2018 2020

Computational prediction of mitochondrial protein interactome
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A comprehensive understanding of mitochondrial proteins has been a major
challenge in biology and medicine. In particular, protein-protein interactions (PPIs) involving
mitochondrial proteins have been little investigated and information on them is scattered, although
they are highly valuable as drug targets. The aim of this project was to develop a technology to
elucidate the comprehensive interactome of mitochondrial proteins. We have developed an advanced PPI

prediction technology, MEGADOCK. In addition, we developed a database of the results of the
comprehensive PPl prediction, integrated the related information, and published it.
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1. WHERAR Y I DT

T harRITE, MEBOS A (mtDNA) ZROMIL/NEE THY ., TR AVF—EERED
MBS L ROEDY 355, mtDNA OEFEITIREEH CTHL I bar FUTH] OFERTH
D, T har FUTHRBIIETAMASOEMRIT., EMRIFEOLL L TEZRERZSIFICHL X DD
THEHERPETHD, LrL. S Fa RUTHRIFETLI X RIE (R hary R T7H R
Z8) 1359 3,600 i H Y (Calvo SE, et al. NAR, 2016), D95 H mtDNA RN — R4+ 5%
RIBITHOTH I3 FEETH D, I har R 7 OBEREREFE A 1 = X AOFMEIZIT, mtDNA 72
FTRSEHEOE DNA IZa—FENEI hary U T XU R0 EOMEZET 5 Z LA
RTHD,

ShraRUTEZURIBIIELS D ZFOBEDOETMENEH I TEY . MitoProteome T
—HZ _X—Z (Cotter D, et al. NAR, 2004) <°. HmtDB (Rubino F, et al. NAR, 2012) 72L& ®
AT —H X=X R T CBEEIEROMAHT BEA TND, —FH T, ¥ X7 H%E
95 ECHS TR R0 X EMMALER (Protein-Protein Interaction, PPI) @
EHIIRTFHAEDEE A TV 20, HINT (Das J & Yu H. BMC Syst Biol, 2012) <° H-Inv DB
(Takeda J, et al. NAR, 2013) &7z PPl HIADO#ET — X X—RIHFETDHHOD, I b
Yy RYTENRNIEEOMTTIIITOI TV W B RERDDS TV RWERMO PPI H 5k
ZLFET DR TH D, ZTHUHITFRRIRAIFAEN E LTI E THIE I STV mTEE
PERD D,

2. Mo HB

AWFFETIEI by RU T 2H0 B EENR PPI=2 ba L RUT A X T 7 b—AICHE
HL. S barv RUTA U HE T b—bDEREMPATHIZODFENNY LR bHETHIE, £
DFERDIEHZ AR & Lz,

3. WHED TGk

MitoProteome /52 ha X KU T X U AR EOIERERB L, MBOHX R 7E ) A &t
Y5, URANE R R ERET — 2 _X—Z2PDB A HRA L, ISR AIET S, I b2
Y RUTE R BLSNDRBENZ X7 BEIZHOWTIE UniProt 7 — &% ~_— Z DN R TE
T2 O TUEE L, [RIARIZ PDB 20 B NSRS G M A IEET D, E2850H, A, N2 T = A1F
W72 EIXKEGC 7 HINET S, PPI FHNZ-HOVTlE, MEGADOCK % AHFZE Chgft, L TRV,

4. WFIERR

MitoProteome 75 X by KU FIZHET 2 ¥ /X7 EH D UniProt AC ZHEG L. Xt d 5
& X7 Chain #§i& % PDB L 0 UEE L 7- /b5, 1, 675 i D & > /X7 H Chain 157, ZiL5H
@ Chain fi& (2%} L T MEGADOCK 4. 1.2 (2 & 5 4&fk4 PPT THIFHA %2 %0 L 7=, 7t 2, 805, 625 #i
@ PPI FHIEHE L. BT K TSUBAME 3.0 A—/8— 23> F 2 — & — % W TH 320 node-day DR
IC58T L7,

INHOEEREEIZK L, MitoProteome M L 22— R#kBI+FTdh S Mito ID & . Entrez Gene O
GenelD, & & L XUV EDJET 5 KEGG 7S A 7 = A ~O%bS T %47V . MEGADOCK-Web (Hayashi,
et al. BMC Bioinform, 2018) % &2 L 7= MEGADOCK-Web-Mito 7 — & X—Z2FB LN = 71
H—T 22— AL LTHZIHEELEZ (K1),

Search

Tob page protein pair | Protein pair »  Predicted
Ppag selection page complex page
v
Search > Prpteln PPI. prediction .| Pathway page
single protein selection page list page »

X 1 MEGADOCK-Web-Mito ¥ — & X— A DU = 7~ — UK. & OEFTIL MEGADOCK—Web
(Hayashi et al. 2018) & Lbils L 7= MEGADOCK-Web—Mito JH [ OMERE A3 F24E X 47~ BT,



il & LT, MEGADOCK-Web-Mito Zf# - T, »S—F YV U IRIZBHEi4 % MitoProteome ™ Mito ID
TMT000972] @D % > /X7 E D PP FRIIFR 2 BfF3 5 H 6 & =4,

1. MEGADOCK-Web-Mito T Mito ID MT000972 D& v X7 ' Bh BT H L, M2 DX o7
WRNE 5N 5, Gene symbol (% THTRA2) T&H Y. Chain HEXEIL 2 FE%H (2PZD_A &
5FHT_A) {713 %,

2. THFER O KEGG /R A 7 = A 15 (X 2(D)) 75 Thsa05012 Parkinson disease] %%
MR35 & HTRA2 DIEEIC DJ-1 &\ D X U R BENIEET D Z b5 (X 2(e)),

3. MEGADOCK-Web-Mito CDJ-1 L5 ¥ L X7 B A KZET 5 & Mito ID MT000850 ™ PARK7
LW ) BB D Gene WAFETET D Z &3 D35, PARKT 1d 4 50 Chain #i& (1PDW_A,
IPEO_A, 2RK3_A, 3BWE_A) M {FE{ET 5.

4. HTRA2 & DJ-1 @ PPI FHIfERD 1 %X 312779, ¥ 3 TIiL 5FHT_A & 3BWE_A DS
RPHEEZ TR LTEBY ., PHISNDHAEIEHAOEIEE (PP Score) & HLEZAYE U OME

(8.47) 725 TWAZ b 5D,

A2 AR R CTHESE L 7= MEGADOCK-Web-Mito [&. http://www. bi. cs. titech. ac. jp/megadock—
web-mito/NH 7 7 EARRETH D, £z, B THRISN/ZPPLIZH LT (HEEDOEWH DN
5) AIEFEBRIZCIIBAEZED TWS FETH D, AFEREDO —FH X arXiv

(https://arxiv. org/abs/2105. 00445) TAB L721E2>. EFES# The 27th International
Conference on Parallel & Distributed Processing (PDPTA’21) THRETETH D,

(a) MEGADOCK-Web-Mito

There are 2 matches for the query "MT000972". Please click "View" to go to your protein page.

UniProt AC Organism Protein Names Gene Names Mito ID Entrez Gene ID PDBID Chain
043464 Homo sapiens (Human) | Serine protease HTRA2; mitochondrial HTRA2 MT000972 27429 2PZD A View
043464 Homo sapiens (Human) | Serine protease HTRA2; mitochondrial HTRA2 MT000972 27429 S5FHT A View

(b) Protein Information

Your Query: HTRA2

Serine protease HTRAZ2; mitochondrial

Gene Names HTRA2

PDB ID 2PZD (Chain A)

UniProt AC 043464

Mito ID MT000972

Entrez Gene ID 27429

« hsa04210 Apoptosis - Homo sapiens (human)
KEGG Pathway + hsa04215 Apoptosis - multiple species - Homo sapiens (human)
« hsa05012 Parkinson disease - Homo sapiens (human)

__________ SNCA
. L Coraglex I Mitoc hondrial dysfunc tion
H{Cee] Gl Jl}

I I HTRA2 -:M
PINK1 I l—————bCaz'uvexlnad Ty CASI
i IR AN Increased ROS ! l [Apeti]
|
|

» . J
ATP_d:p?:hon A ( Apoptosis
Electron Fall in mitochondrial
transport chain merabrane potential

phosphorylation

"
X 2 (a) Protein selection page @, "MT000972” CHiZE L7-fRAZ R L C5, (b) Mito
ID MT000972 DA, (c) Parkinson’ s disease pathway ¢ KEGG pathway [, MT000972 ¢ %
VoRUE T D HIRA2 (B aiigih) 5L 0o PPT PRIFEER (PHIS M AERMET, B
F) BRI TS,



Docking Information

PPIScore: 8.473203 Show KEGG Pathway
Proteint Serine protease HTRAZ; mitochondra HTRAZ SFHT (Chain A)
Protein/nucleic acid deglycase DJ-1 PARKT 3BWE (Chain A)
Doc ng re ror I
Download comple t a
Download doc Kir |

4908.32

2 4672.64

3 GFHT_A (HTRA2) & 3BWE_A (PARK7) OAHAAER THEIER LHEINLIES K EET L



16 14 2 13

Masahito Ohue, Hiroki Watanabe, Yutaka Akiyama

MEGADOCK-Web-Mito: human mitochondrial protein-protein interaction prediction database 2021
The 27th International Conference on Parallel & Distributed Processing (PDPTA’ 21), Advances in -
Parallel & Distributed Processing and Applications

DOl
Masahito Ohue, Yutaka Akiyama -
MEGADOCK-GUI: a GUI-based complete cross-docking tool for exploring protein-protein 2021
interactions
The 27th International Conference on Parallel & Distributed Processing (PDPTA’ 21), Advances in -
Parallel & Distributed Processing and Applications

DOl
Masahito Ohue, Kento Aoyama, Yutaka Akiyama -
High-performance cloud computing for exhaustive protein-protein docking 2021
The 26th International Conference on Parallel & Distributed Processing (PDPTA’ 20), Advances in -
Parallel & Distributed Processing and Applications

DOl
Launay Guillaume Ohue Masahito Prieto Santero Julia Matsuzaki Yuri Hilpert C?cile Uchikoga 7
Nobuyuki Hayashi Takanori Martin Juliette
Evaluation of CONSRANK-Like Scoring Functions for Rescoring Ensembles of Protein?Protein 2020

Docking Poses

Frontiers in Molecular Biosciences

DOl
10.3389/fmolb.2020.559005




Launay Guillaume Ohue Masahito Santero Julia Prieto Matsuzaki Yuri Hilpert C?cile Uchikoga

Nobuyuki Hayashi Takanori Martin Juliette

2020.04.24.059469

Rescoring ensembles of protein-protein docking poses using consensus approaches 2020
bioRxiv -
DOl
10.1101/2020.04.24.059469
Matsuno Shumpei Ohue Masahito Akiyama Yutaka 17
Multidomain protein structure prediction using information about residues interacting on 2020
multimeric protein interfaces
Biophysics and Physicobiology 2 13
DOl
10.2142/biophysico.BSJ-2019050
Ohue Masahito Suzuki Shogo D. Akiyama Yutaka 92
Learning-to-rank technique based on ignoring meaningless ranking orders between compounds 2019
Journal of Molecular Graphics and Modelling 192 200
DOl
10.1016/j . jmgm.2019.07.009
Aoyama Kento Watanabe Hiroki Ohue Masahito Akiyama Yutaka 12082
Multiple HPC Environments-Aware Container Image Configuration Workflow for Large-Scale All-to- 2020
All Protein?Protein Docking Calculations
In Proceedings of the 6th Asian Conference on Supercomputing Frontiers (SCFA2020), Lecture 23 39

Notes in Computer Science

DOl
10.1007/978-3-030-48842-0_2




Jiang Keren Zhang Di lino Tsubasa Kimura Risa Nakajima Tatsuo Shimizu Kana Ohue
Masahito Akiyama Yutaka

A playful tool for predicting protein-protein docking 2019
In Proceedings of the 18th International Conference on Mobile and Ubiquitous Multimedia (MUM 5
2019)

DOl
10.1145/3365610.3368409
Kento Aoyama, Yuki Yamamoto, Masahito Ohue, Yutaka Akiyama -
Performance evaluation of MEGADOCK protein-protein interaction prediction system implemented 2019
with distributed containers on a cloud computing environment
In Proceedings of the 2019 International Conference on Parallel and Distributed Processing 175 181
Techniques & Applications (PDPTA"19)

DOl
Masahito Ohue, Ryota Ii, Keisuke Yanagisawa, Yutaka Akiyama -
Molecular activity prediction using graph convolutional deep neural network considering 2019
distance on a molecular graph
In Proceedings of the 2019 International Conference on Parallel and Distributed Processing 122 128
Techniques & Applications (PDPTA"19)

DOl
Ohue Masahito Yamasawa Marina lzawa Kazuki Akiyama Yutaka -
Parallelized Pipeline for Whole Genome Shotgun Metagenomics with GHOSTZ-GPU and MEGAN 2019
In Proceedings of the 19th annual IEEE International Conference on Bioinformatics and 152 156

Bioengineering (IEEE BIBE 2019)

DOl




Ban Tomohiro Ohue Masahito Akiyama Yutaka 18

NRLMFB : Beta-distribution-rescored neighborhood regularized logistic matrix factorization for 2019

improving the performance of drug?target interaction prediction

Biochemistry and Biophysics Reports 100615
DOl

10.1016/j .bbrep.2019.01.008

Tajimi Takashi Wakui Naoki Yanagisawa Keisuke Yoshikawa Yasushi Ohue Masahito Akiyama 19

Yutaka

Computational prediction of plasma protein binding of cyclic peptides from small molecule 2018

experimental data using sparse modeling techniques

BMC Bioinformatics 527
DOl

10.1186/s12859-018-2529-z

Kami Daisuke Kitani Tomoya Nakamura Akihiro Wakui Naoki Mizutani Rena Ohue Masahito 13

Kametani Fuyuki Akimitsu Nobuyoshi Gojo Satoshi

The DEAD-box RNA-binding protein DDX6 regulates parental RNA decay for cellular reprogramming 2018

to pluripotency

PLOS ONE €0203708
DOl

10.1371/journal .pone.0203708

Hayashi Takanori Matsuzaki Yuri Yanagisawa Keisuke Ohue Masahito Akiyama Yutaka 19

MEGADOCK-Web: an integrated database of high-throughput structure-based protein-protein 2018

interaction predictions

BMC Bioinformatics 62

DOl
10.1186/s12859-018-2073-x




29 4 7

Masahito Ohue

Supercomputing-based exhaustive protein-protein interaction prediction with MEGADOCK

The 5th 11TM-Tokyo Tech Joint Symposium-Current trends in bioinformatics: Big data analysis, machine learning and drug
design

2020

Masahito Ohue

Learning-to-rank for ligand-based virtual screening

AHeDD2019/1PAB2019 Joint Symposium

2019

Masahito Ohue, Shogo D. Suzuki, Yutaka Akiyama

PKRank & SPDRank - Learning-to-rank methods for machine-learning-based drug discovery

Biophysical Society 64th Annual Meeting

2020

Hiroki Watanabe, Masahito Ohue, Yutaka Akiyama

Exhaustive protein-protein interaction prediction using MEGADOCK on a large-scale HPC environment

2nd RWBC-OIL Workshop

2020




Kento Aoyama, Hiroki Watanabe, Masahito Ohue, Yutaka Akiyama

Multiple HPC Environments-Aware Container Image Configuration Workflow for Large-Scale All-to-All Protein-Protein Docking
Calculations

2nd RWBC-OIL Workshop

2020

Max Druyvesteyn, Masahito Ohue, Yutaka Akiyama

Improved protein-protein docking using arbitrary docking-derived protein interface predictions

2nd RWBC-OIL Workshop

2020

Shunpei Matsuno, Masahito Ohue, Yutaka Akiyama

Multidomain protein structure prediction using information about residues interacting on multimeric protein interfaces

2nd RWBC-OIL Workshop

2020

Kento Aoyama, Hiroki Watanabe, Masahito Ohue, Yutaka Akiyama

Multiple HPC Environments-Aware Container Image Configuration for Bioinformatics Application

International Conference for High Performance Computing, Networking, Storage, and Analysis (SC"19)

2019




GPU

2020

Kento Aoyama, Yuki Yamamoto, Masahito Ohue, Yutaka Akiyama

Performance evaluation of MEGADOCK protein-protein interaction prediction system implemented with distributed containers on
a cloud computing environment

IPSJ Technical Report SIGMPS

2019

2019

LiHub

2020




42 , [1F-06]

2019

PKRank & SPDRank

11

2019

Masahito Ohue, Hiroki Watanabe, Kento Aoyama, Yutaka Akiyama

Acceleration and virtualization of parallel protein-protein interaction prediction system MEGADOCK

The 57th Annual Meeting of the Biophysical Society of Japan

2019

Masahito Ohue, Shogo D. Suzuki, Yutaka Akiyama

PKRank & SPDRank: Learning-to-rank methods for ligand-based virtual screening

8 (11BMP2019)

2019




Kento Aoyama, Hiroki Watanabe, Masahito Ohue, Yutaka Akiyama

Multiple HPC Environments-Aware Container Image Configuration for Bioinformatics Application

8 (11BMP2019)

2019

Hiroki Watanabe, Masahito Ohue, Yutaka Akiyama

Accelerating MEGADOCK: protein-protein interaction prediction software on multiple nodes and multiple GPUs environment

8 (11BMP2019)

2019

Shumpei Matsuno, Masahito Ohue, Yutaka Akiyama

Multidomain protein structure prediction using multimeric interaction residue pair information

8 (11BMP2019)

2019

2019




Masahito Ohue

High Performance Computing Drug Discovery - Toward Targeting Protein-Protein Interactions

Advances in Neuroinformatics 2018 (AINI2018)

2018

Masahito Ohue

Prediction of Protein-Protein Interactions with MEGADOCK: Parallelization, Application, and Open Database

Asia Hub e-Drug Discovery Symposium (AHeDD2018)

2018

Masahito Ohue

Supercomputing-based exhaustive protein-protein interaction prediction and its open database

The 56th Annual Meeting of the Biophysical Society of Japan

2018

Masahito Ohue

MEGADOCK: a supercomputing bioinformatics application for protein-protein interaction prediction

1st RWBC-OIL Workshop

2018




Masahito Ohue, Takanori Hayashi, Yuri Matsuzaki, Keisuke Yanagisawa, Yutaka Akiyama

MEGADOCK-Web: An Integrated Database of High-Throughput Structure-Based Protein-Protein Interaction Predictions

Biophysical Society 63rd Annual Meeting

2019

Hiroki Watanabe, Takanori Hayashi, Masahito Ohue, Yutaka Akiyama

MEGADOCK-Web-Mito: a database of computer-predicted mitochondrial protein-protein interactions

1st RWBC-OIL Workshop

2018

MEGADOCK-Web-Mito

2018

41

2018




, , Juliette Martin, Guillaume Launay,

56

2018

http://www.bi.cs.titech.ac.jp/~ohue

CNRS

Lyon 1 University




