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eF-site database: http://ef-site.hgc.jp
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jV formerly known as PDBjViewer

Java + JOGL
- B/zBIl& Rasmol& Bl TW5, Rasmol-like’ii X7 U 7 NHFEZ S

stand alone CHapplet THEN<

PDB-ML, PDB, polygon (R FXRERZRED' ATV )T 4 —< v MMIKIE
BHEDTZIRAD

xpsss DELREIB R DT

windows, Mac OS-X, E73Linux

OpenGL supported graphic card and latest graphic driver
http://ef-site.hgc.jp/wiki/jV/
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seqinfo
- FEEEBBAIIBIRZ MO FeXMLIER DT 7 1)L
 http://ef-site.hgc.jp/eF-site/schema/seqinfo20.xsd
efvet-ml
« REIDFAR EFFBRT > 2 v ILDEZHN D T XML
EROT7 71 — jVTZERAHE

 http://ef-site.hgc.jp/eF-site/schema/efvet30.xsd
molscript file CRD X Z 1 R)

efvet-flat

o« BERRIICIEAERHA
c REDHDTY U YOA—RIBERICHA

* http://ef-site.hgc.jp/eF-site/tools.html
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Molscript fileD{ELNA

Molscript (krauiis, J. Appl. Cryst, v24, p946-950, 1991)

- PDB7 7L 65 VIV E @%Ef&im
- Iz ZEITFEUTWTRE
c FEROAVY RTIoERIBH AR
» ObjectAY Y RT/RY IV HFRRAEE
—- DFRENFSOANVYRTES 7700 E UTRE

ex) molscript input file

Z OHIT I 1rop.objhiobject file
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Batch download of efvet file
% java -jar batch download.jar <list file> <output dir>
list file: eF-site ID separated with new line

Kengo Kinoshita 18
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1) PDB 7 7 A )L Z upload
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4) 15min-60minfE T b %
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Normalization of similarity score

Normalization from
query protein’s view.

N hetero compound binding
sites appeared in PDB Functional site patches Z-score = (score — mean)/std

Larger patches would
get larger Z-score.

» More signiﬁcan’
oY
an 7
S
<
o .
> o
S s1m11ar1tyvk

| = Mg 5 THR DL

S zscore

Normalization from
functional sites’ view )
Query protein
# of corresponding vertices

coverage = # of vertices in each patch Results will be shown in coverage vs. Z-score plot.

The number of corresponding vertexes is used as similarity score.

Kengo Kinoshita 2
Tohoku University



Threshold line determination

10 randomly selected representative with free and complex
structures.
- Homologous proteins with similar ligands are
considered to be “correct”.

2,5-dimethyl-

Ethylene glycol Glycerol pyrimidin-4- Myo-inositol Castanospermine
ylamine
N-acetyl-d- (Hydroxy Praziquantel ADP NAD
galactosamine ethyloxy)tri
(ethyloxy)octane

Kengo Kinoshita 23
Tohoku University



Threshold line determination

Maximize CC
with a threshold line

a
=49 +c
COV. Z+b

under a constraint that

fraction of TP exceed 90%,
70% or 50%

90%-TP line will be used
hereafter.

) (TP x TN - FP x FN)
(TP + FP)(TP + FN)(IN + FP)(IN + FN)

cC

Kengo Kinoshita 24
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Modestly promising
90%-TP 50%-TP \

Maybe
promising

Very highly promising

O

RX %9 %D %% A TView complex % #f1 9
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frequency
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active sites vs. culledpdb-90% 1o
9.4mM s

-1 -1
T 94mM s
similarity score

WD S EHFEEED

- amylase: 0.5%
- endopeptidase: 5%
vs. wild type FKBP
(keat/Km = 2000mM's ™)

Y NI D BERETE 2

L> FERHICHIE S NIEREZ T3 % EfRESI LTV 5




S FREOEMMERTETORETRDEE

1.False positiveh'% L\
SBER7I/BOMNE
* FPIZARZHICFPH 7 =

o 1BI7EIF IEDVSERRSR
1

In>~

2.Disorder region D e

BHRaEZFMALTHE (ETE)

EHBEREEEDZHBEE 7

& AT EIEREE = 5EFE

EHE # 19 FHEE

« HEEEL TUWRWIRRETIEERTIIR AL WEEN H B

BERCICHBUR

W

Complex form Free form



Disorder region & (3{alH 7
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BN EdisorderfBiE &F D H#EEE

o AUINIEDHEEIZEEH HdisorderfBIE N FET S
— Dunker et .al, Biochemistry, 2002

16

77 Faaaa(Molecular recognition) ” 54 o E?ﬁtﬁ;ﬂiﬁﬁ’keé;n%';‘;'”g
1. 80O B-BU I BRES 7 O Linandgindng
2. 82 RO E-DNAKES ‘ O Eniropio chain actity
3. 9,// QOE'RNAI%:E@ (t, r m) 8 I(:)IEP:(LEI: Linker/Spacer
4 VAR EES 2 g D Unmon

2. P FE &K (Molecular assembly) 6 10

902> 1\ B TOHEBED 5377 (Dunker et .al,

3. A1\ & 1&£H(Protein modification) Biochemistry, 2002)
— YUEAE
- 7tFILiE

— H)avivie

© Protein—Protein Binding
@ Protein—DNA Binding
O Protein—RNA Binding
O Ligand-Binding

@ Protein Modification

© Entropic chain activity
@ Flexible Linker/Spacer
O Others

@ No function

@ Unknown

DisProt (http://www.disprot.org/), 469 proteins,
1114 regions COHEBED 73 Fa

Kengo Kinoshita 30
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Complex form
(Imgw)

Free form
(Imp2)

Green parts 1s flexible and invisible
in the free form of the structure,
which could prevent our method to
predict the binding site.

Kengo Kinoshita 31
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Statistics of disordered region

SEAEYIZEAIF EDisordered FEIEHAYZ LY

Kingdom # of proteins | Disorder Length > 30 | Length > 50
freq. (% of (% of chains) | (% of chains)
aa)

Archaea 11,742 3.8 2.0 0.7

Bacteria 35,389 5.7 4.2 1.6

Eukaryota 88,531 18.9 33.0 19.6

Ward et al, IMB, 337, 635-645, 2004
Estimation by DISOPRED?2 (Jones ef al)

Kengo Kinoshita
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Disorder region® ¥ HIiED FF
Support Vector Machine % #l|
A7IBH—

C BT BH% 1 SBEOF I/ BES

- MEEHB TCOBRBESERE (PSSM)
ZTDE&., BROAFzHAIrEHET
Meta” 7O —F THER

10-fold cross validation!Z X % PERESIHill

meta-predictor DJidl

ROC curve
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Missing loops (or gaps) are identified by comparing SEQRES and ATOM record in
each PDB file.

N-terminal and C-terminal gaps are ignored.

7,949 loops are invisible among 41,417 chains in current PDB
* Apr, 2005
- Entries with 2.5A or better resolution

About 63% missing loop are 8 or less residue long
+ 8 residues are said to be the threshold value to build the good model.

Length distribution of missing loop in PDB

DH
= O
0 oo
N

Kengo Kinoshita 34
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SBER7I/BOUEBHREZHNAHLTHE
(Kinoshita & Ota, 2003)
+ FPIZARZICFPH ? =B HERKAED ZHEENE 7

e 11T TEDEERSR & #H A T IRE M % ZIFRA
1 EBE #1590 FiEE (Ikura, Kinoshita, Ito, 2008)
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3: BERLICHUX
Beyond the simple similarity search

Compartment model

R E D FALUER TR

- INT W kDt

\I

%R =template model

- EER{bICEiEWL - - -
HEERRRERNBEAEHOHEAGDELERET S
+ BaaDMEXIECIE (X E 73\
= BOMERRITE@EEICITD

(compartment model)

frag ment% / \°_ \\/ é: L/ ’Z‘ % Z..T % % Kinoshita, Doctoral thesis, 1999



Fragment based approach: overview

Learning step Prediction step

f/ \\ 4

Protein-ligand complex in PDB

. ) Query protein
extraction / :
\\\ Superimpose by ](%1111@[1 }l :
n 1
- \ protein-fragments eXt s Putative complex
Ranked by sum of the

Interacting Fragments*
/ normalized frequencies

I
: ; N
0o o o < nH
HO=P =O=P =0=P =0 )\
o NN SNH-

ligand & & & Lo
protein
] Hotspots o
~ / (frequently observed regions) Query 11gand
— clustering " rext stde
\

*Fragments: [ligand] All-possible three successive atoms

[protein] representative three atoms in each side-chain and main-chain
Kengo Kinoshita 38
Kasahara et al, 2010 Tohoku University




Prediction performance: bound/unbound
1byb(bound) / 1bya(unbound)

B RMSD<5 [ Dcenter<5 [ ]Dmin <3

100
= 80
2 60
S 40
5

g 20
F

0

Prediction performance for unbound structure is
almost equivalent to that for bound structure.

(35)

(17) (13) )

0.0 1.0 2.0
RMSD of binding sites/A

Laurie and Jackson dataset
(35 bound/unbound pairs)

/

Rigid parts

beta-amylase

PR

-----

RMSD = 3.10A

native
predicted(bound)

predicted(unbound)

Kengo Kinoshita
Tohoku University



BUMBLE: http://bumble.hgc.jp

1. Job title
2. E-mail
3. Protein
4. Ligand
5. Submit

Building Up Molecules for Binding Location Estimation

3BUMBLE
I

«. Query Settings
{
Job te. |1ze

{

Pratein
{

vgdp

E-mall;  |[wllasmbl@ihge. |p

Choose from POB
POBJD {1266

Chain-ID |A

OR upload your

file:

[—‘I

| submit

HOME WHATS? HELP

Ligand
| Choose from PDB

3dotter 10: [GOP

OR upload your fle

—

EXAMPLE

BUMBLE, 2010, KASAHARA, Kota)

Rank 2,5,6

“ In
F ¥

Rank 7

Job information

Jmol applet

e

BUMBLE

Building Up Molecules for Binding Location Estmation

HOME \WHATS? HELP EXAMPLE

BUNMBLE_ 2010, KASAHARA, Kota |

Check boxes for appearance

Download buttons for .pdb files
Query protein

Predicted interaction hotspots
Predicted ligand conformations

(rank 1-10)
All (tar.gz)

Kengo Kinoshita

Tohoku University 40
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Kb

DNAFE &35 D Ml

Electrostatic potential

Methionine Repressor Red: negative, blue: positive

AMJQ)
Predicted site

Local curvature relating to DNA-binding
directly: slightly protruded

Red: protrusion, Blue: concave

Binding site

Global curvature relating to entire surface

geometry: largely concave

3 DD D T HIE

Kengo Kinoshita 42
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Prediction Scheme-1: Statistical Preference Measure

Relative Frequency

Fbind ((De: Klocal’ Kglobal)
= Nbind (gDe, Klocal: Kglobal) /Nbindtotal

F, non-bind ((De: Klocal: Kglobal )
- Nnon-bind (¢e: Klocal: K lobal) /Nnon-bindtotal
8

Distribution of electrostatic potential, local
curvature and global curvature for all proteins in

dataset-1 Statistical Preference Measure

Pbind /Pnon-bind

Kengo Kinoshita 43
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Prediction Scheme-2: Prediction Score (Pscore)

Statistical Preference Measure

Pbind /Pnon-bind > 4.0

For each vertex, calculate the Prind/ Pron-bind
measure and colour it when the

value exceed 4.0. 5 4.
0.

Pscore = max (Parea / Whole area)

Parea : predicted DNA-binding weighted area for a given direction
Whole area: whole weighted area for a given direction.
Weights are calculated as inner product of normal vector and direction vector.

Maximization was done by searching all possible direction by 10° interval. \

Direction vector

—

’

Pscore will be used as an indicator of the prediction results. W
K Kinoshit
Toﬁglgg Ulr?i(\)/Zr;i?y 44



Prediction Results Tsuchiya et al. (2004) PROTEINS, 55, 885-894.

> 0.6
(P

=

<P

= 0.4
D

=

2 0.2
05

S
20

0 0.1 0.2 0.3 0.4 0.5
Pscore

Histogram of Prediction score for dsSDNA-binding proteins (63), ATP-
binding proteins (21), and non-dsDNA-binding proteins (406)

86% accuracy for predicting dsDNA-binding proteins, and
96% accuracy for predicting non-DNA-binding proteins including ATP-binding
proteins.

Kengo Kinoshita 45
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PreDs: Predition of DNA-binding site
Prels

Prediction of DNA-bidning site

Electrostatic Potential Predicted DNA-Binding Surface

PreDs is a server making the prediction of dsDNA-binding site on protein
surfaces, according to our prediction method developed by focusing our
attention on the shape of the molecular surface and the electrostatic potential
on the surface.

Please input your E-mail address, your name and job title, and upload a
protein coordinate file with PDB format of the query structure or PDB ID.
E-mail address is essential since we will return a mail with a URL at which you

will find the results.
E-mail Adress
Your Name Predicted DNA-Binding Region
(Residue Numbers (Chain ID))
Job Title
A2(B) A47(A) A48(A) A48(B) AS5(A) AS5(B)
A96(A) A96(B) R61(A) R61(B) R66(A)
Choose uploading a coordinate file or inputting PDB ID. R66(B) R74(A) R74(B) R104(B) R140(A)
If both boxes are filled, the server chooses using the uploaded coordinates. R140(B) N57(A) N57(B) N119(A) N119(B)
O Upload Coordinate File N123(A) N123(B) D117(4) D117(B) Q63(A)

Q63(B) Q70(B) Q141(A) G33(A) G51(A)

0 1.0 (V) GS51(B) G53(A) G53(B) G76(A) G76(B)
H27(B) H73(B) H78(A) H78(B) H98(A) 168(B)
L46(A) L46(B) L116(A) L116(B) KS6(A)
K56(B) K65(A) K65(B) K92(A) K92(B)

KI120(A) K120(B) FS4(A) F54(B) P49(A)
P49(B) PS9(A) PS9(B) P126(A) P126(B)

© Input PDB ID

http://pre-s.protein.osaka-u.ac.jp/~preds/

Kengo Kinoshita
Tohoku University



RESMLDBHROFAET D

Evolutionary Trace Methods
(Lichtarge et al., 1996)

NAHEIEREINE B E 2 LB - ORNVFT N T T4 AT,
IRIFIERISZNLIARE BIZ~y 775,

(RPN 7 g WA Y e3P S 3Y = Sl se i AN = )
SR D 7T AR B A7 R AFER 2L (class specific residue)

I SRERERUIZ BEE L7235 THDHEL TR IR E IR 95,




REEDORI)

LG EDOF | : real-valued ETEE  (Mihalek et al, JMB, 2004)

°
“|

possible
class
division 1 class 20
score(i) = 2 22( Pnlog(Pn))
#of class
| =1 2 3 4 5 6 7
s L A G F T G
—s L c H F S G
S L D K F T G
] —I's L A K Y S G
— 'S L C K Y T G
S L D K Y S G
P 0 0 3.28 1.82 0.69 2.26 0
SCOore

Kengo Kinoshita

Tohoku University48



RIFESAHDH)

Prediction

Conservation Similar one

Real complex with SAH Virtual complex with Real complex with EQ9
(1mxi) E09 (1385) (1ggd)

73— )VRIL B2 D BTy TR ML TH shita
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Evolutionary trace;ZDH —/\

http://pdbjets.protein.osaka-u.ac.jp/
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Evolutionary Trace;EDRSR

lcdm

1k90

12> & B 7- R

lvrk 1gdy

Clmodulin(# ) 1ZIZIZHE LT (FH—3E 9 3 %L L)
HEOEHE (¥ v¥) 1318 % 2
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- 2R TR BRI D BB DI EL
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SZEZEHR : eF-site ID
PID_ModellD-ChainIDhYEAR
.« fl: 1a1t_3-A
Model DAVEWS S (T EIRT 5
o fl: 1tup-C
BEODOChainzZ&TIHFEEIE7ILT7 7Ry NMETIENRS
o f5: 1tup-ABCEF
> DDA
» eF-site DO B &=

* http://ef-site.hgc.jp/eF-site/serviet/Summary?
entry id=1tup-EF
- PDB-IDX3 M5 &EE

* http://ef-site.hgc.jp/eF-site/serviet/Search?pdb=1tup
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