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Keywords: protein-protein interactions- interologs~ Correlation coefficient of the gene expression
profiles ~ DAPID -~ protein binding site ~ GEMDOCK ~ Scoring function

Protein-protein interactions play a central role in numerous processes in a cell and are one of
the main issues of functional proteomics. Prediction of protein-protein interactions and binding
sitesis crucial to provide insight into the nature of macromolecular recognition and biochemical
mechanisms. In this project, we have published two SCI journa papers:. 1) J.-M. Yang* and
T.-W. Shen, “A pharmacophore-based evolutionary approach for screening selective estrogen
receptor modulators,” Proteins. Sructure, Function, and Bioinformatics, vol. 59, pp. 205-220,
2005. 2) J.-M. Yang* Y.-F. Chen, T.-W. Shen, B. S. Kristal, and D. F. Hsu, “Consensus Scoring
Criteria for Improving Enrichment in Virtual Screening,” Journal of Chemical Information and
Modeling, val. 45, pp. 1134-1146, 2005. We have also have prepared two papers to submit.

We have achieved three main results. In the first part, we proposed a new concept of
“3D-domain interologs”, which is similar to “interologs”, to predict protein-protein interactions
from 3D protein complexes. The mean correlation coefficient of the gene expression profiles of
our predicted interactions is significantly higher than that for random pairs in S. cerevisiae. In
addition, we find several novel interactions which are consistent with the functions of the
proteins. Then we construct a Domain-Annotated Protein Interactions Database (DAPID)
including DIP database, PDB and our predicting protein-protein interactions. The DAPID data
model allows users to visuaize the 3D interacting domains, contact residues, and molecular
details of any predicted protein-protein interactions. The DAPID currently holds 1008
3D-interacting domain pairs and 135535 predicted 3D-domain annotated protein-protein
interactions. It is available at http://gemdock.life.nctu.edu.tw/dapid.

In the second part, we developed atool for predicting protein binding site. In order to predict
protein binding site, we analyzed the probability of residue and secondary structure on protein
surface and binding site, and integrated the hydrophobic concept. Besides, we used evolutionary
strategies from GEMDOCK to optimize the atomic parameters. The average successful rate of
predictions in training set (104 proteins) arrived 65.38%. Among, enzyme-inhibitor was 79.54%,
antibody-antigen was 60.52%, and others were 45.45%. We can improve the accuracy of first
part by our tool. In the third part, we used GEMDOCK to predict protein-protein docking and to
model the protein-protein interactions based on important binding factors. We also use
empirical-base scoring function to advance the predicting accuracy. The average numbers of hits
in top 200 from knowledge-based scoring function were 150 (bound structure) and 98.17
(unbound structure). The average numbers of hits in top 200 from empirical-based scoring
function is 181.29 (bound structure).

In the future, we will integrate the research of the second part (binding site prediction) into
GEMDOCK. Finadly, we will construct a new protein-protein interaction system and database,
and expend our tool as an automatically pipeline system to provide related services.
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11x5:A
P12643 254 ehswsqirpllvtfghdgkghplhkrek
316A

8 -hgpgnkgqpfmvaff---katevhirsirstgskqrsqnrsktpknqeaLRMANVAENSS
rgakhkqrirliss-—————-oommmmoo o

11x5:A 324 SDQRQACKKHEL¥VSFRDLGEGDW
P12643 296 -----—- CKRHPLYVDFSDVGHND

EGYARYYCEGECAF PLNSYMMATNHATIVQ
PGYHAFYCHGECPF PLADHLNSTNHAIVQTLV

11x5:A 384 HFINPETVPEPCCRPTQLNR YFDDSSNV YINmyvE c
P12643 350 NSVN-SKIPKACCVPTELS: TLOENEKVY yqdmyvegoge
3708 372L 382L
11x5:B 1 mgaaaklafavfliscssgailgrsETQECLFPNANWERDRTNQTGVEPCYGDEDKRRHC
P27037 1 ngaaaklafavfliscssgallgrsETQECLEFNANWEKDRTNQTGVEPCYGDKDKRRHC

11x5:B 61 FATWKNISGS IEIVKQGCWLDDINCYDRTDCIEKKDSPEVYFCCCEGNMCNEKE SYF Pem
P27037 61 FATUKNISGSIEIVKQGCWLDDINCYDRTDCVEKKDSEEVYFCCCEGNMCNEKESYE Pen

fuvyrhhknayppvlvptgdpgp
vrhhkmayppv lvptgdpgp

evtgptsnpvtpkppyyni
evtgptsnpvtpkppy

11x5:B 12
P27037 12

cvwkagllneyvavkifpiqdkgswaneyevyslpg
govwkaqllneyvavkifpiqdkqswaqneyevyslpg

11x5:B 181 pppspliglkplgllevkargrf
P27037 181 pppspllglkplgllevkargrf

11x5:B
P27037

mkhenilqfigaekrgtsvdvdlwlitafhekgslsdflkanvvswnelchiaetmargl
mkhenilqfigaekrgtsvdvdlulitafhekgslsdflkanvvswnelchiaetmargl

DAPID TR chié # §oi) o gt go ] A iz % P12643(4 ¥ & 4L 5 bmp2)(t 5
F-9 - (a) DAPID F#L &7 12 * Swiss-prot 7L & (5 %,i(accon number) » 2 %]
e FMars kb e (b)g.t?i’ MP2 &4 2 3 (e % thgeds < (0) /> i dod I

18 (

& PDB £ #. 1Ix5:A:B) 4&#] BMP2 g.%i’ ACVR2 % 4 2 3 iF% o BMPZ? B
LI W oy R B TFT _beta(s ¢ )22 ACVR2 thigi 2 3 8% # i % B Activin_recp(w

Qe

Y4 T o PR IS * FIZRH03] kA R o (d) BMP2 ki’ﬂ %sr*.’%ﬁ v F
(1Ix5:A)Fr ACVR2(1|x5:B).eE£ B 30 F 0% PSI-BLAST ¥4 5t e % o = o
ﬁ-‘%& ITO0ER H N RAP mn“‘ﬁgﬁ% < ¥ AT o F 3t Ei‘{-%ﬁj&miﬁ'_ B A (BMPQ)E%

(ACVR2)k 4 57 » & B i=jAfldp e c3s o PIR-F W4 e BMP2 1 5 v B & & "l ik
20 fe ACVR2 % 4 = 3 8% » A& w|F_316A, 370S, 372L - 382L » @l ? iz d & =4%

'/'F o
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()4 k77

AR TAEMA & Bk iRk TR B)X 3 - g2 30w o
FIpt S A K- & o FAF & M empirical potential”® 2 H v AT A st i R (B
4o GO FHAE ) ke sp 2 et A AR o ¥ b A e SRR AT A Y L
BHAIARFHG FiEfo Plam “T LR hw i R G TL R - AT - HFE P o A
Mg EF R U TR MG KA LA 0 A SMART 4r ProDom = ¥ ¢k > S i ¥ 3R
£ DIP~BIND ~ STRING # # v 3= FF# £ 7 DAPID ¥ » g it * ¥ { 2 ehjv
BRI (e% gk o
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<
1y
\4
N
P
T
R
1%
T
R
n\r:

%_ 4 ’*F/?

2
o}

T A TIPS B A TS P A R B2 AR e -3
TR 23 e & ik o g (metabolic pathway) S 4p M A7 7+ /£ & » 39 FT-Fd T2
O {F% 81 Fen ’Fﬁ?‘;’;f"ﬁﬁﬁh |3 H A4 Fozt i 2iriphd o fl"”‘f?{_g\; IS HAT D i BT o
B A g ERe T (signal transduction pathway)® 7 & #3-9 H-%¢ F 23 7% kigiin
d o IR ’Eﬁ’lu,ﬁ-\ﬂﬂ}r’ﬁ_‘f’m}g ’Pﬁ'l‘l/s\;ff; ER > AR REFLF i o By ’Eﬁ’i
IEF R ERPELIFH) DL P ERHE R R RAPHP PTG R 7@;?& £ 3=
- B de F-F0 B2 A3 iE* o J* G LR syeast two-hybridr 2 protein-complex
purifications % #7 3 v H-Fv FR I3 T fAp % Hsheaniviz > e £ 4 7 o prie
doongF S A F G I (T chjo F4f & %4 (protein complex) i # e > T P Fev HAF
EHE RS quﬁij\{? A RS E TR E R ook A 47 f‘%ﬁq’v i g-n
-F0 BRI TR gyt X1 TER B9 TV a0 & ¥ (potentia binding sites) £ 3+ & 3
v 4+ 44 & (protein docking) s3iE B 3] 0 K BT A P EE T fohded -0 7
23 iF* ﬁuﬁt 3 ﬁ;»ﬁ F-v %‘rF”'ﬂsb ] ra;fé FEFEL

RIFEAL 30 FRIFrend 25 3 f o m A fidy FenRfEFRLE Y - 9
JAR 3 (Fh h F 0 G ded TR 0 X3 A ke %‘rz\*irsv‘? I = BRI
FOoRG - BEHFTORS ] E FET I 22, Neuwvirth 2% 1 155 A 4515 # 2.9 %
FR T g EORAE R 2470 7 UFIRCYS TYR~ HIS- MET
I F e+ > A THR~LYS-PRO~ ALA ~ GLUE #7 % % M13hen> KR F ik B3 &

Vo E D F A k(aromaticring) F ek 3 B R DI jE S B H; F3oAadg s ¥y
# .loopr % beta strand ' 4% F . > @ alpha helixf] 7 7 5 13 » &N P IR 39
FASE TS EGY S R0 GR RN F R - i%‘réﬁ}ﬁ—*ln\tk\? : ;@
Fernandez-Recio * % 4 e 2 b hith~ ¥ Rk p kL i B1 7 @
chir &> 3 2 % 328 Fod TR PPEH LIERI F0 Feohv s o

-

T

—
5

-

o

A hdlP o A4 * Fernandez-Reciost ¥ v Fasn-ken® > g2 g E o
R A g JF GARR ARG 3N F R - B p R IERARS 0 5T R R
TERIAR S v FoE > A 44 Neuvirth2 Fernandez-Recio?tié * &htesting et igip] » f
APEIR DR S > 561 v B P T IR ER G 47.4% 0 82 R i3 Neuvirthen
SL7%%ErRE » EH AFFRIG S DTIEE F(LESE T f) L > 2P 5 15.7%
¢ 3 Neuvirth=712.9% ; @ & Fernandez-Recio|:# <7601 F-v ¢ » i oL 3o3f p| &
FE B £405% > T 303 F & §.34.9% 0 @ Fernandez-Recios-T 355p B & rr B §.37.8% » T
@ EFSR AN Feint RS SR | B SR B BP0 Bt 2 LA o

g b VA AP erg B AT RARS BERA L ¢ SRR ROV RA S AP B
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T2 P F LS ok AR PRA S RIFRARS 0 RS B0 FROEE
[l o4 gmﬁﬁ R E VM R E A T R IR RURE AT o

&y
ﬁr@\
S

|

3B
KHE -y 8% Y o APT EIHE RS D9 I IEY REIER 4R
T g A F - g &Pﬁsbm¢ﬁlrwﬁo$+ TEDERP o A PEE

ezt il R s - &..sﬁ]& Ede Fie NZ ARs x_(blndlng Site) F s K > P 4o xogn
R EPEA o RIERI G0 T AR S s BB F A AROCRA B Ry R ehiE b et
§ENGHETANE F AN B FRAFEALITY o pAFLY L A
PR P AR R TR AR L eh 0 A RS B R TR RS e §h
BHFAME S FEELA PR R BF Y4 P o

R

fAEY 5 A 4E T Juan Fernandez-Recio 3+ 8 Mg -Kiten= 2 > 1% 2 fen
B+ A f& (atom type) & > B3t B Apn R e £ F B 02 Aeah G 2L #F (knowledge-based)
Tt R THEEEF T RF UE C .ﬁk‘*%ﬁi‘: B3 IR s > AP TR TR S JJ,@?&?
e g BT AR A AR AL RRETRLY
fer T 4B BBHSHFW 0 X2 1% AP %3 HE E o GEMDOCK® i % #r A o
g 1 34 % B % (evolution strategies) T 5 B i it & & ;# (optimal agorithm) > % iE & & i*
PURF FL(training data)sh 34 0 SRR E - AR F A EATE F S EE S T R
% 56 B v B enipliE TR (testing data) + 0 12 2 21 H 8 Ap B 2 0t BRI R 0 g
i3 g?gjg_é_'r S

3

Training Data Set

Afei * 7 Protein-Protein Docking Benchmark ° ¢ 1 52 1 ¢ 4reng-v H4F £ 4%
(protein complex) » ¢ 4 7 Enzyme-Inhibitor (22 ) ~ Antibody-Antigen (19 i#):2 2 Others

(11 ) > ¥ &2 R 104 & 30 7 H 48 (protein monomer) £ % § w3 RF A > @ &
AR B S #(structure dignment) v # i FAF 6B R R TENEET
iz ¥ 0 104 BB HID FTHEHY > F5 5 26 B R0 FH 7 IER T AEAE £

G A
Testing Data Set

Aqpié 1 56 B d-v B RIER > 12345 Neuvirth 2 2 Fernandez-Recio i * i
FRaa ok o 29 Neuvirth 2 * 7 56 # 39 F > Fernandez-Recio #& * 7 50 i 39 &
(Unbound database B) .’é.i?ﬁ;‘?l v B E - A Newvirth # * hj-d Fily ¢ 7 @0
Antibody-Antigen > 2 A FALFIA PR F IR FFL e R F TR oo AT BRSO S

13



a
b
R
-

—!_ #‘ g <
M ethod

BB AL B(B = ) 4o ™ #r7o BE d 2 BN s (A)Surface and binding site
residue ~ (B)Calculate ODA vaue and Z score ~ (C)Select Z score and smooth results -
(D)Equations of ODA and Z score ~ (E)Optimal function ~ (F)Atomic parameters » 47 % 3t
- - BN G M o

A ©)

= > (5(Atom]) x ASA| + Ss(Atom))

Z' = (E'-E)/std(E)

Surfaceresidues

i=12..N
N
o Fit = E (1- Rate, + Success, )
k
‘E'—+51‘ ‘E'-SQ‘ E'-lOZ‘ (F)
20 \\ / Atomic Chemical-Physical Parameters
10 \ / g Atom Type
Ei o= / 41732 Caliphatic backbone and C,
\ /‘ -268.563  Caromatic
-10 127.255 N uncharged
-20 ! ! \ 206.239 N charged in Lys*
0 5 10 15\ 20 6.211 N1, N2 in Arg*
d (A / 2662 O hydroxyl
@ ODA Value -10.2 -12.375 O carbonyl
102.601 O in Glu, Asp
-537.241 Sin SH
-850.644 Sin Met
33.616 C aliphatic side-chain
30.062 O double-bond in Asn and GIn
-254.692 Nin His
83 -46 70.029 C side-chain in Ala and Pro
-7.2
5.8 . Atomic Secondary Structure Parameters
-11.7 _1'5 ss Atom Type
-9.1 -7.738 Helix
6.2 -2.3 -5.241 Strand
-10.2 -9.485 Turn
ODA Values -8.785 Loop

Bl- . FFRI R F-d FRECE2ZETLR > R&F -~ BH 3 (A)Surfaceand
binding site residue ~ (B)Calculate ODA value and Z score ~ (C)Select Z score and smooth
results ~ (D)Equations of ODA and Z score ~ (E)Optimal function ~ (F)Atomic parameters -

14



(A) Surface and binding siteresidue

FAOAPLER IR I T ML RAREL £ KT g FZ E G R9 Fen
*%ﬁﬁﬂﬂ%}ﬁ?’%”ﬁwﬁu}ﬁ?%*ﬁwﬁﬁéﬁiﬁM%s%’gw
AR I T avRikpt h DSSP et ¥ ¢ R G chg 4428 10000 5 & 6 e o B
FoAPE R ENGE maveApG Vil > At A auﬁw’ﬁ %ﬁifi CRILE B e
3 MEPE S Gt R RER) 3 BA g R o P RR SRS auRAR o AR
FA104 30 B o Ag AR TG 128 0 B A AR ARKTIOL 28 o

(B) Calculate ODA valueand Z score

A E I R EF - B4 5 A ODA value ¥ 3 & Z scorer B 14 ik BB
Z score ek o] RAFRIEE BB L ek > Fwaa N A (D) I > A TR
P iy o § AR P A G RAMKG Cg R Rk F- BEE 20A Sk B
¥R A BE S0 RS @F L 1A 28 3A 208 h20 Bk o BT kAP E S
-~ IR E FRlenE % RS 0 MRS R B F %L B e atomic salvation
parameter > ¥ 4= T P4 fiAz Rk o (X & - Fp3k e ODAvalue € AFHk 1718 (8 7] 20 3p 3k 0
ODA value > # % £ P~ ODA vaue ® ehd ] B 1% 5 3% 4 & "= e #r & 5 9 ODA value -
kiR eh MG ehd G v L en ODA value 3-8 1 %k > 427 % £ szt ODA
valueifé;#ﬁ:x Zscores 4ot — K¥ g iEE - B4 e Z:-i%ﬁ/; ARG eniEd € AR

Th(C)Y £ kFppvit £ g e A M A G L&Y N ERREOES -

(C) Select Z score and smooth results

& 1 iER EILANZ soore & o RATRG £ ek o A R-A PR e d iR
L 3o5F R /e & (TP / Predict @ spiplveAd A8 =2 mf 5 B 6 [ #r3 ERILE
& e AL k) ~ T3o0m E F(TP/Bind: FEpPeipm I s = mf 288/

& (=il ke Bi)8r Z score(-5.0 ~ +3.0)% = T BI(B - ) J B ¥ &> § Zscore % *t-1.5
HpElE > LTI p B RE Y L E D F B 59.67% > A TETERIE&E F 5 17.83% 0 AR
Bl 5 (FRRIEFE AR+ Y E 30 B0% i d-v FAL 2 # nIE ) RS 63.46%
(66/104) » % Z score % >+-1.0 enpFiz » T 3a3gp| B e v 1 E 1) 57.80% 0 @ T 3597 R &
F55 21.76% 0 g plenad e SR L 65.38% (68/104) 0 F]ut A W‘ Z score o ¥ &
aaoma*wiméﬁﬁmﬁﬁtﬁmﬁﬁ’&é%hﬁfﬂﬂﬂu # 3| A TR
= F R R g T 393E R .%—E"E:‘fr—lij,m* 0
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—— TP/Bind —— TP/Predict

1.2

04 r

02 1

6 -55-5-45-4-35-3-25-2-15-1-050 05115 2 25 3

7, score

Z score 5 | -45| -4 35| -3 25| -2 | -15| -1 | -05 0 0.5 1 15 2 25 3
TP/Bind 0 0 0.01 | 001 | 003|006 | 011|018 | 028 | 038 | 05 | 0.64 | 0.82 | 0.99 1 1 1
TP/Predict | 0.06 [ 0.07 [ 0.12 | 0.2 | 031 | 045 | 053 | 0.6 | 058 | 0.53 | 0.48 | 042 | 0.32 | 0.23 | 0.22 | 0.22 | 0.22

Bl= . # FenZscore 3R ipd & B B ke o d §_ T 353 p| R i (TP/ Predict : 3¢
F] i Gl P
«F‘ Mz&ﬁ‘fxa‘* £ R G "% g |ty FERIEEE 'ié”ﬁ”?f& 2»&@() VB AT
2 X(TP/Bind: Fpip'=A A gt my 86 | B8 ipalii)s Z

score(-5.0 ~+3.0) -

'li'f?’f‘ P41 * Z scoresE MRl o dRARLTS 0 F T § A4 - B EIahipp
5] 4eF mﬂ*ﬁ;ﬁ‘&éf*“ﬁi_ak LR P R (FHe b Asdr Ak Bt 3) &
R F‘Jm“*zisﬁﬁw o EREL =X E'Ji’ét".i'i’—:lfﬁ,% ‘5 s F| AR S enFEp b 0 AP
23 § L RAE R VR BAVIRIER A S F e Fod /.%41("“ : FI %2\ i sk 8 Z score
B PR R B e o B MTT B2 B e cDIfR] ;% ..:g&—i‘ e A ik 2. B SNRESE > 7B Ve ik 2
Bz BRI IR A AP ERAF LR - - T AIH i‘JﬁE%ﬁ“’v? 3A
SR G b 0 BT R JERT IR & P PhiE Z score Bo| iRk 0 £ R 2 W en
HF o - BTG nIfR ﬂfeéﬁfriﬁm\ SE o RSL 2 HEEE - oA BHE ok )
W3R HAGT RN 2% B T Lot I % e et el i A 5
R 3o Mgl g SRR R o YR T 07 5N T A R an 2 iRl
H A TR DR R -

44

(D) Equations of ODA and Z score

A At B - e et (o ODA value BF o #1ié * i SN 4o AR

=min(}, [} (5(Atom})x ASA, + Ss(Aton)))] (4)
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| R R AT I BIRABSCe TR 2 ML e L A d(1,2 ..., 20R) &
Rz e G 0 ERBE)TTR DR TS P FE S ASAEL R T PRE G
f# > Ss+ 445 (inthefollowing Section F)#t % & e + = s/ flice § AP B 2 2L
E1-20A 20 B E B2 G5 0 AP RESHE @Y ol F ke ODA value -

F PR ey g ODAvalue ts 0 G T AL 7 B 39 F R e ODA value
£ Big~ o A A et ODA value # 4% = Z score o fi i ee 38 4o A on

Z' =(E'-E)/o(E) -

LR AT R 0 E LG BT o) LERE LI -

(E) Optimal function

A A% GEMDOCK iy i i 3% i 5 % k34 B Atomic parameters e g <

/J\ ’ Ji,E ‘f‘]'ﬂ' T m TN } lf} I'Jﬁxli L m%% o ;?\"lif'—r ’1‘T7F_
N

Fit = > (1~ Rate, + Success,) (6)
k

LR F I il Rate Lty 5 K 3od el A i o ¥ R B FE AR ALIE
50%: % + SUCCESS it & -1 f T RIEFER 1 3+ 0%F] 50067 » SUccess it 5 0 4
?Ez?‘]@ﬁﬁi % 0%:> uccess, (i = 05> ﬁxf’é‘f!}’}f GEMDOCK i s 35 1 X j\;’%
£ Atomic parameters cdic @ % o] (Fit @ A% ] A&4F ) o F1 % b G 2 NV o
GEMDOCK %34 B $-8cpF 2 o ¥ g P Bk cde = > & € ¥ g Il -9 IR R e chiic
£ ;g;‘”"‘ﬁ F FLen é-‘;: g 4F o
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(F) Atomic parameters

2P g Ap B ),?%'1 Favdo T AN T AR ARG AL - BERF DT
(Chemical-Physical)# 1+ - ¥ — f& & = 3 4 (Secondary Structure) # {4 (£ = ) » &g 2 i
%% chFernandez-Recio™ #71i¢ * hR + Al fi g 17 b AP L H PRI HEF FF
AR AR R S R A TR R S AR TR E TR
2 - % Lﬁ;z: WA LRI R T R ARIRREUREROEE S R0 TS
e SRR FHECITFINRORFI AL NE - Aﬁ]& v ips FONLGEF
%o & -0 B (ex. 7TRSA:RNA binding protein) 4 i f}f‘u{,l‘x MoK E Y Mo g iE

LS b F o

n»

*.)(
‘3\

2. R A S8 ¢ 3 R o it (Chemical-physical) #1212 2 = & 45 (Secondary
Structure) 4% 1+

Atomic Chemical-Physical Parameters Atomic Secondary Structure Parameters
0 Atom Type SS Atom Type
-41.732 C dliphatic backbone and Cg -7.738 Helix
-268.563 C aromatic -5.241 Strand
127.255 N uncharged -9.485 Turn
206.239 N chargedin Lys* -8.785 Loop

6.211 N1,N2inArgt
2.662 O hydroxyl
-12.375 O carbonyl
102.601 O inGlu, Asp
-537.241 SinSH
-850.644 SinMet
33.616 Cdiphatic side-chain
30.062 O double-bond in Asn and GIn
-254.692 N inHis
70.029 Cside-chaininAlaand Pro
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B% B3t

_L_\;:bk:a‘}«/\r} s I\ 'Fai&—iphﬂg »,llﬁ ,}l'/ J-_‘;: s T’,g ;Lﬁiz\‘.ﬂaag}: Juan
Fernandez-Recio 7 fr e + A i T & #3708 & @ o &7 A 1% 20 andg ;8 A pld
FAL IR S 0 B (S BT RIS F F 4 0B S RGRE o

Training Set Results:

AR it 2 % 0 £ % Fernandez-Recio 1@ * e 10 /& + A A5 0L E S r
FRAISHRF AL » AV RFT R 104 B 35 T bt @I rdcd =
ST 0 ARl F > AP KR+ A 2 Fernandez-Recio #E_E R S
4] & % Enzyme-inhibitor s 75 R E & B 0> @ & Antibody-antigen s v X
i Others cn A B 7 4700 i 1 Fsuﬂg Enzyme-inhibitor sh3d-v 5 &% & ehd AL
- Rene @ AP E R ORSF A AT R BERR ALY 5 B3 Fernandez-Recio #t
TEGRFAE 0 A B DR FERB A~ ¢ 7 2  Fernandez-Recio #1 & ek + A

BT oA Fl R B E gk gty o é?;-yw?&‘ BEUTAEE S ”&ui?ﬂfé s 5
oA A PR EDRTAGE TS R B G R F o BIT LR AL
F3

#Z. 2 ehF A 104 B o B¢ AR

Success ? TP/Prediction ® TP/Bind ¢
Protein type Fernandez- Fernandez- Fernandez-
Our . on Our . Our .
Recio Recio Recio

79.54% 61.36%
Enzyme-inhibitor 67.11% 54.2% 27.91% 39.15%
(35/44) (27/44)

60.52% | 42.11%
Antibody-antigen 54.34% | 38.65% | 33.16% | 37.22%
(23/38) | (16/39)

4545% | 36.36%
Others 4515% | 32.81% | 18.11% | 25.19%
(1022) | (8/22)

LARR R F o TERIEFER < T E D 50%:—;1}\,—, TR 5 =5 chapip] o

CARRIRFER > FRDRAM IS S C Y 2 RS [ AT R S marRARY
e o

CAERLRES > FRPRAR IS L mr Y LR | BE Rtk
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Fernandez- Recio our

BN, 30 B 2KAl > 2 # @& * Fernandez- Recio * 2 s e + A i “730 Bl enis % > %
H AR R > i d IR AR S o £ B ATERIP RS = B H
TR RenE & Fd F2ERE ety o d B¥ 4> Fernandez- Recio =g % AT
B T R E AN > bt 2 clysl5 s Alal6 s Cysld ¥ B & Bt i & et v Bl
FART oA AP TRKDRF A LT UE LSRR 2 o

Rl

Testing Set Results:

A4 e 56 B v FRURE X2 VR APM A B ik o i E e
Fow 5 0 AP T IR B R L 47.4% > v Neuvirth 2 e 51L7%F i< 7 - B0 fe
£+ Fernandez-Recio® 1 37.84%%& 4 > @ 4T #oi: ¥ & + » 2 1 £_15.7%> & ** Neuvirth
£112.96% > @ Fernandez-Recio B 4 71 i F 5 » G 3fR = 5 b > Vi 4 56 B v
¢ p g7 28 > Neuvirth 56 1 3-9 B @ = 7 ch3fip| 7 35 > Fernandez-Recio
50 B do FY AHIERT 19 > A T AP ATERA ey FREY G 4B R
T EAziE 40%:nEre i e B AT 50% 0 3 5 B v FE4AziE 30% i rr i v B A AZE
40% o o gt v AR enIEpIAR AR b2 5 ek A i E S RIAR
I 4F o
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fw 56 B 30 FIERLEE i B e

% # % (ProM ® and ODA *) 2+t f

Coveragerate Predicting rate CEREEgE Predicting rate Coveragerate Predicting rate
PDB PDB RS PDB

Our ProM Our | ProM | ODA Our | ProM Our ProM | ODA Our ProM | Our | ProM ODA
1a19A 0.263 0.29 1 1 0.89 lez3A 0.167 0.06 05 1 = 1nos_ 0 0 0 0 -
1a2pA 0125 0.19 075 09 * leza_ 0031 0 0.067 0 * 1pco_ 0 012 0 06 018
labe_ 0242 01 0889 0.88 02 leztA 0136 013 0333 054 0 1pne_ 0.065 0 05 0 o
lacl_ 0.455 0.14 0.625 0.24 0 1fool 0 0 0 0 * Ipoh_ 0211 0 1 0 0.8
lag6_ 0.214 0.16 1 0.7 * 1f5wA | 0154 0.06 0.667 1 1 1ppp_ 0.083 03 0.333 091 0.3
laje_ 0346 03 075 0.72 04 1fKkI_ 0261 02 1 1 * 1qqrA 0.25 032 0444 | 085 -
lajw_ 0273 024 0333 073 * 1flzA 0.167 0.19 0556 052 09 lrgp_ 0.042 005 0.083 05 1
laueA 02 035 04 09 08 1fvhA 022 0 0478 0 071 | 1selA 0.174 027 08 061 02
lavu_ 0368 0.29 07 1 07 1g4kA | 0147 021 1 078 1 lvin_ 0.367 0 0917 0 1
laye_ 0158 024 06 054 - 1gc7A 0.09 0.06 0429 078 * Iwer _ 0.108 0 025 0 o
1bleA 0051 024 1 0.69 07 ignc_ 0 002 0 0.03 01 Ixpb_ 0323 0 0.769 0 o
1bip_ 0.047 027 0.667 1 1 1hh8A 0 002 0 05 * 2bnh_ 0.325 0.04 0.65 1 g
lctm_ 0.207 0.12 0316 1 063 | lhplA | o118 003 0.125 0.07 * 2cpl_ 0471 023 0889 | 076 o
lcto_ 0 0.29 0 0.36 - 1husA 0 002 0 0.05 0 2f3gA 0.261 012 1 1 o
lcye_ 0 0 0 0 029 | liob_ 004 003 025 031 * 2nef_ 0.053 024 025 057 09
1dOnA 0.054 0.03 0.133 0.67 - 1j6zA 0.452 0 0.636 0 1 2rgf_ 0.037 0.05 0.333 0.2 1
1d2bA 0.074 031 0.667 0.92 1 ljae_ 0.483 013 0.737 05 1 3ssi_ 0.125 0.24 0.667 1 *
lekxA 0.04 0 0.167 0 0.22 llba_ 0.048 024 0.167 06 * 6cep_ 0 0 0 0 *
1ex3A 0.286 0.29 0727 1 1 1nobA 0 003 0 0.07 * Avg. 0157 | 0129 | 0474 | 0517 03784

Bl d s d o d It AIER B R A AR 50%h -0 BT
* : No ODA hot spots
--- . No PDB prediction
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LIRS EY 3 BBy FER2RG ERIFIEE 2 a2 1ICTO M 2
INOS i s b+ 3P > 4oBl4 #757 » 1CTO E B *H Wiy ch— 46 > “r 1 v £ - 43 fimve
WA T - PR R AL AT Y AR F e A PR £ R
ARG TERIIE S gy TR AT v i s e L EAPIERT I 1CTOHE &

TR W NGy > AR L e fE o

Membrane
protein

Bl . &9 & 1CTO-» % ¢ & 1ICD9A > §F¢ & 1CTO - & ¢ £ Pl % » 1CTO
W30 ch— fa o #700F ¢ > £ 1CTO tlm®e Wb ch— = > AR L =
ch— f o
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AR R] 30 T INOS s % dofl - 45 Bl X3
EA 5 INOCA pshet $ > Rt 7 w0 INOS % & &5
. Bl keniEE p R34 @ INOCA ¢ R ’ﬁ - % HEM » 2\ i
A4 6 HEM » @ TFiR]s % 4ol 4 £ 384057 > 2 8- HEM chiz 3 570
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No structure

Blue : bound
Purple: unbound

- 3‘” %"‘1NOS’ L X amnfEd 47 2 48 INOCA » % ¢ £ INOS » + "gr;ﬁjfg 2
INOS:» % ¢ £ INOCB - & ¢ £ PRl % » 24 £ HEM m‘iﬁé— d B
* & ’ér_ff*@ el o 7 ;‘"bi ERLAERI I K R AR b 0 2 B - HEM dhis

=2
ﬁ%@ﬂ*ﬁﬁé@tnhwu ;¢f%zm@ut§£j§ﬂ%?ijf%%ﬁv H(F G B e
[k U D R W'??HﬁWﬁﬂwﬁK%%€&°
ARFEE
AR R RS R 0 3 R AR AL T R RS

I i 4e ~ ok (homologous) sl & &k 3 4e SR i FE B o F eh AV RE L SR RIAR
P gz w g B ehded B4t & (docking) A2 3¢ ’#44E1E/F1m‘ér SR RS o B
fENGE LT L KNG B FAFFTR AL AT EY > R hp I Feb 5
— B HEE Y FE DB T Es I iEr

—
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<
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0 F-d-v F2 BFeht 3 0F% (protein-protein interaction) E 4% 24 4R chd i
RFE o T fRA PP A F RaugE o BB RR %R N Y -k R
e grigfopje 4 o WEF C FEF LI FF hik-d 47 £ M (protein complex)4% %k 4%

’5 ' 2R FAR A MR B e o JIF R AT TR T P KRR Y
7 i & & (= (potential binding sites)#? 3+ & F-v 5 A F 44 & (protein docking) =i ¥ #-7)
:M—*F FEAE T RS v ’%’*F’“"’ REGE - Rl é‘,27'31 o R S HARIE R B T
fRe g bt FA R e 73 < A dh oAk Er:/»\—* # £ 17/ (docking conformation) s %
EREA B EHH A F#“ k eagt A 35t (scoring function) » 12 & P dE ARG 7
(conformational space) shiw & £ 2 o A EHF B T - 2 arwm i A#H A &8
(knowledge-based scoring function) » I fie & & & F-d F-F-v F 2 3 (FF dug i ;\q';{ £ =
/% (evolutionary-based docking approaches) - #% i #-pt #-3) Jig * & F % m}n (AR RS
RIFEY O FRP AR NS 3T RS LS LRG0 2 JI AP E-
ST 3 o A 4] GEMDOCK 34w i i+ 5% 5% & 7% (evolution strategles) LR FE
/% (search agorithm) » 2 & ) - iiwg'mﬁ,? oo F-Fev R ER afet oo @ 31 A
AANOHFER AP S BROFEEOHETT REENH AR FERL R

At o2~ o

R FD F3 v 2 8 r 39 FHEFAS-BELLEFTHRE 2P Hp R
A A TCEREASAIE B S S S ld B9 FRT IR RRrirdlE B R T
LI AT FER G JINE S B SR )EV B FRIEY o R RAAY B T
-39 BRI AT g s E o I i%’ > i 2 AR anficA] (model) it §T 24 24 IR B Fv
FRchI o (a4t A 345 A0 cha iF i’*"](worklngmodule) o HHEHE S S
Fakul 2 3 5 v B IR d £ & aho ;e‘x‘—%{‘w‘/ﬁ' v B -k FRIEHZEA
& % - 354 J038(scoring function) 2 i 3 25 A i 3 B (conformational space)#e
FFhiE oy FAARIIT % R BT zfﬁ,i"im«f”«; CEMEE - - ey R
Rag AP BB AP R FALRIITIEY FEA T AL R L AH S e
Ekfrwr* ; Mf’wﬁ o1 RS PR RS A SRR L PHE R
U335 Bmyaad REZHE AP EZFE- BT A S5 5k L
'}—.—%\il;/i’igﬁm;ﬁ Feo Al r mAeE S A A#H e B LR R RS A4 S 167
Ao EFI AR DRG FI YA (A48T > WA S ek 4
) TRt MR S AT FRFR o AP A RN P e s SRR E
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SRR E- BB gy FRETIR AL T Y RIRG PN T v
FhBkie- BT A E BB

PR

E nﬁfmmxx%% %?Pijlmwm@w$ﬁﬁwmmHMQm®mk
% zw] ¥ estrogen receptor® ~ thymidine kinase™ ey i 47 i35 o 4P AP B 4o
5 1% st GEMDOCK 2 # ¢ » @ Hif & * 3o F-Fd FAFHE - AP0
GEMDOCK & % #ic 88+ % 14 3V % B i (evolution strategies) (T 4 3% /% & /2 (search
agorithm) » # fie & L5 % B eraeidd 5 4 gt 4 3 5% (knowledge-based scoring function) i
R ORTH NS 5 #h et 4 3 3% (empirical-based scoring function) g B H - B #TE03E R -
PR -0 BRI R ikl o AR RN REFER AP e r TR BRI EES
P @ ERERERE AGEHEEL R A A2 - o TR B ATH 9N

Scoring function

A AR L AH D VR LR R G ws 5167 R TR ET AL
Wl AR RTINIL LY AN N E R S TR T SN %g‘ﬁg) d
S S RS SR BRSNS Y R (3 AT B B AR S T - BT
SRS SN ERRERER c T2 EATFEORERY MR HEE AAE

el PR T2 € WA PR o H SRk R B AN GdeT B - Apor

19
Interactivetype V, V, V5 V, V5 V4
14+ H-bond (polar) 2.3 2.6 3.1 3.6 -2.5 20
Steric (van-der) 3.3 3.6 4.5 6.0 -0.4 20
S 9
o)
c
L
4+
y V>4 v )
At
Vs //f
B - Electrostatic Ogae()

Bl-L-. mFpeyta B4R -7 m Tt 4 (Electrostatic) ~ & 4&(H-bond) ~  + 5 &
iT* 4 (Steric) »
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Surface search algorithm

v

RN E R A 5\37}’“%%'@ WA R TR g o LR IEF R A
Fd A G ST 0 et T LA X GRRiRE R [ Shmdh e

1 #5a @k Fohh 573 B0z d¢ &z head o
2. BF iR U] b £ Fonfea- X2 felafes- L2/ e

3. FAF A TR R o Pk AR BRI FIERALELG 0 A
AR R BRI o

4. FAFEY Lt hoRfinfra- X WA TSR REG FIETI S A
e B R B ERTIPF o S B R RS A

Faster rotation algorithm

R E G B EFRR S B (rotation + shift) et #ic s A -3 2 & R 5 (BESR
AFHRF)FARE AR PHEEBE RS LRRAL T DRI REHE 4o
PLARE K b RE M B PP o 2 ..émbawrw

1 #5 Bds FHEFO0 50 S0 4ot P Foralli 645 S f o ¥ S
—feend o B L E R ST R G R Y e (Gly 3 Gl o
2. 1345 Evolution strategies #r 4 2 e & 46L > EE A P iRdd TP ) F P 64

oo s TP B@EE 22 8RS iy Fl 64 BT omaa g #2184
HH S BT R o

3 EE KA &) Fo A - p arRlp Cp RS R X3 R B T
S hente S poRA L Cp i B enpEd o MpEAE) Y 12A aoRfp K 4T K o

4. B e Beinfio] Fou F L avRipd &

R R EEE B o P Y -
R i 1§ e SreRdmR 3 $ﬁ§°
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Data Set: 641 Protein-Protein Complexes

UK 2 A TRl Al (model) it * R IERATG ATAl DR TR R T iR

ETIAACIE T RERE TR cn R B £ (dataset) ALF £ A KAy ehi AT A& p f?.%?,‘ ]
O OF O RBPEN PR LT G ik L (bies) c APPENDOTHELERE S 2
641 1t 3-v me & §8 (protein complex) » ‘&d izt PDBY fh% ¢ ciifa > AP v 479 7 12
B EREEY ¢ 7 G-proteins ~ antibody-antigen ~ DNA/RNA binding proteins - electron
transport proteins ~ enzyme complex ~ vira proteins ~ transcription/trand action factors % »

EE NGl I <~ R gF %‘*#ﬁ@ﬁf“%ﬁ“ﬂ it 64l A0 FAEMETMEEESD
e S (B2 ) AP FaRARE S ARD Fhgd AT T R BEER
§ L EEMFLL cRAY B2 E ST Rk e ¥ LR RIR I R

a0 E’”/r"ﬁ_?v °

Composition

@ Composition in 12A B Total protein composition & SCOP40

01 r

009 M

0.07
0.06 [ B M m M
0.05 M
0.04

0.03

0.02
001 m
0 . . . . . . . . . . . . . .

GLY ALA VAL LEU ILE MET PHE TYR TRP SER PRO THR CYS ASN GLN LYS HIS ARG ASP GLU

Amino acid

B+ - M”éikﬁﬁéﬁ;“&# od 23 4 4 W E_641 B F-v ?#}’@%ﬁ dataset e 3 8% &
(interfacein 12 A) ~ 641 @ 3-v §4F & ¥ dataset ch#7§ "efkft e & ~ SCOP40 th#i 4 ¥
APL A o

Performance of New Knowledge-based and Empirical-based Scoring Functions

KEI gk ? > AP 7T g I 167 ffRF A 5ganta > 3 AR mAR
FE 18 fE R F A4 A 20 SRR A St A 2 N KB R AP T ek 167 AR+
A Rgen™ 340 2 A% & bound E“z‘iunbond PSR O TREEE SR RIERT
Fen2 3 (% 2 ERepiEr 4 (FR 4~ “@ LS F4ER) A 18R T AU A
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Bpens Lo ot gk p o p Rk e P A 2 i B M TR 0 20 20 AR A SR &
ZAe 167 f8 & A 70k Bagenk prd RS BT I angd i B Vi w R 167 ﬁ,é_b%l +
AR N A RFTNERD RSB EEE > AT U E R ARAKEF R EEE

2T RBABAESNERY A LTI H sk 167 /R S A% 184
R A RE IR 20 fEPRAEL A B 0 Av 2 FAREAE A 55 N (H - pEHS 10 AEEdL s
)

/

=

o
5

Average numbers of hitsin top 200

167 atom type 18 atom type 20 residuetype

method1?® method2?® methodl method2 methodl  method2

Bound structure 117.82 150 0 143.41 103.58 7.76

Unbound structure  88.47 98.17 4.88 86.23 89.64 0

Hits are defined as docked structures with al main chain aoms RMSD = 2.0 A from the crystal
complex.

2 method1 : a contact distance cutoff R.=6.0 A

® method?2 : a contact distance cutoff R.=12.0 A with 1.0 A intervals

BE AP s A r G F gy B
(SmpleS)eipld » 2P+ g% 5 1) » & bound structure ¥ - F74e » e SimpleS & Af
Bl FER + %“N—mﬁ iﬁfw\éﬁ s AL dmpleS gk et H i £
TR B 3 E 4 F R APT udadh R o
PRI T3 B A P4 oom JIF Bt Vi a5 A
AR S 0 R RT G E B RS R RAERIEAER 2 e g
- TR F kAL F WEEERERD AN i A#H gt e 2 N s fRd
AR ERER G R R A R DR FIABEROSET T AR 4 P L
R+ ek B kg o iEg LA dp 42 054 i?'igif‘«_’_mz\»ﬂ @—»»F’*r’v’ﬂf’r’i*% ,wﬁéﬁ
6A B 3 ;i?'g_;i‘}u—k Ao FEmAEZ AL AR R G NV SRR A S
Fad 47 6A45f2L4R70 N 34 7 1L fE] %— P20 fhRA PR A T i
0.5A PRl pF 4 i S L o
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25 PR EITNESLFNPREE S TVRI FORF AL T PR

AR R ) 1 4

Complex Number of hitsin top best 200 docked confor mations
name 167 atom type 18 atom type 20residuetype simpleS
(Bound Method1*method2” method3°|method1®method2° method3’|method1*method2” method4?
structure)
A. enzyme-inhibitor complexes
1fss 119 107 109 0 136 123 97 0 191
1mah 112 89 86 0 119 114 0 0 184
1sbn 105 161 162 0 133 127 109 0 184
ludi 118 154 156 0 144 144 119 0 182
lugh 131 191 185 0 159 156 131 0 198
2kai 119 133 158 0 137 132 117 0 183
2ptc 122 99 150 0 151 133 126 0 184
3sic 140 124 147 0 169 166 135 0 181
B. antibody-antigen complexes
1bql 97 163 155 0 136 139 97 0 191
1jhl 82 154 149 0 116 112 83 0 151
2jel 125 156 158 0 128 126 125 0 181
3hfl 117 158 160 0 141 141 118 0 174
3hfm 131 172 164 0 149 148 0 132 155
C. other complexes
latn 110 159 155 0 136 137 130 0 191
lgla 72 168 168 0 138 134 79 0 178
2mip 144 174 190 0 168 169 140 0 192
3hhr 159 188 185 0 178 178 155 0 182

Hits are defined as docked structures with al main chain aloms RMSD < 2.0 A from the crystal complex.

2 method1 : acontact distance cutoff R, =6.0 A (without distance class)

b
c
d

method2 : a contact distance cutoff R, =12.0 A with 0.5 A intervals (with distance class)
method3 : a contact distance cutoff R, =12.0 A with 1.0 A intervals
method4 : simple empirical model system

1245 2 ;gle vfUR -3 B0 B endg £ AR AP w0 Protein-Protein it 8 ch3d (78 R R A
R Z BT RET SAFR-FL 39 e RMSD & % % = fE A 425N (167 AR
AR 20 fER S A REE 20 fEvAEL A &) 2500 £ R chRE A ] o L% % T 4v o 167
BRFAMEETE R FARRET Ao 2882 P mias v F 1%
R A X ABARE G S EASENS N RE S od LT 167 BRF A dFent A 2
30 RIS o
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o 1bql 167 atom type
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R
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1hiql residue type
100
A
400
1] 10 .1l kLl 41
s
Tjhl residve type
100
] L .
IR
-I0D P
-0
-0
] 10 20 k1 4
s
2iel residue type
100
A
i
20 k]
s
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1 el
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s
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- Lot
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il 20 4 L]
s
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Docking Results of GEMDOCK for Protein-Protein Docking

B+ 5 41*% GEMDOCK it {7 v H-3v A 3 & & Rl afiim > 4258 23 (716
AP o F LR Ry U AR R0 [ART SORE TR o 0T S 4RSS BRI R eDB] S o S
i 11 PDB* % %5 ludi 0 E chain (§ ¢ )82 dudi <01 chain(iz & )ig 7 4 F 44 & 3% » &%
10 £ 2 100 Arﬁﬁiﬂa.f-;% PIT 0 AR AR iR, ¢ 5 Echain p R iR e
=% > %4 S lchan p AR AEF=E > Fd SN FEEAR SRR | chanaizg -
&g b+ ¢ »GEMDOCK ¥ r23g Rl FEena 44 & 350 A 5 & 5 11 GEMDOCK
RRGE O A RRAE 20 BR FAFAM O LY g R s @t
B AT G T RIS R G P RT k1 FLp R Y B
HFAF 2 A PLR Tl F 8 e r Frehd BN o U e R R 2
T o

HEERL o F SRR S ity o AJLA BT = F BiRAR R
B > population size3k % 1000 > - F RUR I FUJLRER L ATl A 4E 0 FAR
iEem Y deid 3T o QIARJIEAR e PR ATIS R R 0 N 5 90 A4 o BERE kG 0 4o r
Tt eI VOUBR ERERFRSI L 02 - o :T‘}-L:—"{#‘f—’rii:f;‘ﬁv T 0 NP RTE R h 2

WIRG eh E (T & pER B

10t generation 100t generation

1ludi:E chain and | chain

B+ = .GEM DOCKiE'JTéf:é % % o PRI R 5 ludishE chain(s ¢ )%+ ludial chain(i
$) 0 SRR EE R o
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In this project, we have published two SCI journal papers.

1. J.-M. Yang* and T.-W. Shen, “A pharmacophore-based evolutionary approach for
screening selective estrogen receptor modulators,” Proteins. Sructure, Function,
and Bioinformatics, vol. 59, pp. 205-220, 2005. (SCI, impact factor: 4.313)
[NSC-92-2113-M-009-024 and NSC-93-2113- M-009-010]

2. J.-M. Yang* Y.-F. Chen, T.-W. Shen, B. S. Kristal, and D. F. Hsu, “Consensus
scoring criteriafor improving enrichment in virtual screening,” Journal of Chemical
Information and Modeling, vol. 45, pp. 1134-1146, 2005. (SCI, impact factor:
3.078). [NSC-93-2113- M-009-010]

We have also prepared two papers to submit: 1) DAPID: A 3D-Domain Annotated
Protein-Protein Interaction Database, and (2) A fast and all-atom residue-specific energy
model for protein-protein interaction prediction.
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Department of Biological Science and Technology, and Institute of Bioinformatics, National Chiao Tung University,
Hsinchu, Taiwan

Grant sponsor: National Science Couneil of Taiwan; Grant numbers:
NSC-92-2113-M-009-024 and NSC-93-2113-M-009-010. Grant spon-
sor: Veterans General Hospitals, University System of Taiwan; Grant
number: VGHUST93-G5-05-3.

“Correspondence to: Jinn-Moon Yang, Department of Biologieal
Science and Technology, and Institute of Bioinformatics, National
Chiaoc Tung University, Hsinchu, 30050, Taiwan. E-mail:
moon@ece.nctu.edu.tw

Thetitle and acknowledge of the second paper are shown asfollows:

Consensus Scoring Criteria for Improving Enrichment in Virtual Screening

Jinn-Moon Yang,*™! Yen-Fu Chen,™ Tsai-Wei Shen,™* Bruce S. Kristal ¥ and D. Frank Hsu*--#
Department of Biological Science and Technology. National Chiao Tung University, Hsinchu, 30050,
Taiwan, Institute of Bioinformatics, National Chiao Tung University, Hsinchu, 30050, Taiwan,

ACKNOWLEDGMENT

J.-M.Y. was supported, in part, by Grant NSC-93-2113-
M-009-010 from the National Science Council of Taiwan
and by Grant VGHUST93-G5-05-3 from Veterans General
Hospitals University System of Taiwan. B.S.K. is supported

32



ERE I ¥

A HEP AP ZBFY RV %‘r}n ;ﬁ¢ TR A R s B - i E A -
Barerp s T B i BT Apiutt (3D-domaininterologs) ; %k FE R v B R TR
5 E* o u/% P2tk PR STRRIR T IR od T T IE MG R o RfiER ‘Sﬁ
¢ NP ATIE Rl endee B -0 3 % fo DIP TR F 18.6% hiRix £ dp o gtk s
EAR AR «F‘J 3F S AT R B Eed BRI IR AR 0wt R LR o NP RS IR R B
& DIP ehfftr 2 PDB el - B i HhiLfEengy 3 5% TR
(DAPID)” » # ¥ 2x F et ik A & * (http://gemdock.life.nctu.edu.tw/dapid) -

FoOMGEFRET - BRI THEETIE  APEE,TRY FAG 2SS
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