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1. Introduction

The global outbreak of COVID-19 increased the need for new drugs development.

It is becoming important factors to use enzymes in organic synthesis for

producing desired products more efficiently.

Fig. 1: Overview of enzyme use
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2. EC Numbers (Enzyme Commission Numbers)

EC number consists of four pairs of numbers, EC X.X.X.X. Enzymes are classified

by these pairs of numbers according to their properties.

Fig. 2: EC number classification
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3. Structural Representation of Compounds

Various representations are used to handle chemical structures in computer.

Fig. 3: Structural representation by RDKit1

1 “The RDKit Documentation”, https://www.rdkit.org/docs/GettingStartedInPython.html#list-of-available-descriptors

https://www.rdkit.org/docs/GettingStartedInPython.html#list-of-available-descriptors
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4.1 Proposed Method: Prediction of EC numbers
using changes in characteristic values

When comparing the structural changes of the target chemical equation and the

EC chemical equation, the EC number of the most similar EC chemical equation

is predicted as the optimal enzyme candidates.

Fig. 4: The image of prediction flow
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4.1 Proposed Method:
Features Representing Structural Change

Compare similarity by the amount of change in characteristic values when

changing from reactants to products.

2 Qian-Nam Hu et al., 2012.
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4.2 Proposed Method:
Dimensionality Reduction Using Clustering

The Creation of Composite Descriptors

Combine highly correlated descriptors by complete linkage method.

● Clustering is performed as long as descriptor pairs with a correlation coefficient

of 0.9 or higher exist↓
1 Sequentially merge pairs with the highest correlation coefficient.

2 Merge clusters based on the complete linkage method.

3 Standardize and average the characteristic values of descriptors in a cluster.

Fig. 5: The complete linkage method
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4.3 Proposed Method:
Clustering of chemical equations using SOM

Using self-organizing map, feature vectors after dimensionality reduction are

mapped on a two-dimensional plane and clustered.

Fig. 6: SOM clustering
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5.1 Numerical Experiment

Targets：Chemical reaction using EC 3.1.1.3 enzymes in the experiment

1 SOM is applied to each target and EC 3.1.1 class feature vector.

2 Predict the EC number of the EC chemical equation closest to the target as

the best enzyme.

Fig. 7: Comparison of each target and EC 3.1.1.X feature vector

3 Tamas Benkovics et al., 2020.
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5.2 Experimental Results (Dimensionality Reduction)

• Target1 and EC 3.1.1.X：16 composite descriptors (clusters) and 73

dimensional feature vectors were created.

• Target2 and EC 3.1.1.X：15 composite descriptors (clusters) and 76

dimensional feature vectors.

Fig. 8: The result of dimensionality reduction (Target1 and EC 3.1.1.X)
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5.2 Experimental Results (SOM Clustering)

A SOM program based on R language file of KH coder4 was used.

Fig. 9: Clustering results using SOM

4 “KH Coder”, http://khcoder.net/en/

http://khcoder.net/en/
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Cont.

Fig. 10: EC 3.1.1.X chemical equations located near the target



0. Contents

1. Introduction

2. EC Numbers

3.
Chemoinformatics
and Information
Technology

4. Proposed
Method

4.1.1.

4.1.2.

4.2.

4.3.

5. Experimental
Results and
Discussion

5.1.

5.2.1.

5.2.2.

5.2.3.

5.2.4.

6. Conclusion

14/15

5.2 Discussion

(1) The five EC 3.1.1.3 chemical equations used were all far from the target and

belonging to different clusters.

(2) Investigating reason the predicted EC numbers are located near the target

seems to lead better enzyme predictions.

5 “BRENDA The Comprehensive Enzyme Information System”, https://www.brenda-enzymes.org/index.php

https://www.brenda-enzymes.org/index.php
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6 Concluding Remarks

Conclusion

This study proposed a method for predicting EC numbers to reduce the time

required to search for enzyme candidates.

• A feature vector was created using amount of changes in characteristic

values for each chemical equation.

• The clustering of feature vectors was performed using SOM.

Enzymes of EC 3.1.1.3 were not selected as the most suitable enzymes. Further

examination of the predicted EC numbers seemingly result in a discovery of better

enzymes than those of EC 3.1.1.3.

Future Work

• Development of a method for dimensionality reduction by detecting

important descriptors that should be kept to describe the structural changes

of chemical reactions in more detail.

• Focus on a method to select the appropriate combination of descriptors that

can most accurately classify EC classes to predict the optimal EC numbers

for the targets.
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