Sequence of the vaccine construct. Sequences of the adjuvant are highlighted in green, sequences of the epitopes are highlighted in yellow, and linkers are highlighted in purple.

LLSSAYAHGTPQNITDLCAEYHNTQIHTLNDKIFSYTESLAGKREMAIITFKNGATFQVEVPGEAAAKSQNNEEVQTTYPVKSDQKATAKKKTTYPVKSDQKGGGGSINASPLNSYAAYKSDQKATAKKKYPVKSDQKAAAYTYPVKSDQKKKNEEVQTTYPAAYQTTYPVKSDEAAAKLLSSAYAHGTPQNITDLCAEYHNTQIHTLNDKIFSYTESLAGKREMAIITFKNGATFQVEVPGHHHHHH


Supplementary Figure 1. 
The refined construct exhibited a MolProbity score of 1.61 (92th percentile) and a clash score of 6.04 (90th percentile). ProSA-web analysis of the 3D vaccine model yielded a Z-score of -5.39, within the range characteristic of native protein structures.
Further validation using the PROCHECK and ERRAT servers (https://saves.mbi.ucla.edu/) (Figure 1) confirmed the model's reliability. ERRAT analysis produced an overall quality factor of 82.553%, while the Ramachandran plot revealed 98.7% of residues in the most favored regions and allowed regions, and only 1.3% in disallowed regions. These results indicate excellent backbone conformation, supporting the model's suitability for molecular docking and dynamic simulations.
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Figure 1. (a) ProSA-web analysis confirmed the tertiary structure’s reliability, with a Z-score of -5.39, within the range typical for native proteins. (b) Ramachandran plot analysis (PROCHECK server) evaluated the φ and ψ dihedral angles, demonstrating high stereochemical quality. (c) ERRAT further validated the model, yielding an overall quality score of 82.553%, supporting its structural accuracy.
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