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1. The proteins used to train the knowledge-based potetnial function obtained from

"Wang G, Dunbrack Jr RL. PISCES: a protein sequence culling server. Bioinformatics 19, 1589-1591 (2003)."

2. Astral 95/40 data downloaded form Scope 2.08 "https://scop.berkeley.edu/astral/"

3. The Bacteriocin proteins was obtained by requesting it from the authors of the paper

'Protein remote homology detection and structural alignment using deep learning'. This file contains results from AlphaFold2, OmegaFold, ESMFold, and TM-Vec
software tools.

4. PDBIDs of Ferritin Superfamily (SCOP ID: a.25.1).

5. Two superfamilies protein domain IDs were downoladed form "https://www.cathdb.info/" (CATH Code: 1.10.8.10 and 3.10.28.10).

6. The list of protein domains of five superfamilies (Data/csv/fiveSF.csv) winged helix (SCOP ID: a.4.5), PH domain-like (SCOP ID: a.55.1), NTF-like (SCOP ID: d.17.4),
Ubiquitin-like (SCOP ID: d.15.1), and Immunoglobulins (SCOP ID: b.1.1).

7. The Spike Glycoproteins in Covid dataset were downloaded from "https://cov3d.ibbr.umd.edu/"

8. The drug-target information downloaded from the supplementary information of the following paper

"Cheng F, Kovács IA, Barabási A-L. Network-based prediction of drug combinations. Nature communications 10, 1197 (2019)".

9.The list of 21 mammalian hemoglobin’s proteins in Globin family obtained from Supplementary Information of

Freiberger MI, et al. Local energetic frustration conservation in protein families and superfamilies. Nature Communications 14, 8379 (2023).

10. Large-Scale SARS-CoV-2 Proteome Analysis across 28 families obtained from Supplementary Information of

Freiberger MI, et al. Local energetic frustration conservation in protein families and superfamilies. Nature Communications 14, 8379 (2023).

All data used for our analysis is accessible at

https://github.com/mirzaie-mehdi/ProteinEnergyProfileSimilarity/Data
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Life sciences study design
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Sample size

Data exclusions

Replication

Randomization

For statistical testing, the following samples sizes were used,

1. Comparison of CPE distances for all pairs of bacteriocins including, pairs at different classes (N=125869), pairs at the same class (N=
111349), pairs from the same class from subclass1 (N=13431).

2. Within-group and between-group distance comparisons using CPE and SPE methods across different SCOP levels in the ASTRAL dataset.

ASTRAL40 Dataset:

• Within-group distances (Alpha class):

o n = 1000 piar domains from the Alpha class.

• Between-group distances (Alpha vs. other classes):

o n = 1000 Alpha-class pair domains compared with domains from other classes.

• Within-group distances (a.29 fold):

o n = 650 pair domains within the a.29 fold.

• Between-group distances (a.29 fold vs. other folds in all-alpha class):

o n = 3956 pair domains from other folds in the all-alpha class.

• Within-group distances (a.29.3 superfamily):

o n = 77 pair domains within the a.29.3 superfamily.

• Between-group distances (a.29.3 superfamily vs. other superfamilies in a.29 fold):

o n = 188 pair domains from other superfamilies within the a.29 fold.

ASTRAL95 Dataset:

• Within-group distances (Alpha class):

o n = 1000 pair domains from the Alpha class.

• Between-group distances (Alpha vs. other classes):

o n = 1000 Alpha-class pair domains compared with domains from other classes.

• Within-group distances (a.29 fold):

o n = 3872 pair domains within the a.29 fold.

• Between-group distances (a.29 fold vs. other folds in all-alpha class):

o n = 16,748 pair domains from other folds in the all-alpha class.

• Within-group distances (a.29.3 superfamily):

o n = 813 pair domains within the a.29.3 superfamily.

• Between-group distances (a.29.3 superfamily vs. other superfamilies in a.29 fold):

o n = 1344 pair domains from other superfamilies within the a.29 fold.

Generally, samples sizes are deemed sufficient for conducting systematic comparisons.

A curated dataset of non-redundant protein chains was utilized using PISCES from the Protein Data Bank (PDB). The dataset was selected
based on the following criteria:

• Pairwise sequence identity: Less than 50% to ensure non-redundancy.

• Resolution: Higher than 1.6 Å to guarantee structural accuracy.

• R-factor: Below 0.25 to ensure reliable crystallographic data.

• Protein length: Between 40 and 1,000 residues to include proteins of varying sizes while excluding excessively short or long chains.

• Overlap: Proteins overlapping with the test sets from this manuscript were removed from the training set.

This study outlines several measures to verify the reproducibility of the experimental findings, including:

1. Use of Benchmark Datasets: The study employed well-established datasets like ASTRAL40 and ASTRAL95 from SCOPe, ensuring that the
findings were tested against widely recognized and reliable data sources. These datasets are filtered for specific sequence identity thresholds
and structural similarity scores, enhancing reproducibility.

2. Correlation Analysis: High correlation coefficients between energy profiles derived from protein sequences and structures were reported.
This suggests consistency in results across different levels of analysis, supporting reproducibility.

3. Cross-Validation: For classification tasks, the study utilized Leave-One-Out Cross-Validation (LOOCV) approach with 1-NN classifiers. This
method enhances the reliability of the results by ensuring the model performs consistently across different subsets of data.

4. Comparison with Other Methods: The performance of the proposed methods (CPE and SPE) was compared with existing tools such as TM-
Vec, RMSD, and TM-Score. Superior accuracy and computational efficiency were demonstrated, validating the method against established
benchmarks.

5. Phylogenetic Reconstruction: The study successfully reconstructed phylogenetic trees using energy profiles, with results aligning with prior
investigations. This consistency supports the robustness of the approach.

6. Clustering Analysis: Clustering of spike glycoproteins and bacteriocins based on energy profiles provided clear and reproducible groupings,
corroborated by Adjusted Rand Index (ARI) metrics, which confirmed the clustering accuracy.

Replication Success: The article does not explicitly mention unsuccessful replication attempts or findings that cannot be reproduced. All
methods and results appear to have been reproducible within the study, as demonstrated by consistent results across datasets and alignment
with previously reported findings.

The grouping and analysis methods used in the study were determined by the inherent structure of the datasets and the objectives of the




