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Abstract

Many researchers are developing computational prediction methods for protein tertiary structures to
get much more information of protein. These methods are very attractive on the aspects of breaking
technologies of computer hardware and simulation software. One of the computational methods for the

prediction is a fragment assembly method which shows good ab initio predictions at several cases.
There are many barriers, however, in conventional fragment assembly methods. Argues on protein
energy functions and global optimization to predict the structures are in progress for example. In this
study, a new prediction method for protein structures is proposed. The proposed method mainly consists
of two parts. The first one is a fragment assembly which uses very shot fragments of representative
proteins and produces a prototype of a given sequence query of amino acids. The second one is a
global optimization which folds the prototype and makes the only protein structure. The goodness of
the proposed method is shown through numerical experiments.
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Fig. 1 A conventional fragment assembly method
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Fig. 4 Ball-and-stick visualization of 3-residue
fragments
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Fig. 5 New fragment assembly and coupling error
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Fig. 6 Numerical experiment of proposed folding
optimization
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in optimization iteration
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Fig. 8 Folding optimization to initial structure and
structural comparison of native and predicted
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Fig. 9 Convergence property of protein folding
optimization

gholuel2 22 E SCoPIA e wudst
"ol e RE @WEL AA T o12A
Held o9 ol g Atgste] oA GEz
4e o8 xJ172 AL AAELTh

F 6le 271727 FHHUARL o5
ofolxat wide] WE YATE ANE 42 9
stk 1 A% A NESF e YHTRY
AXE Ze 3x4d F2E AY A 20T
z2 Addsgg. 7P 27F2E 3249 A
2 e oAz ve BEe YHoR T
Ak,

Aol @ HA72E 27 A4 T %
172NN AgeArt FgFer A BAT

AN
oX,

Initial
Structure
by
Fragment

RMSD 15.004 Assembly

Native Structure

Predicted } ""j‘: g

Structure *u!w' < ?

Fig. 10 C, contact maps of native, initial, and
finally predicted structure with RMSD

A 3 Ho] o] Glycine o}v|:AtE 39
Aoz AAsFT 49 Glycine o} Ato]
3|9 ez AAHHAL o] ofvxitEe] ©

UE A8t 33 28 IHAA 4
A AAFTE HEAL. AAZY )= 6
FAZAA 10002 FAFA FAHAR HdA
1,000 9] W8-S "gAxzAcR &9tk 100 o
Ao wtEME o ol AAFzo Wirt ¢l
< A% ARLuFol FYHIAT nEHA

o

d oo bt PN

o
=
B
=

Fig. 80 Z7|7%29 AAFZE FHs EA
AT a2YolMet Zo] wESIL FrlstdA
A7z AL TR IHEE 4 T IA
o 23Y A5 AAd FEEHS

AlgtEel. 5ol wrEd A HEFH A

A Fon 2008 ol wHEOA A3 #A
o] #EEL ¢ F Yok AFHoZ ol
ZE AdFZ9 6.08A°2 RMSDE Rl 100
opu]:At olate] FE vl AP o FFEG
Ad el 3¢ 729 RMSDZF ¢ 6.5A 9
el A%, dZ=o] T @ Aoz #T@E[ Y
watA Fig. 89 349 dEFEE $5% 2#A=
n# gt Fig. 1001 Ad72G 27|72 18
2 AY HAF g8 FHA HF dFTEY
olml At C, A&7k Aol 23 Contact Map
< Yelidd. oz gol HF AFTxE of
oAb C, AETY A diF A€z 433

IAge ¢ F Ak

ot -



HHHA IR E <18

2 d7odAE otrlxAbe] wigel g @y
3} BTz 459 Yoz q2e
A3 AP HAHZE Adegd. AL
g 718 Hd AR 2ReAE
&3t F2E YAaAo. ol dHzEHS
71&9) gHxYY T2 KA B0l 83
vt dHzH o3t FHolx xI|F=zE
33 A ASHEH, AP HAAH%E T3
A% da7zxE 7€ 5 Ao Y AHIE
st =2 oA BFYR HHLmYF

i)
H
3

1o

oot
OB B

i)
flo

A=Ak AtE  AFLYHE AL ab
iniio A5& AANF 27, dFH 33d Tz

2 Aeje) 329 FZ7F RMSD 6.08A 9 AL
A& Vel

Aetd o EFUYe ofA g glen,
E3 dHxgoz Ry AP vy 7] £F
A ojel & FYPe FH=Z MEd XA

B 27t Bastch AR e s
7 72E FEH|eARATAY 2=
A0 ol gatel BT aAlHdtEs ol

H1 ot

92 gk EW old@ TiY 2717ES
ge2H Mse B4 FHE Muss
A9 aAgn Yok 1Y AAHE
gl He obelieitel ABAHE B
zol ZEAT ek A WA A
RS o) el DFE FF
g Yoz ANAYL AFHR 9

= l

o ok
0% M 18

Mook pob 2

2

L

)

Sl ok > 2
2

2 dA3E Hsldg AR AUIEFHaTL
(AIST)9] AIST FHAFE g =L FA
Yutaka Akiyama HHA}7] A= =@ B2
A7 FFALAG 537 = AT (R01-2004-000-
10469-0)R1 Y o2 FFH A7 BAR o= EA
ZA=gY

wd 3 T2 95 847
Hnes

(1) Branden, C. and Tooze, J., 1999, Introduction
to Protein Structure, Garland Publishing, New
York.

(2) Moult, J., Hubbard, T. Fidelis,
Pedersen, J.T., 1999,
Methods of Protein Structure Prediction (CASP):
Round HI," Proteins, Suppl. 3, pp. 2~6.

(3) Moult, J., Fidelis, K., Zemla, A. and Hubbard,
T., 2001, "Critical Assessment of Methods of
Protein Structure Prediction (CASP): Round IV,)"
Proteins, Suppl.5, pp. 2~7.

(4) Baker, D. and Sali, A., 2001, "Protein Structure
Prediction and Structural Genomics,” Science, Vol.
294, pp. 93~96.

(5) Betancourt, M. and Skolnick, J., 2001, "Finding
the Needle in a Haystack: Educing Native Folds
from Ambiguous ab initio Protein Structure

K. and
"Critical Assessment of

Predictions," Journal of Computational Chemistry,
Vol. 22, pp. 339~353.

(6) Bonneau, R., Tsai, J., Ruczinski, I, Chivian,
D., Rohl, C., Strauss, C.EM., and Baker, D,
2001, "Rosetta in CASP4: Progress in ab initio
Protein Structure Prediction," Proteins, Suppl. S,
pp. 119~126.

(7) Henikoff, S. and Henikoff, J., 1992, "Amino
Acid Substitution Matrices from Protein Blocks,"
Proceedings of the National Academy of Sciences,
Vol. 89, pp. 10915~10919.

(8) Jones, D.T., 1999, "Protein Secondary Structure
Prediction Based on Position-specific Scoring
Matrices," Journal of Molecular Biology, Vol. 292,
pp- 195~202.

(9) Julian Lee, I., Kim, S.Y., Joo, K., Kim, I. and
Lee, J., 2004, "Prediction of Protein Tertiary
Structure Using PROFESY, a Novel Method Based
on Fragment Assembly and Conformational Space
Annealing," Proteins, Vol. 56, pp. 704~714.

(10) Ishida, T., Nishimura, T., Nozaki, M., Inoue,
T., Terada, T., Nakamura, S. and Shimizu, K,
2003, ‘"Development of an ab initio Protein
Structure  Prediction System ABLE," Genome



848 Y

Informatics, Vol. 14, pp. 228~237.

(11) Noguchi,T. and AkiyamaY. 2004, "PDB-
REPRDB," Nucleic Acid Research, Vol. 32, Online
Summary Paper, http://www3.oup.co.uk/nar/database/
summary/277.

(12) Kyte, J. and Doolittle, RF.,, 1982, "A Simple
Method for Displaying the Hydropathic Character
of a Protein," Journal of Molecular Biology, Vol.
157, pp. 105~132.

(13) Jeong M.J. and Lee J.S., 2005, "Shape Design
of Passages for Turbine Blade Using Design
Optimization ~ System," of the
Society of Mechanical Engineers, Vol. 15, No. 3,
pp- 1013~1021. '

(14) Jeong, M.J., 2003, Integrated Support System
for Decision-Making in Design Optimization, Ph.D.

Trans. Korean

o]

3

N

Theis, The University of Tokyo, December.

(15) Castro LN. and Timmis, J., 2002, Artificial
Immune Systems: A New Computational Intelligence
Approach, Springer.

(16) PDB: Protein Data Bank, http:/www.
rcsb.org/pdb/

(17) SCOP: Structural Classification of Proteins,
http://scop.mrc-lmb.cam.ac.uk/scop/

(18) Kihara, D., Kolniski, A., and Skolnick, J.,
2001, "Touchstone: An ab initio Protein Structure
Prediction Method that Threading-based
Tertiary Restraints," Proceedings of the National
Academy of Sciences, Vol. 98, pp. 10125~10130.
(19) KISTI Supercomputing Center, http://www.
ksc.re.kr

uses



