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Rosetta modeling suit version 3.9 was used to generate and analyze antibody models.

For ELISAs binding data and HCV pseudoparticles neutralization assays, analyses of data were performed using Prism version 5 (GraphPad Inc).

X-ray diffraction images were processed and scaled using iMosflm and Aimless as implemented in the CCP4 software suite (version 7.0.060).
The models were refined and validated using Phenix.refine (version 1.13_2998). Iterative manual model building and corrections were
performed using Coot (version 0.9.6). The quality of the final models was examined using MolProbity.

Superimposition of the antibody structure models, calculation of the parameters characterizing the overall shape of the Ab HCDR3 loops, and
antibody structures-containing figures' rendering was performed using PyMOL (version 2.2.3, Schrodinger, LLC).

Amino acid frequency distribution in sequences showed on Figure 1 was analyzed and visualized using WebLogo (https://
weblogo.berkeley.edu/logo.cgi).

The bioinformatics processing of all NGS data was done using an in-house bioinformatics sequence processing pipeline. An outline of all
processing steps is provided in the manuscript.

For Molecular dynamics (MD) simulations, systems were parameterized with Leap in AmberTools20. Covalent bonds to hydrogen atoms were
constrained with the SHAKE algorithm implemented in Amber20. Simulations were performed with Amber20 using the Particle Mesh Ewald
MD CUDA (PMEMD.cuda) application and ff19SB force field. MD simulation trajectory featurization and time-lagged independent component
analysis was performed with PyEMMA version 2.5.7.

The crystal structures of the HEPC3.1 and HEPC3.4 Fabs reported in this paper are deposited to the Protein Data Bank under accession numbers 7U0B and 7U0C.
Structures deposited by other groups that were used for analysis of the Ab structures with an HCDR3 loop CXXXXC motif in this paper (2FB4, 6C6Z, 5BV7, 4NZU,
3EYF, 6IEA, 5V7U, 6VBQ, 6BKB, 6Q19, 6WO4, 6URH, 4PTU, 6APC, 5IG7, 6BLI, 6Q1J, 6PBV, 6UOE, 6Q1G, 6Q0E, 4XAK, 6MED, 6MEF, 6MEE) are publicly available
(www.rcsb.org).

Sequences of the antibodies tested in this study are provided in the manuscript.

NGS data for Ab libraries were deposited to the Sequence Read Archive under accession number PRJNA813433 [https://www.ncbi.nlm.nih.gov/bioproject/
PRJNA813433/].

Rosetta Ab models as well as coordinate and restart files for all MD trajectories can be accessed from the GitHub repository [https://github.com/meilerlab/HEPC3].

No sample-size calculations were performed for the study. Sample sizes were dictated by the overall number of available sequences obtained
from the analyzed samples or the nature of the sequences. Only two sibling Abs were found by conventional sequence-based search and both
were tested. Ten potentially active Abs were prioritized from the computational survey of the sequence dataset based on their satisfying
numerical characteristics and the researcher's manual evaluation.

No data were excluded from the analysis.

Two independent experiments were performed for both ELISAs binding and HCV pseudoparticles neutralization assays. Previously
characterized antibodies were included in all experiments to verify reproducibility. No unreproducible results were observed and all
replication attempts were successful. The results of the binding and neutralization assay which were performed in different laboratories are
also in good agreement with each other.

Six independent 5.0 µs MD simulations were performed for each of the analyzed Ab. All trajectories were included in the analysis.

Ten randomly selected C-X-G-G-X-C HCDR3 motif-containing Abs were obtained from a list of all C-X-G-G-X-C HCDR3 motif-containing Abs
except the ones already tested in the study using Bash shuf command.

For the first set of the tested antibodies, investigators who performed testing were not aware of the computationally predicted activity/
ranking of the Abs being tested. The second pool of the tested antibodies was randomly selected from the Ab libraries, no predictions of their
activity were made and, hence, no expectations for the particular outcome could have been made. Results of the computational analysis were
assessed by multiple operators to prevent bias.




