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Objective

TO LEARN HOW-TO MODEL A
3D-STRUCTURE FROM SEQUENCE
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Model Building

Model Evaluation

Program

file:f/ fUsers fmarcius [Documents /0 Teaching /04065%20BMCX20Upp

Modeller

of Spatial Restraints

Program for Comparative Protein
Structure Modelling by Satisfaction

MODELLER WORKSHOP TUTORIAL

MODELLER is used for or of
The user provides an alignment of a sequence to be modeled with known related structures and
MODELLER a model all no atoms.

This web site presents a tutorial for the use of MODELLER. There are 4 modeling examples that the user
can follow:

1. Basic Modeling. vodl a soquence wih high identty to a temalate.

This exercise introduces the use of MODELLER in a simple case where the
template selection and target-template alignments are not a problem.

2. Advance Modeling. Model a sequence based on multiple lemplates and bound lo a igand

This exercise introduces the use of multiple templates and ligands in the process
of model building with MODELLER,

4. Iterative Modeling. incwase the accumcy af the modeling exsrcse by lemling ds 4 steps process.

This exercise introduces the concept of MOULDING 1o improve the accuracy of
comparative models.

in th structures (1,2,3).
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What are we going to do”?

Ask!

Each day...

Basic introduction

Theory (representation-scoring-
optimization)

Available programs
Application
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Nomenclature

Homology: Sharing a common ancestor, may have similar or
dissimilar functions

Similarity: Score that quantifies the degree of relationship between
two sequences.

Identity: Fraction of identical aminoacids between two aligned
sequences (case of similarity).

Target: Sequence corresponding to the protein to be modeled.
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protein prediction .vs. protein determination

X-Ray
NMR

Comparative Modeling

Experimental data
elep padidul

Threading

Ab-initio
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Why protein structure prediction?

1,500,000

millions

28,000

50,000
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Why protein structure prediction?

Theory

1,500,000

400,000

http://salilab.org/modbase/ EXperIment
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Why is it useful to know the structure of a protein,
not only its sequence?

The biochemical function (activity) of a protein is defined by its interactions with other
molecules.

The biological function is in large part a consequence of these interactions.

The 3D structure is more informative than sequence because interactions are
determined by residues that are close in space but are frequently distant in sequence.

YDOL117W
{15-64) KAFIISWSG}TKGDLGFLEGDIME\u'TFlIAGFYGKLLF!NKKCSGYFIHH

In addition, since evolution tends to conserve
function and function depends more directly
on structure than on sequence, structure is
more conserved in evolution than sequence.

The net result is that patterns in space are
frequently more recognizable than patterns in
sequence.
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Principles of Protein Structure

GFCHIKAYTRLIMVG...

sueb|nA olgiAoynNsaq
sue[npiu snsAoeuy
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Folding Evolution
Threading

Ab initio prediction
Initio preaict Comparative Modeling
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Steps in Comparative Protein Structure Modeling

o

Template Search

Alignment

-

f Target — Template )

J

Model Building

Model Evaluation
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A. Sali, Curr. Opin. Biotech. 6, 437, 1995.
R. Sanchez & A. Sali, Curr. Opin. Str. Biol. 7, 206, 1997.

M. Marti et al. Ann. Rev. Biophys. Biomolec. Struct., 29, 291, 2000.

http://salilab.org/
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Utility of protein structure models, despite errors

100
APPLICATIONS

studying catalytic
mechanism

NMR, x-ray

designing and improving
ligands

docking of macromolecules,
prediction of protein partners

a
o

virtual screening and
docking of small ligands

defining antibody epitopes

Comparative modeling
% Sequence identity

>
Q
é molecular replacement in
= X-ray crystallography
(& ]
Q
30 < designing chimeras, stable,
d crystallizable variants
a
g supporting site-directed
o mutagenesis
£
T
© refining NMR structures
E
=
= fitting into low-resolution
2 electron density
S
E structure from sparse
g @ experimental restraints
p=} ]
5] Q
T 5 functional relationships
g g_ from structural similarity
o [
g 7]
o c identifying patches of
:1-'; s conserved surface residues
. T &
c
D . Ba ker & A Sal l. R=l finding functional sites by
2 3D motif searching

Science 294, 93, 2001.
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http://www.salilab.org/modeller/workshop/links/

Untitled Document

< »|[ @]t [a AJ[e]|[+] = fite:s//users/marcius/Documents/OTeaching /0406%208MC%20Upp ~ Q- Coogle

Modeller
Program for Comparative Protein

Structure Modelling by Satisfaction
of Spatial Restraints

MODELLERHome | MODELLER WORKSHOP LINKS
Tutorial
Literature Name Type? World Wide Web address®
Links DATABASES
o CATH 5 ! 1 f)
Examples...
GenBank S
Basic GeneCensus 5
Advance MODBASE s http://sali . 0%
MSD s http:/fwww.rceb.org/databases . html
lterative NCBI s sy o cym——
Difficult PDB S http:/fwww.resb.org/pdb/
PRESAGE 5 httpi//presage.berkeley,edul
PS 5 h s+ e . & nomics . !
Sacch3 s http: nome=www.stanford.edu cchib
SCOoP S http:S/acop . mre-lmb.cam.ac. uk/acops
TIGR S http://www.tigr.org/tdb/mdb/mdbconplete.html Iz
TrEMBL 5 httpi/iece.ebi a0, uks 11
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Web site...

http://www.salilab.org/modeller/workshop/

rﬂ 56 Untitled Document

E] @ A A E] | 4| & file:j;/Usersimarcius fDocuments /0Teaching /0406%20BMCk20Upp ~ Q- Coogle

Modeller

Program for Comparative Protein
Structure Modelling by Satisfaction
of Spatial Restraints

MODELLERHome |\ 10DELLER WORKSHOP TUTORIAL

Tutorial
Literalure MODELLER is used for homology or comparative modeling of protein three-dimensional structures (1,2,3).
O The user provides an alignment of a sequence to be modeled with known related structures and
Links MODELLER automatically calculates a model containing all non-hydrogen atoms.
This web site presents a tutorial for the use of MODELLER. There are 4 modeling examples that the user
Examples...
can follow:
Basi
—— 1. Basic Modeling. vede! a soquence with high identity to a temalate. i
Adwvance . o " I
This exercise introduces the use of MODELLER in a simple case where the
iterative template selection and target-template alignments are not a problem.
Diifficult 2. Advance Mﬂdﬂ“ﬂn. Model a sequence based on multiple lamolales and bound b a Iigand.

This exercise introduces the use of multiple templates and ligands in the process
of model building with MODELLER.

4, Iterative Modeling. incwease the accummcy of the modeling exsrese by deraling ds 4 sleps procuss

This exercise introduces the concept of MOULDING to improve the accuracy of
comparative models.

_{\_iq w1
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Summary

Structural space! (and domains)

Structure-Structure comparisons

How can we compare structures...

How we classify the structural space...

What we know...

06/10/2004




Template Selection

“Structural Space”




Structure-Structure alignments

As any other bioinformatics problem...

- Representation

- Optimizer




Vector representation

Representation

Structures

Dihedral space or distance space

Secondary Structure

Accessible surface (and others)
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Scoring
Raw scores
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Root Mean Square Deviation

Aminoacid substitutions

Accessible surface (B,A [%]) Angles or distances

Secondary Structure (H,B,C)
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Probability that the optimal alignment of two random
sequences/structures of the same length and composition as the
aligned sequences/structures have at least as good a score as the
evaluated alignment.

0.5 .
Sometimes

Emplrlcal I W4 approximated
by Z-score (normal
distribution).

o
s
T

4
w

Frequency

o
o

P(s) =
P(s> x) = 1—exp( g™ (SH })

Karlin and Altschul, 1990 PNAS 87, pp2264
06/10/2004
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c

Optimizer

Global dynamic programming alignment

1
Sq/St 1

.~
Sq/St 2 °
! j
1 2 3 . N
* * * * *
* * *

% «1T—Best alignment score

-

Di,j.1+smre.[m].

D.mminiD..;..*Score.;

LDH ,,-+SCOFE{M}

Backtracking to get the best alignment

Needleman and Wunsch (1970) J. Mol Biol, 3 pp443
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c

<

7
Best local alignment

Optimizer

Local dynamic programming alignment

Sq/St1
Sq/st2.

~o -

D, =min

*

*

*

* /Best score

*

N
/

/

D
,D
D

©

i.j.1+SCGrE.{M}
i=1,j=1 +S CO re {ri.i]']
i-1,j+SCOre.[m}

Backtracking to get the best alignment

Smith and Waterman (1981) J. Mol Biol, 147 pp195
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Optimizer

Global .vs. local alighment

______________________________________________________________________________________

______________________________________________________________________________________
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Optimizer

Multiple alignment

Pairwise alignments Multiple alignments

Following the tree from step 1

Example — 4 sequences A, B, C, D.
Align the most similar pair
D = =

A ——
A mae— — Align next most similar pair
D C - —
C —————— A
[) —— e C Align B-D with A-C
- similarity +

6 pairwise comparisons

then cluster analysis D =™

A Il I I

C I N N N

A

New gap in A-C to optimize
its alignment with B-D
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Coverage .vs. Accuracy

Same RMSD ~ 2.5A

Coverage ~90% Cu
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Structural alignment by properties conservation
(SALIGN MODELLER)

1 2 3 .. N
= * * * * *
N * * * *
N
w | * * \1 *
: S * | * | - Bestscore
= | = * /4' ]
/|

e C v' Uses all available structural information
- similarity + i v Provides the optimal alignment

Computationally expensive

Ii,j

Madhusudhan et al. in preparation
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Structural alignment by properties conservation

(SALIGN-MODELLER)
http://www.salilab.org/dbali/

3 DEAL v2.0 tools page - Microsoft Internet Explorer
File

Qoack -~ & - [®] @] ¢o| Psearch FeFavorites @ Meda £ | (- B - J 3

Address |@ http: //salilab.org/DBAl fPpage=tools&action =f_salign

Edit View Favorites Tools Help ar

v| Go | Lnks > | @~

Cluster a list of chains
e Clusterfrom a chain

0%/21/2003 - e Define domains from a chain

S You ars visiting * Geta multiple structure alignment of a list of chains
éthE DBAlI.VZ s Database statistics

" pages. This o Download DBAl

pages contain :

" the updated : Get a multiple structure alignment of a list of chains.
| DBAli database. !
¢ You can still visit File with a list of chains:
" the cld DBAI

| dstabase here. | | Browse.. |®

...............................

Visitors: 1407 @ 2003 - 2004 Marti-Renom

Reference :: Download :: Statistics :: Suppestions

@ ® Internet
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Vector Alignment Search Tool (VAST)

» Graph theory search
of similar SSE

* Refining by Monte Carlo
at all atom resolution

Frequency

0.5

0.4

(=
©

(=
)

0.1

Address n 0.5, ¥ B0 s » @~

Conserved Domain Database

] Nucleotde Protein Structure cop
pfam00859.11. Phage_lysozyme Query added PSSM-Id: 1512
This family lambo:

ted: COG3772, COG4678

T
View Alignment ] a5

Hypertext

SubsetRows ] [upto 10 ][ sequences mostsimilarto the quer

<
& © itemet

v' Good scoring system with significance

Reduces the protein representation

Gibrat JF et al. (1996) Curr Opin Struct Biol 3 pp377
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Vector Alignment Search Tool (VAST)

http://www.ncbi.nlm.nih.gov/Structure/VAST/vast.shtml

a NCBI VAST Home Page - Microsoft Internet Explorer

Elle Edit

View

Favorites

Tools Help

Qoak » ) - [ &) @b Psearch TerFavorites & Meda £ (- S O3

-

<> NCBI

PubMed Entrez

Address (48] http:/fwww.nebi. nim.nih.gov /Structure VAST fvast. shim|

L

BLAST OMIM B

Search Entrez | Structure | for |

VAST Help

Comprehensive help
and frequently asked
questions

VAST Search

Submit structure
database searches

VAST Search
Help

Help on submitting
VAST Searches

VAST Search
FAQ

More help on VAST
Search

Linking to VAST

direct WMWW access
to the VAST server

nr-PDB

non-redundant protein
structure subsets

Bl ks * @G-
~

Structure (T‘s q

Entrez Structure

b Vector Alignment Search Tool

Protein structure neighbors in Entrez are
determined by direct comparison of 3-
dimensional protein structures with the VAST
algorithm. Each of the more than 87 804
domains in MMDB is compared to every other
one. From the MMDB Structure summary
pages, retrieved via Entrez, structure
neighbars are available for protein chains and
individual structural domains. If you already
know a PDB/MMDB-Id you can try this at
ance, using the input form in the right column.

On the Structure summary page. use "3d Domains” or
"Protein” to retrieve a list of similar structures. For
example, click on a bar with a chain identifier such as
"B". or the bar below the Chain B with a domain
identifier such as "1" . to get a list of neighbors. The
results of the precompiled VAST search will then
present structural neighbors graphically. Using the
check boxes in the leftmost column of this graph,
select those structures you would like to see
superimpesed and click on "View 3D Structure” to view
these with the mime-typed helper application you have
installed (g.g.. Cn3D).

VAST Search is a service that

allows searching for structural

neighbors starting with a set of
3D-coordinates specified by

the user. This service is meant

10 be used with newly determined pratein
structures that are not yet part of MMDB.
Structure neighbors for proteins already in
MMDB have been pre-computed and can
simply be looked up from MIMOUB's Structure

Structure Summary
via
PDB/MMDB Code:

Install and test
structure alignment
viewers:
Get Cn3D v4.1 and

look at this example
to test!

Read a bit more
about VAS

|4

P Internet
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Incremental omblnatorlal extension (CE)

 Exhaustive combination
' of fragments

» Longest combination of
AFPs

v' FAST!

~ « Heuristic similar
euristic s ar to v' Good quality of local alignments

PSI-BLAST

Complicated scoring and heuristics

8 residues peptides

RMSD(x,y)= J [_,%.}ZL(H::(:‘}— v )

Shindyalov IN, amd Bourne PE. (1998) Protein Eng. 9 pp739
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Incremental combinatorial extension (CE)

http://cl.sdsc.edu/ce.html

a CE Home Page - Combinatorial Extension - Microsoft Internet Explorer

File Edit View Favorites Tools Help

O - ¥ [ (n P search FfFavorites @ Meda £

'-a' 3

Address @ http://d.sdsc.edu/fce. hitml

v|G0

Databases and Tools for 3-D Protein Structure
Comparison and Alighment

Using the Combinatorial Extension (CE) Method

Structursl similari

stwesn
erase and Calmeodulin
E (Tsigelny =t al, Prot Sci,

Acetylchol
found using
2000, 9:180)

Select from the following options by
clicking the links on the right

2]

More Info

FIND

the PDB.

CALCULATE

USER AGAINST THE PDB.
Caleulate MULTIPLE STRUCTURE ALIGNMENT.

Find structural alignments by selecting from ALL or REPRESENTATIVES from

Caleulate structural alignment for TWOQO CHAINS cither from the PDB or uploaded by
the user. Calculate structural neighbors for one protein UPLOADED BY THE

@j Done

0 Internet
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Matching molecular models obtained
from theory (MAMMOTH)

.........................................................................................

(URMS"-URMS™|D

| Best score

1 2 3 N

- | % * * * *

o | *\ * * *

w | * * \1 * *

* * * *
- _——

= | * * /4. *

Best local alignment

S URMS"

gdtis
4 ’ orengo lesk
\

murzin

\
prism sup \
| /
~o L -

S \ g >~ mammoth sup
\\/ yd
|
/
orengossap |
\\

mammoth

/’/<\ Y

prism score__- \
7
/ ,/ \\\ \\ dali z
prism psd , \

orengo rmsd /™ vast sup
9 vast imsd

v" VERY FAST!
v' Good scoring system with significance

Reduces the protein representation

50 i -
/’/
40 e
. =1
L4 —
A e,
- =
£
{ .
..- ) D
. L [ ]
-*
L] e «
L ] L]
- : T T T T
i 0 100 200 300 400 500 600 700
length

Ortiz AR, (2002) Protein Sci. 11 pp2606
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Matching molecular models obtained
from theory (MAMMOTH)

http://fulcrum.physbio.mssm.edu:8083/

3§ Protein Structure Alignment Server - Microsoft Internet Explorer REE .
File Edit View Favorites Tools Help ﬁ.
() Back > INENE| @y O search <7 Favorites @ Media 42 - = AR}

Address @ tp:{ffulcrum. physbio.mssm. edu:8083/mammoth, V| Go  Links ** @ =

>
MAMMOTH
MAtching Molecular Models Obtained from THeory
Paste or browse your PREDICTION coordinates (PDB format):
| |[ Browse... |
Paste or browse your EXPERIMENT coordinates (PDB format):
|[ Browse...

A

@ Done B nternet
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Classification of the structural space

SCOP classification

http://bioinformatics.icmb.utexas.edu/Igl/

06/10/2004




SCOP.ss database

http://scop.mrc-1lmb.cam.ac.uk/scop/

2} SCOP: Structural Classification of Proteins - Microsoft Internet Explorer

" v' Largely recognized as “standard of gold”

Qsack - O - ¥ [F] @ O seach 7ravortes @ Meda € -8 - 3

oo [ T HEe e - v' Manually classification

1 v' Clear classification of structures in:
CLASS

FOLD

Welcome to SCOP: Structural Classification of Proteins. 1.63 release (December 2003). S U P E R-FAM I LY

20619 PDB Entries. 1 Literature Reference. 45 Domains (excluding nucleic acids and theoretical models). Folds, FAMILY
superfamilies. and families statistics here. New folds superfamilies families. List of obsolete entries and their replacements.

Authors. Alexey G. Murzin, Loredana Lo Conte, Antonina Andreeva, Dave Howorth, Bartlett G. Ailey, Steven E. Brenner, v Some |arge number Of tOOlS already available

Tim J. P. Hubbard, and Cyrus Chothia scop@mrc-lmb cam ac uk

Reference: Murzin A G., Bremner S. E., Hubbard T., Chothia C. (1995). 5COP: a structural classfication of proteins
database for the investigation of sequences and structures. J. Mol. Biol. 247, 536-340. [PDE]

Major changes (stable identifiers, parseable files, extended searching and linking options, reclassified entries history) are
described in: Lo Conte L., Brenner S. E.. Hubbard T.JP.. Chothia C.. Murzin A (2002). scop database in 2002:
refinements accommodate structural genomics. Nucl, dcid Res. 30(1), 264-267. [PDE].

Andreeva A, Howorth D, Bremer SE.. Hubbard T.J P Chothia €, Murzin A G. (2004). $c0P database in 200 Manual |y classification
1 Acid Res. 32:D226 D229
Not 100% un-to-date
Access methods ’

refinements integrate structure and sequence family data. N
| . 15 . _mgm
Enter scoP at the top of the hierarchy Class Domaln boundarl '&Mémtlon Number of Number of
Kevword search of SCOP entries s e
Sco? parsesbie s (MEC a0 folds superfamilies families
Reclassified entries: 1.63-->1.65, previous releases (MEC site
SCOP domain sequences and pdb-style coordinate files (ASTRAL)

Hidden Markov Model library for SCOP superfamilies (SUPEREAMILY A” alpha prOteIns 1 79 299 480

Omline resources of potential interest to SCOP users

S0P mirrors aroucthe word may specd your access All beta proteins 126 248 462

Structwral Classification of Proteins

Structural Classification of Proteins

News

Alpha and beta proteins (a/b) 121 199 542

+ SCOP has been updated to include all PDB entries released up to 1 August 2003. See folds, superfamilies, and families
statistics i 45

o Several parts of the SCOP classification have been restructured, especially in this release and in the previous one. You Alpha and beta prOteIns (a b) 234 349 567
can brouse the subset of the classification affected by these changes in a SCOP-view form for modifications occurred
between 1.63 and 1.65. or previons releases. Changes appear as comments associated to domain enfries. with links

to the revised classification. You can use the $COP navigation buttons to move up in the hierarchy and to expand or MUItI_domaln prOteIns 38 38 53

collapse entries. The list of obsolete entries and their replacements is also available online.

« $COP identifiers now appear explicitly in the web pages (in squared brackets).
+ Links from a 5COP domain to the cotresponding SWISSPROT and EC entries have been added (see the L icon). Thanks Membrane and cell surface 36 66 73
to Sameer Velankar and Phil McNeil from the ESIMSD gronp and to Virginie Mittard from the £81 sequence database proteins

group for providing the most up-to-date map between PDB chains and SWISSPROT, EC identifiers
Tt is now possible to use $SM to search the up-to-date PDE archive using a SCOP domain entry (va the L jcon) or to

&) scop hel and nfrmation ® et Small proteins 66 95 150

Total 800 1294 2327

Murzin A. G.,el at. (1995). J. Mol. Biol. 247, 536-540.
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CATH:s1 database

http://www.biochem.ucl.ac.uk/bsm/cath/

3 ‘CATH Protein Structure Classification Database (UCL) - Microsoft Internet Explorer
Ele Edt Vew

Qoack - @ - ¥ 2] @ Psearch FrFavortes @ Meda £ | (I- S 03

Favorites  Tools  Help

adress | ] http:funn.diochem. . ac.Lk/osmcath/

v|su

Links ™ @ -

CATH DHS Gene3D Impala FTP Intemal

CATH Protein Structure Classification

@ PDB Code

O CATH Code
Version 2.5.1: Released January 2004

O General Text

Dr. Frances M.G. Pearl, Dr. lan Sillitoe, Dr. Mark Dibley,
Prof. Janet Thomton, Prof. Chiistine A. Orengo

Options

Browse or search the classification
CATH statistics and release information
General information on CATH

CATH lists and ftp site

Navigation

Home
Top of hierarchy

DHS - Dictionary of Homolegous Superfamilies. Summary of structural and
functional features for CATH Homologous Superfamilies
CATH File Formats (for FTP files)

Introduction

CATH is a novel hierarchical classification of protein domain structures.
which clusters proteins at four major levels, ClassiC). Architecture(A).
Topology(T) and Homologeus superfamily {H).

Class. derived from secondary structure content. is assigned for more
than 90% of protein structures automatically. Architecture. which
describes the gross orientation of secondary structures, independent of
connectivities, is currently assigned manually. The topology level clusters
structures according to their toplogical connections and numbers of
secondary structures. The homologous superfamilies cluster proteins with
highly similar structures and functions. The assignments of structures to
toplogy families and homologous superfamilies are made by sequence
and structure comparisons.

= Click here for a more detailed explanation

Reference

Orengo. C. A Michie, AD._ Jones. S Jones. D.T.. Swindells. M.B_. and
Thomton, J.M. (1997) CATH- A Hierarchic Classification of Protein
Domain Structures. Structure. Vol 5. No 8. p.1093-1108.

Pearl, F.M.G, Lee, D., Bray, J.E, Sillitoe, |, Todd, AE., Harison, AP,
Thomton, J.M. and Orengo, C.A. (2000) Assigning genomic sequences to
CATH Nucleic Acids Research Vol 28 No 1. 277-252

Other CATH Contributors

A

Uses FSSP for superimposition

v' Recognized as “standard of gold”
v' Semi-automatic classification

v" Clear classification of structures in:
CLASS

ARCHITECTURE

TOPOLOGY

HOMOLOGOUS SUPERFAMILIES

v' Some large number of tools already available

v Easy to navigate

Semi-automatic classification
Domain boundaries definition

&] Done

® Internet

Version 251
Date 28-01-2004
€] @0 @ ©® ® 0 D
Mainly Alpha 5 | 227 428 | 948 |1713 | 3946 | 10155
Mainly Beta 19 139 292 951 | 2344 5011 | 14259
Alpha Beta 12 /368 648 2010 | 3631 | 8639 | 23025
Few Secondary Structures 1 |86 N 114|225 | 378 | 952
TIM barrel  Sandwich Roll
/\ Multi-domain chains 1 | 1053 | 1067 1071 | 2186 | 5801 | 12471
I (7 Preliminary single domain assigments | 1 | 371 374 |422 479 |789 | 1663
T & % Multi-domain domains 2 (3 iy 45 67 139 | 287
A y CATH-35 Sequence families 1 /997 997 937 | 1108 | 2154 | 34

flavodoxin
{4fxn)

B-lactamase

(1mblA1)

Fragments from multi-chain domains |1 | 28 28 30 33 56 106

Orengo, C.A,, et al. (1997) Structure. 5. 1093-1108.
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DBAIli.zo database

http://salilab.org/DBAli/

4} DBAIi vZ.0 home page - Microsoft Internet Explorer DE®E
Fle Edit View Favorites Tools Help .ﬂr

|ﬂ @ (| S search 7 Favorites @ Media 42 (S -0 3

Search DBAIi
Tools
Help

09/21/2002 - You
: are visiting the

* DBAli.v2 pages.
 This pages

: contain the
 updated DEAli

: dalabase. You

. can still visit the

* old DBAlI

v Go Links ** @ 2

DBAIi. A Database of Pairwise Structure Alignments.

Marc A. Marti-Renom and Andrej Sali

with the help of A. Ortiz's MAMIMOTH program.

 databsse here.

This site contains a up-te-date all-against-all comparison of protein structures. Currently,
the database contains more than 250 million pairwise structural alignments generated by
WMAMIMOTH. The database alse includes several links to external resources.

Reference :: Download :: Statistics ;- Supgestions Visitors: 1150 © 2003 - 2004 Marti-Renom

I@ Done

 Internet

Uses MAMMOTH for superimposition

v Fully-automatic

v' Data is kept up-to-date with PDB releases

v Tools for “on the fly” classification

of families.

v' Easy to navigate

v" Provides some tools for structure comparison

Does not provide (yet) a stable classification

Last updated: February 11th, 2004 (18:49h)
Number of chains in database: 48,094
Number of structure-structure comparisons: 330,514,636

Marti-Renom et al. 2001. Bioinformatics. 17, 746
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Classification of the structural space

Not an easy task!

Domain definition AND domain classification

SCOP

”“«QCOF’ anly
2 (0.09)
\

IlSCOP

/(0.18)

SCOP + Dali (0.06)

SCOP only
(0.13)

SCOP
+ CATH
(0.23)

SCOP + Dali (0.06)

»J+ CATH

CATH + Dali

All
(0.54)

CATH + Dali

All (0.14)

(0.25

CATH

+ SCOP
(0.10) _/ATH only
S 1851)

DALI

Dali + SCOP
. (0.04)
RN

"\ Dall only
| (026)

y
Dali

+ CATH

(0.11)

Dali + SCOP
T, (0.05)

“\Dali only
0.42) } (0.31)

/

Dali + CATH (0.22)

sse|) swes

ulewo(q swes

Day, et al. (2003) Protein Sciences, 12 pp2150
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Application (ModDom)

Use of the DBAIi data to define...

* Protein Domains
* Protein Fragments

DBAli,,z_n"m
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ModDom

1phh (Oxydoreductase from Pseudomonas fluorescens)
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OO {1,2}{3,4}{4,5)
OO {56H6,7{7,8K8,9}

3 {1,2,3,4}
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OO {1,2}{3,4}{4,5)
OO {56H6,7{7,8K8,9}

3 {1,2,3,4}

Q Q 88 {6.7.8.9)
Oa0a0

O
(D2
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OO {1,2}{3,4}{4,5)
OO {56H6,7{7,8K8,9}

g {1,2,3,4)
8:8 (6,7,8,9}

088 (5,6.7,8,9}
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OO {1,2}{3,4}{4,5)
OO {56H6,7{7,8K8,9}

{1,2,3,4}

{6,7,8,9}

{5,6,7,8,9}

{3,4,5,6,7,8,9}
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OO {1,2}{3,4}{4,5)
OO {56H6,7{7,8K8,9}

{1,2,3,4}

{6,7,8,9}

{5,6,7,8,9}

{3,4,5,6,7,8,9}
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Less significant

OO {1,2}{3,4}{4,5)
OO {56H6,7{7,8K8,9}

>

{1,2,3,4)
Q Q {6,7,8,9}

{5,6,7,8,9}

O
(D2

{3,4,5,6,7,8,9}

> GLLTCRTTY TR ERPIVERERYEREY

More significant
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Less significant

OO {1,2}{3,4}{4,5)
OO {56H6,7{7,8K8,9}

3 {1,2,3,4)

8:8 (6,7,8,9)
0_8:8 {5,6,7,8,9}

8:8 (3,4,5,6,7,8,9}

%088 (all

More significant

>

Threshold #1,2 Mammoth P-value —

020
Oa20a0
(D2

<&
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Less significant

OO {1,2}{3,4}{4,5)
OO {56H6,7{7,8K8,9}

3 {1,2,3,4)

8:8 (6,7,8,9)
0_8:8 {5,6,7,8,9}

8:8 (3,4,5,6,7,8,9}

%088 (all

More significant

>

Threshold #1,2 Mammoth P-value Lp s

020
Oa20a0
(D2

<&
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Less significant

OO {1,2}{3,4}{4,5)
OO {56H6,7{7,8K8,9}

3 {1,2,3,4)

8:8 (6,7,8,9)
0_8:8 {5,6,7,8,9}

8:8 (3,4,5,6,7,8,9}

%088 (all

More significant

>

Threshold #1,2 Mammoth P-value Lp s

020
Oa20a0
(D2

<&
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{1,2,3,4}

{6,7,8,9}

{5,6,7,8,9}

{3,4,5,6,7,8,9}
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Conservation
P ad =

R R Ry,
1T 2 3 4 5 6 7 8 9

Residue numbber
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Conservation
P ad =

-\‘—

2

3

4 5 6 7 8 9
Residue numbber
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Conservation
P

E=Y

ad

/

3

4 5 67 8 9
Residue number
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Conservation
Pl

L~

9
33
g3
;

1 2 3 4 5 6 7 8 9
Residus number
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Conservation
Pl

82 32 032 00033 J_/

Residus number
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Conservation
Pl

|~

1 2 3 4 5 6 7 8 9
Residus number

Threshold #3 MCL Cluster level (-I)

Stijn van Dongen (http://micans.org/mcl/)
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Thresholds #1,2 > MAMMOTH P-Value (Lp, Up)

High P-values - fewer partitions

Threshold #3 > Cluster Level (-l)

Low —I cluster value - fewer partitions

Applied to the ~45,000 chains in PDB (pec 2003)
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1phh (Oxydoreductase from Pseudomonas fluorescens)

|
Conservation

Residue number

06/10/2004




1phh (Oxydoreductase from Pseudomonas fluorescens)

Residue number

Conservation

06/10/2004




1phh (Oxydoreductase from Pseudomonas fluorescens)

Residue number

Conservation
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1phh (Oxydoreductase from Pseudomonas fluorescens)
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Domain assignment
from structure




2163 chains from Islam et al. 1995 - 569 Non-redundant
<2A && <30aa diff.

Divide randomly into two sets
Remove of incomplete or obsolete entries.

FINAL.:

Training set 2> 242 chains

Testing set 2 234 chains

06/10/2004




Thresholds #1,2 > MAMMOTH P-Value (Lp, Up)
High P-values - fewer partitions

Threshold #3 > Cluster Level (-l)

Low —I cluster value - fewer partitions




Z-score (R)

a0

A
|

Volume/ASA

6 T

5k .

4= -
=zt ]
%)
g 3
o
St i
o, -

Lo . ’ — Single chain proteins (y = 0.465128 * x')

— Multiple chain proteins (y = 0.953109 * x %)
0 ' | L | L | s 1 L | L
Q 100 200 300 400 500 600
Domain length (residues)
vl

8fabA

3 domains protein 2 domains protein

Z-score (R)

Assignment overlap (%) Assignment overlap (%)

Domain - max(<dist f(R)>)
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<dist to f(R)>
-0.10

-0.08 -0.09

85-192

1dhr_ (dihydropteridine reductase )
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Non-redundant 234 chains

CATH (224)

3DEE (225)

X-Ray (234)

PDP (234)

100 -

80 -

60 -

40 -

% correct predictions

20 -~

X-Ray CATH

DALI

DAD (234)

3Dee

DP (233)

DALI (229)

PUU (233)

DOMAK (231)

DIAL (233)

P (22
ModDom (234) SCOP (228)

DAD DIAL DOMAK DP ModDom PDP PUU

B Al chains (228)
E 1 domain (157)
[l 2 domains (60)
B 3 domains (9)
O 4 domains (2)
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Fragments assignment
from structure




BMI206

Barnase Domain-Swapping

conservation

0.25

0.2

0.15

0.1

0.05

Barnase (1brn:L)
conservation profile

— + local
+ global |
AT\
| ,r‘_\\'\ /f‘\\‘ —
L / X
IIIII | 1 1 1 1 1 I 1 1 1 1 1 I 1 1 1 1 1 I 1 1 1 1 1
25 50 75 100

residue number
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BMI206

Barnase Domain-Swapping

conservation

0.25

0.2

0.15

0.1

0.05

0

¥

Barnase (1brn:L)
conservation profile

o r 1t o[ r 1t 1t [ T T T T T [ T T T 1T

— + local
—— + global

0

25

50 75 100 125
residue number
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chymotrypsin inhibitor 2

1-37 | 38-64

BBBBBB




BMI206

chymotrypsin inhibitor 2

1-37 | 38-64 1-40 | 41-64

- Neira JL, Davis B, Ladurner AG, Buckle AM, Gay GP, Fersht AR. 1996. Towards the complete structural characterization of a protein
folding pathway: the structures of the denatured, transition and native states for the association/folding of two complementary fragments of
cleaved chymotrypsin inhibitor 2. Direct evidence for a nucleation-condensation mechanism. Fold Des 1:189-208.

- Ladurner AG, ltzhaki LS, de Prat GG, Fersht AR. 1997. Complementation of peptide fragments of the single domain protein chymotrypsin
inhibitor 2. J Mol Biol 273:317-329.

06/10/2004




BMI206

Sequence space .vs. Structure space

The PDB is a covering set of small protein structures.

50 100 150 200 250 300 350
Length of Protein

{B) Mumber of proteine for a given coverage

60
— 100% Coverage
" 50 | ----95% Coverage
3 10 = 90% Coverage
2
o
‘s 30
]
+ 2
E]
=
10 - Black: 6.5A
Red: 3.5A

50 100 150 200 250 300 350
Length of Protein

Kihara D, Skolnick J. (2003) J Mol Biol. 334 pp793
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BMI206

Sequence space .vs. Structure space

22%
1 T < T ! T I l IE'Il:! T I T I T I T I T I T I T I T I T I T I T I T I T

0.8

0.6

0.4

Fraction of the genome selected

0.2

0.|.|.|.|.'|'§i.i.i.|.i.|.i.|.i.|.i.|.
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

% of sequence identity

Data from DBAIiv2.0 with maximum search space of 2000 chains
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BMI206

Sequence space .vs. Structure space
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Template Search Methods

® Sequence similarity searches

MODELLER http://www.salilab.org/modeller/
BLAST http://www.ncbi.nlm.nih.gov/BLAST/
FastA http://www.ebi.ac.uk/fasta33/

® Sequence profile and iterative methods

HMMs http://www.cse.ucsc.edu/research/compbio/HMM-apps/
PSI-BLAST http://www.ncbi.nlm.nih.gov/BLAST/

® Structure based threading

mGenTHREADER http://bioinf.cs.ucl.ac.uk/psipred/
PROFIT http://www.came.sbg.ac.at/
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Fold assignment from sequence
examples....

05/26/2004




MODPIPE Model of Yeast Hypothetical Protein YIL0O73C
(high e-value and good model score)

PDB 1a17 | YILO73C
template | model

E-value = 65

Das et al. .. Seq. Id. =20%
EMBO J. 17, 1192, 1998 pG =0.97

The tetratricopeptide repeat (TPR) is a degenerate 34 aa sequence identified in a
variety of proteins, present in tandem arrays, mediates protein-protein interactions.

R. Sanchez, F. Melo, N. Mirkovic, A. Sali
BMI206 05/26/2004




GRAP: Fold Assignment by PSI-BLAST + Model Evaluation

F|SL$CE;R QUERY MQSEEL E-VALUE pG
Y Target 58 0.200 0.99
N Target 64 0.029 1.00
Y Template NO HIT NO HIT NO HIT
N Template 78 6x1 0'14 1.00

BMI206

PSEUDO ENERGY

0.0

-1.01

-2.07

-3.01

(significant e-value and good model score)

Prosall Energy Profile

| MODEL 78 res, Z = -6.99 (pG=1.00)

TEMPLATE 80 res, Z = -7.55 (pG=1.00)

0 20 40 80
RESIDUE NUMBER

80

05/26/2004




Does RuvB have the same fold as 0’ of E.coli DNA polymerase IlI?

Ec d’ MRWYPWLRPDFEKLVASYQAGRG----HHALLIQALPGMGDDALIYALSRYLLCQQPQGHKSCGHCRG

RUVB LEEYVGQPQVRSQMEIFIKAAKLRGDALDHLLIFGPPGLGKTTLANIVANEMG--=-=-=-=-==———————

Ec d’ CQLMQAGTHPDYYTLAPEKGKATLGVDAVREVTEKLNEAARLGGAKVVWVTDAALLTDAAANALLKTL

RUVB  ——————————— VNLRTT-----—-— SGPVLEKAGDLAAMLTNLEPHDVLFIDEIHRLSPVVEEVLYPAM

Ec d' -—-—m-————————————= EEPPAETWFFLATREPERL---LATLRSRCRLHYLAPPPEQYAVTWLSRE

Ppdp EDYQLDIMIGEGPAARSIKIDLPPFTLIGATTRAGSLTSPLRDRFGIVQRLEFY--QVPDLQYIVSRS

Ec d' VIM----- SODALLAALRLSAGSPGAALALFQ--—————-—-—=——-— GDNWQARETLCQALAYSVPSGD--
RUVB ARFMGLEMSDDGALEVARRARGTPRIANRLLRRVRDFAEVKHDGTISADIAAQALDMLNVDAEGEFDYM

Energy profiles (Prosall by M. Sippl)

Ec &’ ~WYSLLAALN---HEQAPARLHWLATLLMDALKR/VTNVDVPGLVAELANHL---S®SRLOAILGDVC

RUVE ; DRKLLLAVIDKFF PVGLDNLAAAIGEERETIE--DVLEPYLIQQGFLQRT GRMATTRAWNHEG
S .
2 . V‘-""VA\ I
o 0 A /
[ 7 v
WlEc 4’ | H M R EHYL
2
RUVB | ITPPEMP-———————————mmoee -\t
4 1 T I T I T I T
0 80 160 240 320

Residue number

B. Guenther, R. Onrust, A. Sali, M. O'Donnell & J. Kuriyan. Cell 91, 335, 1997.

Yamada, K., Kunishima, N., Mayanagi, K., Ohnishi, T., Nishino, T., Iwasaki, H., Shinagawa, H., Morikawa, K.
Crystal Structure of the Holliday Junction Migration Motor Protein Ruvb from Thermus Thermophilus Hb8.
Proc.Nat.Acad.Sci.USA 98,1442, 2001. 05/10/2004




BMC WorkShop

Protein Structure Prediction

Sequence-Structure alignment
(template selection)

Marc A. Marti-Renom & Damien Devos

Department of Biopharmaceutical Sciences, UCSF

June 17th and 18th, 2004
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BMI206

Domain boundaries from sequence

VERY DIFFICULT!!!

LKVQLIDKLGEVDFRLTEGANERIQLDAYLAYLSTLAKK

MENFEIWVEKYRPRTLDEVVGQODEVIQRLKGYVERKNIPHLLFSGPPGTGKTATAIALARDLFGENWRDN
FIEMNASDERGIDVVRHKIKEFARTAPIGGAPFKIIFLDEADALTADAQAALRRTMEMYSKSCRFILSCN
YVSRIIEPIQSRCAVFRFKPVPKEAMKKRLLEICEKEGVKITEDGLEALIYISGGDFRKAINALQGAAAT
GEVVDADTIYQITATARPEEMTELIQTALKGNFMEARELLDRLMVEYGMSGEDIVAQLFREIISMPIKDS

05/26/200

.




BMI206

Domain boundaries from sequence

(SnapDragon)

tl | I — T
4t - -
|8 - - -
i 2t T - L]
: - LS WA W
é 0 I SN S W= S5 . -
'.E Tl L .
é -2 O R R e - e - 1
B
! - - - -
4 i
6 1 .
i 2000 M) [ZEN BiH}
Chain length
1b)
100 Y - | ib) 0
L - | o .
| " l “ -
m‘ AL 4D
. r . " . !
& ., “130
H . . 120 Frequency
= LI | f
.84[]' * . -.l 10
= | « Ny o |
) ] -0
20 ‘e :': .
| Y |
e N 1 n 1 -
% 50 100 150 Predicted True number
Residue position
Table 2. Average accuracy percentages of linker prediction over 57 proteins
Continuous set Discontinuous set Full set
Randomised background Z-score >2 Coverage 63.3 43.6 54.8
Success 27.2 31.1 28.9
Self-normalised Z-score >1 Coverage 64.7 39.5 53.5
Success 26.6 3.7 289
Self-normalised Z-score >2 Coverage 487 243 387
Success 41.3 283 299

Georgea and Heringa (2002) J. Mol. Biol. 316 pp839
05/26/200
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Domain boundaries from sequence
DomSSEA

euocy

Perceniage [regs

Percentage correct assignments

250

200

150

100 4

60

60.0

50.0

40.0

30.0

200

10.0 4

- single-domain |
- - - -two-domain

— — — - three or mate domain

—=— Cansensus boundary prediction
- = Lifn-1)
DomSSEA cbserved secondary structure
DomSSEA predicted secondary structure
----- DGS-M
Absolute difference in length
— = —FASTA
—=— Random {weighted)

MNnmain laneth

all domains :

a.0

10 12 14 16

+/ - residues

18 20

Dersden et al. (2003) Prot. Science 11 pp2014

05/26/200
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Prediction of Secondary Structure (PSI-PRED)

>gi42541361

BLAST Log File|
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Jones DT. (1999) J. Mol. Biol. 292 pp195
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Prediction of Secondary Structure (PSI-PRED)
http://bioinf.cs.ucl.ac.uk/psiform.html

; PSIPRED Protein Structure Prediction Server - Microsoft Internet Explorer
Fle Edit View Favorites Tools Help

Qeak » O - ¥ @) (0| Psearch Srravorites @ Meda 8 (3- o w] - ) & S

v B ks ? &
~

oinformatics Unit

PSIPRED
home>

The PSIPRED Protein Structure Prediction Server

Info 'e suggest that you do not bookmark this page as it is liable to move. It is best to access the server via
e PSIPRED home page, which has more inft tion about the methods and a full reference list.

Input q (single letter code)
Sequence

Choose © Predict Secondary Structure (PSIPRED v2.4)

S O Predict Transmembrane Topology (MEMSAT)

Prediction O Fold Recognition(Gen THREADER - quick)

Method O Fold Recognition (mGen THREADER - with profiles and predicted secondary structure)

Filterin Mask low complexity regions

: 9 [] Mask transmembrane helices

Optlons [ Mask coiled-coil regions

larning: Turn off all filtering if you are running MEMSAT

E-mail address Help

Submit \

Sequence Password (only required for commercial e-mail addresses) Hzlp =

[

&)  Internet

05/26/200
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Why the alignment is so important?




Typical errors in comparative models

MODEL
X-RAY
TEMPLATE

Region without a
template

Incorrect template

EDN  ---KPPQ)

KP
SA  KETABRRK

Distortion/shifts in
aligned regions

VX IR

Marti-Renom et al. Annu.Rev.Biophys.Biomol.Struct. 29, 291-325, 2000.

Misalignment

FTWAQWFETQHI NMT TNAMQVINNYQRRCKNONTFLLTTF ANVVIVCGNPNMTC PSN

== NSO T

FERQHMDS STSAASSSNYCNQMMR SRNLTK DRCK PVNTFVHESLAD KINVAC -KN
Dbbbbbb aaaaaaaaa

KTRENCHHSGSQVPL THCNLTTPS PONTSNCRY AQTPANMF Y TVACDNRDQRRDPPQYPVVPVHLORTT
SCPEECETETEEET TSNSV LT [TLLTTTTT
—GRTNCYQSYSTMSI TDCRETGS S - -K YPNCAYKTTQANKHI TVACEGN - - - - - - ~PYVPVHFDASY

aaaaa

Sidechain packing

05/10/200




Alignment errors are frequent and large

100

o

« 80 1

L~

(O]

>

o 60 -

(O]

=

O 40 - A Template - Target

2 @ Model - Target

n

0\0 20 A [[] Template - Target difference
[] Alignment error

O T T T

O 20 40 60 80 100
% Sequence identity

200 1

160 1

120 -

80 -

FREQUENCY

40 1

O - T r T T T
0 20 40 60 80 100
% SEQUENCE IDENTITY

R. Sanchez & A. Sali, Proc. Natl. Acad. Sci. USA 95, 13597, 1998. 05/10/200




Minimizing errors in
sequence-structure alignment

* Threading.

- Complex gap penalty functions.

 Multiple sequence profiles.

» lterative process (model assessment)

000000000
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Threading
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General overview (Threading)

e Matches sequences to 3D structures

eRequires a scoring function to asses the fit of a sequence to a
given fold

e Scoring functions deried from known structures and include
atom contact and solvation terms evaluated in a pairwise
fashion

eMay include secondary structure terms, multiple alignments...

e Threading servers available using several different approaches
e Fold recognition server at Imperial College, UK

e ProteinPredict server at EMBL

eProtein sequence-structure threading at NCBI

05/26/200




Template comparison methods

e Uses 3D “templates” for searching structural databases

eactive site or binding site templates generated to reflect functionally
important structural signatures

e Available software/servers
e Template Search and Superposition (TESS), Thornton Group

Wallace AC; Borkakoti N; Thornton JM. (1997) Protein Science 6 pp2308

e“Fuzzy Functional Forms” , Skolnick - commercial availability
Fetrow, Js and Skolnick, J (1998) J. Mo. Biol 281 pp949

e Spatial Arrangements of Side-chain and Main-chain (SPASM),
Kleywegt, Univ. of Uppsala

Kleywegt GJ (1999). J. Mol. Biol. 285 pp1887

BMI206 05/26/200




Sequence-Structure alignments

As any other bioinformatics problem...

- Representation

- Optimizer




Empirical energy functions (PMF)

|ldea: energy leads to structure, thus it should be
possible to infer energy from many known structures

To be used in: model refinement and assessment

Properties needed:
Deep minimum at correct state (native)
Smooth
Simple

Types:
Contact potential
Distance potentials
Surface potentials

BMI206 05/26/200
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Approximations/Limitations in PMFs

Database size.
PMF versus Energy (additive/higher order terms).
Reference state.

Physical origin.

Finkelstein et al. (1995) Proteins 23, pp142
05/26/200




Representation

Sequence/Structures

>gi42541361
MDIRSVSSLRGLLCLPPSWPRR

Primary sequence

Reduced atoms representation

Secondary Structure Accessible surface

BMI206 05/26/200




_ [A8]
- [A][8]

A
AG = -RT In(K)= _RTIn 2Bl

[A]{ 8]

From statistical physics, we know that energy difference
between two states (AE) and the ratio of their occupancies
(N:N,) are refated {9]):

AE =T In (l\—l) (1

N:

in which T is the absolute temperature and k is the Boltz-
mann’s constant. As we are interested in an interaction
energy between two amino acid side chains, it would seem
natural to define N, as the number of interactions
between these two residues types in a group of real protein
structures, a number which is readily available from simple
database analysis. But this number must be compared with
the number of interactions in some other system, N, to
obtain the energy difference between them.

Tanaka and Sheraga (1975) PNAS, 72 pp3802
A. Godzik, (1996) Structure 15 pp363
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Long range free energy

T T T T T T

Leu-Leu - Leu-Thr

& 10 12 14 16 18

T T T T T 1 T

Thr-Leu : Thr-Thr

AV aR N/

1 1 1 i ! L 1

& & 10 12 14 156 18 ( 6 8 10 12 14 16 18

distance distance

Short range free energy

10 12 14 16 18 : L 10 12 14 16
distance . distance
Sippl (1993). JCAM 7 pp473
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Scoring

Raw scores of an alignment

L R el T e A DAl o
alelel || ele |~ Al
ol e ik @l T
bl Il Il el el e el el el el el el a
<<<<<<<<<<<<<< el =] o
=l e R Rl R e e e el
il el sl ol |
NEE - o+ JE [ I [ g )

Distance space

Aminoacid substitutions

Accessible surface (B,A [%])

Secondary Structure (H,B,C)

05/26/200
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Probability that the optimal alignment of two random
sequences/structures of the same length and composition as the
aligned sequences/structures have at least as good a score as the

evaluated alignment.

05

.. o : Sometimes
Emplrlcal I k approximated
‘ by Z-score (normal
distribution).

Frequency

Z-Score

b (8-n)

P(s) = e
P(s2 x) = 1—e}(p( g™ (s ))

Karlin and Altschul, 1990 PNAS 87, pp2264
05/26/200
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Energy Z-score the model with respect the energy of random
models (or rest of decoys).

Ot

000 00040000045 ZMZKE -E,

O c
<E>
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Scoring

Significance of an alignment (background)

Structural space

Sequence space

MKLLIVLTCISLCSCICTVVQRCASNKPHVLEDPCKVQH

HLSVNQCVLLPQCCPKSCKICTHLISIEVVLTCRAVDKM
MHVNCVEQCSLODCIKIAPRVLKTCILCVLKPCLTSVSH
VHLVQPTSCCCKKNCICHVEIRSLDILTKSVQLACLVPM

MQCCRVQKICDLLAVELCKLHISTPSCKILCVVTSVPHN
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Optimizer

Global dynamic programming alignment

Sq/st1] A N,
Sa/St2 ‘J M
1 2 3 N '
D, *Score,..,
D.=min<D..,.*Score.
I\) * *. * * *
l
W | * *}Yk LDi-1.j+SCGrE{n',ﬂ}
= * «1— Best alignment score

Backtracking to get the best alignment

Needleman and Wunsch (1970) J. Mol Biol, 3 pp443

BMI206 05/26/200
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Optimizer

Local dynamic programming alignment

Sq/St1 -
Sq/St 2 ]

—® .-

! Da,;q"'SCGre.[M}
4 D....*Score.,
Di-1 ,,-+SCOFE{M}

©

D, =min

N

*

*

*
: * * A\* */ | Best score
< | = */ * . 4 %

Best local alignment

Backtracking to get the best alignment

Smith and Waterman (1981) J. Mol Biol, 147 pp195
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Applications of PMFs

Model assessment.
ADb initio folding simulations.
Sequence-structure matching (threading).

Comparative protein structure modeling (loops,
sidechains, ...).

Secondary structure prediction, etc.

Finkelstein et al. (1995) Proteins 23, pp142
BMI206 05/26/200




Sequence-Structural alignment by properties
conservation (SALIGN-MODELLER)

*
|~ Best score

=4 */f

7
Best local alignment

FFFFRFREFEFET

v" Uses all available structural information
v" Provides the optimal alignment

Computationally expensive

Ii,j

Madhusudhan et al. in preparation
06/10/200
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Sequence-Structural alignment by properties

conservation (SALIGN-MODELLER
http://www.salilab.org/dbali/

3 DBALi v2.0 tools page - Microsoft Internet Explorer
File

QBack - ) - [¥] [@] (o S search rFavorits @ Media £ (- a - J 3

Address |@ http: fsalilab.org/DBAl fPpage =tocls&action =f_salign

Edit View Favorites Tools Help 1','

v| Go | Llirks > | @~

Cluster a list of chains

: e Clusterfrom a chain

©09/21/2002 — « Define domains from a chain

§Y=u are visiting « Getamultiple structure alignment of @ list of chains
éthE DBAli.vZ e Datahase statistics

: pages. This : o Download DBAL
pages contain -
* the updated Get a multiple structure alignment of a list of chains.

| DBAIi dstabase.

ML =Tl File with a list of chains:
tha 2ld DBAI

' database here. | |[ Browse. | ®

lllllllllllllllllllllllllllllll -SALIGN -Clear

Reference :: Download :: Statistics :: Suggestions Wi ;1407 @& 2003 - 2004 Marti-Renom

@ ® Internet
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Threading (mGenThreader)

e GT
—%—GT_SSEA
“F |- - -GT_FsSP
| —e—GT_FSSP_SSEA

>gi42541361
M%%RSVSSLRGLLCLPPSWPRR * Neural Network

——mG

—o—mGT FSSP_SS_SSEA

False positives

v" Good row and significance scoring

Obscure optimizer

McGuffin LJ, Jones DT. (2003) Bioinformatics, 19, pp874
05/26/200
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Threading (mGenThreader)

http://bioinf.cs.ucl.ac.uk/psiform.html

PSIPRED Protein Structure Prediction Server - Microsoft Internet Explorer
File Edit WView Favorites Tools Help

QBack - ) X @ Y O search 7 Favorites @ Media 42

Address @'] http://bioinf.cs.ud. ac. uk/psipred/psiform.html

Bioinformatics Unit

The PSIPRED Protein Structure Prediction Server

We suggest that you do not bookmark this page as it is liable to move. It is best to access the

server via the PSIPRED home page, which has more information about the methods and a full
reference list.

Help
Input sequence (single letter code)

Help

@ Predict Secondary Structure (PSIPRED v2.4)
 Predict Transmembrane Topology (MEMSAT)
 Fold Recognition(GenTHREADER - quick)

20 Fold Recognition (nGenTHREADER - with profiles and predicted secondary structure)

Help

Mask low complexity regions
[] Mask transmembrane helices
[ Mask coiled-coil regions

Warninm: Tourn H all filtarinn if wnn arn i MERMCAT

© Internet

BMI206
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Remote homology detection (FUGUE)

........................................................................................

1 ]
>gid2541361 1 2 3 ... N . G
MDIRSVSSLRGLLCLPPSWPRR N D D B I . e
: N R e _I_ ||| | 3
wl* | * \l‘ * | = - j - -
| ] e
E B * | * | - Bestscore —#
=Z | * * /{ ’/*/
/

v" Uses most of the structural information

v Easy to access either locally and on
the web

v" Good row and significance scoring

@)
O>0

Co - similarity + Does not use multiple sequence
; information

OE

<E>

BMI206 05/26/200
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Remote homology detection (FUGUE
http://www-cryst.bioc.cam.ac.uk/fugue/

a FUGUE: sequence-structure homology recognition and alignment engine - Microsoft Internet Explorer

File Edit View Favorites Tools Help ‘R.
Qoack - & - ¥ [&] @h P search PrFavoites @ Media € (- (W] - [ E S
Address |a hittp:/ funw-cryst. bioc. cam.ac. uk fugue v| Go | Links > @ 5

~

.
y il Iiﬁ |- 4 Crystallography and Biocomputing Unit
. j vy - Department of Biochemistry, Unfversity of Cambridge

Sequence-structure homology recognition using environment-specific substitution tables
and structure-dependent gap penalties

Submit your protein sequence

SEARCH STRUCTURAL DATABASE

ALIGN SEQUENCE WITH STRUCTURE

DOCUMENTATION

Methods

FUGUE is a program for recognizing distant homologues by sequence-structure comparison. It utilizes environment-specific substitution tables and structure-dependent gap penalties, where scores for amino

acid matching and insertions/deletions are evaluated depending on the local environment of each amino acid residue in a known structure. Given a query sequence (or a sequence alignment), FUGUE scans a
database of structural profiles, calculates the sequence-structure compatibility scores and produces a list of potential homologues and alignments.

Here is a summary of how it works.

Read the original paper for more details:

J. Shi, T. L. Blundell, and K. Miznenchi (2001). FUGUE: sequence-structure homology recognition using environment-specific substitution tables and structure- dependent gap penalties. J. Mol. Biol., 310,

243-257.
Medline, Article on-line, PDF (local onlv).

Some practical imformation can be found in:

R. Nufiez Miguel. J. Shi and K. Mizuguchi (2001). Protein Fold Recognition and Comparative Modeling using HOMSTRAD, JOY and FUGUE. In Prorein Structure Prediction: Bioinformartic
Approach. International University Line publishers, La Jolla, 143-169.

PDF (local only

Click here for information about the HOMSTRAD database.

[

a & Internet
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eta-Servers (3D-Jury

v Collecting several results
Server 1 v After manual analysis... good results

Heuristics and complicated scoring
Consensus results
NO CONTROL OF DATA GENERATION or SERVERS!

Call, Vol 118, 701-702, Jww 13, 2003, Copyght £3008 by Gol Frass

Letter to the Editor

- suggest that the viius also rquires the Adohet-depen-
!nlr'l]msiéglsiaglethynramferase cent cap-0 methyltrnsterass. Both functions can be
In the nome Inhibitad Dy carbeayells anAI0gs of adenasing, sush as
Meplanocin A o 3-deazaneplancein A, which Interfers
With e AdcMet-AdoHey metabalsm of the host call

{De Clerca, 1998; Bray et al, 2002). Thess compounds.
The 3D Jury syStem Nas pradictad the methyIransier- OuKl complement oter therpeutic stratagles amead
5@ fokd Tor thensp13 proteln of the SARS coroNawirus.  at blocking enzymatlc functions such as the RNA-
Basad on the consarvation of acharacteristic tstradof  epenaent ANA PONTIERaSe, T8 Frotaase, of the Nall-
reskiues, e MRNA cap-1 methyliransterase ncion  case encodsd by the SARS vins.
has been assigned to this protain, which has potential
Implications for antiviral therapy.

Heuristics selecting
consensus result

Marcin von Grotthuss, Lucjan 8. Wymwicz,

and Leszek Rychiswski®
The latsst cuttreck ofthe severs cuts respIBtETY Sy BloinfoBank Insttuts

drome (SARG) SPEMIC Nas 180 t0 thOUSANAS O PO | jranguskiego 248
tally lethally Infected patients and hundreds of desths. 80-744 Prznan
Thess nuMBers 18 lIkaly 10 Nse, e the Oreacing A5 pajang

&a5# Is alleacty causing major medical snd sconamical
cONDeMs. Meamwhile, e BARE COMONGMIUS Identiflag  "SoMeepondsmec: Kezckabici. pl
a5 the pathogen responsibie far the disaster has besn

Isciatad, BN s encme sequenced (Mama etal, 2003; -
Rota et 3., 2003 /"\1\‘ i

We Nave sppiled the 30 |Ury meta precitar [Gnaiski \ -

&t ., 2003) to annctats the structure and unctien of |
Proteins encoded by e viral posithe-sramd sSANA

Nowsl fokd recognition methods wtlizs the glabdl net- {
WOIK of INEp2nCENt StuCtUre Fredition Sarvers. De-
tection of pattars of structursl similartty betesen i
verse madels 15 Used 0 GINSISENLY Sel2ct e cormeat
fold from & set of boreriine preclctions. Such methocls

O R Fe u S "jn“dm:“inc mp‘jlc"‘"*' last f’“'eﬁl:!mm
SamT02

SamIoz LETTERS

mGenThreader How Unique Is the
Rice Ti i ?
I N BG U ice Transcriptome

IN THE REPORT "COLLECTION, MAPPING, AND
annotati - ¢ i in
R A PTO R annotation of over 28,000 cDNA clones o o 8, et e ard Pyt
e rver 4 from japonica rice” (S. Kikuchi et al., 18 . 2002) and [BPrEsants M) cap-1
July, p. 376), the Rice Full-Length cDNA H:ﬂ:mg‘:}:’;; fiothaliort: S obiuimbot il eyt
F‘ | G U E _2 Project Team provides a detailed description
of the rice transcriptome. The authors claim

st nunbst of Inpsrtions an cslation. Eda chalm of e con-
3 D P S S M that 36% of the tested rice transcripts are not

BASS  MRMDLIZECHD
IESG  URPVWALRR VTR

V4
| ot
)

0ARD  OCATLIGANYEG
1EIS VELFEVAFIVHY

Server 3

‘savad tetrad of rotiduse (K-D-K-E) sveentidl for cap-1 methylaticn

ol contsinng the conssrved, hrwcion-specit sskdes ars.
‘shown In upps right comer.

Inthe genomeweuld

Ginalski K, et al. (2003) Bioinformatics 19 pp1015
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Meta-Servers (3D-Jury)

http://bioinfo.pl/Meta/

File Ed Favorites Tools Help

[<] [

OO 0O OO

Address | @] http: jbicinfo.plMeta/ e ks * @
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Complex gap penalty functions
MODELLER SALIGN (ALIGN2D)

Madusudhan M.S. et al. in preparation

05/26/200




Regular dynamic programming (ALIGN)

Seq1-> DEFGHLKSMV
Seg2 -> FGHISAVCSSMLPQ

Substitution tables

Creation of a gap penalized

M *N scoring matix

Gap penalty=U + V

05/10/200



Align2D

Seq1-> DEFGHLKSMV
Seg2 -> FGHISAVCSSMLPQ

Substitution tables

M *N scoring matix

05/10/200



ALIGN2D

i i1
A A
: : L1=i—i1-1

M A DHYV L2 =j—j1-1

SVDHA__N

v v

J1

G = u*f(i1,i) + (L1+L2)*v — min(L1,L2) *t

v v v
opening extension diagonal




f(i1,i) = 1+ WaH + WS + WgB + W(C + Wq(max(0,d-dg))9

H {=1 if helix unbroken, 0 otherwise

S {=1if strand unbroken, 0 otherwise
B {average burial

C { curvature, 1 if H or S, f(q) otherwise

f(q) = 1 — min(180,max(0,q))/180

d = gap spanning distance

05/10/200



Align

_aln.pos 20 30 40 50 0
lcydAa LNFSGLRALVTGAGKGIGRDTVKALHASGAKVV VITRTNSDLVSLAKECPGIEP

lybvA DAIPGPLGPQSASLEGKVALVTGAGRGIGREMAMELGRRGCKVI ANSTESAEEVVAAIKKNGSDA
consrvd *  kkkkkkk hkkk * * Kk * *  * *

_helix 99999999999999 99999999999

_beta 9999999 999

_buried 5293057999969935897499569627 79349514831945

_straigt 777544688756632136777766774225577 | 975443577777763354569

Strand interrupted

Align2D Gap placed between helix
aln.pos 20 30 5aond Str%nd

lcydAa LNFSGLRALVTGAGKGIGRDTVKALHASGAKVVAVTR---TNSDLVSLAKECPGIEP

lybvA DATIPGPLGPQSASLEGKVALVTGAGRGIGREMAMELGRRGCKVIVNYANSTESAEEVVAAIKKNGSDA
consrvd *  kkkkkkk hkkk * * Kk *  * *

_helix 99999999999999 9999999999

_beta 9999999 99999999 999
_buried 5293057999969935897499569627395999983 52179349514831945

_straigt 7775446887566321367777667742255779754 43577777763354569
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Profile-Profile alignments
MODELLER SALIGN ('PROFILE’)

Marti-Renom et al. (2004) Protein Science. 13:1071
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Experiment (in silico)

* Benchmarking the best alignment methods.

* New alignment method.

 Projected gains.
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Methods: Reference set

A) Training Set B) Testing Set
CE alignments with 387 . .
« <40% sequence identity "
> 100 EqgPos 2
« >50% EqPos j
* > 90% coverage for one chain o

Filter: MAMMOTH alignments with 300

« >50% EqPos = I‘I

100 Training set

N
o N o n @
°° o o o o o o
g o
- E Y
o 9..0
3
R 2 3
n° g
5 3
@ @
g 5 3
[}
2
. 2
5 < 8
o N
° 8

200 Testing set
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Methods: Evaluated methods

Sequence A: AGHLAHTRCELKLPTCRGNMSSRFC
Sequence B: AGHLRHTRRCLRLPTAGNARFC

g ALIGN' DP pairwise method

w

S : BLAST2SEQ: Local method

w

o | PSI-BLAST: Local search method that . ARSI SR
& uses multiple sequence z
IS information for one of the 5
o sequences. 3
. . ALIGN4D: DP pairwise method that E
£ uses multiple sequence %
= information for both 9
o sequences.

05/10/200




Prof.-Seq. Seq.-Seq.

Prof.-Prof.

Methods: Evaluated methods

Sequence A: AGHLAHTRCELKLPTCRGNMSSRFC
Sequence B: AGHLRHTRRCLRLPTAGNARFC

Non specific 20x20
substitution matrix.

(eg, BLOSUM, PAM, etc...)
+

ALIGN DP pairwise method

Gap penalties
BLAST2SEQ: Local method

PSI-BLAST: Local search method that AR E [EINE

uses multiple sequence
information for one of the

sequences.

ALIGN4D: DP pairwise method that
uses multiple sequence
information for both
sequences.

AGHLRHTRRCLRLPTAGNARFC
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Methods: Evaluated methods

Sequence A: AGHLAHTRCELKLPTCRGNMSSRFC
Sequence B: AGHLRHTRRCLRLPTAGNARFC

o : ALIGN: DP pairwise method

w

s  BLAST2SEQ Local method

w

o | PSI-BLAST: Local search method that . ARSI SR
& uses multiple sequence z
IS information for one of the 5
o sequences. 3
. . ALIGN4D: DP pairwise method that E
£ uses multiple sequence %
= information for both 9
o sequences.
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Prof.-Seq. Seq.-Seq.

Prof.-Prof.

Methods: Evaluated methods

Sequence A: AGHLAHTRCELKLPTCRGNMSSRFC
Sequence B: AGHLRHTRRCLRLPTAGNARFC

Non specific 20x20
substitution matrix.

(eg, BLOSUM, PAM, etc...)
+

ALIGN: DP pairwise method

Gap penalties
BLAST2SEQ Local method

PSI-BLAST: Local search method that ARG RN e

uses multiple sequence
information for one of the

sequences.

ALIGN4D: DP pairwise method that
uses multiple sequence
information for both
sequences.

AGHLRHTRRCLRLPTAGNARFC
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Methods: Evaluated methods

Sequence A: AGHLAHTRCELKLPTCRGNMSSRFC
Sequence B: AGHLRHTRRCLRLPTAGNARFC

o : ALIGN: DP pairwise method

w

S : BLAST2SEQ: Local method

w

s  PSI-BLAST Local search method that . ASR RS ER
& uses multiple sequence z
G information for one of the 5
o sequences. 3
. . ALIGN4D: DP pairwise method that E
g uses multiple sequence %
= information for both 9
o sequences.
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Prof.-Seq. Seq.-Seq.

Prof.-Prof.

Methods: Evaluated methods

Sequence A: AGHLAHTRCELKLPTCRGNMSSRFC
Sequence B: AGHLRHTRRCLRLPTAGNARFC

ALIGN: DP pairwise method
BLAST2SEQ: Local method

PSI-BLAST Local search method that

uses multiple sequence
information for one of the
sequences.

ALIGN4D: DP pairwise method that
uses multiple sequence
information for both
sequences.

O
T
o
<
zZ
2
'_
o
-]
o
—]
(@]
o
o
l_
I
o
—
I
Q
<

AGHLA LKLPTCRGNMSSRFC

AGHLAHTRCELKLPTCR

SSRFC

AGHLAHTRCELKLPTCRGNMSSRFC
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Prof.-Seq. Seq.-Seq.

Prof.-Prof.

Methods: Evaluated methods

Sequence A: AGHLAHTRCELKLPTCRGNMSSRFC

Sequence B: AGHLRHTRRCLRLPTAGNARFC

ALIGN: DP pairwise method

. AGHLA LKLPTCRGNMSSRFC
BLAST2SEQ Local methOd EA:GHLAHTRCELKLPTCR SSRFC
PSI-BLAST Local search method that ABHLAHTRCELKLPTCRGNMSSRFC

uses multiple sequence

information for one of the

sequences.

ALIGN4D: DP pairwise method that

uses multiple sequence
information for both

sequences.

AGHLRHTRRCLRLPTAGNARFC
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Prof.-Seq. Seq.-Seq.

Prof.-Prof.

Methods: Evaluated methods

Sequence A: AGHLAHTRCELKLPTCRGNMSSRFC
Sequence B: AGHLRHTRRCLRLPTAGNARFC

ALIGN: DP pairwise method
BLAST2SEQ: Local method

PSI-BLAST Local search method that

uses multiple sequence
information for one of the
sequences.

ALIGN4D: DP pairwise method that
uses multiple sequence
information for both
sequences.

O
T
o
<
zZ
2
'_
o
-]
o
—]
(@]
o
o
l_
I
o
—
I
Q
<

AGHLA LKLPTCRGNMSSRFC

AGHLAHTRCELKLPTCR

SSRFC

AGHLAHTRCELKLPTCRGNMSSRFC
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Prof.-Seq. Seq.-Seq.

Prof.-Prof.

Methods: Evaluated methods

Sequence A: AGHLAHTRCELKLPTCRGNMSSRFC

ACDE../[.V WY :
+12 32/ -1 +1 -3 i

Sequence B: AGHLRHTRRCLRLPTAGNARFC

ALIGN: DP pairwise method

. AGHLA LKLPTCRGNMSSRFC
BLAST2SEQ: Local method A;\G?*LAHTRCELKLPTCR e
PSI-BLAST Local search method that € ALy L VS L G

uses multiple sequence

information for one of the

sequences.

ALIGN4D: DP pairwise method that

uses multiple sequence
information for both

sequences.

AGHLRHTRRCLRLPTAGNARFC
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Methods. Evaluated methods.

Sequence A: AGHLAHTRCELKLPTCRGNMSSRFC
Sequence B: AGHLRHTRRCLRLPTAGNARFC

o : ALIGN: DP pairwise method

w

g i BLAST2SEQ: Local method

n

o i PSI-BLAST: Local search method that . G AU SPIEIRER WSRIRAS
& uses multiple sequence z
IS information for one of the 5
o sequences. 5
.. ALIGN4D DP pairwise method that :
£ uses multiple sequence %
5 information for both 5
o sequences.
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Prof.-Seq. Seq.-Seq.

Prof.-Prof.

Methods. Evaluated methods.

Sequence A: AGHLAHTRCELKLPTCRGNMSSRFC

Sequence B: AGHLRHTRRCLRLPTAGNARFC

ALIGN: DP pairwise method
BLAST2SEQ: Local method

PSI-BLAST: Local search method that
uses multiple sequence
information for one of the

sequences.

ALIGN4D DP pairwise method that
uses multiple sequence
information for both

sequences.

O
UL
o
<
Z
Q
<

Q2
T %
5 5
O
g
o o
-
¥
-1
O O
Z g
T
®
5I
<2

AGHLRHTR

AGHLA LKLPTCRGNMSSRFC

AGHLAHTRCELKLPTCR

SSRFC

AGHLAHTRCELKLPTCRGNMSSRFC
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ALIGN4D
protocol

Methods.

Profile

PSI-BLAST
Henikoff-Henikoff
H-H + similarity weight
PSI-BLAST
Henikoff-Henikoff
H-H + similarity weight
PSI-BLAST
Henikoff-Henikoff
H-H + similarity weight

Henikoff-Henikoff

H-H + similarity weight

SALIGN.

Comparison Extension

Correlation Coefficient

Correlation Coefficient

Correlation Coefficient

Euclidian Distance

Euclidian Distance

Euclidian Distance

Dot Product

Dot Product

Dot Product

Jansen-Shannon Distance

Jansen-Shannon Distance
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Methods: Coverage and accuracy

High coverage accuracy
High accuracy

coverage High accuracy

— accuracy




Results: Comparison of alignment dependent measures

CE overlap RMSD Structure
Method [%] Shift score [A] overlap [%] BLasT
CE 100+0 1.00 +0.00 27+06 59.8+129 CLUSTALW 012
BLAST 26 +29 032 +0.33 5.6+37 20.6 +23.7 o - o
PSI-BLAST 43 + 31 0.48 £0.35 65139 303 +249
PSI-BLAST 004 | 004
S5AM 48 + 26 0.50 £0.34 9.2+47 289248
LOBSTER 50227 0.51 £0.32 9149 31.1£252 COMPASS ol el R
SEA 49 + 27 0.53 £0.29 B4 x4.4 33.4+243 SAM o0 | 00z | 0os | 008
ALIGN 42 £ 25 0.44 +0.28 10.6 5.0 25.7 + 24.1 —
CLUSTALW 43 + 27 0.44 +0.31 10,2 =49 264 +243 n | oo Tom o o o
COMPASS 43 +32 0.49 £0.35 48x32 3231247 :
CCuy 56+23 0.61 £0.24 T8x42 367229 e bl I I Il
CC;” 56+24 0.62 £0.24 T8£42 36.5+232 CChs 000 | 008 [ 010 [ 012 | 013 | 014
100 = -+ BLAST % % ; - % “
+— PSI-BLAST ° c
* -« CLUSTALW
—s COMPASS
oo s SAM
== LOBSTER
80 T o
—s CCHs
— e CE BLAST
AUGN |
% 60 CLUSTALW 094
E PSI-BLAST | 01z | 114
=
=2
E COMPASS o 063 0.60 153
63 40 SAM | 514 | 570 | 574 | 668
SEA 123 | 641 | 697 [ 696 | 791
LOBSTER | 033 | 154 | 668 | 724 | 7.28 [ 821
20 cons 555 | 621 | 7.06 | 1237 | 1310 | 12.86 | 14.06
com 1 078 | 633 | 699 | 7.84 | 1315 [ 1387 | 1364
;i 5§ &€ § 3 8 5§ 3 8 %
0 1 | | 1 | 1 | e cF % T % é B E-
0 20 40 60 80 100 - ° = 3

% of structurally equivalent positions

03

03

0.2

01

01

0.0

31.0

248

18.6

12.4

6.2

0.0
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Results. Turn over.
Mycoplasma genitalium MODPIPE Models

Number of ORFs

Average ORF length

Not attempted
1 o)

and PsiBlast
1%

16% PsiBlast only
12%

05/10/200




Number of ORFs

Results. Turn over.
Mycoplasma genitalium MODPIPE Models

Average ORF length

Not attempted

1%

Blast only
12%

.
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~ 34 extra
accurate models
for M. g. genome.

~ 100,000 models
for TrEMBL-SP
“genome”.
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Examples: TO092 model

 Target TO092 at CASP4.
 Hypothetical protein HI0319

* Haemophilus influenzae

 Parent: 1d2cA (Methyltransferase)
* ALIGN4D alignment at 8.4% seq id.

B) Target T0O092

3>

X-Ray structure

ALIGN4D (CCpgp) model

Method RMSD A % of EqPos

ALIGN4D CCpgp
PSI-BLAST

Best predictions at
CASP4

Data from CASP4, Asilomar, CA, December 2000.

Psi-Blast model

05/10/200




BMI206

lterative process
MOULDER

John, B. and Sali, A. (2003) Nucleic Acids Research. 31:1982-1992
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BBBBBB

lterative process... better models(?)

Evaluate Model Modify and build Model




Moulding: iterative alignment,

model building, model assessment

B. John, A. Sali. Nucl. Acids Res., 31, 1982-1992, 2003.

¢ 105 ‘ Comparative modeling
c
alignment GED
c

o |

model building S 104 (©) Moulding
8
, y %)
model assessment %
J g |
1 ‘Threadlng
] —
104 1030

Alignments
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lterative process... MOULDER

more in model evaluation

Start

>

No

No

BMI206

+
/”/ Sequence profiles of target & template’ /
+

Generate 25 initial target-template alignments?

|

¥

Rank alignments by alignment score (top 15 = parents)?

Build all atom models for 15 parent alignments?

L 4

Rank models by the GA341 score®

Best GA341 score < 0.67¢

Apply genetic algorithm operators to parents”

Select representative alignments®

¥

Build all-atom models for all representative alignments#*

+

Select best 10 models by statistical potential score
(parents for next iteration)'®

Rank models by composite score’2

¥

Select best model"?

T stop >

¥

CE overlap [%]

Native overlap [%]

Statistical potential score
|arbitrary units]

* Fnal

0 5 10 15 20 25
lteration index

a ~= Ty

Ieration index

John & Sali (2003). NAR 31 pp3982
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BMC WorkShop

Protein Structure Prediction
model building

(model assessment)

Marc A. Marti-Renom & Damien Devos

Department of Biopharmaceutical Sciences, UCSF

0000000000




Information about a protein can come from
three distinct sources

Experimental

observations Statistical rules

Laws of physics
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There is nothing but
points and restraints
on them.

Modeling by optimization

0 a 8 7 16 0 4 8 2 16

1.00 1.00

0.80

ok

0.801
Q

0.20 0.201

0.00 0.00

P(r/l) feature

|

P(R/N) molecule

distance distance
. [ NI Tl T Wy W e Y] ‘
LL .'
% (=
& "
1.00- « uk 1.00
“ .
0.801 0.801
O 0.601 00.60-
0.404 0.404
0.201 0.204
0.00— T T T T 0.00 T T T T T T
0 4 8 12 16 3 5 7 9 11 13 15
distance distance
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Classes of methods for comparative
protein structure modeling

Model building by assembly of rigid bodies: core, loops,
sidechains.

Model building by segment matching.

Model building by satisfaction of spatial restraints.

Marti-Renom et al. Annu.Rev.Biophys.Biomol.Struct. 29, 291-325, 2000.
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Comparative modeling by satisfaction of spatial restraints

MODELLER

3D GKITFYERGFQGHCYESDC-NLQP...
SEQ GKITFYERG---RCYESDCPNLQP...

1. Extract spatial restraints

53
- C :

L -

K ] .J' F ------------------ ]E

- P

(:“u lllllllllllll Y 28 e
E..-‘ '\{. ........

R ....... c:

=~
G- R

2. Satisfy spatial restraints

A. Sali & T. Blundell. J. Mol. Biol. 234, 779, 1993.
J.P. Overington & A. Sali. Prot. Sci. 3, 1582, 1994.
A. Fiser, R. Do & A. Sali, Prot. Sci., 9, 1753, 2000.

FREQUENCY

15 17 19 21 23 25
C,-C,DISTANCE [A]

FR) =TT p; (/1)

i
http://salilab.org/
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Restraints

(d)
p(d/d’)
p(d/d’,a,g,s,i)

O

o(d/d’,d”,...)
0(S/R,S",R' t,s)
o(M/R,M',R,s)

A. Sali & T. Blundell. J. Mol. Biol. 234, 779, 1993.
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Accuracy and applicability
of comparative models




“Biological” significance of modeling errors

NMR - X-RAY
Erabutoxin 3ebx
Erabutoxin 1era

NMR

lleal lipid-binding protein

1eal
CRABPII 10pbB
FABP 1ftpA
ALBP 1lib
40% seq. id.

X-RAY

Interleukin 18 41bi (2.9A)
Interleukin 18 2mib (2.8A)
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Assessing errors is important

Manual:
Critical Assessment of Techniques for Protein Structure Prediction
(CASP) (http://predictioncenter.linl.gov/)

Automated:
CAFASP
EVA (http://salilab.org/~eva/)

LiveBench (http://bioinfo.pl/)

06/10/2004



Model Accuracy

Marti-Renom et al. Annu.Rev.Biophys.Biomol.Struct. 29, 291-325, 2000.

HIGH ACCURACY  LOWACCURACY

NM23 . CRABP . EDN

Seqid 77% . Seqid 41% . Seqid 33%

Cax equiv 147/148 . Ca equiv 122/137 ~ Caequiv 90/134
RMSD 0.41A .~ RMSD 1.34A ~ RMSD 1.17A

Sidechains  Sidechains  Sidechains
Core backbone Core backbone Core backbone
Loops Loops Loops

/ MODEL ~ Alignment |

+ | | S : S F0ld.assignment. ...
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Typical errors in comparative models

Incorrect template Misalignment

MODEL
X-RAY

EDN  ---RPPQFTWAQWFETQHINMT TNAMQVINNYQRRCKNONTFLLTTF ANVVIVCGNPNMTC PSN

== NSO T

FERQHMDS STSAASSSNYCNQMMR SRNLTK DRCK PVNTFVHESLAD KINVAC -KN
Dbbbbbb aaaaaaaaa

KP
SA  KETABRRK

KTRENCHHSGSQVPL THCNLTTPS PONTSNCRY AQTPANMF Y TVACDNRDQRRDPPQYPVVPVHLORTT
SCPEECETETEEET TSNSV LT [TLLTTTTT
—GRTNCYQSYSTMSI TDCRETGS S - -K YPNCAYKTTQANKHI TVACEGN - - - - - - ~PYVPVHFDASY

TEMPLATE

aaaaa

Region without a Distortion/shifts in : : _
Sidechain packing

template ligned regions

s

Marti-Renom et al. Annu.Rev.Biophys.Biomol.Struct. 29, 291-325, 2000.
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Typical errors in comparative models

Incorrect template Misalignment

MODEL
X-RAY

EDN  ---KPPQFTWAQWFETQHINMT TNAMQVINNYQRRCKNONTFLLTTF ANVVIVCGNPNMTC PSN

e NSO T

FERQHMDS STSAASSSNYCNQMMR SRNLTK DRCK PVNTFVHESLAD KNVAC -KN
Dbbbbbb aaaaaaaaa

KP
SA  KETARRK

KTRENCHHSGSQVPL THCNLTTPS PONTSNCRYAQTPANMF YT VACDNRDQRRDP PQYPVVPVHLORTT
NTPEECETETEEET T ENNSS LV AR
—GQTNCYQSYSTMSI TDCRETGS S - -K YPNCAYKTTQANKHI TVACEGN - - - - -~ ~PYVPVHFDASV

TEMPLATE

aaaaa

Region without a Distortion/shifts in : : _
Sidechain packing

template ligned regions

-

Marti-Renom et al. Annu.Rev.Biophys.Biomol.Struct. 29, 291-325, 2000.
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Utility of protein structure models, despite errors

100
APPLICATIONS

studying catalytic
mechanism

NMR, x-ray

designing and improving
ligands

docking of macromolecules,
prediction of protein partners

a
o

virtual screening and
docking of small ligands

defining antibody epitopes

Comparative modeling
% Sequence identity

>
Q
é molecular replacement in
= X-ray crystallography
(& ]
Q
30 < designing chimeras, stable,
d crystallizable variants
a
g supporting site-directed
o mutagenesis
£
T
© refining NMR structures
E
=
= fitting into low-resolution
2 electron density
S
E structure from sparse
g @ experimental restraints
p=} ]
5] Q
T 5 functional relationships
g g_ from structural similarity
o [
g 7]
o c identifying patches of
:1-'; s conserved surface residues
. T &
c
D . Ba ker & A Sal l. R=l finding functional sites by
2 3D motif searching

Science 294, 93, 2001.
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Modeling of loops in protein structures
(modeling of insertions)




Loop Modeling in Protein Structures

o+ B barrel: flavodoxin |G fold: immunoglobulin

24001 —
20001 | =
1600:
1200:

800 -
400 -
) 1 3 5 7 9 11 13 15 17
antlparallel B-barrel Length of a loop [residues]
A. Fiser, R. Do & A. Sali, Prot. Sci. 9, 1753, 200Q,.,,00s

Frequency
|




Loop modeling strategies
Database search  Conformational search

database is complete only up to 4-6 residues
even in DB search, the different conformations must be ranked
loops longer than 4 residues need extensive optimization

DB method is efficient for specific families (eg, canonical loops in Ig’s, f—hairpins)
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Loop Modeling by Conformational Search

1. Protein representation.

2. Energy (scoring) function.

3. Optimization algorithm.

06/10/2004




Energy Function for Loop Modeling

The energy function is a sum of many terms:

1. Stereochemistry (CHARMM).
2. Mainchain conformation (®, V).

3. Non-bonded contacts.




Energy Function for Loop Modeling

The energy function is a sum of many terms:

1) Statistical preferences for dihedral angles:

3) Statistical potential for non-bonded contacts:

06/10/2004



R=Ala

R=Ala

Mainchain Terms for Loop Modeling

R=Gly

180

R=Pro

R=Pro
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Optimization of Objective Function

e Test set: 40 randomly selected loops of known structures, for each
length from 1 to 14 residues.

e Starting conformation: Loop atoms were spaced evenly on a line
spanning the two anchor regions, then randomized by + 5 A.

e To simulate real comparative modeling situations, performance of
the loop modeling problem was determined by predicting loops in
only approximately correct environment.

Native loop region (99-106) in Inba
e

X-ray structure of 1nba

/
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Optimization of Objective Function

800 1500
lLoop only _

600 - - 1200
& -900
E) | —
S 400 | §
L - 600

2001 \ ' 1300

0+ 0

0 2000 4000 6000 8000 10000
Step of optimization
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Calculating an Ensemble of Loop Models

5p21 4552, 0.25A 1alc, 3441, 3.17A
@ " () 0
40- .o-’-t': 40
5 30 i 5
S 20 Xl S 30
2 101 Y. % = %0.
2 o 2
8 10 - . 8 10
820 | 3 3 ’
o : » o o
30 {» ¢ 0
L]
40 | | | | 10 | | | |
0o 1 2 3 4 0 1 2 3 4

F‘IMSDmnch,l'::cal HIVISI:)mnch,lcacal
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Accuracy of loop models as a function
of amount of optimization

8 residue long loops

— Gilobal fit, E;,
39 ~— Local fit, E;,
---- Global fit, RMSD,,
- . Local fit, RMSD,;,
A.C
E (0]
§ 1.6 ‘
A .
@D % R )
E * ‘6‘“-‘%--‘2_..9
@ 0.8] " DD

¢t 9 4 0+ o .

0 100 200 300 400 500
Number of independent optimizations
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Accuracy of loop models

<RMSD o0, mnen™> [A]

RMSD 005 ncoco(l00R,NCaCO) [A]

S .4$i%}....
40 80 120 160 200 2 6 8 10 12 14
Number of independent optimizations Loop length [residues]

<RMSD, 40, NG oco(l00p,NCaCO)> [A]

00 05 10 15 20 25
RMSD 016 NGoco(818M,NCaCO) [A]
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2

Obijective functon

50
40
30
20
10

10
20
30
40

Assessing Accuracy of Loop Models

,_3.2 ®1alc
=<
g
o ®3grs
E 2.4+ 9
L
»
2
B 16
© 135lg11hw
E #ﬁtg?tdri ®2cmd
D n % 0.81 ®1btl
5p21 4552, 0.25A 1alc, 3441, 3.17A )
AF () 20 @ ®iclc
;-'j‘"?': 40 =
3".3?":3" g w 0 07 o8 12 15 2
cegl e g 00 04 08 12 16 20
. ..g‘ o 20 <RMSD> among 20 lowest E models [A]
#3 3 10
[] o [ ]
i ° o
L)
T T T 10 T T T
0 1 2 3 4 0 1 2 3 4

RMSD

RMS Dmnch,local

mnch,local
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Accuracy of Loop Modeling

I

RMSD=0.6A RMSD=1.1A RMSD=2.8A
HIGH ACCURACY (<1A) MEDIUM ACCURACY (<2A)  LOW ACCURACY (>2A)
50% (30%) of 40% (48%) of 10% (22%) of

8-residue loops 8-residue loopsFiser, R. Do &8-f@is fieteSdio g3, 2000.

06/10/2004




Fraction of Loops Modeled With at Least Medium Accuracy

@ 5400
2000
1600

800
400
0

Frequency of loops
5
o
o

1 3 5 7 9 11 13 15 17 19
Length of a loop [residues]

06/10/2004




Accuracy of Loop Modeling as a Function of Loop Properties

(a) 60- r = 0.00

50 1

— 40 ® o
o
=< ] ®e

30 1 ° o

20- T —*

10 - °® L .

<Biso>

01 e °

00 08 16 24
RMSDg0p NCaco(I00PNCACO) [A]

3.2

=

Intermolecular contacts

° r=0.01
160 1
°
120 -
L
80 1 :
e * o o e o o
401 o% e 8 .
o ¢
",
0 - ... it ' e . q
0.0 0.8 1.6 2.4 3.2

RMSD, 005 nCaco(100P.NCaCO) [A]
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Accuracy of Loop Modeling as a Function of Loop Properties

(a) 601
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Comparison of the Loop Modeling Errors With Reference RMSD
Distributions

—_
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=
-
~
—_
o
=2
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N
\

-y
o
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0.0 : : : ‘
0 : . : :
00 10 20 30 40 50 00 10 20 30 40 50
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(d) |
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Problems in Practical Loop Modeling

1. Decide which regions to model as loops.
2. Correct alignment of anchor regions & environment.
3. Modeling of a loop.

T0058: 80-85
RMSD ,nch loop = 1.09 A TO076: 46-53
RMSD ,nch @nchors = 0.29 A RMSD,nch loop = 1.37 A

RMSD,,ch @anchors = 1.52 A
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Modeling genes
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Identification and characterization of a p53
homologue in Drosophila melanogaster

Shengkan Jin**, Sebastian Martinek®*, Woo S. Joo$, Jennifer R. Wortman?, Nebojsa Mirkovic', Andrej Sali',
Mark D. Yandell", Nikola P. PavletichS, Michael W. Young®, and Arnold J. Levine*-**

A 31 Ll s3 s4 L2 L2

100 110 130 140 150 160 170 190 x_CiO
| | - | | | | |
.:SSVP SQKlYQ GSYGFRLGFLHSGTAFS‘J‘TCTY SPALNKMFCQLAKTCD‘JQLWDSTP PF-GTRVRAMA IYKQSQHMTE‘!\FRRCPHHE‘.RCSD——‘S DGLAPPQHLIR‘JEGN
GYF KS: ¥S  LNEK: : P iR V RC :H L:R E
ANTLPB’LENHN IGGYCFSMVLDEP--PKSLW-MYSIELNKLY I?MNKAFN JDVQFKSKMPIQPLNLRVFLCF‘SN—— DVSAPV \-’R(.,QN'H:{..SVEPLTBN'N}I\FJ-’RESLLRleN P
| | | | | | |
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58 : ' 510 H2

eVl G 4 Ve

>
210 220 230 ZJC' 260 270

| | | | | I e
LRVE.Y LDDR—— -NTFRHSVVVPYEFPEV----G5DCTTI HYN"MC NSS C\{G GHNRR PI LTT'I TLE DSSGNLAGRN SFE JRVCAC PGRDRRTDE ENL
:G G: DR

: R _SVVVP G T: LE 1G: :C CP
NSVYCC\AQGKGISERFSWVPL‘NMSRSVTRSGLTRQTLAFKF’\.’CQNSC G---RKETSLUFC_JEKACGDIVGQHVIHVKICTCPKRDRIQDERQL

| | |
1550 20|0 2‘.|0 22|0 230 240 250 260 270

Fig. 1. (A) Sequence and structure comparison of the Drosophila and human p53 DNA-binding domains. Sequence alignment of the dp53 and hp53
DNA-binding domains as produced by psi-BLAST. The secondary structure elements of hp53 are shown above (S, b-strand; L, loop; H, a-helix). Residues involved
in DNA binding (*, contacting bases; F, contacting phosphate backbone) and zinc binding (E) also are indicated (6). (B) Superimpaosition of the crystal structure
of hp53 (yellow cartoon) DNA-binding domain and the model of the dp53 domain (red cartoon) predicted by program MODELLER. (C) Protein structure model of
the dp53 DNA-binding domain. Color scheme: red, residues preserved between the human and Drosophila sequences; green, conservative substitutions; orange,
preserved Zn-coordinating residues; and yellow, nonconservative substitutions. Band Cwere rendered by program piNoe (http:yyvwww. biozentrum.unibas.chy

. x-rayydino).
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Fly has p53

e purified dp53 DNA binding domain binds to the hp53 consensus binding site;

* a mutant dp53 exerted the same dominant negative effect on transactivation

as its human counterpart;

» ectopic expression of dp53 in Dm eye disc caused cell death;

* dp53 expression pattern in the course of Dm lifespan is similar to that of hp53.

Dm may provide a convenient and simpler model genetic system in

which to study p53.

S. Jin, N. Mirkovic, A. Sali, A. Levine et al. PNAS 97, 7301, 2000.
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What is the physiological ligand of Brain Lipid-Binding Protein?

Predicting features of a model that are not present in the template

1. BLBP binds fatty
acids.

BLBP/oleic acid BLBP/docosahexaenoic acid

Cavity is not filled Cavity is filled

Ligand binding

2. Build a 3D model.

3. Find the fatty acid
that fits most snuggly
into the ligand binding
cavity.

L. Xu, R. Sanchez, A. Sali, N. Heintz, J. Biol. Chem. 271, 24711, 1996.
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Structural analysis of missense mutations
in human BRCA1 BRCT domains

Nebojsa Mirkovic, Marc A. Marti-Renom, Barbara L. Weber,
Andrej Sali and Alvaro N.A. Monteiro

Cancer
Research

Cancer Research (June 2004). 64:3790-97

Cannot measure the functional impact of every
possible SNP at all positions in each protein!
Thus, prediction based on general principles of
protein structure is needed.

05/10/2004




Human BRCA1 and its two BRCT domains

RING NLS BRCT
[E:H |I|-1 ==
[ | Globular regions —

mmmm Nonglobular regions 200 aa

BRCA1 BRCT repeats, 1jnx

Williams, Green, Glover. Nat.Struct.Biol. 8, 838, 2001
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BRACAnalysis™
Comprehensive BRCAT-BRCAZ Gono Sequence Analysis Result
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The BROAZ variant H2116R réesull2 in the
of the BRCAZ protein. Vananits of this
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Missense mutations in BRCT domains by function

no transcription
activation

transcription
activation

cancer not cancer
associated associated ?
M1652K L1705PS1 F1761S
C1697R L1657P 715NS172 M1775E
R1699W E1660G 2FF1734L M1775K
A1708E H1686Q G1738EG L1780P
S1715R R1699Q 1743RA17 11807S
P1749R K1702E 52PF1761I V1833E
M1775R Y1703HF1 A1843T
704S
V1665M
D1692N
M1652I G1706A
A1669S D1733G
M1775V
P1806A
M1652T W1718S R1751P C1787S A1823T
V1653M T1720A R1751Q G1788D V1833M
L1664P W1730S R1758G G1788V  W1837R
T1685A F1734S  L1764P G1803A W1837G
T16851 E1735K  11766S V1804D S1841N
M1689R V1736A P1771L V1808A A1843P
D1692Y G1738R T1773S V1809A T1852S
F1695L D1739E P1776S V1809F P1856T
V1696L D1739G D1778N V1810G P1859R
R1699L D1739Y D1778G Q1811R
G1706E V1741G  D1778H P1812S
W1718C H1746N  M1783T N1819S
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hBRCAl-Bret-1/2
hMDC1-Bret-1/2
hPTIP-Bret-4/5
hBARD1-BRCT-1/2

hBRCAl-Bretl/2
hMDC1-Bret-1/2
hPTIP-Bret-4/5
hBARD1-BRCT-1/2

hBRCAl-Brct2/2
hMDC1l-Bret-1/2
hPTIP-Brct-5/5
hBARD1-BRCT-2/2

hBRCAl-Bret2/2
hMDC1-Bret-2/2
hPTIP-Brct-5/5
hBARD1-BRCT-2/2

1646
1891
826
571

1703
1937
aso0
620

1762
1997
940
673

1813
2046

999
728

Putative binding site on BRCA1

N-terminal BRCT

1702
1936
B79
619

E
SYFWVTQSIKERKMLNEHDFEVR-GDVVNGENHQGPKRARESQDRKIF 1761

PILSLDWLHQSRKAGFFLPPDEYVVTDPEQEKNFGFSLODALSRARERRLL 1996 '
IVTPEWLEECFRCQKFIDEQNY ILRDAEAEVLFSFSLEESLKRAHVSPLF 939 BRCT-N
GCWILKFEWVKACLRRKVCEQEEKYEIPEGPRRS-~-RLNREQLLP-~~~~ KLF 672

C-terminal BRCT

1812
2045
998
727

mTQYIImIMHPERVRQGm R et e e 777

Williams et al. 2004 Nature Structure Biology. June 2004 11:519
Mirkovic et al. 2004 Cancer Research. June 2004 64:3790

BRCT-C
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hBRCAl-Bret-1/2
hMDC1-Bret-1/2
hPTIP-Bret-4/5
hBARD1-BRCT-1/2

hBRCAl-Bretl/2
hMDCl-Bret-1/2
hPTIP-Bret-4/5
hBARD1-BRCT-1/2

hBRCAl-Brct2/2
hMDC1l-Bret-1/2
hPTIP-Brct-5/5
hBARD1-BRCT-2/2

hBRCAl-Brct2/2
hMDC1-Bret-2/2
hPTIP-Brct-5/5
hBARD1-BRCT-2/2

1646
1891
826
571

1703
1937
aso0
620

1762
1997
940
673

1813
2046

999
728

Putative binding site on BRCA1

N-terminal BRCT

1702
1936
B79
619

1761
1996
939
672

1812
2045
998
727

Williams et al. 2004 Nature Structure Biology. June 2004 11:519
Mirkovic et al. 2004 Cancer Research. June 2004 64:3790

BRCT-N ' BRCT-C

Putative binding site predicted in 2003
and accepted for publication on March 2004.
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“Decision” tree for predicting Q{D

functional impact ‘— buriedness

of gen etic neighborhood functional site
rigidity

exposed

VarlantS non-rigid (2-0.7)
rigid (<-0.7)

YES

~| residue rigidity

non-rigid (2-0.7) L rigid (< -0.7) volume change

volume change volume change >30A3
<30A3

>90A3 <90A3 >60A3

<60A3

Y

~»| charge change

tNO

polarity change

‘ O or 1 class

http://salilab.org/snpweb

mutation likelihood |«g-

Mirkovic et al., Cancer Biology (2004) l <0

64:3790-97
phylogenetic entropy _0>°

Eswar et al. Nucl.Acids Res. *
31’ 3375’ 2003. other information JES »o

(helix breaker, turn

NO
breaker) ’o 05/10/2004




Modeling genomes
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Sali. Nat. Struct. Biol. 5, 1029, 1998.

Stl"u Ct ura I G enom i CS Sali et al. Nat. Struct. Biol., 7, 986, 2000.

Sali. Nat. Struct. Biol. 7, 484, 2001.
Baker & Sali. Science 294, 93, 2001.

Characterize most protein sequences based on related known
structures.

The number of “families” is
much smaller than the
number of proteins.

Any one of the members of
a family is fine.

There are ~16,000 30% seq id families (90%)
(Vitkup et al. Nat. Struct. Biol. 8, 559, 2001).
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( START )

[ Evaluate models ]

|
Get profile for sequence
o (SP/TrEMBL)
-
-
2 l
(@) Align sequence profile with multiple
= structure profile using local dynamic
programming
i
Select templates using
permissive E-value cutoff
$ o
=
| 9
Q.
14 Build models for target segment by )
ﬂ satisfaction of spatial restraints ©
T a
: :
o -
= L
(&)
(1)
(<)
1 59
o
T

For each target sequence

MODPIPE: Automated Large-
Scale Comparative Modeling

R. Sanchez & A. Sali, Proc. Natl. Acad. Sci. USA 95,
13597, 1998.

Eswar ef al. Nucl. Acids Res. 31, 3375-3380, 2003.
Pieper et al., Nucl. Acids Res. 32, 2004.
N. Eswar, M. Marti-Renom, M.S. Madhusudhan, B.

John, A. Fiser, R. Sanchez, F. Melo, N. Mirkovic, B.
Webb, M.-Y. Shen, A. Sali.
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Synergy of crystallography and comparative modeling
in structural genomics

Pieper et al., Nucl. Acids Res. 32, 2004.

http://salilab.org/modbase/models_nysgxrc.html

NYSGXRC X-ray Structure

MODBASE Models

Hypothetical UPF0001 protein
1b54 P38197 151 132 2 17
YBL036C
Hypothetical 32.5 kDa protein
189 P49954 553 488 55 10
YLR351C
Hypothetical 32.1 kDa protein in
1njr Q04299 4 1 0 3
ADH3-RCA1 intergenic region
Hypothetical 28.8 kDa protein in
1nkq P53889 379 207 172 0
PSD1-SKO1 intergenic region
Hypothetical 27.5 kDa protein in
1jzt P40165 1058 39 1006 13
SPX19-GCR2 intergenic region
1jr7 P76621 Hypothetical protein ygaT 11 10 0 1
05770
YEA3 MET.JA hvbothetical protein

004




Comparative modeling of the TrEMBL database

Unique sequences processed: 1,182,126

Sequences with fold assignments or models: 659,495 (56%)

/0% of models based on <30% sequence identity to template.
On average, only a domain per protein is modeled

(an “average” protein has 2.5 domains of 175 aa).

9/15/03 ~4 weeks on 660 Pentium CPUs
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http://salilab.org/modbase
Pieper et al., Nucl. Acids Res. 2004.

g Protein Structure Madels 1,261,962 Reliable Models or PSLBLAST

Fold Assignments for domains in 659,316
oroteins. Last Undate on 09/14/03. MopBASE

Welcome to MODBASE, a database of three-dimensional protein Mob; Database of Comparative Protein User: ModWeb0-1070773001,NYSGRC,Academic User
models by i i _,B&! Structure Models Change User

Ifa Database of Comparative MODBASE Contents
S

((SEARCH for Models ) ('SEARCH for Sequences )

About MODBASE DATASET SELECTION

SP/TR-2003 :
ModBase moved to UCSF. Datasets: |5°/TR-2002 0
- - " . |[SP/TR-2001
You have to login (academic or user logins) (No selection: ' Rl ctar, Eisias
in order to reset your cookies. searches overall | nysgrc rarget_sorig
i available datasets) |nysorc_target_shapiro2 -
Sorry for the inconvenience!

Some datasets are not yet fully restored. We are working on it.

SEARCH BY PROPERTIES

Goneral information Database Accession Numbers ¢ )

Organism [ ALL

Glossary
Sort matching models by [ sequence identity $

Authors and

MODEL SEARCH BY PROPERTY RANGES

SUMMARY Search Criteria ([ Protein Size +) (and ( %) [ Model Score (0.0-1.0) +) [)and ( ) [ E-value (0 - 100)

\,&- Keyword 1abe '

lower limit upper limit lower limit upper limit lower limit upper limit

SEARCH BY SEQUENCE SIMILARITY
Protein Sequence:

Database Description Organism

;m:%m?;"';"‘ e O 100% Sequence Identity (fast) O Sequence Similarity by BLAST (SP/TR only)

esonou [ Complete Sequence +) Starting from N-terminus % Sequence Identity so and E-value cutoff 1.0e-a
—— v
ousser o1 2000 e paransemolytcus
nopoy

7600 s038 | 1.00 ‘m‘

WITHMET 108 REPLACED 848P 326 LEL) | /alue from an infiltarad PSILRI AST eaarnh
(N108LS) COMPLEX WITHD Sl

TARGET MODEL SUMMARY

M’:.‘.:
Modeled
Database Description Organism e PUTATIVE LIGAND BINDING SITES
SERA ANTIGEN/PAPAIN-LIKE PROTEASE WITH ACTIVE

o TR QOTYSS SER
Dataset: PFAM PRODOM

Select Sequence Database
Links

Plasmodium
falciparum DIPEPTYDIL-PEPTIDASE | EXCLUSION DOMAIN
0.36

PHZT<MIP <

rooou
Puaive sugar ABC vansporer
L ARABNOSE BNDING PROTEI (MUTANT

ar-tining e Stroptomyces

= -
ol — T 028112 modeld residues: 650718

(M108LS) COMPLEX WITH D
erooou

20-16

« T aezs0s

MODEL DATA

|FoldModei| .. (522 > T =
Pallabliy aﬁ E-value Equivalent Residues

[MGBERIN 713 VS
{406 Residues) CHLORIDE ION Template PDB - B

IMODERNN Gess [Ka8S| oo WS ces2
[149 - 406] Q@ 258 97.00 207 SULFATE ION ‘Template PDB RIS o5 [0 <07 (G <00
1gmz B (1-258) CELL DIVISION PROTEIN KINASE 2: 1-7 - CATH 1.10.472.10.3.1.2 (57%)

: SP/TR-2001 'MODE! ﬁ
Subsat:S 200 N-ACETYL-D-GLUCOSAMINE Template PDB L jese
NEEITE -7 5
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Major bidirectional resources involving ModBase

éita ExPASy Home page Site Map Search ExPASy Contact us PROSITE Proteomics tools
Hosted by NCSC US Mirror sites: Bolivia |Canada China Korea Switzerland Taiwan

Search  Swiss-Prot/TrEMBL for \P2Y2_BOVIN

A Swiss-Prot
. Protein knowledgebase
UCSF CHIMERA swiissprot TrEMBL

. . . mm=== (Computer-annotated supplement to Swiss-Pro
an Extensible Molecular Modeling Syste: pritr e et :

EILIE

HOVERGEN Alignment ! Tre
BLOCKS

Protal¥et

Protoiap

PRESAGE

DIp

ModBass

SWISS-IDPAGE

UCSC Human Gene Family Browser

1 =
evranaevas UCSC Human c Family Browser
LTTAAPRGKD
genome | Human assembly July 2003 [ search | U39840 [Ge!

sart by | Expression (GNF) | configure H filter {now off) ‘d.isplaj-’ 50 uutput‘ sequence Hle__)d‘

- T ——
SPE_CAVPD TLLAGE
CB0340 -~ P
13852 MRSLVVFFAL  AVLTGCOARS

# Name E-Value Genome PositionDescription

wnjjagelad

SNLLALY
Poajq ojouM

ey
seasoued

51
Consensus  RFWD YL AWV
Conservation =
APE_BOWIN RFEWD YL RWYD 1FOXA1L
APECPIG  REWDYLAWVD K
APETMOUSE RFWDYL AWV

RAT  REW

a chrl4 36,051, forkhead box Al

B

B AodBase Predicted Comparative 3D Structure on P35317

RFWDYLRWYQ
AFE_RABIT  RFWDYLRWVQ
AFE_CAVFOD RFWDYLRWVQ
Ce0a40 RFWDYLRWYQ
¥13852 RFWAYVSELN

Quit Hide

http://www.cgl.ucsf.edu/chimera/
Daniel Greenblatt, Conrad C. Huang,
Thomas E. Ferrin
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MODBASE and associated resources
http://salilab.org/

(DBALI

Database
http://salilab.org/dbali
contains a comprehensive set
of pairwise and multiple
structure-based alignments

. A

(CHIMERA h

Program
http://'www.cgl.ucsf.edu/chimera
provides modules for display of
sequences, structures and
alignments

\ /

SNPWEB

Web Server
http://salilab.org/snpweb
predicts functional impact of
residue substitution

)y

y Yy

ICEDB

Database/LIMS
http://nysgxrc.org

tracks targets for structural
genomics by NYSGXRC

External Resources
PDB
SwissProt/TTEMBL
GENBANK, NR
Pfam , SCOP,CATH

r
MODBASE

Database
http://salilab.org/modbase
contains fold assignments,
sequence-structure alignments,

models, and model assessments for

all sequences related to a
known structure

f
MODLOOP
Web Server
http://salilab.org/modioop
models loops in protein
structures

.

\ t
r

)

-
MODPIPE

Program

automatically calculates
comparative models of many
protein sequences

a EVA
Web Server
http://salilab.org/eva
evaluates and ranks web
servers for protein structure

prediction

e
v

MODELLER

Program
http://salilab.org/modeller
implements most operations
in comparative modeling

'

MODWEB
Web Server
http://salilab.org/modweb
provides a web interface
to MODPIPE

\

MOULDER

Protocol

implements a protocol for
modeling based on very
remote homologs
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Concluding remarks

At present, useful 3D models can be obtained for domains in
~ 50% of the proteins (20% of domains).

Completeness in structural coverage (structural genomics).

Assembly of domains into higher order complexes.
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BMC WorkShop

Protein Structure Prediction

model assessment
(model building)

Marc A. Marti-Renom & Damien Devos

Department of Biopharmaceutical Sciences, UCSF

0000000000




model assessment
.VS.
model evaluation

0000000000




MODEL ASSESSMENT

prediction of the accuracy of methods and models

0000000000




Model Assessment Methods

|s the fold correct?

How correct is the overall structure?

What regions are modeled incorrectly?

What is the best model in the set of alternative models?

Does the model satisfy the restraints used to calculate it?

What regions of the fold are variable?

Stereochemistry test (PROCHECK)

Residue environment test (Verify3D)

Statistical potential tests (PROSAII, DFIRE, ANOLEA)

Other statistical tests, including tests with multiple criteria (GA341).
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BMI206

Empirical energy functions (PMF)

ldea: energy leads to structure, thus it should be
possible to infer energy from many known
structures

To be used in: model refinement and assessment

Properties needed:
Deep minimum at correct state (native)
Smooth
Simple

Types:
Contact potential
Distance potentials
Surface potentials

05/26/2004




Approximations/Limitations in PMFs

Database size.

PMF versus Energy (additive/higher order terms).

Reference state.

Physical origin.

Finkelstein et al. (1995) Proteins 23, pp142
BMI206 05/26/2004




Representation

Sequence/Structures

>gi42541361
MDIRSVSSLRGLLCLPPSWPRR

Primary sequence

Reduced atoms representation

Secondary Structure Accessible surface

BMI206 05/26/2004




(48]

" [ar (Bl

AG=-RTIn(K)=-RT In-L-_L_ | A5

[A]-{ 8]

From statistical physics, we know that energy difference
between two states (AE) and the ratio of their occupancies
(N{:N,) are related {9]:

AE=-kT In (\1) (1)
N>
in which T is the absolute temperature and k is the Boltz-
mann’s constant. As we are interested in an interaction
energy between two amino acid side chains, it would seem
natural to define N; as the number of interactions
between these two residues types in a group of real protein
structures, a number which is readily available from simple
database analysis. But this number must be compared with
the number of interactions in some other system, N,, to
obtain the energy difference between them.

Tanaka and Sheraga (1975) PNAS, 72 pp3802
A. Godzik, (1996) Structure 15 pp363

BMI206 05/26/2004




BMI206

Scoring

Statistical Potential... interaction types

)

Neutral interactions

K

Compact interactions

')

Hydrophobic interactions

Specific interactions

A. Godzik, (1996) Structure 15 pp363
05/26/2004




BMI206

Scoring

Statistical Potential... reference state

[ T T
3 —
liquid Ar
2 85K .
5
1 r —
0
| l ]
0 5 10 15 20
r(A)
Theory of simple liquids 2nd edition JP Hansen an d IR McDonald, Academic Press.
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Long range free energy

4.0

2.0 N

0.0

Short range free energy

4.0

BMI206

Free energy of the protein
backbone hydrogen bond

N - - - O compiled from a
database of 289 X-ray structures

P N=238(r -r))

r
tr}z p."'.'{.lE }
P

9o

W oolr) = —KT In[gm{r})

Sippl (1996). JMB 260 pp644
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Long range free energy

T T T T T T T T T

Leu-Leu - Leu-Thr

& 10 12 14 16 18 8 10 12 14 16 18

T T 1

T T T T T 1 T

Thr-Leu : Thr-Thr

AV aR N/

1 t 1 L 1
10 12 14 16 18

& 10 12 14 156 18

distance distance

Short range free energy

Ile-Ile S Glu-Glu

I I
10 12 14 16 1

1
3 10 12 14 16 18 20

distance distance

Sippl (1993). JCAM 7 pp473

BMI206
05/26/2004




Scoring

Raw scores of an alignment

Distance space

Aminoacid substitutions

Accessible surface (B,A [%])

Secondary Structure (H,B,C)

05/26/2004
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BMI206

Probability that the optimal alignment of two random
sequences/structures of the same length and composition as the
aligned sequences/structures have at least as good a score as the
evaluated alignment.

0.5 .
Sometimes

Emplrlcal I W4 approximated
by Z-score (normal
distribution).

o
s
T

4
w

Frequency

o
o

e
o

Z-Score

b (8-n)

P(s) = e
P(s2 x) = 1—e}(p( g™ (s ))

Karlin and Altschul, 1990 PNAS 87, pp2264
05/26/2004
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BMI206

Energy Z-score the model with respect the energy of random
models (or rest of decoys).

Oe

E0 00 000)00000+E Zscnre:(<E >—Em)

O e

<E>
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BMI206

Evaluating the assessment

0.00 ;

20 30 80 130 180 230

variable x

is GOOD

predicted as GOOD

a

predicted as BAD

C

r

b N

F.P. = Trad 1 — specificity

c
=1 — sensitivity
a+c
_ a+d
T a+b+c+d

—var X
- gl y

0

4

8 12
FP (%)

" 0
16 20 20 40 60 80
variable domain

100
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Evaluating the assessment

3900 GOOD MODELS

Prosall by M. Sippl

Models based on correct NERGIES
templates and approximately . E OF UNRELATED
correct alignments Q
11|
2
6000 BAD MODELS g S
b E
. 14 0
Models based on incorrect L I
templates or mostly incorrect
alignments ENERGY
p(Q-SCORE/GOOD)
p(Q-SCORE/BAD)
0.15 4 10
- 5% Overlap pG _ p(Q-SCORE/GOOD) E 0.81
5 0.10 . p(Q-SCORE/GOOD) + p(Q-SCORE/BAD) % 0.6
3 5
8 0.05 8 o
& Yo o
o =1 0.2
o.oo3 - - “ - i O%0 2o 1o 0.0 1.0
' "~ Q_SCORE | Q_SCORE

R. Sanchez & A. Sali, (1998) Proc. Natl. Acad. Sci. USA 95, pp13597
BMI206 05/26/2004




BMI206

Applications of methods for
model assessment
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Does RuvB have the same fold as 0’ of E.coli DNA polymerase IlI?

Ec d’ MRWYPWLRPDFEKLVASYQAGRG----HHALLIQALPGMGDDALIYALSRYLLCQQPQGHKSCGHCRG

RUVB LEEYVGQPQVRSQMEIFIKAAKLRGDALDHLLIFGPPGLGKTTLANIVANEMG--=-=-=-=-==———————

Ec d’ CQLMQAGTHPDYYTLAPEKGKATLGVDAVREVTEKLNEAARLGGAKVVWVTDAALLTDAAANALLKTL

RUVB  ——————————— VNLRTT-----—-— SGPVLEKAGDLAAMLTNLEPHDVLFIDEIHRLSPVVEEVLYPAM

Ec d' -—-—m-————————————= EEPPAETWFFLATREPERL---LATLRSRCRLHYLAPPPEQYAVTWLSRE

Ppdp EDYQLDIMIGEGPAARSIKIDLPPFTLIGATTRAGSLTSPLRDRFGIVQRLEFY--QVPDLQYIVSRS

Ec d' VIM----- SODALLAALRLSAGSPGAALALFQ--—————-—-—=——-— GDNWQARETLCQALAYSVPSGD--
RUVB ARFMGLEMSDDGALEVARRARGTPRIANRLLRRVRDFAEVKHDGTISADIAAQALDMLNVDAEGEFDYM

Energy profiles (Prosall by M. Sippl)

Ec &’ ~WYSLLAALN---HEQAPARLHWLATLLMDALKR/VTNVDVPGLVAELANHL---S®SRLOAILGDVC

RUVE ; DRKLLLAVIDKFF PVGLDNLAAAIGEERETIE--DVLEPYLIQQGFLQRT GRMATTRAWNHEG
S .
2 . V‘-""VA\ I
o 0 A /
[ 7 v
WlEc 4’ | H M R EHYL
2
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Residue number

B. Guenther, R. Onrust, A. Sali, M. O'Donnell & J. Kuriyan. Cell 91, 335, 1997.

Yamada, K., Kunishima, N., Mayanagi, K., Ohnishi, T., Nishino, T., Iwasaki, H., Shinagawa, H., Morikawa, K.
Crystal Structure of the Holliday Junction Migration Motor Protein Ruvb from Thermus Thermophilus Hb8.
Proc.Nat.Acad.Sci.USA 98,1442, 2001. 06/10/2004




Model Evaluation: Alignment Errors

3dfr TKVSSRTVEDT---NPALTHTYEVWQKKA
4dfrB ESVFSEFHDADAQNS--HSYCFKILERR

DFR 1 modell ELDAETDHEG---——-——-——--—- FTLOEWVRSASSR
DFRl model?2 ELDAETDHEG------- FTLOEWVRSASSR
0.0 A_Av
(>5 -0.8
o i
L
=E -1.6 -_
2.4 -
I ' I T T T
0 40 80 120 160

RESIDUE INDEX

R. Sanchez & A. Sali, Proteins, Suppl. 1, 50-58, 1997
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Moulding: iterative alighment,
model building, model assessment

B. John, A. Sali. Nucl. Acids Res., 31, 1982-1992, 2003.

< ? Comparative modeling
‘ e 10° @

alignment GEJ
C

D :

model building S 404 QMoulding
S
g \ L2
model assessment %
= 1 ‘Threading

4 30
AIignments 10
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Moulding by a Genetic Algorithm approach

alignment

\

[ model building |

\

model assessment
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Genetic algorithm operators

ingle point cross-over

«. TSSQ—NMK——LGVFWGY...
.. TSSQ—NMKLGVFWGY——.. — «..V—SSCNGDLHMKV——-GGV...
«..V—SSCN——-GDLHMKVGV...
«.TSSONMKLGVFWGY——...

..VSSCNGDLHMKV——=GCGV...

Gap insertion

.. SSON—MKLGVFWGY...
» Q
..TSSONMKLGVFWGY... «.VSSCNGDLHMKVG—-V...
..VSSCNGDIL.HMKVGV...
/ .—T—S SQNMKLGVFWGY...\
. ..VSSCNGDLHMKVGV—...
Gap shift
e ..T—S—SQNMKLGVFWGY...
« [—SSONMKLGVFWGY... ..VSSCNGDLHMKVGV—...
..VSSCNGDLHMKVGV—...

.—TSSQNMKLGVFWGY...
..VSSCNGDLHMKVGV—...
mS  CONMKICUEWCY

- U!l—“y‘u‘v\“v V d TVRJ AL eee

( Also, “two point crossover” and “gap deletion”. ;s scNGDLEMKVGY—.. )
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Composite model assessment score

Weighted linear combination of several scores:

* Pair (Pp) and surface (Pg) statistical potentials;

* Structural compactness (S,);
* Harmonic average distance score (H,);

* Alignment score (A.).

Z = 0.17 Z(Pr) + 0.02 Z(Ps) + 0.10 Z(Sc) + 0.26 Z(H.) + 0.45 (As)

Z(score) = (score- y)/a
M ... average score of all models
o ... standard deviation of the scores
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Application to a difficult modeling case
1BOV-1LTS




Benchmark with the “very difficult” test set

D. Fischer threading test set of 68 structural pairs (a subset of 19)

Initial prediction

Final prediction

Best prediction

Target - S_equepce Coverage C CE C CE C CE
identity o x x x
template [%] [% aa] RMSD | overlap | RMSD | overlap | RMSD | overlap
[A] [%] [A] [%] [A] [%]
1ATR-1ATN 13.8 94.3 19.2 20.2 18.8 20.2 171 24.6
1BOV-1LTS 4.4 83.5 10.1 294 3.6 79.4 3.1 92.6
1CAU-1CAU 18.8 96.7 1.7 15.6 10.0 27.4 7.6 47.4
1COL-1CPC 11.2 81.4 8.6 44.0 5.6 58.6 4.8 59.3
1LFB-1HOM 17.6 75.0 1.2 100.0 1.2 100.0 1.1 100.0
1INSB-2SIM 10.1 89.2 13.2 20.2 13.2 20.1 12.3 26.8
1RNH-1HRH 26.6 91.2 13.0 21.2 4.8 35.4 3.5 57.5
1YCC-2MTA 14.5 55.1 3.4 72.4 5.3 58.4 3.1 75.0
2AYH-1SAC 8.8 78.4 5.8 33.8 5.5 48.0 4.8 64.9
2CCY-1BBH 21.3 97.0 41 52.4 3.1 73.0 2.6 77.0
2PLV-1BBT 20.2 914 7.3 58.9 7.3 58.9 6.2 60.7
2POR-20MF 13.2 97.3 18.3 11.3 11.4 14.7 10.5 25.9
2RHE-1CID 21.2 61.6 9.2 33.7 7.5 51.1 4.4 71.1
2RHE-3HLA 2.4 96.0 8.1 16.5 7.6 9.4 6.7 43.5
3ADK-1GKY 19.5 100.0 13.8 26.6 11.5 37.7 7.7 48.1
AHHBRPR 1TENI 19 A QQ O 7 2 AN O A N AR 7 A Q 7Q 5/10/2004




Alignment accuracy (CE overlap)

D. Fischer threading test set of 68 structural pairs (a subset of 19):

PSI-BLAST (sequence-profile alignment)

SAM (Hidden Markov Models)

MOULDER (iterative sequence-structure alignment)

25%

36%

45%
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Scoring

PROSAII

BMI206 05/26/2004



BMI206

Scoring

PROSAII
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Scoring

ANOLEA

BMI206 05/26/2004



BMI206

Scoring

ANOLEA
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Scoring

VERIFY 3D

BMI206 05/26/2004



BMI206

Scoring

VERIFY 3D
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Scoring

DFIRE

BMI206 05/26/2004



BMI206

Scoring

DFIRE
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MODEL EVALUATION

a posterior assessment of methods and models

0000000000




Reliability of assessment of protein
structure prediction at CASP

M.A. Marti-Renom, M.S. Madhusudhan, A. Fiser, B. Rost, A. Sali

There were 14 target sequences in the
comparative modeling category at CASP4.

Is this number sufficient for reliable ranking
of the modeling methods”?

0000000000




Statistical significance of comparing two
modeling methods

frequency

l
Hu
model quality difference

Compare methods based on common models only.

05/10/2004




Model Quality Criterion

Quality = Coverage and Accuracy.

Quality = Average Coverage at 1, 2, 3 A cuttofs.

From the CASP web site.

0000000000




D.I

average model quality
difference,

Statistical significance of comparing two
modeling methods

05/10/2004




Comparison of performances of comparative modeling methods at CASP4

® < 2 common models
[ insignificant difference

M significant difference at 95%

mEEp

o
°
o
<
R
Q
£

+ =50 models
+40 models
+30 models
+20 models
+10 models

+1 model

[] sufficient models
® < 2 common models

number
of models
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Conclusions (CM at CASP4)

0000000000




Conclusions (CM at CASP4)

« Not enough targets at CASP4 to discriminate between top ~8

modeling methods;
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Conclusions (CM at CASP4)

« Not enough targets at CASP4 to discriminate between top ~8
modeling methods;

* Hundreds of target sequences needed (difficulty of models;
fold assignment, alignment, loops, backbone distortions,
sidechains);
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Conclusions (CM at CASP4)

« Not enough targets at CASP4 to discriminate between top ~8
modeling methods;

* Hundreds of target sequences needed (difficulty of models;
fold assignment, alignment, loops, backbone distortions,
sidechains);

* Need automated modeling and automated assessment, such
as EVA (Rost, Sali, Valencia, Eyrich, Marti-Renom, Przybylski,
Pazos, Madhusudhan, Fiser) and LiveBench (Rychlewski,
Fischer, Elofsson, Bujnicki).
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Continuous....
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Large scale...
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EVA
%
Why?

Continuous....

Automatic....

Large scale...

Accessible...
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EVA Center
+
META-PP

SEC Evaluation |CM Evaluation| FR BEvaluation | CON_Evaluation
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EVA Center
+
META-PP

SEC Evaluation |CM Evaluation
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Eva-CM

FoId accuracy..

3D alignment by CE

Calculate RMSD, equivalent
positions under 3.5A etc...

Allg.n.m.en.t ACCUIACY cieeeeeeeeseeeeeeeeseeeseeeesesesseses :

/[% @ 1 to 1 alignment

: - _amaaaaaanaaaa Calculate RMSD, equuvalent
positions under 3. 5A etc..

Structure quality...

MODELLER and PROCHECK

MODELLER and PROCHECK programs will
calculate several structural properties of the
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General
level

~ Server
level

\
Model
level

FoId accuracy..

@ 3D alignment by CE

: Calculate RMSD, equivalent
{ SacRARARRAAMR - ositions under 3.5A etc...

Allg V..o
/[E @ 1 to 1 alignment

: - _amaaaaaanaaaa Calculate RMSD, equuvalent
positions under 3. 5A etc..

Structure quality...

MODELLER and PROCHECK

MODELLER and PROCHECK programs will
calculate several structural properties of the
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Evaf'
L X
Where?

http://cubic.bioc.columbia.edu/eva/ (vc, usa)
http://www.salilab.org/eva/ (ucsr, usa

http://montblanc.cnb.uam.es/eva/ madrid, Spain)
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EVA

search over Eva =ioi ]

A BF 2 m I & B @

Pdoad fow Sowth Newwe Pil  Smry S S
N Sokmaks ) Locabonf Tope ockaelr s svalemesrss it

I EV.
Ir ] vVa-
CM EVAhome EVAemal EVAminors - Secondary structure Comparative modelling Threading Contacts

Statistics about Eva-CM server/database.

Number of Weeks Running Number of Public Servers Number of Modeled Chains Number of Models

2 2 1531 2486

w HOME PAGE - Netscape =10] x| Weekly statistics about Eva-CM server/database (only last weeks shown)
Fle Edt Yew Go Communicator Help

T 9 & = @ Week Number of Models Number of Modeled Chains Number of Public Servers
. Back  rovec Rebad  Home  Seach Neteepe  Pin  Secwiy  Shop  Ciop 2000_46 83 36 2
7wl Bookmaks i Location Ith ?/pipe tackefeller edu/~evaddocsintio_cm himl j@‘wmrs Related | 2000_45 180 o4 2
200044 100 52 2
2000_43 233 121 2
EV 2000_42 66 59 1
| 2000_41 135 58 2
CcM EvAhome EVAe-msil EVAmirors - Secondary structure Comparative modeling Threading Contacts 200040 174 83 2
200039 165 88 2
Updates: 200038 178 89 2
Eva-CH pages Eva-CM performs continous and automated analysis of comparative protein structure modeling servers. 2000 57 156 w )
09/10/00 )
Eva-CH datapase | RESULTS ZOERLED 10 & 2
11/17/00 2000_35 58 32 2
+ Statistics about Eva-CM
Al Comparative Modelling results
DIFOEMATION: EVAhome EVAemal EVAmimors - Secondary structure Comparative modeling Threading Contacts ]
F = Gociment: Dore: % @9 @ 2| 4
+ General information about Eva-CM
* Help ahout Eva-Chl =0l
« Allinformation about Eva-Chl 2 B0 B0 @ GmnER [ = _
< ¥ A &4 =2 S & @ @&
Back  fouad Reosd  Home  Seach Netcape Pint  Secuty Shop  cip
CONTACT " Bookmarks s Locatons o /pperockeleler s evaderires_cmhunl =] @ Whats Related

* E-mail to Eva-Chd
* Eva Team

EVAhome EVAemail EVAminors - Secondary structuwe Comparative modelling Threading Contacts

EWA home EVA e-mail EWA miars - Secondary structure G modelling Threading Cortacts

Results page for Eva-CM.

& == [Dacument; Done 2 3L 2P B3 2| 2 STATIC PAGES: (local pages)

© Overall and detailed results by server
« Overall and detailed results by server and week
© Overall and detailed results for common subset of chains modelled by ALL evaluated servers

DYNAMIC PAGES: (only @ pipe sockefelerec server i NYC)
* Limited and ful search of results
PRIVATE AREA: (only @ pipe.cockefelleedy serverin NYC)

o Enter Server Id: Enter Password: Enter private area

This o LCM,
ot them public. Private resuls are not exhaustive as p

EVAhome EVAemail EVAminors - Secondary structuwe Comparative modelling Threading Contacts

el [bocument: Done

9 20 @ 2 | U
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EVA

Server results pages @ Eva-CM

redefined MySOL search over Eva-CM - Netscape:
Ble Edt Wew Go Commuricator Help

- TG P U T S - ¥

3

|  Back Fowsd Reload Home  Seach Netscape Print  Secuity  Shop Stop
7w Bookmaks i L [P 7rine. tockefeler el serverhinl ] @ whats Related
CcM EvAhome E¥Aemal EVAmirors - ndary siructure modeling Threading Contacts

Overall results on MySQL query by server. See detailed resulis

Server Name MNumber_of Models Number_of Modeled_Chains Weeks %_of Coverage % i Positions Chain_Difficulty Model_Difficulty
sdscl 801 801 20 94.58 82.59 18.26 17.01
Swisshdodel 1685 1408 26 9255 8926 1381 13.04

EWA home EYA e-mail EVA mirrors - Secondary structure n; ;;E g Threading Contacts

& == Documert: Done 4

& & B @

< ¥ a4 4 = \/
Back Fomaid  Reload Home  Seach Metscape  Print Securty  Shep Stop.

" Bookmarks  f Location: [Hi ¢/pipe rockefeller edu/evadem/res detailed_server himl | @ what's Related

CM£ v heme EvAe-mal EVAmimers - Secondary structure modelling Threading Contacts

Detadled results on MySQL query by server overall results

Server Name Number_of Models Number of Modeled Chains Weeks %_of Coverage % Positions Chain_Difficulty Model Difficulty Ca_global_rmsd Ca_global_%_eq. pos. Ca_core rmsd Ca_core °
sdsct 201 01 20 9458 8259 18.26 17.01 332 8144 296
Swisshiods| 1685 1408 26 92.55 29.26 13.81 13.04 150 29.38 149
EvAheme EVAemal EVAmimers - Secondary stucture C modelling Threading Contacts
4
el Bocument: Gone
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= Query and model

]

T T 5 &
St e oo S Ntwwe ot seoun_hw
S W S T ] @ vtk

results pages @ E zuy

EvAone EvAemsl EVAminos - Seconasiucue Comparatis modsling Thaading Conlacts

Yo query has v s eom 10 5, Son used quary

<o e S el - St 0t 6 el 2>

Wosk
ModsiNams M0 sorverame

Eva-Cm SEARCH PAGE - Netscape
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T - - A O S 200021 e
©

£ 14268 01 SwissModaladh  2000_21
Back  Fowad  Reload  Home Seaich Netscape  Print Secuity  Shop
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Ranking @ Eva-CM

a Predefined MySQL search over Eva - Microsoft Internet Explorer

J File Edit Yiew Favorites Tools Help |
J Back + = - (@) 7 | iQhsearch [GFavorites ¢ &History | BN & =
Analysis of Fold accuracy: B

Ranking for Fold accuracy:

1. sdsc
2 Swisshodel
3. cphmodels

t-Student statistical analysis of the comparisons:

213 £16.15[1524] 1.23 = 10.19[ 274]
213 £16.15 [ 1524] 118 + 1563 [*]
A23+£1019[274]  -1.18 £ 1563 [*]

Analysis of Alignment accuracy:

Ranking for Alignment accuracy:

1. SwissModel -
2. sdsc1
3. cphmodels

t-Student statistical analysis of the comparisons:

249+ 1965[1524] 381+ 2475[257]
249+ 1965 1524] 022 £17 63 [*]
381£2475[257) 022+ 1763[®]

N

&7 l_ ’_|° Internet
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4’ Other evaluation benchmarks

CASP http://predictioncenter.llnl.gov
LiveBench http://bioinfo.pl/LiveBench/

3 Protein Structure Prediction Center - Microsoft Internet Explorer
File Edit View Favorites Tools Help

OBack - -,‘) - IJ IE'] ; 4~ Search 7 Favorites @ Media 42 v g ﬂ - ;’b fi

Address @ http:ffpredictioncenter. linl.gov/

CASPL Protein Structure Prediction Center

CASPZ Biology and Biotechnology Research Program

CASP3 Lawrence Livermore National Laboratory, Livermore, California, USA
SP3

CASP4
P5 ¢ Welcome to the Protein Structuve Predicrion Canter!
Our goal is to help advance the methods of identifving protein structure from sequence. The Center has been organized to provide

the means of objective testing of these methods via the process of blind prediction. In addition to support of the CASP meetings
our goal is to promote an objective evaluation of prediction methods on a continuing basis.

Local services

Other links
CASP experiment: CASP1 | CASP2 | CASP3 | CASP4 | CASPS

People
Ten Most Wanted; TMW

The Center, supported by the National Institutes of Health, Wational Library of Medicine, and the U S. Department of Energy,
Office of Biological and Environmental Research. is a part of the Biologv and Biotechnology Research Program at the Lawrence
Website index Livermore National Laboratory.

Local services | Other links | People | Website index

Ifyou have any guestions or commaents please contact us at squerv(fl PredictionCenter.lInl gov
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BMC WorkShop

Protein Structure Prediction
Summary

Marc A. Marti-Renom & Damien Devos

Department of Biopharmaceutical Sciences, UCSF
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protein prediction .vs. protein determination

X-Ray
NMR

Comparative Modeling

Experimental data
elep padidul

Threading

Ab-initio
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Steps in Comparative Protein Structure Modeling

o

Template Search

Alignment

-

f Target — Template )

J

Model Building

Model Evaluation

No /?g

K?

Yes

TARGET TEMPLATE

ASILPKRLFGNCEQTSDEGLK
IERTPLVPHISAQNVCLKIDDV
PERLIPERASFQWMNDK

ut

ASILPKRLFGNCEQTSDEGLKIERTPLVPHISAQNVCLKIDDVPERLIPE
MSVIPKRLYGNCEQTSEEAIRIEDSPIV---TADLVCLKIDEIPERLVGE

@

blbp.B99990001

0.8

0.0
—-0.8
—1.6
T T T

A

PSEUDO ENERGY

40 60 50
RESIDUE INDEX

A. Sali, Curr. Opin. Biotech. 6, 437, 1995.
R. Sanchez & A. Sali, Curr. Opin. Str. Biol. 7, 206, 1997.

M. Marti et al. Ann. Rev. Biophys. Biomolec. Struct., 29, 291, 2000.

http://salilab.org/
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Utility of protein structure models, despite errors

100
APPLICATIONS

studying catalytic
mechanism

NMR, x-ray

designing and improving
ligands

docking of macromolecules,
prediction of protein partners

a
o

virtual screening and
docking of small ligands

defining antibody epitopes

Comparative modeling
% Sequence identity

>
Q
é molecular replacement in
= X-ray crystallography
(& ]
Q
30 < designing chimeras, stable,
d crystallizable variants
a
g supporting site-directed
o mutagenesis
£
T
© refining NMR structures
E
=
= fitting into low-resolution
2 electron density
S
E structure from sparse
g @ experimental restraints
p=} ]
5] Q
T 5 functional relationships
g g_ from structural similarity
o [
g 7]
o c identifying patches of
:1-'; s conserved surface residues
. T &
c
D . Ba ker & A Sal l. R=l finding functional sites by
2 3D motif searching

Science 294, 93, 2001.
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