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Abstract

It is known that a protein’s function is determined
by its interaction with other molecules at a local
site. Since proteins with similar structures often
have similarity in their functions, finding struc-
turally similar proteins at a local site plays an im-
portant role in protein functional analysis. This pa-
per proposes a method of retrieving a protein with
a local structure that is similar to a known inter-
action site structure in terms of its binding ablility
to a specific compound. In this method, a pro-
file, which is defined as a set of common atoms in
some interaction sites that bind to the same com-
pound, is introduced for generalizing features of the
interaction sites. Experimental results demonstrate
that the proposed method succeeds in detecting in-
teraction sites that cannot be found by using non-
profiled queries.
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1 Introduction
A protein’s function depends on its interaction with
other molecules at a local site. There are many pro-
teins whose structures have been determined but
whose functions remain unknown. Identifing com-
pounds that have a chance of binding to such pro-
teins plays an important role in clarifying a given
protein’s function.

In this paper we propose a method for retrieving
a protein with a local structure that is similar to
a known interaction site in terms of its ability to
bind to a specific compound.

Figure 1 presents outline of the method. The in-
put data are structural data on the interaction site
of a protein-compound complex. Such structural
data of the interaction site are expressed as coor-
dinate data of atoms that compose the interaction
site [1]. A protein with a local structure similar to
the input structure is retrieved from the database
on protein structures for which the interaction site
is not specified, and the data is given as a coordi-
nate data of each atom. The retrieved protein is
expected to have some possibility of binding to the
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Figure 1: Outline of the retrieval method

Figure 2: Example of an interaction site that binds
to the compound GDP

same compound as the input one.
In general, structures at the interaction site bind-

ing to the same compound are not necessarily
identical [2, 3]. For example, Figure 2 illustrates
groups of atoms constituting interaction sites that
bind to the compound “Guanosine-5’-Diphosphate”
(GDP), where shading of the spheres in the figure
represents the type of atom. Therefore, raw data
on the interaction site is not suitable as an input
for querying similar structures.

In the proposed method, a query is generated
from structural data of more than one interaction
site to extract features that are essential for inter-
action.

2 Profile of an Interaction Site
The structures of the interaction sites binding to
a specific compound exhibit common features in
their structures. Such features can be regarded as
a query of the retrieval, and we call such features
a profile of an interaction site. In other words, the
profile is defined as a set of common atoms at some1307
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Figure 3: Classification according to physical prop-
erties of atoms

interaction sites binding to the same compound.
The input of the retrieval method’s input is as-
sumed to be more than one interaction site, and
the profile obtained from them is regarded as a re-
trieval query.

The profile can be defined in more detail by em-
ploying some actual interaction sites.

Classification of atoms

Figures 3, 4 and 5 show four actual interaction
sites, all of them binding to compound GDP. In
the center of each figure, the object that consists
of combined spheres indicates the compound GDP,
while small spheres around the compound represent
atoms at the protein’s interaction site. The atoms
that compose the interaction site are characterized
by certain physical properties, namely acidity, ba-
sicity, and polarity. These physical properties are
determined from the amino acid residue to which
the atoms belong, and the constituent elements. As
Figure 3 shows, an atom with certain physical prop-
erties often appears at almost the same position in
different interaction sites. Therefore, to generate a
profile from more than one interaction site, it is nec-
essary to classify each atom in terms of its physical
properties.

An atom that has the same physical properties
and also belongs to the same type of amino acid
residue exists at almost the same position in sev-
eral different interaction sites. As Figure 4 shows,
physical properties of the atoms located lower down
in the figure are the same, but the types of amino
acid residue to which these atoms belong are differ-
ent. However, the atoms located at the top of the
figure have the same physical properties and also
belong to the same type of amino acid residue.

Therefore, in order to extract common atoms for
the profile, it is necessary to classify each atom by
not only its physical properties but also the type of
amino acid residue to which it belongs.

Positions of atoms

In Figure 5, atoms commonly found in some in-
teraction sites are circled. The relative positions
of some common atoms are unchanged in coordi-
nates, although relative positions of other atoms
do change, as the figure indicates. Therefore, it is
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Figure 4: Classification according to the type of
amino acid residue to which the atoms belong

necessary to specify areas in the profile where each
atom can exist.

Moreover, the atoms that appear at limited inter-
action sites are assumed not to play an important
role in interaction, and should be ignored.

Formal definition

The profile is composed of a set of common atoms at
some interaction sites that bind to the same com-
pound. The positions of the atoms in the profile
are relatively expressed by the distance matrix be-
tween each atom. The profile P is formally defined
as follows.

P = 〈{ai}, D〉 (0 ≤ i ≤ n)
ai = 〈x, y, z, r, p〉
p ∈ (H ∪K)
n: the no. of atoms in the profile

ai: the atom i in the profile

p: the property of the atom

H: the physical property of the atom

K: the type of amino acid to which the atom

belongs

r: the radius of the sphere where atom i can

exit

D: the distance matrix between each atom

x, y, z: the center coordinates of the atom

3 Retrieval Method using
Profiling

Figure 6 illustrates an the retrieval method using
the profile. The structures are compared at the
atomic level between the profile and the structural
data of proteins in the database. The protein with
a local structure similar to the structure of the pro-
file is retrieved by superimposing the profile on the
proteins in the database. First, any atom that is

Figure 5: Positions of atoms
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Figure 6: Outline of the retrieval method using a profile
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Figure 7: A sphere that centers on the observation
point

of the same type as the atom in the profile is ex-
tracted from a target protein in the database. Next,
the atom that has the same condition as the rest
of the atoms in the profile is extracted from the
target protein. Here, the condition regarding the
atom refers to the type of atom and whether the
atom exists in a feasible area. Finally, the group of
atoms satisfying the above condition is extracted
from the target protein and considered as having a
similar structure to the profile.

Improvement of retrieval efficiency

A given protein in the database is composed of
several thousand atoms. However, the portion of
atoms buried inside the protein cannot constitute
an interaction site. Therefore, specifying these in-
ternal atoms and excluding them helps to improve
the efficiency of matching and the accuracy of re-
trieval by reducing unnecessary output.

Internal atoms of the protein are identified based
on the fact that they are surrounded by other
atoms. Let α be an atom to be identified. A sphere
of radius R[Å] whose center is at α is assumed, and
43 points are placed evenly over the sphere. These
points are called observation points. The observa-
tion points correspond to the vertices of a polyhe-
dral structure called the Geodesic Dome [4].

Only one atom differs in position while the rest are the same

Figure 8: Example of structures that are almost the
same

Next, we assume spheres of radius r[Å] exist
whose centers lie at observation points, and check
whether other protein atoms exist in each sphere,
as Figure 7 shows. If any atom is observed in all
spheres whose centers are at the observation points,
α is regarded as an internal atom.

We conducted an experiment excluding inter-
nal atoms from consideration in the search pro-
cess. Results indicate that 13%-23% of atoms
other than those belonging to interaction sites were
deleted from the retrieval target, which implies that
this method adequately excludes only the internal
atoms.

Integration of similar outputs

Some local structures that consist of almost the
same atoms are often obtained as retrieval results.
Figure 8 shows an example of this. These structures
should be integrated into one structure.

To integrate the structures, the degree of simi-
larity between the structures of the output is intro-
duced using the Jaccard coefficient method. The
degree of similarity Jij between a local structure i
and j is defined as follows:

Jij =
Nij

Nij + Ni + Nj
,

where Nij is the number of atoms included in both
the local structures i and j, Ni, and Nj represent
the number of atoms included only in the local
structures i or j. Then, the degree of dissimilar-
ity Dij is defined as follows:

Dij = 1− Jij .

The local structures that have a high degree of
similarity are integrated by clustering using Dij .
The longest-distance method is used for calculating
the degree of dissimilarity between clusters.

The clustering may be performed until the de-
gree of dissimilarity between each cluster does not
become smaller than threshold T . This T is usually
set to about 0.667, which means that local struc-
tures in a cluster share more than half the atoms,
assuming that the number of atoms belonging to
the local structure in a cluster is equal.1309
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Figure 9: Profile of the interaction sites that bind
to compound GDP

4 Experiment
To evaluate the accuracy of retrieval using the pro-
file as a query, we performed a retrieval experiment
by applying actual interaction site structural data.
For comparison, we also conducted a retrieval ex-
periment using structural data on a single interac-
tion site as a query (non-profiled query).

An overview of the experiment is as follows:
• The profile is manually defined referring to ten

interaction sites that bind to compound GDP.
Figure 9 shows an example of the defined pro-
file, in which virtual atoms and their possible
areas and properties are indicated.

• In the retrieval using the non-profiled query,
five interaction sites are used that bind to com-
pound GDP.

• The retrieval target is 75 proteins that include
fifteen proteins (A) that bind to compound
GDP. These proteins are different from the ten
proteins used to make the profile.

• The number of proteins that have been de-
tected (B), the number of proteins whose in-
teraction site has been detected correctly (C),
and retrieval time, are counted.

• Recall and precision are calculated by the fol-
lowing definition.

recall (%) = 100 ×(C)/(A)
precision (%) = 100 × (C)/(B)

• In the retrieval using the non-profiled query,
atoms are classified by their physical proper-
ties, and the permissible error margin is set to
a constant value (1.5 Å).

Table 1 shows the results. By using the profile,
more interaction sites are detected correctly com-
pared to using the non-profiled query. Some inter-
action sites that are not found through using the
non-profiled query can be detected, which demon-
strates the validity of the proposed method. Figure
10 shows some examples of the structures detected
by employing the profile.

5 Conclusion
In this paper, we proposed a method for retriev-
ing a protein with a local structure similar to the

Table 1: Results of the retrieval experiment

Query (B) (C) recall precision time

(%) (%) (m)

Profile 14 8 57.1 53.3 65
Non-profiled 25 1 4.0 6.7 361

Figure 10: Output of retrieval using the profile

known interaction site structure. In this method,
the profile of the interaction site is defined and ap-
plied as a retrieval query instead of using a single
interaction site. Using the proposed method, some
interaction sites that are not detected by using the
non-profiled query are correctly detected.

Our future work is to develop a method of auto-
matically extracting the profile from some interac-
tion sites.
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