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Introduction

Optibrium™, as part of the European HeCaToS project, has developed models to predict which Cytochrome P450 isoforms are involved in the metabolism of a xenobiotic, an important
consideration when assessing its metabolic fate in vivo and the subject of recent studies [1,2]. The various P450 isoforms have active sites of different shapes, sizes and characters [3], favouring
different binding pharmacophores which can lead to metabolism at different sites within the molecule. Therefore, predicting the P450 isoforms likely to be involved in metabolism is a useful
precursor to predicting the metabolites that might be formed from the application of isoform-specific predictive models [4]. ‘WhichP450" models also have application in assessing the risk of
drug-drug interactions and the impact of genetic polymorphisms. A molecule reliant on a single isoform for metabolic clearance is at an increased risk of exhibiting drug-drug interactions or of
genetic polymorphisms affecting its pharmacokinetics.
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Method and Results

We have performed a detailed and comprehensive review of the literature to create a data Classification performance of Different Fingerprint Methods

set consisting of 484 molecules where the major and minor metabolising isoforms for each 100 Emtopl EEtop? —topd

molecule and site of metabolism have been identified. An analysis of the data sets showing 90

80
the occurrence frequency by major and minor is shown in Figure 1. 70

60
QSAR models of the major isoform data, and of the major plus minor data, have been built 50
using a multi-class SVM methodology [6,7] based on a variety of molecular fingerprints [5]. A 40
test set, containing 30% of the data, was randomly selected and not used in the model I

building process enabling us to evaluate the predictive performance in identifying a major
metabolising isoform in the top-k predictions, as shown in Figure 2. The impact of

\0/ \°/ \0/ \’\V \*V \Q/ \Q/ \0/ \Q/ \Q/ \*V \*V \°/ \<‘/ \’\V \Q/ \0/ \Q/ \0/

ga@ «’b r\,/ r\,/ q,/ " oS ,\,/.w .r\,/.w ,\,/,w ,\,/.w ,\,/.w .r\,/.w ',\/,.W

incorporating the minor isoform data (but giving the major data greater emphasis through & 95’&\/5&\;5@;5@\/5@/ %/”’\;5@\” %5&\;5@\/ %/’b\;f’b\/ %/’b\;f’b\” 0/’0\;5@” (050’0\;5@/ bf@\;i@v

: : : : : PP LG N N 27 27 L’ g 7 5 7 5
over-sampling) was investigated for all the fingerprints but only the results for the MACCS FFFFy & & F T L Ol
keys are shown as the performance is illustrative of the other fingerprints. S Q@éiz,sv MY Q@éﬁ;&/ A
The predictions from the Atom Pair AP256_maj_4_min_1 model are shown below with the Figure 2: Predictive performance for identifying a major metabolising isoform for an
figures next to each isoform being the chance that that isoform is a metaboliser of the test independent test set of molecules using a variety of over-sampling criteria and different
molecule. The predictions for two of the test compounds, Venlafaxine and Propranolol are fingerprint methodologies [5]. The axis labels indicate the fingerprint type and the number of
shown to illustrate how the WhichP450 model fits into a workflow of human metabolite times the major and minor data were sampled.
prediction with the P450 module incorporated in the StarDrop software([4].
Venlafaxine_R --- (observed major: 2D6, minor: 3A4 2C9 2C19)[8] Propranolol R --- (observed major: 2D6 1A2, minor: 1A2)[9,10]
Predicted probabilities (using AP256bit fingerprint) Predicted probabilities (using AP256bit fingerprint)
2D6: 0.34, 3A4:0.26, 2C19: 0.14, 2C9: 0.10, 1A2: 0.09, 2C8: 0.04, 2E1: 0.02 2D6: 0.46, 1A2: 0.23, 2C19: 0.09, 3A4: 0.09, 2C9: 0.06, 2E1: 0.03, 2C8: 0.03
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Discussion

The QSAR methodology presented, using either MACCS keys or AtomPair descriptors and a multi-class SVM classifier, can identify a major metabolising isoform as the top prediction for 75% of
an independent test set, and in the top 2 predictions for 90% of that set. The equivalent figures for identifying any metabolising isoform (i.e. either major or minor) are 86% and 95%
respectively, (data not shown). We have found that the incorporation of the minor metabolising isoform data into the model training, but placing greater emphasis on the major data through
oversampling, provides an advantage to simply taking the major isoform alone and also expands the available data for modelling. The combination of these ‘WhichP450" models with the
regioselectivity models currently implemented in the StarDrop software [4] provides a powerful guide as to the most relevant isoforms for the metabolism of compounds and to which isoform-
specific metabolites to investigate. The extension of this methodology to multiple steps (i.e. metabolites of metabolites) and other metabolic pathways is ongoing.
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