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Figure 1. Bovine trypsin 3D structure (PDB: 1AUJ) and
inhibitor (red circle).

>
Figure 2. Catalytic triad of bovine trypsin (PDB: 1AUJ).
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Figure 3a. Schematic diagram 1 of Triangle ID.

Triangle ID

OCa of Amino Acid
Figure 3b. Schematic diagram 2 of Triangle ID.
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Meighborhood Triangle ID

OCa of Amino Acid
Figure 3c. Schematic diagram of Neighborhood Triangle
ID.
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Figure 4a. Plot of Tanimoto coefficient against upper limit of Triangle ID’ s
side on the whole protein. (4:Thrombin (Human) , B:Thrombin (Bovine)
X :Factor Xa, A:Trypsin, *:PTP1B, @:HIV-1protease )
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Figure 4b. Plot of Tanimoto coefficient against upper limit of Triangle ID” s
side on the catalytic domain. (4 :Thrombin (Human), B:Thrombin (Bovine) |,
X :Factor Xa, A:Trypsin, *:PTP1B, @:HIV-1protease )
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Figure 4c. Plot of number of Triangle ID against upper limit of Triangle ID’s
side. (M :Catalytic domain, A:Whole protein)



Journal of Computer Aided Chemistry, Vol.6 (2005)

100

80

60

40

20

Tanimoto coefficient (%)

0 1 2 3 4 5 6 7 8 9 10
Lower limit of Triangle ID's side (A)

Figure 5a. Plot of Tanimoto coefficient against lower limit of Triangle ID’s side
on the whole protein. (@ :Thrombin (Human) , B:Thrombin (Bovine)
X :Factor Xa, A:Trypsin, *:PTP1B, @:HIV-1protease )
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Figure 5b. Plot of Tanimoto coefficient against lower limit of Triangle ID’s
side on the catalytic domain. (4 :Thrombin (Human), B:Thrombin (Bovine) ,
X :Factor Xa, A:Trypsin, *:PTP1B, @:HIV-1protease )
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Figure 5c. Plot of number of Triangle ID against lower limit of Triangle ID’s
side. (M:Catalytic domain, A:Whole protein)

51



Journal of Computer Aided Chemistry, Vol.6 (2005)

4.3 Z=AFID, fFE=AFIDIZE I ¥
VRN RGN T U—RR

et L CEEEtEFEHL T E b hr BV
IAHTZ BRI L, BT — %t v Moxtd %
=MD, T S ATFIDIC S & o XY BNk
ERET V—RRERAT,
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Figure 6a. Plot of Tanimoto coefficient against distance between Triangle IDs
on the whole protein. (@ :Thrombin (Human) , B:Thrombin (Bovine)
X :Factor Xa, A:Trypsin, *:PTP1B, @:HIV-1protease )

B

100

g g0 |

-+

C

Ko

© 60

&=

Q

o

° 40 |

9

o

£ 20

&

" 0
— ™ o ™~ S - p] o
o o o o o — ~— ~—

Distance between Triangle IDs (A)

Figure 6b. Plot of of Tanimoto coefficient against distance between Triangle
IDs on the catalytic domain. (4:Thrombin (Human), B:Thrombin (Bovine) ,
X :Factor Xa, A:Trypsin, *:PTP1B, @:HIV-1protease )
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Figure 6¢. Plot of number of Neighborhood Triangle ID against distance
between Triangle IDs. (M :Catalytic domain, A:Whole protein)
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Table 1 Results of 3D structural homology search based 41 7.2 1AAX PTP1B
on Neighborhood Triangle ID on the whole proteins. 42 71 1BZC PTP1B
R 43 7.0 INL9 PTP1B
animoto
coefficient PDB Protein Name 44 6.9 10XK PTP1B
(%) 45 6.8 1EEN PTP1B
1 100. 0 1AHT Thrombin (Human) 46 6.7 LPYN PTP1B
2 83.8 1K21 Thrombin (Human) 47 6.6 IPHO PIPIB
3 81.9 1THR Thrombin (Human) 18 6.6 LOEM PIP1B
4 79.8 1026 | Thrombin (Human) 49 3.8 LV16 HIV-lprotease
5 77.2 ILHG | Thrombin (Human) 50 3.6 1KJ4 HIV-lprotease
6 76. 1 IDWB | Thrombin (Human) ol 3.6 IAID HIV-lprotease
7 72. 1 IBMM | Thrombin (Human) 52 3.5 1D4K HIV-lprotease
8 71. 4 1WA | Thrombin (Human) 53 3.5 2AID HIV-lprotease
9 70. 3 IC5N | Thrombin (Human) ik 3.5 1CP1 HIV-lprotease
10 63.4 IHAL | Thrombin (Human) 25 3.5 1B6J HIV-lprotease
11| 545 IVT | Thrombin (Bovine) 26 3.4 LIT7A HIV-Iprotease
12| 52.5 IAVG | Thrombin (Bovine) o1 3.3 BHVP HIV-lprotease
13) 2.1 1UVU | Thrombin (Bovine) o8 3.2 IMT7 HIV-lprotease
14 50. 5 11ID5 Thrombin (Bovine)
15 49.5 LETS Thrombin (Bovine) Table 2 Results of 3D structural homology search based
16 49. 3 LETT Thrombin (Bovine on Triangle ID on the catalytic domains.
17 47. 8 1ETR Thrombin (Bovine)
18 43.5 1HRT Thrombin (Bovine) Tanimoto
19 13. 6 1INFX Factor Xa coefficient PDB Protein Name
20| 131 1MQ5 Factor Xa (%)
21 13.0 11I0E Factor Xa 1 100. 0 1AHT Thrombin (Human)
929 13.0 1HCG Factor Xa 2 97.1| 1K21 Thrombin (Human)
23 12.9 1KSN Factor Xa 3 96. 5 1C5N Thrombin (Human)
24 12. 9 IEZQ Factor Xa 4 95.1 1UMA Thrombin (Human)
95 12.6 1GoM Factor Xa 5 87.1 1THR Thrombin (Human)
26 12.6 1C5M Factor Xa 6 86. 5 1DWB Thrombin (Human)
97 12.5 1LPG Factor Xa 7 86.4| 1BMM Thrombin (Human)
28 11.8 1FAX Factor Xa 8 86.0[ 102G Thrombin (Human)
29 10. 7 IBJV Trypsin 9 82.8 10VT Thrombin (Bovine)
30 10.7 1610 Trypsin 10 82.8| 1ETT Thrombin (Bovine)
31 10.5 IJIR Trypsin 11 80. 1 1HRT Thrombin (Bovine)
32 10. 5 IAUJ Trypsin 12 79.7 10VU Thrombin (Bovine)
33 10.5 1YYY Trypsin 13 79.4| 1ETR Thrombin (Bovine)
34 10.5 1C1IN Trypsin 14 78. 3 1AVG Thrombin (Bovine)
35 10. 4 1CE5 Trypsin 15 77.9 11D5 Thrombin (Bovine)
36 10. 4 1MAX Trypsin 16 74.8 1ETS Thrombin (Bovine)
37 10. 0 1030 Trypsin 17 64.7 1HAI Thrombin (Human)
38 9.9 1F2S Trypsin 18 63.9| 1LHG Thrombin (Human)
39 7.5 1L8G PTP1B 19 .9 INFX Factor Xa
40 7.9 1Q1M PTP1B 20 7.8 1KSN Factor Xa
21 .8 1HCG Factor Xa
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22 7.8 1CHM Factor Xa

23 7.8 1MQ5 Factor Xa

24 7.8 11I0E Factor Xa

25 7.7 1LPG Factor Xa

26 7.6 1EZQ Factor Xa

27 7.3 1YYY Trypsin

28 7.2 1FAX Factor Xa

29 7.2 1G2M Factor Xa

30 5.9 1AUJ Trypsin

31 5.9 1BJV Trypsin

32 5.9 1CIN Trypsin

33 5.9 1CE5 Trypsin

34 5.9 1F2S Trypsin

35 5.9 1GIO Trypsin

36 5.9 1JIR Trypsin

37 5.8 IMAX Trypsin

38 5.7 1030 Trypsin

39 1.0 1B6]J HIV-1protease
40 1.0 1CPI HIV-1protease
41 1.0 1D4K HIV-1protease
42 1.0 10EM HIV-1protease
43 1.0 1YTG HIV-1protease
44 1.0 1F7A HIV-1protease
45 1.0 1AID HIV-1protease
46 1.0 1KJ4 HIV-1protease
47 0.9 SHVP HIV-1protease
48 0.9 2A1D HIV-1protease
49 0.9 IMT7 HIV-1protease
50 0.0 1AAX PTP1B

51 0.0 1BZC PTP1B

52 0.0  1EEN PTP1B

53 0.0 1L8G PTP1B

54 0.0/ INL9 PTP1B

55 0.0 1PHO PTP1B

56 0.0 1PYN PTP1B

57 0.0/ 1Q1M PTP1B

58 0.0 1QXK PTP1B

55

2% 3R

Altschul SF et al, Nucleic Acids Res.,
25,3389-402(1997).

Ben-Hur A et al, Bioinformatics, 19 Suppl
1:126-33(2003).

Protein Data Bank, ( URL
=http://www.rcsb.org/pdb/index.html ).

iR WBER, AR IEC, R BAR, AKXIEFES
1L a2 Vol. 21, 20 (2003).

Maiorov VN, Crippen GM, J Mol Biol.,
235,625-34(1994).

Veks—, B, [FHRILF A s « HEIEE
PR 352 0 A s 2 S, 10th-15th,
88-91(1987).

Carugo O, Pongor S., Protein Sci.,
10,1470-3(2001).

Whitlow M et al, Acta Crystallogr D Biol
Crystallogr., 55 ( Pt 8),1395-404(1999).
John M et al, J. Chem. Inf. Comput. Sci., 38, 983
-996(1998).



Journal of Computer Aided Chemistry, Vol.6 (2005) 56

Novel 3D protein structural homology search algorithm based
on the Triangle ID

Hidetoshi Maruyama ™", Kenji Kaijiri®

a Kissei Pharmaceutical Co., LTD. (4365-1 Kashiwabara, Hotaka, Minamiazumi-gun, Nagano pref.,
399-8304)
b Shinshu Uinvercity Faculty of Engineering (4-17-1 Wakasato, Nagano city, Nagano pref., 380-8553)

In the post-genome era, the number of registered 3D protein structures increases dramatically.
BLAST homology search tool is widely used for finding homologues. However, there are many remote
homologue proteins with 3D structural similarity that BLAST cannot detect. Accordingly 3D protein
structural homology search is strongly required. We propose a novel 3D protein structural homology
search algorithm based on the Triangle ID comparison method. We focused a triangle structure consisting
of three amino acids and called it as Triangle ID. We considered 20 kinds of amino acids, so there are
8000 kinds of Triangle IDs. We assumed that proteins can be characterized by using these Triangle IDs.
To prove the validness of this assumption, we developed the homology search tool and made several
sample data sets that consist of serine protease family and different family from serine protease. Using
these data, we did several search experiments and showed the validness of our assumption and the
scalability of our method. Our method opens the possibility of the efficient 3D protein structural
homology search.

keywords: 3D protein structural homology search, Triangle ID, Neighborhood Triangle ID , 3D protein structure,
PDB

" hidetoshi_maruyama@pharm.kissei.co.jp
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