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Comparative Analysis of Predicted Homology Models and Experimental Crystal Structures
Structural Comparison Using RCSB Pairwise Alignment
To validate the quality and accuracy of the predicted homology models, we performed a structural comparison between the predicted VHL and Elongin C models and the experimentally determined crystal structure (PDB ID: 1VCB). The RCSB Pairwise Alignment tool was used to compare the sequences and structural features of the models. The results of the alignment between the predicted VHL structure and the experimental crystal structure of VHL (Chain A) revealed a 100% sequence identity, with a root mean square deviation (RMSD) of 0.74 Å, indicating a high degree of structural conservation.
For the VHL-Elongin C complex, chain B of the predicted and experimental structures also demonstrated 100% sequence identity, with an RMSD of 1.0 Å. These RMSD values suggest that while the core structure of the VHL-Elongin C complex is well-preserved, minor deviations exist in certain regions. These deviations are likely due to the absence of specific residues in the crystal structure, which were modeled in our predicted structure. The alignment results are provided in Figure 1 (a) and (b).
Quantitative Structural Comparison Using TM-ALIGN and MM-ALIGN
To quantitatively compare the structural alignment between the predicted models and the experimental crystal structure, we employed the TM-ALIGN and MM-ALIGN webservers. This tool calculates the TM-score, which measures structural similarity by comparing the topology of the two models. A TM-score greater than 0.5 indicates highly similar structures. The alignment of the homology-modelled VHL structure with the crystal structure of VHL (PDB ID: 1VCB) yielded an RMSD of 0.74 Å and a TM-score of 0.95807. This TM-score is well above the threshold of 0.5, suggesting that the overall topology of the predicted VHL structure closely resembles the experimentally determined structure. The results of the TM-ALIGN analysis are presented in Figure 2.
Similarly, for the VHL-Elongin C complex, the MM-ALIGN comparison between the predicted complex and the crystal structure (PDB ID: 1VCB) gave an RMSD of 0.63 Å and a TM-score of 0.97671, further confirming the structural fidelity of the predicted model. The high TM-scores indicate that the predicted structures preserve the overall structural features of the VHL-Elongin C complex. The results from MM Align are given in Figure 3.
Structural Alignment Using PyMOL
Further structural validation was carried out using PyMOL, where we performed superimpositions of the predicted structures with the crystal structures. For the predicted VHL structure, the RMSD was calculated as 0.395 Å, indicating near-identical structural similarity with the crystal structure (PDB ID: 1VCB). The predicted VHL-Elongin C docked complex showed an RMSD of 0.7314 Å when superimposed on the crystal structure of the VHL-Elongin C complex, suggesting only minor deviations. These deviations were primarily due to additional residues included in the predicted models that were absent in the experimental crystal structure.
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Figure 1 (a). Pairwise structural alignment of VHL (Chain A) from the crystal structure (PDB ID: 1VCB) and the experimentally docked complex, performed using the RCSB Pairwise Alignment tool.
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Figure 1 (b). Pairwise structural alignment of Elongin C (Chain B) from the crystal structure (PDB ID: 1VCB) and the experimentally docked complex, conducted using the RCSB Pairwise Alignment tool.
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Figure 2: Structural alignment of VHL protein models using TM-align. The figure compares the 3D structures of the query protein (experimental VHL) and the template protein (VHL from crystal structure) obtained from TM-align.  (a): Sequence alignment derived from TM-align, showing regions of similarity and differences between the two proteins; (b)TM-score of 0.95807 indicates a significant similarity between the two structures, with a root mean square deviation (RMSD) of 0.74 Å. The high TM-score and low RMSD suggest a conserved folding pattern essential for the protein's functional role. (c) Superimposed structures of VHL from crystal structure (shown in blue) and experimental VHL (shown in red), highlighting conserved regions in structural alignment.
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Figure 3. Structural comparison of VHL-EloC models using MM-align. The figure demonstrates the structural alignment between the VHL-EloC complex from the crystal structure and the experimental VHL-EloC docked model. (a) Residue-by-residue alignment provided by MM-align, detailing conserved regions and subtle variations in both VHL and Elongin C, further validating the structural consistency between the two models. (b) TM-score of 0.97671 confirms a highly similar global topology. The alignment revealed a root mean square deviation (RMSD) of 0.63 Å, indicating minimal structural differences between the two models. (c) Superimposed structures of the crystal structure (shown in blue) and the docked model (shown in red), emphasizing regions of structural similarity and minor deviations.
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Figure 4. Structural superimposition of predicted and crystal-derived models using PyMOL. The figure illustrates the alignment between (a) the predicted VHL structure (shown in red) and the crystal-derived VHL structure (shown in green), with a root mean square deviation (RMSD) of 0.395 Å, indicating near-identical structures, and (b) the predicted VHL-Elongin C docked model (shown in red and pink) and the VHL-Elongin C complex from the crystal structure (shown in green and yellow), with an RMSD of 0.7314 Å, reflecting minor deviations. These minor deviations can be attributed to additional residues essential to our study (marked in red dashed circle) which are present in the predicted models, but were absent in the crystal structure. The results validate the accuracy of the predicted models in replicating the topology of the crystal structures while incorporating key mutations.
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TM-score Identity Aligned Residues Sequence Length Modeled Residues

crystal strcuture.pdb A - - - - 142 142
. cluster 1.1.pdb A 0.74 0.96 100% 139 148 148
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crystal strcuture.pdb B - - - - 88 88
cluster 1.1.pdb B 0 1 100% 88 88 88
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a)

(":" denotes aligned residue pairs of d < 5.0 A, "." denotes other aligned residues)

LRSVNSREPSQVIFCNRSPRVVLPVWLNFDGEPQPYPTLPPGTGRRIHSYRGHLWLFRDAGTHDGLLVNQTELFVPSLNVDGQPIFANITLPVYTLKERCLQVVRSLVKPENYRRLDIVRSLYEDLEDHPNVQKDLERLTQE

---VNSREPSQVIFCNRSPRVVLPVWLNFDGEPQPYPTLPPGTGRRIHSYRGHLWLFRDAGTHDGLLVNQTELFVPSLNVDGQPIFANITLPVYTLKERCLQVVRSLVKPENYRRLDIVRSLYEDLEDHPNVQKDLERLTQERIAHQRMGD

b) Name of Chain_1: VHL from crystal structure (1VCB) c)
Name of Chain_2: Homology modelled VHL
Length of Chain_1: 142 residues (Blue)
Length of Chain_2: 148 residues (Red)
RMSD= 0.74, TM-score= 0.95807

Superposition of two proteins
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a)
(":" denotes residue pairs of d < 5.0 Angstrom, "." denotes other aligned residues)
LRSVNSREPSQVIFCNRSPRWLPVHLNFOGEPQPYPTLPPGTGRRIHS YRGHLWLFROAGTHDGLLVNQTELFVPSLNVDGQPIFANTTLPVYTLKERCLQVVRSLVKPENYRRLDIVRSLYEDLEDHPVOKDLERLTQE

===VNSREPSQVIFCNRSPRVVLPVLNFDGEPQPYPTLPPGTGRRTHSYRGHLWLFROAGTHOGLLVNQTELFVRSLNVOGQPIFANITLPVYTLKERCLQVVRSLVKPENYRRLOTVRSLYEOL EDHPNVOKDLERL TQERTAHQRMGD*HYVKLISSDGHEF IVKREHALTSGTIKAHLS - -NETNEVNFREPSHVLSKVCHYF TYKVRYTNSSTEIPEFPIAPEALELLMAANFLOCH

©)

b)

Name of Structure 1: VHL-ELOC crystal structure (1VCB)
Name of Structure 2: Experimental VHL-ELOC

Length of Structure 1: 230 residues (Blue)

Length of Structure 2: 236 residues (Red)

RMSD= 0.63, TM-score= 0.97671

JSmol
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. VHL from crystal structure (1IVCB) (Green)

. Homology modelled VHL (Red)

RMSD=0.395

b)

. Elongin C from crystal structure (1VCB) (Yellow)

. Homology modelled Elongin C (Pink)

. VHL from crystal structure (1IVCB) (Green)

B Homology modelied VHL (Red)

RMSD=0.7314





