
 

   

 

EXTENDED DATA TABLES 

Extended data table 1  Plasmodium falciparum homology 

 

Protein name 
Number of 

patients 

P. falciparum 

homology (%) 

60S L4/L1 7 83 
ETRAMP A5KBH5 7 63 

40S S2 6 97 

Don Juan 6 53 

ETRAMP A5K676 6 43 

40S S11 5 99 

Histone H2A A5K214 5 98 

EF 1-alpha 5 98 

40S S23 5 98 

60S L32 5 94 

60S L29 5 91 

40S S8 5 89 

40S S6 5 89 

40S S30 5 89 

40S S25 5 86 

60S L13 5 80 

Histone H2A A5K7L8 4 97 

60S L37 4 97 

60S L30 4 92 

Alba domain 4 91 

Ubiq/Rib 4 91 

60S L36 4 90 

60S L35 4 81 

60S L23a 4 64 

Unch. A5K8G9 4 33 

Histone H3 3 100 

60S L37a 3 100 

50S S28e 3 97 

60S L44 3 97 

60S L10 3 96 

60S L8 3 95 

60S L9 3 94 

60S L33-B 3 92 

60S L18a 3 92 

60S  L13a 3 91 

60S L34-A 3 91 

60S L31 3 90 

60S L17 3 89 

60S L7a 3 84 

PPR_long domain 3 59 

Unch. A5K9Y3 3 43 

PI3K/PI4K 3 36 

Unch. A5K4L2 3 32 

Unch. A5K8G8 3 0 

Unch. A5KC18 3 23 
   



 

   

 

 

Extended data table 2  Primers used for Plasmodium falciparum liver stage expression 

 

Primer Sequence 

NF135 40S S25-1F 5’-TCTCCCAGAGCTGTTTACCC-3’ 

NF135 40S S25-1R 5’-TCATCTTCCAAGTTGTCACACA-3’ 

NF135 40S S30-1F 5’-ATGGGAAAGGTACATGGATCATTAG-3’ 

NF135 40S S30-1R 5’-ACTTTGGGACTTTAGGAGTCTGG-3’ 

NF135 60S L13-1F 5’-AAGAGTTAAAGGGAGCCGGA-3’ 

NF135 60S L13-1R 5’-ACCTCCAATACCTTTCTTTGCT-3’ 

NF135 60S L29-1F 5’-ACCGTAAAGCCCATAAGAATGGA-3’ 

NF135 60S L29-1R 5’-GGATCCAACCCTTTACGCGA-3’ 

NF135 H2A-1F 5’-TAGGTTCCACAGCAGCAGTT-3’ 

NF135 H2A-1R 5’-AACACCACCACCAGCAATTG-3’ 

NF135 CSP-1F 5’-GCCAAATGACCCAAACCGAA-3’ 

NF135 CSP-1R 5’-GGTTTATTAGCAGAGCCAGGC-3’ 

NF135 TRAP-1F 5’-AGAGAAACACGTCCACATGG-3’ 

NF135 TRAP-1R 5’-TCCAGCTATTCCACCTGCAA-3’ 

18S rRNA (3D7) -1R 5’-GGGTTCTGGGGCGAGTATT-3’ 

18S rRNA (3D7) -1R 5’-GCCATGCATCACCATCCAAG-3’ 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

   

 

 

EXTENDED DATA FIGURE 

 

 

 
 

Extended data figure 1 Antigen gene expression in humanized mouse livers infected with 

Plasmodium falciparum (Pf). The expression of genes related to antigens found in P. vivax 

immunopeptidomics was analysed in the liver stage of Pf infection. Pf 18S rRNA was used as 

endogenous gene. CSP and TRAP genes were used as positive control. Statistical analyse was 

performed by one-way ANOVA, with Turkey’s multiple comparison test. Actual P values are shown. 
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Extended data figure 3 Peptide validation by ex vivo ELISpot assay. Selected peptides were tested 

using PBMC isolated from patients infected with Plasmodium vivax (Pv) (n = 24), P. falciparum 

(Pf) (n=7) and healthy donors from endemic (n = 15) and non-endemic (n = 6) regions for malaria. Cells 

were stimulated with a, 40S ribosomal protein peptides, b, 60S ribosomal protein peptides, c, ETRAMP 

peptides, d, Histone peptides, and e, other peptides. Each symbol represents one individual. Green 

squares are Pv patients, purple triangles are Pf patients, pink circles are endemic healthy donors, and 

white circles are non-endemic healthy donor. IFN production was measured by spot counting and the 

results are expressed as spot-forming cells (SFC) by 1x106 PBMC. Positive peptides were considered 

as responses that induced ≥30 spots in each patient- above the red dashed line. 



 

   

 

 
 

Extended data figure 4 Plasmodium vivax peptides are presented by different HLAs. a, HLA-

ABC genotyping typing of the 7 patients used in the immunopeptidome analysis. b-d, NetMHC bind 

analysis of peptides identified in each sample to their donor HLA type. b, Number of peptides identified 

as HLA-ABC binders for each sample. HLA-ABC genotyping of the donor of samples used in the 

immunopeptidomics assays. Alleles represented with same color mean that they were shared across 

different samples. 

 

 



 

   

 

 
 

Extended data figure 5 Tapasin and ERAP1 expression on reticulocytes. Western blot of cell 

lysates from two healthy donors (HD): uninfected Retics (uRetics) and PBMC; and three Plasmodium 

vivax-infected reticulocytes (Pv iRetics) from three patients were probed for the antigen processing 

protein Tapasin and Endoplasmic reticulum aminopeptidase 1 (ERAP1). PBMC was used as positive 

control. F-actin was loaded as endogen protein expression control. In vitro binding assay of all selected 

peptides pulsed in an HLA-A*02:01, HLA-E*01:01, and HLA-E*01:03 cell line, including control 

peptides. Those peptides marked with asterisk were considered HLA-A: 0201 binders by in silico 

affinity predictions. 

 



 

   

 

 
 

Extended data figure 6 Parasitemia during Plasmodium knowlesi (Pk) and P. cynomolgi (Pcy) 

infection of non-human primates. a, Parasitemia of Pk as measured by qRT-PCR following each 

immunization. b, Antibodies to Pk CSP repeat region throughout immunization as measured by single 

dilution ELISA OD value. c, Parasitemia of Pcy as measured by Giemsa-stained thin smears. 

 

 

 

 

 

 

 

 

 

 

 

 



 

   

 

 
 

Extended data figure 7 Peptide validation by ex vivo IFN ELISpot in mouse model. 

Immunogenicity in Plasmodium yoelii (Py) infected mice.  Mice were intraperitoneally injected with 

105 Py  iRBC. At 12 days post-infection (dpi), mouse splenocytes were isolated and incubated with 

selected peptides. Cells were stimulated with a, ETRAMP peptides, b, Histone peptides and c, 

Miscellaneous peptides. Each symbol represents one individual. Red circles are Py infected mice (n=6), 

and black ones are non-infected mice (n=3). IFN production was measured by spot counting, and the 

results are expressed as SFC by 1x106 splenocytes. Positive peptides (#) were considered as responses 

that induced 10 spots in each mouse – above the red dashed line – and P 0.05 by multiple unpaired 

student t tests. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

   

 

MAIN FIGURES 

 

Figure 1 Peptide identification and immunogenicity validation. 

Figure 2 Classical and non-classical HLA peptide binders 

Figure 3 Novel Plasmodium antigens are recognized by T cells elicited during P. knowlesi and P. 

cynomolgi infection of non-human primates. 

Figure 4 Antigen validation in the P. yoelii malaria experimental model. 
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