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Studying molecular interactions is useful to
understand biological mechanisms and is essential for
studying systems biology and functional genomics.
Currently, studies of protein domains, which are
typical units of protein structures and functions,
are derived for elucidating protein functions and
interactions. A protein domain is collinear in
sequence and often consists of two parts: structural
core and molecular interfaces. However, the
biological functions of a protein are often performed
by interacting with other molecules (such as
proteins, small compounds, metals, and DNA) via its
interfaces. Studying molecular interfaces of a
protein will provide clues to understand protein
functions. In addition, functions of most
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genes/proteins in genomic projects remain unknown,
leading a great challenge to realize molecular
interacting mechanisms. Therefore, understanding
protein-molecule interfaces will annotate functions
of proteins and play the core role to reveal the
molecular mechanisms of signaling pathways,
regulatory networks, and metabolic pathways.

The scientific objective of this project is to
address what is the role of structural motif in
molecular interface for protein functions. In this
project, we propose a new concept of Structure-
Oriented Distance motif (SOD motif), which describes
the binding environment between a protein and its
interacted partners. The SOD motifs contain a set of
spatially discontinuous peptide segments, whereas
protein domains are continuous in sequences and
structures, most of which do not directly involve
functional sites. We also enhanced the ability of
structure superimposition and refined the searching
results of SOD motif. Different from protein domains,
molecular interface motifs emphasize on binding
interfaces, the cores to perform protein functions.
Furthermore, our results showed that SOD motifs can
1dentify the proteins with similar binding interfaces
as well as annotate functions. We will apply this
technique into research of segment-drug-disease
network.

#~ M4 0 structural motif, protein-ligand binding environment,
protein interface
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Abstract

Studying molecular interactions is useful to understand biological mechanisms
and is essential for studying systems biology and functional genomics. Currently,
studies of protein domains, which are typical units of protein structures and functions,
are derived for elucidating protein functions and interactions. A protein domain is
collinear in sequence and often consists of two parts: structural core and molecular
interfaces. However, the biological functions of a protein are often performed by
interacting with other molecules (such as proteins, small compounds, metals, and
DNA) via its interfaces. Studying molecular interfaces of a protein will provide clues
to understand protein functions. In addition, functions of most genes/proteins in
genomic projects remain unknown, leading a great challenge to realize molecular
interacting mechanisms. Therefore, understanding protein-molecule interfaces will
annotate functions of proteins and play the core role to reveal the molecular
mechanisms of signaling pathways, regulatory networks, and metabolic pathways.

The scientific objective of this project is to address what is the role of structural
motif in molecular interface for protein functions. In this project, we propose a new
concept of Structure-Oriented Distance motif (SOD motif), which describes the
binding environment between a protein and its interacted partners. The SOD motifs
contain a set of spatially discontinuous peptide segments, whereas protein domains
are continuous in sequences and structures, most of which do not directly involve
functional sites. We also enhanced the ability of structure superimposition and refined
the searching results of SOD motif. Different from protein domains, molecular
interface motifs emphasize on binding interfaces, the cores to perform protein
functions. Furthermore, our results showed that SOD motifs can identify the proteins
with similar binding interfaces as well as annotate functions. We will apply this
technique into research of segment-drug-disease network.

Keyword: structural motif, protein-ligand binding environment, protein interface
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# - 1 69 % SOD motif & F# 2 # SOD-score 4 #cit &
) SOD motif pairs
FDA Testing set SOD-score
1C3S_A 1C3R_B 1C3R_A 1C3P_A
1354 1.000 0.864 0.864 0.876
IBCU 1 1SC8_U 3KHV_A 2BDI L 2BDI_B 2BDI_M
- 0.116 0.109 0.302 0.301 0.375
LAG B INSD_B INSC_B INSB_B INSB_A 1INV_A
- 0.917 0.924 0.898 0.899 0.876
IACT A 2WFZ_A 2ACE_A 1EA5_A 1E66_A ILLF B
- 0.943 0.404 0.841 0.542 0.231
IACL A 1W4L_A IVXR_A 2WGO_A 2VQ6_A 2VTT7_B
- 0.786 0.887 0.919 0.778 0.875
1AT6 A 1KZN_A 1EI1_A 3FV5_B 3G7B_B 3G7B_A
- 0.638 0.496 0.346 0.872 0.877
1AQU_B 1AQU_A 1AQY_B IAQY_A 1G3M_A 1Q20_A
- 0.939 0.884 0.817 0.296 0.439
IAXO A 2ACE_A IVOT_A 2VIC_B 2VIB_B 1AQL_A
- 0.937 0.908 0.915 0.909 0.444
LAZM. A 1AZM_A 1BZM_A IHCB_A IHUG_A 1JVO_B 2I1T4_B
- 1.000 0.974 0.971 0.985 0.411 0.894
B3N A 1B3N_A 2GFW_A 3G0Y_A 2GFY_A 3HNZ_A 2GQD_A
- 1.000 0.836 0.868 0.886 0.795 0.823
1AY7 A 1FDS_A 1IFDU_C 1FDV_B 1IFDV_A 1FDV_C 3HB5_X 3HB4_X 1AQU_B 3HIC_A
- 0.206 0.475 0.153 0.266 0.474 0.250 0.250 0.130 0.106
IBKE A 1BKF_A 2FKE_A IFKD_A 1FKJ_A IFKF_A 2FAP_A INSG_A INIA_A 2VNI1_B
- 1.000 0.598 0.594 0.593 0.593 0.608 0.608 0.585 1.000
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Abstract— In this paper, we present a network approach based on the recent developed
3D-BLAST method of rapid protein structure search. We defined new local segments that
represent structural feature of proteins named units of structural alphabet (USA). Each
USA is composed of two protein secondary structures, and one loop located between these
two secondary structures. We performed all-against-all structural comparison of USA and
recognized the USA-based similarity network. The analytical result shows that the
network with a power degree distribution is called scale free. These results not only
suggest the existence of organizing principles in the local protein structure but also allow
us to identify potential key fragments that could be useful for future new drug

development and design.
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