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Thesis Summary (approx.2000 Japanese Characters )

IR, R OJRINO R ESLHEANER DR EE B E LT, #2737 B AEA/EM (Protein-Protein Interaction, PPI)
& FEEN D RN A MBS ORI 2 & B8 L7 IERICI TN T D, PP & 1X, EBRNOBEE D ¥
NIENEWIHEGT 57 E LT, RO - Mfle, HceieoBa M TOoN 28R THD. HOMER
B L ST PPl OEFANRE & 72 55 BAFIEL, BN Z X7 B OFIHIBEILR & KB O8I BRAE S
DU, AMBRICBIT A EEHEE SN TWD. PPHIELFFERICE S TRET D Z ENEH TH D, A
IR RAESIRT DX o7 BTk LTEBRa X NI+ 5—5Th Y, FHEEIC XD PPI FHIFE, #iZ,
RKEOZ U RTEEPH ZEDTELTRFIE~OHRNEE>TWVD.

AFSCE, SEREEERICE S RN PPl TRIZEBLSEL LA HME LT, Gy "I E Ry ¥
VIHBEERAOWTTREIT ) VAT A IMEGADOCK | #BA% L, 720 EITo-RERET 5. HEK
\ZE D PPl FRIOMERTIEITITESMERLHEME LB #7e EICE S FENTFET DA, 2 boFikIwmHE s
FAIENC DW= PRI TE 7220, FHELL TORWESNCEIT D PPI OB LW E WS 2R H -T2, K
I CTIXZ OREE R T 5720, SMAREEEREZAVD Z 2B L. EREEERZH S HE, FH11rX
NORMFEEEZ I ab—2arT5HEEZHVWD L LILOZ AT BT THHH LV ORRZET 50,
ARFSTTIRANKRZ Y v RETMCE D Z 0B Ry X ZoEEZRIAL, SOICH LW EIRET D 2
L ¢, BEANREEN TOMBAGREZ RS L.

MEGADOCK [F K& < 2 DDEDFIC L » TSN TRY, WX IV EOREZTTE X LI E Ry
VIHBEETIE S E, @QFyx U HREORRIZESW T PPl OFEE HET Ay TN TS (DD
KRRy XU HETIE, RAEME - SEAAMER - BUAERBE B =R X—0 3 DOMELEE SR
%, 3 LWRAR A E 51 real Pairwise Shape Complementarity (rPSC) & fifi BRI SEAN B = R L ¥ —FF /L
Receptor Desolvation Free Energy (RDE) D#ERIZ L - C, 1EIOBIARERE CRFHIFHEREE L7z, ZORET
EEIESHOORTWDSI RNy F~v—rF—X &y NThD Protein-Protein Docking Benchmark 4.0 (Hwang, et al.
2010) 12 & - Tl L7255, BIE MOV OEN TV X R B Ry v 73 E R EFE ZDOCK
(Mintseris, et al. 2007) & ik LC, RSHEOHHEEZN 98 FEHICITA D Z L &/R LTz, £/, (Q® PPIHET
i, R L0V F —FRIC L D TR SIRO B AZ TRNCHEAAND Z & THREZR ESEbNn5 2
LAEIR LTz, 14400 $AD Z L R EATICKT 5 PPI TRITIX FE 0.231 OREEZRL, Rry NU—7 LD T
HRFRETH D Z L 2R LT,

I 512, MEGADOCK % W 7-#afgny PPI TRIOEMBE~DIGH E LT, MiEE(Es 7 FAmER (107
), E TR P= AT MRER 4T ~OIHEIT- 72, MEEMS 7T URER OIS T
BEXN D PPI % F i 0.464 OFEE THIELT HZ LTI L, fERE TRA I TV o I HAEVEA O e %2 R
B UNRTBERTERE LT B MR b=V AT T FIURER TIL, BEAIO PPl % F i 0.220 OFEE THBLT 5 Z
LITHRBIL, BERH VN BREOF T M AERBRE TR Lz, Mx T, X7 FEWATEETHS RNA
DEERD DD RT A—F OPEFEEIT, RNAFEAZ V7 BIZkT I biTo72. K6 THlo & X
7 & RNA OXTICHRETEZ WA L, F L 0465 OFEECTH L7 EE RNADHAERZ P TE 52 L &5
BRAGICR L7=.

MEGADOCK | Z KBIE FIFH R - CHRITT 5 72 DIF I RS GPU FEENTTHIL T 5. TSUBAME < [
WCEDAT—F TV ERAREL 72> TRV, ABFIEIC X - TEE FHFEBED PPl il & ST o S
WTIT O 2 ENHD THEEE 2otz AFFROKRIIL, 7oL ZIENAMICHAEM O EEaxg e Lz A
T AEWFOFRIZBNT, VAT ANOF R B OHIEBIR & BRAE - T35 72 O I it K88 — v
ELTELKFIHEND Z LM/ a5,

% FSCEEIL. P 2000 T & FEIC 300 GEA LETOMRMT D2, b L <IZIIL 800 #5722 #ifeit L T< 7280,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 2 copies of
800 Words (English).
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Thesis Summary (approx.300 English Words )

Protein—protein interactions (PPIs) are fundamental in the majority of cellular processes and their study is
of enormous biotechnological and therapeutic interest. The computational prediction for elucidation of PPI
networks is crucial in biological fields. However, the development of an effective method to conduct
exhaustive PPI screening represents a computational challenge.

In this dissertation, we proposed a novel PPl network prediction system called MEGADOCK based on
protein—protein docking calculation with protein tertiary structure information. MEGADOCK reduced the
calculation time required for docking by using new score functions, rPSC and RDE, and was implemented
on recent parallel high-performance computing environments by employing a hybrid parallelization with
MPI and OpenMP and general-purpose graphics processing unit technique.

We showed that MEGADOCK is capable of exhaustive PPI screening and completed docking calculations
9.8 times faster than the conventional method (Mintseris, et al. 2007) while maintaining an acceptable level
of accuracy. When MEGADOCK was applied to a subset of a general benchmark dataset to predict 120
relevant interacting pairs from 14,400 protein combinations, an F-measure value of 0.231 was obtained.
Moreover, the system was scalable as shown by measurements carried out on two supercomputing
environments, TSUBAME 2.0 and K computer.

It is now feasible to search and analyze PPIs while taking into account three-dimensional structures at the
interactome scale. We demonstrated the applications to pathway analyses, bacterial chemotaxis, human
apoptosis, and RNA binding proteins by using our system. As an example of the results, when analyzing
the positive predictions of bacterial chemotaxis pathway from MEGADOCK, all the core signaling
interactions were correctly predicted with the exception of interactions activated by protein
phosphorylation.

Large-scale PPI prediction using tertiary structures is an effective approach that has a wide range of
potential applications. This method is especially useful for identifying novel PPIs of new pathways that
control cellular behavior.

6% FSCEEIL. F13C 2000 5 & 332 300 554 13O T 50, b LIS 800 554 2 HifH L T2 &y,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 2 copies of
800 Words (English).




