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#4238 (keywords): Human genome project, Family Competition Evolution Algorithm, Rotamer
Library, Lattice Model, ab initio, Tertiary protein structure, Secondary Structure Prediction, HP

model
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FEHENINRFERENRERIDILEGEE  RMEAUKREHEFEMLTE (Family
Competition Evolutionary Algorithms) 2 B F7IHVERRL - RTEHIE QBRI - hEE
EHE R H IR R LR o MR LA B A& IR (Lattice model) BE/RE B
1 A6 R BRI K BBk M AR RN R E R - EFEEAIEE HP 8 HP &£
AR EAERRBEETR > PEIRBEEYE (polar) HEBH/KM » HRREBIEEME
(hydrophobic) H E&i/K M -

AEED > BFMELEER ] D A SR BT BRHPFY » KiesF Tk
SEREAA M (Recombination Operator) JzZS3#iHE (Mutation Operator) ZE 4RI 3
RHET TR GRS, - R L B BB BUKBKRERRIGTE - T EARIFS
BEssEE  RBEENER - BIEIUSGEESE BB RIMIRRRER - &
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- HEXBE:

Protein functions are decided by their three-dimension structure. We have explored the
application of family competition evolutionary algorithms (FCEA) to the determination of protein
structure from sequence. The algorithm is proposed to solve optimization problem. The protein
structures are showed with a square lattice of we design. The protein component uses
Hydrophobic-hydrophilic model (HP model) to calculate structure energy. The protein components
are reduced to a binary class: P for polar, hydrophilic monomers, and H for non-polar, hydrophobic

monomers.

We can input amino acid sequence or HP sequence to lattice model in our system. The
operation of recombination and mutation of FCEA will produce many different offspring. We will
calculate structure energy that are distance function, residues-residues interaction function and HP
function on every three-dimension structure of lattice model. According to the calculated result, the
system will select the lowest energy. After many generations, the result will be stable status and
optimization structure. The user can see the process that folding simulations and adjust the structure

angle in our visual tool. The last stable structure will be show in the monitor.
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3.1 #% Motivation

4V ARSI E B E AR A a5 H RTHIRY B AR S AT 8 5 R
T BERERSIETR G RIRAR - It - (B SRR ERGT R ER T ERAEE DB K
VT BSRERERONETE - AR E S T R T R B LRSI TR -

HANEREREE  RMEFAHERBEEY: (Genetic Algorithm) FrE# R FK 5 F Ui
B ¥k (family competition evolutionary approach algorithm) - B0 b 1 7K B} 7K 1 # £ 2
(Hydrophobic -hydrophilic model) 3R#£178& HEJTBiE#EE (Protein Folding Simulation) » #5245
& ERTRHY » S DU A B RS B il - 2R & O E 7 S S RS AR
2 WL R A TR 2R B B =M TR o

3.2 W%&m Overview

E B ASHETEHICASHZCER 30 45 AERE i — L BRI i L B ATP A =AM ie
RS AT SURERS - MR —EE B E SR ERRAIRH - JoRl IBM RYEAER (Super
Computer) &8 —{E/ N I EASHED TR E — VIR ATLUERERY & B BASR RER T
B TIF  BEFERINER -

H— TS SRR EAE YIS - B — SR FIRBNL AR - LIATHY
HEath  BEEFYIEE CRITBIEEHATIUS5,6] - AR ERREREZ IV NMIZEERY]
R R/ N BRI 20R P S SR L e RS - EREITBN I EERREEE
TR ARSI EE21,35] - R b > s 3t AN SR DI RET AR BRI - (eI
HEAE kS E TR RS R E S TR R > ERTERIMESSIF AL - RIDHIETEE LA
HIEER » DR BB ESHRERRRENE L2 S] 5 THHTEINE  FERFEAR
L T EHEAE RIS 3D ZRFT RIS - A ZHERCE MR T R
[19,22,23,36] 3 EH ARG (Lattice) BRI REIRFTRILIIGRHEE—(HR SR
B112,14,20] » BFERERAEHIE 8 F IS ETRRINRGT /7 1A(11,27,28] -

E R 2 S ook AR I EASHTHE (Protein structure prediction) #YTAF - RHEHS
R RRIR T B INLARRZE - B A A T EE MM (Protein secondary structure) i
H AL Lattice HURFTTE AN  HLEEEDE ISR (backbone) » B FISIER
(side-chain) HUEIE » SIBHRIFIIEI - REELIEEIHRADUE S HRKFIIRTE » 5 LH
B SR Monte Carlo) FEMSY: - SEMESEE (Genetic Algorithm) K BRI H]
(Dynamic programming) Z3RHETTEE » Y Lattice BIEIBIREARRFTE AT -

Lattice FERYETE FUETSREIMGHL - LIS AR R B BRI HROALE » 385
AR Y FE R B 5513 THURFSE L > 400 Ron Unger B2 John Moult[27 ) FSEHEER TN -
iR R R Lattice 1SRU3IERR BT BMSHEE - B REERINERERAE 5
S TR AT SIS EE— R EERREEST - SRR BRI TR R
SYHCRIEE S BRI - RS I EASREEE - Tianzi Jiang[31]AIE 6L AEM
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HARRAEYEREECERE (Protein structure) #HER T BB FRIRFHITIRE - ;5L
FEHEGREREARD 3D IL#2#5#% (three- dimensional structures) TMAFFHIRITHRE K BEHHY
{£%5 > AL » 3D I EESERR E R H ERIIIRE K AEA - T 3D &SkE2H 1D &5# - bl &l
BRERFYIFTHRESHRY) - FHARMERITEARNE @A S HIHT B (fold)i 3D #5HE - I BRI
= HATEr AT E I 1R A L RS AR B (T v LA 5 B R R Z MR HRESIE K
I EBEREER -

E RSB A A YRR — A R A A SRR - BN
i HP 145 » 7E5H 2 LR NP-Hard (FHRE - S—EEER T AEA S ARRIGE F 2k
T ESEBIE  BEARZEAHEZE  H—E—EuE  U—EFEES a1
EHESH B (360%180)' Y BARES  EfLARNET DRI HES—ELE
AT DU e — S FUE A g 5" SRS T S B s AR R 1S
BISFHIRE R -

AR A B R (L RRERS - BICARGHIVERE » RERFMESILER
M > FEREMR U S TR FRRIRE - o R RO S E N B FEE R —EEE)
AL R BB ERIRA - AR LIE X LA (x-ray) BUZRHILR (nuclear
magnetic resonance ,NMR) fSEI 7 8ERHI TS - 2T —TERE -
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5.1 &Y EEHE Biology and Protein

B B R AR A YR n A PR R A BB ETTR RS R4 an R R ELHT R AGEH AR 2
MERTIREM R BE - Tl B B 2SS R B DUEF T TR £ 2B > A [F
HECEENFERIIEE - 18K (Enzyme) @ FURHELEIIER S (U ERIEREAE -

EXEREE/ITEAL bR 5 R > —E—EEEEma  HAERERT LI — R E UK
B> —#A5HE (primary structure) B2 EEEEFY  ZHRER DNA AU H B 5 B 2K
T #RAERE (secondary structure) fEHHR—EEEREARFTER - I ERBERIERS
& FITRE a ik LH9 R ZEE (R-group) EERTHEABMEBERS | DEFT » S RIFHHAD
- 7R TR R e - PRI E—E AR R4 REE RAVRE © o i85E (a helix) -

BEHR (B sheet) » BHE o SEHESE S HHREF - MERKSELIEET 180 RS ABIZIEER » 58
TR TR (turns) - T EAMAY AR RIRYERS B BRI EEY (random coil) ; =#k
He% (tertiary structure) HIEATREISW _FIEEHHAHEE - ARSI
BT - H =R GEEEAENER/ NG T - B TEERMEMEH > —i
MR HAEREMT EVEF /15783 1) (Electrostatic interaction) » [T (ionic bond) ~ &
# (hydrogen bond) * SHAEEERRE (Disulfide bond) KT FERIEM TSI (Van der Waals
forces) » SRS ERHIB KB EARBATERETHIE  WUA#EE (quaternary structure)
AR B EA RS AR S REES T FRE SR —ANE S  EREBIRASRET

EXETTSERERTEETIRE

HARATEOEEERFIHEEERIIBEREEBREAEITE (Protein
folding) » & EEHE 2K B S AR HE SIS E) » LIRSS (polypeptide chain) T
BRREG % BRERBENES - EHEITBIBRERIRHALZRZY (us)
TED (ms) 2R - AR R AT LASE SRS - T H Ao BEiE H RnEA R

HUBRZER -

—  BEEME



5.2 SLASTREAEEH /KGR /KSR Lattice model and H-P model

ANBSE s F#R 7K — B k=2 (Hydrophobic-Hydrophilic Model) f&fE H-P #64%! » sE 2 hiEF
Ziitg (cube) FTEBAHES - B—ESEE A - 7158 FERENEELERYIDHAE
£5 20 FEE AR (Amino acids)FYPf—FE > H-P 15445 oG HRE /) F AR EIRE - — R HkME
(hydrophobic) » f&iBS H » KEF/E LSBT © BN —FES Bk (hydrophilic) BE%
it (polar) » fEIER P » KSFFAENEHENIRE (protein surface) » HELKYSWKIEME » #kt
R ERERS | - E—FTR - BERERORE H > AERENE P BB IEARETH
H-P BEEIFTAERY,

B : H-P fH
H-P W8 U S BB L TR TRES | SERE N ER) U2 L 90 AR
o PIMONATF RN+ 1 > AJDURBAENIE - T~ &~ &~ siAMETTE - B =R
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5.3 wEfb = ETE Evolutionary Computation

TR RORIRERS - A ERAEARNEEERGE  FRANERESHRERESEE
HI5 B F# (Classifier system) ~ BUEDATE F R E LSS (Evolution Strategy) ~ A TEEH
2 =, #1 #] (Evolutionary Programming) - 5 & #i ¢ 5 2\ Y {8 1k =X 77 & (Family Competition
Evolutionary Approach) - 5&{# /8 2 1 (Genetic algorithm) ~ A T %7 £ B 1) 38 {4 17 & (Genetic

programming) °

5.3.1 5/ 3R S Introduction




HATEE (Artificial Intelligence > f&ifE Al) HHFCrRAT R RHZRHE R £ V1
FHRE—IEZR—E{XFTE (Evolutionary Computation » ff§ EC) - w]LAPUERY
HREIREMRE  HEEEREEYERER X Darwin)iZHH) T YR KE - BEAERF
HEE ke o BTk E AR EYEAAIET - EROEERRDSEREE -

H T4 FFERER YRR EY)RE#E (population) TPEY(EREE (individual) FEHTR
HIRBE T » WHER TAR (survival) MEiF (competition) » 7R S HYELRZE
BT HERERBBIEELET TS - EEHBERAMEREYEIRE
ISR - T ARE RS R RE . THRKR - BRI ERRER A YRI5
B {H(genetic) HHIFATRA BRI TREXAAE —EELE - LA FREREE
REZE ST EE AR BT YIRE - ERIILL - 7EEHRATHERI T AT £ IR AURHBE L BUBSAE
TEREE » B (generation) KUFHRMABIICEEERINVATRE -

R S - R ENSEEARGTEAEERF AT @Em) |

| B REREYNE (initialization) FfEE o

2.7 (evaluation) FFEEHAIERE - PUERSRAZFRUERNY: -

3 EHARHE AR RIBEATE (fitness function) GEE (selection) » FFfEHHETFE

R EERSAET  WIKE G ERE -
4. 1) Ze %% (mutation) - 3 #i (crossover) + # B (reproduction) FE{HEE (genetic

operation) » 4 Z{HETHY B RAMINATE - TSI T —HEH -
SEHETK 24 -

&P : EC —igHy 755

SH R ERIE R R RERE 7k DBCEE I RRET AR TRE - (48
ik~ FIEFRSAA - DUIFREE DB R IR TR -

5.3.2 FEEE A HEEE Family Competition Evolutionary Approach
AR EEPEAR  F 55k E b & E A 2 M 2 8 M & £ ¢ (Global

optimization)HJfE F s k= (Family Competition Evolutionary Algorithm)
&8 FCEA » W HELFESHSF (family competition) T EMERHEI (adaptive rule) £




HEE o W SIERK (decreasing-base) K [ I I & (self-adaptive) HY Z¢ 43
(mutation) - {ff FCEA ERIFF R E @I R R IR EN RS < RS
B o TfFIHFE — RIS A% - EEA M IERELRRIRAS ] - AAERSE
HIRF RIS 2P IR S -

FCEA Z—En]LIBR 2R RENEE: » CRASEMEY > 55
HEEERICEAN A MR RIS E RIS A S T LRI AT
PR RHIZREY - FCEA B9%MT @ IRIBYMERERE & N (EfS » B F RS
WES > BERHERER S REEKE SRR - §— KR Ea S ESH
7 (recombination) -Z€## (mutation)> KIEEHSE (family competition) Kz E{kH)ERE.

{ATEHZR 138 S (family competition) ? fil BEAR R EAE R A AR S s bk eh - A —
TERETFIG TARAIIIREER] - RIS PR 5 A0~ > — 35 L E TR srEm
KRZEBIER » MREEERBR - RAERERETA  HMOMBERES s T
K QFEE R SCHEE 4 PR B A -

BT - KSR ER

F—ERILAGERE (n) - TFEEE —BERENIRN - EFXARELEEARBR
Pc FERSAE A —BFAR(I11..111) - HPSE—SEAHSHRITER » EEEARNTR

(I D EERAIFIERAERHZ 8L - B EEM(C1_best) -

M EHE R H FCEA BRHEER R (chromosome representation) » HL g
ERMEABHERETE - RRERFIE o @BRE - AERH X1..Xn - #3%
E {H #{H (recombination operator) » FCEA AR EREER - —EEREIER
MAVEM 730 DIEERIEEHIEM - 5502 HET E A [ HY 28 8 58 5 (mutation
operator) @ EANERF - BB HFE =M » SR LR B IR STz
(decreasing-based Gaussian mutation) * 57 H FEEZES (self-adaptive Gaussian



mutation) 5 FXPE B Pk @ EZes# (self-adaptive Cauchy mutation) - ERZEE KA
RIS A AR R FER HI - — 2 RIEIE] (A-decrease-rule) » FMIFRAAFF
SR ER TR BT —E > HEREARR WGBS REE - (HEARTENE
ARIR - BH—EREGHE (D-increase-rule) » AR AAFFHERTR L T-UHIZE - Al
FEBAITH T REEP R R R BB - S T —ESET B EEze# 2 H > K
4 FETTEL - RSN E RIS R MR ESR -



N AR RIS

RetEFEHMZEERBEITBER » Hh&O0NEEE ERBEEI 55 FCEA K
Lattice {87 > Hohifigh A S EEREHEFEIMAZMGEREE - RS A D A £V B BTSN RS
B SEBEREBITRETH HP 71 » 888 Ry ARG S IR R Esr E L E
L HSRERE

6.1 JHEEFFE Algorithm flowchart

AERAEETUEA—REHEFYEE HP BEE > F8 20 ERE A FERR M
Ea Ry HP fERY - & Lattice HRRIRYEN K FCEA MU HEEBITHR » REHE—HEE
H'E 3D &t - DUT RARSRIAESE (B 75) FA2 Az E (B ) ¢

Input Protein
sequence ,
experiment data or
design H-P data

| e s TS E T EE A

1 i

: FCEA operation Generator :

i (crossover and Population [

! mutation) !
Transfer to I | )
H-P Model Q ! ! ‘j Display

! Filter ( Energy !

[ Transfer and check d distance) [

and distance

: coordinates of structure :

I i

i Kernel algorithm ~ © .

B 7S ¢ RAEEASIE]



Input Protein sequence ,
experiment data or
design H-P data

A 4

Transfer to H-P Model

A

Initialize N solution (P)

>

Generate L solutions from family father

A
Crossover » mutation I and mutation II

A 4
Select the best offspring

Parent > Offspri
aren pring Parents v.s. Offspring

Check distance score

Parent < Offspring

P t > Offspri
aren spring Parents v.s. Offspring

Check energy score

Parent < Offspring

N
° The energy of

structure is stable?

@utput 3D structur}

B - AR



6.2 SEF&FEAY Lattice model

FIIFHIK R GRS R 2K E 2 Lattice RERIFPHINIE - WHZIRIEF R EERIEA ST > ER
Non-polar(hydrophobic)f% 1 * Polar (hydrophilic)f 0 - Ei#f A REBEFFIEE » RN EIRIER
HEMRr e EANEIRE - R—ATR

Amino Acids: Their Properties and Structures

Polar (hydrophilic) Non-polar (hydrophobic)

Amino acid [three letter  |single letter |amino acid |three letter |[single letter
code code code code

Serine Ser S Glycine Gly G

threonine Thr T Alanine Ala A

cysteine Cys C Valine Val A"

tyrosine Tyr Y Leucine Leu L

asparagine  |Asn N Isoleucine  |Ile I

glutamine  [Gln Q Methionine [Met M

Electrically Charged (negative, hydrophilic) (Phenylalanine[Phe F

aspartic Asp D Tryptophan |[Trp \'Y

glutamic Glu E Proline Pro P

Electrically Charged (positive, hydrophilic)

Lysine Lys K

arginine Arg R

histidine His H

F— 1 HAEREE HP #ifk

F—ASEREE HP SaREEATRIEY 0,1 {8 - HEAR HP /77 HIEZLER AR
TEHESEENARREE - RRSHHEARN HP AR MFHE - SR BRI 2UEAR
EHUKEEER - B EMBK S RERAIBGRREERER DAEEE - RIRCR-1 - FTLAMIR—
EgikERERRISE R RERE > &FFET-4 57

Lattice fEEAUASE(E 202 0,1 {EIAEE— (BRI EAR | MRERIRGEAY
B - kS AN E SO o SE A AR AT — R N - A B RATAS R
HIERTEE - BB FEER— B\ ERBEE A 8L - 53 T INBER IR 8 i »
IR FR R SRR R A BT AR - T -

y=y(x*+y* +2%)
o= Arctan( %/ ——)
yx*+y

A=Arctan (y/x) » Hf(x>0,y>0)
B A =1 +Arctan (y/x) » Hf(x <0)
BE A =2 7 +Arctan (y/x) » HH (x> 0,y <0)

» B x4+ %0




AT ¢ R 5 AT R T AR

7 BRRRIKEEEN &R - AR x-y BRI AR - @EH 0 2360 > o2 2z
92 xy FHEBIARE - GEIF 0 B 180 & - ANREH 90 & > RE ML 7/2 180 Ejnkz > 270
B L 37/2 BUR-n /2 BT IRESE TR - BIEREEE x=0 K SR EERELE
y-z JNTHlE » SHEFE A=0 > Mx=0ky=0 BI1=0- o HIEGHEz [HIVIEAIMR 7 /2 362
37 /2 o FERAIERT RS R o RER FEATA Ul £ 5EARRIH -

X =17 cos ¢ cos A

y=7cos®sin A

Z =17 sinQ

AT ¢ BRTE ol R R AR
Xy 0 z 53Rl R R AR ERE

5341 Lattice fSEIIFMEERFFIERL BFIFILIERER— 20 EREMHLERZE
HiFE  EFREFEARAASIGTEBRREBIMER - FALISEIREHINLIEMSHE -

6.3 FiEEmFEHEE FCEA algorithm

RARMER R EEEAGEIT I BERSIIRE - @5t FCEA N2 B E %
K BEARERBITTINLERHA -

6.3.1 Y8 %E Chromosome representation

FCEA Y& T ] sUy st L PR S - LR REE AR EFIHNR
BT R RN ATE  FIEZERIPAIE K HP R(E - BRI R R
HOREEEE > TR -

B EAERERIERA B RFHME{E
SERILE (X EE |Y S |2 EE | HP RFKME |[BERFMG [RERFFE [HP 7
R REERE

SRR HP REEhEAERA - FRABTUREH R A - EFEEA
EHEFARL (B EEEAN TR AR C R EER - FEEFRERIR 0 -

6.3.2 FjEgS® Family competition

R SR R ERE A ERE —£E 2P KK (family) - BERKELIRA
(solution) » MFEFESEELMEMF T » — T (generation)#yEE L -

1EEMH » R S—EREEEEHCHEER  IRRARENE —EHHEIK
RRE - BEREEENGEE  ETREMNHEE  EREBPRET B TR



FREIGE - FHEEBIEN  FRENEERERBE > ATLABERIRRRR - [EERK
HIIETE T H#E1TRHC (crossover) - FRHERPASERF T EEFNREKE -

6.3.3 JEFEKE] Fitness function

BACHERE PR EA M RIS - SR e AR EaE
RIMEHB - FIMRAEETMEEE - HP FFALEKE -

BESRTTMEREL

ZBH/KENEER T RE D BT ERZRER » ALK ER AR
B —  FEBAFEREERNEEINFUKEERH N ERERAERY
B BRT AR A #EE (bone) N TEHRESS - HEMKRIERERITINLETR
KREREFIRIRARRHIEERFES B ED;;

AR BERIPEAR

,j€(0...i-1,i+1...n-1)

2 1
EDjj(Distance)= Z o = =
e \ AA: - AA i
AAi Fr AA] BAREIMIERIGKME AA » o ZFBRE -
FEEFFHEREL

#3328 David A. Hinds and Michael Levitt[12] ¥ PDB #ugHkH T 246 % 5 B RIS
#(chain) » 60721 fE5ZH (residues) > PERVBRAFFEHEE 60% Fr5ItHEE (sequence
identity) » AT EE (resolutions) TiE:# 3.0A - BUF 7 —{E 20 AR ERRAUGER T RFAN
F—)  BRLHREERATETFEAR EEj (ARAM) - W ATFHbE kR SR
BHREREL RGBT EREL -

AR ¢ RERTEAR

n 2p +p. o t‘p,.  tp. +po.
EEij(Energy)= Y, —222— S ermélw EratenCosen

i)

e, BfiiE i 8 j WERER s MrEeE P  IWATERELN | R OrETER i1 K
i-1 WRSMEIALIE - E25R i BEMERS | AHS j AR j+1 B j-1 RIfEAIE M > RERHVIHE R
& FRLZMERE R BN ERR A EA B E R RRERIIER -

HP FFAEEREK -

HP FESEERFMEAR » RERHUKMEIIAIE @ AR - REEE R
B— L ESFKEEERE (WE/\)  RESR-1 2 HEFRMTETERgokE
FEREFT R RIEER BN HP FFHE(E -
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S

B\ : RN - LHPFMESBUR-3

6.3.4 3ZRdsEE Crossover operation

FHFERS B B 4 — (i - SEEERRZFHHIRBALIE - BT R ERER
PERRIERSRS - HE R ERS S OB R TACHE B LFTR » ST F—
{ElZe B ER -

HAH 3 B R AR - RREERERSREETACERR el
1% #E THEAE B ATROAS IS B A i - 50 A il - SRR PR R IR — (e 7
FIRERAERE R BB R - ARIRA GRS HRER > IIBCEEMEES - R
HAREEAYRRCESR -

Resione

B - ASRE A

6.3.5 Ze5EE Mutation operation

AR ZBEEN HRARE  —ERNRNEREAREESE S5 BEMS
FERTGH -




BpGoeER ¢

SRR R FHILSSEI TR © 7E Lattice £5HE7R » IR T RIS
VU F7 AT AR R (Al =) - RS E RN » (RRGHERR RS
BEAE T - B A W IR & HA R -

ANEBOERE R —

H=(FEEERELE AR N N+1 o N+2 ={E% > Hrh N+1 EUo8#E - N &
N+2 [E5E » SERAGER BRI N+1 Bl G s AR AE EQE+) -

| L N42

s T
A

[+ : AR ERER — (BRI AR L)

AHERHAERE R — -

A VEBEARE, - LEARSHE N N+ > N+2 0 N+3 PUfaEfh - Foop N+1 K N+2 i
(i » N K& N+3 [HE @ SRHERRER LN & N+3 RSP AR O > N+ K
N+2 BRUEEHE - TP FRSREAIE (QE +—) -




[+ =+ RIS OAERE R — (A £ 90 )

A EER =

IEBSERIR B HTER SO S — R BUR i iR — MEREAR RO L S N B —
{EREATE, - P CARERSAE 7 (8 5 M SO AL B (a8 ) -
N .

- ”
4 | rd
s

”-2,/’ :M:| ”-2 :N"l

AN .'(B) N

N-2 .- N-1 |
2 T
0 M’] b N
“Nery 7B

B+ MEEERER = (A E SRR AR L)

6.3.6 FEEIAEL T —1L Select next population

FHSE FERK B (fitness function) B FEREEE AL RESRATAY - EEEREREEFTAL - HP 37 =78
2% > HEESEBERSBRATREERENEBEE T —RIIRE - TN
W LIBERAME 2 BURHE BRI - BRSNS Rk - £Y
FEHARMAER UK R EREASEE - HURSGEEBRTE  HAEER
RERACEA ML HP 77 > DMEBNAREIEIIRARE - fERERABAahE
BRNBEHBIERETIRE -

6.4 HhEE Other operation
REEOEBBICERYE » EARKP /MG RERET -
6.4.1 FR1EHEST Self-Avoiding Walk

MR EHEES RN - §ELMEFER - RPILERET—EREEHEEE
RIASRER A AN - FTAE{F— SRR BB ey - IBCESR - RBEH




EEERTH T UG - b AR SR R AR - AR BTy —
RHEEEUE SRt —BOEAT » HP AR B - T & 4 0 0%+ 90° - 180° ~ 270°
WA R FEE— BB AR BRI AL ETTREM: -

6.4.2 THH'BEHTBM'E Characteristic of protein folding

IRBEE AR - EOEEIVBRHR - FUKEOSEREEAEES Sk
MR REREGEAEERE (surface) BEY » RIRERAEY - (r2EE T BT

BRERAN I > BRSO, - HaR B BT R B

REBABBHI S » GARMESRERENT » Bk SRR -

6.5 #5amEA5TEs Conclusion and Discussion

HIEAE K (Test Data)HmE - 1B#FE RN (Simulation Data)—3tH5 =% » 4)}B{# f] Kaizhi
Yue[18] 5z Ugo Bastolla[30]7E PROTEIN &R EEIRANFAEN) - HpsFRETENE
B B0 P 52 PP - FEIIHF BN R —H1E - 1S RS A R EEAESR - FI40(PH.);
BlI& PH, PH; PH;

Sequence|Sequence|Sequence configuration
name length

hpa8l |48 HPH,P,H,PH;P,H,P,HPH;PHPH,P,H,P;HPsH,
hp482 |48 H4PH,PH;P,HP,P,HPsHP,HP;HP,H,P,H;PH
hp483 |48 HP3H,(PH),HP(H,P)2HP; (HP),PHP;HP,H¢PH
hpa84 |48 (PH),P4(HP)3(PH),H;sP,H;PHP,HPH,P,HPH;PH
hp60 |60 P,H3PHgP;H,0PHP;H,,PsH¢PH,PHP

hp1001 (100 P¢HPH,PsH;PHsPH,P,(P,H,),PH;sPH,oPH,PH;P,HPH;P¢HPH,
hp1002 {100 P3H,P,H,P,H3(PH,);H,PsHeP,PoHoH,PH, P,Hs PH,PHP,HPH;3P¢H;
RSN - WEEEBEER

6.5.1 BEF5ESE Experiment result

Epns [18] En (native state |Sequence name |Sequence Our experiment
energy) [18] length result

-30 -32 hp481 48 -31

-30 -34 hp482 48 -30

-30 -32 hp483 48 -31

-30 -34 hp484 48 -31

R8I HEAER




HIFAERRE EE BT

hp481

TN - WIRAERRE OB

BERERRENED BB

Hp60

hp1001

hp1002

Generation : 115

Generation - 601

Generation : 258

Distance score : -208.026

Distance score : -290

Distance score : -271

HP score : -44

HP score : -59

HP score : -52

Figt - REERED TN




B EREEEFE (L Hp60 F4i)

Generation : 1

Distance score : -129

HP score : -17

Generation : 2

Distance score : -133,947

HP score : -19

Generation - 3

Distance score : -137

HP score : -19

Generation - 4

Distance score : -141.252

HP score : -18




Generation : 5

Distance score

- -145.988

HP score : -18

Generation : 6

Distance score

. -160

HP score : -23

Generation : 7

Distance score

. -162.481

HP score : -23

Generation : 8

Distance score

. -165

HP score : -25




Generation : 11

Distance score : -166

HP score : -25

Generation - 18

Distance score : -168

HP score : -28

Generation - 19

Distance score : -169

HP score : -28

Generation : 20

Distance score : -171

HP score : -31




Generation : 22

Distance score : -179

HP score : -32

Generation . 23

Distance score - -183

HP score : -33

Generation - 54

Distance score : -185.131

HP score : -33

Generation - 55

Distance score : -187.386

HP score : -34




Generation . 56

Distance score : -189,742

HP score : -34

Generation : 80

Distance score : -190

HP score : -36

Generation : 81

Distance score : -191

HP score : -36

Generation : 83

Distance score : -192

HP score : -36




Generation : 93

Distance score : -195.79

HP score : -39

Generation - 95

Distance score - -199

HP score : -41

Generation : 107

Distance score : -202

HP score : -42

Generation : 108

Distance score : -204

HP score : -42




Generation : 110

Distance score : -207

HP score : -43

Generation - 115

Distance score : -208.026

HP score : -44

6.5.2 #EEmEdSTE Conclusion and Discussion
B EOEITERENR

HFIMA— LB R 1 - R B W BRI RO B | — B L RS A AR
2 R —AREEED - FEREE SRS - ERREISNNEREITBY
HABRRER AT HEBRBREERS - GE AR EEERAE/KE K (solution)r
Pl - T B RTA BT R X OUREH AT & B B RS AN A KIE R AT - BT
HAfEREAEFr AR R E R EIREIEN - FEBRBEIEAFEREAENITRE
W > HR - HEF AT DAFE R rh o — SRR AR R - RESRI B R R W&
BEEZHIRGH °

REBEZRIHTE

HESRRRS RIS - BUKER SRR AERERISE - FUKERERASEAEN
> IR EEEAESTRIEENER  ERHNEEETEMN T f &R 2R
P BBUKNRERRE A ZO B REE - BUKSEREAE - FERERGERET - 4
EMAES R ERRERNBERRESHRY - AAE LIRS R R T
B -

HRRER > RAME.
R IEIRE A E =R FIEREGHTIERS » FIINEERRE KSR 100

(IFEFI > AIEAIRELL Lattice (57K, HP HUZLEAEHR - sUATTRE 5" MUMIRESEA: - 1R
BB — S B P T AEER N BFTR rIREM: At R R - AT FREM s




LB FIERIHIbR — Lo LLBOR W] RERS A HASHE -
HFEEARIF R G RIS R » PR REEBE - FiLL BMTHFFIRRE

£ 60 K TAER (B =)BH - fFEREAPIT 500 RREREEBENFSE » sESIKsk
HYEEfE -

hp60BRT THR L

15 HP score

a

RER

#1T{REK generation

&+ = : HP60 Ky TTRL

U R - A BIRFFHR RS 100 FRSHEERTELAYEZ > s — X
FISBHRIER AT BT » HREDBESENEYCeR - e5ET HP @R - AR ELL
/N ERABRAMERRZEET  EUFANRERBHERRIAE L » ILRE
AR EREGKERERES - K EREIERIFER SR - ATl HP FEIIFEsREEK -
TR AR E R E R BRI —# » ELELER BB E R R BB A 500 » AT
DL R BIRRHE - 388 HP (EEMERELLRT— XS - TR ERE GE B RERERE
f# » RIT iR E R HP flE HESLEE BISARAE -

fEIE Lattice f&HEY

i RS RN AEREEN B - R RE R E T (Main chainffEH /LT ~ —
BH/ATE - ME-ETEESEML - 518 LA T2 (Conformation) » féi{t 71
AEA s EE - TN R T E A - BEBRREOEN MG
% HAEGHNTHEEESERL - T L ABNED BAEERRZIZE G H /e
B PR T LISH EBASSEIMLUELE - 8N SReiagm - v DRSS R E N
BT HERERE -




15 HP score

&

e

pyg

hp1001 41T & I

17X E generation

: HP1001 AR TIE

BEE M HP score

o

: HP1002 B9 TIE I

hp1002 FITARIL

= E L8 gereration

~ IR
- IR
%3775

" B4R

O 12
HE3IRX
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HEECEERHETRRS R L

HRAREIA—SLSEHE - BRI E BN E LRy B RS B S SRS
% MEENEDEEMAELLE - B BESE 1831 - /5820 RasMol Ver2.70 fifE

LRV - B NIRRT E AR - 7EE PR DSBS WIS AREREIRY - B
LIRERE SR AT TR EARDL

75 ¢ 1E31 4548

E+EREHE 1E31 > /582 H RasMol Ver2.70 FIEEARIREHE » B AR RAATE LR
fEE - FEE P TIDISB Y IR TE EE - HRRRERER 1 - ATLUEARRIRS
FEBAERMTRM T R - R iR AR -

B+t : IN3G &

B/ \FEE'E 2DVH » 72852 RasMol Ver2.70 FTEEERVFERE - ABAIRAMATEL

HoREHE - FEEHFYIRH LAETE - B EE EE - £ EERREBRIEARFIIEE
BRRRRL - S RETRUREI A LB
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6.5.3.KK & Future Work
AJAINABE IR

HETRS2ZHNEOBEITBIRERE PR - 37 REHRER R REHE 5 e -
A DUIMAE LRI - LTS ERREI A/ » SIBi(side chain)i#EHE » BR K T 8R
(main chain) “EARYEF » &Hi#([Disulfide bond)JEEATE > AT 1EFAH 5 (search
space)FTfERYIRFH] > MEERAE S HERIFRIRTRE - INSRTRBIAYSE R R 32 = e 59— T3
WA LIEHAEREEROIA] » THEORRESEAFEF - R E N

UG R ERRRE B ¥R (Energy Table)

ZEEER] MMR J X-ray B9£iT - EEHESEETSHBBNE I hEREERE
ERLEE (Protein data bank) 74T 21838 FEEPR, > A LUEMRAE THY T 2 AE T EHT B RTARHM
Frist RS EERRAE B 2R - PR ASHURT b B IHERE -

BEHERKIHE

AR AT DA TR AR B DT R AR - W] DURER H A& B B K Ik (Protein family)
S B EAE RN Lattice AV FIRIBAR - tWRUREEILE LURRILKIRHY Lattice
BA RS INEERFY T LIER I AR EI PR TR S AR LR - FTLARE]
THEIFERE BRI - BUSESHAERER - ARG BB ER - BRI L
HABIWE OB R RE R ERTMERE E  train data) > HFLLFSE {F(test data) » ZFER
FIHERERE USRS -

2 ) | S 5

I RUEII AR R AR — B E T - KRS B RORATE RSN




Y DADURBEIRF I L Z &R BeEE) - FRELIB e BV 2 - #II0
FHEEWRLEFPF AT REM IR —#l i - (E T LU H Fr BR Py B B A s o - B =
BAERERH G » IR T HERERE i iy ARk - 2B /URT7R > F Lattice R Z
HISRIERBAERE(  helix) R HTRIAERE( B sheet)  EFAHALH RAVERELAILL Lattice SIS
E » BHE AT RS IS A S R L R HE R -

Imm A A e e VaVard
B+ ¢ i Lattice SRV (HABBERBREMI( o helix) RHTHRASHIC 8 sheet)

EHEBIILR

I EBERN T IRERE T IS BT - RSN EREEREE - FH
DUEF A F B A5 & (Docking)#) TF » (RSS2 Lattice Z84% > AL - MIfEE LI E LEBA FHiX
T E] gERY &5 S B (Binding site) » [FIRF IR AT LAVE & B M A i [E#Y 5 B (Protein-Protein
interaction)JHF4E °
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fTek A Appendix A

BREERER

LABRMARR2E - (LUERBR ARSI REERFIIEE HP 751 -

2. A AR GEAERERR E RS LE AR - ELJTRRASHER 5000 AU 1EfIRE SR - Bl 1EE
TEAE -

3. PSRRI TRAS R » WIDIEENE L BER (0 SEREBHEIE - fEMAER
i K HP B9fhEHE -

4 WIHERRGEE - Py MM E RARYE - HEMEEHER 0 -

S AR A EHAE - AEREREARE  EHEIVELESRE  HEINRESER
AR -




fff$% B Appendix B

FE=#EEE Program algorithm

i A REBRTYISUE HP FP5
If ( W ARZERRTFS ) Then AR ELRE T3S HP 551
R EFTRFIR R A Lattice HYZERNIE BRI

While( FTERSEMEREGER )

{
eI EE R HA R R KRR &
BRI ZZ IR 2 FIRIALE - e R HAES
If( SRR ) Then MR
FEET—ERERE

}

While( AraR SAMFRBER )

{
/- GEfE : BERQZEELER -
ety 3t NI NS VAT
sTERE LR,
If( BEEREMEERE H) Then M08
If( FEEFERMEEE P) Then AP RITEE)
If( REFEREAMIE ) Then SR

U= BY s a—
While( BEESEIEEERE )
{
AR E B
TR S —
IF( R BRI ) Then oL
)
U= YO ——
While( BIESEIBEE R )
{
e e kT
T S
If( F BT ) Then HEER
)
[ Ry O -
While( FIESEIZEERE )
{




RERCRI A PR B E
HEITRIET e E =
If( FREFEREEMITE ) Then

}

s HATE R IR ) R BEERFHERNE ED
AT EPATE RN B REEFHE EE &
ATRFTE KRR BRE ST HP

/- kAR - BHRERRRMER T — RS
While( AT BEMELLE )
{
#F ED R AR TIRE
If(ED {E#H% ) Then ## EE fHAWBTFRARE

}

I ---- GHfE - BACACAHELEH S E
If ( BEERTFRERKA)
Then If( FHEEBREETEE )
Then #ERER
Else FHEBBT—RBIMA > BEEL -

If ( EERIXABREERTHR)
Then If( #EHEREEIEE )
Then #EHRAZZ
Else BRI > B L -




Mgk C  Appendix C

BFE+= HP HEREIR (FIIEE 60)
BIR| 2R | B3R | F4X

B -12 -17 -11 -14
52 -13 -19 -14 -16
EkEav -16 -19 -16 -18
ER e -19 -18 -19 20
%10 12 -19 25 23 21
%20 12 21 -30 -29 34
550 £ -33 -33 -31 35
5100 48 -35 -41 -31 -35
5200 18 -37 -44 -32 -35
5500 £ -37 -44 -33 -35
251000 £ -37 -44 -36 -35
51500 4 -38 -44 -36, -35
52000 {£ -38 -44 -36 -37
3000 1 -38 -44 -40 -39
B+ HP BEREIR (FIIRE 100)

BIR | BB2R | B3R | H4RX
148 -12 -13 9 -12
2R -11 -17, -18 -15
B34 -14 -18 -18 -17
=54 21 24 27 25
10 48 25 -31 -35 29
20 18 -30 -40 -38 -35
5550 £ -39 -43 -45 -39
100 {2 -45 -47 -50) -42
200 12 -44 -47 -52 -43
5 500 1 -49 -50 -52 -45
51000 £X -49 -55 -52 -46,
1500 48 -49 -55 -52 -46
52000 1€ -49 -55 -52 -46,
3000 £ -49 -55 -52 -46
BFR+H HP BEEEdE (FYIEE 100)

BIR | BB2R | B3R | H4X

MBI M AaEE ISR M s ] =Y B L H IS -




fif#k D Appendix D

AR AR EERAEELBITE LrEEE -
RAf Y=k Systematic search

Ponder & Richards #$f 28— R E 0 EITBREN 7 - RERAED BN TR
i - LR TEEE (residues) A B CAREE - MLV RAHTAE] > WHBERE - S# Kk
FEE IR » 178K (side-chains) FI/)\gyE B ERINEEEIEERMAIES © MRHHER
HIRL & E R =MBUIRRR (tertiary template) - i > KBMAEGRS - FEERBETHAEIRIREA - Fr
LA E(residues)RTE) H FRHIAE 10 LT » HEFOEERAIBRS] » RARBMIRAHMEBR T X -

24K # 1= Monte Carlo methods

Hellinga and Richards & F 5% - S i B kSRS AR iU E B E L B HTBRTRE - & 5k
LA EMREHTETEEVREER - ERWEKITEELE 3D S8 IEH
(backbone) 2 [EEHY » WZEEFEREZE# (random mutations)i) 5 TUARHE RIS 7] RERYEE A 3@ kA
RS B & -8R FRO TSR 4 (torsional angles)FEHiE##¥ (random rotations) » 7%
AR S B H - SRR S ME v DU S AR A (Lattice model) | » th AT AEFH
EEAMRER > FRDIEH S AU AZEREEEY  IMSRENETE  SBEREAAK
fEDRR F 0 ERISERE -

HZHER: 23 The dead end elimination theorem

Mayo Z¥fEH —FRRIEHER: E B (The dead end elimination theorem)f&iff§ DEE K#ETEHE
REHARATE » BRI RT3 R R AEAHIUEE (homology modeling)Z B S #(side chain)7EZ=[]
R BIMERETHY - DEE X EHERI—E 25t &/ e B RYRETE (global minimum energy
conformation (GMEC))ESEHA & '8 K 2 SR 4 I (RRERRYTTREARRE » il BT 1E I Bk
fE- &t (rotamer library) H % F A ATRERIE T LUOKER{ER -

FRER Genétic algorithms

BRI B (Genetic algorithms)f#ifE GA - Z R E L EIREFEH BHEE R - Bk
¥ B ¥ (evolutionary algorithm)i) — & » R EHEEEF L EZEM (recombination ) F12€%8#
( mutation) EREES - MEMEHXRELF L FREELMELMES - PEGEHIER © 0
e LIS B8 N ERME AR S DULE R /7 R B BER R - E MR (fitness
function) HEREHE EZ]  FEREHERET - BERENEERE T FREETHEANLT
{E » HEERIRETENT KRG -

43 % Ky B 5 51 Branch and bound methods

533 KB 535 (Branch and bound method) B¢t #ER B IR B E EIRHRASHE - AL HiR
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