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Predictive proteochemometric models for kinases
derived from 3D protein field-based descriptors†‡
Vigneshwari Subramanian,ab Peteris Prusis,a Henri Xhaardb and Gerd Wohlfahrt*a

Proteochemometrics, a method that simultaneously uses protein and ligand description, was used to
model the target-ligand interaction space of 95 kinases and 1572 inhibitors. To build models, we applied
3-dimensional field-based description of the receptors, which allows the visualization of receptor and li-
gand features relevant for activity within the spatial framework of the binding sites. Receptor fields were
derived from knowledge-based potentials and Schrödinger's WaterMaps, while ligands were described by
different 1D, 2D and 3D descriptors. Besides good interpretability, which is important for inhibitor design,
the obtained proteochemometric models also predicted external test sets with active and inactive ligands
or additional protein targets for ligands with more than 80% accuracy and AUCs above 0.8.

Introduction
Protein kinases are enzymes, known to modulate various cel-
lular, metabolic and signaling pathways through phosphoryla-
tion.1 Abnormalities in kinase regulation can lead to several
diseases, including cancer, diabetes and inflammatory disor-
ders, making kinases one of the most studied drug target
classes. Thirty kinase inhibitors are currently available on the
market.2 The majority of these inhibitors targets the ATP
binding sites, therefore having a high probability for inter-
acting with multiple kinases.3 The similarity of the ATP bind-
ing pockets limits the selectivity of kinase inhibitors, often
leading to toxic side effects. Better understanding of interac-
tions between multiple ligands and multiple targets can sup-
port the design of novel kinase inhibitors with improved effi-
cacy and selectivity.

Employing machine learning approaches to build models
that can predict affinity and selectivity of compounds has
been a major focus in drug discovery. Proteochemometrics,4,5

a method that simultaneously uses protein and ligand de-
scription, can model the target-ligand interaction space.
Proteochemometric models are suitable for studying the
selectivity profiles of compounds, as they involve the correla-
tion analysis of protein and ligand description with respect
to the affinity of the receptors.4,5,6 To date, proteochemo-

metrics has been applied to a wide range of drug targets
including kinases, proteases, G protein-coupled receptors, cy-
tochrome P450s and transport proteins.6

Previously conducted proteochemometric studies on ki-
nases7,8 used sequence information to describe the targets
and therefore these models had limited interpretability. Our
previous study9 has shown that protein-derived fields can be
used to create visually interpretable models for kinase inhibi-
tion, which highlight features that contribute to selective
binding of ligands to certain kinases. However, the predictive
capability of field-based descriptors for specific ligands and
targets has not been investigated extensively and was there-
fore a main goal of our current study. We describe the devel-
opment of proteochemometric models for 1572 inhibitors
and 95 kinases, utilizing 3D structural information of kinases
and their ligands. Earlier, we have interpreted the ligand fea-
tures based on 2D Open Babel fingerprints, which do not ac-
count for the spatial distribution of ligand groups. In order
to consider spatially more meaningful descriptors, we focus
in the present article mainly on the interpretation of 4-point
pharmacophoric fingerprints.

Methods
Activity data

We compiled interaction data for 1572 ligands and 95
kinases (Table S1 in the ESI‡) from experimental values for
Kd, Ki, inhibition % and residual activity published in three
articles, Kinase SARfari and CHEMBL18 (GSK and Millipore
kinase screening data).10 The dataset contains 63 187 values
for bioactivities. Because of different assay conditions, the
values were not used as such in modeling; instead we as-
signed binary values to the data and grouped them as actives
(pKd/pKi > 5, inhibition % at 1 �M > 10% and residual
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