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Abstract: The structural characterization integrity of molecular fingerprints directly impacts the efficiency
and accuracy of drug molecule screening. Single molecular fingerprints suffer from limitations such as
incomplete structural representation and insufficient generalization capabilities. To address this challenge,
this study employs three complementary molecular fingerprints (MACCS, PubChem, Pharmacophore ErG)
to construct a multidimensional molecular characterization system. Molecular similarity is calculated to
screen the top 5 candidate molecules by similarity ranking. Subsequently, the screened candidate molecules
undergo molecular docking validation with the 4mbs receptor to assess binding affinity and drug-like
potential. Experimental results demonstrate that the five selected candidate molecules exhibit high binding
affinity and excellent docking scores with the 4mbs receptor, while maintaining good consistency with the
query molecules in both chemical structure and molecular fingerprint similarity. This study indicates that
the proposed method effectively overcomes the limitations of single fingerprint approaches, significantly
enhancing the accuracy and robustness of drug molecule screening. This methodology provides efficient
and reliable technical support for candidate molecule selection in the drug discovery process.
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1. Introduction

Drug molecule screening is a core component of new drug development, with its efficiency and accuracy
directly determining the R&D cycle, costs, and success rate. With the rapid advancement of computer-aided
drug design technology, screening methods based on molecular structural features have become a research
hotspot in drug discovery "' Among these, molecular fingerprinting serves as a central characterization tool for
molecular structures. By encoding a molecule's chemical structure, functional groups, and pharmacodynamic
characteristics, it provides critical foundations for molecular similarity assessment and activity prediction ™.

However, single molecular fingerprint approaches exhibit significant limitations in structural
characterization: some fingerprints focus on capturing local functional groups, struggling to reflect macroscopic
structural features; while others concentrate on two-dimensional structural encoding, failing to characterize the
three-dimensional distribution of pharmacophores *. Consequently, their accuracy and robustness fall short in
complex drug molecule screening tasks, struggling to meet the efficiency demands of new drug development.
Therefore, constructing a multidimensional, complementary molecular fingerprint characterization system to
overcome the limitations of single fingerprints has become a critical breakthrough for enhancing drug molecule
screening performance ..

Currently, multiple molecular fingerprints are widely applied in drug screening research. Among them,
MACCS fingerprint '), PubChem fingerprint "', and Pharmacophore ErG fingerprint ') demonstrate
promising application potential in different research scenarios due to their unique structural characterization
advantages ). The MACCS fingerprint, based on the SMARTS pattern, precisely captures local functional group
features of molecules. The PubChem fingerprint, with its high dimensionality and broad structural coverage,
effectively characterizes macroscopic molecular structures. The Pharmacophore ErG fingerprint encodes the
three-dimensional distribution of pharmacophores, compensating for the spatial representation limitations of two-
dimensional fingerprints.

Building upon this, this study innovatively combines three complementary molecular fingerprints (MACCS
fingerprint, PubChem fingerprint, Pharmacophore ErG fingerprint) to construct a "local-global-interaction" three-
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dimensional molecular characterization system. By integrating molecular similarity computation with molecular
docking validation techniques, an efficient drug molecule screening method is established. By screening and
identifying candidate molecules with the highest molecular similarity and validating them through docking
with the 4mbs receptor, the effectiveness and reliability of this screening method are demonstrated. This
approach aims to provide efficient and reliable technical support for candidate molecule selection in new drug
development, thereby shortening the R&D cycle and reducing development costs.

2. Results

The positive molecule targeting the 4mbs receptor was designated as the reference molecule. All candidate
molecules were characterised using the aforementioned three molecular fingerprinting methods, with their
fingerprint similarity to the reference molecule calculated. All candidates were ranked based on molecular
similarity scores, ultimately selecting the five candidates exhibiting the highest overall similarity to the query
molecule as potential high-affinity candidates. Subsequently, molecular docking technology (AutoDock
Vina) "” was employed to dock the candidate molecules and calculate their affinity. The screening process
strictly adhered to the following principles: firstly, structural integrity was ensured by excluding candidates with
structural defects or obvious chemical stability deficiencies; secondly, molecules structurally identical to the
query compound were removed to avoid redundant validation; thirdly, candidate diversity was maintained to
guarantee representativeness of the screening results, providing comprehensive sample support for subsequent
pharmacodynamic evaluation.

Following screening, the structures of the five candidate molecules and the query molecule were visualized
and compared. This enabled an intuitive analysis of their structural similarity, focusing on the consistency of
local functional groups, macroscopic structures, and potential pharmacodynamic characteristics. This analysis
laid the foundation for interpreting the subsequent molecular docking validation results.

Figure 1 presents a two-dimensional schematic of the six molecules most closely related to the reference
molecule within the molecular fingerprint representation domain. We employed PyMOL""" to generate molecular
docking structures based on the binding affinities of these five molecules with the 4mbs protein, simultaneously
annotating their binding affinities with 4mbs. Following our screening steps, the selected candidate molecules
exhibit binding affinities to 4mbs ranging from -11.8430 to -10.4830, all highly consistent with the reference
molecule's affinity value of -12.2120. Observation of these selected molecules reveals significant structural
and functional group similarities, with the leading molecule differing from the reference molecule by only one
hydrogen atom. Our approach embeds candidate and reference molecules into a representative feature space
using three complementary molecular fingerprint representations. By distinguishing compounds in a chemically
meaningful manner, it further demonstrates the ability to learn chemically meaningful representations and
enables drug screening to a certain extent.
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Figure 1. Docking scores and structures of the top five candidate molecules.
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3. Materials and methods

3.1. Molecular fingerprints representation

We use here three complementary fingerprints MACCS, PubChem and Pharmacophore ErG fingerprints, as
detailed below.

MACCS Fingerprint: A fingerprint based on a substructure key using SMARTS mode. MACCS contains
most atomic properties, bond properties, and atomic neighborhoods in different topological separations, which is
implicative for drug discovery. We chose the short variant of the 166 bits for this study.

PubChem Fingerprint: An 881-bit fingerprint based on a substructure key with broad chemical structure
coverage.

Pharmacomigroup ErG fingerprint: Use the extended reduce graph (ErG) method and pharmacokine type
node descriptions applied to encode molecular properties.

Among these, MACCS can effectively capture local functional groups (such as carboxyl groups and pyridine
groups). PubChem can supplement large-scale features such as macrocycles and stereocenters. ErG can encode
3D pharmacophore distributions, addressing the limitations of the previous two 2D fingerprints. Therefore,
the combination of the three achieves a three-level complementary approach of "local-global-interaction,"
significantly enhancing the accuracy, robustness, and generalization capabilities of drug discovery task

Combining these three into a hybrid fingerprint to equation 1:

FP=CONCAT(FPyiaccs> FPpuschem> FPpharmacophore ErG) (1)

The fingerprints vector was inputted into the artificial neural network (ANN) to obtain the following
representation equation 2:

V=W-FP+b 2)
3.2. Molecular fingerprints similarity calculation

Molecular similarity calculation is a core step in candidate molecule screening, based on the principle
that "similar structures exhibit similar activities." That is, candidate molecules structurally similar to the query
molecule are more likely to possess comparable pharmacodynamic activities. This study calculates similarity
coefficients between the query molecule and each candidate molecule using three molecular fingerprinting
methods. The widely adopted Tanimoto coefficient serves as the similarity evaluation metric. This coefficient
effectively measures the overlap between two binary vectors (molecular fingerprints), offering high computational
accuracy and efficiency, making it suitable for similarity analysis of high-dimensional fingerprints.

The Tanimoto coefficient is calculated using Equation 3:
|AnB|
v 3)

Here, A and B represent the fingerprint vectors of the query molecule and candidate molecule, respectively.
|AﬂB | denotes the number of bits where both vectors are "1" (shared substructures/pharmacological
features), | AUB | denotes the number of positions where at least one vector is "1" (all unique substructures/
pharmacological features). The Tanimoto coefficient ranges from 0 to 1. 4 coefficient closer to 1 indicates higher
structural similarity between molecules, while a coefficient closer to 0 indicates lower structural similarity.

T(4,B) =
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