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MEGADOCK: an all-to-all protein-protein interaction
prediction system using tertiary structure data
and its application to systems biology study

MasaHITO OHUE,! YUrt MaTsuzaki, !
YUSUKE MATSUZAKI, ! TOSHIYUKI SATOT?
and YUTAKA AKIYAMAT!

An effective way to conduct exhaustive Protein-Protein Interaction (PPI)
screening is one of the computational solutions for this problem. To predict all-

to-all PPI from protein structures, we have been studying the protein docking
approach based on the physico-chemical properties and shape complementarity.
To make these procedures that require huge number of protein dockings, we
have developed high-speed protein-protein docking software “MEGADOCK?”
that reduces calculation time needed for docking by using several techniques
that include a novel scoring function called rPSC. MEGADOCK was shown
to be capable of exhaustive PPI screening by making docking calculation four
times faster than conventional docking software, ZDOCK, while keeping almost
the same level of accuracy in docking predictions. Here we describe an archi-
tecture and calculation model of MEGADOCK. We yielded F-measure value of
0.415 which substantially higher than previous studies when our PPI prediction
system was applied to a general benchmark data. The same prediction system
was applied to bacterial chemotaxis pathway, which is a typical basic problem
in systems biology, and obtained the same level of accuracy (F-measure value
of 0.436) with the benchmark dataset. We also found some interactions such
as CheY—CheD among “False-Positives” that were worthy of further analysis.
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Fig.1 All-to-all protein-protein interaction prediction using protein tertiary structure information
by protein-protein docking (PPD)
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Fig.2 Evaluation of the MEGADOCK system (¢ = 3, ZRANK used) when applied to the bench-

mark data. The ROC curves for varying the threshold m* and E* values are shown. X-axis is

for the false positive fraction (FpiPTN) and y-axis is for the true positive fraction (TPTfFN ).

Random prediction is indicated by the diagonal.
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Fig.3 Chemotaxis pathway for E. coli (left) and T. maritima (right). The motion of these bacteria

are controlled by the rotation direction of their flagellar motor. CheY is responsible for the
rotation direction.
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Fig.4 Evaluation of the MEGADOCK system when applied to the chemotaxis pathway data. The
ROC curves for varying the threshold m* and E* values are shown.
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Table 3 Results of the PPI predictions using the proposed system. The gray colored cells

correspond to the known interactions.
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Fig.5 Results of the PPI predictions from the proposed system with E* = 5.5. The bold lines (True

Positives), gray dashed lines (False Negatives) and thin lines (False Positives) representing

the predicted or known PPIs show the relevance of the predictions.
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Fig.6 (a) Known structure of the CheC—CheD complex (PDB ID: 2F9Z, chains a, c). (b) Docking

of CheY (PDB ID: 1A00, chain c¢)-CheD (PDB ID: 2F9Z, chain c¢) hypothetical complex
and CheC (PDB ID: 1XKR, chain a). The phosphorylation site of CheY is colored red. (c)
Docking of a known structure of the CheC—CheD complex (PDB ID: 2F9Z, chains a, c) and
CheY (PDB ID: 1F4V, chain c¢). The phosphorylation site of CheY is colored red. This hy-
pothetical complex is also constructed using the representative data among all combinations
of the CheC—CheD complexes and CheY structures.
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