
Compound F1843-0098 in the 
binding site of p300 (HAT).

Compound F3234-0953 which 
occupies the binding site of 

DOTL11 (KMT).

A complex of PRMT5 and 
compound F6127-0221.

   DNA Methyltransferase (DNMT1, DNMT3A, DNMT3B, Lysine-Specific Histone Demethylase 1)
   Histone Deacetylase (HDAC I, HDAC II)
   Histone Acetyltransferase (P300) 
   Histone-Lysine N-Methyltransferase (DOTL1) 
   Histone H3 Lysine 4 Specific Methyltransferase (KMT4)
   Protein Arginine Methyltransferase (PRMT1, PRMT3, PRMT4/CARM1, PRMT5)

PPI Focused Library by 2D Similarity Search to Timbal DB

About 1,500 compounds were extracted from the Life Chemicals HTS Compound Collection by 2D fingerprint similarity 
search towards Timbal DB with Tanimoto 85 % threshold.

PPI Focused Library by 2D Similarity Search to Binding DB and Pubmed DB

Using Binding DB and Pubmed DB, a reference set of small organic molecules with activity in 28 PPI assays towards the 
following 7 targets was collected: toll-like receptor 4; Hepatitis C virus core protein (dimerization inhibition); Tyrosine-
protein kinase TYRO11; runt-related transcription factor 1 isoform AML1c; core-binding factor beta subunit 
isoform 1; mitogen-activated protein kinase 2 (MAP2); mitogen-activated protein kinase 3 (MAP3). 

After filtering and merging their activity data, the resulting 10,000 unique compounds were obtained and further used as a 
basis for the library design. The MDL public keys and the Tanimoto similarity cut-off 90 % were applied to the Life 
Chemicals HTS Compound Collection that enabled picking up more than 22,000 compounds.

PPI Focused Library by the Rule of Four

This library was created on the basis of the study done by X. Morelli et al. The analysis of the 2P2I dataset 
(http://2p2idb.cnrs-mrs.fr) determined a group of structural and chemical features that were recognized as the Rule of Four  
(Fig. 5). It has been shown that a specific value range for AlogP/ClogP (ALOGP/CLOGP > 4), molecular weight (MW > 400), 
number of hydrogen bond acceptors (HDA > 4) and number of rings (Ring > 4) defines the properties of a PPI inhibitor. 

The rule was used as a filter to accelerate the process of identification of potential PPI inhibitors and their application 
resulted in the library containing 4,300 compounds (Fig. 3). All the compounds were passed through PAINS filters.

PPI Screening libraries by Receptor-based Approach
Docking Search against PDZ Domain-containing Proteins

First PDZ domain of MAGI1(d1)

The Unity Query Model based on 2I04 PDB entry was created as a superposition of features of the ligand structure (human 
papillomavirus (HPV) E6) and corresponding residues from the substrate-binding groove of PDZ domain of MAGI1. 
Therefore, the final Unity model contained structural elements both from PDZ binding site residues and HPV E6 peptide 
pharmacophore (Fig. 7). The screening model included: nine hydrogen bond donor features (donor site), six hydrogen bond 
acceptor features (acceptor site) and two hydrophobic features (hydrophobic sites). 

After the screening, over 2,000 compounds have been selected for this Library.

Second PDZ domain of PSD-95 (2 screening models)

When designing this library, two docking models were developed and used for screening. The first docking model was 
based on 2KA9 PDB entry (Fig. 3). The query features were identified from the key residues of the PDZ domain responsible 
for ligand binding.Totally, at least 5 feature constraints were set to meet hit compound binding requirements. 

As a result, 1,000 compounds were identified as hits.

The second screening model was based on 1QLC PDB entry. At least 4 features must be matched by a hit compound. 
This study enabled us to identify 1,600 hits (Fig. 8).

A group of proteins presented in the study 
that illustrates a concept of the Rule of Four.

Figure 5

Scatter plots prepared with SYBYL-X software that demonstrate 
the distribution of compounds from the Library according to the 
Rule of Four descriptor values.

A UNITY search query for potential inhibitors of PDZ d1 
MAGI1 with HPV E6 binding pose. The query was 
prepared by comparing the pharmacophore model of 
HPV E6 and features created on the base of the binding 
pocket residues of MAGI1 PDZ1. Donor sites are colored 
in green, acceptor sites are colored in violet and the 
hydrophobic feature is brown.

Example of a virtual hit compound F3225-8235 
binding mode. QFit = 65.03. The compound forms 
two hydrogen bonds with Ile114 and Asn120 of the 
PSD95 PDZ2 substrate binding site.

Structures of DNMT3A (left) and DNMT3B (right), the surface of the binding pocket is shown. 

HATs, PRMTs and KMTs

Docking in these series of proteins was carried out with Glide (Fig. 2) after analysis of co- crystallized ligand binding modes. 
Information about the binding modes was obtained from published data and available crystal structures. The analysis 
included relaxation of protein-ligand complexes with molecular dynamics simulation and protein conformations clustering.

DNA Methyltransferase

In the course of creating this library, our primary interest was focused on DNA methyltransferases: DNMT1, DNMT3A, and 
DNMT3B, the proteins that are promising epigenetic targets in cancer therapy.

An additional sub-library for Lysine-Specific Histone Demethylase 1 was developed as well to expand and complete our 
DNA Methyltransferase library.

Compounds from a reference set collected from the literature were docked in the prepared S-adenosyl-l-homocysteine 
binding sites. Docking (Fig. 1) was carried out with Glide software (Schrödinger), which  provides an efficient and flexible 
prediction of protein-ligand complexes based on constraints in the electrostatic grid maps and hydrophobic regions. 
Finally, the compounds have been selected by score values according to the results of the docking validation experiment 
that employed the reference set of compounds.

Figure 1

Test compound (on the left) and F0648-0360 (on the right) docked in SIRT3 
model (4JT8).

HDAC

The HDAC subset was designed for HDAC class I and HDAC class II proteins based on 7 existing crystal structures obtained 
from the Protein Data Bank. Docking score values of the reference set compounds correlated well with the corresponding 
activity values obtained experimentally. Glide docking mode assumed implementation of hydrogen bond, volume 
and hydrophobic interaction constraints to sort out unfavorable conformations of ligands before screening.

SIT Targeted Library

Sirtuins (SIRT) is a class of proteins that possess either mono-ADP-ribosyltransferase or deacylase activity, including the 
activity that is classified as an epigenetic factor. The SIRT Targeted Library includes potential sirtuin inhibitors and consists 
of 750 compounds. It was prepared by virtual screening of the Life Chemicals HTS Compound Collection applying Glide 
(Schrödinger) software.

The first docking model is based on SIRT 1, 2, 5 and 6 considering the similarity of their binding site (2 hydrogen bonds), and 
the second one is based on the structure of SIRT 3 (3 hydrogen bonds) (Fig. 3).

Figure 3

Principal component analysis (PCA) 
showing the accumulation of compounds 

best matching our parameters (see the list 
of the parameters above).

The epigenetic and PPI structure sets presented below expand the range of our collections of targeted and 
focused libraries for drug discovery as a response to a growing interest in these products on the market.

EPIGENETIC TARGETED AND FOCUSED LIBRARIES
Epigenetic Focused Library - 2D Fingerprint Similarity Search

2D Fingerprint Similarity search allowed to select 650 compounds making up the Library. This approach means that referent 
molecules (active compounds found in literature) and molecules of interest are represented as a set of small fragments 
encoded in a bit strings (“fingerprints”). Both sets of “fingerprints” are compared to estimate their degree of similarity. 
When designing this library, reference sets of known epigenetic modulator compounds were obtained from the ChEMBL 
database. The upper IC50 value threshold for all reference compounds was 1.1 μM against each target. Similarity search was 
performed with SYBYL-X software (SELECTOR, GALAHAD, Surflex-Sim).

Epigenetic Targeted Library - Docking Screening

The Library contains 7,000 compounds picked out by virtual screening against the following targets:

PPI SCREENING LIBRARIES
PPI Focused Library by Machine Learning (Decision Tree) Method

To predict compounds that can affect PPI, a machine learning method (decision tree, DT) was used. This method is 
recognized to be a useful tool to identify PPI inhibitors. The DT method is based on a cross-validation protocol to 
provide the balance between enrichment, sensitivity and specificity of the learning data set. By means of comparison 
of unique physicochemical features of PPI and non-PPI inhibitors, several descriptors showing a correlation for PPI 
inhibitors in a specified range of values were found:

• RDF 070m (≤ 3.31) is a shape-based descriptor that defines a radial distribution function of an ensemble of atoms in
a spherical volume with the radius of 7 Å

• UI (> 4.13) - an unsaturation index directly linked to the number of multiple bonds, containing double, triple and
aromatic bonds

• SHP2 (≤ 0.30) – an average shape profile index of order 2 deduced from the distance distribution of the geometry
matrix

• Mor11m (> - 0.1) - a descriptor calculated by summing atom weights viewed by a different angular scattering function
(signal 11 / weighted by atomic masses)

Other filters that were applied to the entire Life Chemicals Stock Collection: ClogP = 1.5–4.5; TPSA = 75 – 120; MW ≤ 475; 
HBD = 0 – 4; HBA = 4 – 9; PAINS filters.

Resulting compounds were included in the Life Chemicals PPI Machine Learning Method Library that finally comprised 
about 2,500 molecules (Fig. 4).

Figure 4

Distribution of compounds within 
allowed values of descriptors. The plot 
was built to validate the method: red 
points correspond to the compounds 
obtained from Timbal database with 
molecular weight lower than 450, and 
green – to our PPI Inhibitors Machine 
Learning Method Library. All descriptors 
were calculated with PyChem.
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