
hhu.de

Exploring Esterase Diversity with 
3D Shape Descriptors

Alena Endres1, Pablo Cea Medina1, Holger Gohlke1,2

To develop a tool to predict substrate specificity we used a dataset consisting of 147

experimentally characterized esterases against 96 different substrates3. Using the drugscore

interaction fields allows to investigate the relevance of the physicochemical properties and

characteristics of the active site to substrate specificity.

Esterases are hydrolytic enzymes that break ester bonds, releasing an alcohol and an acid. Their high chemo-, regio- and stereoselectivity makes them attractive for the chemoenzymatic 

synthesis of fine chemicals. Moreover, some esterases can cleave synthetic polymers such as polyethylene terephthalate (PET) enabling green biodegradation of plastic waste1.

After MD simulations, an

ensemble of structures was

used to calculate the ZDs. The

data is colored according to

the sequence-based Jaeger-

Arpigny classification4. The

plot shows, highlighted by the

colored ellipses, that esterases

from the same class cluster in

similar regions.

Using Zernike Descriptors to predict substrate specificity

Since ZDs could be used as a

tool to distinguish active sites

grouped according to the

Jagger-Arpigny classification

scheme, they can be used to

inspect the esterase space.

Therefore, we constructed a

larger dataset that encompasses

the entirety of enzymes with

putative esterase activity from

the UniProtKB database.

Using Zernike Descriptors to identify novel Esterases

Development of 
predictive tools to 
search for novel 

biotechnologically 
relevant esterases
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1-dimensional 

vectors, obtained by 
applying a Zernike 

polynomial 
expansion on 3D 
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To assess whether Clusters of the high dimensional space based on ZD match the activity

profiles of the whole dataset, we performed hierarchical clustering of the experimental

data, grouping by the activity on chemically similar substrates.

Mapping the substrate-based

clusters onto the same ZD

derived projection space

revealed that esterases with

similar substrate preference

profiles do not group on the

same region of the space.

To quantify the deviation

between the clusters we

calculated the normalized

mutual information (NMI)

scores. The results show

low NMI scores. This

means the ZDs alone

might not be able to

effectively discriminate among the different types of esterases. Future research will pursue

the search for a classifier, possibly using ZDs as part of a combined classification.

To assess whether the models

within one cluster defined by

FoldSeek are not only similar in

terms of the fold but also have

similar ZDs, we calculated the

ZDs for all the members of the

three biggest clusters.

The FoldSeek clusters do form

well-defined groups after

dimensionality reduction and

the representative lies in the

center of each cluster.

Most of the ColabFold models are within the projection space of the experimental

esterases. Around the borders are a few model esterases a little further away from any

experimental esterase, indicating a less explored area. This could lead to the identification

of a novel esterase with a novel substrate spectrum.
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