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Supplementary Data 

 

 

Fig S1: Production of recombinant CIR proteins and subfamily-specific peptides  

A) Table summarizing the characteristics of the His-tagged recombinant proteins expressed for 

this study. The gene I.D., CIR-subfamily, region of the protein expressed and the theoretical 

molecular weight (M.W.) and isoelectric point (p.I.) of the recombinant proteins are indicated. B) 

Conserved amino-acid motifs within the CIR repertoire were identified by MEME analysis by 
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Lawton et al [19] and shown here as Weblogo images. Blue: hydrophobic residues; Green: polar, 

non-charged residues; Purple: acidic residues; and Red: positively charged residues. The 

percentage of CIRs containing each motif within subfamilies L and S and the sequence of the 

peptides synthesized for antibody production are shown. C) Position of the regions selected for 

protein and peptide production on a typical CIR protein. TM: transmembrane domain (shown in 

grey). 
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Fig S2: Alignment of the 6 His-tagged recombinant proteins 

Alignment of protein sequences was performed using ClustalW. Colours determine the different 

amino acids groups. Highlighted box showed the highly conserved peptide motif.  
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Fig S3: Production of anti-CIR antibodies  

A) Western blot experiments were performed to determine the specificity of CIR-specific 

polyclonal antibodies. The name of the recombinant proteins loaded on the SDS PAGE gel and 

antibodies used are indicated above, and the molecular weight on the side. Anti-His monoclonal 

antibody and rat pre-immune (P.I.) serum were used as loading and negative control respectively. 

B) The titres of anti-peptide antibodies in rabbit sera before and after immunization ("Before 

Imm." and "After Imm." respectively) were determined by ELISA assays. Bars represent 

antibody titres in arbitrary unit (A.U.). C) Western blot experiments were performed to 

determine the specificity of anti-peptide antibodies in rabbit sera before ("pre-immune serum") 

and after immunization (CIR-L and CIR-S). Asterisks indicate the differences observed between 
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the anti-CIR-L and anti-CIR-S antisera. Anti-Ter119 (specific to red blood cells membrane) and 

anti-Aldolase (soluble protein) antibodies were used as loading controls. P.L.: parasite lysate; 

uRBC: uninfected red blood cells membranes; M.W.: molecular weight. D) IFA was performed 

on transfected CHO cells expressing PCHAS_040110 proteins. Ratio of Mean fluorescence 

intensity (MFI) of pooled anti-CIR antibodies/anti-C-myc antibodies was measured using 

fluorescence plate reader. Bars represent the mean±S.E.M. of three independent experiments. (T-

test, ***: P<0.001).  
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Fig S4: Immunofluorescence experiments using CIR-specific polyclonal antibodies 

Representative pictures of immunofluorescence assay on acetone/methanol fixed red blood cells 

(RBC) infected with P.chabaudi AS. Parasites nuclei were labeled with Hoechst 33342 (blue) 

and the mouse erythrocyte membranes with anti-Ter119 antibody (green). CIR proteins were 

labeled with either a single CIR-specific polyclonal antibodies or a pool of polyclonal anti-CIR 

antibodies (red). Scale bars represent 5 μm. 
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Fig S5: Live imaging of P.chabaudi parasites expressing CIRs-GFP tagged  

Live cell imaging of transgenic Plasmodium chabaudi parasites expressing CIR proteins tagged 

with GFP (green). Representative pictures of the trophozoite (upper panel) and schizont (lower 
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panel) stages of each CIR member are shown. The subfamilies and gene accession number of the 

each CIR member are indicated along the side of both panels. Parasites nuclei were labeled with 

Hoechst 33342 (blue). The phase contrast image is shown in grey. Scale bars represent 5μm. 
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Fig S6: Comparison of cir transcriptional profile with CIR localization  

A) The transcriptional graph of each cir gene is plotted using the raw microarray data from 

Lawton et al., BMC genomics 2012, with mRNA abundance against hours post parasite invasion. 

First panel represent genes which are early transcribed (Ring/early trophozoites (ET) stage), 

10 
 



second panel are mid to late-trophozoites transcribed and last panel are late parasite stage 

transcribed.  B) Representative pictures of immunofluorescence assay on acetone/methanol fixed 

red blood cells (RBC) infected with P.chabaudi AS. Parasites nuclei were labeled with Hoechst 

33342 (blue) and the mouse erythrocyte membranes with an anti-Ter119 antibody (green). CIR 

proteins were labeled with individual polyclonal anti-CIR antibodies (red) in trophozoite (T) or 

schizont (S). First panel represent CIR member that is transcribed in early parasite stage 

(Ring/early trophozoites (ET)); second panel represent CIR member transcribed in trophozoite 

stage and last panel represent CIR  members transcribed in the late parasite stage. C) 

Representative pictures of the trophozoite (T) and schizont (S) stages of each GFP-tagged CIR 

member are shown. Parasites nuclei were labeled with Hoechst 33342 (blue). The subfamilies 

and gene accession number of the each CIR member are indicated along the side of the pictures. 

First panel corresponds to the early transcribed genes; second panel to the mid to late 

trophozoites and last panel to the late parasite transcribed genes respectively to their transcription 

data as shown in (A). Scale bar represent 5 μm. 
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Fig S7: CIR proteins are recognized by the host immune system during infection  

ELISA assays were performed to quantify the amount of CIR-specific Ig antibodies present in 

the plasma of C57BL/6 mice before (0) or after 1, 2 or 4 infections with P. chabaudi (n=10 mice 

per group). The name of the recombinant proteins used is indicated below (see also Fig S1A and 

S2). MSP121 recombinant protein was used as a positive control. Columns represent the median 

with interquartile range. Bars represent minimum and maximum values. (Mann-Whitney; *: 

P<0.05; **: P<0.01; ***: P<0.001) 
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