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Protein Docking Based on Geometry Shape Analysis

Student : Tsang-Chih Huang Advisor : Dr. Yu-Tai Ching

Department of Computer and Information Science
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Abstract

More and more proteins structures are constructed in advanced equipments. It
provides the path to understand reactions between proteins and structure drug design.
In my thesis, first, analyzing the generating proteins meshes and calculating the
classifying surfaces’ principal curvatures for two proteins coordinate transformation.
Then doing ICP registration and applying shape complementary scoring function to

show the better docking results.
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7 F 11 C+H8 & (Microsoft Visual Studio .NET %% 5
5 Bh TRt

(171 » %12 OpenGL #-3 % &g )
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Rt I%

SEiEH e Bk TR T R

i
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p ﬁi;} f *JL 7 L
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7
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Microsoft Windows XP Professional 1% % b » 42

)» #fe CGAL & % & 1%

Newmat C++ matrix library

AR Rk T

ERURIE b S5

PDB Receptor name Ligand name Res.(A)
1 Icho Alpha-chymotrypsin (E) Turkey 2 ovomucoid third domain (I) 1.8
2 Itec Thermitase eglin-c (E) Leech (I) 2.2
3 Itgs Trypsinogen (Z) Pancreatic secretory trypsin inhibitor (I) 1.8
4 2ptc Beta-trypsin (E) Pancreatic trypsin inhibitor (I) 1.9
5 2sec Subtilisin carlsberg (E) Genetically-engineered N-acetyl eglin-c (I) 1.8
6 2sni Subtilisin novo (E) Chymotrypsin inhibitor (I) 2.1
7 2tgp Trypsinogen (Z) Pancreatic trypsin inhibitor (I) 1.9
8 4cpa Carboxypeptidase Potato carboxypeptidase a inhibitor (I) 2.5
9 4hvp HIV-1 protease chain A Chain B 2.3
10 4sgb Serine proteinase (E) Potato inhibitor pci-1 (I) 2.1
11 4tpi Trypsinogen (Z) Pancreatic trypsin inhibitor (I) 2.2
12 2mhb Hemoglobin ¢ chain (A) B-chain (B) 2.0
13 2kai Kallikrein a (AB) Bovine pancreatic trypsin inhibitor (I) 2.5
14 1fdl 1G*G1 fab fragment (LH) 2-lysozyme (Y) 2.5
15 2hfl IG*Gl1 fab fragment (LH) Lysozyme (Y) 2.5
16 3hfm 1G*G1 fab fragment (LH) Lysozyme (Y) 3.0

RAZIOBICEFFFRFTA S IR 9 T WY
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ARG SR PO S ERS D) B FHOREELN R T L R TR
PDB % @ ik 45 0 Res. & 4~ it & 25 Jo $E0f iz 1) B4 enjz 47 & o

T R0 FHREIALS ARG M E A5 oty A 1 E i ih
EH - Fv FHO LRITERREE DR TR FE e R S agd
AT B NRF NI S R SRR S ke s B2
SRR T APRN S FRERET P LR RE Y LR RY
Fep B o BORMSD A (o o] @R AT ik 5 -

F B ITARE TR B eh— g e S

% 42 72N AP R Sl

S8 (FRP) R LB
SHP ANA FLOOD N (A 45 BEA5 % B » b ¢ 05 jE3 ) 5
TO_KNOB RATIO (4R 3 - 1 (h8 ek o & B dp e & ot 5 ) 0.9
TO _HOLE RATIO (4R i - Fin@héid v £ 8| dg o & ot 5 ) 0.6
MIN_SHP_VERTICES (1% % & 1fc?" 2EH) 20
ICP_INIT POS FLOOD N (d # & Pl 424 ICP 45 cjEdfringt) 1
OUTER_PENETRATE (4p % — @ b 3% 3 chde A #ic) 10
INNER_PENETRATE (4p 2 — B p 28R 5 ehde A #) 100
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| M SHP VERTICES«

ICP_INIT POS_FLOOD N

¥
fiedd - AETSEORRSPEE | 5 - OUTEER. PENETR.ATE.
stk | INNEE_PENETRATE«

Bl 451 3 sesmAmie oEs S

P REG AR & p R Slicenpi g > A dp | SHP ANA FLOOD N -
TO_KNOB_RATIO £ TO_HOLE. RATIO %374 & 36 H et A 47 %8 cht ]
BT R - B A MBS AR E S B DAk
MIN_SHP_VERTICES %-#c#F 4. F &35k ¢ 7 cgh#cif > >
ICP_INIT POS_FLOOD N R 3k 2 e 4t v then- @R 7 GRRAT R
5 e~ A % 035 A PR @ * OUTER PENETRATE £ INNER _PENETRATE
WA M hIARITR AR oA o

L EEF R A G AR S TR SRR R B RS T foreiT
BLATHE A AR E - By~ w3 Bt 4 > 35 B BERAFLOOD (vertex >
SHP_ANA_FLOOD_N) #k it » & * SHP_ANA_FLOOD_N 2 } & 4 {7 §* =
/| » TO_KNOB_RATIO £ TO_HOLE_RATIO # i F* #f & *| 74 47 i& § [l >0 7%

FBAE o e
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For each vertex on proteins
FLOOD (vertex * SHP. ANA FLOOD N) & 3|g&
if( TO_HOLE _RATIO < g% # gk » dpre £ et 51 )
J2 i& 1B vertex &7+ % hole
else if( TO_KNOB_RATIO < g § @ gk » dp 3 €t 5] )
Ju & 1% vertex &5+ 5 knob
else

Fu & 1B vertex 5+ 5 null

AR AR RF BEAGRE L R REFZ (BFS) & F
AR 5 W AR AREEA H o ARROTREL T 0 RA A A - B 2wk i
B € TS RITA RS B A 0T B AAHES S - B A wEL s A S null o ot
PLURHRF A DAk R B ERGRE Pt ) i e o

A 50 kAR AT 0 Th et S R SRR A 1R R B R AL
PR AT DA A - BWGESTA AR B A S R OB RS TP
»Vug$m~—@&+’ﬂ“§ﬁ@ﬂw&giﬁ%g»afﬁﬁ%ﬁw@’
SriE A Rl F 4 g W Y 0 ST A e 7 MIN_SHP_VERTICES % #c#-k

Ay B PSR A r — o B R B PR R W PR R AETNAR

FRG BT UE LT AN F 3w oo
Bt B N R AR K 1St 0 A AR R G By TE AR K SUR

fdk ot > ¥ b3~ 28 ICP_INIT_POS_FLOOD N % #8254k £ & ¢h¥ < g8LiT
FLOOD (vertex » ICP_INIT POS FLOOD N) # i® » 4= o4 (T974c & 3| gk B
SR B R § TR T ICPEY HA R EA AR o AT
AR AT 3 AR o

F ARG T ARk S8 B ICP PR i e P 4 e fedlon

\_\’

|

3 FREE (GE RS Bk 5 2de R thpdb B )0 4 B Y G E
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G2 P R T I AR o R A F BT A ARR G R R B
#2 pdb *t %R 3 #p 2 3k OUTER PENETRATE # pdb p %% 3 #p 2 3%

INNER _PENETRATE v > £ 12 RMSD £ &

FEB R S AL ENF B E T

Do shape analysis on proteins and BFS to cluster their shape sets

For each surface in receptor
Calculate it’s principal directions and setup it’s coord. system
For each complementary surface in ligand
Calculate it’s principal directions and setup it’s coordinate systems
Translate coord. system to ICP_INIT POS FLOOD N points and do ICP
Do coord. transformation and I€P-transformation to ligand

Score and save the highest Score

Sort by RMSD
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42 % %5

% 4-3 (MIN_SHP_VERTICES =20, ICP_INIT POS_FLOOD N=1)

PDB PG -] RMSD =
1CHO 1/4296 1.796281 | 02:01:05
ITEC 13/5233 2.806800 | 02:49:56
1TGS 702 /3249 3.827787 | 01:58:42
2PTC 546 /3658 3.043766 | 01:56:07
2SEC 474893 2.324402 | 03:02:43
2SNI 301/5134 3.346792 | 02:46:49
2TGP 426 /3113 4.023614 | 01:48:26
4CPA 7713963 2.533531 | 01:48:55
4HVP 2/2781 2.274334 | 01:30:47
4SGB 1/2464 3.198337 | 00:55:50
4TPI 473394 2.011618 | 01:56:15
2MHB | 42/5656 1.298471 | 03:52:08
2KAI 289 /3152 4.630289 | 02:16:10
IFDL 1/12476 2.695780 | 13:15:08
2HFL 28 /11963 3.461358 | 13:42:18
3HEM 2/12221 2.395157 | 14:50:28

ﬂW%m&“L%&ﬁ’?ﬁﬁﬂﬁ?”ﬁﬁiiﬁﬁi—%“ﬁmﬁ%@

L
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e
AR R AR - B AR R B S ERP- )  f R R AR

B
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@mwﬁ%aéaﬁﬁiﬁ%+(ﬂ:ﬂﬂ%@wm@&%&ﬁ#%wﬁﬁw

(2}

f3= MIN_SHP_VERTICES %t ~ 4 515 (2033 80) EI A A5k + £ dpat
&%zgiﬁﬁi?ﬁ@%m’%*%ém%Ii<$44%f g R
0 BRSO AF AT EEE TR R RERA AR OF EL A RE BT

PERY 8 chii £ o
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# 4-4 (MIN_SHP_VERTICES = 80, ICP_INIT POS FLOOD N=1)

PDB PEA # ' RMSD BRI
ITGS 1/3291 1.156368 | 05:13:19
2PTC 33/3789 1.340632 | 05:22:11
2SNI 22775099 2650388 | 07:04:54
2TGP 473332 1.767239 | 04:29:49
2KAI 9/3262 2436961 | 04:34:09

Bl 4-2 $12TGP &4 ¢ 3 B Fv Jo A ufhr NiEs =g Pk T it g

(a) Kpefad B KB RIEZ LR

(b) =8 _(a) B2 » L E78L =8
(c) X Mehdk B KBLZE LA

(d) s (c) #2 » AL ETREL =R
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(g) (h)

Bl 4-3 3+ L% 2TGP i & el X 487 [ 53] Jehd & fE = 2L &

(a) pe#d & MIN_SHP VERTICES =20 f¥ ek & = % 2 8
(b) fe4d & MIN_SHP VERTICES =80 p¥effa & i+ % 2L 8
(c) # 4% & MIN SHP VERTICES =20 preris & =% 2: 8
(d) %% & MIN SHP VERTICES =80 preid & =% 8t 8
(e) fed¥ ~ < 48 & MIN_SHP VERTICES =20 p¥ 3 £ 8L
(f) fedd ~ % %8 & MIN_SHP_ VERTICES =80 p i £ 2t 8
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(g) t MIN _SHP VERTICES =20 f¥eids & 2L 8 » £ ICP o2 14
(h) % MIN_SHP_VERTICES = 80 p¥eif: £ 8L > i ICP 2 14 4

HH— 13\%—
o

& 2TGP i & 4 iz 6]+ ¢ » A ¥ 1215 Fd > MIN_SHP_VERTICES % #&
I FERTE AL ARG EAG > AT ICPRESES LR DRY - B
437 (g) v (e) w2 d X BLa <) ma (h) v () »T#H#H 1/4
B FlpTeTREsLd fpeild - B RPESLG 2L Ba )
F o de kG R W G R A B B 4 BEc > R E e RMSD € v B
(3.827787) » s 4e Bplicts » HEFHZENRRT » I 4 G oS B E ¥ 5
A op AR (1767239 £ 4% 4) 0

B2 AR Aipat )3 ¢ A3 I3+ MIN_SHP_VERTICES 4-#c ¢ 3 &% % %

F_&

g 0 B B AR e % bl4el QMHB  fde e Bk T

A%k A aE > RMSD & @ jic(1. 298471 ot 7 42) %+ & (4.21353 > # ¢
375) ' 2 A4 RIFHE 7 fA ks 8L LB WA R L G che s BB F A
ek AR AR T REAGNEEAS SRR AT A FL ST R

HAEB AR #5522 T RMSD..

(b)

(c) (d)

M 4-4 % B OMHB 1 £ et sr 407 F Sdicehd o i 5 8 B
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(a) ped¥ ~ X 4 & MIN_SHP VERTICES =20 pF i & 2 5
(b) fe%¥ ~ % %% & MIN_SHP VERTICES =80 pFeidx & 2L §

(¢) #% MIN_SHP_ VERTICES =20 p#erfi & 81 8 7 ICP fe 3 12 %
(d) % MIN_SHP VERTICES =80 =iz & 2L & i ICP 2 15 &
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