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2. PROTEIN STRUCTURE AND LITERA›
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2.3 Protein structure data on the PDB databaseP���
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2.5 Sentences related to interaction informa›
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3. THE METHOD FOR SENTENCE
EXTRACTION
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… the <residue>VL Arg195 </residue>
of the <protein> protein D1.3</protein>
makes one hydrogen bond to <residue> 
VL His189</residue> side chain of the 
lysozyme antigen HEL …

… the <residue>VL Arg195 </residue>
of the <protein> protein D1.3</protein>
makes one hydrogen bond to <residue> 
VL His189</residue> side chain of the 
lysozyme antigen HEL …

… the <residue>VL Arg195 </residue>
of the <protein> protein D1.3</protein>
makes one hydrogen bond to <residue> 
VL His189</residue> side chain of the 
lysozyme antigen HEL …

Output: sentences with 
interaction information

1. the <residue>VL Arg195 </residue> of the 
<protein> protein D1.3</protein> makes 
one hydrogen bond …
2. …
3. …

Input: literature and structure data

Complex?

yes

no

protein A

complex A’

complex A’’

Search homologous 
complex proteins

Literature written about protein A

…PDB

Determine putative 
binding-site residues

Match to the residues
in the input sentence

Calculate the distance

His187
His189

His193
Val195

protein A

His189
Arg195

(residues adjacent to substrates)

Corresponding residues

protein A
compound

His189

Arg195

… the VL Arg195 of the protein 
D1.3 makes one hydrogen bond to 
VL His189 side chain …
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3.2 A method of sentence extraction for com›

plex proteins

3.2.1 Outline of the method_<� �����
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Calculate the distance
between partners

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

Sentence S

Select the residue 
and its partner

compound (PTR)

protein (D1.3)Arg21 – PTR
Asn23 – PTR

Larger than 
threshold?

yes

no

Extract S

Don’ t extract

Arg21

Arg23
4.23

3.81
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The main chain of His 109 interacts with Zn2+, while the side chain of 
His 110 is hydrogen-bonded to PO.

verb

verb
The candidate of interaction

The candidate of interaction
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Pro 40 and Asn 54 interacts with the side chain of Arg216, Ser220 and Pro221.
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Calculate the distance between group A and group B
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Tyr 96 involves van der Waals 
interaction with Arg 101.

chain A

chain BTyr 96

Arg 101Tyr 96 and Arg 101 belong to 
the same chain (chain A).
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The side chain of Arg 221 in the catalytic site 
makes three hydrogen bonds.

No interaction partner of Arg 221 in the 
same sentence

Arg 221

DNA (chain B)

DNA (chain C)

ligand

Consider the distance against all compounds
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3.3 Method of sentence extraction for free pro›
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The <chain>side chains</chain> of two conserved 
active-site residues, <residue>Arg 49</residue> and 
<residue>His 111</residue>, adopt two different 
conformations in the four independent 
<molecule>IIAmtl molecules</molecule>. 

Protein A

PDB

Larger than 
threshold?

yes no

Extract S Not extract

Search homologous 
complex proteins

complex A’

complex A’ ’

Determine putative 
binding site residues

His 111

Val 112

Arg 49

His 47

His 49

Sentence S

Match to the residues 
in the input sentence

putative binding site

His 111

protein A
The side chains of two conserved active-
site residues, Arg 49 and His 111, adopt 
two different conformations in the four 
independent IIAmtl molecules. 

residue hit rate = 2/2
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complex A’

complex A’ ’

putative binding site

protein A

Alignment result

…Tn

Input Protein A r-s t u u v r w x y-u u z r r s { r s {�| } r s { x u u u …

r-s t u u v r w x�~ u u z r r s { r s {�| } r s { x u u u …
r-s t u u v r � ��~ u u � � z ��~ � ��~ ~ x5� ��~ � � � u …

Get the corresponding 
residues adjacent to substrates

(1 character means a residue)

D9K10

T12
H11

complex A’

List of residues
adjacent to substrates

…

Calculate the distance between 
each residue and substrates

(D9, K10, H11… )

complex A’ ’
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3.3.3 Judgment of sentence extraction_<� �����
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Expand residues

His 111Pro 113

Asn 114

Arg 115

putative 
binding site

Arg 49, His111, 
Pro113, Asn114, 
Arg 115, Arg 116, 
Asn 117

Arg 49

Residue hit rate = 
# of residues in the list

# of hit residues

The <chain>side chains</chain> of two conserved 
active-site residues, <residue>Arg 49</residue>, 
<residue>His 111</residue> and <residue>Pro113 
</residue> to <residue>His 117</residue> …

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

Expand rule

Sentence

Residue hit rate = 5/7
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4.2 Evaluation for free proteins
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