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Drug discovery (DD) has always been a
significant topic. Virtual screening (VS), is Input: docked pose of

a process based on computer simulation to ligand

select/filter the bioactive compounds, and Converted to FP per

it has been integrated as an essential step *| fragment  per  aa

to minimize the DD cost and resources.1) residue

VS can be classified into two major types: . o E,
ligand- and structure-based VS. DD /—< l )
protocols frequently combine these two VS —)
approaches to enhance the result.2)

We have investigated a hybrid of the His93 Aspll3 Asn293
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ligand- and structure-based approaches to
enhance VS performances. The results of Fig.1. Schematic of the proposed hybrid fingerprint

our research were described in a five-

chapter thesis. In Chapter 1, the background of the research is described, including the connection of
previous research to our research, the layout of our research, the research question, and the research
aim.

In Chapter 2, several machine learning (ML) using LBVS and SBVS fingerprints were explored,
including a parallel virtual screening method through consensus scoring of these fingerprints and their
results on the Structure Activity Relationship Matrix (SARM)s data sets of six diverse targets. The
SARMs data sets used in our research are implementations of limited information data sets that might
occur during the early stage of drug discoveries.3) From the result of work in this part, we conclude that
even using consensus scoring, which is a form of a meta-level combination of LBVS and SBVS strategies,
has not enhanced the performance of a single VS result. Therefore, a more powerful combination

strategy needs to be developed and tested.

In Chapter 3, we delve deeper into the combination of VS at a methodological level, termed as hybrid




VS approach. The hybrid approach is expected to utilize more information than singular information.4)
We compared three types of hybrid approaches: (i) simple concatenation model; (ii) our new proposed
approach, fragmented interaction fingerprint (FIFI)5); and (iii) a state-of-the-art example of a hybrid
VS approach, protein-ligand extended connectivity (PLEC).6) In the case of PLEC, it lacks of]
consideration of the amino acid residue order which is vital for some targets. In the other hand, our
FIFI approach retains this kind of information.

FIFI (Figure 1) captures fragmented molecular structures within a defined distance from each amino
acid residue, representing them as a bit array (FIFI bit array / FIFI BA) or as one-hot encoded bits for
unique substructures (FIFI unique SMARTs / FIFI US). Then we evaluated machine learning (ML)
performance using FIFI as input and compared it with other various VS techniques to previously made
restricted and structurally similar data sets in six distinct target receptors.3) In general, FIFI
demonstrated improved performance over PLEC and several other VS approaches in the SARMs data
sets.5)

In Chapter 4, we also tried to develop the binary vectors contained by FIFI into other representations
to see whether a more descriptive feature would help the performance. This is owing to the vast sparse
matrix generated in FIFI that could potentially cause the computation to suffer from inefficiency. We
investigated alternative embedding representation using two different deep learning models: (1)
bidirectional encoded representations from transformers (BERT), and (2) graph neural networks
(GNN). The GNN models were made from two previously published research: (i) GNN-DTI7) which uses
graph attention network (GAT) through the aggregation of atom pairs and (ii) LGNS8) which is itself a
fusion model of complex protein-ligand GNN, ligand graph isomorphism network (GIN) and interaction
fingerprint. In this chapter, we compared the performance of various VS fingerprints and the DL models
in 33 selected targets of Docking Score ML as external data sets.9) However, all three deep learning
models generally have not provided better results than FIFI. Nonetheless, more viable embedding and
architecture could be explored and compared in the future to get better representation.

In Chapter 5, the conclusion and future research direction on top of the current work i.e., perspective
are provided. FIFI is a novel hybrid approach to combine the information from both SBVS and LBVS
parts. It shows better performance than the previous state-of-the-art hybrid approach in the SARMs
and external data sets, and better than the deep learning model representations in the external data
sets. However, due to its dependence on both SBVS and LBVS information, inaccurate data from either
approach could deter hybrid VS performance, including FIFI. Therefore, high-quality data, and a
precaution are needed to make the utmost result from hybrid VS practice in the future.
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