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4. Expanding into the AOP Knowledgebase 
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2. Predicting Receptor-Mediated MIEs 

References 

Consumer and environmental safety decisions are based on exposure and hazard data interpreted using risk assessment approaches. The 

adverse outcome pathway (AOP) conceptual framework [1] has been presented as a logical sequence of events or processes within biolog-

ical systems which can be used to understand adverse effects and refine the current risk assessment practice.  

 

 

 

 

 

 

 

 

 

 

 

The molecular initiating event (MIE) can be thought of as a gateway to the AOP—the initial chemical interaction [2,3]. We have previously 

defined the MIE as the initial interaction between a molecule and a biomolecule or biosystem that can be causally linked to an outcome via 

a pathway [3]. Chemistry is key to understanding the MIE. What is it about these molecules that allow them to do this? 

5. Conclusions 

  2D Structure activity relationships have been developed to sort chemicals into well defined MIE categories. 

 A 3D-QSAR approach has been applied to well-defined chemical categories to give predictions of molecular activity 

within one Log unit and allows visualization of a molecule’s interaction with its target. 

 These predicted MIEs are now being linked to AOPs in the AOP-KB to provide predictions at a higher level of biological 

organization, and a wealth of biological information. 
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Ankley's conceptual diagram of an AOP, including the MIE. Image adapted from Ankley 2010 [1]. 

3. 3D QSAR Models for Receptor MIEs 
To provide in silico input for risk assessment a quantitative approach to MIE assessment in required. For this we propose a two-tiered 

approach: 
 

1) A 2D screen to “push” novel molecules into well-defined chemical categories associated with specific MIEs 
 

2) A 3D-QSAR approach based on these specific subsets providing a quantitative output (Ki/IC50) 
 

Comparative molecular field analysis (CoMFA) is a potential tool for the construction of 3D-QSAR models based on the data and frag-

ments already identified [8]. Molecules are overlapped and the steric and electronic fields around them are calculated. These fields are 

then analyzed using partial least squares regression to give a quantitative predictive model, allowing the prediction of molecular activity 

to well within one Log unit of ChEMBL experimental values. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The calculated fields can be visualized to provide information on why a specific molecule is more or less active than its neighbors. In 

the below image green fields indicate steric space, yellow indicates steric hindrance, red indicates a good location for a hydrogen bond 

donor, and blue a good location for a hydrogen bond acceptor. 

 

We have previously constructed 2D structural alerts to link chemical properties to MIEs [5] for well-known human pharmacological targets 

[6] using open source ChEMBL receptor-binding data [7]. A more rigorous computational approach has built upon this work, providing a 

larger number of more structurally specific structural alerts, as shown below, resulting in a decrease in the total number of false positives 

predicted.   

 

 

 

 

 

 

 
 

This new approach shows a significant improvement in sensitivity (SE), specificity (SP), overall quality (Q) and Matthews correlation coeffi-

cient (MCC) in the vast majority of cases, particularly for large datasets of 1000 chemicals or more. 

Ankley's conceptual diagram of an AOP, including the MIE. Image adapted from Ankley 2010 [1]. 

Structural alerts from our original [5] (left) and new (right) works for the adenosine A2a receptor. 

A CoMFA example showing three histone deacetylase binder chemical categories overlapped and plotted on a single graph 
showing experimental vs predicted pIC50 values and a root mean squared error (RMSE) of around 0.6. 

Two glucocorticoid receptor binders of the same chemical category sitting in CoMFA calculated molecular fields. The left molecule 
with higher activity has a six-member ring pointing into steric space. The right molecule with lower activity does not have this, 

and shows a methyl group pointing unfavourably into a central yellow region. 
Example performance for the new structural alerts for the opioid receptors, and a comparison (Δ) to the original alerts 

Opioid Receptor  TP FN TN FP  SE SP Q MCC  ΔSE ΔSP ΔQ ΔMCC Alerts 

Delta  449 60 10522 599  88.21 94.61 94.33 0.592  +35.56 +0.82 +2.34 +0.246 89 

Kappa  471 86 10513 560  84.56 94.94 94.45 0.597  +33.21 +1.01 +2.55 +0.246 87 

Mu  588 71 10328 643  89.23 94.14 94.14 0.627  +35.66 -0.35 +1.69 +0.222 91 

For these methods to fully link into toxicity screening and risk assessment procedures it is important to understand the adverse out-

comes associated with the activation of each MIE. By linking these MIEs into the AOP-Knowledgebase (KB) [9] we can provide predic-

tions linked to a wealth of AOP information on key events and adverse outcomes. With this in mind we have begun to construct puta-

tive AOPs to give qualitative information on potential adverse outcomes and provide platforms for future development. 

 

 

 

 

 

 

 

Previously developed computational algorithms for structural alert generation have also been applied to ToxCast assay data [14]. Prelim-

inary data obtained for this study has shown that the choice of in vitro assay for analysis of a given chemical can be computationally 

lead, as is shown in the graph below for androgen receptor assays.  

An AOP for Mu opioid receptor agonism leading to analgesia via potassium ion channel opening [10-13]. 

The sensitivity for each ToxCast androgen receptor assay for all androgen receptor binders and then individual chemical categories, 
showing steroidal binders dominating in some assays and non-steroidal binders dominating other categories. 

1. Introduction   


