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Legends of Supplementary Figures 18 

Supplementary Fig. S1 19 

Domain prediction of EhDRPs by Pfam. The human (Homo sapiens, Hs) Drp1 (NP_036192), 20 

which is involved in mitochondrial fission, was predicted to contain a dynamin family GTPase 21 

domain (green box), a middle domain (red box), and a GTPase effector domain (blue box) based 22 

on Pfam analysis. The same three domains were likewise detected in human dynamin 1 (HsDyn1: 23 

NP_004399) in addition to the pleckstrin homology (PH) domain (orange box), whereas only the 24 

dynamin family GTPase domain was predicted in human Opa1 (HsOpa1: AAH75805). HsOpa1, 25 

a protein involved in mitochondrial inner membrane fusion, also contains a mitochondrial 26 

targeting sequence (MTS) and a transmembrane region (TM). E. histolytica possesses four genes 27 

for DRPs (EhDrpA, EhDrpB, EhDrpC, and EhDrpD) in its genome. The previously reported E. 28 

histolytica DLP1 (dynamin-like protein 1)1, is designated here as EhDrpA for uniformity among 29 

the four EhDRPs in this study. The corresponding e-values calculated by the Pfam prediction are 30 

indicated in the boxes. The amino acid stretch depicted in EhDrpC corresponds to the putative 31 

nuclear localization signal predicted by the cNLS Mapper. 32 

 33 

Supplementary Fig. S2 34 

Confirmation of the expression of HA-tagged EhDrpA-D by immunoblot assay. The left panel 35 

shows the immunoblot reacted with anti-HA mouse monoclonal antibody (HA.11 16B12), while 36 

the right panel corresponds to the blot stained with anti-CS1 rabbit antibody (as a loading 37 

control)2. Predicted sizes of EhDrpA-HA, EhDrpB-HA, EhDrpC-HA, and EhDrpD-HA are about 38 

80.5-, 78.3-, 94.6-, and 94.1-kDa, respectively. Each lane contains 10 µg protein. 39 

 40 
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Supplementary Fig. S3 41 

Confocal immunofluorescence images and fluorescence intensity profiles of E. 42 

histolytica transformants expressing EhDRP-HA. These images were acquired as shown in Fig. 2. 43 

The line color in graphs on the bottom panels corresponds to the respective fluorescence color in 44 

immunofluorescence images. Scale bar = 10 µm. Bottom graphs show the profile of fluorescence 45 

intensities on the line from the merged fluorescence micrographs. Each image of EhDrpC-HA 46 

and EhDrpD-HA strains on the left is identical to one shown in Fig. 2. 47 

 48 

Supplementary Fig. S4 49 

Scatter plots of the distribution of fluorescence signals for the evaluation of co-localization 50 

between EhDRP-HA and APSK or TOTO-3. The plots were created and analyzed using the 51 

“Coloc” option in Imaris® software (Ver. 6. 2. 1, Bitplane). The Diagrams shown in red and blue 52 

boxes were generated from images in Fig. 2 and Supplementary Fig. S3, respectively. The 53 

diagrams in yellow and green boxes were generated from images of EhDrpC-HA 54 

and EhDrpD-HA strains shown on the right side in Supplementary Fig. S3, respectively. 55 

Horizontal and vertical axes for each diagram are depicted at the bottom and top of the figure. 56 

Values (r) in parentheses indicate Pearson correlation coefficient. 57 

 58 

Supplementary Fig. S5 59 

(a) Comparison of DRPs between human and E. histolytica. Multiple alignment of a partial 60 

GTPase domain in EhDRPs, together with the human Drp1. The lysine residue (K) that plays an 61 

important role in the GTPase activity is highlighted1,3. This residue was mutated into alanine to 62 

create GTPase-deficient DRPs. Asterisks and dots indicate identical and similar amino acid 63 

residues, respectively. (b) Verification of the expression of GTPase-deficient mutants of EhDrpA, 64 
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B, C, and D. Expression of HA-tagged mutant EhDRPs was induced with 5 µg/ml Tet. Whole 65 

cell lysates (15 µg protein) of each strain cultured with (+) or without (-) Tet were subjected to 66 

SDS-PAGE and immunoblot analysis with either anti-HA antibody (left panel) or anti-CS1 67 

antibody (right panel). The expression of EhDrpD(K121A)-HA was leaky as it was observed 68 

even in the absence of Tet induction (see also Supplementary Fig. S5c). (c) Multiple alignment of 69 

the amino terminus of DrpD among five Entamoeba species. Two potential initiation codons, as 70 

highlighted in green, are conserved in Entamoeba DrpDs. Asterisks and dots indicate identical 71 

and similar amino acid residues, respectively. 72 

 73 

Supplementary Fig. S6 74 

Construction scheme and map of the tetracycline (Tet)-inducible expression vector with 75 

neomycin resistance marker: pEhTex/HA. The upper panel shows a schematic diagram 76 

summarizing the construction process of pEhTex/HA. The black boxes labeled Neo and Hyg 77 

represent resistance genes for neomycin and hygromycin, while the pink boxes labeled TetR and 78 

TetO indicate the gene of the Tet repressor and operator sequences, respectively. The gray boxes 79 

labeled Lec5' and 3', the white boxes labeled Actin 5' and 3', and the yellow boxes labeled CS 5' 80 

and 3', indicate the positions of the 5'- and 3'-untranslated regions (UTR) of Lec (a heavy subunit 81 

of Gal/GalNAc lectin: XP_656181), actin, and CS1 genes, respectively. The region containing 82 

TetR to TetO of pEhHygtetR O cass vector4,5 was PCR amplified using specific primers (pink 83 

arrows) containing the sequence needed for the In-Fusion system (broken lined boxes) at each 5' 84 

end. The red boxes represent the sequence of three copies of the hemagglutinin (HA) tag. The 85 

amplified fragment was inserted into pEhEx/HA6 digested with Bgl II. The lengths in the scheme 86 

are not proportional to the actual numbers of nucleotides. The lower panel indicates the 87 

nucleotide sequence near the cloning site of pEhTex/HA. The newly constructed vector 88 
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pEhTex/HA has three main features absent in pEhHygtetRO cass vector. First, the cloning sites 89 

in pEhEx5 and pEhTex/HA are interchangeable. Second, selection after transfection is by 90 

neomycin treatment, a more convenient approach compared with hygromycin selection. Third, 91 

like pEhEx7, pEhTex/HA can be used for the expression of a second protein by cloning in the 92 

single Spe I site. 93 

 94 

Supplementary Fig. S7 95 

Growth kinetics of E. histolytica trophozoites expressing a GTPase-deficient DRP mutant. 96 

Transformants were cultured with [Tet (+)] (red) or without [Tet (-)] (blue) 5 µg/ml Tet, and cell 97 

densities were monitored at indicated time points. Error bars represent standard deviations of 98 

three replicates. * P < 0.05 (Student’s t-test). 99 

 100 

Supplementary Fig. S8 101 

(a) Detection of EhDrpA and EhDrpB in whole cell lysate and immunoprecipitated samples by 102 

anti-EhDRP antibodies. Lane 1: immunoprecipitated (IP) sample by antiserum against DrpB. 103 

Lane 2: IP sample by antiserum against DrpA. Lane 3: IP sample by anti-DrpB antibody. Lane 4: 104 

IP sample by anti-DrpA antibody. Lane 5: IP sample by anti-HA antibody. Lane 6: mock IP 105 

sample carried out without antibody. Lane 7: whole trophozoite lysate (WTL) of E. histolytica 106 

HM-1:IMSS cl6. Approximately 20 µg of WTL protein or approximately 150 µg of 107 

immunoprecipitated protein per lane were subjected to SDS-PAGE and immunoblot analysis (left 108 

and right panels are results of anti-DrpA and anti-DrpB antibodies, respectively). Anti-DrpA and 109 

anti-DrpB antibodies can detect EhDrpA and EhDrpB as a major band in the lanes loaded with IP 110 

sample by anti-DrpA and anti-DrpB antibodies, respectively, although anti-DrpB antibody has 111 

nonspecific reaction in WTL lane. Moreover, the reactivity of anti-DrpB antibody to EhDrpB was 112 
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also demonstrated in the immunoblots of strains expressing EhDrpB-HA (Supplementary Fig. 113 

S10) as well as in recombinant EhDrpB (Supplementary Fig. S12b). (b) Comparison of protein 114 

expression among control, DrpAgs, and DrpBgs strains. Fresh samples for immunoblot analysis 115 

were prepared from three independent cultures. DrpA, DrpB, APSK, and CS1 indicate 116 

immunoblots reacted with anti-DrpA, anti-DrpB, anti-APSK, and anti-CS1 antibodies, 117 

respectively. Membranes in the 1st trial were cut prior to reaction with respective antibodies. The 118 

2nd and 3rd trials were performed at the same time, following a similar procedure to that of the 1st 119 

trial, with the samples loaded on the same gel. Approximately 20 µg of WTL protein per lane 120 

was subjected to SDS-PAGE. Bands marked with arrowheads indicate target proteins and band 121 

intensities for Fig. 4a were measured using the bands in Supplementary Fig. S8b. 122 

 123 

Supplementary Fig. S9 124 

Alignment of mitosome-associated EhDRPs and putative post-translational modification sites. 125 

The asterisks indicate conserved amino acids. Prediction of phosphorylation sites was performed 126 

using the NetPhos program (http://www.cbs.dtu.dk/services/NetPhos/). Residues in red, blue, and 127 

green are the predicted phosphorylation sites with high (score > 0.9), intermediate (0.8-0.9), and 128 

low (< 0.8) probabilities respectively. Putative sumoylation motifs with high (red boxes) and low 129 

(blue boxes) probabilities were predicted using the SUMOplot program 130 

(http://www.abgent.com/sumoplot). The regions used to raise anti-DRP antibodies are 131 

highlighted in gray. 132 

 133 

Supplementary Fig. S10 134 

Immunoprecipitation of EhDrpA and EhDrpB from EhDrpA-HA and EhDrpB-HA strains. The E. 135 

histolytica line transfected with pEhEx/HA empty vector was used as control. EhDRPs were 136 
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immunoprecipitated from 1 mg proteins of whole cell lysates of each strain. W.B. denotes 137 

antibodies that were used in the immunoblot assay. IP indicates antibodies or antisera used for 138 

immunoprecipitation. Immunoprecipitation was also carried out without antibody (“w/o Ab”). 139 

Broken boxes were clipped and magnified as shown in Fig. 5a. Approximately 150 µg of 140 

immunoprecipitated protein per lane was subjected to SDS-PAGE and immunoblot analysis. 141 

Immunoblot assays using strains expressing EhDrpA-HA or EhDrpB-HA were carried out 142 

independently from those using control strain. Individual membranes were stained with either 143 

anti-HA, anti-DrpA, or anti-DrpB antibodies respectively. 144 

 145 

Supplementary Fig. S11 146 

Immunoblot analysis of EhDRP complex in DRPgs strains. Lysates of trophozoites from DrpAgs, 147 

DrpBgs , and control transformants were subjected to BN-PAGE. After blotting, the samples 148 

were reacted with either anti-DrpA or anti-DrpB antibodies. Lanes were labeled as DrpAgs and 149 

DrpBgs, for the strains in which either EhDrpA or EhDrpB gene was silenced, and control for the 150 

transformant transfected with an empty vector. The arrowhead indicates the major band (about 151 

900-kDa) that was used as reference to compare the amount of DRP oligomer among strains. The 152 

intensities of the bands on immunoblots were measured and the relative amounts of the proteins 153 

were estimated as shown in Fig. 5b. Each lane contains 20 µg protein. 154 

 155 

Supplementary Fig. S12 156 

Quantification of EhDrpA and EhDrpB using recombinant histidine (His6)-tagged EhDRP-HA 157 

proteins as standards. (a) Coomassie Brilliant Blue (R-250) staining of recombinant 158 

His6-EhDRP-HA proteins purified from bacteria. Each lane contains 5 pmol recombinant protein. 159 

(b) Immunoblot analyses for the quantification of EhDRPs. Anti-DrpA and anti-DrpB antibodies 160 



-  - 8 

were used to immunoprecipitate the EhDrpA-EhDrpB complex from E. histolytica trophozoites. 161 

One mg protein from whole cell lysates was used in immunoprecipitation (IP). Each lane of 162 

SDS-PAGE was loaded with 3 %, 9 %, and 9 % (in volume) of the total immunoprecipitated 163 

samples with anti-DrpA or anti-DrpB antibody, and without antibody, respectively. Intensities of 164 

the corresponding EhDRP bands in immunoblots were measured and the amounts/molecular 165 

numbers of the proteins were estimated using standard curves shown in Fig. 5c. 166 

 167 

Supplementary Fig. S13 168 

The constriction site-like structures (CLSs) on the E. histolytica mitosome. (a) Immunoelectron 169 

micrograph of an E. histolytica mitosome with a CLS. (b) Yellow lines indicate the positions 170 

used for measuring the CLSs and the diameter of mitosomes. (c) A representative image of E. 171 

histolytica mitosomes. Immunoelectron microscopic observation was performed as previously 172 

described8-10. Gold particles indicate the localization of chaperonin 60 (Cpn60), a marker protein 173 

of E. histolytica mitosomes. Scale bar = 200 nm. (d) Comparison of lengths of CLSs (n = 11) and 174 

mitosome diameter (n = 22). Error bars and p-values denote standard deviations and the result of 175 

Student’s t-test, respectively. 176 

 177 

Supplementary Fig. S14 178 

Expression level of DrpA and DrpB homologs during stage conversion of E. invadens. (a) 179 

Expression profile of EhDRP homologs during encystation. This profile was based on our 180 

previous paper published by De Cadiz, A. E., et al11. The horizontal axis shows the time (in 181 

hours) after induction of encystation, while the vertical axis demonstrates the fold changes of the 182 

transcripts of E. invadens DRP homologs relative to their expression level at the trophozoite 183 

stage (i.e., Time 0). The broken lines denote the level of EhDrpA (red) and EhDrpB (blue) 184 
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transcripts that presented the mitosome elongation phenotype in EhDrpA and EhDrpB 185 

gene-silenced strains as shown in Fig. 4. (b) The transcript levels of E. invadens DRP homologs 186 

relative to the trophozoite stage at 2 hours post-induction of excystation. This profile was based 187 

on a previous paper published by Ehrenkaufer, G. M. et al12. 188 

 189 

Supplementary Fig. S15 190 

Immunoblot analysis of phosphorylated EhDrpA and EhDrpB. Strains expressing EhDrpA-HA, 191 

EhDrpB-HA, and control transformant (transfected with an empty vector), were used in this 192 

analysis. Immunoprecipitation by anti-HA antibody was performed with PhosSTOP® 193 

phosphatase inhibitor cocktail (Roche). After immunoprecipitation, the proteins were separated 194 

by SDS-PAGE using 6% acrylamide gel containing 50 µM Phos-tagTM (Wako Pure Chemical 195 

Industries, Ltd., Osaka, Japan) followed by immunoblot analysis using anti-HA antibody. Closed 196 

and open arrowheads indicate unmodified and phosphorylated EhDrpA-HA (red) and 197 

EhDrpB-HA (blue) respectively. Red and blue asterisks indicate His6-EhDrpA-HA and 198 

His6-EhDrpB-HA treated with AcTEVTM protease (Life Technologies) respectively, however the 199 

His-tag was not cleaved by this treatment. 200 

 201 

 202 

Supplementary Table. S1 203 

List of proteins known to be involved in mitochondrial dynamics13-17 204 

 205 

Supplementary Table. S2 206 

List of primers  207 
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