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Computational design and molecular dynamics simulations of biomolecules
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Molecular dynamics simulations for membrane
protein design pipeline (Sayeesh)
1. Background and purpose of the project

Protein design, encompassing both de novo and
redesign strategies, has emerged as a powerful
approach to investigating protein evolution structure
and has broad applications in biology and medicine.
Recent advances in Al-based design tools and high-
accuracy structure prediction methods such as
AlphaFold and Chai-1 have significantly improved
the generation of reliable protein design candidates.
membrane design remains

However, protein
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challenging due to their hydrophobic nature,

structural complexity, dynamic behavior, and

interactions with lipid bilayers and aqueous

environments. This project aims to develop a
computational pipeline for membrane protein design
and to generate a dataset to support benchmark
design tools. In this pipeline, a step involves

evaluating dynamic stability using all-atom
molecular dynamics (MD) simulations to assess
whether the designed membrane protein decoys
maintain structural stability under physiologically
relevant conditions.
2. Specific usage status of the system and

calculation method

In this project, the development of the design
pipeline began with constructing a dataset
comprising four membrane protein classes selected
for redesign: Voltage-Dependent Anion Channel
(VDAC), G-Protein Coupled Receptors (GPCRs),
Water transport (Aquaporins), and the Translocator
Protein (TSPO). Membrane protein decoys were
LigandMPNN, and their

subsequently predicted using

redesigned using the
structures were
AlphaFold. Top-scoring decoys were evaluated using
MD simulations in GENESIS 2.1.5.

The initial simulation input was constructed
using the CHARMM-GUI Membrane Builder with
the CHARMMS36m force field, embedding the
proteins in a POPC lipid bilayer with 100 mM KCI.

MD simulations were then performed for 105 ns at

365 K.

3. Results
Sequence redesign was performed using
LigandMPNN, with optimization of design

parameters to enhance sequence diversity and
structural compatibility. Structural stability was
evaluated using MD simulations by calculating the
Ca backbone RMSD relative to the initial structure.
The available design and prediction scores were
correlated with RMSD values to investigate the
confidence

relationship between computational

R R 2
metrics and structural stability.
4. Conclusion
A dataset comprising four classes of membrane
proteins was successfully constructed, and the

Ligandmpnn Al-tool was parameterized for
membrane protein design. The analysis revealed that
conventional prediction confidence scores alone are
insufficient to reliably rank or select membrane
protein decoys. Therefore, further computational
evaluation and experimental validation are currently
underway to improve the assessment and selection
strategy.

5. Schedule and prospect for the future

The datasets are currently maintained in-house. The
design workflows and analysis scripts are available
for collaborative use upon request, with ongoing

efforts to broaden access to the framework.
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