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Abstract

The optimization process of initial hits is one of the major challenges in drug 
development because the initial hits found by high-throughput screening or virtual 
screening are usually at the micromolar level, Computer-aided lead optimization 
method can be roughly classified into three categories, including 
pharmacophore-based, quantitative structure-activity relationship (QSAR)-based, and 
fragment docking methods. However, the major limitations of the two former methods 
are that they require a set of compounds with experimental data and are not effective 
to find compounds with new scaffolds. The latter method predicts binding energy by 
scoring functions, which are often imprecise. Therefore, developing a new method to 
accelerate the process of lead optimization can provide a great value in drug design. 

To address the issue, we applied the site-moiety map (SiMMap) server developed 
by our lab to optimize potency of compounds. The server can derive a SiMMap of a 
protein binding site from a target protein and its docked (or co-crystallized) 
compounds. A site-moiety map consists of several anchors, and an anchor includes 
three basic elements: a binding pocket with conserved interacting residues, the moiety 
composition of query compounds, and pocket-moiety interaction type (electrostatic, 
hydrogen-bonding, or van der Waals). The site-moiety map describes the relationship 
between the moiety preferences and physico-chemical properties of the binding site. 
Our previous experimental results showed that when a compound highly agrees with 
anchors of site-moiety map, this compound often activates or inhibits the target 
protein. As a result, the site-moiety map can be helpful to assemble potential leads by 
optimal steric, hydrogen-bonding, and electronic moieties. 

Here, we applied the SiMMap server to infer the site-moiety map of H1N1 
neuraminidase by screening compounds, and verified the utility in the optimization 
process of three neuraminidase drugs (Zanamivir, Oseltamivir and Peramivir). 
Through the moiety preferences of anchors, we can simulate the development process 
of these drugs without using compounds with experimental data. In addition, the 
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Pearson correlation coefficient between the moiety energies of anchors and IC50 
values of neuraminidase inhibitors collected from literatures is 0.78, suggesting a 
compound with low anchor moiety energies could be a potent neuraminidase inhibitor. 
According to our results, we believe that moiety preferences of anchors are useful for 
the process of the lead optimization. 
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