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Sample sizes were chosen to minimize the number of mice used in the study while providing sufficient statistical power to observe significant
differences. The majority of single-substitution variants was from a single run. Nine micrographs were taken for heat-treated postfusion hMPV
F analysis. Fourty-four micrographs were taken for MPE8 Fab complexed with DS-CavEs2, all of which were used for particle picking and
generating 2D classes.

No data were excluded.

We did not attempt to replicate the mouse immunization studies. Six biological replicates in a single immunization experiment is sufficient to
observe significant differences. To reduce the number of mice being sacrificed in this study, repeating the animal experiment is not necessary.
For the initial protein expression characterization of single-substitution variants, inclusion of base construct in each expression set allowed for
enough information to determine which constructs to move forward with. SDS-PAGE analysis was included in the determination and a panel
of the best constructs were run an additional time with similar results. Additional gels can be found in the Source Data file.

Mice were randomly assigned to experimental groups. For characterization of single-substitution protein expression, variants were grouped
based on design strategy for direct SEC comparison. Each variant plasmid and the base construct were randomly assigned to the transfection
groups.

Investigators were blinded to group allocation during data collection and analysis.

MPE8, MFP10, Ac967, Ac1025, MF11, MF14, biotinylated anti-His-tag mAb

MPE8 antibody was previously described and characterized by Wen, X. et al. Structural basis for antibody cross-neutralization of
respiratory syncytial virus and human metapneumovirus. Nature microbiology 2, 16272 (2017). Biotinylated anti-His-tag mAb were
purchased from Bio-rad (Ref: MCA1396B, Lot1711). All primary antibodies (MPE8, MFP10, Ac967, Ac1025, MF11, MF14) were
individually immobilized on a 96-well microtiter plates overnight at 4°C using a volume of 50ul/well of an antibody dilution at 4ng/ul
(200ng/well).

FreeStyle-293F cells (Invitrogen), Vero-118 cells (a kind gift of R. Fouchier at Erasmus Medical Center, Amsterdam, Holland)




