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Abstract

This paper demonstrates a rapid method using spin images to compare or dock the receptors
between proteins by searching the possible protein collections in a reasonable period of time. By
getting rid of impossible proteins, we can reduce the time consumed in experimenting on obviously
wrong ones. We expect it can improve the efficiency of discovering new drugs and antibodies in the
future.

The process of our system mainly consists of two stages. The first one is off-line ligand
database construction and the second one is on-line data comparison. In the data construction stage,
we build a database of protein active sites, storing them in spin images. In the on-line comparison
stage, we will go through the following three steps: surfaces construction, spin image construction,
and comparison of spin images. Given an unknown protein, we can give a full-set comparison with
known active sites in the database to find the possible position that similar ones may reside, or
further, to guess the possible position that may be a receptor site.

By finding the position of similar active sites, or the geometrically possible docking position
of receptors, we can give some suitable suggestions or directions, and may help biologists in

searching effective drugs.



Finally, in results, constructing a full set of spin images of a protein which had 10,000 vertices
in its mesh takes about 1 day to generate. Comparing an active site with the spin images mentioned
above would take about 2 minutes. As a result, under the well constructed database, a worst case of
full-set searches would take about 70 days, based on the size of current PDB, about 50,000 protein
structures that had been discovered. Using multi-threads technology for multi-core computers is
one way to speed up the full-set search, since the 50,000 structures can be easily decompiled into

clusters for parallel search.
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Chapter 1

Introduction
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Chapter 2

Algorithm and Implementation

2.1  Algorithm Overview
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Fig. |, Cross-sections of the (A) van der Waals surface, (By SAS and (C)
contact/re-entrant surface.
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2.3

g

% SAS i [HHIEIF -

Spin Images

(1 /fickl Spin Image [ 2 £ LT

Given 3D model M, vertices V belongs to M, an origin O, and a normal N.

The spin image of M on ( O, N) isa 2D Image ( H, R, D) ( denotes X, Y, depth), where
H is the distance between V and Plane( O, N),

R is the distance between V and Line( O, N), and

D is the density of V which mapped on ( H, R).
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2.5 Comparison Functions
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Chapter 3

Results and Discussion
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%] Elephant(*-) == Starfish(T )

[ &% Spin Image EIfJEélj il ]

Model Name \ertices Faces Spin Images | Used Time(s) | Avg. Time(s)
Elephant 623 1,148 623 10,384 16.67
Starfish 1,890 3,776 1,000 16,522 16.52

Spin Image Elfif“*;%ﬁ%j ] > i85 9=[! 0.003 7 -
PJ™ EL{0 "] Elephant AL E == F e THVESE - 4 f[i Reference Point ﬁ%ﬂ Fle PUBRAEE==ATIE]
T B - ]2 i+ Reference Point ﬁ"éj’:zﬁ%?ﬂ»' F e [f~ Spin Image » #5f112{/¥rE Spin Image

(AT RS o 25 PR SRR T A E R T L] el o 1) RLERRAER -

Model, R.P. No. 3D Image Spin Image Measure Score Hit
Elephant, 44
oy N/A
SRR 0
(Best Match)
(Query)
Elephant, 88 11.9744
. ) o*
G HRY (1% candidate)
Elephant, 41 0.0523 o
I b (2" candidate)




Elephant, 580
gy

-0.0025
(Worst Match)
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Yl ! ek [ afé‘ fiﬁﬁﬂff (Z2507 i) -

Model, R.P. No. 3D Image Spin Image Measure Score Hit
Elephant, 44
s N/A o
N Eﬁ" (Best Match)
(Query)
Starfish, 399 0.1686 O
Y& B R L (1% candidate)
Starfish, 761 0.1629 O
Y& B Rl 2 (2™ candidate)
Starfish, 621 0.1541 O
Y& B Rl 2 (3" candidate)
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-0.0025
(Worst Match)

Starfish, 580
YAl B

AR RS S TR - AR s - [ S S
?"’I’HI CEEIE PR B (1,2) SrREEE P RIEL A > Fe Ga77 g i Spin Image [ 1

HET
3.A.2 I'| 37F '8 DHFR £33

R BRI R+ YRR VRV S 5 P IV - DHFR 53 s
RIS £ 7 10,000 B 1 o 25 P 5 {3 < 1TV 200 B Bffe s i B - i
L/ LI

21



2R ST
1DDRA ~ 1DDRB -~
1DHJA ~ 1DHJB -~
4DFRA -~ 4DFRB -~
8DFR
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[ & % Spin Image ElfJEﬁFEFJ ]

Model Name \ertices Faces Spin Images | Used Time(s) | Avg. Time(s)
1DDRA 9,584 19,168 200 2,954 14.77
1DDRB 9,940 19,872 200 1,915 9.575
1DHJA 9,917 19,838 200 1,770 8.85
1DHJB 9,774 19,544 200 1,777 8.885
4DFRA 9,706 19,412 200 1,749 8.745
4DFRB 9,909 19,818 200 1,750 8.75

8DFR 11,817 23,650 200 1,974 9.87
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Bhisi 2 5% > £ Spin Image iy~ ] £ Elephant 58]V~ 4§ o 57— 5f1 f"*%ﬁﬁféﬂ;ﬁ 0.001 #} o

Model, R.P. No. 3D Image Spin Image Measure Score Hit
1DDRA, 201 N/A o
(Query) (Best Match)
0.1820
1DDRB, 51 Ston X
(1™ candidate)
0.1770
1DHJA, 74 | X
(2™ candidate)
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0.1148

1DDRB, 125 q X
(3" candidate)

1DDRB, 201 h0'1053 @)
(4" candidate)

4DFRA, 201 h0'0985 0]
(5" candidate)

ADFRA, 194 00099 X
(Worst Match)

ADFRB, 47 0.0684 o

(Special)
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3.B  Receptor to Ligand Docking

RT3V H E\jj,[\lfﬁ Vi ’*Aﬁ: SN e R [W%mﬂl/ﬁw'&uﬁ”ﬁ IR o PRI 40 et
BBl ZS PR H I BRESR R P el B AR P [H] ligand [/ 7195 = fif reversion
g g Q%‘Nl%ﬂé =] o [P= A docking % (i 2 A 1 52 receptor/ligand fiel 5155 = e -

25



P A Cph B2 ‘f}%%F[) £% : 1ABIL/1ABIH, 1ACBI/1ACBE, 1CHOI/1CHOE, 1CSEI/1CSEE,
IFDLY/1FDLLH, 1TECI/1TECE, ITGSI/1TGSZ, ITPAL/1TPAE, 2KAI1/2KATAB, 2MHBB/2MHBA,

2PTCI/2PTCE, 2SECI/2SECE, 2SICI/2SICE, 2SNIT/2SNIE, 2TGPI/2TGPZ, 3HFLY / 3HFLLH
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[ & % Spin Image ElfJEﬁFEFJ ]

Model Name \ertices Faces Spin Images | Used Time(s) | Avg. Time(s)
1ABIL 3,098 6,192 1,000 15,336 15.34
1ACBI 4,489 8,974 1,000 16,003 16.00
1CHOI 3,715 7,424 1,000 15,792 15.79
1CSEI 4,331 8,658 1,000 18,452 18.45
1FDLY 7,319 14,632 1,000 20,442 20.44
1TECI 4,256 8,504 1,000 15,545 15.55
1TGSI 4,228 8,460 1,000 16,161 16.16
1TPAI 4,331 8,642 1,000 18,002 18.02
2KAII 3,850 7,696 1,000 15,042 15.04
2MHBB 9,968 19,922 1,000 18,644 18.64
2PTCI 4,262 8,502 1,000 15,333 15.33
2SECI 4,418 8,828 1,000 15,010 15.01
2SICI 7,373 14,722 1,000 18,001 18.00
2SNII 4,409 8,814 1,000 20,131 20.13
2TGPI 4,201 8,392 1,000 15,123 15.12
3HFLY 7,440 14,870 1,000 19,337 19.34

Model Name \ertices Faces Spin Images | Used Time(s) | Avg. Time(s)
1ABIH 15,153 30,290 1,000 20,013 20.01
1ACBE 13,803 27,580 1,000 16,571 16.57
1CHOE 12,881 25,730 1,000 15,980 15.98
1CSEE 12,197 24,361 1,000 15,663 15.66

1FDLLH 23,964 47,936 1,000 25,301 25.30
1TECE 12,402 24,782 1,000 20,109 20.11
1TGSZ 12,590 25,146 1,000 19,344 19.34
1TPAE 12,559 25,086 1,000 16,097 16.10

2KAIAB 14,244 28,444 1,000 17,111 17.11
2MHBA 9,541 19,070 1,000 15,042 15.04
2PTCE 12,457 24,886 1,000 15,550 15.55
2SECE 12,062 24,106 1,000 20,196 20.20
2SICE 12,164 24,314 1,000 19,724 19.72
2SNIE 12,673 25,326 1,000 15,221 15.22
2TGPZ 13,297 26,570 1,000 15,404 15.40

3HFLLH 24,306 48,618 1,000 25,472 25.47
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Al 7S# 2% ligands 7%+ /<2 receptors

fEE, FAMJeigEi® ITPAE s B+, #fFTA ligands i Spin Image HyLLik, BIZE Bk
> I') receptor £5= - Z5 [l £ binding pocket ./ spin image Eifik 4 (- 4 - binding
pocket £ [ [HIR T SFIAS 2 L) -

Model, R.P. No. 3D Image Spin Image Measure Score Hit
1TPAE, 870 N/A o
(Query) (Best Match)
0.2357
1ABIL, 57 G X
(1~ candidate)
0.2184
1ABIL, 178 od o X
(2™ candidate)
0.2075
2PTCI, 190 o X*
(3" candidate)
0.2064
1TPAI, 946 N 0
(4™ candidate)
0.2037
2TGPI, 562 o X
(5™ candidate)




1CSEl, 22

-0.0023

(Worst Match)

T receptor 1TPAE FufE&[1 > EI A ligand 75 ITPAL o _FRifusdfd 1TPAIL HZH T 57

CHARTE ] 25% - FERLECT SHAVRR o (B = FR{IVRL 2PTCE (%) » BEIR T RLIE

JL‘II[—{I"{‘ PF[ ’

K (HRLIE-3D [ e 2 1TPAI z’lfm‘ﬁlll

7= receptor/ligand . correlation matrix :

’ ?&IF'EJH‘F%HE

BLAHIORER - 1)

A B C D E F G H
1IABIL | 1ACBI | 1CHOl | 1CSEl | 1FDLY | 1TECI | 1TGSI | 1TPAI
1ABIH | 1ACBE | 1CHOE | 1CSEE | 1FDLLH | 1TECE | 1TGSZ | 1TPAE

| J K L M N 0 P
2KAIl | 2MHBB | 2PTCI | 2SECI 2sICl 2SNII 2TGPI | 3HFLY
2KAIAB | 2MHBA | 2PTCE | 2SECE | 2SICE | 2SNIE | 2TGPZ | 2HFLLH
EFSTI 0 T pOSAS R TR RS s b S A ACB EFBCEF Coevees

PEP-

AN YIS He
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53 RN

E

Elql-

023 | 0.17 | 0.19 | 0.16 | 0.15 | 0.20 019 | 017 | 019 | 0.19 | 019 | 0.19 | 0.19 | 0.19 | 0.12

021 | 019 | 0.17 | 0.14 | 019 | 0.19 | 019 | 0.19 | 0.19 | 0.20 | 0.19 | 0.16 | 0.18 | 0.18 | 0.13

021 1019|019 | 019 | 0.16 | 0.16 | 0.18 | 0.18 | 0.20 | 0.17 | 0.16 | 0.17 | 0.16 | 0.18 0.12

AT
It

\

0.21 | 0.18 | 0.18 0.15 | 0.16 | 0.18 | 0.20 | 0.20 | 0.16 | 0.17 | 0.20 | 0.17 | 0.19 | 0.19 | 0.12

022 | 018 | 0.20 | 0.20 | 0.17 | 0.17 | 0.19 | 0.19 | 0.19 | 0.19 0.19 | 0.20 | 0.17 | 0.19 | 0.14

0.19 | 0.19 | 0.19 | 0.19 | 0.16 020 | 0.19 | 0.15 | 0.18 | 0.21 | 0.18 | 0.18 | 0.19 | 0.18 | 0.12

0.19 | 0.17 | 0.19 | 0.15 | 0.14 | 0.18 0.18 | 0.16 | 0.17 0.17 | 0.16 | 0.19 | 0.18 | 0.13

» Query > Measure Score &

h

-

\

024 | 019 | 0.18 | 0.16 | 0.14 | 0.16 | 0.19 | 0.20 | 0.15 | 0.18 0.18 | 0.16 | 0.16 | 0.20 | 0.11

Receptor £

022 | 0.19 | 0.18 | 0.15 | 0.17 | 0.16 | 0.16 | 0.17 | 0.20 | 0.18 0.18 | 0.17 | 0.17 | 0.19 | 0.13

0.16 | 0.17 | 0.16 | 0.13 | 0.17 | 0.17 | 019 | 0.15 | 0.19 | 0.21 | 0.19 | 0.18 | 0.18 | 0.17 | 0.15

0.17 | 019 | 0.15 | 0.14 | 0.18 | 0.18 | 0.20 | 0.16 | 0.18 | 0.22 | 0.18 | 0.18 | 0.19 | 0.19 | 0.12

0.18 | 0.17 | 0.16 | 0.16 | 0.18 | 0.19 | 0.19 | 0.18 | 0.17 | 0.20 | 0.18 | 0.16

022 | 019 | 0.19 | 0.18 | 0.13 | 0.16 0.18 | 0.17 | 0.18 | 0.19 | 0.18 | 0.16

023 | 020 | 0.18 | 0.17 | 0.14 | 0.16 | 0.19 | 0.20 | 0.18 | 0.18 | 0.20 | 0.18 | 0.18

(R : Receptors ~ L : Ligands) ']

022 | 019|019 | 0.18 | 0.12 | 0.18 | 0.17 | 0.19 | 0.15 | 0.16 | 0.20 | 0.19 | 0.18

0.17 | 019 | 0.15 | 0.16 | 0.17 | 0.18 | 0.17 | 0.18 | 0.18 | 0.15 | 0.17 | 0.19
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HIEZ A = HFVEEEREN P oS Spin Image £5LTAEERD ligand £
56.25% - *'V‘Hﬁf[gﬂ?ﬂﬁ ZlIf T € 0 27 FE Y ligand fﬂfugwk&ﬁ e fli - FEASRL E#@\r
N~ 4pvligand 9[1 : IFDLY ~ 2MHBB ~ 3HFLY > %}l fﬁﬁm\;ﬁ' » fUHERLPNERIVAEL T - > ligand
Hiﬁ;ﬁﬁu‘“ VA IFLE& iifm”ﬂfl 1 RY receptor Jielpsh T o Tyt o] {9 TABIL £ 8 R
FFES  (f AT POREE |53 B Sy > RPN SRR (4 % > P [l receptor #
St LR -

[+ Spin Image Y & 1 Elif"xﬁ ~~ErEEAY Spin Image [5IREL 200x200 FoAfIfs - J\Iﬁ
53 % & FIFT= Elephant 8172 T % » 59 10~20 FpV ] » AU [ S 2 ORISR
FERREURLAS S 09 b s+ W5 PR BT 92 7% ShBLEL Spin Image o8
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Chapter 4

Conclusion and Future works

o SRFICER] 1 S A TR YR > FTRLESRE Bt o () Spin Image 77V 19
S P GRS T © T PR ORI A9 (0 ZDOCK) e (A
TR R OSEETINE (300 VR ¢ 2.2GHz, Linux) » AEISEHRESS R

(1.4GHz, WindowsXP, IVM1.6) » [i' Skl vl - aydi ’J}ﬁNE?*] &

SRR £ TEE R B VT2 RGO R ORI — TR PR T B A
fol 24 ] FEAOFE T (1.4GHz, WindowsXP, IVML6 ) » 5 [ df B[ 125 {Pfi o [Rpis oy
B PRV GIRRT P SO SRR - IR RS ARSI COE I LM
N~ PAEpoadif - 1 7,000 fi 1.0 ligands (AR P 174 T = & ot b A2 o
[i* receptors » 3,000 fi[*1%- 7,000 {1 ligands GGREZH A = ) Pl UF) = A5 4 HE s
PRIE= 25 P TSIV P57 T kL S AR Al N oA ISl - 7 Spin Image
BIHEC BT GPU VR SRS R  ARF T RIS OB RIG -

DIt > VI o OSSR s R RS T S P I IRV RIES R
TR © ST § I TR RS O D o 25 Spin
Image FYff] > i1 Rl l'[ﬁ'f@%}kﬂ*ﬁlfiﬁﬂl’}} °

TR PO (R B S G TR ﬁﬂ* (it (el A > P19t 7% Binding
sites VAT b TR B ARG, + 1SS S R L B2 B
(i
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