Supplemental Material for “A Novel Mitosomal B-Barrel Outer

Membrane Protein in Entamoeba”

Herbert J. Santos, Kenichiro Imai, Takashi Makiuchi, Kentaro Tomii, Paul Horton,

Akira Nozawa, Mohamed Ibrahim, Yuzuru Tozawa, and Tomoyoshi Nozaki

Cross-Validation Performance of our updated MBOMP predictor

To identify novel MBOMP candidates in the E. histolytica genome, we customized our
MBOMP predictor' for MRO?’s, as well as refining the method in general (see methods
in the main text). Ideally we would benchmark our prediction accuracy with no overlap,
in terms of protein families, between training and test sets. Unfortunately, the small
number of known MBOMP families makes this impractical. As a compromise, we
performed cross-validation using mitochondrial and MRO sequences with relatively
low sequence identity (see methods), attaining a precision of 0.96 +0.03, recall of 0.90
+0.08, and Matthew's Correlation Coefficient (MCC) of 0.93 £0.05 in 5-fold cross
validation. This represents a rough and (possibly highly) optimistic estimate of our

methods prediction accuracy on truly novel MBOMPs.

Prediction of MRO-BOMPs from mitochondria BOMP training set
To explore the potential of our predictor to generalize to MRO-BOMPs, we trained it
only on the 71 mitochondrial BOMPs as positive data, and then tested whether it could
correctly predict the 10 MRO-BOMPs. This test is not ideal because MRO-BOMPs are
in fact defined as such due to distant, but detectable, sequence similarity to
mitochondrial proteins. However, this test is not completely trivial because the

sequences of MRO-BOMPs are diverse and distinct from mitochondrial BOMPs (e.g.



the sequence identity is less than 25% between S. cerevisiae and E. histolytica Tom40).

In this test our predictor correctly predicted eight of ten MRO-BOMPs.

Empirical p-value of the predictor score attained by EhMBOMP30

To test the risk of finding a high scoring false positive which would also happen to be a
mitosomal (but not necessarily outer membrane) protein, we performed a sequence
scrambling test using 95 known E. histolytica mitosomal proteins’. We scrambled the
amino acids in each protein sequence, performed MBOMP prediction against the 95
scrambled sequences, and recorded the maximum score achieved. Only 5 of the 100
scrambled sequence trials produced any prediction score higher than the score of the
actual EEMBOMP30 sequence. This suggests the risk of finding by chance an equally
high scoring false positive amongst known E. histolytica mitosomal proteins may be

around 5%.



Table S1. Results of a-helical transmembrane, signal peptide and MBOMP
prediction on yeast known non-BOMP integral mitochondrial outer membrane
proteins.

To assess the risk of wrongly concluding that an a-helical type integral outer
membrane protein is an MBOMP, we tabulated the results of the a-helical
transmembrane segment predictor Phobius® and our MBOMP predictor on known
a-helical type integral outer membrane proteins from yeast. For this table we retrained
our MBOMP predictor, removing any proteins on this list from the training data. ~ All
proteins were assigned very low MBOMP probability scores and all but OM14 are

predicted to have at least one transmembrane a-helix or a signal peptide.

) Number of )
Amino ) ) ) Predicted
. Predicted Signal Peptide
Gene Name  Acid ) MBOMP
Transmembrane Predicted .
Length ] ) Probability
a-helical Regions
TOM20 183 0 Yes 0.0000
TOM22 152 1 No 0.0000
TOM70 617 0 Yes 0.0000
TOMS 50 1 No 0.0000
TOM6 61 1 No 0.0000
TOM7 60 1 No 0.0037
F7O01 855 1 No 0.0000
UGO1 502 2 No 0.0000
SCM4 187 3 No 0.0000
OM45 393 0 Yes 0.0000
OM14 134 0 No 0.0000




Table S2.

Results of EEMBOMP30 homolog search. Using SSEARCH, we were

able to identify candidate homologs of EEMBOMP30 limited to the genus Entamoeba.

Furthermore, we show the results of SSEARCH, targeting specific organisms, clearly

indicating the lack of homologs in representative eukaryotes having MROs or

mitochondria.
Organisms Organelle Best Hit E-value Annotation
type (length)
Entamoeba nuttalli Mitosome ENUI1_140620 3.7¢-99 Uncharacterized
(283) protein
Entamoeba dispar Mitosome EDI_035580 1.2e-66 Uncharacterized
(239) protein
Entamoeba invadens Mitosome EIN_041060/ 1.8e-27 Uncharacterized
EIN_ 066350 protein
(286)
Giardia lamblia Mitosome GSB_150221 0.46 Uncharacterized
(418) protein
Encephalitozoon Mitosome ECUO01 0380 03 Uncharacterized
cuniculi (310) protein
Cryptosporidium Mitosome cgd6 5020 1.4 Protein with
parvum (216) WD40 repeats
Trichomonas vaginalis  Hydrogenosome TVAG_193490 2.3 Uncharacterized
(552) protein
Blastocystis hominis Hydrogen GSBLH_T0000613 0.5 Uncharacterized
-producing 5001 protein
mitochondria (329)
Dictyostelium Mitochondria DDB 0184270 1.7 Uncharacterized
discoideum (187) protein
Trypanosoma brucei Mitochondria Tb927.3.5550 0.54 Small GTP-binding
(183) protein, putative
Saccharomyces Mitochondria GYP1 0.96 GTPase-activating
cerevisiae (637) protein GYP1




SEQ MLGKTAPFDTFNFTKQIFDTRNPSPLTLSVNAFGSKTTFGFRESDDTETTPKFTYNSGPQI I SKFGYKQIETSLNVSTNSQQ
BOCTOPUS BBBBBBBBBB
TMBETAPRED-RBF ——--——-- BBBB---—--————————-- BBBBBBBBBBBBB--——-——-——-—————- BBBBBBBBBBBBB-———-—---
SEQ IKVSSSLPFYSFTFDAILKDKT IGKVNVNGVAQI YKNIF IGINYLLPSNKLSPVF IKONEETP I DDNNETKTSVKEL IHGIE
BOCTOPUS -BBBBBBB---BBBBBBB-—-—-—-- BBBBBBB---BBBBBBBB-—--—-—--—— -~~~ ————-] BBBBBBB-
TMBETAPRED-RBF -BBBBBBBBBBBBBBBBB--—--—---- BBBBBBBBBBBBBBBBB--—--—--——-—~ === ————
SEQ QIQANSSGF ICYQESPYKKYSLFFDYSAC I IGARLLRKWNNI I | ASEAYFKNKRFEAQTATSSNIGNVGNCKL | 1 TSKKQALI
BOCTOPUS ~  ——————- BBBBBBB---—-| BBBBBBBBBBBBBBB-—--- —BBBBBBB---—--- -BBBBBBB-—--—--—————————-
TMBETAPRED-RBF ——--—-- —BBBBB-BBBBBBBBBBBBBBBBBB--——-——-| BBBBBBBBB----—-—--——————
SEQ AQITHP I TNLLKLK1QYFHSYEDGKNQLSFG I DLSL
BOCTOPUS ~ ———————- BBBBBBBB-—-—-—-- BBBBBBBBB
TMBETAPRED-RBF ———-——-—- -BBBBBBBBBBBB---—BBBBBBBBB--
b

Hydropathy

1 31 61 921 121 151 181 211 241 271

Amino Acid

Figure S1. Prediction of transmembrane f-strands and hydrophobicity profile
of EbMBOMP30. (a) Residues predicted to be part of a transmembrane -strand are
indicated by a “B” in the track labeled by the prediction method, BOCTOPUS® or
TMBETAPRED-RBF’. (b) Hydropathy profile of ESMBOMP30. The horizontal axis
shows the position in the sequence and the vertical axis shows the average
hydrophobicity® of the 7 residues centered on that position. Blue boxes indicate

predicted transmembrane B-strands.
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Figure S2. Accudenz flotation assay of ELMBOMP30 proteoliposome. (a) Density
gradient ultracentrifugation (DGU) of EEMBOMP30 proteoliposomes, synthesized by
cell-free system, in DGU solution and Accudenz (Accurate Chemical and Scientific,
Westbury, NY) was performed as previously described’. (b) Fractions were collected

from the top of the tube and analyzed by SDS—PAGE and autoradiography.
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Figure S3. Protease K degradation ratio of HA-MBOMP30 and mitosomal
membrane proteins relative to APSK. The percentages of Protease K digestion of
HA-MBOMP30, outer membrane control Tom40-HA, and inner membrane control
AAC-HA, were normalized against matrix control APSK-HA presented as mean +
standard deviation. The data was analyzed using Student’s #-test, indicating significant
difference between APSK and MBOMP30 (**p<0.01) as well as APSK and Tom40
(*p<0.05) degradation ratios, strongly suggesting mitosomal membrane and not matrix

localization of MBOMP30 based on sensitivity to protease degradation (n=3).
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Figure S4. Full-length immunoblots. (a) Results of the anti-HA immunodecoration of
sodium carbonate fractionation of HA-MBOMP30. The red boxes indicate the cropped
immunoblots shown in the first row of Figure 5a. (b) Sodium carbonate fractionation
was performed for Tom40-HA using the same conditions. The immunoblot of
Tom40-HA fractions was treated with anti-HA antibody while that of HA-MBOMP30
fractions was reacted with anti-Cpn60. Red crop boxes show the regions presented in
the second and third rows of Figure 5a respectively. (c) Organelle fractions of

Tom40-HA, HA-MBOMP30, AAC-HA, and APSK-HA were treated with proteinase
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K. Cropped boxes show regions of the immunoblots presented in Figure 5b. (d) The

SDS-PAGE blot of immunoprecipitated MBOMP30-HA, HA-MBOMP30, and

HA-Tom40, with or without the putative -signal was immunodecorated with anti-HA

antibody. The red box highlights the cropped immunoblot shown in Figure 6c¢.
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beta-signal PxGxxHxH

EhTom40 270 FIGSYSWGASIQIFR-—--———————————- 284
EcTom40 272 SGCTHGFGFLLEF---—--——————————- 284
CpTom40 286 LRNDYKFGFMMQFFPNEKDDKLDD——---——--———- 309
TvTom40 279 FQKLYSLGMAVSVRDTSSD--—---—-————- 291
BhTom40 262 VKGNHKVGIAMEVRL-——---—————- 216

GiTom40 320 FSGRTTVGVGLVLSEGALPRFIRKVARKVDSSSNHQ 355

beta-signal PxGxxHxH

EhSamb0 363 IEFNFTYPLLYKEYD--EKVSFQITTSF-— 388
EiSamb0 350 MDFSLIKHLKSGKND--EKCMFQVTTSF—- 375
EcSamb0 324 VTMSFAVPMTNNKQV--QRLQFGFDMDF——- 349
CpSam50 420 LSLLFSAPIKYRNTDMLEGFQLGMRMTYAPL 450

Figure S5. Multiple alignments of potential mitosomal p-signals. Multiple
alignments of the vicinity of the $-signal motif matches in MRO orthologs of Tom40
and Sam50 are shown. In EcTom40, EhSam50 and EiSam50, the motif match is not
perfect. (Abbreviations: Eh — Entamoeba histolytica, Ec — Encephalitozoon cuniculi, Ei
— Entamoeba invadens, Cp — Cryptosporidium parvum, Tv — Trichomonas vaginalis,

Bh — Blastocystis hominis, Gi — Giardia intestinalis)
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