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5% CASP: BB DR (The Search for the Holy Grail)

Critical Assessment of Techniques for Protein Structure Prediction

2FIC—ERHEIND

XHEREEHT . NMREZAT D EBRHAR BN DS,
TDE BENRESNDIVINIED
73/BEERSI[BERE] MR EEINDS
Human(3$93:&fE. Serverld4885fE T
BEEFAL. ETILESDETIRE
EXDLET. GDT_TSENMRIATTF
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ERR i
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Year

Targets

Predictors

CASP1

1994

33

35

CASP2

1996

42/42 (T0001-T0042

72

CASP3

1998

43/42 (T0043-T0085

98

CASP4

2000

163

CASP5

2002

67/67 (T0129-T0195

215

CASP6

2004

)
)
43/62 (T0086-T0128)
)
)

64/87 (T0196-T0282

208

CASP7

2006

(T0283- )

96

RUONJBEINREETFROEEITAE [URL] hitp://predictioncenter.gc.ucdavis.edu/

Leonardo da Vinci The Last Supper

R NAFAVTARTAVR T/ LRARDI=ODIAVEL—FRFIL 54—/ 2002
10.2.181 CASP:EMHDIFEFR
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LEEBRET) Y ik Homology Based | Template-based
% Comparative modeling (CM) | Modeling modeling
-Easy(BLAST)
-Hard(PSI-BLAST) prym——v— ey
Jp— )L RSB I EH:_ L: _:.l_(tenjglate) EEREL.
Fold recognition (FR) RV DA ERom !
-Homologous
- Analogous Non-homology
IR I7A+—ILF Modeling Template-free
Y | New fold (NF) modeling
. de novo / ab initioF ;%
de novo / ab initio prediction
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(LLF. LERTRERZEALS)
m FR(OA—JLFEEEH)

REOS—EFYL4 -BLAST, PSI-BLAST, FASTA, SSEARCH7Z: &
-MODELLER, SWISS-MODEL7:&E
+ ++ PHDsec,PSIPRED,NNPREDICT Jpred, NPS@%.&

Domain search / parsing* * * Pfam, ProDom, TIGRFAM, RPS-BLAST/CDD#%: &
Motif(s)/block(s) search- - -PROSITE, BLOCKSPRINTS#% &

Threading- - *3D-PSSM, FUGUE2, mGenThreader/:&

m Consensus* - -meta server (3D-Jury)

Model building- - -MODELLER, SWISS-MODEL7:&

m NF(EFFRIA—ILER)

Fragment Assembly- - -ROBETTA, Protinfo, ROKKY7%i &
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2. [Chartj—I'Ramachandra
3. [Chart]—TContact plot]
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L. Pauling, R.B. Corey, PNAS 37, 235-240 (1951),

“Atomic coordinates and structure factors for two helical configuratoins of polypeptide chains”

G.N. Ramachandran, C. Ramakrishnan, V. Sasisekharan, J. Mol. Biol. 7, 95-99 (1968),
“Stereochemistry of Polypeptide Cahin Configuration”

Residue Index
Contact map
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Chou-Fasman, GOR, NN,,,

m Chou-Fasman;® 1974 D.

153 INJE DL ZRIEEHEE #HEL. TNZEIZHSAFEEL L
% (4/6). B (3B)EFHT 5 - sléQE Ca5 60%

| GOR Garnier,Osguthorpe, Robson)/f 1978

17§§ﬁ0)W|ndow’CﬁE§|J€'7\jF—V/L, FRIFEHEZEIZ. PIDDOTI/EE
ZRIEE (o (EEE4). B(ER2). )T TRl -FE  $965%

0 :1—5)1/*“J|*'7—7(NN)5£ 1988 —
13-17EREDWindow TTNNZZEE I, ZXEE (o, B.a1IL)EF A

NN, HMM, SMVD#EZ — 7/ LHEERDNIER (FRE)IEL£E)

-

ones

m NNPREDICT — Kneller et al. 1990 Neural network approach
= PHD - Rost, Sander 1993 LS e
s PSIPRED - Jones 1999 75-80% s/ E E ~ s
[— I : $ /// OE
u Eﬁﬁ*&/ﬁ ol y/ -
= PREDATOR - Frishman, Argos 1995 D i
R\ o
PN B el (C)
P.Y. Chou, G.D. Fasman, Biochemistry 13, 222-245 (1974), “Prediction of Protein Cor F \\% Ei’ v

J. Garnier, D.J. Osguthorpe, B. Robson, J. Mol. Biol. 120, 97-120 (1978),
“Analysis of the accuracy and implications of simple methods for predicting the secondary structure of globular proteins”
N. Qian, T.J. Sejnowski, J. Mol. Biol. 202, 865-884 (1988),
“Predicting the secondary structure of globular proteins using neural network models”
D.T. Jones, J. Mol. Blol. 292, 195-202 (1999), “Protein secondary structure prediction based on position-specific scoring matrices”
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NNPREDICT

[URL] http://www.cmpharm.ucsf.edu/%7Enomi/nnpredict.html

m EED2GB1DEF|Z=RRL

[Sequence ]—[Show Sequence]

n B2 ERLT. BV YOI TIE—
s NNPREDICTH AT, B25IZ85Y 4T+, [ Submit]

NNPREDICT
Protein Secondary Structure Prediction

/\' (‘?9

. oo

V1Y

and nnpredict will predict the secondary stru
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Results of nnpredict query

. % :EI] %i % Tertiary structure class: none
ll 1 ‘n Sequence:

MTYKLILNGK'I"LKGETTTEAVDMT&EK\"FKQ‘MNDNGVDGEWT\"DDATKTFT\"TE

Secondary structure prediction (H = felix, £ = strand, — = no prediciion?
--~EEEE--=---=-=-~ HHHHHHHHHHHHHHH- - - - == - - Er-mmmmmmmnmee

¥ Hl: MTYKLILNGKTLKGETTTEAVDAATAEKVFKQYANDNGVDGEWTYDDATKTFTVTE
ZZ :MTYKLILNGKTLKGETTTEAVDAATAEKVFKQYANDNGVDGEWTYDDATKTFTVTE

‘ E 25 - 37/56=0.66

m 20381 - Sequence Window

2G5BT
PGB (Kabsch and

m DS1.5M&EH| LT, By I Secondary Structure
Cartoon1Z:&RL . EZAZFRT
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NPS@

[URL] http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_seccons.html

NPS@HY A +xFE. KL
BI4%(Z. 2GB1DEZFIAEBLY
{+1+7T. MLRC. DSC.
GORIV. PHD. PREDATOR
[ZFzvOF A, [SUBMIT ]
=)y L TTFaELY,

P &y Pola Blolntermatique Lyennals
I ‘5‘&} Nawwerk Protdin Seguanea Analusis

L. [oepdir MPS@ is the BCP contribution to PBIL in Lyon, France

Wednesday, February 1st 2006: comected clustalw options for aucleotide sequence alignments (see news)
When sending automatic requssts on INPS@, please use HTTP POST methed not GET.

CONSENSUS SECONDARY STRUCTURE PREDICTION

[Abstract] [NPS@@ help] [Original server]

Choof methods :
[1 S@PM (Geourjon and Deleage, 1994) Choose parameters
[ S@PMA (Geourjon and Deleage, 1995) Choose parameters

(Deleage and Rouz,1587)

(Eing and Stenberg, 1996)

[0 G@R I (Garnier of al.,1978) Choose parameters

[ G@R I (Gibrat ef @/, 1987)

G@E IV (Garnier of od., 1996)

PID (Rost et al, 1934)

PIEDATOR (Argos et al., 1996) Choose parameters
[ SR A6 (Levin ef al., 1956)

Sequence name (optional) : l:l

Paste a protein sequence below : help
NTYKLILNGKTLKGETTTE AWD AL TAERVF EQVANDNGYDGEWTYDDATETF TV TE
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Consensus prediction result for : UNK_ 260170

View Consensus iy [WESA (Mac, UNID , About ] [AnTheProt (P , Downlead.. ] [HELFE]

io 20 30 40 50
I | | | I
UNE_ 260170 MTYELILNGKTLEGETTTEAWDAATAERVFEQVANDNGVDGEWTYDDATETFTVTE
DaC EEEEE egeeehhhhhhhhhhhes EEEER EEEEE
MLERC EEEEEEE hhhhhhhhhhhhhhhhh IS=1=13 EEEERE
PHD EEEERE eeeeehhhhhhhhhhbhhhhhh EREEE EREEE
Predator EEEEEEE EEEEREE hhhhhhhhhhhhhh EREEE EREEE
Sec.Cons. egeeee? ??eee?hhhhhhhhhbhhhhh? egee’? EREEE

F Bl MTYKLILNGKTLKGETTTEAVDAATAEKVFKQYANDNGVDGEWTYDDATKTFTVTE
ZZ :MTYKLILNGKTLKGETTTEAVDAATAEKVFKQYANDNGVDGEWTYDDATKTFTVTE

IEZ3:47/56=0.83

—fBIZ. AV RERBIFIABRWLFRIICEYET,

- BREFavEUHR !
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(LEERET D)

n [HWVEDEES LT, T—2R—XZFHUVTESI#E
METWD . BBEINER - 7SAUAVNERIZI TR EE ]
HEFETHEE READ—ETYLT (LLERET) D) &
ELET,

B

EC 51 f# AT
PSI-BLASTZ%E

ETILIEE
MODELLERZ% &

E7 )L
Verify3D%g &

faﬁW%ﬁ |
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MODELLER. SWISS-MODEL

B MODELLER Modeller
[URL] http://www.salilab.org/modeller/ | ===== _
AryoO—KRLT, FLTET

s J1i5:CHARMM?22

About MODELLER

H SWISS'MODEL MENU - @SWISS_MODEL

[URL] http://swissmodel.expasy.org/
s —[First Approach mode ] o
n A—LTRLR, &l B4 IL, BFHlIEA ALY

Normal model&Fzv¥YL T,
[Send Request1&@9')v%
8 ASLF=A—=ILTRLRIZ, T /LEE (PDB) hNEESND
1115 : GROMOS96

An Automated Comparative Protein Modelling
Server

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

BIOZENTRUM ~g
E— Py

A. Sali, T.L. Blundell, J. Mol. Biol. 234, 779-815 (1993), “Comparative protein modelling by satisfaction of spatial restraints”

M.C. Peitsch, Biochem. Soc. Trans. 24, 274-279 (1996),
“ProMod and Swiss-Model: Internet-based tools for automated comparative protein modelling”
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CASP6MDA—4 vk :-T0225METILIEEERTEDO
O—FTIITIZKYBELTHFELELD
D EIDORT

m BED)IOR=UHBLTFAILIT0225 fastalz=V )y L. T
ROMVTIREIZRE

m DS1.5ClFile]—=TOpen]Z&&EIRL. §&EEFELT=
[ T0225.fasta 1Z&Ri<

(T7AINBNRIRSNGEVEFIEEI7MILEZEAALTHTTILY)

n Accelrys Discovery Studio — [T0225 - Sequence Window]

il File Edit WView Chemistry Structure Seguence  Chart  Window  Help (=JE] %]

g g el @1 N TN ] B

E W @ & L bRk e e il Y
TO225 - Sequence Window

1 10 il Al A ol il I all
TO225 MEILITGANGOLGREIQKQLKGKNYEVIPTOVODLDITHNY LAVNKFFNEK KPPV INCAAHTAVDKCEEQYDLAY K INAL
2l oo TT0 T20 T3l T4 1ol TE0
TO225 GPKMLAAAAYSVGAE VO ISTDYVFDGEAKEP ITEFDEVNPOSAYGETELEGENFWYEALNPEYY IVRTAWLYGDGMNMNFWE
L Ta0 TH0 L] ST A0 23l 240
TO225 TMINLGETHDEL KAWVYHDOWG TP TS TYD LARVY LKA IDEKNYGTFHC TCEKG IGEWYDFAVETIFRLTGIDVENTPCTTEEFP
ol Pl il ol SH al 3T 320

TOZ225 RPAEKRPEYSWYWLRNYMLELTTGD ITREWKESLKEY IDLLGM




M Chemistry  Structure
fli Display Styls G
O =
o KGKNVEVIFTDVE
' I Ea 1
— TDYVFDGEAKEF]

m Protocols ExplorermM&R RSN TLVEWV A,
['View ] =T Explorers |—[Protocols ] &R

m Protocols Explorer® [ Discovery Studio|—
[Protein Modeling| 74 /L3 %&. EDI + 1% 4@
71)v9LTHK o iy

+- (] Receptor-Ligand Interactions

- [ H-ray

m BLASTZS T )L )wHo—
A TIZBLASTZORIILDINSGA—RERTFEZ TG 2 S
EFY
BIEFIZ. Z TFIZHelp. JobsDATHLBEET /

eeeeeeeeeeeee

o= NGBI BLAST

BLAST ®
Parameter Mame Parameter Value
) Sequence
Databaze POE.nrd5
| | matrix BLOSLIME?
Giapped Alienment Tru
Gap Cozts Existence 11 Extenzion 1
tation
Filter Low C I Tru



QMR REBLASTOELT

BLAST X |
E,'L e | ey Parameter Mame
. Ex E & ’ REUENCE TD225: 0226
[Btabaze PDE
EE 5” % rT0225T0225 atrix BLOSUMGZ
. J Gapped Alignment True

Gap Cozts Exizterce: 11 Extension: 1

— > r Expectation Value 0o

T _9 /\ _Z % P D B Filter Low Complexity True
Mumber of Sequenc Cutput 20

E-value#®10.01]
HAOEEHEZE 2/ RL Hop | dobs X |

€3 | | Protocal Name Status Elapsed Time Detailz #
—C BLAST Running... g sec

>
= 4= ) Multiple Sequenc... [Success 13 zec Complet—
L B LAST% % 1T l./—C —F é ll \ S\ Multiple Sequenc... [Success 13 =ec Complet
8 | |Build Models Success 1 min 13 zec Complet
[ JOb (*ﬁ % ) 75\ gﬁi l’) Build Models Success 60 zec Complet
Werify Protein SUCCESE 18 =ec Complet

[ 20*’1\ ‘i E—G%g T Li?— o Build Models SUCCESS 1 min 15 zec Complet v
[OKJEY" Y ‘ | ’

Job Gompleted

leted. The resultz can be viewed in the Cutput falder.

e to locate the Output folder ok the Files tab




EE] MOEREIFERELIZEWNWTTIL

B %@ii@ SETIL. BLASTRERGEEMoEEN EFIF D
O—FTEEHFADT, ULTORICEHEEZZEELTTSLY,
FEditjﬁrPreferencesJ’éiE?R

[Files Explorer]|DEDI + 1%&01)v%9

[PDB Location1&%7')v%

Web SiteZIwww.rcsb.org |5 51 pdb.resb.org 1z :E 1R
RENEBETE-DTIOKIZEIR




@7 AV A beRTL, HERBEEZTVVO—FT S
s HEMERROERNRITT o

BRITEINTRRSINET, S AR AR AR
m Blast Window® [ Table View|

OPVAR:

Map it Table View et View

n 1VLOIFEZ LD T, 1KC1: A%
HSEVFELLD,

Title/Description | Accession Sequence Leneth | Alignment Length | Bit Score E-value Identity Positive
structure1vil: .. 1VL0LA 281 280 571.237 131381162 100 100
structurel1vil . 1VL0 B

BHOBREERS 5L TEET,
m IKC1_AZZERL. BV IT

280 571237 1.31381e-163 100 100

7.46433-042 36 50
7.46433e-042 36 50
746433042 36 50
0.00306582 26 40
00052205 piil 40

By Copy OtrleG
Select All Girl+d

structurexTkbz: . 1KBZ A
structureXTked: . 1KG3A
structureings: .. 1M25_A

il | e Load Selacted Ssquences

Load Selected Structures

o © - oo e

- structureilude: . 1UDG
structurer2udp: 25 40
[ Load Structure and Alignment |—==: > B
11 structureXTnah: . 1NAH 338 U00sa2018 25 40

-~ 12 structureX1 1LRLA 338 184 36985 0.00892018 25 40
R -a 13 structureR1nai .. 1NAL 238 164 36980 0.00892018 25 40

lE * é 14 structurell1xel .. 1XEL 338 164 36965 000892018 piil 40
18 structure1ik: .. 1LRK_A 338 184 36985 0.00892018 25 40

16 structureRTudb: .. 1UDE 238 164 36980 0.00892018 25 40
17 structureXluda: .. 1UDA 338 164 36965 000892018 25 40
18 structureX1 1LRJA 38 184 36985 0.00892018 25 40
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EENTHoO—KEh
1KC1 — 3D Window
B FOAVAVIRARIREINET

Structure Sequence Alignment - Sequence Winglow

L]

m <Chain>%WaterzgIFrL .
chain ADHIZLTTELY,

n HEDESZEED)VIL.

Rename Sequence EIR

L.MKC11/MB5MKC1 AlIZ
ZELTTSULY

T0225 - Sequence Window

z

= B <Cell>
ER ST
% Sequence
oy’

&2 {Chain>

&9 Sidechain
(%) Hydrophobic
(&%) Hydrophilic
@ Acidic

@ Basic

T0225¢1) - Blast Window | TKG1 - 30 Window | Structure Sequence Alienment - Sequence Window

T0226 - Sequence Window | TD225(1 - Blast Window | 1KG1 - 30 Window | Structure Sequence Alignment - Sequence Window
T ) i)

Tuzs
K
&

oz B Gopy
T

T2 Delsts
1KC

Insert Sequence

oz v Wrapped View
1KC » FRuler

Cri+G

Secondary Structurs Gartoon

Annotation
Gaps




®FETIVEEDELT

m Protocols Explorershis

Protocols | Filez

= =3 Discovery Studio
(=3 Protein Modeling
o= BLAST
o= PSI-ELAST

rBu i Id MOdGlSL& 9\\7\}1/7 IJ “Jb ;:ﬁl?i;il_ﬁﬂfqzence Alignment

o Sequence Structure Alignment

s A TF®OBuild Models2 T M5, SR EH

E?‘E'Structure F'.Ilgnment EDMF'.
it — 8=

E?‘E' Build Mutants

Alignment — Structure Sequence Alignment

ERT S

BIFFIZ. LTFDERIZEEEIND
m Model Sequence — T0225
m Protein Structures - 1KC1_A

n EREMNTEDT,
ETIVEEEZRET

BLAST |  Build Models X

Cptimization Level for Madel
Mumber of Loop Models
Optimization Level for Loop Madel




" JEE
m JOOMZETIN

m4 57 TRTIH

Help | Jobs X

« @ X 0O

Pratocal Mame
Build Models

Statuz

Rurning...

Elapzed Time

Cetails

Comple s

Multiple Sequenc.. Success Complet
Multiple Sequenc.. (Success 13 zec Complet
Build Models Success 1 min 18 zec Complet
Build Models Success Gl =ec Complet
Yerify Protein Success 18 zec Complet .,
£ | »

Job GCompleted

'Build Madels' job has completed. The resultz can be viewed in the Cutput folder.
Double click the job in the Jobs view to locate the Qutput folder on the Files tab.

Haotify me when a job completes

Ok

Help l

s ST AL FCEFTTELTLEIN?

NN N NS



BERINEZBEDRT

ANS -~
E |\ @ J b \ iscovery Studio — [10225. 899990001 3]
. O S b | File Edit Visw GChemistry Stucturs Seguence Chart Window Help =[S
0o b bebtadln @] | 0L

- EW@ e ADBk T rT amm

u \\ Protocols Files % T02%5 - Sequence Window | TOZ25¢1) - Blast Window
I O e S % [ BuildModels 0B 6 U610, | | @ g
l l J % () BuildModels 2008 05 05 110 |
8 () BuildModels_2006.05.05 141...
(73 BuildModels 2008 0505143
# (7 BuildModels 2005 05 05_7145.
% () BuildModels_ 2008 05 05153,
\\J 6 [ BuildModels 20060505 155..
Files E pIorerG)
ul odels ,,,

1))
a [T0225.899990001.msv

TKGT - 3D Windon | Structure Sequence Alisnment - Sequence Winda | T0225.839980001 - 3D Window |

2 g Vinimization 2006 04 11184
W) Minimization 2006 04 11184
(C) MultipleSequence Alignment .
& (7] MultipleSequence Alignment_...
(T MultipleSequencs Align ment
(] PS-BLAST 2006 05 02,1722
() SequenceStructureAlignment.
# (") SequenceStructuredlienment.
# () SequenceStructurshlienment
- () StandardDynamicsCascade,,
% D) StandardDynamicsGascade.
# (C)StructureAlisnment-Align3D..
# [ StrustureAlignment-Align3D

% (2] VerifyProtein 2006.04_11 ZD’ Name el Colar Parent Humber of ftoms Molecular Formule' Malecular Gompos M|
% [ VerifyProtein
ke 1| 0225809990001 0 O 2219 1417 H2228 WA & 0540, H 0071, 311
& >

Molecule | ProteirGequence | AminofAcidChain | AminoAcid | Atom | Bond | Group

BLAST Build Models <

Parameter Name Parameter Valus

RS N | Aanment
Mode| Sequence To225
I \\ Muftiple Sequenc. Gomplsted W protein Structurss 1KG1 A
% | |Multiple Sequenc... Success 13 sec Gompleted Copy Ligands
Build Models | Suceess 1mini8sec  (Gomplated Number of Models 1
Build Models |Sucoess 60 sec Completed Optimization Level for Madel Medium
Verify Protein__ Success 18 560 Gompleted : o Nunber of Loop Models 0
< ’ # Cptimization Level for Loop Model Medium

Selected Residue: <AVALZ3: Sequence Ientity:d5 8% Sequence Similarity: 537 Server: localhost3941




f&E D
Verify3D, PROCHECK, PROSA

m BELE-ETIVEEZILMEL
EFL&D

m Protocols—Analysis—Veyify

AN]

Protein&4 7 )LL) w9

m 5T ®DVerify Protein27 T,
EXTE CRATZZEIR

Protein Structure — T0225.B99990001: ,,,

= 4=

m RAT

J.U. Bowie, R. Luthy, D. Eisenberg, Science 253, 164-170 (1991),
“A method to identify protein sequences that fold into a known three-dimensional structure”
R.A. Laskowski, M.\W. MacArthur, D.S. Moss, J.M. Thornton, J. Appl. Cryst. 26, 283-291 (1993),
“PROCHECK: a program to check the stereochemical quelity of protein structures”
M.J. Sippl, Proteins 17, 355-362 (1993), “Recognition of Errors in Three-Dimensional Structures of Proteins”



Help Jobs X
20 ‘i t l_._l 5= é*l' T—_ @ E & T L/ i O Protocol Mame Status Elapsed Time Details Start Date Cutput Locati #
% 1T ~— 1 \; o ) Verify Protein 4 sec 2DDE 05-24 1236 C¥Documents
i Success  [3.min 19 sec Sampleted succe,. 2006-05-23 1916, O¥Documer

£ BLAST Success 19 sec Gompleted succe... 2006 05-23 1657‘ C¥Documents

£ |Multiple Sequenc.. Success 13 sec Completed su . |2006-05-15 1557... (C¥Documents

Multiple Sequenc.. Success 13 sec Completed succe.. 2006-06-11 11:23.. C¥Documents

Build Models Success 1 min 18 sec Gompleted succe.. 2006-06-06 1554... C¥Documents

Build Models Success 60 sec Completed succe.. | 2006-06-05 15:38.. C¥Documents o

BTTDL EREARTENET, ‘ o

Job Completed

“Werify Protein’ job has completed. The results can be viewad in the Output folder.
Diauble he Job

3D WlndOW®T®Z7D—)lxl {_éE .DNotlfy .:ethwhjenajotbc:mpsle:;ZWt B tc;cld ]fh FI-IieIp b-]
Ik CTAYA—)LY % &Verify Score®
WOARTSINET (97.78),

FBRORTTUTDRICEELOHE

L&Do

[Ctrl]+TD]---%%(Display Style)DZEE
Atom — None

Protein — Solid Ribbon
= Display Size 0.5

Yerify Score Verify Expected b VWerify Expected L
a77a 12734 573034 e

¥

3D WindowdD T DB IZT—E2HARRIN TGS S
[View|—[Data Table|IZFzv9ZF AN TR RS TSN,
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=l — 7R

\l

B TNTIH. BREEBEODROT7DHZ
ERLTHELED,
Amino AcidR27&91)v%
AIZRXY0O—)LL. Verify Score@) 5|
ZER
[Chart]—ISimple Line Plot]Z:EiR
ERO#HGTOVENRREINFET, |
m S<0 BWNVERTA—ILE I 2) |

A
n O<S<O5i%

m 05<S By : ;

Amin fioid Index - T0925 B99000001
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