Optimization of metabolic stability of ligands of serotonin receptor 5-HT7 using SHAP values
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Analysis of the ChEMBL dataset

Results of analysis of the ChEMBL datasets with the use of the following approaches: Nawve Bayes, SVMs and trees. The following half-lifetime cut-offs are used for classification studies:

= =06 - low stability (Class 0)
= (0.6-232) - medium stability (Class 1)
= 232 — high stability (Class 2)

The compounds were represented with the use of two subsiructural fingerpnints: MACCSFP and Klekota-Roth FingerPnnt. SHapley Additive exPlanabions (SHAP) were used to determine the
influence of particular structural festures on the predictions of the models. SHAP allows to attnbute a single value for each feature of the input compound. This value can be interpreted as
feature importance and reflects the feeture’s influence on the prediction.

The figures below present 20 features with the highest mean absolute SHAP value determined for each combmnabion of dataset (human or rat), compound representation (MACCSHP or KRFP) and
ML approach (Mave Bayes, S5VMs, trees). For dassification models, the features are plotted side by side starting from the actual predichion and the most mportant feature &t the top. The SHAP
values of the remaining features are summed and plotied colleciively at the bottom of the plot and ending at the model's average predichion. In case of regression, each dot represents a single
correct prediction, its color the value of the cormresponding feature (blue: absence, redpresence), and the posibon on the x-axs is the SHAP value riself. Keys referring to parbicular festure
numbers are explained in the “Features descnipbion” tab.
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Figure 1. Scheme of the developed protocol for optimization
of compound metabolic stability
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Analyze custom compound

Here, you can analyze the metabolic stability of your compound and examine the influence of particular chemical moieties. Please, submit your
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compound in the SMILES format (maximum number of 5 compounds can be submitted in one run) and choose a model and compound representation.
In addition to analysis for the submitted structures, SHAP values for the most similar compound from the ChEMBL dataset are determined and

Custom compound submission

Evaluation of structural contributions to metabolic stability
predictions with the use of SHAP values
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with the optimization of the metabolic stability of your compound.

visualized (the most similar structure is returned only when the Tanimoto coefficient calculated on Morgan fingerprints is higher than 0.7). It can help

Metsbelic stability i1s an important parameter influencing the compound chances to be 5 future drug, as it determines the tme that the compound can act in the organism and play its role as 5
drug. Due to grest complexity of xenobiotic trensformeation pathways in living orgenisms, the evalustion end optimization of metabelic stability remains & big challenge.

This webservice can help in the evaluation and anslysis of structursl festures influencing metabolic stebility. It is based on the determinsation of SHAP values for seversl predictive models. The
service allows a detailed analysis of SHAP values obtasined for ChEMBL datasets, as well as their determination and analysis for any compound submitted by the user.

Qutput of the presented tool can be of great help in the design of new ligands with improved metabolic stability, helping in the detection of privileged and unfavourable chemical moieties during
stability optimization.

Figure 2. Screen of the main page of the prepared web service.
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