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Improvement of accuracy of the protein-protein docking

calculation by a re-ranking method and its application to 2. U H

all-to-all protein-protein interaction predictions 2.1 0000000000

MasAaHITO OHUE,! Yusuke MaTsuzakr, !
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and YUTAKA AKIYAMA'!

The elucidation of the protein-protein interaction (PPI) network is an impor-
tant problem in the understanding of the cellular system and structure-based
drug design. To predict all-to-all PPI from protein structures, we have been
studying the protein docking approach based on the physical/chemical proper-
ties and shape complementarity. In this study, we employ a re-ranking method
at the docking structure ranking stage based on energy values of decoys and
have succeeded to improve the accuracy of docking prediction. In addition,
we applied the proposed method to predict PPIs in an all-to-all fashion. As a
result of application to 44 x44 all-to-all PPI analysis, we obtained an improved
performance than previous methods.
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0 1 Protein-protein docking benchmark 2.0 000000 44 00000000000
Table 1 The selected 44 complex structures from the Protein-protein docking benchmark 2.0

Complex

Rigid-body (34)

1AK4, 1AVX, 1AY7, 1B6C, 1BUH, 1BVN, 1CGI, 1D6R, 1DFJ, 1EGE,
1E96, IEAW, 1IEWY, 1F34, 1FC2, 1FQJ, 1GCQ, 1GHQ, 1HE1, 1KAC,
1KTZ, 1KXP, 1KXQ, 1MAH, 1PPE, 1QA9, 1SBB, 1TMQ, 1UDI, 2BTF,
2PCC, 2SIC, 2SNI, 7CEI

Medium Difficulty(6)

1ACB, 1GRN, 1HES, 112M, 1M10, 1WQ1

Difficult(4)

IATN, 1FQ1, 1H1V, 1IBR
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Table 2 The number of near native structure predicted by MEGADOCK2.1 and ZRANK
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Table 3 Calculation time for ZRANK re-ranking[min]
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Table 4 Result of 44 X 44 protein-protein interaction prediction

oooooooo ¢ 1 2 3 5 10 20
ZRANK OOOODO FO 0.300 0.299 0.286 0.277 0.273  0.281
ZRANK ODOOOOO FO - 0391 0.415 0.340 0.366  0.318

oooooooo
t=1,2,3,510,200000000000000000 400000 4000ZRANK
OU0000000¢t=3000000 FO =0415000000000000000
0 MEGADOCK 2.1 00000000000 0000000000 n-method d F O
=0.150'? 000000000000 BoostingDOOODODOOOOOO FO =0.251%
000000000000 PPIDOOOODOOOODODODOOOOOOOOOOOO
oooo (¢=1,2,3,5,10,200 00000ZRANK O DOODOODOOOODOOOO F
0000000000000 0000000000000 PPIOOOOOOOOOOOO
0oooQ

0000000000 000000 True Positive fraction 00 Flase Positive fraction [
000000000000 0000040000000000000 ¢+=30 ROCOOO
020000m"0250000000000000000000 2000000000
000 2000m*=000000000000000000000000m* 000000
000D00000000000000000 20000000 m*=0.000000000
000000000000000000000000000000

Docking Score vs. ZRANK Score Plots

04000 FOOODOOO TP, FN,FP, TNOOOOODO 200000000000
O00000000 ZRANKOOOOOODOOOOOOOD 3000000000000
OOD0O0DO0OO0ZRANKOOOOOOOOOODOOOOOOO0OO0O0000000000O
O00000000000TPODOOODOOOOOOOOOODOONOOOOODOOOO
O00O00O00 FN,FP, TNOOOOOOOOOOOOOO0OO0OO0O0OO0O0O0000O
0000000000000 000000TPO0O000OO00O0OO00OO0ONOOOOOO0DO
TPOOUOUODOODO0ODO0ODOOD ZRANKOOODOOODOODOOOOOOO
000000D000000ODn

Vol.2010-BIO-20 No.3
2010/3/4

1 T T T T
§ 0.8 | _ A —
R e
=06 A -
Q p—4
-2 __I - e
2 04t 0 L2 -
a, -
o] g = m*=0.0
& 02 0.5 ------- _
3.0 -reeeen
Random ——
0 |
0 0.2 0.4 0.6 0.8 1

False positive fraction

02 ROCOOOt=30ZRANKOODO
Fig.2 ROC curve (t = 3, ZRANK used)

4. 0O 0O0O

0000000000000 0000000000000000000000 PPIDO
000000000000000000000 (ZRANK)OOOOOOOOOOOOOOO
00000 (PDS)000000O0ODOONOONOONDODNODOODNODNOONOOng
000000000 10000000000000000000000000000 Yuri
Matsuzaki 0% 0 ZDOCKODODOOODOOOOOOOODOODODOOOMEGADOCK
00000000000000000000000000000000000000000
00000000000000 EGFRODOOOOO0® 000000000oono
00000o00oo0oo

00 0000000000 O00000000000000000000000000
00000000000000000000000000000000000000000
000 (B) 193001020 00000000000 OOOOODO

(© 2010 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

ZRANK Score ZRANK Score ZRANK Score

ZRANK Score

1CGI_r-1CGI_I(TP), t=1

. . . .
0 2 4 6 8 10 12
Z Score of MEGADOCK Docking Score

-150

1EWY_r-1EWY_I(FN), t=1

150
100
50

-50
-100

. . . .
0 2 4 6 8 10 12
Z Score of MEGADOCK Docking Score

-150

1UDI_r-1EAW_I(FP), t=1

1 1 1 1
6 8 10 12
Z Score of MEGADOCK Docking Score

1FQ1_r-1E6E_I(TN), t=1

Z Score of MEGADOCK Docking Score

ZRANK Score ZRANK Score ZRANK Score

ZRANK Score

1CGI_r-1CGI_I(TP), t=3

Z Score of MEGADOCK Docking Score

1EWY_r-1EWY_I(FN), t=3

-100

. . . .
0 2 4 6 8 10 12
Z Score of MEGADOCK Docking Score

-150

1UDI_r-1EAW_I(FP), t=3

1 1 1 1
0 2 4 6 8 10 12
Z Score of MEGADOCK Docking Score

-150

1FQ1_r-1E6E_I(TN), t=3
150 [+ T

I I I I I
0 2 4 6 8 10 12
Z Score of MEGADOCK Docking Score

-150

ZRANK Score ZRANK Score ZRANK Score

ZRANK Score

-100
-150

-100
-150

1EAW_r-1EAW_I(TP), t=1

. . .
0 2 4 6 8 10 12
Z Score of MEGADOCK Docking Score

1QA9_r-1QA9_I(FN), t=1

. . . .
6 8 10 12
Z Score of MEGADOCK Docking Score

7CEI_r-1AK4_I(FP), t=1

1 1 1 1
0 2 4 6 8 10 12
Z Score of MEGADOCK Docking Score

1TMQ_r-1KAC_I(TN), t=1

I I I I
0 2 4 6 8 10 12
Z Score of MEGADOCK Docking Score

ZRANK Score ZRANK Score ZRANK Score

ZRANK Score

1EAW_r-1EAW_I(TP), t=3

-100

-150
0 2 4 6 8 10 12

Z Score of MEGADOCK Docking Score

1QA9_r-1QA9_I(FN), t=3

. . .
0 2 4 6 8 10 12
Z Score of MEGADOCK Docking Score

-150

7CEI_r-1AK4_I(FP), t=3

-100

1 1 1
0 2 4 6 8 10 12
Z Score of MEGADOCK Docking Score

-150

1TMQ_r-1KAC_I(TN), t=3

-50
-100
-150

L L L
0 2 4 6 8 10 12

Z Score of MEGADOCK Docking Score

ZRANK Score ZRANK Score ZRANK Score

ZRANK Score

-150

03 TPRFN,FP,INODODODODOOOOOOODODDODDOOO (:0)0 ZRANKOOOOOO
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