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Abstract—Reproducibility is a critical issue in protein structure
analysis, especially in drug discovery workflows. This paper
proposes a blockchain-validated framework using Hyperledger
Fabric (HF) for protein structure preparation and binding site
analysis. Our system achieves deterministic results through cryp-
tographic validation chains, with 100% consistency across five
diverse protein structures. Performance tests demonstrate rapid
processing (0.03s for structure preparation, 0.02s for binding site
analysis) and ensures perfect data integrity and reproducibility,
setting a new standard for reliable computational drug discovery
workflows.

Index Terms—binding site, blockchain, bioinformatics, pro-
teins, reproducibility, structure preparation, workflow manage-
ment.

I. INTRODUCTION

Reproducibility is a persistent challenge in computational
biology, particularly in protein modelling and structure-based
drug discovery [1]. Foundational steps like structure prepa-
ration and binding site analysis often suffer from inconsis-
tent processing, opaque parameter usage, and poor traceabil-
ity—undermining collaboration and the reliability of down-
stream tasks such as virtual screening and lead optimisation.

While tools like Fpocket provide efficient pocket detec-
tion [2], and workflow systems like Nextflow offer execution
reproducibility through containerization [3], they lack crypto-
graphic validation or tamper-proof data lineage. Blockchain
(BC) frameworks such as ScilLedger [4] and the genomic
data platform by authors [5] introduce secure provenance
tracking and workflow branching, yet these approaches focus
on data access and workflow metadata rather than enforcing
deterministic outcomes in molecular computation. Conceptual
proposals like those of the authors [6] emphasized collab-
oration and data integrity in protein research, but do not
implement reproducible structure analysis workflows.

This study fills this gap by introducing a blockchain-
validated framework for protein structure preparation and
binding site analysis. By integrating SHA-256-seeded al-
gorithms with HF, we enable deterministic, traceable, and
tamper-evident execution. This establishes a verifiable founda-
tion for reproducible drug discovery workflows and promotes
trust in collaborative molecular research.

II. METHODOLOGY

This BC-backed workflow verification system is designed to
enhance the reproducibility and integrity of protein structure

analysis. The system is comprised of three-layered archi-
tecture to ensure reproducible protein structure preparation
and binding site analysis: (1) the protein structure analysis
pipeline, (2) a blockchain verification layer using Hyperledger
Fabric, and (3) a metrics collection and analysis framework,
as shown in Figure 1. Five therapeutically diverse crystal
structures—HIV-1 Protease (1HSG), EGFR Kinase (4EK3),
beta 2-Adrenergic Receptor (1A52), Hsp90 (3HTB) and Estro-
gen Receptor (2ROW)—were retrieved from the Protein Data
Bank (PDB) for this study.
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Fig. 1. System design for blockchain-verified protein structure and binding
site analysis with reproducibility and performance metrics

The protein data ingested from PDB begins the structure
preparation pipeline, as depicted in Figure 1, which im-
plements deterministic algorithms for cleaning, protonation,
and energy minimization. Non-standard residues are removed
according to equation (1)

Sc =So —r|r ¢ Rstd (1)

where S. is the cleaned structure that is formed from the
original structure Sy, when the residue r that is not part of the
standard set of residues Rstd is removed. Protonation states
are assigned based on equation (2), adding hydrogen atoms
at physiological pH (7.4), followed by energy minimization
using a standard force field to resolve steric clashes.

1

where p; is the probability of protonation for residue 7.
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For binding site analysis, we developed a novel reproducible
detection system that maps proteins to a 3D grid using
equation (3)

G(x,y,2) = {1

if distance to nearest atom < T'yqw + Tprobe
0 otherwise e ®
where ryyw 1s the van der Waals radius and
Tprobe = 1.4A. Each identified binding site B is scored using
S(B) = wy - V(B) + wy - H(B) + wq - D(B), combining volume,
hydrophobicity, and druggability metrics with appropriate
weights. To ensure consistent results across multiple runs, we
implement deterministic site selection using protein-specific
seeds generated as Seed = SHA-256(ProteinID), eliminating
variability in the identification of key druggable cavities.

The BC-validated layer employs HF with a modified Prac-
tical Byzantine Fault Tolerance protocol (mPBFT) to ensure
reproducible protein structure analysis. For each workflow
step, a cryptographic validation chain was generated, where
H; = SHA-256(H;_; & D; @ P;), with H; representing the cur-
rent block hash, H; _; the previous hash, D; the processing data
(the protein PDB file), and P; the parameters. The performance
overhead introduced by blockchain integration is quantified
using the following formula given in equation (4).

BC [Execution Time] — Non-BC [Execution Time]
Overhead = - . X 100 4)
Non-BC [Execution Time]

III. RESULT AND DISCUSSION

TABLE I
PERFORMANCE AND REPRODUCIBILITY METRICS

Protein Structure Binding Site
Preparation  (s)
(s)

Binding Consistency Overhead

Sites (no) (%)

HIV-1 Protease 0.05 0.01 2.0 Yes 1716.94
EGFR Kinase 0.03 0.02 3.0 Yes 1759.88
Beta-2 Adrenergic  0.02 0.02 4.0 Yes 1961.70
Receptor

Hsp90 0.03 0.02 3.0 Yes 1751.26
Estrogen Receptor 004 0.02 20 Yes 1536.07
Average 0.03 0.02 2.8 100% 1745.17

Table I shows the performance of our blockchain-verified
protein workflow, including structure preparation and binding
site analysis times, the number of binding sites detected, and
100% consistency across validation runs.

The blockchain-verified pipeline prepares protein structures
in an average of 0.03 s and completes binding-site analysis
in 0.02 s, irrespective of target size. Across five diverse
proteins it always returned the biologically correct number
of cavities (2 for HIV-1 Protease, 3 for EGFR Kinase, 4 for
beta 2-Adrenergic Receptor, 3 for Hsp90 and 2 for Estrogen
Receptor), yielding 100% consistency over repeated runs and
confirming the efficiency and scalability of the approach.

Figure 2(a) demonstrates the performance comparison be-
tween blockchain-integrated and traditional workflows for
protein targets, showing an average performance overhead
of 1745.17% with blockchain. Figure 2(b) highlights the
impact of blockchain on research reproducibility, showing
significant improvements: 100% success rate for data in-
tegrity, workflow reproducibility, and result verification with
blockchain, compared to 75%, 68%, and 60%, respectively,
without blockchain. These results emphasize blockchain’s role
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Fig. 2. Summary of Blockchain Validation Flow

in enhancing reproducibility and data integrity in bioinformat-

ics workflows despite the performance trade-off.
IV. CONCLUSION

This study proposed a BC-validated framework that ensures
deterministic, transparent, and reproducible protein structure
and binding site analysis. By integrating cryptographic seed-
ing with HF, we address key challenges in structure-based
drug discovery workflows. Our approach enhances scientific
integrity, fosters collaboration, and lays a robust foundation

for reproducible and auditable molecular research.
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