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Figure 1. A typical virtual screening work�ow. Prior to screening, a template structure is 
obtained and a database of virtual compounds needs to be set up. The superimposi-
tion and similarity analysis step produces a list of similarity index values that are then 
used to select interesting molecules for further processing.

Introduction

Ligand-based virtual screening is a method to �nd novel bio-active molecules in databases of virtual compounds. One known 
active compound is used as a template to which the database molecules are compared and their chemical similarity estimated 
with. Chemical similarity implies similar biological function.

We have developed VisiScreenerTM, an easy-to-use computer program for ligand-based virtual screening, which allows the 
method to be used without prior experience in molecular modeling.

Methods

A virtual screening experiment usually proceeds as depicted in Fig. 1. VisiScreenerTM includes the necessary tools for 2D to 3D 
conversion and conformational analysis[1]. A wizard guides the user through setting up the conformational analysis (Fig. 2). 
Conformers are stored in database �les, which allows for the incremental appending of new compounds as they come available 
from a chemical vendor or in-house synthesis service.

The screening technology is based on the method Brutus[2-4]; the superimposition is obtained by maximizing the overlap of 
molecular interaction �elds. The interaction �elds describe how the target protein “sees” the ligand and are e�ectively decoupled 
from the 2D atomic connectivity, that is, how a chemist sees the molecule.

The screening run is started via a wizard, too (Fig. 3). A low-energy 3D structure is generated for the template if needed (Fig. 4). 
The screening can be done in parallel using multiple CPUs/cores (Fig. 5), which allows to take the maximum performance out of 
modern computer hardware. The results are stored in a database, which allows for incremental screening as new compounds 
come available.

After screening, compounds are selected for further processing either directly using the similarity index value computed by the 
Brutus method, or via clustering the molecules according to the interaction �elds using a Self-Organizing map (SOM). The latter 
method may give a more chemically diverse set of compounds, which is desirable at the early stages of drug development. The 
main window of VisiScreenerTM contains controls to view the superimposed molecular structures and perform compound 
selection (Fig. 6 and 7).

We used the case 'aid548', a set of inhibitors of protein kinase A, from the MUV benchmark data set for virtual screening[5] to test 
the presented screening technology. The active ligand 6-[4-(2-methoxyphenyl)piperazin-1-yl]-7H-purine (PubChem code 
CID212794) was selected randomly as the template. Enrichment factor (the number of active molecules selected by a screening 
method relative to random selection when a given portion of the database is selected) was used as performance metrics.

Results and Discussion

Enrichment factors (EF) were computed for selections of various size as listed in Table 1. A slight di�erence is observed in the EF 
values between the direct selection based on the similarity index list and the selections based on clustering using a SOM. Overall, 
the EF values are high (1 would equal random sampling) indicating that the Brutus algorithm performs well in this 
particular case.      
         EF = 100% *  (#actives selected) * (#compounds total)  
          (#compounds selected) * (#actives total) 
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% of database screened  0.5 1 2 5

Selection  Direct list 31.6 15.8 11.8 5.8

Method  SOM  31.6 18.5 13.2 5.8

Figure 7. 3D view of a database molecule “1615867” (red nuance) superimposed on the template molecule 
(blue nuance). Both the template molecule and “1615867” are inhibitors of protein kinase A. Non-polar 
hydrogen atoms are suppressed for clarity.

Figure 6. The main window of VisiScreener showing a 
list of selected molecules on the left, a Self-Organizing 
map in the middle, and the screening results clustered 
into one neuron on the right. Green color in the right 
panel highlights results that correspond to molecules 
on the list on the left panel.

Table 1. Enrichment factors (EF) for a screening run on the case 'aid548' from the MUV benchmark 
data set as described in Methods.

Figure 5. Modern multicore computer proces-
sors can be e�ectively utilized through running 
virtual screening in parallel execution threads.

Figure 4. A low-energy 3D structure can be 
generated for the template molecule if 
requested.

Figure 3. A wizard guides the use through the 
setup of virtual screening job.

Figure 2. Conformer analysis is started via a wizard. The resulting conformers are stored 
in a database �le that can be appended with new compounds as needed.


