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Docking-calculation-based
All-to-all Protein-RINA Interaction Prediction

MasaniTo OuuEg, 2 Yurr Marsuzaki, !
NoBUYUKI UCHIKOGA, ! TakasHI ISHIDAT!
and YUTAKA AKIYAMAT!

Elucidating protein-RNA interactions (PRIs) is important for understanding
cellular systems. We developed a PRI prediction method by using a rigid-body
protein-RNA docking calculation with tertiary structure data. We evaluated
this method by using 78 protein-RNA complex structures from the Protein
Data Bank. We predicted the interactions for pairs in 78 x 78 combinations. Of
these, 78 original complexes were defined as positive pairs, and the other 6,006
complexes were defined as negative pairs; then an F-measure value of 0.465 was
obtained with our prediction system.

1. O0O0ad

O00D000-RNA O0OODO0OOprotein-RNA interaction, PRIDO OO OO00DOO
0000000000000 00D000000000000000000D00000 RNA
000000000000 00D0000000000000000

OD0DO00OO0OPRICDOOOOOOODOOOOODOODOODOODOODOODO
00000000000000000000000000000000000000000
0oooYY0000MolfitY O FTDock®0ZDOCK™® 000000000000 O00O
O0D0O00DO0O0DO0OO0O0-RNAOOOODOODOOODOOODOOODOO0ODOO0
0%000000000000000000000000000000O00 CAPRI'® O
OO00O0O0OO0-RNAOOOOOOOOOO'™'*20000000PRIOODOOOOOOO
000000000000 000000000

00000000 Peréz-Cano 0000 00000000000 O-RNADOOOOO
000000000000 0000000-RNADOOOOOODOODOODOOOOOOOO
0000000000000 00Peréz-Cano0 00000000 boundd OO O unbound
0000000000000 000000000000000000000000000
bound, unbound 0000000000000 000000DDO00OODOOOODOO0O
000000000 Dbund00000000000000000000 RNAOOOOO
0000000000000 0000000000000000000000000000
000000000000 RNADODOOOOOOOOOODOODOODO RNAODOOOO
0000000000000 1,500000000000000000000% 00000
O0D0DO0OD-RNAODODOOOOOOO PRIDODOOOOOOOOOO0DOODOOO0OO

0000000000000000000000 PRIDOOODOOOODOOOO ZDOCK
000000000000 0D00DODOO protein-protein interaction, PPIDO DO OO Y
0000000000000000000 PPIODOOOOO MEGADOCK!® 00000
00000000000 MEGADOCKOODOOODO-RNADOODOOOOOODOO
oooooo'oo

1000000 OD0000D0O00O0DO DoOoooo

Graduate School of Information Science and Engineering, Tokyo Institute of Technology
t2000000000000

Research Fellow of the Japan Society for the Promotion of Science

(© 2011 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

Protein i

\‘ Rl i
g Docking > &0 s PRI PRI (i,j) ?
r7>‘/” 3 > True/ False

Complex decoys (2,000)

7

( MEGADOCK System ver.2.5

01 0000 MEGADOCK ver.2.5 0000000000 0 RNAjDDDDDDDDFFTGridDDD5)
0000000000000000000000000 2,00000000 (Docking calculation)O O 00O
0000000 000000000o0D (4,5) 0000000000000 (PRI decision)d

Fig.1 Process flow for MEGADOCK ver.2.5, the PRI prediction system proposed in this paper. This

system calculates FFT-based? rigid-body docking by using the given protein ¢ and RNA j
pair, generates 2,000 high-ranked decoys (Docking calculation), and detects the interacting
(i, j) pair from docking score distributions (PRI decision).
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Table 1 List of the PDB IDs of the 78 protein-RNA complexes used.

RNA type PDB ID of the protein-RNA complex

tRNA 1ASY, 1B23, 1F7U, 1FFY, 1H3E, 1H4S, 1K8W, 1N78,
1Q2R, 1QF6, 1QTQ, 1R3E, 1SER, 1TFW, 1U0B, 2AZX,
2B3J, 2BTE, 2CT8, 2FK6, 2FMT, 2GJW, 2182, 2RSS,
27Z7ZM, 3EPH, 3FOZ

mRNA 1KNZ, 1M8X, IWPU, 1WSU, 1ZBH, 2ANR, 2F8K, 2HWS,
2IPY, 2J0S, 2PJP, 3K62
rRNA IFEU, IMZP, 2ASB, 2BH2, 3AEV
ssRNA 1IFXL, 2BX2, 2JLV, 2R7R, 2VNU, 3FHT, 315X, 3IEV
dsRNA 1N35, 2AZ0, 2NUG, 2ZKO, 3EQT
siRNA 1SI3, 2BGG, 2F8S, 2710
SRP RNA 1HQ1, 1JID, ILNG

viral RNA 1F8V, 2E9T, 2QUX, 3BSO
RNA aptamer 100A, 3DD2, 3EGZ
others 3IAB (ribozyme), 2GXB (Z-RNA), 1A9N, 20ZB (snRNA),
1SDS, 3HAX (snoRNA)
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Table 2 Results for protein-RNA re-docking test of MEGADOCK and ZDOCK.

MEGADOCK 2.2 MEGADOCK 2.5 ZDOCK 2.3

10 47 51 48
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Fig.2 The structures after re-docking are shown for (a) 2NUG, (b) 3EPH, and (c) 3FOZ. In each
figure, two RNA structures are shown: the green structure is the first ranked decoy generated
by MEGADOCK, and the red structure is the original x-ray crystal structure.
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Fig.3 The workflow of PRI decision from docking calculation results.
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Fig.4 Results of the 78 x 78 prediction. This graph shows the change in the F-measure with respect
to the threshold E*. The maximum F-measure is 0.465 when E* is 9.6, with a sensitivity of
0.385 and a specificity of 0.997.
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Fig.5 Results of 2-fold cross validation prediction performed using the divided 39 x 39 subset. This
graph shows the change of F-measure with respect to the threshold E*. Because the value 07 78x 78 PRIDODDDOOOOPRIOODO EO 9.60000000000000000000000OO0O
of E* that yielded the maximum F-measure value was almost equal, it can be said that oooooooooDoD PDBIDOOOODOOOOODODOOO
overfitting did not occur. Fig.7 78 x 78 map of PRI prediction results. The red cells are the cells for which the E is more

than E*(= 9.6). The cells have been arranged according to the PDB IDs, which have been
arranged in alphabetical order for all axes.
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Table 3 PDB ID and the description of protein-RNA structures in Fig. 2, Fig. 8 and Fig. 9.

PDB ID description

2NUG RNase III from Aquifex aeolicus and dsRNA

2GJW Archaeoglobus fulgidus tRNA-splicing endonuclease
2ZKO NS1 protein of human influenza virus A and dsRNA
3EGZ Homo sapiens ul small nuclear ribonucleo-protein

tetracycline aptamer and artificial riboswitch
3EPH Saccharomyces cerevisiae dimethylallyl tRNA transferase and tRNA
3FOZ Escherichia coli isopentenyl tRNA transferase and tRNA

04 02008010 9000000000-RNADDDOOOOOOOOODODODO
Table 4 Interaction prediction results of protein-RNA pairs in Fig. 2, Fig. 8 and Fig. 9.

Pair (Protein-RNA) PRI score E  Expected Prediction Prediction result

2NUG-2NUG 12.5 O True TP
2NUG-2GIJW 9.8 x True FP
2NUG-2ZKO 9.9 x True FP
2NUG-3EGZ 11.1 X True FP
3EPH-3EPH 15.2 O True TP
3EPH-3FOZ 9.2 x False TN
3FOZ-3FOZ 17.9 O True TP
3FOZ-3EPH 12.5 x True FP

goooooooooooooooooooooboooooooboooobooooDoo
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(a) 2NUG-2GJW (b) 2NUG-2ZKO (c) 2NUG-3EGZ

0 8 2NUG OOO0O0O0OORNaselllIDO (a) 2GIJWO (b) 2ZKOU (¢c) 3BEGZ 000000 RNAODODODO
0ooobooboo MEGADOCK 25000 100000000000000O0
Fig.8 Protein (RNaselll) of 2NUG and the RNA of the (a) 2GJW, (b) 2ZKO, and (c) 3EGZ
docked structures. The structures are first ranked decoys generated by MEGADOCK 2.5.

(a) 3EPH-3FOZ

(b) 3FOZ-3EPH

09 (a)3EPHOOOOOOO 3FOZO RNAODODOOODODODOODDO(b)3FOZOOODODOODO 3EPH O RNA
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Fig.9 (a) Protein of 3EPH and RNA for the 3FOZ docking structure and (b) protein of 3FOZ and
RNA for the 3EPH docking structure. The structures are first ranked decoys generated by
MEGADOCK 2.5.
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Table 5 Results of EF-Tu-tRNA interaction prediction. The columns have been arranged according
to the PRI score E in descending order. The color of PDB ID shows correspondence with
the organisms (right table).

protein RNA score E color table

2WRN 2WRN 8.11 1AIP Thermus thermophilus
1AIP 2WRN 8.04 1EFU Escherichia coli
2WRN 1TTT 7.54 1XB2 Bos taurus
1XB2 2WRN 7.15 2WRN Thermus thermophilus
1TTT 1TTT 6.77 1TTT Thermus aquaticus

1EFU 2WRN 6.25
1TTT 2WRN 6.11
1XB2 1TTT 5.89
1EFU 1TTT 5.68
1AIP 1TTT 5.63
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