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Retrieval of Protein with Similar Interaction
Based on Structural Data of Protein-compound Complex

YUSUKE NONOMURA, 2 KOICHI YOSHINO,! TATSUYA NAKAE?
and TAKENAO OHKAWATt

Retrieval of proteins that have similar structures at their interaction site plays an important
role in elucidating their functions. This paper proposes a method for retrieving proteins with
similar interaction using abstract data by grouping atoms located nearby and having similar
physical properties. The proposed method was applied to the retrieval problem where GDP-
binding protein 1idd (PDB ID), NADP-binding protein 1nvt, and FMN-binding protein 1um0
were given as a query. The effectiveness of the method was confirmed by both the facts that
it can extract similar interaction sites correctly, and the noises in detection are significantly
smaller than in the method that does not group atoms.
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Fig.2 Interaction site formed by folding.
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Table 1 Item of atom pair data that composes
interaction site.

Data item description
Protein name Name that specifies
protein
Number of Number of residue
Residue- in which position
array on peptide chain
Protein Residue kind of residue
Functional Position and kind
moiety of functional moiety
Atom’s Atom’s name in PDB
name that takes part
in PDB in interaction
Atom’s ID .
in PDB Atom’s ID in PDB
Name of
Name of compound
compound
ID of ID that
compound identify compound
Conpound Functional Position and kind
moiety of functional moiety
Atom’s Atom’s name in PDB
name that takes part
in PDB in interaction
Atom’s ID , .
in PDB Atom’s ID in PDB
Interatomic Distance between
distance diatomics that
forms complex

<pdeD'_ ID of protein-compound complex

Protein name ;Another name; Three letter code;Chain ID;Residueis No.;
Element;Atomis ID;X-Coordi 'Y-Coordi -Co

Compound name;Compound abbr.;Compound formula;Compound ID;Element;

Atom ID; X-Coordinate;Y-Coordinate;Z-Coordinate;Interatomic distance(A)
GTP-BINDING PROTEIN YPTS51;;HIS;A;54;N;393;12.172000;12.491000;20.658001;
GUANOSINE-5'-DIPHOSPHATE;GDP;

10 H15 N5 O11 P2;502;N7;1446;12.358000;15.405000;20.737000;2.920998;

Data of proteinis atom

<compound>: 02;PB;1427;13.635000;17.027000;28.402000;;
02;01B;1428;14.317000;18.299000;28.131001;;

02;02B;1429;14.465000,15.868000;28.851000;;

Data of compoundis atom

03 0oooooooooo
Fig.3 Example of interaction site data.
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Fig.4 Outline of a method for retrieving similar

interaction protein.
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Table 2 Atoms that composes interaction site.

Physical property Residue Atom
Lysine N
Basicity Arginine N
Histidine N
Acidity Aspartic acid o
Gutamic acid O
Asparagine N
Glutamine N
Polarity Serine O
Threonine O
Tyrosine O

gooooooooooooo
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Dij = /(Xi = X;)2 + (Yi = Y3)* + (Zi - Z;)?
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Table 3 Polarities of protein atom that unites with each atom of compound PLP

(a: acidic, b: basic, p: polar).

Physical property of atom

ID of compound atom

N1 O1p O2Pp O3P O3 O0O4P P

a 11 0 0 0 0 0 0
b 1 6 5 2 8 6 3
P 3 12 4 8 2 4 9
a-b 0 0 1 0 0 0 0
a-p 6 0 0 0 0 0 0
b-p 0 4 10 7 17 4 6

The element of m line n row shows the number of proteins that unite the protein

atoms with the character of m line that unites with the compound atom of n row.
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[2, Refinement of atom for structural search }
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Table 4 Result of selection experiment of atoms.

Number of atoms Number of atoms
for search in interaction site
Selection Selection
PDB ID Before After Before After
la0g 376 306 8 8
lahe 465 380 10 10
laia 470 376 10 10
laic 470 373 9 9
lamq 469 362 10 10
1bkg 458 373 8 8
1fg7 396 323 12 12
lkta 404 332 6 6
1mdo 373 299 8 8
2aat 467 409 6 6
2gsa 435 339 6 6
aat 494 396 10 10

(a) Before selection

(b) After selection
07 lajia000O0000O0OOOOO
Fig.7 Result of selection of atoms in laia.
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Fig.8 Outline of retrieving similar structure.
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Fig.10 Examples of similar output.
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Table 5 Three data sets used for evaluation experiment.

PDB ID Compound Complex’s name 0 Usage
li4d GDP Racl-GDP complexed with Arfaptin (P21) Input
la2k GDP Gdpran-Ntf2 Complex
1byu GDP Canine GDP-Ran O
1kk2 GDP The Large v Subunit Of Initiation Factor Eif2 From Target

Pyrococcus Abyssi-G235D Mutant Complexed With GDP-Mg2+
1rrg GDP Non-Myristoylated Rat ADP-Ribosylation Factor-1 Complexed With GDP
1nvt NADP Crystal Structure Of Shikimate Dehydrogenase (Aroe Or Mj1084) Input
Inyt NADP Shikimate Dehydrogenase Aroe Complexed With Nadp+
1pqu NADP Crystal Structure Of The H277N Mutant
Of Aspartate Semialdehyde Dehydrogenase Target
197b NADP The Structure Of Betaketoacyl-[Acp] Reductase From E. Coli
1ra9 NADP Dihydrofolate Reductase Complexed With Nadp
1umO FMN Crystal Structure Of Chorismate Synthase Complexed With Fmn Input
Inni FMN Azobenzene Reductase From Bacillus Subtilis
Inox FMN Nadh Oxidase From Thermus Thermophilus
1v4b FMN The Crystal Structure Of Azor (Azo Reductase) From Escherichia Coli Target
1x77 FMN Crystal Struture Of A Nad(P)H-Dependent Fmn Reductase Complexed With Fmn
gooo
5. 0 O00OO
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Fig.11 Interaction sites of input protein and retrieval ob-

jects (ligand is in the circle, four letters are pro-
tein’s PDB ID).
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Fig. 12 Experimental results using three data sets.
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Table 6 Calculating time (unit: Second).

PDB | proposed | Permissible error range (A) com-
ID method 1.8 2.1 2.4 | pound
la2k 3.2 4.6 9.8 21.5
1byu 5.3 5.8 12.7 30.4 aDP
1kk2 10.5 | 15.5 30.2 69.0
lrrg 2.7 3.9 7.2 15.4
1nyt 79.4 | 94.1 147.4 239.9
1pqu 200.8 | 173.3 276.6 546.5 NADP
1q7b 48.8 | 85.2 134.4 216.9
1ra9 18.9 | 29.2 41.6 71.5
1nni 169.4 | 73.3 134 259.5
1nox 440.5 | 104.7 169.1 346.3 FMN
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