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A Method for Extracting Protein Molecular Surface Motifs
and Its Implementation on Parallel Computers

YUTAKA SHIMIZU,! NRIPENDRA L. SHRESTHA®.®
and TAKENAO OHKAWATt

A motif is known as a specific pattern of the local structure related to the function of pro-
teins. In this paper, we introduce a surface motif focusing on the molecular surface that is
strongly related to the function of proteins, and propose a method of extracting surface mo-
tifs named SUMOMO. Protein molecular surfaces are expressed by using normal vectors with
attributes, which enable to express physical properties and an irregular surface perspectively.
Merging small unit surfaces that consist of a pair of normal vectors with attributes, can create
surface motifs with variable shape and size. SUMOMO is implemented on parallel computing
environment using master-worker model in order to reduce processing time. In this imple-
mentation, the master allocates proteins upon which workers focus and manages extracting
motifs. As a result of applying SUMOMO to eighteen proteins that have five known motifs,
all known motifs are found out in extracted surface motifs. Processing time to extract surface
motifs from thirty proteins by SUMOMO with one master and five workers was shortened by
33%, and the amount of memory used was reduced to 20%.
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Fig.1 Normal vector with attributes.
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Fig.3 Motif candidates extraction.
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Fig.4 Motif candidates merging.
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Table 1 Processing time of SUMOMO.

Processing phase processing time (%)
Dividing into unit surfaces 0.2
Extracting motif candidates 3.5
Merging motif candidates 96.3

A master assigns
motif candidates
to workers

Processed by each
workers

065 OO0O000O0O00O0O0OOOOOOO

Fig.5 Outline of parallel processing of motif extraction.
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Fig.6 Memory needed for surface motif extraction.
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The motif candidates are similar, but those source protein and location
are different.
Source
. Protein A
Bucket Motif candidates
in a certain
bucket

Source
Protein B

Source
Protein C

* Motif candidates
located differently in the
source proteins are
merged as another motif.,

ource Protein of Motif) /Source Protein of Moti:
A,B,C Motif ID: 1

« After initial merging,
the master and workers - Constituting Vector Pairs| [Constituting Vector Pairs|

comprehend all motif
candidates. Vpl, Vpll, Vp2l--- Vp2, Vpl2, Vp21---
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Fig.7 First merging procedure on parallel processing.

gooobooooooooboboooooobooooon
ooooooo
3.2 0D00O0OO0O0DOOO0OO0ODOOODOO
3.2.1 0O000O00OO0OOOOODOOODOOOOO
oo
loooooooooooooboooooooon
goooboooooooobooboooooboooon
gbobooocoobooooooobooboooobooon
goooocoloooooooooboocoobooo
goooooooboooooooobooooonoooo
goooooooooooooboooooooboooo
goooobooooooooboobooooonoooon
goboooooobooooooooboobooooooooo
goboooooooooooooboobooooooo
goooobooooooooooooooooooon
oooo
oooooooooooooboooboooooo 7
gooboooolooooooboooooocoooo
goooooooooOobObOObOOO0o0oO00o0ooooaa
ocooooooooo Ib0OO0OO0OO0OO0OO0O0O0O0000d
ocooooooooo IbOOOoO0oO0oOoOoOooooo
gooooooooooooooobooooooo
o0ob0000000000000000000000
gooobobooooooooooooobooooooon
gooobooooooooboooboooooooon
gooooobooooboooooo
3.2.2 OJO0OOOOO0OOOOOOOOOOO
grboboboco00ooooooooooooooo
000000000 AOBOCOOOOOOOOOO
00 AO0O0OOOOOOOOOO0O BOOOOOOO
ooooo coooooooooooooooog
goooobooooooobooboobooooooooo
goooobooooooooooooooooooo

gooooooooooooooooooboboo 125

List of already merged motif candidateﬁ
MotifiD| 112 1314[S[{6[7|8
Assigned| O 4 O PEENEN

@Stored in the
merged list

IAssigned ID| '2 |4' | Assign ID| §

(DMerged motif ID
received from
workers

(3Reassign the
tif candidates

@ Transmitting reassigned
IDs to worker

08 ODO0OOoooOoOooo

Fig.8 Management of merged motif candidates.
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02 0DOoooooo
Table 2 Number of buckets.

Distance Dihedral angle Bond
angles
Number 100 16 16
Electrostatic .
potential Hydrophobicity | Curvatures
Number 4 2 20

03 J0OoboOOooooooo
Table 3 Protein for an experiment of motif extraction.

Function/Classification PDB ID
Serine protease lavt, 1btw, 1cho, 4sga
Glycosyl hydrolases 1lbga, lbgg

Scorpion short toxins 1¢55, 1sxm, ltsk, ljgk

signature
Snake toxins signature lcvo, 1fas, 2nbt, lcod
Oxidoreductase 1dhr, 1e3s, 1bdm, 1gdh

09 O00O0O0OO0OO0OO0OO0O0OO0ODOOO
Fig.9 Example of extracted motifs.
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