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An Application of Protein-Protein Interaction Prediction to

Human Apoptotsis Signal Transduction Pathway Analysis
by Using MEGADOCK

MASAHITO OHUEY2  YURI MATSUZAKI' TAKASHI ISHIDA'  YUTAKA AKIYAMA!

Abstract: MEGADOCK is protein-protein interaction (PPI) prediction software developed by our group,
and has been only applied to the bacterial chemotaxis signaling pathway and has not been applied to other
pathways yet. In this study, MEGADOCK was applied to the human apoptosis pathway for validating its
performance on another pathway. As results, 452 PPIs were predicted from 57 proteins taken from the
Protein Data Bank. 88 PPIs of them existed in PPI database. As compared with the predicted performance
of PRISM which is another PPI prediction system based on known complex structure as template infor-
mation, MEGADOCK brought a slightly low performance. Moreover, we found that the prediction results
of MEGADOCK were widely different from PRISM. So we tried to predict PPI with high reliability using
consensus of MEGADOCK and PRISM. As results, we succeeded to improve Precision value corresponding
to prediction reliability. Also, the consensus prediction results included several new PPI candidates.

Keywords: Protein-Protein Interaction Network, Apoptosis, Protein Tertiary Structure, MEGADOCK.

! DOD0O0O0O0 O000DDOD0OO0O000D ODODOO0
Graduate School of Information Science and Engineering,
Tokyo Institute of Technology

2 0oOooOoooogooo
Research Fellow of the Japan Society for the Promotion of
Science

© 2012 Information Processing Society of Japan 1



gogoooooood
IPSJ SIG Technical Report

1. 0goo

1.1 000000000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00 1J0000000000000000000000
0000000000000 (2, (3], 4, [s000o00o0
00000000000000000000000000
ooo 6, [7], [8)0

Matsuzaki 0 0000 000000000000000
0000 ZDOCK[9 0O0OOOO00000000000
00000000000000000000000000
00000 [60000000000000000000
0000000000 O0zbabacan 0000000000
0000000000000000000000000
PRISM[7]000000000000000000000
0000000 [10[00000000000000000
0000000000000000000000000
00000000000000000000000000
000000000000000
0000000000000000000000000
00 MEGADOCK[11] 0D DOOO00O00O0O000000
00000000000000000 Matsuzaki 0000
00000000000000000000000000
00000000 [11]0000000000000000
000000000 ZDOCKOOOOOOO0O00000
000 [12J0ZDOCKO0000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000 [12JI0000PRISMOOOOOOOO
00000000000000000000000000
00000000000000000000000000
000000 MEGADOCKOOOOODOOOOOOOD
00000000000000000000000000
000000000

1.2 0000000000000
gobooooooboooooooooboooooooo
cooboboooooocoooboooooobobooobooooo
cooboboooooocoobooooooboOooobooooo
0U10000000000C0O00000O00000000
coboboooooooooobooooooboOoobooooo
00000 AIDSO0O00000D00O000000000OO0
cooboboooooocoobooooooboOooobooooo
Ooooooooooooooo 8o
uobooooooooobooOoooboooooooo

© 2012 Information Processing Society of Japan

Vol.2012-MPS-91 No.13
Vol.2012-BIO-32 No.13
2012/12/6
goddddooooooooobobobooboooooodad
OODNAOOODOODOODODODODOODOooOoOooo
000000000000 00D0o0oDbOon0D0Od FasO
000000 FasOOODODOOOODOOOFADDODOOO
0000000000000 00D0D0O0000 (Casp8) O
goddddooooooooobobobobobooooood
godddooooooooobobobobobobooooood
(Casp3, Casp6, Casp?7) 000D ODOOOOOOOOOO
goddddoooooooooboboboobooooooda
gddddoooooooooooo
doodoooooboobboboooooooooo
000 cO000O0O0OO0OO0O0ODODO0OOO0DOOOOOOoOn
Apafl D0 0000DO0DODOOOOOODOODOODOO
OMApafl 00000000 (Casp9) DOOOODOOO
gddddoooooooooooooobooooon
doodoooboobobobboboooooooooo
godddooooooooooboboboboboooooooa
godddooooooooobobobobobobbooobooooa
godddooooooooobobobobobobboobooooa
JdddddoooooooooboobO BIDODOOOOO
OooOBIDOOOOOOOOO CaspOODOODOOOOO
Jdo0do BIDOOOOOOOOOOOOOoDDOOOO
0000000000 BCL2000000 BCL-XLOO
goddddoooooooobobo cObobbbooooooa
goddddddooooooooooooo

1.3 0000
coobooboooboOooooOooOoobOoOoooooa
0000000000 MEGADOCKOOOOOOOOO
ubOoobOoobOOoobOOoobOocOoOoocbOOoooooao
uoob0O0oooobOOoooOOoobOOoOooObOoOooOoOoOooaon
PRISMOOOOOOOOODOOOOOODOOOOOOO
oobooooooooooboocoooooooobooboooo
oooooo pPPIODOOOOO0OO0O0O0O0O

2. 0000

Ozbabacan 0 000 00O [10) 00 OPRISM[7] OO
go0oo0ooobobooooobobooooboooooon
PRISMOO(1)0DO0OO0O0OOOUOOOOOOOOOOO
O000000000000000 (2)FiberDock[15] 00
goobo0ooooboooooboobooboobooooa
00@)0ooo0o0ooo0oooUooooooooo
godododdooooooooa

00000000000 Protein Data Bank (PDB)[16]
Oo00ooU0oooOooooooooooroooooo
000000000000 1, 46000000000000
000000000000 0U0oO0oO KEGG[18] 0O hu-
man apoptosis pathway (KEGG pathway ID: hsa04210)



gogoooooood
IPSJ SIG Technical Report

TNF, FasL, TRAIL

‘mAF: !
mm
Tm\no ’

Vol.2012-MPS-91 No.13
Vol.2012-BIO-32 No.13
2012/12/6

Trophic Factors g

Kinase Cyclin, pro-apoptotic

> 5 -
G \op‘asm & P —~— o
4 e / & £KG N\ T PIaK O Transcription Factor pro-survival
1 THADD PID| Dsap-z J \ Cell Cycle
90RSK «—
EADD) t V . il / l Caspase GEF
KK IKK[i NIK Casp-8,-10 @<— JNK ) ——— E\:IZ J— Bad ' «— (cdc2 l
IKKy RIP Bak
P \_ ,ch_ \ Receptor o Others
IO e - 14-3:3 «<—— ( Akt
asp—12 @ | O Enzyme
». Cellular Stress
Arts.
&Bg L i -1 |— HECTHY @ e )
N— i : : —>  Direct Stimulatory Modification
XIAP ; i
—\ Dlabln v £

NF-B @ Casp-9

Cytoc AlF Endo G JNK —  Direct Inhibitory Modification
IxBox . i ;
@ [Ca™] Casp-7) —» (Casp-3,-6,7 4_:-; Casp-9 —> —>  Multistep Stimulatory Modification
\ / -------- > Translocation
ROCK:
= T» Separation of Subunits or Cleavage Products
ER Stress l
« Cell shrinking
\ + Membrane
N 5 blebbing k
D“\D.vm# a \"_ ¥ :
e iy @
AIF E""“‘"‘ Fox0l UNK
fLp AN '& é Puma © Bim v
“I @ Fragmematwun DNA Damage “I @ 4-‘ @
— |

01 00000000 00D0O0OO0O([4)oooom
Fig. 1 The overview of apoptosis pathway[14].
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Table 1 The definition of confusion matrix, Precision, Recall

and F-measure.
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Table 3 PDB chains of human apoptosis pathway protein from

hsa04210 KEGG pathway (158 chains).

Name PDB ID_chain
ATF TMG6I_A
AKT1 1UNQ-A, 3CQW_A, 3096_A
AKT2 1IMRV_-A, 106K-A, 106L_A, 1P6S_A
AKT3 2X18_A
APAF1 1CY5.A, 1Z6T-A, 2YGS_A, 31ZA_A, 3YGS_C
Bax 1F16-A, 2G5B_I, 2XA0-C, 3PK1_B
BCL-2 2W3L_A, 2XA0_A
BCL-XL 2B48_A, 3FDL_A
BID 2BID_A, 2KBW_B
Calpainl 1ZCM_A
Calpain2 1KFU_L, 2NQA_A
CASP3 1RHQ.A, 1IRHQ_B, 2DKO_A, 2DKO_B, 2J32_A
CASP6 2WDP_A
CASP7 1F1J_A, 1140_A, 1I51_A, 1151_B, 2QL9_-A, 2QL9-B
CASP8 1QTN-A, 1QTN-B, 2FUN.B, 3H11_B
CASP9 1JXQ-A, INW9_B, 3D9T_C, 3YGS_P
Cn(CHP) 2E30_A
Cn(CHP2) 2BEC-A
Cn(PPP3CA) 1AUILA, 1IMF8_A, 2R28_C, 3LL8_A
Cn(PPP3R1) 1AUIB, 1IMF8_B, 3LL8_B
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Table 2 PDB IDs of human apoptosis pathway protein from hsa04210 KEGG pathway

(124).

1AON, 1A1W, 1A8M, 1AIE, 1AUI, 1CY5, 1CZZ, 1D00, 1D4V, 1DG6, 1DU3, 1ESY, 1EGJ, 1EXT, 1F16, 1F1J, 1F3V,

1G73, 1H90, 1HE7, 1140, 1151, 11BX, 1ICH, 1IKN, 1ITB, 1IYR, 1J3S, 1JLI, 1JXQ, 1KFU, 1M6I, IMF8, 1MRYV,

INFI, INW9, 106K, 106L, 10LG, 1P6S, IPBW, 1QTN, 1RHQ, 1SHC, 1SVC, 1UNQ, IWWW, 1XQH, 1YC5, 1Z6T, 1ZCM,
2B3G, 2B48, 2BEC, 2BID, 2DBF, 2DKO, 2E30, 2ECG, 2ENQ, 2FOO, 2FUN, 2G5B, 2GF5, 2GS0, 2IFG, 2ILA, 2IUG,
217X, 2J32, 2JS7, 2JVX, 2K8F, 2KBW, 2KNA, 2KT1, 2NQA, 2NRU, 2NVH, 2POI, 2QL9, 2R28, 2UVL, 2V1Y, 2VUK,
2W3L, 2WDP, 2X18, 2XA0, 2XS6, 2YGS, 3AGM, 3BRT, 3BRV, 3CL3, 3CM7, 3CQW, 3D06, 3D9T, 3DAB, 3EB5, 3EB6,
3EWT, 3EZQ, 3FDL, 3FX0, 3H11, 3HHM, 3I5R, 3I1ZA, 3KNV, 3LL8, 3LW1, 3M0A, 3M0D, 3M1D, 3MOP, 3MTT, 3MUP,

3040, 3096, 3PK1, 3YGS, 4TSV

04 00000000DDODOODOOO0O0O“PRISM” O0O0O0O0O (100000000
Table 4 The prediction results of human apoptosis pathway. The row of “PRISM”

shows results of [10].

Method Database TP FP FN TN Precision  Recall = F-measure
MEGADOCK STRING 62 365 75 1,094 0.145 0.453 0.220
MEGADOCK (TP = 56) STRING 56 338 81 1,121 0.142 0.409 0.211
MEGADOCK STRING+LIM 88 364 96 1,105 0.195 0.478 0.277
PRISM STRING 56 186 81 1,273 0.231 0.409 0.296
000000 (AND) OO STRING 30 63 107 1,396 0.322 0.219 0.261
OR OO STRING 88 488 49 971 0.153 0.642 0.247
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Fig. 2 The PPIs from STRING DB and LIM DB. Colored cells

show interacted protein pairs. ‘1’ (blue) cells are from
STRING DB, ‘2’ (red) cells are from LIM DB and ‘3’
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Fig. 3 Venn diagram of MEGADOCK and PRISM predictions.
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Fig. 4 The predicted complex structure of CASP3 and CASP7
by MEGADOCK. Green colored protein is CASP3
(PDB: 2DKO_A), red colored protein is CASP7 (P10
subunit, PDB: 2QL9_B).
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Fig. 5 The predicted complex structure of Aktl and Bax

by MEGADOCK. Blue colored protein is Aktl (PDB:
1UNQ-A), pink colored protein is Bax (PDB: 1F16_A).
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Fig. 6 The predicted complex structure of BID and IKK
by MEGADOCK. Orange colored protein is BID
(PDB: 2BID_A), purple colored protein is IKK (PDB:
2JVX_A).
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