
 
Figure S1: Group 1 and 2 sample 2D classes. Related to Figure 2. Sample 2D classes that make up 3D 
models shown in Figure 2 for Group 1 (A) and Group 2 (B). Datasets with >7.3k particles are divided into 20 
classes while those with <7.3k particles are divided into 9. All 2D classification datasets are shown in order of 
descending particle count. 



 
Figure S2: Group 3 and 4 sample 2D classes. Related to Figure 2. Sample 2D classes that make up 3D 
models shown in Figure 2 for Group 3 (A) and Group 4 (B). Datasets with >7.3k particles are divided into 20 
classes while those with <7.3k particles are divided into 9. All 2D classification datasets are shown in order of 
descending particle count. 



 

 
 
Figure S3: B-cell sorting strategy and polyclonal stem responses observed by cryo-EM. Related to Figure 
4 and 5. Flow cytometry gates used to detect and sort H2 HA head-specific B cells from the CD19+ CD3/14/56 
(dump)- CD27hi CD38hi CD20lo CD21lo plasmablast (A) or CD19+ CD3/14/56 (dump)- CD20+ IgG+ memory B 
cell compartment (B).  Each plot shows the cell population gated immediately to the left as indicated above each 
plot.  H2 HA head-specific B cells were detected as H2 HA ectodomain+ H2 stem-. (C) 2D classes of HA bound 
to polyclonal antibodies. Classes featuring pFabs with stem specificities outlined in red. (D) 3D reconstruction of 
stem-specific pFab. 
 
 



 
Figure S4: Local resolution plots of EM maps. Related to FigureS 5, 6, and 7. Local resolution was calculated 
according to a 0.143 FSC threshold in cryoSPARC 3.2 and visualized in ChimeraX.  



  
Figure S5: FSC plots for EM maps. Related to Figures 5, 6, and 7. Reported resolutions coincide with an FSC 
cutoff of 0.143. Plots were generated in cryoSPARC 3.2 or Relion. 



 
Figure S6: MAb 4-1-1G03 structural characterization. Related to Figure 6. (A) cryoEM density map of 4-1-
1G03 Fab complexed with H2. (B) Antibody footprint of 4-1-1G03 colored to indicate heavy and light chain 
interactions on H2. (C) Antibody loop interactions with the SA epitope with key residues shown. 
  



 
Figure S7: Cross-reactive mAb binding to H1 NC99. Related to Figure 6. (A) Cryo-EM reconstructions of 
mAbs 1-1-1F05 and 1-1-1E04 bound to H1 NC99. Antibody footprint of 1-1-1F05 and 1-1-1E04 colored to 
indicate heavy and light chain interactions on H1 NC99. (C) Antibody loop interactions with H1 NC99. 
  



 

 



Figure S8: MAb 2-2-1G06 interaction with H1 and comparison to CR8071 and binding kinetics. Related to 
Figure 7. (A) cryoEM density map of 2-2-1G06 Fab complexed with H1. (B) Antibody footprint of 2-2-1G06 
colored to indicate heavy and light chain interactions on H1. (C & D) Comparison of influenza B mAb CR8071 
(purple; PDB 4FQJ) bound to HA (PDBs 4FQJ and 4M44) and 2-2-1G06 (green) bound to H2. (E) Antibody 
footprints of 2-2-1G06 on H2 and CR8071 on HA (PDBs 4FQJ and 4FQM). (F) BLI sensorgrams indicating 
immobilized mAb 2-2-1G06 binding to H1, H2, or H5 HAs at concentrations of 3200, 800, 200, and 50 nM. 
 
  



Table S1: nsEMPEM map and deposition details. Related to Figures 2 and 4. 
 

 
 
  



 
Table S2: Cryo-EM map and atomic model refinement. Related to Figures 5, 6, and 7. 

 
  



Table S3: nsEM map and deposition details for monoclonal immune complexes. Related to Figures 4 and 
5. 

 


