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Background: Drug-design and the related pathogenic events are complex molecular 
processes that depend on the power of supercomputers for visualization and quantitative 
analysis. We use a combination of computational studies and wet laboratory 
measurements, to evaluate, strengthen, and expand our insights in molecular mechanisms. 
Methods: Supramolecular organization in physiological and pathogenic conditions is 
analyzed using multiscale molecular dynamic calculations [4]. Supramolecular 
complexes have included protein-protein interaction [4], protein-DNA interaction [1], 
and protein-membrane interactions [3]. In silico high-throughput screenings with 
compounds from commercial databases, are used as the initial fast and cheap approach 
for the development of drug-candidates [2]. QM/MM protocols are used for the design 
and optimization of mechanism based-inhibitors of enzyme activity [1]. 
Results:  
1. Inhibitors and activators of DNA methylation and epigenetic regulation [1]. Transition-
state analogs of human DNA methyltransferases are designed as potential drugs that act 
as mechanism-based inhibitors [1]. The analogs are prepared with 68 structural 
modifications using insights from wet laboratory studies and from MD and MM/QM 
protocols [1]. High-throughput in silico screenings of 200 thousand compounds from 
commercial databases, have been used as the fastest and cheapest initial strategy, for 
development of twenty specific inhibitors of different human DNA methyltransferases, 
Dnmt1 and Dnmt3 [1, 2]. Steered molecular dynamics studies of protein-DNA interaction 
showed that a decrease in DNA stability can lead to activation of DNA 
methyltransferases. The insights are used in for the development of activators of DNA 
methylation. 
2. Molecular basis of Alzheimer’s disease: novel diagnostic protocols and drug design 
strategies. Wet laboratory experiments and multiscale molecular dynamic studies showed 
that the saturation of membrane-embedded protease gamma-secretase with its amyloid 
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substrate can trigger pathogenic protein aggregation in Alzheimer s disease [3]. We found 
that the main candidate-drugs, such as semagacestat and avagacestat have failed, because 
multiple drug molecules can bind simultaneously to the target enzyme [3]. Binding of the 
drugs to multiple sites leads to competition between enzyme activation and inhibition. 
Thus, the drugs can facilitate development of the disease, by decreasing the catalytic 
capacity of the target enzyme, just as the disease-causing mutations [3].  
3. Supramolecular organization and substrate channeling [4]. Numerical integration of 
catalytic rates showed that the chances for substrate channeling depend on the overlap 
between the off-rates for donor-enzyme-substrate complex and donor-enzyme-acceptor-
enzyme complex. Thus, the manipulations with the enzyme-substrate off-rates can be 
used in metabolic engineering protocols. Multiscale molecular dynamics studies showed 
that NADH dehydrogenases GAPDH and LDH can form channeling complex only under 
limiting NAD(H) concentrations [4]. NAD(H) channeling between the two enzymes is an 
extension of NAD(H) channeling between the subunits in each tetramer [4]. The 
channeling paths for negatively charged substrates are defined as patches of positive 
electric fields on the protein surface [4]. Substrate channeling complex is also observed 
in amyloid metabolism between beta and gamma-secretase, as part of pathogenic 
processes in Alzheimer’s disease.  
Conclusions: Supercomputers will have the same impact on progress in biomedical 
sciences as microscopes had in the last 200 years. We use computational methods at three 
different levels. Cell physiology and pathophysiology can be described at the level of 
supramolecular interactions [4]. The insights into molecular physiology and 
pathophysiology can be used for the development of mechanism-based drugs [1], or for 
design of high-throughput in silico screening protocols [2]. In the parallel process, 
numerical integrations and rate constants for different steps in the catalytic cycle can be 
used for the design, optimization, and interpretation of mechanistic studies of enzyme 
activity [3, 4]. 
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