<]
TUDelft

Delft University of Technology

PDB2DAT

Automating LAMMPS data file generation from PDB molecular systems using Python,
Rdkit, and Pysimm

Assaf, Eli |.; Liu, Xueyan; Lin, Peng; Erkens, Sandra

DOI
10.1016/j.simpa.2024.100656

Publication date
2024

Document Version
Final published version

Published in
Software Impacts

Citation (APA)

Assaf, E. |, Liu, X,, Lin, P., & Erkens, S. (2024). PDB2DAT: Automating LAMMPS data file generation from
PDB molecular systems using Python, Rdkit, and Pysimm. Software Impacts, 20, Article 100656.
https://doi.org/10.1016/j.simpa.2024.100656

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.


https://doi.org/10.1016/j.simpa.2024.100656
https://doi.org/10.1016/j.simpa.2024.100656

Software Impacts 20 (2024) 100656

journal homepage: www.journals.elsevier.com/software-impacts

Contents lists available at ScienceDirect

Software Impacts

Original software publication

PDB2DAT: Automating LAMMPS data file generation from PDB molecular M)

systems using Python, Rdkit, and Pysimm (&)

Eli I. Assaf®", Xueyan Liu?, Peng Lin", Sandra Erkens"

2 Delft University of Technology, Delft, The Netherlands
b Ministry of Infrastructure and Water Management (Rijkswaterstaat), The Netherlands

Check for
updates

ARTICLE INFO ABSTRACT
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Pdb2dat, developed in Python, is an open-source, self-contained utility that facilitates the conversion of PDB
files into LAMMPS data files, catering to the need of initializing atomistic simulation from initial atomic
configurations. It extracts molecular details from PDB files, uses Rdkit and Xyz2mol for bonding analysis and 3D
conformer generation, and uses Pysimm for assigning force field types and charges. Designed to be lightweight

and fully Pythonic, pdb2dat is suitable for use in privilege-limited high-throughput environments. The output
details system topologies for use in MD simulations, significantly simplifying the preparatory steps needed by
researchers to explore materials phenomena through LAMMPS.
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1. Introduction

The utilization of atomistic simulations in the investigation of novel
materials has seen a notable increase, facilitating the exploration of
fundamental phenomena with reduced dependence on experimental
techniques. Traditionally, the accurate application of these modeling
techniques was confined to specialists within the realms of Computa-
tional Chemistry, Physics, and high-performance numerical computing.
Nevertheless, the enhanced availability of computational resources,
encompassing both software and hardware, has extended this capability
to researchers beyond these specialized fields [1]. This development
has simplified the exploration of material responses and dynamics [2],
attributed partly to the proliferation of comprehensive open-source
simulation packages, such as LAMMPS [3]. However, the process of

preparing and initializing atomistic models for simulation, even with
advanced tools like LAMMPS, demands a profound understanding of
the available tools and resources. A significant challenge in model
preparation involves the initial placement of atoms, molecules, and
their topologies. Yet, a critical bottleneck is the assignment of force
field atom types and charges within the atomic files, enabling MD
software like LAMMPS to calculate the forces acting on atoms, thereby
driving particle motion. This step necessitates extensive knowledge of
the selected force field, its applicability, and the ability to classify
particle types based on chemical descriptors.

Several software solutions, tools, and scripts exist to facilitate the
conversion of common atomic model files into the topology files re-
quired by MD engines. However, these solutions are typically part of
licensed software packages, such as Materials Studio [4] or Materials
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Fig. 1. Depiction of the steps performed by PDB2DAT to convert PDB files into LAMMPS-readable data files.

Design Medea, or are limited to open-source scripts that often lack
effectiveness and simplicity and may not directly support commonly
used file types or simulation engines like LAMMPS. For example, the
‘msi2lmp’ tool [5], bundled with LAMMPS, enables the transforma-
tion of Biovia’s Materials Studio (.car/.mdf) files into topology files
that are compatible with LAMMPS for specific force fields. Despite its
efficacy, the reliance on Biovia’s deprecated file format necessitates
the use of licensed software such as Materials Studio for the prepara-
tion of atomistic simulations, further complicating the preparation of
LAMMPS-ready atomistic systems. Moreover, the employment of more
sophisticated open-source tools requires a comprehensive grasp of force
field mechanics, advanced computational programming abilities, and
detailed knowledge of implementation processes. This complexity lim-
its their accessibility to those with expertise in the design of atomistic
code algorithms.

In this manuscript, we introduce ‘pdb2dat’, a Python-based utility
leveraging Rdkit [6] and Pysimm [7] to transform molecular systems
from widely used PDB (Protein Data Bank) [8] file formats into struc-
ture data files immediately readable by LAMMPS. ‘pdb2dat’ processes
the PDB file to isolate individual molecules, deduces stable and valid
conformers (considering the lack of connectivity/bonding information
in PDB files), constructs fully described molecular objects, and assigns
force field types and charges to every atom in the system using a
selection of force fields included in Pysimm (CHARMM [9], Gaff,
Gaff2 [10], Pcff [11], and Tip3p). It then generates the topology data
file essential for simulations within LAMMPS. The tool’s ability to
efficiently convert PDB files of organic mixtures into files ready for MD
simulations with LAMMPS has been instrumental in numerous research
projects, as evidenced by its application in the generation of hundreds
of atomistic models across various studies and projects. Despite its
simplicity, the robust and Pythonic nature of ‘pdb2dat’ renders it highly
suitable for integration into high-throughput algorithms within HPC
environments, which are often characterized by restricted availability
of environments and dependencies.

2. Software description

PDB2DAT, developed in Python 3.12, processes PDB files, which
encompass the atomistic details of a chemical mixture of molecules.
It identifies and isolates the molecules contained within these files,
capturing both atomic positions and the limited bonding information

available in PDB files. Each molecule is then parsed into a fully de-
scribed 3D conformer, incorporating complete bonding information,
through the utilization of Rdkit and XYZ2MOL [12]. Subsequently,
Pysimm is employed to assign force field types and charges to each
molecule object. These molecules are then positioned within a Pysimm
LAMMPS system, culminating in the generation of a data file that de-
lineates the system’s topologies, rendering it ready for use in LAMMPS
simulations. The overall description of the steps performed by the script
are depicted in Fig. 1 are described as follows:

1. PDB2DAT.py initiates its process by reading through a PDB
file, isolating individual molecules through the extraction of
HETATM/CONECT blocks that correspond to specific molecules
within the PDB file. The dimensions of the original simulation
box are recorded from the file’s first line.

2. Subsequently, the script translates the molecular blocks de-
rived from the PDB file into SMILES notations. Considering
that SMILES notations necessitate comprehensive topological
information [13], and PDB files lack the requisite bonding
details to fully describe molecules, PDB2DAT employs Rdkit’s
adaptation of Jansen’s XYZ2MOL script. This script attempts to
infer the bonding information of atom groups based on their
spatial positions.

3. With the derived SMILES notations, the program advances to
construct Rdkit molecule objects. These objects, being highly
malleable, facilitate the ensuing steps essential for the formu-
lation of a system compatible with LAMMPS.

4. PDB2DAT continues by assembling a collection of molecules and
calculating various molecular and systemic properties, such as
molecular formulas. These properties, which can be reviewed in
the program’s log, serve to verify the accuracy of the molecular
system reconstructed from the PDB file. Additionally, 2D repre-
sentations of all identified molecule types may be generated if
required.

5. In parallel, the array of molecule objects is introduced to the
Pysimm _system class, where Rdkit molecule objects are trans-
formed into formats interpretable by the Pysimm library.

6. The program then assigns force field types and charges to each
molecule within the system. Recognizing the computational in-
tensity of force field type assignment, and the likelihood of en-
countering multiple instances of identical molecules, PDB2DAT
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Fig. 2. Control flow diagram providing a visual representation of the functions, instances, and variables that govern the functional behavior of PDB2DAT during execution.

optimizes this step. It assigns force field types and charges to a
single instance of each molecule type, replicating its object to
construct additional instances of the same molecule type within
the system. Only the atomic positions are modified for each
molecule, whether they are original or duplicates.

7. The dimensions of the simulation box, as indicated in the PDB
file, are applied to the Pysimm LAMMPS system.

8. Finally, a LAMMPS data file is produced based on the con-
structed system. The configuration of this file varies depending
on the selected force field and the method employed for com-
puting charges. The resulting data file can be visualized by
loading it into a popular molecular visualization software, such
as OVITO [14].

3. Software architecture

The operation of PDB2DAT necessitates three core dependencies:
Rdkit, Pysimm, and Numpy. Additionally, the Pillow library serves as
an optional dependency, facilitating the generation of images for the
isolated molecules, should visual outputs be required. The software’s
architecture comprises five main components within its working di-
rectory. The primary executable, pdb2dat, runs the aforementioned
processes. The core_functions.py file houses all callable functions es-
sential for the tool’s functionality. The pysimm_system.py file creates a
Pysimm object, encapsulating all information necessary for the gener-
ation of a valid LAMMPS atomistic system. The settings.py file allows
users to modify program parameters to adjust functionalities according
to their requirements. Lastly, the output/ directory functions as a
repository for the program’s output files, ensuring organized storage
of generated data. A comprehensive control diagram depicting the
function calls during the program’s execution can be found in Fig. 2.

4. Impact

PDB2DAT is designed to serve the scientific community by offering
a streamlined approach to converting widely recognized atomistic file
types into LAMMPS-ready data files. This tool holds particular signif-
icance for researchers outside the domain of computational chemistry
who nonetheless seek to run MD simulations for the study, exploration,
and development of novel materials. The program’s simplicity and
self-sufficiency facilitate the swift creation of comprehensive atom-
istic systems prepared for LAMMPS integration, establishing PDB2DAT
as a vital resource for its intended purpose. It has been extensively
utilized in the production of numerous atomistic systems, notably in
investigations examining the effects of various additives, rejuvenators,
solvents, and other organic compounds on bituminous materials and
heavy oil-like substances [15,16].

Furthermore, PDB2DAT has been instrumental in generating a wide
range of systems for the purpose of reference trajectory generation
in the parameterization of both all-atom and Coarse-Grained force
fields [17]. This process demands a substantial volume of systems
and trajectories, underscoring the tool’s value. PDB2DAT also facili-
tates the quick setup of molecular systems, enabling users to produce
densely packed systems when used in conjunction with appropriate
LAMMPS input scripts. These systems can subsequently be modified to
incorporate more detailed or customized force field types and charges.

In essence, PDB2DAT’s application in environments characterized
by high throughput and extensive parallelism empowers scientists to
efficiently assign force field types and charges to PDB files. This ca-
pability is particularly beneficial to those who may not have a deep
engagement with the core principles of computational chemistry and
atomistic modeling, thereby simplifying a task that has traditionally
been challenging.
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5. Limitations and future work

PDB2DAT’s roadmap for development aims to enhance its func-
tionality by integrating more features from Python libraries like Rdkit
and Pysimm. Future updates include advanced molecular initialization,
direct generation of LAMMPS input files for immediate simulation
execution, and the adoption of more sophisticated force field and
charge computation methods to improve accuracy. Another signifi-
cant upgrade is replacing the current bond estimation method with a
more accurate topology estimation technique to avoid incorrect atom
bonding. Efforts will also extend PDB2DAT’s applicability to a broader
range of PDB systems, including elements beyond the current focus.
While a User Interface (UI) is considered to simplify interactions,
careful consideration will be given to ensure it does not complicate
the program’s use. These enhancements are geared towards leveraging
the full potential of underlying libraries while preserving PDB2DAT’s
simplicity and effectiveness.
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