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Figure S1. Immunogen design and down-selection of elicited VH3-33 mAbs, related to 
Figure 1. (A) Four immunogens containing PfCSP junction and central repeat motifs were 
designed using the Helicobacter pylori apoferritin (Ferr) and Aquifex aeolicus lumazine synthase 
(LS) nanocage backbones. A schematic of PfCSP from strain NF54 is shown with domains 
labelled as follows: N-terminal domain (NTD), junctional region (Junc), C-terminal domain (CTD), 
GPI anchor (GPI). The junctional and central repeat regions are coloured according to the 
sequence displayed below the schematic. Designed immunogens display the entire PfCSP 
junction followed by 5 (NANP5) or 18 (NANP18) consecutive NANP repeats. Ferr (PDB ID: 3BVE) 
and LS (PDB ID: 1HQK) monomers and fully assembled nanocages are shown [1,2]. PfCSP-
derived segments were fused to the N-termini of Ferr and LS monomers, highlighted in red. 
Schematics representing the resulting nanocage immunogens are shown to the right. (B and E) 
Representative ELISA binding curves of 44 mAbs to PfCSP (B) and 64 mAbs to the indicated 
peptides (E) at four different mAb dilutions. Curves corresponding to positive (mAbs 2A10, 2541, 
317, 4493 and CIS43) and negative (mAb mGO53) controls are coloured, as indicated by the 
legend to the right. (C) Frequency of antibodies encoded by IGHV3-33 (left) and IGHV3-
33/IGKV1-5 (right) in CSP+ and CSP- lymph node B cells upon immunizing mice from the 
KymouseÔ platform with the indicated immunogens compared to naïve B cells from unimmunized 
mice. Dots indicate individual mice. Statistical significance determined by one-tailed Mann-
Whitney test: ***P < 0.001. (D) Distribution of light chain Ig gene segments of isolated PfCSP-
reactive VH3-33 mAbs. (F-H) ELISA binding profiles of cross-reactive mAbs that exhibited binding 
to at least three of the five indicated peptides (F), mAbs with weak binding to each of the five 
peptides (G) or mAbs that bound only one or two of the peptides (H). Dotted line indicates binding 
threshold (AUC > 1). Data represent mean of three independent experiments. (B and D-H) n 
indicates the number of sample mAbs. 
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Figure S2. Details of high-affinity cross-reactive VH3-33 mAb broad parasite inhibitory capacity, 
related to Figure 1. (A) Antibody serum concentration one hour prior to time of challenge in the liver 
burden assay. mAb 317 was used as a positive control and is plotted as black triangular symbols. 
Symbols represent individual mice (n=5) and black dashed lines separate independent experiments. (B) 
Antibody serum concentration one hour prior to time of challenge in the parasitemia experiment. mAb 
317 was used as a positive control and is plotted as black symbols. Symbols represent individual mice 
(n=20 for mAb samples and n=70 for mAb 317) with circular and triangular symbols representing 
independent replicate experiments for each mAb sample and the corresponding mAb 317 
measurements. (A and B) mAb symbols are coloured based on cross-reactivity, as in Figure 1C-H. Black 
lines indicate arithmetic mean. (C and D) In vitro measurements found to have a significantly non-zero 
slope through simple linear regression analysis with liver burden (LB) % reduction (C) or bite-parasitemia 
(BP) % protection (D). Simple linear regression analyses were performed in GraphPad Prism. mAbs that 
yielded mean serum antibody titers < 40 µg/mL or < 50 µg/mL one hour prior to liver burden or 
parasitemia challenge, respectively, are excluded. Symbols represent the arithmetic mean of 
corresponding measurements.
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Figure S3. HCDR3 sequence alignment for the 12 selected VH3-33 mAbs, related to Figure 3. 
Sequences are coloured by mAb with framework residues shaded in grey and HCDR3 residues as 
labelled. HCDR3 amino acid length is indicated on the right side for each mAb. Grey and pale cyan bars 
on the left side correspond to the C-core conformation induced by each mAb, as described in Figure 3. 
Sequence alignment was conducted using Clustal Omega [3].
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