MEERARE (FhE-H#)

DFEE BDFETVVY, 2ab—-2aY02BVE NMAR—-h—-D
RRH LU BIERMSZIR

Soyoung Park (RERFIFXEF HERETAFUAR - HEHUR)

SUPPORT

Our group is one of several research groups within the In Silico Analysis Unit. We provide structure- and sequence-based computational support to experimental and clinical researchers across Japan. Our activities include structural
modeling and simulation of proteins, protein complexes, and protein-nucleic acid assemblies; adaptive immune receptor repertoire analysis for biomarker discovery and patient stratification; and large-scale sequence, genomic, and omics
analysis using machine learning. During the current project period, our group directly handled 22 support projects, supervised two addltlonalé)ro]]ects and received support from three other BINDS groups for problems requiring
complementary expertise. These projects span basic immunology, infectious disease, autoimmune disease, and cancer, and range from indivi structural predictions to long-term collaborations that develop alongside experimental and
clinical research. Six directly supported projects and one supervised project were completed during this period, while several ongoing projects have already produced peer-reviewed publications. Representative outcomes include structural
analysis of DHX29 interactions with the translating ribosome, which helped reveal how this conserved protein detects nonoptimal codon usage and regulates mRNA stability. This work was published in Science. AlphaFold-based modeling
and mutational analysis of the Toxoplasma protein MIC11 identified a motif required for its trafficking and its role in parasite egress from host cells, resulting in a publication in Nature Communications. Other supported studies have
contributed to publications in Immunity, PNAS, Nature Cell Biology, and Science Translational Medicine. Ongoing cryo-EM work is examining how Regnase-1 and its binding partners recognize specific cytokine RNAs, with the aim of
understanding the molecular basis of selective cytokine mRNA degradation.

SOPHISTICATION

Our sophistication activities aim to advance methods for large-scale biological data analysis, machine learning, database construction, genome annotation, molecular prediction, and visualization. These methods are developed using
sequence, genomic, structural, and omics data and are evaluated through applications to biological and biomedical research. A major focus has been the development and evaluation of computational methods for adaptive immune
receptor repertoire analysis. We reviewed current approaches for using immune-receptor repertoires to stratify responses to cancer immunotherapy, including conventional repertoire metrics and sequence-based machine-learning
methods. We also discussed the requirements for standardization, data sharing, and clinical translation in Trends in Molecular Medicine. We developed FACTS, a scalable classification framework that combines paratope sequence
representation, rapid clustering, and machine learning. Applied to approximately 81 million TCR sequences from 1,421 donors representing 15 diseases and a healthy control cohort, FACTS achieved a mean multiclass ROC-AUC of
approximately 0.99 and a mean accuracy of 81.77%. We also systematically benchmarked protein language models against conventional sequence-alignment methods for immune-receptor retrieval. This analysis showed that much of the
apparent advantage of protein language models for full-length receptor sequences can arise from conserved germline and framework information. The results emphasize the importance of appropriate sequence representation, dataset
construction, and train-test splitting when evaluating machine-learning methods for immune receptors. A further advance was the development of AbSapien, a method for identifying functionally related antibodies across individuals and
even across species. In an initial experimental evaluation, 40% of 20 antibodies selected from healthy human BCR repertoires bound their predicted targets by ELISA. Antibodies predicted to resemble many known therapeutic antibodies
could also be identified in healthy human repertoires, supporting the possibility of using natural human B-cell dlvers% as a source of therapeutic antibody candidates. Beyond immune-repertoire analysis, we developed and aP plied a
comparative genome-alignment strategy to improve immune-receptor gene annotation. Application to the bovine TRG locus identified previously unannotated genes and produced an updated annotation integrating evidence from multiple
genome assemblies, as reported in BMC Genomics. Through collaboration, we also established an Adjuvant Database containing standardized transcriptomic profiles for 25 adjuvants. Integration with toxicity data and machine-learning
methods enabled prediction and experimental evaluation of both adjuvant activity and toxicity, with the results published in Cell Chemical Biology. Our molecular analysis and visualization activities produced chemically tunable,
microenvironment-sensitive fluorescent nucleosides for studying G-quadruplex and nucleolin interactions and for live-cell imaging, published in Sensors and Actuators B: Chemical. A related project developed NiTA, an environment-
sensitive fluorescent probe for visualizing lipid droplets and monitoring changes in their local environment in immune cells and living medaka, published in Analytica Chimica Acta.
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