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Automatic Extraction of Protein Active Site Information from

Literature Using Template Matching and Anaphor Analysis

YOSHIKAZU KANETA,t MASAYUKI NUMAt and TAKENAO OHKAWA'

The function of a protein is determined by its local functional site, called an active site. For
functional analysis of proteins, it is important to accumulate information about the location
and the chemical properties of active sites. This paper presents a method of automatically ex-
tracting protein active site information from literature. Since complex expressions frequently
occur in scientific documents, syntactic analysis is used to match complex sentences, while the
extraction rule is employed for simple sentences. The anaphora is contained in the informa-
tion extraction result. Because numerical phenetics and symbolic expressions are frequently
used in the anaphora, we propose an anaphora analysis method based on the consistency of
the numerical phenetics between an anaphor and an antecedent. We applied the proposed
method to actual scientific literature, obtaining 0.81 anaphora analysis F-measure and 0.70
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information extraction F-measure.
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Fig.1 An example of active site information.
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Table 1 List of proper noun tag.

ooooooD oo O
<protein> ooo antibody D1.3
<chemical> ooo esterase
<peptide> gooao chloromethyl ketone
<atom> oo oxygen atom
<ion> ooo zinc ion
<molecule> oo water molecule
<group> ooo hydroxyle group
<residue> oo Tyr100
<chain> oooo side chain, main chain
<sec_structure> gooo a-helix, B-sheet
<tert_structure> gooo oxyanion hole, pocket
<domain> oooo CDR L1

Tyr35 makes three hydrogen bond to three residues (Arg96, Arg97, Tyr103)
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Fig.3 Anaphora with quantifier.
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Fig.4 Outline of the template matching method.
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Fig.5 Link recognition between two words.
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Fig.6 Extraction judgement by matching score.
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S_Ns: Two tyrosine residues together make seven contacts. }
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S, :Tyr35 makes three hydrogen bond to three residues (Arg96, Arg97, Tyr103).

SNS : On the other hand, Tyr42 has three contacts to two residues (His35 and Tyr99). [ Ng
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Fig.7 Outline of the anaphora analysis method.
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Fig.8 Calculation of the certainty score.
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Table 2 Literature data for the evaluation.
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0.8 S— Table 3 Evaluation of the anaphora analysis.
0.7 / - - ooo GD SS CR P R F
F o6 / ] 1a0f 23 22 21 0.95 0.91 0.93 (0.89)
05 / la0q 23 22 17 0.77 | 0.74 | 0.76 (0.67)
" labo | 11 | 11 | 9 | 0.82 | 0.82 | 0.82 (0.44)
04 1a3l 10 10 7 | 070 | 0.70 | 0.70 (0.44)
03 L~ — - — ladj 8 8 7 0.88 0.88 0.88 (0.38)
o1 2 3 4 5 6 7 8 9 laba 4 4 2 | 0.50 | 0.50 | 0.50 (0.50)
Wp 1a5h 4 4 4 | 1.00 | 1.00 | 1.00 (1.00)
09 0oOoooOo000 wp Ooooo labv 4 4 3 0.75 0.75 0.75 (0.75)
Fig.9 The parameter tuning result of Wp. laby 3 3 3 1.00 | 1.00 | 1.00 (1.00)
oo 10.0 9.8 8.1 0.82 0.81 0.81 (0.67)
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Fig.10 The parameter tuning result of Rp.
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Fig.11 The parameter tuning result of W and Wy, .

been linked through its carboxylic acid group
as an amide to keyhole limpet hemocyanin. The
antibody catalyzes the disfavored exo Diels-
Alder. ..
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Table 4 Evaluation of the information extraction.

ooo | sS [CrR | P R F

1a0f | 173 | 132 | 0.76 | 0.67 | 0.71 (0.63/0.56)
1la0h | 102 | 71 | 0.70 | 0.75 | 0.72 (0.72/0.70)
la0o | 53 | 49 | 0.92 | 0.41 | 0.57 (0.48/0.45)
la0q | 143 | 93 | 0.65 | 0.61 | 0.63 (0.51/0.50)
1a31 | 100 | 79 | 0.79 | 0.72 | 0.75 (0.69/0.53)
ladj | 92 | 52 | 0.57 | 0.73 | 0.64 (0.59/0.54)
laa | 46 | 39 | 0.85 | 0.63 | 0.72 (0.67/0.58)
la5h | 119 | 101 | 0.85 | 0.72 | 0.78 (0.75/0.57)
la5v | 97 | 66 | 0.68 | 0.68 | 0.68 (0.64/0.61)
lasy | 171 | 134 | 0.78 | 0.79 | 0.79 (0.77/0.71)
0o 109 | 79 | 0.75 | 0.67 | 0.70 (0.65/0.58)
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Joo0ooooooooooooooooooooo
0000000 “additional hydrogen bond”0 000
“TyrL36”... 0000000
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dienophile portion of the inhibitor, is oriented
by an additional hydrogen bond from. ..

e <residue> be oriented by <interaction>...
0o0ooooooooooooooooooooon
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00000oooooooooooooooooon
00000000000 00000“1aby” 0000
oo0oooooooooo

e We now describe one such study of the anti-

body 39-A11 (6), which catalyzes a Diels-Alder
reaction, a widely used. ..

e <protein> catalyze <reaction>
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e Ionic interactions in other antibodies occur be-

tween ArgH94 and AspH101. ..

e <Jinteraction> in <protein> occur between
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<residue> and <residue>
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