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 Natural peptides and proteins execute myriad of functions in living systems; many of 
them have been harnessed for practical applications. Nevertheless, scientists dare to modify 
the molecules of peptides and proteins in such a way as to endow them additional useful 
properties, unprecedented in nature. The modifications in this case aim at preserving their 
original properties or even enhance them and at the same time introducing new features, 
making the molecules attractive for their study or/and practical applications. 

 For example, introducing fluorine atom(s) in the molecules of natural peptides or 
proteins can be done with minimal disturbance of their chemical properties and biological 
functions, producing “F-labelled” compounds. Fluorine is hardly found in the biomolecules; 
therefore, the labelled proteins display a variety of the functions unexplored by nature. We 
synthesized a number of fluorine-containing amino acids mimicking the natural protein 
building blocks, and incorporated their residues in membrane-active peptides. Using the 
solid-state 19F-NMR, we explored the structure and behavior of the fluorinated peptides in 
lipid membranes, achieving atomic resolution level. 

 Another possibility of the augmentation of the natural peptide properties consists in 
introducing the so-called photoswitchable amino acid analogues instead of the natural amino 
acid residues in peptides and proteins. In our works, we employed a photo-isomerizable 
diarylethene fragment for this purpose, and designed beta-turn mimics on their basis. 
Antimicrobial and anti-cancer peptides equipped with such mimics displayed remarkable 
photocontrol of the biological activity. An ultimate goal is to develop such compounds which 
could be applied to living systems in their biologically inactive photoform, and then activated 
with high spatiotemporal resolution to their active forms, and this process could be reversed. 
Consequently, the light-controllable peptides, unprecedented to nature, could have favorable 
pharmacological characteristics, such as high selectivity of therapeutic action, reduced 
overall side-toxicity and significantly augmented safety that might increase their success rate 
on the way to clinics. Our photo-controllable peptides are analogues of a well-known potent 
natural peptide gramicidin S. Its mechanism of action is known to be unspecific: the peptide 
makes transient holes in any cell membrane causing cell lysis. No resistance was reported 
against gramicidin S and its analogues. Activation of the light-controllable peptides is done in 
a minimally invasive manner (through thin optical cable guided by magnetic resonance, 
computer tomography or ultrasound imaging) by tissue-benign red light. 


