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Figure 1. Schematic diagram of Triangle ID.
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Table 1 Data sets for 3D motifs
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Table 2 Data sets for test
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Table 3 Results of 3D motif similarity.

Family | Protein Name [wroo | SP1 | SP2 | SP3 | SP4 | GP1 | CP2 | AP | MMP

Thrombin 297 [100.0% | 100.0% | 70.5% | 100.0% | 72.6% | 68.2% | 60.6% | 48.1%

Factor Vlla 311 74.7% | 86.8% | 70.7% | 92.0% | 70.9% | 61.9% | 57.7% | 41.7%

Factor IX 235 78.4% | 81.4% | 63.5% | 87.6% | 67.3% | 58.3% | 57.3% | 39.7%

Kallikrein—1 234 57.3% | 68.4% | 67.3% | 85.1% | 54.3% | 59.7% | 51.2% | 37.9%

Kallikrein—6 217 64.3% | 76.0% | 55.7% | 81.1% | 57.6% | 50.9% | 45.8% | 40.5%

Azurocidin 221 43.3% | 51.5% | 71.9% | 100.0% | 50.8% | 53.6% | 47.1% | 42.8%

Chymase 226 66.7% | 74.0% | 84.0% | 89.6% | 57.6% | 63.7% | 53.6% | 43.0%

Tryptase Beta—2 244 72.6% | 79.0% | 67.3% | 89.1% | 62.7% | 53.4% | 51.6% | 42.0%

Myeloblastin 221 61.4% | 67.7% | 87.8% | 91.5% | 51.9% | 55.0% | 50.8% | 43.2%

Activated Protein C| 337 77.0% | 83.1% | 69.2% | 92.0% | 68.2% | 64.6% | 58.8% | 47.3%

Q uPA 245 65.8% | 78.6% | 59.3% | 80.6% | 64.2% | 63.5% | 57.0% | 39.1%

§ Complement Factor B| 480 71.2% | 79.9% | 70.9% | 88.6% | 73.1% | 75.5% | 69.4% | 52.7%

DE_ Complement Factor D| 228 51.7% | 66.2% | 67.5% | 83.6% | 53.6% | 47.7% | 41.7% | 35.2%

© Plasminogen 361 70.0% | 76.4% | 74.1% | 90.5% | 67.1% | 69.6% | 59.3% | 46.2%

'% Hepsin 356 87.3% | 90.3% | 77.6% | 96.5% | 76.6% | 70.3% | 63.4% | 48.9%

n Matriptase 241 64.2% | 78.8% | 67.5% | 88.6% | 62.5% | 58.6% | 55.8% | 42.0%

Granzyme K 240 64.3% | 72.3% | 69.8% | 83.6% | 59.2% | 59.0% | 52.7% | 37.7%

Alpha-Tryptase 243 73.7% | 82.0% | 66.0% | 92.0% | 62.7% | 54.5% | 52.3% | 42.2%

Trypsin III 219 58.8% | 84.4% | 60.3% | 88.6% | 65.8% | 62.8% | 52.3% | 40.3%

Complement Clr 304 66.7% | 71.4% | 63.3% | 82.1% | 67.5% | 60.8% | 56.3% | 46.6%

Complement Cls 303 73.6% | 80.5% | 68.1% | 87.6% | 73.7% | 64.9% | 63.4% | 46.0%

Granzyme A 232 65.0% | 74.0% | 71.1% | 89.6% | 58.5% | 58.8% | 54.2% | 37.7%

HGF Activator 313 68.0% | 82.0% | 73.6% | 88.6% | 75.5% | 62.8% | 57.3% | 48.3%

HGF 228 58.4% | 71.0% | 61.8% | 81.1% | 64.7% | 56.5% | 52.8% | 52.8%

HTRA2 296 45.5% | 53.0% | 62.0% | 74.1% | 50.6% | 55.6% | 54.3% | 44.8%

MASP-2 321 75.8% | 81.2% | 68.6% | 92.0% | 72.2% | 67.1% | 65.5% | 49.3%

© Caspase—2 527 55.3% | 65.6% | 56.5% | 78.6% | 64.0% | 80.0% | 57.0% | 47.2%

§ L § Caspase—8 293 41.6% | 53.0% | 43.2% | 56.7% | 57.2% | 58.8% | 50.9% | 35.4%

..g ©| Caspase—9 329 57.4% | 69.0% | 624% | 82.6% | 72.6% | 80.6% | 63.7% | 52.8%

a Dipeptidyl Peptidase I | 352 53.7% | 65.6% | 58.4% | 74.6% | 78.6% | 69.8% | 64.3% | 46.8%

.GE) ™ Cathepsin F 214 474% | 61.7% | 521% | 73.1% | 70.9% | 52.5% | 51.2% | 36.7%

% é Cathepsin L2 221 54.4% | 67.5% | 51.5% | 751% | 79.7% | 59.2% | 55.3% | 38.9%

A o Cathepsin Z 275 55.0% | 66.7% | 59.5% | 77.6% | 71.3% | 58.3% | 55.8% | 41.3%

Cathepsin L 312 54.4% | 67.5% | 51.5% | 71.6% | 79.7% | 59.2% | 55.3% | 38.9%

o 8 Pepsin A 326 47.2% | 57.8% | 56.3% | 76.6% | 58.9% | 49.5% | 74.6% | 40.9%

f:i % Gastricsin 372 50.8% | 60.8% | 57.8% | 76.6% | 64.2% | 63.1% | 77.8% | 45.0%

<a Cathepsin E 322 50.3% | 62.6% | 58.2% | 80.1% | 60.7% | 59.5% | 77.5% | 45.0%

MMP-1 415 53.5% | 64.9% | 63.7% | 80.1% | 65.1% | 71.8% | 67.0% | 86.1%

MMP-2 619 64.3% | 76.2% | 72.2% | 90.5% | 78.1% | 78.6% | 76.5% | 79.4%

= MMP-7 166 37.3% | 47.8% | 46.2% | 58.2% | 46.1% | 47.7% | 48.7% | 75.8%

= MMP-9 405 53.3% | 62.8% | 61.8% | 78.6% | 66.2% | 65.5% | 62.2% | 80.4%

% MMP-10 156 31.5% | 38.7% | 359% | 47.3% | 43.7% | 47.3% | 43.5% | 88.6%

= MMP-12 166 37.2% | 45.7% | 43.2% | 58.7% | 44.8% | 49.3% | 46.5% | 76.4%

MMP-14 358 545% | 64.3% | 57.0% | 71.6% | 63.4% | 69.8% | 59.9% | 72.3%

MMP-16 169 36.0% | 45.7% | 43.5% | 55.2% | 40.8% | 45.7% | 49.5% | 67.8%
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Table 4 Ranking of 3D motif similarity using selected 6 motifs.

Family

Protein Name

SP2

SP3

CP1

CP2

>
s

MMP

Serine Protease

Factor Vlla

Factor IX

Kallikrein—1

Kallikrein—6

Azurocidin

Chymase

Tryptase Beta—2

Myeloblastin

Activated Protein C

uPA

Complement Factor B

Complement Factor D

Plasminogen

Hepsin

Matriptase

Granzyme K

Alpha—-Tryptase

Trypsin I

Complement Clr

Complement Cls

Granzyme A

HGF Activator

HGF

HTRA2

MASP-2

PF
00656

Caspase—2

Caspase—8

Caspase—9

Cysteine Protease

PF00112

Dipeptidyl Peptidase |

Cathepsin F

Cathepsin L2

Cathepsin Z

Cathepsin L

Aspartic
Protease

Pepsin A

Gastricsin

Cathepsin E

MMP M10

MMP-1

MMP-2

MMP-7

MMP-9

MMP-10

MMP-12

MMP-14

MMP-16

AW A|IDWOWOAIOAIN|RAR|IWININININIWWWINI=|IA|m|m|=m == === === IN|= = (=[N N[ |[—=|—=|—=|—

agooooooaooojaaa|dAfaaO|AOCOI AW |I=|WIWINIWIWIBRINDNINDNINDNINDNINDN(=[|AININDNIE=IN(= = (W|IN|[W|W

| A|IWOINIO(WIARIWININ (== (=== INDNINIWINIOAININDN|IANININVNWWWIW|IAR[WWIW|W[A|W(A|IAIN|IA~ININ

WINININIWIAININ|IAMWO |IWWIWLWIWIN|I=(=([= DAL P[PPI |IW|IP|IWOIN|DW DD

NOw|RlOAINdN|ARW|—= == Ml |dhjlO|d|d ||l OVVOIIOITIOI/CITIOIOT|IOIOT|OI[OIT|OI[CT|OIT[CT|OI[CT|OC1[C1|C1(C1|C1(C1|C1

(R |= = = = = OO OO0 |00 |0 |00 OO0 |

66



Journal of Computer Aided Chemistry , Vol.7, 57-68 (2006)

2 Z BN

[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]

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

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

PROSITE,
(URL=http://expasy.nhri.org.tw/prosite/)

Pfam,
(URL=http://www.sanger.ac.uk/Software/Pfam/)
JNAETER th, J. Comput. Chem. Jpn., Vol.3 (4),
pp.137-144 (2004).

ITIAME— i, FBIUEMEETEHMEE Y R T
2, KP18, pp.113-114 (2003)

Juih et #ERE —, J. Comput. Aided Chem.,
Vol. 6, 44-56 (2005)

Carl Brandenetal., % > /37 B OMEEAM
“_hi, Newton Press (2000)

Copyright 2006 Chemical Society of Japan

ISSN 1345-8647

67



Journal of Computer Aided Chemistry Vol.7 (2006)

Study of Protein Structure 3D Motifs Based on
the Triangle ID for Protein Function Analysis
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In the former work, we proposed a novel 3D protein structural homology search algorithm based on
the Triangle ID comparison method. In that work, we focused a triangle structure consisting of three
amino acids and called it as Triangle ID. 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, did
several experiment based on the sample data sets, and showed the validness of our assumption and the
scalability of our method. On the other hand, identification of 3D characteristics of protein is required,
and we assumed that our Triangle ID method can be used for this purpose. In this study, we propose 3D
protein structure clustering by using 3D motifs based on the Triangle ID. The 3D motifs were extracted
from the common Triangle IDs which have the same feature and belong to the same protein families. We
defined the selectivity criteria, did several experiments, and showed the effectiveness of our proposed
approach. We selected protease families as our experiment target, because they are attracted the attention
as drug target proteins. Our method opens the possibility of the efficient protein function analysis by 3D
motifs based on the Triangle ID.

keywords: 3D motif, Triangle ID, Neighborhood Triangle ID , 3D protein structure, PDB
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