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Abstract

Protein functional site information described in
thousands of literatures plays an important role
in protein functional analysis. In this paper, we
present PROFESS, a system to assist with extrac-
tion of functional information from literature. In
PROFESS, first the functional information is ex-
tracted using the protein’s structure data, then the
extracted information is corrected or complemented
by the operator.

The proposed system was applied to 11 docu-
ments related to structural analysis of protein for
extracting functional site information, where the
average recall value and F value were 0.927 and
0.782, respectively.

Keywords: protein functional site, literature,
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1 Introduction

As a protein expresses its function through the
binding of various compounds to its functional site
[1], a database of functional site information plays
an important role in protein functional analysis [2].
However, such functional site information is de-
scribed in thousands of literatures and it is thus im-
practical to extract all the information manually. In
this paper, we present PROFESS, a system to assist
with extraction of protein functional site informa-
tion from literature concerned with protein struc-
tural analysis. The process of the proposed system
is divided into two parts. First, the system auto-
matically extracts the functional site information,
after which the improper information is corrected
or the information that is lacking is complemented
by the system operator. In such a process, we ex-
pect improvement in the efficiency of the operation
and high accuracy in extraction of the functional
site information.

Through only checking the extracted informa-
tion, it might be difficult for the operator to de-
termine whether the extracted information is in-
deed functional site information, since the opera-
tor needs to refer to the position of the site in the
structure or in a figure. To help with this, we have
built a graphical user interface on which the opera-
tor can check the extracted information and related
figures simultaneously. In addition, to achieve high

novel method that considers the distance between
a protein and a compound on a given structure to
extract relevant functional site information auto-
matically from the literature.

2 Structure of protein and
functional site information

A protein is a long chain of amino acid residues
linked together. In the chain, each residue is given
a number counted from one end of the chain. For
example, Alanine, the 100th residue would be writ-
ten as “Ala-100” or “Alal®.” PDB (Protein Data
Bank) is a repository of the data on structurally
analyzed proteins. In the structure data, infor-
mation about relevant literature, and the three-
dimensional coordinates of the atoms in the protein
and the compound, are registered.

A protein is classified as a complex protein or a
free protein according to its structure data. A com-
plex protein consists of multiple polypeptide chains
in addition to its own chain, or includes the coor-
dinates of the compounds. On the contrary, a free
protein consists of only polypeptide chains of its
own type.

Literature that discusses protein structural anal-
ysis is referred to in PDB structure data. Each
paper describes the experimental analysis, such as
the method of protein structure determination, lo-
cation of the functional site, and the types of in-
teraction between the protein and its interaction
partner on that site, etc. Our objective is to sup-
port the operator in extracting information related
to the functional site and interactions that occur
on it.

Functional site information can be defined into
three categories: positional information on the pro-
tein, positional information about the compound,
and the relation among them. The positional infor-
mation on the protein (the positional information
on the compound) includes the name of the pro-
tein (compound), residues, and atoms. Information
about the relations among them includes the name
of the interaction and the function that occurs on
their binding. For example, in a sentence, “The
methyl group of PTR is hydrogen-bonded to the
oxygen atom of Ile 60,” the positional information
on the protein is the name of the residue“Ile 60,”
the positional information about the compound
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the name of the functional group “methyl group,”
and finally the information on the relation among
them is the name of the interaction, “hydrogen-
bond.”

3 PROFESS

3.1 Outline of PROFESS

Figure 1 shows the outline of PROFESS. In this
system, the functional site information is automat-
ically extracted from the literature related to the
protein structural analysis by complementary use
of the protein’s structure data. The extracted in-
formation is displayed to the operator, who corrects
the information by modifying, adding, or deleting
manually. Following that, the functional site infor-
mation can be completed.

Because PROFESS aims to reduce the time re-
quired to extract the information, effective support
of the extraction operation and high accuracy of in-
formation extraction are expected. In Section 3.2,
we describe the development of the user interface
for effective support, and in Section 3.3, we explain
the module of automatic functional site informa-
tion extraction, the purpose of which is to achieve
accurate extraction.

3.2 Display components in PRO-

FESS

The display components in PROFESS are shown in
Figure 2. The main screen of PROFESS comprises
four sections. (1) for relevant literature (area A in
Figure 2); (2) for extracted protein functional site
information (area B); (3) for figures related to the
functional site information (areas C and D); and
(4) for the structure data (area E).

(1) Section for relevant literature

This section displays the text of the literature.
To determine whether the extracted information
is indeed functional site information, the operator
needs to check adjacent sentences. For this, not
only the sentences on functional site information,
but also any sentence from the literature, can be
referred to by the operator. Besides, the words are
marked in different colors on the basis of type (for
example, the words for the name of the protein,
residue, function, and interaction are marked in dif-
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ferent colors). This makes scanning functional site
information easier.

(2) Section for extracted protein functional site
information

This area displays the extracted functional site
information. The data extracted by the automatic
extraction module is initially loaded into cells in
this frame, thus reducing the extraction burden on
the operator. If the operator points to a sentence
missing functional site information in the present
literature display, the system automatically dis-
plays a list of probable extraction candidates from
the highlighted sentence and its neighbors.

(3) Section for figures related to the functional
site information

This section displays figures related to relevant
functional site information. Literature concerning
the structural analysis of protein includes figures
in which functional site information is delineated
in detail. By referring to these figures, supplemen-
tary functional site information might be noticed
and thus added to previously extracted informa-
tion. To browse the figures efficiently, the figures
are displayed as thumbnails (area C) and in an in-
dividual window (area D).

(4) Section for structure data

This window displays structure data on the pro-
tein. Sentences related to functional site informa-
tion are often complex in structure and also compli-
cated in content, which might make it difficult for
the operator to grasp the content of the sentence.
Considering the positions of the residues and atoms
in the structure, the operator can easily make a de-
cision about the sentence. In this window the rele-
vant parts linking the sentence and the figure would
be highlighted. To display the structure, we used
jV version 2, an advanced version of PDBjViewer
[3] provided by Protein Data Bank Japan.

3.3 Module for automatic extrac-

tion of functional site informa-

tion
Figure 3 provides an outline of the module respon-
sible for extracting the functional site information
automatically. In this module, literature related
to the structural analysis of protein and the pro-
tein’s structure data is given as input data. The
input literature is an NNP-tagged document, in
which the named entities are tagged corresponding

1246 their meaning (for example <protein>, <atom>,
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Figure 3: Outline of the automatic information ex-
traction module

<residue>, etc) [4]. First, we will distinguish
between the protein-related tags and compound-
related tags. Then, calculating the distances among
the atoms in the structure, whether or not a sen-
tence relates to functional site information can be
determined, where different methods would be ap-
plied in the case of complex proteins and free pro-
teins, since their structure data are different. Fi-
nally, if the named entity relates to a protein, it
will be extracted to the field for protein, and in
the same way it will be extracted to the field for
compounds if it relates to a compound.

3.3.1 Distinguishing the named entities

In general, the name of the residue is written
along with the chain information. For example,
“ArgH20” indicates that residue “Arg20” exists in
the chain “H.” Furthermore, the tag of the residue
can be examined to ascertain whether chain H be-
longs to the protein. If the atoms and the func-
tional groups do belong to the protein, they are
written close to the residues (for example, “oxygen
of Tyr35,” etc). Therefore, the sentence is divided
into segments according to the verbs and preposi-
tions (except “of”) and then in each segment, the
tags for the named entities are ascertained with re-
spect to the tags of the other named entities in the
same segment.

3.3.2 Functional site information for com-
plex proteins

As the coordinates of the compound are written
in the complex protein structure data, choosing a
pair comprising a residue and a compound in a
sentence, then calculating their distance of sepa-
ration in the structure, and finally comparing this
distance with the threshold value, it can be de-
termined whether the sentence describes the func-
tional site information. Figure 4 shows an overview
of the method. However, there are special patterns
where the residues’ names are enumerated in a sen-
tence and the compound names are omitted. Con-
sequently, mistakes might occur mistakes in select-
ing the interaction candidates. To solve this prob-
lem, we introduce the two rules given below:

(1) Rule regarding grouping;:

Sentence 5
The interaction shields <residue>Arg21</residue™ completely from the solvent,
by which <chemical>PTR=/chemical> binding site turns away from
<residuc>His23</residuc>
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Figure 4: Determination of sentences related to
complex protein

The residues enumerated in a sentence simultane-
ously take part in interaction with the compound.
Therefore, if the residues are written together and
they belong to the same protein, they are defined
as a group. The compounds written together also
compose a group.

(2) Rule regarding omission of the compound
name:

In a sentence where the residue name is written
but the compound name is omitted, it is difficult
to determine the compound interacting with the
residue. In this case, all pairs comprising residues
and compounds described in the structure data
should be considered.

3.3.3 Functional site information for free
protein

In the structure data on a free protein, since the
coordinates for the compound are not specified,
we cannot calculate the distance as we did above.
However, if the free protein and its homologous
complex protein are registered in PDB, the func-
tional site can be considered as a homologous site
between the free protein and the complex protein.
Hence, as described in Figure 5, by searching the
complex proteins homologous to the target free pro-
tein and then presuming the functional site of the
free protein from the sites close to the compounds
in each complex protein, we can determine an ap-
propriate sentence.

The “BLAST” program [5] is used for retriev-
ing homologous proteins from the database. The
search result illustrates the homology between the
free protein and the complex proteins. On the ba-
sis of this homology, the residues of the putative
binding site in the free protein are predicted us-
ing the residues related to the interaction in each
homologous protein.

If the residues of the putative interaction site are
described in a sentence, the hit rate for residues in
that sentence can be calculated. The hit rate is the
ratio of the number of hit residues in the sentence
to the number of residues at the putative interac-
tion site. Finally, if the hit rate is higher than the

12é¢preshold, we may conclude that the sentence de-
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scribes the functional site information.
4 Evaluation

We evaluate the accuracy of the module for func-
tional site information extraction experimentally
using literature referred by PDB.

The PDB-ID of the protein and the number of
words, sentences, pages, and sentences containing
correct information are summarized in Table 1,
while the evaluation result is shown in Table 2. The
experimental result reveals that the recall value is
high, which means that most of the functional site
information can be covered. Since extraction leak-
age might be a high risk for a system that supports
information extraction, it is necessary to increase
the recall value, even if the precision value decreases
slightly . Our result shows that the support system
performs well.

An example of a sentence mistakenly extracted
from a paper related to protein, “la3a” is, “... Arg
49 is turned away and cannot form hydrogen bonds
with the phosphoryl group.” This sentence means
that the residue “Arg 49” does not form a hydro-
gen bond. However, as this residue exists in the
presumed functional site of the homologous com-
plex protein “1j6t,” an error had occurred. To cope
with this problem, negative sentences require spe-
cial treatment.

5 Conclusion

In this paper, we proposed PROFESS, a system
that supports extraction of protein functional site
information. PROFESS provides an effective user
interface that, for example, displays tagged named
entities as probable candidates for extraction, and
features a function that enables reference to struc-
ture data. In addition, PROFESS has a facil-
ity for extracting functional site information au-
tomatically. The automatic extraction was evalu-
ated experimentally using 11 documents related to
structural analysis of protein. The average recall
value and F value were 0.927 and 0.782 respectively,
which confirms the effectiveness of the method.
Our future work will include improving the sys-

tem’s accuracy. We will consider the learning of ogg

Table 1: Literature data used in the experiment

PDB-ID | fof fof fof fof
words sente pages | correct
-nces sente
-nces
laOh 9534 359 13 11
1la0q 7569 389 10 18
1a26 5308 359 9 12
la3l 3025 340 7 16
ladk 5498 190 5 10
labi 8903 324 11 22
lady 7502 302 9 10
1a03 7335 498 9 2
la3a 8535 545 12 14
ladl 9550 365 11 25
1ab8 4338 199 6 6
Average | 7008.81 | 351.81 9.27 | 13.27

Table 2: Results
| PDB-ID | Precision | Recall | F-measure

la0h 0.625 0.909 0.741
1la0q 0.750 1.000 0.857
1a26 0.800 1.000 0.889
1a3l 0.867 0.813 0.839
ladk 0.769 1.000 0.870
labi 0.870 0.909 0.889
laby 0.471 0.800 0.593
1a03 0.667 1.000 0.800
la3a 0.400 0.857 0.546
ladl 0.512 0.913 0.656
1a58 0.857 1.000 0.923
Average 0.690 0.927 0.782

mistakenly extracted patterns and the automatic
analysis of information that failed to be extracted.
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