Oo0000obooooonoSADOO
Jobgobotoobuoobougobbod

o o o ot o o o of o o o off
O o o off oo o offt oo o offf

000000000000 00000000000000000000000PSA/GAcOO0DO
0000000000 Met-enkephalin0 0000000000000 O0C0O0O0O0O0OOCOOOOO
0000000000000 PSA/GAc00D00OOOOODDOODODDOODOODOOODOOOOO
J00o0oo0o0o0ooooooooooooooooooOooOOoOoOOOO0ObOO000000o00o
00000000000000000000PSA/GAcO Met-enkephalinO0 0000000 D00O0O
0000 C-peptide 0 PTHO 1-34000000000000000000C0OOOCOOOOCOOOO
O0000000OPSA/GAc000DODOOOOODODDOOODODOOODOODOOOODOO
000000o0o0ooooooooooooooooooooOOooOOoOoOOOO0ObO0O00000o
0000000000000 00000000D00000000 SAODPSADODOOO PSA/GAc
g0oo0oooooooooooooooOOooboOoOoboOOOOOOO0OOO00O0O0O000O0O000o
000000000000000000000000000000PSA/GAcO0DDOOOODOO
000000000000 00000O0O000000000

Energy Minimization of Protein Tertiary Structure by
Parallel Simulated Annealing using Genetic Crossover

ToMOYUKI HIROYASU,* MITSUNORI MIKI,* SHINYA OGURA,t
KEIKO Aot TAKESHI YOSHIDAT and YUKO OKAMOTO fit

From our recent research, it has been clarified that Parallel Simulated Annealing using Ge-
netic Crossover (PSA/GAc) has a high searching ability on a minimization of an energy of
small protein called Met-enkephalin. PSA/GAc performs genetic crossover, one of the opera-
tions of Genetic Algorithm (GA), among the Parallel SAs (PSAs) to exchange their informa-
tions. In this paper, PSA/GAc is applied to the minimization of the energy of C-peptide and
Parathyroid Hormone Fragment(1-34). Also, among the parameters of PSA/GAc, crossover
interval and total number of searching steps, which are supposed to have the high influences
on the searching ability, are modified to some values in order to examine and study their
influences. The result shows that PSA/GAc provides lower energy of the target proteins
than Parallel SA. Furthermore, higher frequency of crossover and longer searching steps are
confirmed to derive the lower energies. From the results we conclude that PSA/GAc is also
effective on the energy minimization of larger proteins.
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Table 1 Parameters of PSA/GAc

Parameter Value

Initial Temperature 2.0 (1000K)
Last Temperature 0.1 (50K)
Crossover Interval 8,16, 32, 64
Cooling Rate 0.999281
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Table 2 Energies of C-peptide

Interval Best Worst
8 -43.7 | -43.3
16 -40.9 | -40.6
32 -53.9 | -41.9
64 -44.9 | -37.6
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Table 3 Dihedral angles of C-peptide obtained by
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5
Sequence Ly+ GI- Thr Ala Ala
[0} 23 -79 -76 -67 -66
U] -66 102 86  -27 -32

- - - a a
10
Ala Ly+ Phe Glu Ar+
-79 -62 -65 -65 -63
-40 -43 -41 -41 -41
a a a a a
13
Gln Hi+ Met
=72 -69 -82
-30 -40 105
a a -
Energy = —53.9kcal /mol
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Table 4 Energies of PTH(1-34)

Interval Best Worst
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16 -239.2 -222.4
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64 -225.6 -222.5
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Table 5 Dihedral angles of PTHDO 1-340 obtained by
PSA/GAc

Sequence  Ser Val Ser Glu Ile

[0} 93 -65 -68 -76 =71
U] 157 -26 -36 -37 -35
- a a a a

10

GIn  Leu Met  His Asn
-64 -70 -55 -64 -112
-41 -44 -43 -96 145

15

Leu Gly Lys His Leu
-105 76 -95  -90 -73
108 -90 165 -1 -22

20

Asn Ser Met Glu Ar+
-85 -85 =74 -88  -142
-20 -37 -30 64 -60

25

Val Glu Trp Leu Ar+
-134 -85 -64 -65 -155
-58 73 131 108 112

30
Lys Lys Leu GIln Asp
-113  -105 -148 -64 -65
63 -32 148 -55 145
- - - a -
34
Val His Asn  Phe
48 -55 -60 -84
71 -46 153 118

Energy = —246.0kcal /mol
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