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Supplementary Figure S1: Fractionation of mitosomes from the E. histolytica trophozoites expressing 
Tom40-HA. A, A scheme of mitosome purification by the Percoll gradient centrifugation, as previously 
described1. B, Immunoblot analysis of the fractions after the second Percoll gradient ultracentrifugation. 
Approximately 9-µl of each fraction was subjected to SDS-PAGE and immunoblot analyses with anti-Cpn60 
and anit-HA antibody.  
 



 
 
Supplementary Figure S2: Immunofluorescence analysis of Tom40-HA in E. histolytica. The samples 
were prepared and examined as previously described1. Arrowheads indicate the mitosomes where Cpn60 and 
Tom40-HA are co-localized. 
 
 



 
 
Supplementary Figure S3: Immuno-EM analysis of Tom40-HA in E. histolytica. The samples were 
prepared as previously described4,5 and examined by electron microscopy at Tokaii Microscopy., Inc (Nagoya, 
JAPAN). Large (20 nm; blue arrows) and smalle gold particles (10 nm; red arrowheads) indicate Cpn60 and 
Tom40-HA, respectively.  
 
 



 
 
Supplementary Figure S4: The multiple alignment and domain prediction of Tom60 from three 
Entamoeba species. Tom60 homologues from E. dispar and E. invadens (Pathema ID; EDI_218540 and 
EIN_149090, respectively) were acquired from 
http://pathema.jcvi.org/cgi-bin/Entamoeba/PathemaHomePage.cgi. The multiple alignment was created by 
ClustalW2 (http://www.ebi.ac.uk/Tools/msa/clustalw2/). Asterisks and dots indicate identical and similar 
amino acid residues, respectively. E. histolytica, E. dispar, and E. indavens Tom60s consist of 505, 504, and 
497 amino acids, and their predicted isoelectric points are 4.79, 5.02, and 4.61, respectively. EhTom60 shows 
84 and 24% identity, and 96 and 76% similarity with Tom60 from E. dispar, and E. indavens, respectively. 
These proteins are predicted to contain one hydrophobic cluster (depicted by a gray box), and several 
tetratricopeptide repeats (TPR, depicted by pink and yellow boxes), predicte by TMpred 
(http://www.ch.embnet.org/software/TMPRED_form.html) and TPRpred 
(http://toolkit.tuebingen.mpg.de/tprpred), respectively. Numerical values indicate the scores by TMpred (in 
gray boxes, scores above 500 are considered significant) and e-values by TPRpred (in pink boxes). These 
proteins were predicted to be soluble by the TMHMM (http://www.cbs.dtu.dk/services/TMHMM-2.0/) and 



the OCTOPUS (http://octopus.cbr.su.se/), and the SOSUI (http://bp.nuap.nagoya-u.ac.jp/sosui/) programs. 
However, the HMMTOP (http://www.enzim.hu/hmmtop/) program indicated that E. histolytica and E. dispar 
Tom60s have one transmembrane helix at the amino terminus. These proteins were also predicted to possess 
no signal peptide by the SignalP (http://www.cbs.dtu.dk/services/SignalP/) program. The double-underlined 
region indicates the polypeptide detected by LC-MS/MS analysis in both the 60kD band of the 600 kDa 
complex immunoprecipitated from the Tom40-HA lystes (Fig. 1c and Supplementary Table S1A) and the 
band corresponding with the 600 kD complex (Supplementary Table S1B). The single-underlined region 
indicates the polypeptide detected only in the 600kD complex immunoprecipitated (Supplementary Fig. S5 
and Supplementary Table S1B). 
 
 



 
 
Supplementary Figure S5: BN-PAGE and immunoblot analyses of E. histolytica trophozoites 
expressing Tom40-HA. A, Coomassie brilliant blue-stained gels of BN-PAGE analysis. The 100,000 × g 
organelle fraction (60 mg) was solubilized with 2% digitonin or 2% n-dodecyl-b-D-maltoside (DDM), and 
subjected to BN-PAGE analysis. After the electrophoresis, the gel was stained with 0.1% Coomassie brilliant 
blue R-350. B, Immunoblot analysis. When the fraction was solubilized by 2% DDM, the specific 600 kD 
band (arrows) was not detected. The specific 600 kD band detected in the digitonin-solubilized sample was 
subjected to LC-MS/MS analysis. The specific E. histolytica polypeptides detected in only the digitonin 
sample by LC-MS/MS analysis are described in the Supplementary Table S1B. 
 
 



 
 

Supplementary Figure S6: The secondary structure of Entamoeba Tom60s and mitochondrial receptors. 
The secondary structure of Entamoeba Tom60s, rat Tom20 (NCBI ID: Q62760), and yeast Tom70 (NCBI ID: 
NP_014278) are predicted by PSIPRED. Crystal structure IDs of rat Tom20 and yeast Tom70 are 1OM22 and 
2GW13 in Protein data bank, respectively. Green and blue boxes indicate putative α-helices and β-strands 
predicted by PSIPRED, respectively. Gray boxes on rat Tom20 and yeast Tom70 based on crystal structure 
indicate unknown regions where the crystal structure is not solved. Dashed boxes indicate TPRs predicted by 
the TPRpred and the crystal structure2,3. Note that the fourth TPR of E. histolytica and E. dispar Tom60 (also 
the fourth and fifth TPRs of E. invadens Tom60), predicted by TPRpred, contain a β-strand by PSIPRED. In 
addition, the third TPR of E. invadens Tom60 is undetectable in E. histolytica and E. dispar Tom60. 
Therefore, the presence and absence of these putative TPRs need to be further verified. 
 



 
 
Supplementary Figure S7: In vitro binding of His-Tom60ΔN-HA to the mitosomal matrix protein. The 
recovery efficiency of His-Tom60ΔN-HA, AS-FLAG, and CS3-FLAG in the in vitro binding assay 
performed at indicated KCl concentrationsis is shown. Recombinant AS-FLAG and CS3-FLAG was mixed 
with or without His-Tom60ΔN-HA in the presence of 0-400mM KCl, and pulled down with Nickel NTA 
resin. The bound protein was eluted with imidazole. Vertical and horizontal axes indicate the recovery of 
proteins (%) and the KCl concentrations, respectively.  
 
 



Supplementary Methods 

 
Immunofluorescence assay and immunoelectron microscopy: Immunofluorescence assay1 and 
Immunoelectron microscopy4,5 were performed as previously described. 
  
Percoll gradient centrifugation: Mechanical homogenization and fractionation on two series of Percoll 
gradient ultracentrifugation of 8 × 106 trophozoites were performed as previously described1. Briefly, cells 
were washed three times by 2% glucose/PBS. After resuspended in the lysis buffer (10mM MOPS-KOH 
(pH7.2)/250mM sucrose/protease inhibitors), cells were disrupted mechanically by a Dounce homogenizer. 
After unbroken cells were removed by centrifugation at 5,000 × g for 10 min, the supernatant was 
centrifuged on Percoll gradient. 
 
Immunoblot analysis: Immunoblot analysis was performed with the Immobilon®-P membrane, anti-HA 
mouse monoclonal antibody (16B12; COVANCE, Berkeley, CA), alkaline phosphatase-conjugated 
anti-mouse IgG antibody (Cell Signaling Technology Beverly, MA), and CSPD (Roche Applied Science). 
 
In vitro binding assay: Approximately 100 nmol of AS-FLAG, CS3-FLAG, or CS3-FLAG-EEVD was 
incubated with or without 50 nmol of His6-Tom60ΔN-HA in the assay buffer (10mM HEPES-NaOH, pH7.5) 
containing HisLinkTH Protein Purification Resin (Promega, Madison, WI), 0-400 mM KCl, and 50 mM 
imidazole at 35.5°C for 1.5 h. The mixture was transferred into a microspin column, and resins were washed 
three times with the assay buffer supplemented with KCl and imidazole. The proteins bound to 
His6-Tom60ΔN-HA were co-eluted with the assay buffer containing 500mM imidazole. Approximately 40% 
of the eluted samples and 1.3 and 2.5 pmol of standard proteins were subjected to SDS-PAGE and 
immunoblot analyses with anti-HA and anti-FLAG antibodies. The relative amounts of proteins were 
quantified by the Analysis Toolbox in the ImageQuant TL safeware (GE Healthcare). Briefly, the protein 
amounts were calculated by subtracting the intensity of the band in the pull-down samples without 
His-Tom60ΔN-HA from that with His-Tom60ΔN-HA.  
 
Phylogenetic analysis: The Bootstrap probability by the maximum likelihood method was calculated as 
previously described6. Briefly, the TPRs were identified and extracted from representative TPR-containing 
proteins including 23 yeast proteins (such as Tom20, Tom70, and Sti1p) using the TPRpred program 
(http://toolkit.tuebingen.mpg.de/tprpred). The TPRs were also extracted from 28 putative TPR-proteins 
including Tom60 from E. histolytica, E. dispar, and E. invades, 36 proteins from Dictyostelium discoideum, 
Homo sapiens Tom34, and Arabidopsis thaliana Toc64. Data sets to reconstruct individual maximum 
likelihood trees were prepared as follows: Set 1 (yeast TPRs and TPRs from Homo sapiens Tom34, 
Arabidopsis thaliana Toc64, and Entamoeba Tom60s; Supplementary Table S2A); Set 2 (Dictyostelium 
discoideum TPRs and TPRs from Entamoeba Tom60s; Supplementary Table S3A); and Set 3 (E. histolytica 
TPRs including TPRs from Entamoeba Tom60s; Supplementary Table S4A).  
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Supplementary Table S1 (1 of 5 pages): Amino acid sequences of polypeptides that were detected 
exclusively from the 60kD band of immunoprecipitated sample (A), or the 600kD band of organelle 
fraction solubilized by digitonin (B), but not from corresponding controls, identified by liquid 
chromatography-tandem mass spectrometry. 
 

 
 



Supplementary Table S1, continued (2 of 5 pages) 
 

 
 



Supplementary Table S1, continued (3 of 5 pages) 
 

 
 



Supplementary Table S1, continued (4 of 5 pages) 
 

 
 



Supplementary Table S1, continued (5 of 5 pages) 
 

 
 

M.W. indicates the molecular wieght (dalton). Mr (expt) and Mr (calc) denote the experimentally determined 
and calculated molecular masses, respectively. Proteins in bold were previously detected in the mitosomal 
proteome1. Delta values  (experimental minus calculated) of less than ±0.03 are considered specific.  

 



 



 


