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ESCAPE/Hi: A Massively Parallel Protein
Conformational Analysis System
Using Hierarchical Tree Search

MAKOTO ANDO, 1111t YUTAKA AKIYAMAtt and HIDEO MATSUDAtft

We report on an enhanced parallel tree search model for protein conformational analysis.
By using this model, the original problem of a conformational analysis can be divided into
several subproblems, and the search tree of the original problem can be reconstructed using
the results of the subproblem analysis. Because the search spaces obtained from the results
of the subproblem analysis do not contain any branches for infeasible conformations, we can
reduce the search space of the original problem. We demonstrate the effect of the new model
by analyzing a tyrosine corner, which is found in natural proteins, using the new version of
our system based on our enhanced model. We report on the parallel version of our system
based on a master-worker approach that showed 72-fold speedup over the sequential version
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when using 128 processing units.
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Fig.1 The protein structure model and the search tree.
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Fig.2 (a) Conformation file and (b) the subtree obtained
from the conformation file.
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Fig.3 Structures of (a) an Ile and (b) a Tyr.

00000000000 O0Y®¥oooooo0ooooon
0000000000000 0000D00000000
000000000000000D000000000
00000000000 0000000000000
000000000000000000000000
0000000000000 00000000000
00000000000 0000000000000
000000000 D00D000D000D00000000
0000000000000 00000000000
000000000000 000000000000
00000000 DO0000000000000O0O
0ooOoo0ooDOooDoooooo®ooooo
ooooo

2.5 0000

00000000000000000000000
000 OBruccoleri DO OO0 ODDO0OO0O0OOO
0000 O “chain-closure procedure”'®0 00 0 O
0000000000000 00000O0DO00nO 2
000000000000 D0O0D0000000000n
0000000000000 0D0000000000
000000000000 DO00000000O00O
000000000000 000000000000
0000O000o00oon

Dunbrack 00 00 backbone dependent rotamer li-
brary!™1®0000000000000000000
000000000 000000000000000
100000000000000000000000
000000000000 000000000000
0 PDBOODOOOOOOOOOOOOOOODODO
000000000000000000000000
00000000 D000000000Dn



Vol. 42 No. SIG 9(HPS 3)

Master

Open Node List

04 OOO0-O000COO
Fig.4 Master-Worker model.
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Fig.5 The A 4 tyrosine corner.
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Table 1 Outline of the generated conformation files.

ooo oooo ooooo Cy 0ooooo Cy Cy/Ce(%) goooooo
Pro 1 6 4 66.7 1.00e-2
Gly 2 36 36 100 1.00e-2
Ala 3 108 102 94.4 2.00e-2
Phe 4 864 156 18.1 1.40e-1
Cys 4 1,296 480 37.0 1.10e-1
Trp 4 1,296 252 19.4 2.80e-1
His 4 1,296 228 17.6 1.70e-1
Ser 4 1,296 678 52.3 1.30e-1
Val 5 1,944 264 13.6 1.80e-1
Thr 5 3,888 444 11.4 1.90e-1
Tyr 5 7,776 528 6.79 3.40e-1
Asn 5 7,776 2,742 35.3 6.60e-1
Asp 5 7,776 2,832 36.4 5.90e-1
Leu 6 11,664 960 8.23 4.90e-1
Ile 6 11,664 582 4.99 6.10e-1
Met 6 23,328 2,826 12.1 1.39
Gln 6 46,656 11,982 25.7 3.01
Glu 6 46,656 12,402 26.6 2.98
Lys 7 279,936 3,216 1.15 2.61
Arg 9 10,077,696 317,394 3.15 125
oo 11 362,797,056 1,716 4.73e-4 526

o000 =600

02 00000000

Table 2 Distance constraints.

oo oog AD
Ri{ONo Tyrd O 0.3-6.5
Ry 00O« Tyrd O 0.3-6.5

03 0000 van der Waals 00O
Table 3 van der Waals radii.
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Table 4 Effects of reducing the number of nodes created and elapsed times.

gooooo oooooo
oooo oo oo oo ooooo o ooooo
oo oooo (ooo ooo ooo
DPGAY 15 566,765 693 156,434 | 27.6% | 292 | 42.1%
EPGAY 16 205,293 244 58,237 | 28.4% | 109 | 44.7%
NPGAY 15 213,758 254 56,853 | 26.6% | 108 | 42.5%
QPGAY 16 194,773 229 55,465 | 28.5% | 105 | 45.9%
RPGAY 19 330,632 431 152,493 | 46.1% | 283 | 65.7%
oo
oooo gooooo goooo ooo
ooD ooo
DPGAY 12,046 | 2.13% 16 | 2.31% 7,824
EPGAY 8,838 | 4.31% 12 | 4.92% 5,724
NPGAY 2,970 1.52% 4 1.57% 1,272
QPGAY 7,998 | 4.11% 11 | 4.80% 5,400
RPGAY | 158,022 | 47.8% | 234 | 54.3% 108,408

goo0ob=e6000

ooooooooooooooooooo
oo00ooOoOoooO0oOoOooooooao

gooogoboooobooooobbuoooboooo

goooooboboobboobbobboobooo
gooobooooooboboobbobbbooooo
gobooboooobooooboobuoboooooo
gooobobooobbboobobbooobooogoo
ggobogooobooogoogoobo

4.4 0O0O0OO0OO0OOOOOOOOOO

DPGAY D OOOODODODO OO Asp-Pro-Gly-Ala-
TyrOOOOO0OOO0OOESCAPE/HIiOOOOOOO
00000000 00000o0D00dOHitachi SR2201
0 150 MHz PA-RISC 1.1 + PVP-SWO 2560 000
O00UO0O0OHI-UX/MPPOOOODOOUOOOOO
gooooboooboooboobbOoo 20000
g20000000000D00000O0O0DOOOO
gobbobbooooboooooboboooooooobo
ggoboooooobooboboo3boomoo
ooo 02400000000 00DDO0ODOOO
gboboooo 02400000 0bb000oobooboo

Oeée0O0DbPGAYUIDOOOOOUOODODOOODO
goooooooobooboooooooobo rooo
gbobobooooboooboboouoooboboo
gooboooboboobooboooboboboooboegon
oo0r0O0000O0DO00ODOO0OO0OO00bOobOooboDO
gogooobogbobbbbbobobbooooo
goboobb 200000b00obbooboboooogog
glooooboooobooboobooobobbooo
gbooooooboooooo

goobooooooooooooboooooobobog

2048

10241
—_ 4+ Search with AA contf. files
o 512
[}
&
o 256} Search without
£ any conf. files
Z108|
5 *
(%] T.
g 64r e
W x-----%_ Searchwith *.
32; *\._ backbone conf. file "+
O t.l
16} L Fooo 7
8 K KKk K
1 2 4 8 16 32 64 128 256

Number of processes

06 00000“AA conf. files’ 000000000 O00OOODO
ogoooooooooo
Fig.6 Elapsed time. “AA conf. files” stands for “Amino

Acid conformation files”.
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Fig.7 Speedup of parallel version over sequential one.
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Fig.8 Superposition of 1PAZ and a result obtained from
ESCAPE/Hi (illustrated by insightII).
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