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Supplementary figure 1 Binding of polyclonal sera from Pf rCSP-CAF09-immunized 35 

mice to P. falciparum and P.b.-P.f. CSP-FL CD8CT transgenic sporozoites. Sera from 36 

mice that received either 2 or 3 doses of Pf rCSP-CAF09 bind air-dried sporozoites with 37 

comparable efficiency, as determined by IFA. Images are representative of 1:16000 sera 38 

dilutions. Abbreviations: Pf rCSP-CAF09, P. falciparum recombinant circumsporozoite 39 

protein in adjuvant CAF09; P.b.-P.f. CSP-FL CD8CT, P. berghei–P. falciparum CSP 40 

full-length CD8 epitope C-terminus transgenic parasite; IFA, immunofluorescence assay. 41 
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Supplementary figure 2 Comparison of antibody titers against the Pf CSP repeat 53 

region. Pooled serum samples from mice immunized with Pf rCSP-CAF09, Pf rCSP-54 

GLA-SE, recombinant FluPf and VacPf viruses or CAF09 adjuvant (n=5 per group) were 55 

serially diluted and tested by ELISA against a synthetic peptide representing the P. 56 

falciparum CSP repeat region [NANP]7. Anti-CSP IgG titers from mice immunized with 57 

Pf rCSP-CAF09 and Pf rCSP-GLA-SE were comparable, while FluPf and VacPf 58 

immunizations induced minimal antibody responses. Abbreviations: Pf rCSP-CAF09, P. 59 

falciparum recombinant circumsporozoite protein in adjuvant CAF09; Pf rCSP-GLA-SE, 60 

P. falciparum recombinant circumsporozoite protein in adjuvant GLA-SE; FluPf, 61 

recombinant Influenza virus expressing a region of the P. falciparum CSP C-terminus Pf; 62 

VacPf, recombinant Vaccinia virus expressing the full-length P. falciparum CSP; ELISA, 63 

enzyme-linked immunosorbent assay; OD, optical density. 64 
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Supplementary figure 3 Parasite liver burdens in mice immunized with recombinant 73 

FluPf and VacPf viruses. Mice immunized with recombinant FluPf and VacPf viruses 74 

were challenged against transgenic P. berghei-P. falciparum (P.b-P.f.) parasites 75 

expressing the full-length P. falciparum 3D7 CSP containing the murine Class I MCH 76 

epitope 359DYENDIEKKI368 (CSP-FL CD8CT) or the wild-type full-length P. falciparum 77 

3D7 CSP (CSP-FL), which does not incorporate the cytotoxic epitope. Parasite liver 78 

loads of immunized mice challenged against P.b-P.f. CSP-FL CD8CT parasites were 79 

significantly lower than those of immunized mice challenged against P.b-P.f. CSP-FL 80 

sporozoites or naïve controls. Abbreviations: P.b.-P.f. CSP-FL CD8CT, P. berghei–P. 81 

falciparum CSP full-length CD8 epitope C-terminus transgenic parasite; P.f. CSP-FL, P. 82 

berghei–P. falciparum CSP full-length transgenic parasite; FluPf, recombinant influenza 83 

virus expressing P. falciparum CSP regions; VacPf, recombinant vaccinia virus 84 

expressing the P. falciparum CSP; rRNA, ribosomal RNA; RT-qPCR reverse-85 

transcription quantitative real-time polymerase chain reaction. 86 
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Supplementary figure 4 Development of P.b.-P.f. CSP-FL CD8CT transgenic parasites. 97 

(A) Scheme representing the strategy for replacing the CSP gene of GFP-Luciferase P. 98 

berghei (ANKA) with the P. falciparum (3D7) CSP incorporating the P. berghei signal 99 

sequence. The star symbol (  ) represents the location of the introduced nucleotide change 100 

to generate the CD8+ T-cell epitope DYENDIEKKI. The annealing sites of the PCR 101 

primers used to verify recombination at the CSP locus are indicated below. Restriction 102 

sites shown are B – BbsI; K – KpnI; Ka – KasI; P – PacI; X – XhoI.  103 
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Supplementary figure 4 Development of P.b.-P.f. CSP-FL CD8CT transgenic parasites. 121 

(B) Using genomic DNA form P.b.-P.f. CSP-FL CD8CT transgenic parasites, 5’ and 3’ 122 

integration at the CSP locus was verified by PCR. Primers PbCS5’-F and hDHFR5’UTR-123 

R yield a 1000 bp product; primers PfCSP-F and PbCS3’UTR-R yield a 2100 bp product. 124 

(C) Amino acid sequence of CSP in the P.b.-P.f. CSP-FL CD8CT parasite. The P. 125 

berghei signal sequence is depicted in gray text while the P. falciparum residues are 126 

represented in black text. The amino acid replacement (Ala (A) to Glu (E)) introduced to 127 

generate the cytotoxic epitope DYENDIEKKI is underlined. 128 
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Parasite 
% Midgut 

infected 

Oocysts/

midgut 

% Salivary 

glands infected 

Spz/Salivary 

gland (x 103) 

% of infected mice 

after mosquito bitesB 

P.b.-P.f. CSP-FL CD8CT 87.50 60.33 80 9.5 100% 

P. berghei ANKA 80.20 55.25 75 10 100% 

 129 

Supplementary table 1 Developmental characteristics and infectivity of P.b.-P.f. CSP-FL CD8CT transgenic parasites in A. 130 

stephensi mosquitoesA. P.b.-P.f. CSP-FL CD8CT transgenic parasites have similar developmental characteristics as wild-type P. 131 

berghei ANKA parasites. 132 

A Mean of 3 experiments, with at least 20 mosquitoes examined in each experiment. 133 

B Three infected mosquitoes were allowed to feed on C57BL/6 mice (n=5) for 3 minutes. Blood stage parasitemia was assessed 5 days 134 

later. 135 
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Supplementary figure 5 Depletion of T cells by monoclonal antibody treatment. Single-156 

cell suspensions (5 x 105 cells) were harvested from the spleens of treated mice. Surface 157 

staining was performed with anti-CD3-PE, anti-CD4-FITC and anti-CD8-APC antibodies 158 

prior to flow cytometry analysis. Anti-CD4 and anti-CD8 antibody treatment efficiently 159 

depleted CD4+ and CD8+ T-cells, respectively. Abbreviations: α-CD4 mAb, anti-CD4 160 

monoclonal antibody; α-CD8 mAb, anti-CD8 monoclonal antibody; PE, Phycoerythrin; 161 

FITC, Fluorescein isothiocyanate; APC, Allophycocyanin. 162 
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