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A New Move Set for Protein Folding in Lattice Model

LI Xiao-Mei
(Faculty of Computer, Guangdong University of Technology, Guangzhou 510006)

Abstract An improved genetic algorithm applies the optimization procedures of protein folding through defining a new

move set in lattice model. The new move set including rotation and mirror reflection is suitable for use in protein fold-

ing simulation, Through folding simulation on a simple lattice model it is found that the new move set is dramatically

superior to that of the commonly used move set.
Keywords Protein folding, Lattice model, Move set

1 57

BPERBERA R, LAF ALEARNRESHE N TE
F9 R 7 B A RS R X o B PR AL B A TAR R AN 2B R
—Fh NP 52 % B8, B bt R A @ik Ja R A0 U 3 R bk

B, B R ORI AETE T B R RS [H AR E AR B8
BRE, HPRSRENRDHER S/ SR CHLRER
B/AA.

ATHRREAFRTES WL ER, BRI X H
Rk R KE R, AIEOFERTB XY
B B B SRR PR DU RGR I E A
HREBMRETET . IRMHERESBARTR/ER
18, Bt R B RRRE R R, FIF BN R T SR 5%
BRERBEREE. FEABOHREE, QRFEHAKAKS]
FMBEKEETMETENA RSB REED . FA
ARSI R BR R R B P RE . BRI — 5B
RATIA0E B AT B B L5 B R g E) S A 19 UG
FZRER, HEXMEEAESHRRMERNRFETRA

KR EIE B ME AR T i) HP FE51, R A 838 —
FHIIE S EIL SRR MR EH R EARTE
MR AL .

BORMWEREE T SEXR, BT E—EMEE—
ERBRBREXAEFBESIAFTEYENRNERR/ MY
£ WAV FALIE S FUAH 03 SRR SR R RIF e
BE—ERE ERAREMALEARNTRRE.

2 iEEhEE _

e THEBY B2 B 5 T 5E SO — - LA ]2 M AR T BE
RAEREL. HE—TMRELEHETH—NEHEERSH
—FHI R, RATAFX PR ST, BRLRBL, HSRHR

RARZEAEE R . ZRBOTESTEENZHEEEF
TAEVKXR. BREBMHXMFRE T K MHiz3)

K9 BHEAH MBI R4 155 H0IE 38R I L
TR ZRHER, W R BER NI RERE . XFE SR LLF

- AT EARITRKZERE, B IA AR S EHMAELE
LEARNTE.

Q
w00
; 51
(© O — O | OO g
o-O OO @
(@) WEKE; O SAEE  (c-d MERSREEK

B1 B8 () Meihess; (b

Fhig Bl FEFRFEEYEREMERREGTMALI,

ZRBERE s (cd) RITERER BB PR

o 177 »


http://www.cqvip.com

AXYRTUNKEHE FERERLEHEHE, K
EBHEAEZEARMEIOLE 1,5 —F U s L
B 1)), 55 Fh A = p ie i L 1(b)) , B =Fp R tE i S
588K l(cd)). HRE BBREERZ I RHER . B4
KB aIRERIEH K .

HE— T E R R E W TR , e T RSB 3R
Tk e AR R S AR AR S LR (o, ) BRI I A
(5] BB R I X R B R RN e AR, U AL R (B A7 ZE B P
B, SHERGEMFSAS ERE (L2, T3 (£y, £
3t 8 FpRHIREE M, KA RS it R 1 B R, fERIX
WA, -SSR FERETEERE S HARK
SREHLE .

RER 1 AR T 8 FEMMNNRER . B2
ERAGY B =R FEY. ETREMFEE, BRITEX
MR SR Az, vy 2), R E ELR B S X
K@ H SN MR, WASMERTE MBI, BFHERSE
NFBEHS , WRE (L2, £y, £2) (z, 2, £3) (£
y, Tz, £2) (£y, £z, 1) (=, +x, ty) (=, L3y,
T3t 48 xR P& /A AR5 BB K B, 8
BRiZARA S, =R NS, —FHRTFERE 39 F
REB RGN .

3 ®/E

BRATFI A= 24 THEAX BOE N F = ¥ B ik (IMO)
HTHR. BHEENOSRA . BRER KR LKEENLES, 2
HAWRKEERMEHA E . HEELGEE— NI S ixpx
HEsETHAAER B BB ENEs). EREESP,
BEERBENHSIEN YIRS NEERR. ICHARY
BER{EN E:ERANSY A NEF REEEL., &
SEHRE LR EE T, W B RARAE N YT
S ESEHSRER TYNHE WRERF FTEEMN
Metropolis 0 LA — 5B B # (Ran<exp[ (E1 —E;)/T], H
h THRESE ZBEU—ENEHEE TR EZZS
BHSL EIBRET X HIRIIFBMEENS R ERL L
BRI,

BB R—MEEFHENENER T Sl kES

A1 ZHETHRETZGRFEFHEY HP A5 AL B AR Ol RIKGE T

PO 00 http://www.cqvip.com]

ERSEONEERB - EENE. SRR S
WEE. XFFAERE TREBNENE. HFlHkE T
% P x5 M R MR B AR B 4L R R LU B RS
HEERIE

BARITBUHRNBERE (GA) K. B8Nk,
BIERRARHRANT -

(1) BENAE SRR, S MR RERE R B B,
H RS R RE E M fH .

(2) BB TF B PRSI HR L —E BRI
IMC &3F.,

(3) ZEJUERAE - HR 45385 IO 1 88 R R 5 17 38 L
EEE W P B NME R 0.5), HE—THEILHRZX
R MERERAER X G BT, R4S B, T 4N
BPERE 6 AT, EZERE+  FRE 40 Fdls
TR Ak R BRRMAREABRERRHRZ TR,

4 BHARKERREHNSERINEAT R, A
W AR EWRR EARRBEF (B, HPritk
0 B RBIER BITARBUAD]— 2 HIEF .

EEHEFENNAIE D, 8 REBRELT —ES
PR, R R BRI IMC Eik, REEAAHRK
BESHEMGHEE, RENPENEORBRKE.

FAAE 3 SR AF BG4 105 8 0 166 B Ty X AR 408 3 o 1 R 4R
BLERMER R/ ET X R R AR SHRE. EhHE
BRA , BE B/ R B B B R Uk, B e B
EARAERBOL.

R —HE, SO AT LU= A B R L, R o
BEDLER— R &1 B 3 SUBRAE 7= A B AR L 1 » 52
B WA R BRI AR T B A %
BWRHARE MEFRRZ A HEFANRER,H
ERALARER K FIIEETER RERFERTHER
Metropolis SRk B A B % THRHR.

4 TBRER

RATAR 1 G =% HP FFIEOI T M FIRA -
FIRE SRR TR R F kg ie k.

N(L[ Length r E —[

Protein sequence

3D HP sequence

48 —-32
48 —32
48 —32
48 —32
48 —32
48 —32
48 —32
48 —32
48 —32
48 —32

W 00~ ;M U W N

—
<
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10 | —30(728,773) —31(845,823) | —32(1,021,128) | —30(315,036) —32(421,176) —31(568,081)
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9 —31(1,391,625) | —32(2,311,717) | —31(1,255,551) —33(656,289) —34(711,443) —33(841,466)
10 | —31(1,736,623) | —32(1,345,063) —31(953,195) —32(743,005) —33(991,126) —33(327,344)
A4 W0&K=Z4% HP Bl RIKREEM R 55
S Eetclizdl
1 DLLLURRFRDLLULFRDDRURULULBUBDBRFFUBRDRDRFUULLDF
2 DLUURBLDDRURRULUFDDRDLDDBRUULDBUBUUFRDLLBDFLUUR
3 DBDDDFUULDDDLUBRBUFLFUBRUFUFRDFDBDDLUUFUBLDLDRD L
4 DRDFFLBLBRBBLFDDRRBUUFDLFRRDLFULDBLULUUBRUFDFRUR B
5 DDRBDLDFUFDFLBUBDLUUURDFFRBULLDFDBLBDBRRULURRUL D
6 Global minimum was not reached.
7 DLBDRFLFRFFURBLBLURFLDDDFUUURUBRDBBBDFDDFUURFDL
8 DLLDDRRULFUULDDDLDDRRUURUURFLDFLUUBDLFDDBRULLBL
9 DRDRDBULULBDBDFRFFLUBDDLUUUBDBDFLFULFRURDDDLLUR
10 DLDDDRUUBDDDBULFLURBRULFURBRDFRULFRDLDFDBBURBLB
A5 ZHATHEAES IMCA IGA 5 R F ke bsk
BE IGA IMC MC IGA IMC MC
1 —32(685,353) | —31(756,071) 30 —31(958,401) |—30(1,239,628) 30
2 —34(829,914) | —31(891,592) 30 |—32(1,090,611){ —30(634,579) 31
3 —34(535,197) | —33(624,943) 31 —31(756,491) | —30(506,683) 31
4 |—33(1,212,440| —31(545,625) | 30 | —34(711,443) | —32(450,903) | 30
5 —32(831,479) | —30(300,803) 30 —33(991,126) | —32(421,176) 30

ZHRTHEEAA IGA BERBKEG RS KB RN

SRWERES. R ICGA BRI EIENE 3 FIA IGA
< 179 -



http://www.cqvip.com

BEFFIEST 3 KBBEWBRHLER. IMC BRI BERN
xR 2 FH IMC B&F7E1T 3 RBAMBITER. MCHE%
Fragdm A 17 R &M B/ MER . BIEAAFLE SR MG
Guzsh SR MC B k18 Bl s 55 R 87T 1, IMC ik #E 10
EFFIPHE 6 RERIE MCEHERERMERHR, A 2 &
HEBERIMHANERAR REMEAFIIFTRGEREET
MC #i.

i ARTEPRER, BRI RNEHE,
HERERBEHREST T B, TRGRRARA MR EE
¥ IGA BBER KB &£ 4% HP F5I kL AR B R T
BEiFHIR. MBS, IGA HFRE_HFIIN 7 SHM S
S8 EHRI T BRTE M B R THTE BT SRR
RERI TREMNE. BEERREERE B FRE PR
WHEB A —Fr R, W LR XRNEE, EOR
RO REERNEHRARANRR, EITET
B EHEARENEIREERE AR RIERN

R, BHALSX A0, d#tM0REERLHEATHERER
BB RER, ANRITUABREHRELBELSR
BRI R TED —ENER.

8 % X w

1 Berger B, Leighton T, Protein folding in the hydrophobic-hydro-
philic model is NP complete, J. Comput. Biol, 1998(5):27~40

2 Paterson M, Przytycka T. On the complexity of string folding,
Discrete. Appl. Math. , 1996,71: 217~230

3 Kirkpatrick S, Gelatt Jr CD, Vecchi M P. Optimization by simu-

.0 00 http://www.cquip.com|

lated annealing. Science, 1983,220:671

4  Unger R, Moult J. Genetic algorithms for protein folding simula-
tions. J Mol Biol, 1993, 231.75

5 Konig R, Dandekar T. Improving genetic algorithms for protein
folding simulations by systematic crossover. Biosystems, 1999,
50. 17~25

6 Liang Faming. Evolutionary Monte Carlo for protein folding sim-
ulations. J Chem Phys, 2001, 115:3374

7  Jiang Tianzi. Protein folding simulations of the hydrophobic-hy-
drophilic model by combining tabu search with genetic algo-
rithms, ] Chem Phys, 2003,119:4592

8 Beutler T C, Dill K A. A fast conformational search strategy for
finding low energy structures of model proteins, Protein Science,
1996,5:2037~2043

9 ZhangJ L, Liu] S. A new sequential importance sampling meth-
od and its application to the two-dimensional Hydrophobic- Hy-
drophilic model. J Chem Phys, 2002, 117(7); 3492~3498 -

10 Grassberger P. The pruned-enriched Rosenbluth method; simula-
tions of Theta polymers of chain length up to 1000000. Phys Rev
E, 1997, 56(3): 3682~3693

11 Shin J, Oh W S, Study of move set in cubic lattice model for pro-
tein folding. ] Phys Chem, 1998, 102(33) . 6405~6412

12 Nunes N L, Chen K, Hutchinson J S. A flexible lattice model to
study protein folding. J Phys Chem, 1996, 100 (24). 10443 ~
10449

13 Yesylevskyy S O, Demchenko A P. Towards realistic description
of collective motions in the lattice protein folding models. Bio-
physical Chemistry, 2004, 109(1): 17~40

14 Konig R, Dandekar T. Improving Genetic Algorithms for Protein
Folding simulations by systematic crossover. Biosystems, 1999,
50(1); 17~25

15 Li H, Tang C, Wingreen N, Nature of driving force for protein
folding: A result from analyzing the statistical potential. Physical
review letters, 1997, 79(4); 765~768

16 Blazewicz J, Lukasiak P. Application of tabu search strategy for
finding low energy structure of protein. Artificial Intelligence in
Medicine, 2005, 35(1-2):135~145

17 Yue K, Fiebig KM. A test of lattice protein folding algorithms.
Proc Natl Acad Sci USA,1995, 92(1); 325~329

(L#% 167 1)

mERE O WHFELEREK O, PEREERE O T/
FAMEHAENER BATFELE O fl O, ZEFFITHE.
P Wordnet 3 2%, 89S —MLEIE GAIE, R 1 fr
N FIFHFEE SURVC R, $R8E SUR R B BT E R 5
BB EHPE.

A1 RFELAA

undergraduate courses, graduate courses,
course i
postgraduate courses,
staff, faculty,academic staff, technical staff,
people
teacher
name frist -name, last-name
ob professor, assistant-professor, associated-professor,
ol .
] lecturer, senior lecturer,
k2 BBLAPER
Ui xrH B FRE H 38
N 1 0.9 0.1 0.7
B 0.9 1 0.1 0.8
FHAE 0.1 0.1 | 1 0.1
H#R 0.7 0.8 0.1 1

E2E25, WE— M RIBRBTRER, E 2 HiR. H
ARG RR. B . HEHMUER. &%
—AN R, MARRLBE R TR A BB S A H EHH
LUERE , B WX B SR HLOF BACUERERIEREE,

BESRE W AREERBEEL: 1, TTE 4R
WIHA 1 nMlm 2 n, XF m: n XRMBE, AT ULSR
BomA 1 n XRMEE, 1B m NP E— R R
BEmititfradl. SN ETERNRRTUE 1 X

. 180 -

FAATRHAEN. m NRAPHERRPITHETN. HAK
JBUF R R Se it e B E A Ttk . S AkmEm 1
n BT DU R n MBI A KRBT . 53X » MBI 4E
V6 ey B T LA IR ST

BB AR R, A i N USRS » A R 3
BHEREE. SHR, A EMNBFRMMRAELTESH
B A ZREAREE SR, B REEEAE—H
H AR SCARHE , L BUE G — AR TT R 0 T ik 0
AR, Bl QIRAKN . 2HK BN ITEERDEERER
K BB T I 1 .

8 % X #

1 Kivela A, Hyvonen E. Ontological theories for the Semantic Web
[M], Helsinki: HIIT Publications, 2002, 111~136

2 Gruber T. Towards principles for the design of ontologies used for
knowledge sharing [J]. International Journal of Human-Comput-
er Studies, 1995,43(5-6) : 907~928

3 Gruber T R. A translation approach to portable ontology specifi-
cation [J]. Knowledge Acquisition, 1993, 5(2);199~220

4 XEw, EHE, K, %, Ontology BFREER[]]. LR kEER
(HAREMR), 2002,38(5):730~738

5 Maedche A, Motik B. Ontologies for Enterprise Knowledge Man-
agement [J]. IEEE Intelligent Systems,2003. 26 ~33

6 Ehrig M, Sure Y. Ontology Mapping - An Integrated Approach
[J]. In: Proceedings of the 1st European Semantic Web Symposi-
um, Heraklion,Greece, Springer, LNCS,2004. 10~12

7 Doan A, Madhavan J, Domingos P, Learning to Map between
Ontologies on the Semantic Web [J]. In: Proc. World-Wide Web
Conf, ACM Press, May 2002, 662~673
Wiederhold G. An algebra for ontology composition [D], U. S.
Naval Postgraduate School, Monterey CA, 1994

9 Macedche A, Motik B. MAFRA A Mapping Framework for
Distributed Ontologies [J]. Web Intelligence and Agent System,
2003,1; 235~248

10 KalfoglouY, SchorlemmerM. Information-flow-based ontology
mapping [J]. In. Proceedings of the 1st International Confer-
ence,Springer, 2002, 1132~1151

11 Mitra P, Noy N F, Jaiswal A R. OMEN: A Probabilistic Ontolo-
gy Mapping Tool [J]. In: Workshop on Meaning coordination and
negotiation at the Third International Conference on the Semantic
Web (ISWC-2004), Hisroshima, Japan



http://www.cqvip.com

