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ABSTRACT

As a protein expresses its function through interaction with
other chemical compounds, it is important for protein func-
tional analysis to accumulate the interaction information.
Because protein interaction information is described in tens
of thousands of literature sources, it is impractical to ex-
tract all the information manually. Automatic information
extraction systems based on the template matching method
have already been developed. However, it is not possible to
match all the sentences related to interaction information
due to the range of the sentence complexity.

We propose a method of extracting sentences related to
interaction information. In a protein-compound complex
structure, residues appearing in sentences related to inter-
action are close to their interaction partners. The physical
distance between them can be calculated by using the struc-
ture data in the PDB database, and the adjacency indicates
that the sentence including them describes the interaction
information. In a free protein structure, the distance cannot
be calculated because the coordinates of its partners is not
registered in the structure data. Thus, we use the homol-
ogy protein structure data, which is complexed with their
partners.

The proposed method was applied to seven papers written
about protein-compound complex proteins and four papers
written about free proteins, obtaining 71% and 72% sentence
extraction F-measures, respectively.

1. INTRODUCTION

A protein’s function is related to its local interaction site[1],
and accumulating and utilizing comprehensive information
about protein interaction sites is expected to become a driv-
ing force that accelerates protein functional analysis. Such
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information can be obtained by carefully examining papers
that discuss protein structural analysis. However, construct-
ing such a database by manual extraction from a large num-
ber of sources is impractical, leading to the need for auto-
matic information extraction (IE) from literature. Many IE
systems have been developed, some of which focus on protein
interaction information. In some of these systems, a tem-
plate matching method is used to extract interaction infor-
mation[3, 4, 5]. Other systems have been reported, includ-
ing systems in which a subject word and its object word are
extracted[6], and systems in which the frequently appeared
verb is considered as a clue for information extraction[7].
However, it is difficult to extract interaction information ac-
curately by using only the text data from literature due to
the inherent complexity and ambiguity of the sentences.
This paper proposes an information extraction method, in
which we complementarily use protein structure data in the
PDB database as the information source to cope with in-
completeness of the sentences. First, we aim to extract not
the formalized interaction information but the sentences re-
lated to the interaction information, which are defined as
sentences that mention the interaction site or its interaction
partners (such as other proteins, DNA, substrates, ions). As
the interaction atoms of a protein are very near to the pro-
tein’s interaction partner, the distance between them in their
structure data provide a hint to specifying which sentences
are related to interaction information. However, pairs of ad-
jacent residues or their partners in a sentence do not always
mean interaction between them. Hence, we introduce rules
for determining the partner interaction in order to recognize
the correct interaction pairs. Some structure data contain no
coordinates for the interaction partners; therefore, in such
structure data for a free protein, it is not possible to calcu-
late the distance. In such cases, we use homologous complex
proteins to estimate the interaction site on a free protein.

2. PROTEIN STRUCTURE AND LITERA
TURE

2.1 Protein structure

A protein consists of a number of amino acids, which
bind each other by peptide bonds. A dehydrated amino
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acid is called an amino acid residue, and is identified by the
residue number. In literature on protein structural analysis,
a residue is described with a three-letter abbreviation and a
residue number; for instance, the 100th alanine residue from
the terminal of a peptide chain is expressed as “Alal00,”
“Alal® ” and so on.

2.2 Protein interaction

A protein binds to its interaction partners by the interac-
tion between their atoms. Interaction names such as “hy-
drogen bond” or “van der Waals interaction” commonly ap-
pear in literature. Interaction partners are residues of other
proteins, bases of DNA strands, substrates, or ions. For ex-
ample, “Adenine,” “PTR” or “Zn%*” appear in literature.
Interaction names and the interaction-partner names are not
always specified in sentences related to interaction informa-
tion.

2.3 Proteinstructure data on the PDB database

The protein structure data is registered in the PDB (Pro-
tein Data Bank; http://www.rcsb.org/pdb/) database. An
example of protein structure data is shown in Figure 1. The
record name at the line head denotes the type of informa-
tion in its line; for example, the ‘AUTHOR’ line includes
the names of authors who analyze the protein structure, the
‘HET’ line includes the information about compounds that
bind to the protein, and the ‘ATOM’ line includes the coor-
dinates of protein atoms, residue names, residue numbers,
and so on.

A protein is classified into one of two types (a complex pro-
tein or a free protein) according to its structure data. A com-
plex protein consists of multiple polypeptide chains except
for its own chain, or includes the coordinates of compounds.
A free protein consists of its own polypeptide chains.

In the PDB database, a protein is identified by four char-
acter codes (PDB-ID). For example, the protein shown in
Figure 1 has PDB-ID ‘1EFT’. PDB-ID is used in this paper
to identify a protein.

2.4 Protein structure literature

The papers that discuss protein structural analysis are re-
ferred to in the ‘JRNL’ record of the PDB structure data.
Each paper describes the experimental details of the rele-
vant protein structural analysis, such as a method of pro-
tein structure determination, location of the interaction site,
and types of interaction between the protein and its inter-
action partner. Though data on experimental details have
already been registered in the database, it also is important
to extract other information, such as binding and function
information about proteins, and the interaction information
in the interaction site. This paper focuses on extracting
sentences that describe interaction information.

2.5 Sentences related to interaction informa
tion

In sentences related to interaction information, words that
indicate the location of an interaction site, such as names of
atoms or identifiers of residues, are described. In literature
written about a particular complex protein, the interaction
partners often appear in the sentence related to interaction
information. An example of such a sentence is shown as
follows:

e The methyl group of the inhibitor is hydrogen-bonded
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HEADER ELONGATION FACTOR 24-AUG-93 1EFT
COMPND ELONGATION FACTOR TU (EF-TU) COMPLEXED WITH
COMPND 2 GUANOSINE-5’-(BETA,GAMMA-IMIDO) TRIPHOSPHATE (GDPNP)

SOURCE (THERMUS AQUATICUS)

AUTHOR M.KJELDGAARD,P.NISSEN,S.THIRUP,J.NYBORG

REVDAT 1  31-AUG-94 1EFT 0

JRNL AUTH M.KJELDGAARD,P.NISSEN,S.THIRUP,J.NYBORG

JRNL TITL THE CRYSTAL STRUCTURE OF ELONGATION FACTOR EF-TU
JRNL TITL 2 FROM THERMUS AQUATICUS IN THE GTP CONFORMATION
HET GNP 406 32 SEE REMARK 7.

HET MG 407 1 MAGNESIUM ++

ATOM 1 N ALA 1 75.082 -7.178 43.255 1.00 27.28
ATOM 2 CA ALA 1 74.276 -6.678 42.092 1.00 34.44
ATOM 3 C ALA 1 75.143 -5.790 41.184 1.00 33.12
ATOM 4 0 ALA 1 76.370 -5.912 41.224 1.00 33.94
ATOM 5 CB ALA 1 73.025 -5.872 42.611 1.00 29.66
ATOM 6 N LYS 2 74.494 -5.260 40.142 1.00 31.69
ATOM 7 CA LYS 2 74.851 -4.000 39.455 1.00 29.67
ATOM 8 C LYS 2 1.00 45.70

74.040 -3.970 38.149

Figure 1: Example of protein structure data

to the oxygen atom of Ile 60.

This sentence mentions the interaction between “methyl
group” of “inhibitor” and “Ile 60.” On the other hand,
the interaction partners are seldom specified in literature
written about a free protein. An example of a sentence
about a free protein is as follows:

e The active site triad consisting of Asp 64, Asp 121
and Glu 157 plays an important role in the catalytic
function.

This sentence asserts that three residues (Asp 64, Asp 121
and Glu 157) on the protein belong to its interaction site.

3. THE METHOD FOR SENTENCE
EXTRACTION

3.1 Overview of sentence extraction

It is known that in a complex protein the distance between
protein residues and their binding partners is small[8]. The
distance between them helps in determining whether a sen-
tence is related to interaction.

In a free protein, the distance cannot be calculated due to
the nonexistence of coordinate data on the interaction part-
ners in the structure data. Homologous complex proteins
are often registered in the PDB database, and the interac-
tion site in a free protein is similar to the corresponding site
in homologous complex proteins. Sentences written about
similar interaction sites can be candidates for sentences re-
lated to interaction information.

Consequently, the sentence extraction system we propose
consists of two processes according to protein type. Figure 2
provides an overview of the method. The literature and the
structure data of the target protein are the input data. In
this case, the input literature is an NNP-tagged document,
in which the proper nouns are tagged corresponding to their



Proceedings of the Second European Workshop on Data Mining and Text Mining in Bioinformatics

Input: literature and structure data
Literature written about protein A

protein A

Output: sentences with
interaction information

... the <residue>V, Argl95 </residue>
of the <protein> protein D1.3</protein>
makes one hydrogen bond to <residue>

1. the <residue>V; Argl95 </residue> of the
<protein> protein D1.3</protein> makes
one hydrogen bond ...

V. His189</residue> side chain of the 2.
lysozyme antigen HEL ... 3.
es : Match to the residues
y/vl Calculate the distance | ———— | V/atch to the res S
Complex? in the input sentence
His189 ... the V| Argl95 of the protein
no D1.3 makes one hydrogen bond to

i Argl95 V., His189 side chain ...
v

Search homologous i
i complex proteins

e
« complex A’ «—-¥ g His187
His189
T complex A” o O HisI93
% Vall95

PDB

> ! Determine putative
! binding-site residues }

protein A

Corresponding residues His189

Argl95

(residues adjacent to substrates)

Figure 2: Sentence extraction system

Table 1: List of proper noun tag
| proper noun tag | contents | examples |
<protein> name of a protein antibody D1.3
<chemical> name of a substrate | esterase
<peptide> name of a peptide Glu-Gly-Arg-chlo-
romethyl ketone
<atom> name of an atom oxygen
<ion> name of an ion zinc ion
<molecule> name of a molecule water molecule
<group> name of a group hydroxyl group
<residue> name of a residue Tyr100
<chain> chain information main chain
<sec_structure> | name of a secondary | a-helix,
structure B-sheet
<ter_structure> | name of a tertiary oxyanion hole,
structure pocket
<domain> name of a domain CDR L1

meanings. The list of NNP tags is shown in Figure 1, but
for further details of the method of attaching the NNP tags
to the original text data, see reference[9].

The problems with the proposed method are that a sen-
tence including interaction residues is not always an impor-
tant one. For instance, residue identifiers are often used
in a sentence that describes intra-interactions of a protein.
Thus, it is important to consider the condition for determin-
ing whether the sentence does indeed relate to interaction
information.

3.2 A method of sentence extraction for com
plex proteins

3.2.1 Outline of the method

Figure 3 shows an outline of the sentence extraction me-
thod for a complex protein. First, the residue and its in-
teraction partner are selected from a sentence. The dis-
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Sentence S

The interaction shields <residue>Arg21</residue> completely from the
solvent, by which <chemical>PTR</chemical> binding site turns away
from <residue>His23</residue>.

yes o Extract S
Select the residue | _, [ Calculate the distance Larger than /
and its partner between partners threshold?
"0 Don’t extract
Arg2l ~PTR protein (D1
Asn23 - PTR 3.81
Arg2l %
Arg23 compound (PTR)

Figure 3: Sentence extraction for complex

tance between them is then calculated, and if the distance
is smaller than Tp. (a distance threshold value for complex
proteins), the sentence is extracted as a sentence related to
interaction information.

If the distance between all combinations of pairs of residues
and their partners is used for the threshold judgment, many
unnecessary sentences may be extracted. For example, the
sentence in Figure 3 contains two residues (Arg21 and His23)
and one substrate (PTR). Since the distance between “Arg21”
and “PTR” is comparatively small, the sentence may be ex-
tracted; however, this sentence does not represent the actual
interaction information between them.

3.2.2  Rules for interaction partner determination

To solve the problem mentioned above, the structural pat-
terns in the sentence that should be extracted are intro-
duced. Patterns for consideration are as follows:

1. A verb often appears between residues and their part-
ners. Hence, if a verb does appear between residues
and their partners, the distance between them is suf-
ficiently meaningful to be calculated. Figure 4 repre-
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The candidate of interaction

verb
!_A_\

The main chain of His 109 interacts with Zn2+, while the side chain of
His 110 is hydrogen-bonded to PO.
N gl

verb ‘

The candidate of interaction

Figure 4: Verb between proper nouns

group A group B
— —
Pro 40 and Asn 54 interacts with the side chain of Arg216, Ser220 and Pro221.

— ; —

Calculate the distance between group A and group B

Figure 5: Grouping words with same NNP tag

sents an example of a verb between residues and their
partners.

2. The interaction between coordinated multiple residues
and their partners is often described. In such a sen-
tence, all of the coordinated residues are related to the
interaction with their partner. Therefore, the coordi-
nated residues or their partners should be grouped,
and the distance between the groups is significant.
However, since the pattern “between A and B’ rep-
resents the interaction between A and B, the A and B
must not be grouped. Figure 5 shows an example of

grouping.

3. Some sentences describe an interaction between residues
in the same protein chain, though such sentences are
not a targets for extraction. Hence, it is checked whether
the residues belong to the same chain. If they do, they
are excluded from the distance calculation target. An
example of a sentence written about residues in the
same chain is shown in Figure 6.

4. Occasionally the interaction partners are omitted, and
only the residue names are described. In such a sen-
tence, the interaction partner cannot be determined.
Hence, combination between all of the residues and
all of the chemical compounds in the structure data
should be considered. An example is shown in Figure
7.

Based on these patterns, four rules are defined as follows,
where [A] means the strings that are attached by the NNP
tag <A>, and [any-pn] means one of [residue], [chemical],
[peptide] or [ion]. VERB represents a verb, * means any
number of any words, and ~.. means words except for “...”.
“Brill’s Tagger”[10] is used to analyze the category of each
word in a sentence.

Rule for the order of verbs and proper nouns

If a sentence matches to the sequences “[residue] * VERB
* [any-pn]” or “lany-pn] * VERB * [residue],” then [any-pn]
is regarded as an interaction partner of [residue].

Rule for grouping words
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chain A

Tyr 96 involves van der Waals
interaction with Arg 101.

chain B

Tyr 96 and Arg 101 belong to
the same chain (chain A).

Figure 6: Interaction in one chain

The side chain of Arg 221 in the catalytic site ligand

makes three hydrogen bonds.

No interaction partner of Arg 221 in the

same sentence DNA (chain B)

DNA (chain C)

‘s

Consider the distance against all compounds

Figure 7: Lack of the interaction partner

If a sentence matches to the sequence “between [any-pnl]
and [any-pn2],” then [any-pnl] and [any-pn2] are regarded as
an interaction pair. If a sentence matches “[any-pnl], [any-
pn2]” or “between [any-pnl] and [any-pn2]” and [any-pnl]
has the same NNP tag as [any-pn2], [any-pn1] and [any-pn2]
are grouped.

Rule for residues in the same chain

If a sentence matches “[residuel] * [residue2],” it is deter-
mined whether [residuel] and [residue2] belong to the same
chain. If both [residuel] and [residue2] are in the same chain,
they are not regarded as an interaction pair.

”

Rule for lack of partner

If a sentence matches “ * [residue] * 7 and [residue] has
not been matched to other rules; [residue] and all possible
partners in the structure data are regarded as interaction
pairs.

3.2.3 Distance calculation between components of
interaction pair

After the interaction pairs are determined, the sentence
is evaluated by calculating the distance between them. Be-
cause the residues and their partners contain many atoms,
the distance between a residue and its partner is defined
as the minimum distance between atoms of a residue and
its partner, since two adjacent atoms may indicate the in-
teraction between them. In the case of groups, all residues
or their partners in a group are related to the interactions.
Thus, the distance between two groups is defined as the av-
erage of all combinations of atom pairs in the residues and
their partners.

3.3 Method of sentence extraction for free pro
tein

3.3.1 Outline of the method

Figure 8 illustrates the outline of the sentence extrac-
tion method for a free protein. First, homologous complex
proteins are retrieved from the database, after which the
residues of the putative binding site in a free protein are
determined, using the residues related to the interaction in
each homologous protein. If the residues of the putative
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Protein A Sentence S Extract S Not extract

The <chain>side chains</chain> of two conserved

¢ = . " ! yes \ / no
active-site residues, <residue>Arg 49</residue> and -
<residue>His 111</residue>, adopt two different

— Larger than
conformations in the four independent ”
<molecule>IIAmtl molecules</molecule>. threshold?

v 4

Match to the residues
in the input sentence

Search homologous
complex proteins

Determine putative

binding site residues

two different conTprmationsAn the four
independent ITAml molgcules.

PDB

residue hit rate = 2/2
putative binding site

Figure 8: Outline of sentence extraction for free pro-
tein

Alignment result

complex A’ KEG—DKHTI—SKKELKELIQKELT—-... T
A

Calculate the distance between
each residue and substrates

T, complex A” KEG#DK:kaWnkSeIkeIITreIpsfﬁ..-
. : 4

complex A’
K10 pg

Get the corresponding <

residues adjacent to substrates

i adjacent to substrates

v
D9, K10, H11... HIl
Input Protein A *KEGf 7SKK T ( )

complex A’

protein A

(1 character means a residue)

" putative binding site

Figure 9: putative interaction site

interaction site are described in a sentence, the hit rate of
residues can be calculated. Finally, if the hit rate is higher
than T's (a threshold value for the hit rate), the sentence is
extracted as the sentence related to interaction.

The “BLAST”[11] program is used for retrieving homolo-
gous proteins from the database. It calculates the alignment
between two protein sequences.

3.3.2  Determination of the putative interaction site

Figure 9 shows the outline of the method for determining
the putative interaction site on a free protein. Many homol-
ogous proteins are retrieved as the result of a homologous
protein search. Considering the interaction site predicted
from low-homologous proteins does not show high reliabil-
ity, we use only the highest Tv (a threshold value for the
number of homologous proteins) numbers of proteins that
have at least 30% homology. The residues, whose distance
from their partners is smaller than T (a distance thresh-
old value for free proteins), are selected from each homolo-
gous protein in order to specify the protein’s interaction site.
Then, the residues in the free protein corresponding to the
interaction site of the homologous proteins are specified by
using the alignment result. These residues are regarded as
being responsible for constructing the putative interaction
site in the free protein.

3.3.3 Judgment of sentence extraction

Figure 10 presents a method of determining which sen-
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Pro 113 His 111

Sentence
The <chain>side chains</chain> of two conserved Asn 114 © Lutative
active-site residues, <residue>Arg 49</residue>, P .
<residue>His 111</residue> and <residue>Prol13 binding site
</residue> to <residue>His 117</residue> ...

Arg 115

Arg 49

> Ty
Expand residues — Residue hit rate = 5/7 — extract
Arg 49, Hisl11, # of hit residues
Prol13, Asnl14,
Arg 115, Arg 116,
Asn 117

Expand rule

Residue hit rate =

# of residues in the list

<residue> - < residue >
<residue> to < residue >
<residue> through <residue>

Figure 10: Judgment of sentence extraction

tence is related to the interaction information. Most of the
residues in the sentence related to interaction information
are involved in the interaction, hence the residue hit rate is
introduced to determine whether or not the sentence should
be extracted, as follows:

Rnit = =,
Ns
where ns denotes the number of residues in the sentence, n;
means the number of residues that exist both in the sentence
and in the putative interaction site. Since Rp,; is larger
than threshold T, the sentence is extracted as the sentence
related to interaction information.

The location of the interaction sites are sometimes de-
scribed in a sentence by the range of residue numbers, and
in such a sentence, it is unsatisfactory to match only the
start residue and end residue of the range. As a result, we
introduce the residue-expanding rule as follows to satisfy the
all of the residues in the range.

Rule for expanding residues

If a sentence matches “[residuel] - [residue2],” “[residuel]
to [residue2]” or “[residuel] through [residue2],” and the
residue number of [residuel] (R1) is smaller than that of
[residue2] (R2), the residues having a residue number be-
tween R1 to R2 are regarded as appearing in the sentence.

4. EVALUATION

The proposed method is evaluated in terms of the preci-
sion P, recall R, and F-measure[12] F, which are defined as
follows:

COR R_COR F_2><P><R

Sys’ ™ GLD’ ©  P+R’

where GLD represents the quantity of correct data, SY S the
quantity of data that is extracted by the proposed method,
and COR represents the quantity of correct data extracted
by the proposed method. To estimate the effectiveness of
the proposed method, the manually and correctly tagged
documents are used as the input data.

P =

4.1 Evaluation for complex proteins

4.1.1 Parameter adjustment

Ten papers describing structural analysis of complex pro-
teins (PDB-IDs are 1a07, 1a0b, 1a0f, 1a0i, 1a0l, 1a0m, 1a0o,
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Figure 11: The parameter tuning result for

Table 2: Literature data (complex)

[ ID [ # of Word [ # of Sentence | # of Page
1a0h 9534 359 13
la0q 7569 389 10
1a26 5308 359 9
la3l 3025 340 7
labv 5779 303 6
lady 7502 302 9
labz 10221 428 13

1a0s, 1al3, 1al5) were prepared to determine the thr
Tp.. The F-measure of the correctly extracted senten
calculated as changing the threshold T’p. by 0.05. Fig
shows the result, which determines that Tph. = 5.0.

4.1.2 Evaluation of sentence extraction

The proposed method was applied to seven papers v
about the structural analysis of complex proteins. The woe-
ature data and PDB-IDs used in this experiment are shown
in Table 2. The result is shown in Table 3, in which the
value in the parenthesis indicates the result without rules.
The precision of the proposed method was better than result
without rules, indicating the effectiveness of the proposed
method.

Some sentences related to interaction information could
not be extracted. An example in the paper describing “1a31”
is as follows: “... asparagine-L91 and aspartic acid-H50 form
hydrogen bonds to the carboxylate side chain that substi-
tutes for the carbamate diene substrate.” This sentence
means that there are “hydrogen-bond” interactions between
“asparagine-L.91 and aspartic acid-H50” and “carboxylate
side chain.” The reason for this failure is that “form” is
considered as a noun. The improvement is anticipated by
elevating the precision in POS tagging.

On the contrary, the following sentence in the paper about
“laby” was extracted incorrectly: “The catalytic Asp residue
(Asp-181 of PTP1B) contributes to the basic limb of the
pH activity profile, and its substitution to Ala-21 causes a
105-fold reduction in kcat, suggestive of a role as an acid
catalyst.” This sentence mentions the catalytic function in-
formation of “Asp-181" and “Ala-21.” Because the two cat-
alytic residues are adjacent to each other, the sentence was
extracted incorrectly. It is necessary to classify the extracted
sentences into the interaction information or the function in-
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Table 3: Experimental result (complex protein)

[ ID JGLD [ SYS ] COR | P | R | F |
TaOh | 10 20 10 [ 0.50(0.18) [ 1.00(1.00) | 0.67(0.30)
la0q | 19 18 18 1.00(0.50) | 0.95(1.00) | 0.97(0.67)
1a26 10 18 10 | 0.56(0.48) | 1.00(1.00) | 0.71(0.65)
la3l 17 19 15 | 0.79(0.55) | 0.89(1.00) | 0.83(0.71)
lasv | 10 12 6 0.50(0.25) | 0.60(1.00) | 0.55(0.40)
laby | 16 29 10 | 0.34(0.16) | 0.63(1.00) | 0.44(0.28)
labz 3 3 3 1.00(0.13) | 1.00(1.00) | 1.00(0.22)

[[Ave. [ 121 [ 17 [ 10.3 [ 0.61(0.27) [ 0.85(1.00) [ 0.71(0.43) |

0.5

D) 04 /
—
=
172}
S 035
g 0
[a s

0.3

0.25

0.2 ;

3.0 4.0 5.0 6.0
TDf

Figure 12: The parameter tuning result for T

formation.

4.2 Evaluation for free proteins

4.2.1 Parameter adjustment

Five papers describing structural analysis of free proteins
(1a03, 1a0k, la3y, ladu, labc) were used to determine the
threshold Ty, Tn and Ts. The F-measure for extracting
residues in the correct sentence was estimated for adjusting
Tpy and Tv. Here, Ty = 4 and Ts = 0.5 are used in the
adjustment of Ty, while Tpy = 5.0 and Ts = 0.5 are used
in the adjustment of T. On the other hand, the F-measure
for extracting the correct sentences was estimated for the
adjustment of Ts. The results are shown in Figure 12, 13
and 14. In this adjustment, Tpy = 5.0 and Ty = 4 are used.

4.2.2  Evaluation of sentence extraction

We applied the proposed method to four papers. The
literature data and PDB-IDs used in this experiment are
shown in Table 4. The result is shown in Table 5, in which
the values in parentheses indicate results without a rule.
The high recall value indicates that almost all sentences re-
lated to interaction information were extracted correctly. In
addition, the precision was higher than that of the result
without a rule.

An example that could not be extracted from the paper
about “la3a” is as follows: “The ITAmtl-binding site of HPr
involves the loop comprising residues 13-21, the helix com-
posed of residues 16-27 and the helix containing residues
48-56 (Figure 7).” This sentence means “IIAmtl-binding
site” is included in the domain 13-21, 16-27 and 48-56. The
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Figure 13: The parameter tuning result for Ty
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Figure 14: The parameter tuning result for Ts

reason for failure is that the domain is larger than the actual
interaction site, and the residue hit rate decreased. In order
to extract such sentences, T's should be changed dynamically
depending on the sentences.

In the same paper, the following sentence was extracted
by mistake: “.. Arg 49 is turned away and cannot form
hydrogen bonds with the phosphoryl group.” This sentence
means the residue “Arg 49” is not related to interactions.
The reason is that the residue corresponding “Arg 49” in
the homologous protein “1j6t” is related to the interactions.
For future works, it is required to recognize the negation of
the extracted sentences.

4.3 Effectiveness of using structure data

To evaluate the effectiveness of using the PDB structure
data, the result of proposed method was compared with the
result without using the structure data, which extracts all
the sentences that includes one or more <residue> tags.
Eleven papers in Table 2 and Table 4 were used for evalua-
tion. As aresult, the average precision, recall and F-measure
were 0.32, 1.00 and 0.48 respectively. The precision and F-
measure of the proposed method in Table 3 and Table 5 is
much larger than that of the method without structure data,
which indicates the effectiveness of the proposed method.
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Table 4: Literature data (free protein)
[ ID | # of Word | # of Sentence | # of Page |

1a03 7335 498 9
la3a 8535 545 12
ladl 9550 365 11
1a58 4338 199 6

Table 5: Experimental result (free protein)

[ ID [ GLD [SYS [ COR ] P [ R [ F |
1203 2 3 2 0.67(0.22) [ 1.00(1.00) [ 0.80(0.36)
la3a | 14 35 12 | 0.34(0.32) | 0.86(0.86) | 0.49(0.47)
ladl | 27 44 24 | 0.55(0.53) | 0.89(0.95) | 0.68(0.68)
la58 6 7 6 0.86(0.67) | 1.00(1.00) | 0.92(0.80)

[Ave. [ 123 [ 223 [ 11 [ 0.61(0.44) | 0.94(0.94) | 0.72(0.58) |

S. CONCLUSION

This paper proposed a method for extracting sentences
with interaction information from literature using protein
structure data in the PDB database. For literature on a
complex protein, we introduced the interaction partner de-
termination rules to filter the combinations of pairs of resi-
dues and their partners, because some unexpected sentences
may be extracted as a result of calculating all combinations.
For a free protein, we used the homologous protein structure
data to determine the putative interaction residues, since
structure data of a free protein contains no coordinates of
the interaction partner. Future works will be as follows:

1. A sentence that includes the interaction residues may
possibly describe the function information. Conse-
quently, it is necessary to distinguish a sentence related
to interaction information from a sentence related to
function information.

2. Some sentences related to interaction information in-
clude negative words, thus we should improve the me-
thod for determining whether the information is neg-
ative.
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