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Development of a computational peptide-protein interaction prediction method
based on their tertiary structures
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The purpose of this study is to efficiently search for peptide targets,
which is considered important in middle molecule drug discovery, and to develop a prediction method
reveals binding target.

I have performed large-scale parallelization to predict protein-protein interactions based on
three-dimensional structure information. In addition, an all-to-all prediction was performed on
representative human protein structures, and an web-interface was constructed to find the prediction
results via a web browser. In addition, | have developed computational methods that conducting
binding analysis of peptide molecules and proteins, LIK method which is a molecular target

prediction method based on bipartite graph prediction by machine learning, and another molecular
target prediction method named PKRank based on learning-to-rank.



B X C—19. F—19—1, Z—19.

1. WFZEBIA Y DY =
KRNSO EIZBfE LT, X7
R DAEIZE CIHER ST\ 5b, fEkE
HORTF RBMBEANTEEZ S BIRENT
WBHZEL o TED, XTF RO
WOBRRNEHE TH D, FrC LIRS OB A
No, XTFRPEETLHE NI EEDS
+ & OFEAMEICEE U CEFLE CREAT ATRE 72
HAfBAR M & STV D, ARIFZEIL, FF
(2 10 FRIELL EO BT T R OREERHT
EATDTOHD, N"AFTA LT H~T 47 A
&R 5,

2. WFFEDOHW

AR TIE, FRICH S FRIZRICB W CEE
EENDRXTF ROEIIZONT, ZhFEEL
R ERR L, DO E OfEEMEE THIT
XDOFEORBEEZAMNE Lz, BUNITF
R OREINAL (G HALe v 7 T VBRI 72
E) oHtEEITo7- BT, AL OFE M
DWTO TN ZFBT 25 B TH o 72
AN, ASHIFZE S A R S E R T RS
DT F RRRKIRILA W~ DI H T REE
WZOWTHREZ A, BERTRERE D72 OHAif
BRI & A & OFEATEDO FRIEANBRR D 2
THHZFEE LTS R S L 7=,

3. WFFED kL

MR EH & BT LT & 72 LR &S
WIZE S X N EMMAEER T Y 7
k7 =7 MEGADOCK (Z-2>UNT . RHEEF]H O
=D EEAL & WH|RAT 2 Fh LTz, Tz,
REFER 2 N ¥ 7 E % Protein Data
Bank 2 HUUEE L, 26 DY 7= X Xy
HRMHAEATRGEZE®m L, MERE7—
AT LT, THIFRERIZY =777 0% %
NMLCHETEL 22— VE%:
FANWTA v 2 —T = — A EREE LT,

F£7-. FEO MEGADOCK Y 7 MU =7 &
AL, _XTF R+ X UL OREM
FENTEH R 217 0 TEZBR Lz, AFHEIE
TF ROEFEAR, X NTBEED Ry
B AEAREERED O OFEHIEAT O 3 B P
ERTCTHEITOLOTHD (X 1),

I BLICHEBEIRAATF LA D5y 1 DIER)
R & LT, BB Ic L 50 N T
WTEORRR 2 FEE Uiz, B — R EOHEHL
HEFB L2277 7 PllZ Eik & Uiz LIK
B, BEIOZ 7 ¥EZFERE Lz PKRank
EABA%E LTz,

Kg-ruATLzRWF — [PEP-FOLD Server| —3 '.\ y —> .
il

i Struct deli T
Peptide Sequence  Stctwenaieing (9

@
L ! S
[ E: e "
§
!t decay profiles
iz

Rigid-docking sampling
A for all peptide model
Protein Structure e

X 1 _TTF ROREE MM HE FIEOR%
W2 D HFFE T B O,

CK—19 (Jtm)

4. WFIERE:

4. 1 MEGADOCK D& Ak & W HIEST
MEGADOCK (Z- 2T, REULFIH D 7= D
JEAL & WHIEST 2 FEh LT, FFCT Y v
770 RERRELZSDRIIEHT L7120
DOFEIEZFH L7~ Microsoft Azure @ GPU
A VAR AT WL O Virtual
Machine %I L7=FyBERBE 2BV T
WIS LR T & % 7 B A B AR
FHEFFEZEHLEZ (X2),

e ER Microsoft Azure
VM deploy : e
| Azurecut Virtual network
e Job X >‘ pubic [
.

network

350 T #HYM=22
300 | [“=NC2ar FIETE V=204
250 | -»-NC24 JE{E /

I T Strong scaling = 89%
oeto | M=)

Speedup (#pair / min)

200 ¢

150

100 - #VM=5 NC24 CPUDF
50 o

NC24r CPUDF?

0 |
#Virtual Machines 0 5 10 15 20 25
#CPU cores 0 120 240 360 480 600
&PTesla K80 GPUs 0 20 40 60 80 100

2 Microsoft Azure LOWHIFHEBREED
T (B) CIFIEFEMERETEE (7).,

4. 2 MEGADOCK-Web o BH%&

NRTF RPER L5255 7 BRI AE
VER%#F%T B0 Y — VI & LT,
MEGADOCK (Z X » T IS4 >/ 7 B
MHAEAERERZEBELET — 4 X— 2
MEGADOCK-Web % #%& Z& L 7= ( 3) .
MEGADOCK-Web (X35 & % 3000 Hf:d % v 732
BRI AR TRORENINE ST Y,
Molmil HDFE=2—UICEDA L ET 7T 4
T I REYE AL, KEGG /R A D = A & o> B}
7 Sl K o TR T2 R L <M
FRT D EMNAEETH 5, MEGADOCK-Web (£ L4
TOUWRLIZZY —TABRLTEY, V=77
FUOYMNSET I EATE 5,
http://www. bi. cs. titech. ac. jp/megadock-web

MEGADOCK-Web

2 2) BRI E N OB RER

1aam,

(KEGG DB)



http://www.bi.cs.titech.ac.jp/megadock-web

4. 3 RXTF ROREEMMTHA

RTF R5F L HZ o RITEOREITIED
MBLFZROMHE O TR E R 2 Y T, BEfF
DETY TV =T 16 BEBREDOT
J BEREH TSN T F RokEE () %
ELLHATHIZ IR TH D Z L 2 hk
BLTWDEN, —HFTENLDNTF RET
IWEEEZBHR W, XG0 ¥—7y M
Z XTIkt LT MEGADOCK Y 7 R 7 =7
WX DMEERHAEZFE LT 2 A, Eff
Bc JAE & oD PR B Y A i 72 9 A~ ELVE
THETARGRLILGOND Z RN D)
> (K4, ZOX5RETNVERMET 57
OOFHEE LTHEERTe 7 74 7
R AZ K BT FIE AR L. AAFZEHI R+
(AR 10BICBIT 2RGEEZ5E T L= (X5),
INHORERNG, —EOMEEMN (RS
YTV T) BHWDSZ LT, BAEIZELWY
EET NGNS &Y. MAEMRSM
P EFAE T BT A =2 BN G55 A RN
NHDHZEERLT,

X 4 ~NXFFRFyFo7HEORE, KA
D EITFE A AR OB OLE Z R LT
%, ZDr— A TIEALATF ROREIZEDOR
AR Ra) LIFIER URER TRl Sz,

X5 7T ROfE A% T Hloo—145], PDB 1D
X IRXZ TH D, XTF FERFITBIT D5
g L OFER (RMSD) 12 5.4 A Tho7-,

4. 4 HWEEIZX D0 TN TH
ERIERNEE R TOT vl T —
H T, BREEIC L > T THEME T
W25 FEETE Lz, AR CTIE—% L
EORSRAIIZER L, 7B AT =205
DB E EAET 3 FIZB N THE LN T
WAHRM T TO 282777 LoV 7 FHl
Rz fiE < LIK &, 38 L OMEM 7 & Flo

DAREDT v AT =2 NIEHTE 500
TTOZ 7 #EMEZE< PKRank %8
IR LT,

compound-protein . ) .
interaction network \nlaaractmn nlgll.nx . . §
&éj‘ &g@ interaction profile
0 %«.‘,‘ _ mPmk .
h pioary N a1
A 2 - L 0
Ay 3 E:> “reaf e n : -
e e ;:th;)fa 0 r.l- ! e
oL [
y y /
€ G2 o3 P P2 Ps €1 C2 3 P P2 ps
€1 n cy n
C2| {Ksim,e(e, @)} P2 | {ksimp(p, P)} 2| {karpmket P2| {kawp/iy}
c3 3 €3 P3
compound kernel protein kernel compound kernel protein kernel
(similarity matrix} (similarity matrix) (GIP/LIK) (GIPILIK)
Learning Prediction ¢/ . )
(SVM, etc)) Model fle.p)

X< 6 FEl—x B S < T ER T
YL LIK O X,

P Pz
L ]
[
P1 P2
€ € €3 Cy
p RPILZXH—%N
C k((e,p), (¢, p")
- C3 K = keom(e, ) % kpro(pnpl)

Cy
~

B 7 T2 Bl EHRA — R WEICEES<
53 1 REH) 115 PKRank OHBEZE,

5. Frpdgdkiam L5
(WHFEEE . WFZEoHE M ORI 788 12
ES 7Y

UdEssamsc) (BH1 14F)

@O Masahiro Mochizuki, Shogo D. Suzuki,
Keisuke Yanagisawa, Masahito Ohue,
Yutaka Akiyama. QEX: Target—specific
druglikeness filter enhances
ligand-based virtual screening,
Molecular Diversity, in press. &aif

@ Keisuke Yanagisawa, Shunta Komine,

Rikuto Kubota, Masahito Ohue, Yutaka
Akiyama. Optimization of memory use of
fragment extension—based
protein—ligand docking with an
original fast minimum cost flow
algorithm, Computational Biology and
Chemistry, in press. e h

doi:

10. 1016/ j. compbiolchem. 2018. 03. 013

® Takanori Hayashi, Yuri Matsuzaki,

Keisuke Yanagisawa, Masahito Ohue,
Yutaka Akiyama. MEGADOCK-Web: an



integrated database of
high-throughput structure-based
protein—protein interaction
predictions, BMC Bioinformatics,
19(Suppl 4): 62, 2018. #HFH

doi: 10.1186/s12859-018-2073-x
Tomohiro Ban, Masahito Ohue, Yutaka
Akiyama. Multiple grid arrangement
improves ligand docking with unknown
binding sites: Application to the
inverse docking problem,
Computational Biology and Chemistry,
73: 139-146, 2018. #FiAT

doi:

10. 1016/ j. compbiolchem. 2018. 02. 008
Shogo D. Suzuki, Masahito Ohue, Yutaka
Akiyama. PKRank: A novel
learning-to-rank method for
ligand-based virtual screening using
pairwise kernel and RankSVM,
Artificial Life and Robotics, 23(2):
205-212, 2018. 27

doi: 10.1007/s10015-017-0416-8
Masahito Ohue, Takuro Yamazaki,
Tomohiro Ban, Yutaka Akiyama. Link
Mining for Kernel-based
Compound-Protein Interaction
Predictions Using a Chemogenomics
Approach, In Proceedings of the
Thirteenth International Conference
On Intelligent Computing (ICIC2017)
(Lecture Notes in Computer Science),
10362, 549-558, 2017. &EHA

doi: 10.1007/978-3-319-63312-1_48
Naoki Wakui, Ryunosuke Yoshino,
Nobuaki Yasuo, Masahito Ohue, Masakazu
Sekijima. Exploring the selectivity of
inhibitor complexes with Bcl-2 and
Bcl-XL: a molecular dynamics
simulation approach, Journal of
Molecular Graphics and Modelling, T9:
166-174, 2018. #HiA

doi: 10.1016/j. jmgm. 2017.11.011
Tomohiro Ban, Masahito Ohue, Yutaka
Akiyama. Efficient Hyperparameter
Optimization by Using Bayesian
Optimization for Drug-Target
Interaction Prediction, In
Proceedings of the 7th IEEE
International Conference on
Computational Advances in Bio and
Medical Sciences (ICCABS 2017), 8
pages, 2017. &EHA

doi: 10.1109/ICCABS. 2017. 8114299,
Keisuke Yanagisawa, Shunta Komine,
Shogo D. Suzuki, Masahito Ohue,
Takashi Ishida, Yutaka Akiyama.
Spresso: An ultrafast compound
pre—screening method based on compound
decomposition, Bioinformatics,

(FRIEE)

0]

33(23) : 3836-3843, 2017. Haih
doi: 10.1093/bioinformatics/btx178
Yuri Matsuzaki, Nobuyuki Uchikoga,
Masahito Ohue, Yutaka Akiyama.
Rigid-docking approaches to explore
protein—protein interaction space,
Advances in Biochemical
Engineering/Biotechnology (Network
Biology), 160: 33-55, 2017. A
doi: 10.1007/10_2016_41

Nobuyuki Uchikoga, Yuri Matsuzaki,
Masahito Ohue, Yutaka Akiyama.
Specificity of broad protein
interaction surfaces for proteins with
multiple binding partners, Biophysics
and Physicobiology, 13: 105-115, 2016.
At

doi: 10.2142/biophysico. 13.0_105

(Gt3 21k

Masahito Ohue. ”“MEGADOCK: a
supercomputing bioinformatics
application for protein—protein
interaction prediction”, 1st RWBC-OIL
Workshop, Tokyo Institute of
Technology, Tokyo Japan, May 8, 2018.
K EHESER, "HEWRE T H R
W7, TEHALPR 2 E 80 IR E KL,
IPSJ-ONE (4), R H K77 VE 74 H % ¢
VNA, 3/15, 2018.

AMEA, K EHESE, FKILFR:"27 70 K
D438 GPU BRERIC 1T B & X
FEERTPRFHE Y L—2 U —27 ORE%
7, ARSI
2018-BI10-53(8), 1-8, 3/10 2018.

K EHES, “"MEGADOCK-Web: # L /37’8
MM AEEH PRI O REREZ NG L 72T
—H_X—=A L Web A L H—T =z—R",

5 22 [l — 7 oA S, AkEg
g B AT R BER S, 3/9 2018.
Masahito Ohue, “Prediction of
Protein—-Protein Interactions with
MEGADOCK: Parallelization,
Application, and Open Database”, 4th
IIT Madras—Tokyo Tech Joint Symposium
on Frontiers in Bioinformatics: Large
Scale Data Analysis, Resources and
Drug Design, Indian Institute of
Technology Madras, Chennai India, Nov
10-11, 2017.

Masahito Ohue, Yuki Yamamoto,
Aoyama, Yutaka Akiyama
“"MEGADOCK-Azure: high—performance
protein—protein docking on Microsoft
Azure HPC”, 4th IIT Madras—Tokyo Tech
Joint Symposium on Frontiers in
Bioinformatics: Large Scale Data
Analysis, Resources and Drug Design,
Indian Institute of Technology Madras,
Chennai India, PP35, Nov 10-11, 2017

Kento



Masahito Ohue, Takanori Hayashi,
Keisuke Yanagisawa, Yuri Matsuzaki,
Yutaka Akiyama: “MEGADOCK-Web: an
integrated database of
high—throughput structure-based
protein—protein interaction
predictions”, Informatics in Biology,
Medicine and Pharmacology 2017
(I1BMP2017), P57, 2017.
PINEEEr, /EBRIK, AN, Kb
Hes, FKiLZe: "7 7 7 A MaEAUL
EM R X TRHAEDOI DO EMTE A
T4 F vy v a MEORER T VT
VXL, RO PSR E
2017-BI0-50(39), 1-8, 6/25 2017.
MR, AR, RMRHBEE, K EHESR,
IR ”57,//\5’ AR BLAF T e
BT — H ~X— A MEGADOCK-WEB Dk B &
777 REHHEERE L OB, HHR O
MR, 2017-B10-50 (40), 1-8,
6/25 2017.
KREFES, IUARMEA, B LZR: "Microsoft
Azure B TO & 37 ERIAR A AEH T
AT LOWH|FHE & EREREL T, 1EH
WVER R TE A, 2017-B10-49(4), 1-3,
3/23 2017.
HILEEA, LARKA, kt%% ﬂm
”:/Tfmﬁﬁm Sy HGEHA
‘Té&>ﬁ%ﬁ§ﬁﬁﬁﬂ#ﬁﬁwyx
TA@%%MW T AR 7R
&, 2017-BI0-49(3), 1-8, 3/23 2017.
Masahito Ohue, Yuki Yamamoto, Takanori
Hayashi, Yuri Matsuzaki, Yutaka
Akiyama. “Cloud Computing for
All-to—All Protein—-Protein Docking on
Azure HPC’, Biophysical Society 61st
Annual Meeting, 2218-Pos, Ernest N.
Morial Convention Center, New Orleans,
LA, USA, 2/14 2017
R, MIRmBE, K RS, BliZE:
TR Ry BRI EAER TRIRE SR T — &
N—R L RIRFROEE”, HHRILIR T2
e, 2016-B10-45(3) © 1-4, Mar 2016.
e LB, X RHESE, FKILZe: 7% von s
HALEWHEERy hU—2 DY
U~ A =T GRS R
2016-BI10-45(12) : 1-7, Mar 2016.
Masahito Ohue, Yuri Matsuzaki,
Nobuyuki Uchikoga, Takashi Ishida,
Yutaka Akiyama. “MEGADOCK 4.0: an
ultra—high—-performance
protein—protein docking software for
heterogeneous supercomputers”
Biophysical Society 60th Annual
Meeting, Los Angeles, CA, USA, Mar 1,
2016.
Masahito Ohue, Yutaka Akiyama: “A
rescoring method of protein—peptide
docking prediction with amino acid
profiles of rigid-body search results”,

The Fourteenth Asia Pacific
Bioinformatics Conference (APBC2016)
P188, San Francisco Bay Area, CA, USA,
Jan 11-13 2016.

@ KEHESE, "HRECHLNNITHHZ XY
Botanwekxry hU—27 FIT2016 5
15 [FHEREFHMNT 7 +—F &, B
TtEF v 23R, 9/9 2016.

Masahito Ohue, Takehiro Shimoda, Shuji
Suzuki, Takashi Ishida, Yutaka
Akiyama: “A comparative study of GPU
and MIC accelerations in fast Fourier
transform—based protein—protein
docking”, 3nd IIT Madras - Tokyo Tech
Joint Symposium on Algorithms and
Applications of Bioinformatics, P26,
Nov 2015.

i

(ZDfth)

@ MEGADOCK-Web
http://www. bi. cs. titech. ac. jp/megado
ck—web/

@ MEGADOCK
http://www. bi. cs. titech. ac. jp/megado
ck/

@ KEHESR HAR—L—T
http://www. bi. cs. titech. ac. jp/ ohue/

6. WFEEHLRE

(1) WFge s

Kb FES (Ohue Masahito)

WU TEERT - (HFHE T3Pt - B
MeE®HsS: 507432009


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

