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Chemistry and Biochemistry of Nucleic Acids 
Components 

CURRENT RESEARCH ACTIVITIES: 
(A) Design and synthesis of new cap analogs as translation inhibitors with potential therapeutic application. 
To date numerous modified cap analogues have been synthesized in our laboratory and tested as translation in-
hibitors of cap-dependent translation in vitro that compete with mRNA for the binding site of eIF4E (eukaryotic 
initiation factor 4E). One of the most interesting and promising group of compounds, which synthesis have been 
developed in our group, contains N2-modified 7-methylguanosine (the best of them is shown in the figure). Cur-
rently, we are working on an introduction of different types of aromatic groups (such as oxazole, thiazole) into 
this position and on the synthesis of cap analogues possessing double modifications (e.g. in N2 and N7 positions). 
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RESEARCH PROFILE: 
•  Synthesis of 5’ end mRNA (cap) analogues and 

their usage in biochemical and biophysical stud-
ies on translation initiation, splicing, intracelull-
ar transport and stability of mRNA in eukaryotic 
cells; 

•  Synthesis and biochemical investigation of trans-
lation inhibitors with potential therapeutical ap-
plication as anti-cancer drugs; 

•  Synthesis of nucleotides conjugates capable to 
penetratrate cell membrane; 

•  Design and synthesis of tools for examinations of 
gene expression in parasitic nematodes; 

•  Chemistry and biochemistry of nucleosides and 
nucleotides.
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(B) Synthesis, biological and biophysical evaluation of mRNA cap-peptide conjugates for targeted de-
livery of cap analogues to cancer cells. All cap analogues obtained so far, unfortunately, have not been 
used in in vivo studies because they are unable to pass through the cell membrane due to the presence 
of electrical charge. The development of a system for the delivery of analogues to cancer cells would 
open the possibility of practical use of such cap analogs with excellent inhibitory properties. Currently 
we are testing two ways for such a delivery: conjugation of analogs with cell-penetrating peptides (CPP) 
and masking the charge of nucleotides. The first idea is based on the exceptional property of CPP to 
carry into cells a wide variety of cargoes. Our project comprise of the design and synthesis of conjugates 
consisting of a cap analog and a cell-penetrating peptide (such as MPS shown in the figure, TAT) and/
or a cell-targeting peptide (such as iRGD) that are connected through enzyme degradable various types 
of bonds. The resulting constructs are subjected to in vitro and in vivo biological and biophysical studies. 

(C) Pro-nucleotides based on mRNA cap structures – synthesis, biological and biophysical evaluation. 
Prodrugs are bioreversible derivatives of drug molecules that undergo an enzymatic and/or chemical 
transformation in vivo to release the active drug. We’d like to implement this idea to 5’-monophosphate 
cap analogs and convert them to prodrug forms by derivatization of the phosphorus-coupled oxygen(s) 
to form neutral phospho di- or triester(s) or amidophospho mono-, di- or tiesters.

(D) Synthesis of dinucleotide cap analogs for RNA-based biopharmaceuticals. 
RNA-based biopharmaceuticals, which include therapeutics and vaccines, are a relatively new way of 
treatment for a number of chronic and rare diseases. Application of 5’-capped RNA requires synthesis 
of RNA terminated with cap that most often are accomplish by the use of a cap dinucleotide such as 
m7GpppG. Our group is focused on the synthesis of new dinucleotide cap analogs that allow proper 
incorporation of dinucleotide cap analog during in vitro transcription and improve an effectiveness of 
translation and stability of transcripts. 
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(E) Synthesis of mono- and dinucleotide disulfide derivatives. 
Compounds containing a thiol group in their structure (thiols) play a fundamental role in many biochemi-
cal and pharmacological processes due to the redox properties of function group (-SH). In our group, we 
develop methods for the synthesis of disulfide bridge between nucleotides and compounds performing 
a specific function i.e. fluorescent marker, cell penetrating peptides, compounds increasing solubility or 
affinity for a particular protein.


