recognized by MADS box proteins are the CArG box 

elements: CC(A/T)6GG.  

A detailed study of the structural and dynamical properties of the MADS box is necessary to 

understand the recognition process between the MADS box transcription factors and DNA 

segments containing CArG boxes. Preliminary studies have revealed that the initial 

recognition is a dynamical process. Recent works on 20-mer oligonucleotides bearing the 

specific high affinity CArG box of c-fos enhancer revealed equilibrium between bent and 

linear conformers. The frequency of interconversion between these conformers seems to be 

decisive for the specific recognition. It is now obvious that thermodynamic characteristics, 

kinetics of the structural arrangement formation and decay, and dynamics of both the DNA 

chain and the MADS box protein are closely related in the recognition process. In all these 



points are both partners influenced and maybe even controlled by the state of their hydration 

shell and its ionic content.  

The Human SRF MADS box motif and its significant shorter segments were closely studied 

in order to underline basic functional properties common to the protein family. For better 

understanding to the changes in the structural organization of the molecule in the solution, 

thorough study in using fluorescence, UV absorption, circular dichroism and Raman 

spectroscopy was performed. Particular emphasis was placed on advanced methods of data 

processing using multivariate methods.  

The three tyrosine residues (Tyr158, Tyr173 and Tyr195) of the MADS box located in the 

vicinity of amino acids with different charge and hydrophobicity were used as spectroscopic 

inner probes. Therefore a great attention was paid to their characterisation. To distinguish 

their individual contributions to the spectra and their further characterization, the effect of 

small changes of the environmental conditions especially the effect of pH variations, 

concentration of charged quenchers and interaction with model DNA oligonucleotides was 

examined. As a result a number of physico-chemical properties, secondary structure and the 

ability of DNA binding were disclosed. 

A promising approach for the determination of pKa constants of oligopeptide intrinsic 

fluorophores and spectral components referring to their differently charged states was 

introduced in. The method is based on the factor analysis of multi-wavelength spectroscopic 

pH titration data (absorbance and fluorescence). It was applied on short segments of the 

MADS box and revealed a reduction in pKa of the tyrosine residues Tyr158 and Tyr173 (to 

9.0 and 9.5 respectively) when compared to a free tyrosine (10.0). The decrease in pKa was 

probably caused by a presence of the positively charged amino acids in vicinity of tyrosines. 

The results indicated both good sensitivity and spectroscopic selectivity of the method, which 

thus may be considered as a complementary technique to conventional electrochemical 

methods. 

The high sensitivity to pH of a short segment of MADS box was investigated by Raman 

scattering, infrared and circular dichroism spectroscopies. Although there was a negligible 

difference between spectra in acidic and neutral environments, the spectrum in basic pH was 

substantially different. The major changes were attributed to the deprotonation of tyrosine 

Tyr173. The secondary structure of the fragment was estimated experimentally as well as 

predicted theoretically. Introduced approach represents a useful tool for study of various short 

oligopeptides.  



A thorough study of the MADS box segment was performed using fluorescence, UV-

absorption and Raman spectroscopy, in order to disclose its behavior and basic functional 

properties in aqueous environment. The secondary structure of the MADS box was estimated 

to 64–69 % of -sheet content, 22–25 % of -turn content and ~2 % of -helix content by 

analysis of the amide I and III bands of Raman spectra.  

To distinguish individual contributions to the spectra and further characterization of the three 

tyrosines, the effect of environmental conditions especially pH variations and addition of 

variously charged quenchers, was examined. First studies of the interaction between longer 

segments of the MADS box and its target DNA were performed by UV absorption and 

fluorescence spectroscopies.  

The results of the thesis study were published in two articles  (one more is currently being 

submitted) and presented at nine international conferences (three oral contributions). 

 

During this work Ms Barbora Profantová - Řezáčová developed a very interesting topic by 

mastering the scientific objectives and the associated spectroscopic techniques. The scientific 

results are of major interest and contribute to the knowledge of the structural characteristics of 

the MADS box and its various segments to understand the molecular mechanisms of 

recognition of regulatory segments of DNA. 

 

In conclusion, given its high scientific quality, the referee issues a very favorable opinion for 

the defense of this thesis  work to obtain the degree of doctor of the University Pierre et Marie 

Curie in Paris  and of Charles University in Prague.  

 

 

 

Professor Michel Manfait 


