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Motivation & Dataset Overview

« Recent advances in Al-based protein structure prediction have significantly improved accuracy for
individual proteins; however, modeling antigen—antibody complexes in three dimensions remains
challenging, particularly in capturing the precise antigen-binding interface.

« To expand available data on antigen—antibody interactions, we immunized alpacas with several
antigens and constructed VHH (single-domain antibody) libraries. We previously released large-
scale VHH datasets targeting IL-6 [1] and the SARS-CoV-2 spike protein [2].

 In this study, we present a new dataset, AVIDa-hTNFa, comprising anti-human TNFa VHH clones,
further extending our antibody sequence and binding data resources.

AVIDa-hTNFa: Antigen-VHH Interaction Dataset

Dataset generation [1,2]
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Generation of Custom Multiple Sequence Alignments (MSAS)

We selected 26 TNFa-binding VHH clones with less than 93% sequence identity from our in-house
antibody library. For each clone, we performed 3D structure prediction using three different input
conditions in LocalColabFold [3]:

1. Default setting: MSAs were automatically generated by searching public sequence databases, and
template-based modeling was applied.

2. Custom MSA only: MSAs were generated from the AVIDa-hTNFa dataset using MMsegs2, and no
template structures were used.

3. Concatenated MSA: The custom MSA and the public database-derived MSA were merged, and
predictions were again performed without template structures.

This design allowed direct comparison between standard and dataset-informed inputs, isolating the
Impact of custom sequence data on predicted structural accuracy and variability.
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Amino acid sequences were visualized by MEGA X software [4]

Comparative Analysis

We compared the predicted structures under the three input conditions based on sequence coverage,
per-residue pLDDT (predicted Local Distance Difference Test) scores, predicted aligned error (PAE),
and overall 3D conformation.

Statistical analyses of pLDDT values were performed using the Mann-Whitney U test and the
Kruskal-Wallis test, with Bonferroni correction applied for multiple comparisons. To assess region-
specific differences in prediction confidence, each residue of the VHH sequences was annotated using
the IMGT numbering scheme via the ANARCI tool [5].
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Statistical Analysis for the Per-Residue pLDDT of All Predictions for the 26 Clones
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