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At the MCCMB’15 we presented the complex approach that combines methods of
bioinformatics, molecular modeling and theoretical chemistry to study protein families,
design enzymes with improved properties and search for new binding sites in enzyme
structures [1]. This strategy is based on identification of subfamily-specific positions in
protein structures which can be then used at studying functional diversity within large
superfamilies, as hotspots at rational engineering of protein properties as well as a key
criterion at selection of functionally important regulatory centers [2]. In the last two years the
original approach was further developed and evaluated. Its adaptation to the supercomputerbased calculations provided an opportunity to boost the performance and make the
procedures more accurate [3]. The upgraded approach has been applied to search for new
mechanisms to regulate functional properties of Glyceraldehyde 3-phosphate dehydrogenases
(GAPHDs). The bioinformatic analysis algorithm pocketZebra [4] has been used to identify a
novel binding site that is topologically independent from the catalytic site in GAPHDs’
structures and characterized by a high content of subfamily-specific positions. Screening of
GAPHD from Mycobacterium smegmatis by a large in silico library of low molecular weight
compounds has been carried out to identify selective modulators of the bacterial GAPHD
catalytic activity. To improve the selection of the most promising specific modulators we
have taken into account the interaction of candidate compounds with subfamily-specific
amino acid residues located in the target binding site. Thus the presence of subfamily-specific
positions previously considered as a key criterion at identifying and ranking functional and
regulatory centers in protein structures [4], has been extended to the stage of selecting the
most promising selective modulators. Inhibitory properties of in silico selected low molecular

weight compounds were experimentally evaluated with human GAPHD and bacterial enzyme
from Mycobacterium smegmatis. Three inhibitors were shown to selectively suppress activity
of the bacterial GAPHD but not of the human homolog. Molecular modeling has been
implemented to study the detailed mechanism of selective ligand binding to the discovered
site in GAPHDs. This study has shown that bioinformatic analysis can be used to disclose
novel ways to regulate protein function by identifying and studying previously unknown
binding sites.
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