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Genome sequencing projects statistics
Draft assembly

Organism
Prokaryotes
Archaea
Bacteria
Eukaryotes
Animals
Mammals
Birds
Fishes
Insects
Flatworms
Roundworms
Amphibians

Reptiles
Other animals

Plants
Land plants
Green Algae

Fungi
Ascomycetes
Basidiomycetes
Other fungi

Protists
Apicomplexans
Kinetoplasts

Other protists
total:

total:
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In progress

551
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N
(o]
(0]

ASHH IS

—
—

SR B BRI

752

http://www.ncbi.nlm.nih.gov/genomes/static/

stat.htm

1

total
1889
107
1782
543
232
81
15
26
46

25

37
100
90
10
131
101
19
11
74
19

46
2432

2276
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Bottom up approach®IRF s TDERE
o RIBMICIZEAD YT/ LAz BNIFEEN DN EZNE
(—7T/ LFERBHRDINTENDS)

¥

o ERICIEDHIHSEVWDT, b DZHE U THREEZ T
- B3 - XFF DOFELUER TR
- ERBEQIAEE | SRITTOEERFEH (today’s topic)
- BELFORERRE BT DR

[

L7 8 E 2 & BRREHE E

BERERADER T —> | HIERRGEE TR | —>

PR ER S

TE BT DIPED B L 72

or
Ll DRz il
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SN DETE | EBiRAETETIL

FREETIV )
BHFDAEX
EREBAR Poisson AFER
V(e()v,)=— 4e% g r=7),
VI Rk

Vie(r) V¢) =¢ sICZSD, Poisson-Boltzmann F 2R,

SR | SRR
e=ep,k=0] V (e(r ) Vo) =0. Laplace FF2=

Ep = 2.0

E=E€s5,k=Ks

gs = 80.0 VSIS :@Z

| 25 AR TR CHIEREETS,

1 s _
W‘agc,[‘ga'b'c'(gpa'b'c' - SCabc) J=— Pabc +¢ Sk Zabcﬂpabc

'
7/

7
4

7Yy 7E7)V ONHAESR)

M 3.7 BEAEOHEBLETACKHTHEAT VY - 1y =viERY,
TY 9 PEFARE o TEMEL, RECHRL FEDSHA
L#O D & DFfkE T AT, BHE - B - AEOHEROZEIRCK 5
BRKFEDOBIMO HERDL Y > T %, BEE & X DR BEFES &
BINLFEDELSTERT TV v 7ETAMR L 5T, ThbBOFHERL, (q
b, ) TEESST b hic, FRERDINT HEC KT % £ FRRCEH I H 5.
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eF-site database: http://ef-site.hgc.jp

PDB;j eI:-SiIe

electrostatic surface of Functional-site

About eF-site | Tools | References | Links | Acknowledgements | Feedback

IZIFTRTCOPDBL Y V) —Z

319647 Entries, Last Update: 26-Mar-2009 qj— ‘7“ 2= ]\ ﬁ c: —g‘_[/‘ﬁ:

Keyword Search Category Search NMR Ci j‘& T D £ :712\} 1% %f %‘A‘I‘ﬁ

e Antibody
Prosite

L]
e Active Site
L]
L]

PDB code only @®and QOor

(‘search ) (Reset)

Membrane
Binding Site

Examples of molecular surface

Ttup-EF

8oy
-r"
1tup-ABCEF 3
lalt_1-A lalt_2-A 1alt_3-A lalt_4-A 1alt_5-A

Ttup-ABC
g ‘When multiple models are stored in PDB, molecular surfaces for all the models are
For all pdb entries, molecular surfaces are generated for individual subunits of generated.
proteins and the complex of proteins. In addition, when double strands DNA is
included in the entry, a molecular surface for each dsDNA is also stored.

eF_Site ID B Kengo Kinoshita 10

Tohoku University




BRERDLEA
PDB;j e|: 'Site

electrostatic surface of Functional-site

About eF-site | Tools | References | Feedba

| Acknowledgements |

281730 Entries, Last Update: 19-Apr-2008

Keyword Search Category Search 5 @SSS
VA O IO N
e Antibody el
JPDB code only @and Qor * Prosite
= = s = = < e Active Site [Sunmary] Structural Details
[ Search | [ Reset |
e e e Membrane
e Binding Site
PDB ID
Descriptor
Examples of molecular surface Title
Functional Keywords
Biological source
Hup.Eh Cellular location
Total number of polymer
chains
Total molecular weight
Authors
Primary citation
P Other Database
{ Ttup-ABCEF Information
=> 1}
3 Structure Images

Ttup-ABC

For all pdb entries, molecular surfaces are generated for individual subunits of
proteins and the complex of proteins. In addition, when double strands DNA is
included in the entry, a molecular surface for ecach dsDNA is also stored.

Top page?d> 5 FRER
OR

PDBi S Y vV %275

About xPSSS
Update Information
wwPDB Snapshot Mirror

Summary [1C7K]
Download/Display | Link
(‘search ) @ PDB ID () keyword

Experimental Details | Functional Details | Sefuence Neighbor

1C7K sequence information (FASTA format) ( dowoad PDB format file )
ZINC ENDOPROTEASE (E.C.3.4.24.-)
CRYSTAL STRUCTURE OF THE ZINC PROTEAS!

alpha and beta protein, METALLOPROTEINASE
HYDROLASE

Streptomyces caespitosus (BACTERIA)
[UNP - SNPA_STRCS] Secreted

1
14492.9 (the details in Structural Details Page)

Kurisu, G. , Harada, S. , Kai, Y. (deposition date : 2000-02-1

Kurisu, G. , Kai, Y., Harada, S.
Structure of the zinc-binding site in the crystal structure of a zi
1 Angstroms resolution.

J.Inorg.Biochem., 82:225 - 228, 2000.(PubMed : 11132632)

CATH, CE, FSSP, SCOP, VAST, UniProt ( UNP - P56406 ) KEGG (EC 3.4.24.-)

o &z

rotated about x by 90°
250X250 500X500

release date : 2001-04-25)

endoprotease from Streptomyces caespitosus at

L&

o

,g}
viewer

jV version3 is used with
Java(TM)Plug-in 1.5 or later.

@
-:g}
normal position

250X250 500X500

rotated about y by 90°
250X250 500X500

Kengo Kinoshita
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cF-site [ Top

efF-site

Code click to enlarge
Chain C
Title TUMOR SUPPRESSOR P53 COMPLEXED WITH DNA Download

Classification ANTITUMOR PROTEIN/DNA
Compound DNA (5'- :
D(TP*TP*TP*CP*CP*TP*AP*GP*AP*CP*TP*TP*GP*CP*CP*CP*A
P*AP*TP*TP*A)-3") :
Source Homo sapiens (Human) (P53_HUMAN)

Sequence  C: SSVPSQKTYQGSYGFRLGFLHSGTAKSVTCTYSPALNKMF
CQLAKTCPVQLWVDSTPPPGTRVRAMAIYKQSQHMTEVVR
RCPHHERCSDSDGLAPPQHLIRVEGNLRVEYLDDRNTFRH
SVVVPYEPPEVGSDCTTIHYNYMCNSSCMGGMNRRPILTI
ITLEDSSGNLLGRNSFEVRVCACPGRDRRTEEENL

Description (1) P53 TUMOR SUPPRESSOR/DNA COMPLEX

Hopena: oo

Functional site

1) chain C
residue 145
type METAL
ligand
sequence L

description Zinc
source Swiss-Prot : 1

2) chain C
residue 149
type METAL
ligand

sequence S
description Zinc

Y kU —MDNR—Y : Summary Page

o v A L 7= IS
£ N

T—=F7 741D

v vna—F

—— fhDODB~ND Y v 7

Kengo Kinoshita
Tohoku University
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jV formerly known as PDBjViewer

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

e stand alone THapplet THEI<

e PDB-ML, PDB, polygon (R FREEED" ATV M) T A=< v MG
o BN FZIRAD

® xpsssDIKEEBFHRD IR

@ windows XP (sp2), Mac OS-X (10.3), E 7 Linux

® OpenGL supported graphic card and latest graphic driver
@ http://ef-site.hgc.jp/wiki/jV/

F N 1o _\
O Z 7Yz 7 bl
3> == x o , engo Kinoshita
X y \»/ ]‘ 7 a— \/H‘)i %%%E? V4 7 £ Tlihol%uléniverszty 13



IR AET

cF-site 1tup-C

. Structure Page

@ Default © CPK ) Default without hetero atoms

Functional site ~ focus & | C:145 METAL

details sequence L

PR C:145 | 2 - description Zinc
2) R = = source Swiss-Prot : 1
QN C:237-249 on) (off

clear

Jeda O ASEE) LT[R 5

£ Kengo Kinoshita 14
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. (15]) Myb proto oncogene proteln

| Mes2

DNA-bind DNA-bind

lelectrostatic potential

-0.1Vv +0.1V
hydrophilic
hydrophobic

Kengo Kinoshita 15
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F—9 7P AILDOFHIVO—R

® seqinfo
- FEEEBBAIIBIRZ MDD FeXMLIER DT 7 1)L
 http://ef-site.hgc.jp/eF-site/schema/seqinfo20.xsd
® efvet-ml
» REIDFAR EEFBRT > 2 v ILDEZN D T XML
EROT7 71 — jVTZERAHE

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

o efvet-flat

o« BERRIICIEAERH A
c REDTY U YOA—RIBERICHA

* http://ef-site.hgc.jp/eF-site/tools.html
e AUFTICXMLAND OV N\—5 —6BE



Molscript fileD{ELNA

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

- PDB7 7L 65 VIV E OD%EEEK
- IRz 2 EICFHMEULTWTHEEE
« FEROAVY RTI o ERIBH AR
« ObjectAY Y RT/RYU IV HRRAHEE
—- PFEREIGCOOAYVRTES T 70ILE UTERE

4

ex) molscript input file

plot
background white;
read mol "1rop. pdb
transform atom * by centre position atom *;
object 1rop.obj;
end_plot

Z OHIT I 1rop.objhiobject file

£ Kengo Kinoshita 17
Tohoku University
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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

eos; | eF-SIT@

lectrostatic surface of Functional-site

About eF-site II References | | Acknowledgements | Feedback

281730 Entries, Last Update: 19-Apr-2008

Keyword Search Category Search
e Antibody

e Prosite

e Active Site
.

L]

JPDB code only @and Oor

(‘search ) (Reset)
e Membrane

Binding Site

Examples of molecular surface

('\‘ 2 ‘(‘ 3 \ 1
3 IS é‘x & 74 > !
&f" i % §1§$ 1tup-ABCEF

¥ .

- 1 3
8 » ' "§~
& A

e

Lu* Ttup-B Ttup-ABC

For all pdb entries, molecular surfaces are generated for individual subunits of
proteins and the complex of proteins. In addition, when double strands DNA is
included in the entry, a molecular surface for each dsDNA is also stored.

Kengo Kinoshita
Tohoku University
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DFREDSTE
eF-surf@http://ef-site.hgc.jp/eF-surf

o eF-siteE A UEH TR FREZETE
o iERIF VA XMLY 7 1)L Emolscriptfe R Ty U O— KH¥ES

PDBj e F-s “ r' Title Trypsin

Download Results.
ABOUT eF-surf:

Molecular surface of proteins with the electrostatic

potential is a representation of protein three efvet file

dimensional structures, which often gives some clues

to infer the function of proteins. F-site is a

database of the molecular surfaces and the

electrostatic potentials in all entries in PDB. eF-surf is default color scheme ‘/
aweb server to calculate the molecular surface of the

up-loaded file with PDB format in the same way as the efvet XML file

eF-site database.

molscript object file

Submission STEP-1:

Specify aﬁE’B format 7 A LBRRENTOE LA

E-mail address:

electrostatic potential

efvet XML file (download)
molscript object file

Title: (optional)

* When you upload a PDB file of version 3, please make sure that the
file contains 'REMARK 4' records to express the version (click here for
details).

1) PDB 7 7 A )V % upload

) A =7 FLVAZ AT

3) MEFRA —ICHBURLICT 72 A LT
Y a 7 %BlG

4) 15min-60minf2fE CTH#b 5 (FE

£ Kengo Kinoshita 19
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),f‘D =) DB'f_LO)%/ J

efF- seek@http //ef-site.hgc.jp/eF-seek

® eF-site[C X9 B FEUF]

RRIC K DIERERRRLD T A

o AFIEEBRALICKT U TR
® 2006 12A N S ERARE

0606 eF-seek
1
3AT_1fa0_A_604
PDB;j -
nttp: fuwww.pdlb] org 1 |da>< heml
ABOUT oF-seck: 08
Molecular function of proteins are determined by
their three dimensional structures, thus the similarity 0.7
of protein structure can give some clues to infer their
functions. In many cases, the molecular function are [ 0.6
begun with the molecular interaction with small o
molecules (ligands). eF-seek is a web server to E
search for the similar ligand binding sites for the @ 05
uploaded coordinate file with PDB format. The >
representative binding sites in eF-site database are 8 0.4
search by our own algorithm based on the clique .
search algorithm.
0.3
0.2
Submission STEP-1
Specify a PDB format file: (Z7ANEBR) 774 LBRELTLELA 0.1 10
E-mail address:
o 0 0
Keyword: ™1 -2 -1 0 1 2 3 4 5
Title: (optional) zZ-score

*1: Keyword will be used as the directory name of the output files, so only the alphabets, numbers, hyp
and underscore are acceptable. And the length of the keyword should be from 4 to 16.

submit

7v7ua—RKIN77-PDB7 7

3AT_1fa0_A_604 (A:114,117,118,432,505,513;B:33,149,150,153-157

A WATHT U THEBEEIAT 2 T3

3AT_1fa0_A_604

{view complex ) (download PDB )

HEROREZIE T

Kengo Kinoshita
Tohoku University
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Normalization of similarity score

N hetero compound binding
sites appeared in PDB Functional site patches

Z-score = (score — mean)/std

Normalization from
query protein’s view.

s1m11ar1tyv$ \ / /
'

o
QD 7|
cc 6]
—
O s
> |
@)
O 3
2 - ij‘}_h‘d‘ % /\n\\
Z-SCore
Normalization from
functional sites’ view
# of corresponding vertices

coverage =

The number of corresponding vertexes is used as similarity score.

Larger patches would
get larger Z-score.

frequency

P-loop containing

1i6k 1fnc

50 homologs

-2 0 2 4 6 8

Z-score of simiarity

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

£ Kengo Kinoshita 21
Tohoku University
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Threshold line determination

® 10 randomly selected representative with free and complex
structures.

- Homologous proteins with similar ligands are
considered to be “correct”.

1t > -2 Xe

Glveerol 2,5-dimethyl- osito] .
Ethylene glycol Y pyrimidin-4- Myo-inosito Castanospermine
ylamine
N-acetyl-d- (Hydroxy Praziquantel NAD
galactosamine ethyloxy)tri
(ethyloxy)octane

£ Kengo Kinoshita 2
Tohoku University



coverage

Threshold line determination

CoVv. =

112000

10000

70%-TP

6000

Maximize CC

with a threshold line

da
Y% 4
7z+b

under a constraint that

14000 | fraction of TP exceed 90%,

70% or 50%

8000 90%-TP line will be used

hereafter.

4000

90%-TP "*-.,

2000

0
-2 0 2 4 6 8 10 12

Z- SCOIc
(TP x TN - FP x FN)

CC =
J(TP + FP)TP + FN)(IN + FP)(IN + FN)

£ Kengo Kinoshita 23
Tohoku University




EERDISRD RS

coverage

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Very highly promising

Modestly promising

90%-TP  50%-TP \

OO0

1000
800
1 600
1 400
Maybe L 1s00
promising
0
-1 0 1 2 3 4 5 6 7 8

Z-5Ccore

'3AT_1fa0_A_604 (A:114,117,118,432,505,513;B:33,149,150,153-157

eF-seek

3AT_1fa0_A_604

3AT_1fa0_A_604 ' @ “download PDB

S

RX %9 7D %% A TView complex Z #f1 9

Lo

Kengo Kinoshita
Tohoku University
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N FREDRALUERR TDREBE TR DFRRE
1.False positiveh'% L)
SEBER7VI/BOMERHRGEZFALTHE
*© FPIZARZICFPH? =B HERKRED ZHEENE ?
o EERTCTHREE S NICRBEIC [T HVEBET IR LWV
1 ERE # 19 FHeE

2.Disorder region D [l
- BEEELUTWRWRRETIEER TIFRZABWEEDLH S

Complex form Free form

W

BERCICHBUR
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& IESBNAL D RALUEIRTRIGR & /S IEDRITE

active sites vs. culledpdb-90%

1800
1600
1400

1200

S
S
1S

frequency
o0
S
(=]

600
a-amylase
400 endopeptidase
200 Chkl — pkpp 1
EVH-1 family
o O . .
0 5 10 15 20 25 30 35

oS5V S HFIEED

- amylase: 0.5%
- endopeptidase: 5%

similarity score

vs. wild type FKBP

(Keat/Km = 2000mM's ™)

kobs (s-l)

kobs (S_l)

0.16 T

0.15

0.14

0.13[

0.12

0.1

0.18-

0.16

0.14

0.12

1 1 1 1
0 500 1000 1500 2000

[oi-amylase (nM)]

1 -1
94mM s

1 L L L
0 50 100 150 200 250 300 350
[Prolyl endopeptidase (nM)]

Y NI D EBERETE 2

FERAICHIE S NEREZ T3 % EfRES LTV 5




N TFREDIBEERZR TDREBEETAIDERE
1.False positiveh'% L

SBERT7 I /BROMERHREEZANBLUTHE

» FPIZARZICFPH ? =EEHBEAEDZHEBENE 7

« 1BITCIFTIEDVEERR & fHA T L HERE M = EIERA
| EHE #1770 FHE8E

2.Disorder region D [l

» BEEL TULWRWRRBTRERTIEREZABRWEENH B

. ﬁ ;\L%:_ ‘g 1 I:, (’: Eﬁz @Z Complex form Free form

I}

\

W

, 27



Disorder region & (3{alhH 7
oBEEBE LU TWRWIRRETII—TEDEEZ & 573 L\ B
- FENRBERIFRILEVDS, WOIMDEERFIEICK
DRESIND
- ENBREDEFEREYICE
'%ﬂﬁ%atwmtﬁﬁiﬁé
c WEEZ R IRICITRT > IcEEZ &5
« AT THHISNTWS Bt D917

Unstructured @ = Moltenglobule @& = Linked folded domains
{conformational ensemble) :caﬁl:"*\at jonal ensemboie) (beads on a string)
=
P
C A =’ N,
W\ & e
~ 9 2\ » & ‘
. . “ S \ 4 \
Disorder re IOD% ﬁ; {HIJ T et S f’?ﬂ 3
& P N
g % £, N ; \
= ALy Fino h
J v g Finger 2

X m c jf 4¢% ﬁ% %I% ’f j 23 63\753 2 . 1 1 o || e oo || 5 e

(Dyson, HJ and Wright, PE, 2005)

N 5 R 5
) | %
“ 5 "’\ ./."‘At ‘.1( i
' 2 Y. 7 . . s
{ A “) 2 & (2 g inger 3 . g !j
3 nger L2 {/
AL ) 23& u&g?rf
! (O ) Gy
CTR BD co inc-finger-1 A comple: 4E-elF4G comple;

£ Kengo Kinoshita 78
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BN EdisorderfEiE & F D #EEE

o A INTEDHEEIZHt SdisorderfBIENEFEET S
— Dunker et .al, Biochemistry, 2002

16

77 Faaaa(Molecular recognition) " 54 o EEﬁtZ;:IBrN"X""E;n%';‘;'”g
1. BN OE-BU KO BREE 7 O Liomdgindng
2. 5218 B-DNAE S ‘ S Eriropie chain actuity
3. 9)/ QOE_RNA%E,% (t, r, m) 8 I(:)Ifizi?’lse Linker/Spacer
4. VAUFEES 29 8 o function

2. 9 FE &K (Molecular assembly)

3. A1\ & 1&£H(Protein modification)
—- BRI
- 7tEFILiE
— J)avivie

19

16 10
902 I\ E THHEED 57371 (Dunker et .al,

Biochemistry, 2002)

Protein—Protein Binding
Protein—DNA Binding
Protein—RNA Binding
Ligand-Binding

Protein Modification
Entropic chain activity
Flexible Linker/Spacer
Others

No function

Unknown

IOQOO0.00QO

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

£ Kengo Kinoshita
Tohoku University
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YVINOBUAY RTOH

Complex form Free form

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



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 31
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DiSO rd e r reg io n G) %E;E\IJ if G) Eﬁﬁ % Ishida & Kinoshita, 2007, 2008
® Support Vector Machine % Fl|

o AAEC5—

« TRIT BHI

%1 3®%EDF I /RS
° 3 I &= g’?“@% 55| :E)

o FDHR., BHOAEEHHIEDLET:
Meta?”? 7O—F CTHE

meta-predictor D il

Step 1
Input sequence: MTYKLI LNGK'I{L}(GETTTEAVDAATA

Prediction using each component predictor \ 5 A e

T o = P = e SN N

PDOS DISOPRED2 ‘DvstMBL‘, DiSpro ) IUpred (POODLE-S;
B o X 7 7
Collecting prediction results

Step 2 ) S

. * R
r Input vector {0.81/0.72 0551083{0 77|0.31|0.28

Meta-predictor (SVM)

— :
Step 3 (essinvane |
I li i ) |

Prediction results: Disorder tendency

sensitivity)

TP rate (

= (PSSM)

N-terminus Target residue
Sequence M T Y K L I L N G K =« L K
A 00 00 00 00 ;-0.1 0.1 0.0 0.3 04 -04 03 0.1 0.3 01 -03 04 04
c 00 00 00 00 :-02 0.1 0.4 02 05 0.2 0.0 0.4 04 00 -03 03 04
e [0 00 00 0o ios 04 04 o1 01 02 o1 o3 o3 08 02 w3 s
PSSM F |00 00 00 00 ;-02 -04 00 -04 04 -04 01 D01 00 00 -02 -03 -03
w 00 00 00 00 ;-01 -02 -03 0.4 04 -04 -04 03 -03 01 -04 -04 0.2
¥ 00 00 00 00 }-01 02 -01 0.3 03 -04 04 03 0.1 0.3 01 0.1 0.1
Spacer ’ 11 1 1t 0 0 0o 0o 0 9o 0 0 0 0 0 0 0o
- — —
13 residues 13 residues
N 4
Y 27 residues window
Input vector l
-0.1-0.10.0-03-04-040.3 0.1-0.3 0.1-03-04-04......
(20+1)*27 dimensions
. . | =
10-fold cross validation!Z X % PERE Il
MCC ROC
PrDOS 0.502 0.887
DISpro 0.496 0.886
DISPROT(VSL2P) 0.427 0.883
DISOPRED2 0.439 0.864
POODLE-S 0.379 0.850
IUpred 0.406 0.831
DisEMBL 0.397 0.822
meta 0.526 (£0.009) 0.904 (£0.004)
ROC curve
i " i T ) - il
1 ’d_#-"'_
08 -
Fal
ol
~
0d| /
£
i
0.2/
00 01 02 03 04 05 06 07 08 09 1

FP rate (= 1 - specificity)

Kengo Kinoshita
Tohoku University
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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

Length Z Kengo Kinoshita
£ Tohoku University 33



IDP®DFA: PrDOS
o7 = /IR THIEID D D
HEE (GluizE) D% L\, BCHAEER ...

umy

o A%

. #1) hERG
I b\ ~ — \, \ \ ,E _Z\'\ :EI _Z\'\ g 1 MPVRRGHVAP g'Tr_D""R KFEGQSRKFI IANARVENCA VIYCNDGFCE 50
e b Il: I ﬁ X //\ 51 LCGYSRAEVM QRPCTCDFLH GP QRRAAA QIAQALLGAE ERKV 100

Y 101 KDGSCFLCLV DVVPVKNEDG AVIMFILNFE VVMEKDMVGS PAHDTNHRGP 150
htt ’// d h 151 PTSWLAPGRA KTFRLKLPAL LALTARESSV RSGGAGGAGA PGAVVVDVDL 200
D [} Dr O S [} gc [} ] D 201 TPAAPSSESL ALDEVTAMDN HVAGLGPAEE RRALVGPGSP PRSAPGQLPS 250
p://1 gc.]1

251 PRAHSLNPDA SGSSCSLART RSRESCASVR RASSADDIEA MRAGVLPPPP 300

P D@ Protein Disorder prediction 301 RHASTGAMHP LRSGLLNSTS DSDLVRYRTI VDLKGDPFLA 350
351 SPTSDREIIA PKIKERTENV TEKVTQVLSL H
ﬁ Syste m 401  LEYSPFKAVW TAVFTPYSAA

QA RWTI 400

450

451  PLAVVDLIVD TYVNANE 500

501 DMVAAIPFDL 550

Top | About | Usage | Contact 551 FLLMCTFALI AHWLACIWYA 600

601  GLGGP, K YVTALYFTFS SLTSVGEGNV 650

i, . . . A . . P . 651 MYASIFGNVS AIIQRLYSGT ARY: 700

Prl_)OS is a server to predict nat[vely dlsordereq_ regions of a p_rctem cham_frgm its amino 701 FQHAWSYTNG PECLOADICL KPFRGATKG 750
acid sequence. PrDOS returns disorder probability of each residue as prediction results. B . =
801 DVRALTYCDL VLDMYPEFSD 850

851 HFWSS NLRDTNMIPG SPGSTELEGG FSRQRKRKLS FRRRTDKDTE 900

Submission 901 QPGEVSALGP GRAGAGPSSR GRPGGPWGES PSSGPSSPES SEDEGPGRSS 950
951 SPLRLVPFSS PRPPGEPPGG EPLMEDCEKS SDTCNPLSGA FSGVSNIFSF 1000

Input protein amino acid sequences in plain text or FASTA format. Multiple FASTA formatted inputs 1001 WGDSRGRQYQ ELPRCPAPTP SLLNIPLSSP GRRPRGDVES RLDALQRQLN 1050
are acceptable. The server accepts single-letter standard amino acid codes and the code ‘X' for non- 1051 RLETRLSADM ATVLQLLORQ MTLVPPAYSA VTTPGPGPTS TSPLLPVSPL 1100
standard amino acids. The codes for ambiguous amino acids and paticular non-standard amino 1101 PTLTLDSLSQ VSQFMACEEL PPGAPELPQE GPTRRLSLPG QLGALTSQPL 1150
acids are automatically replaced by 'X'. If you want to obtain prediction results by e-mail, check 1151 HRHGSDPGS 1200

"Recieve prediction results by e-mail" and input your e-mail address.

Query amino acid sequence (HELP)

- Prediction
— Threshold
(FP rate= 5.0%)

Title (optional)

Prediction false positive rate: ' s.0x 3 )(HELP)

(V{17 vy s o s e v sy e g P B e PP T P P e e N S )
Do not use template-based prediction (HELP) 0 501001 5@R0®5@OES5 H0c5060065 0600650 0075 BOB5® 0S5 00010501 0101 50

Color key for alignment scores

— Recieve prediction results by e-mail —_y- -
I | I ) i )
E-mail address o 200 400 600 800 1000

“Predict ) (Clear )

20 Kinoshita
ku University 34
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D FREDIBLUERZR TDHEERE T RIDREE
1.False positivehH'%% L\
—SBERT7I/BROMNEBRREZFBLTHE
(Kinoshita & Ota, 2003)
+ FPIZARZICFPH? =B HERKAED ZHEENE 7

e 11T TEDEERSR & #H A T L 1RE M % ZIFRA
1 EBE #1590 FEEE (Ikura, Kinoshita, Ito, 2008)

2.Disorder region D [E1RE
» BEEUL TWRWRETEHERTREZRWEEDLH S

. ﬁ ;\L%:_ ‘g 1 I:; (’: /Ejz @7\' Complex fo Free form

W
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3: BEZRb(CHUZ

Beyond the simple similarity search
Compartment model
o REIDFELUEIRR
- IRT v b DIRZR =template model
- BEZLICEL - - -
o BEERIEREABEEROHEAEGDLEILERET S

. EROENREE O
o oI s
15 |

= JEMERRITERREICIT D
(Compartment mOdel) template model compartment model

9 frag ment% ] (’_ \‘/ é: L/ e % Z"Z‘ E % Kinoshita, Doctoral thesis, 1999

1
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Fragment based approach: overview

Learning step

Prediction step

( e \\ 4
Protein-ligand complex in PDB
fpste « 5
. W Query protein
extraction / : = A ‘
\ VAN
. < uperimpose by (2 next sli Putative c()mplex

protein-fragments

Interacting Fragments*
ligand

i
8
protein

L ) /

i — clustering |

(frequently observed regions)
next slide

.

Ranked by sum of the
normalized frequencies

OHOH

Query ligand

*Fragments: [ligand] All-possible three successive atoms
[protein] representative three atoms in each side-chain and main-chain

Kasahara et al, 2010

£ Kengo Kinoshita
Tohoku University




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

B RMSD<5 [ Dcenter<5 Dmin <3 \ beta-}vamylase
100 - g
o (35) (17) (13) 5)
< 80
2
= 60
o
5 40
Z
g 20
~ 0
all 0.0 1.0 2.0 .
TR Rigid parts
RMSD of binding sites/ native
. , predicted(bound)
Prediction performance for unbound structure is .
almost equivalent to that for bound structure. predicted(unbound)

Laurie and Jackson dataset

(35 bound/unbound pairs) f TK}elnlg(o Eiqoshi;?
ohoku University



BUMBLE: http://bumble.hgc.jo

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 39
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DNAJE &bz D T

Electrostatic potential

Methionine Repressor Red: negative, blue: positive

(AMJQ)
Predicted site

Local curvature relating to DNA-binding
directly: slightly protruded

Red: protrusion, Blue: concave

Global curvature relating to entire surface
geometry: largely concave

3 DD DD T HIE

£ Kengo Kinoshita 41
Tohoku University



global curvature

Prediction Scheme-1: Statistical Preference Measure

0.2 binding sites
. Relative Frequency
An(m-hinding sites
F bind (q)e’ Klocal ’ Kglobal )
-0.2
=N, bind (g”e; Klocal ’ Kglobal ) /N bindtotal

Fnon—bind ((De, Klocal: Kglobal)

0-

l()(\ ~ -
al . . s
Ure e\ct‘—“ =N, non-bind ( Pe, Klocal ’ Kglobal ) /N non-bindtotal

Distribution of electrostatic potential, local
curvature and global curvature for all proteins in
dataset-1 Statistical Preference Measure

Pbind /Pnon-bind

£ Kengo Kinoshita 42
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Prediction Scheme-2: Prediction Score (Pscore)

Statistical Preference Measure

Pbind /Pnon-bind > 4.0

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

value exceed 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. \

lDirection vector
4

Pscore will be used as an indicator of the prediction results.

£ Kengo Kinoshita 43
Tohoku University



Prediction Results Tsuchn el

- kl\l)\"\
> 0.6 s ‘
5 - ~- n.-r-ln-ulA,-g_ |
= 04 | |
P
b -
2 0.2
.;
=
20 *
. "- F— M - J
0 01 02 03 04 05

P score

Histogram of Prediction score for dsDNA-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 44
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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 45
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RESMLDBHROFBET S

E.coli QGAAAFEGAVIAYEPVWAIGTGK

H.influenzae | GVEAFNGAVIAYEPIWAIGTGKSATPAQA

SATPAQA QAVHKFIRDHIAKVDAN-TIAEQVIIQYGGSVNASNAAELFAQPD

IDGALVGGASLKADAF
QAVHAFIRGHIAAKSQA-VAEQVIIQYGGSVNDANAAELFTQPDIDGALVGGASLKAPAF

X.fastidiosa VGSAGFARAVNVAYEPIWAIGTGRTATPDQA QAVHAFIRGEVAKADAR-IADSLPILYGGSVKPDNASELFSQPDVDGGLVGGASLVAEDF
Buchnera LGTSAFKNIIIAYTPIWAIGTGVSADPEHV QLIHVFIKNYILKYSSI-NRNDIIIQYGGGINHTNVKKFIEQPDINGLLIGNSSLSAKEF
S.aureus LSEDQLKSVVIAYEPIWNAIGTGKSSTSEDA NEMCAFVRQTIADLSSKEVSEATRIQYGGYVKPNNIKEYMAQTDIDGALVGGASLK---V
A.thaliana  VTN--WSNVVIAYEPVWAIGTGKVASPAQA QEVHDELRKWLAKNVSADVAATTRIIYGGYVNGGNCKELGGQADVDGFLVGGASLKP-EF
H.pylori IDLN-YPNLVVAYEPIWAIGTKKSASLEDI YLTHGFLKQILN-------- QKTPLLYGGYVNTQNAKEILGIDSVDGLLIGSASWELENF

T.whipplei  FLDSDQLHMLVAYEPSSAINSGN

CANSGDI VRMAAAIKDIVN---------- VRVLYGG

conserved residues

NLFNASAVFNEDLILDGILVGRASI NASDF

E.coli ~ L e, / class specific residue

H.influenzae

X.fastidiosa

I

Buchnera

_—: S.aureus
! A.thaliana
{ H.pylori
! T.whipplei

Evolutionary Trace Methods
(Lichtarge et al., 1996)

LRGN E A E 2 T E )

NRIEFR I LIRS BT~y 795,
(BeA| FEEIN - R EDE S FirW\WZ e %E)

o RHEKE DT AT B
IIFERERYIC B L 7= %

L7 R sk A (class specific residue)
AL CTHHEL TEREMINT 5,

Y- DINFT N T I ANELT,

Kengo Kinoshita
Tohoku University
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REEDORI)

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

°
“|

possible
class
division 1 class 20
score(i) = 2 22( Pnlog(Pn))
#of class
| Ci= 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
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Conservation

Real complex with SAH
(1mxi)

Reverse view /P\\

Virtual complex with Real complex with E09
E09 (1;85) (1gg5)

T4 —IVRIZ R D0 /TR oy TR MU TH shita o

— 1onuku umversity



Evolutionary trace;ZD 1t —/\

@ http://pdbjets.protein.osaka-u.ac.jp/

Sequence Input -> Blast Conditions -> Blast Result -> Multiple Alignment Result -> ET Analysis Result

Sequence Input

@ FASTA or simple sequence

)

OFASTA or simple sequence file T7AIDBRENTVNERA

OPDB file T7AIDSERENTWERA chainlD:
O PDB code chainlD: Find in PDBj
O Gl number(ex. 47132509) Find in NCBI

. Kengo Kinoshita 49
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REE EHBSEHULORER
Evolutionary Trace;ZDPRHR

8 Ny
[.:- _/ (\ AL )
\£ T (R

A

1vrk 1gdy

Clmodulin(# ) 13IZIFHE LT (WHN—3E 9 3 %L L)
HEOEHRE (¥ v¥) 118 % 2

NREEORR (o OEHETIRE 3)
- 2R TR B HRIEAD B DS EL

£ Kengo Kinoshita
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\

SZEHR : eF-site ID
o PID_ModellD-ChainIDHVER
.« fl: 1a1t_3-A
o Model DOVEEWIGE (FEIET 5
 fl: 1tup-C
o BHDChainzZ &L HEIE7ILT 7Ry NETHENRS
o f5: 1tup-ABCEF
o UV IUDERDA
» eF-site DO H\B &=

* http://ef-site.hgc.jp/eF-site/serviet/Summary?
entry id=1tup-EF
- PDB-IDDX3M5 &EE

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




seqinfo

pdb_id

model_id
chain_ids
domain_definition
domain_source

seqinfo7 7 1)L DEE

revision
category
* *
function struct_site
source id
source_id info_type
info_subtype
description -
details

struct_site_gen

auth_chain_id

beg_auth_seq_id

end_auth_seq_id

ligand

Kengo Kinoshita
Tohoku University
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\/

W

\

0

=8l . efvet-mIDIEE

efvet

pdb_id

model_id
chain_ids
domain_definition
domain_source

revision
vertices edges triangle_array
count count count,
id_numbers transparency
+
+ edge +
vertex id triangle

id vertex id

image edge

property vertex

£ Kengo Kinoshita 53
Tohoku University



