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ABSTRACT

In the protein database search, 3D structural shape comparison for protein screening plays a
important role. Protein databases have big size and have been grown rapidly. Exhaustive search
methods cannot provide a satisfactory performance. As protein is composed of a set of spheres,
the similarity calculation of two set of spheres is very expensive. Thus, a reasonable filtering
method could be an answer for the speedup of protein screening. In this paper, we suggest a
speedup method for protein screening with atom number and bounding sphere. We also show
some experimental results for the validity of our method.
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Fig. 2 Proposed search scheme in overall view
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where, Data2 = (my, my, ... , my,)

Fig. 3 Proposed data structure for protein screening
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HEADER DNA 10-FEB-93 116D

TITLE CRYSTAL AND MOLECULAR STRUCTURE OF
THE A-DNA DODECAMER TITLE 2 D(CCGTA
CGTACGQG):, ...

COMPND MOL_ID: 1;

ATOM1 ...

49.66824.24810.436 ... N I & ATOM record
ATOM?2 ... 50.19725.57810.784 ... C with x.y.z field
ATOM3 ... 49.16926.701 10917 ... C ﬂ
MASTER 308 |ATOM1I...x, y, z... |
END
Fig. 5 PDB file format and ATOM records (with x, y, z
field)
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Procedure 1 Search with » and 7.

Input: query protein p and target proteins(f) of
M3D+ database : Multimap<w, Multimap<r,
USR>>

Output: Most similar proteins(PDB_IDs)

Step 1.

Step 2.

Input user specific number range(n,, n,).
Search with key (=n, and #,) in Multimap<
n, Multimap<r, USR>>.

Read 7 in query protein p.

Search with key (=r/2 and 2r) in Multimap<
r, USR>.

Compare and calculate the similarity USR
of p and each USR of M3D+ using Eq. 1
in search range.

Return the list of most similar M3D+(sorted
by high score). Stop.

Step 3.
Step 4.

Step 5.

Step 6.
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Fig. 7 Search direction in Multimap<n, Multimap<r,
USR>>

Table 1 PDB files in the experiment

No PDB ID File size (KB)
1 163d 317
2 1a20 82
3 1a89 254
4 1a8x 83
5 1a9a 182
6 laag 203
7 laao 78
8 labl 492
9 lafy 122
10 1aji 1,663
11 lakf 622
12 lalm 128
13 lals 127
14 lalt 772
15 lan3 120
16 lapk 127
17 lasl 102
18 lat8 42

1375 8cel 115

Table 2 Screening for similar proteins

Step time
Preprocessing (converting from all
10 m. 52 sec.
PDB files to M3D+) M. 52 see
M3D+ converting from Query 2 sec
protein p (PDB_ID: 1AA7) ’
Screening (n, ) with p 21 sec.
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Table 3 Query protein p and most similar proteins

. o . Finding time
Query protein p Most similar proteins PDB_ID -

Previous method Proposed method
1HIU 28 sec 5 sec
1A8G 52 sec 9.1 sec

1AA7
1B9T 105 sec 10.4 sec

HAE A dFsiEnt ol= A

AstE Hels ogte ©eol Sl W
Folzl g o] JfrR R A o] HAH S
gropd = Qlvbd A Aolt}. Bk AT

A rE ol galA AAH S 2218 &
= Zl\‘ Mgil:}‘ O]HH ;(],E.OE r/2°ﬂ*1-r‘51 2r
7R AT}, wiek o] M= A3} &
Rl & o), 08014 12:4%) A9
49:].6’]—Oi}y\1 tt];]_e _4‘:1:0] o];ﬁ o] O—]T—ST

Aeleh. ol £ A7 A2 a2

References

1. Akbar, S., Kung, J. and Wagner, R., 2006,
Exploiting Geometrical Properties on Protein
Similarity Search, In 17" Proceedings on Inter-
national Conference on Database and Expert
Systems Applications (DEXA’06), pp.228-234.

2. Ankerst, M., Kastenmuller, G.,, Kriegel, H.-P.
and Seidl, T., 1999, Nearest Neighbor Classifi-
cation in 3D Protein Databases, In Proceedings
of 7" International Conference on Intelligent
Systems for Molecular Biology, pp.34-43.

3. Aung, Z., Fu, W. and Tan, K.L., 2003, An
Efficient Index-based Protein Structure Database
Searching Method, In Proceedings of 8" Inter-
national Conference on Database System for

Advanced Applications (DASFAA’03), pp.311-
318.

4. Ballester, P.J. and Richard, W.G., 2007, Ultrafast
Shape Recognition to Search Compound Data-
bases for Similar Molecular Shapes, Journal of
Computational Chemistry, 28, pp.1711-1723.

5. Bemis, GW. and Kuntz, I.D., 2007, A Fast and
Efficient Method for 2D and 3D Molecular Shape
Description, Journal of Computer Aided Molec-
ular Design, 6, pp.607-628.

6. Berman, H.M. et al., 2000, The Protein Data
Bank, Nucleic Acid Res., 28, pp.235-242.

7. Good, A.C. and Richards, W.G,, 1998, Explicit
Calculation of 3D Molecular Similarity, Per-
spective Drug Discovery Design, 9, pp.321-338.

8. Hall, P, 1983, A Distribution is Completely
Determined by Its Translated Moments, Proba-
bility Theory and Related Fields, 62, pp.355-359.

9. Lee, J. and Park, J.Y., 2009, 3D Shape Descriptor
with Interatomic Distance for Screening the
Molecular Database, Transactions of the Society
of CAD/CAM Engineers, 14(6), pp.404-414.

10. Kransnogor, N. and Pelta, D.A., 2007, Measuring
the Similarity of Protein Structures by Means
of the Universal Similarity Metric, Bioinformat-
ics, 20, pp.1014-1021.

11. Yeh, J.-S. et al., 2005, A Web-based Three
Dimensional Protein Retrieval System by Match-
ing Visual Similarity, Bioinformatics Applications
Note, 21, pp.3056-3057.



23S 918 7 715 7 327

i)

AAFNS) 7T 7R AL

4 E o

198214 )| 8k 7] Al 58} ShAt

19843 University of Minnesota
2hd 38 A AL

1991d University of Michigan
2Hd -8t whAL

19953~ F=ThstaL A=
3-8t g

H4EoF: Mass Customization,
PSS. PLM, BioCAD

o M &

1997 e sk Ak])5-5}3 SpAk

1999 =rH Skl Aked otz AA}

2007 F=thStaL Ake] 35S} AL

20119~8A] @EFEHUESS
A

#4132 ok VRRP, 2D/3D Shape
Search, BioCAD




