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Modelado estructural de genes, genomas y complejos. 
Aplicaciones biomédicas y biotecnológicas.
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Modelado por homología…
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Principles of Protein Structure
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Comparative Modeling by Satisfaction of Spatial 
Restraints (MODELLER)

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

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

 http://salilab.org/modeller
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Comparative Modeling by Satisfaction of Spatial 
Restraints (MODELLER)

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

1. Extract spatial restraints

F(R) = ! pi (fi / I)
i

2. Satisfy spatial restraints

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

 http://salilab.org/modeller



Steps in Comparative Protein Structure Modeling

START

ASILPKRLFGNCEQTSDEGLK
IERTPLVPHISAQNVCLKIDD
VPERLIPERASFQWMNDK

TARGET

A. !ali, Curr. Opin. Biotech. 6, 437, 1995.
R. Sánchez & A. !ali, Curr. Opin. Str. Biol. 7, 206, 1997.
M. A. Martí-Renom et al. Ann. Rev. Biophys. Biomolec. Struct., 29, 291, 2000.
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Steps in Comparative Protein Structure Modeling
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Model Accuracy as a Function of Target-Template 
Sequence Identity



Typical Errors in Comparative Models

Distortion in correctly

aligned regions

Region without a 

template

Sidechain packing

Incorrect template

MODEL

X-RAY

TEMPLATE

Misalignment



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

MEDIUM ACCURACY LOW ACCURACYHIGH ACCURACY

NM23
Seq id  77%

CRABP
Seq id  41%

EDN
Seq id  33%

X-RAY

Sidechains
Core backbone
Loops

/  MODEL

C" equiv 147/148
RMSD 0.41Å

Sidechains
Core backbone
Loops
Alignment

C" equiv 122/137
RMSD 1.34Å

Sidechains
Core backbone
Loops
Alignment
Fold assignment

C" equiv 90/134
RMSD 1.17Å



Applications of Comparative Models

A. Sali & J. Kuriyan. 
TIBS 22, M20, 1999.

D. Baker & A. Sali. 
Science 294, 93, 2001.



genes…



Do mast cell proteases bind proteoglycans? Where? When? 

1. mMCPs bind negatively charged 
proteoglycans through electrostatic 
interactions?

2. Comparative models used to find 
clusters of positively charged surface 
residues.

3. Tested by site-directed mutagenesis..

Huang et al. J. Clin. Immunol. 18,169,1998.
Matsumoto et al. J.Biol.Chem. 270,19524,1995.
!ali et al. J. Biol. Chem. 268, 9023, 1993.

Native mMCP-7 at pH=5 (His
+

) Native mMCP-7 at pH=7 (His
0
)

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



What is the physiological ligand of Brain Lipid-Binding Protein?

L. Xu, R. Sánchez, A. !ali, N. Heintz, J. Biol. Chem. 271, 24711, 1996.

BLBP/Docosahexaenoic acidBLBP/oleic acid

Ligand binding 
cavity

Cavity is not filled Cavity is filled

1. BLBP binds fatty 
acids.

2. Build a 3D model.

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

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



Some Models Can Be Used in Docking to 
Density Maps

(Yeast Ribosomal 40S subunit)

Docking of comparative 
models into the cryo-EM 
map.

Spahn et al. 2001 Cell 107:373-386

Small 30S subunit from Thermus thermophilus 
Large 50S subunit from Haloarcula marismortui



40S Subunit

60S Subunit

! 43 proteins could be modeled on 20-56% 
seq.id. to a known structure.
! The coverage of the models ranges from 
34-99%.
! Models were manually docked into the 15Å 
cryo-electron density map.
! The solid orange in the 60S subunit and the 
solid green in the 40S subunit correspond to 
proteins without known bacterial homologs.



Nebojsa Mirkovic, Marc A. Marti-Renom, Andrej Sali

Alvaro N.A. Monteiro (Sprang Center, Cornell U.)

Structural analysis of missense mutations 
in human BRCA1 BRCT domains



200 aa

RING NLS BRCT

Globular regions

Nonglobular regions

BRCA1 BRCT repeats, 1jnx

Human BRCA1 and its two BRCT domains

Williams, Green, Glover. Nat.Struct.Biol. 8, 838, 2001
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A1823T
V1833M
W1837R
W1837G
S1841N
A1843P 
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P1856T
P1859R

cancer
associated ?

?

Missense Mutations in BRCT Domains by Function

C1787S
G1788

D
G1788V
G1803A
V1804D
V1808A
V1809A
V1809F
V1810G
Q1811R
P1812S
N1819S

not cancer
associated

no transcription
activation

transcription
activation

9/18/02
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Putative Binding Site on BRCA1

RMSMVVSGLTPEEFMLVYKFARKHHITLTNLITEETTHVVMKTDAEFVCERTLKYFLGIAGGKWVVSYF

WVTQSIKERKMLNEHDFEVRGDVVNGRNHQGPKRARESQDRKIFRGLEICCYGPFTNMPTDQLEWMVQL

CGASVVKELSSFTLGTGVHPIVVVQPDAWTEDNGFHAIGQMCEAPVVTREWVLDSVALYQCQELDTYLI

PQIP

RMSMVVSGLTPEEFMLVYKFARKHHITLTNLITEETTHVVMKTDAEFVCERTLKYFLGIAGGKWVVSYFWVTQSIKERK

MLNEHDFEVRGDVVNGRNHQGPKRARESQDRKIFRGLEICCYGPFTNMPTDQLEWMVQLCGASVVKELSSFTLGTGVHP

IVVVQPDAWTEDNGFHAIGQMCEAPVVTREWVLDSVALYQCQELDTYLIPQIP



genomas…



Structural Genomics

Characterize most protein sequences based on related known 
structures.

Sali. Nat. Struct. Biol. 5, 1029, 1998.
Sali et al. Nat. Struct. Biol., 7, 986, 2000.
Sali. Nat. Struct. Biol. 7, 484, 2001.
Baker & Sali. Science 294, 93, 2001.
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Structural Genomics

Characterize most protein sequences based on related known 
structures.

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

Sali. Nat. Struct. Biol. 5, 1029, 1998.
Sali et al. Nat. Struct. Biol., 7, 986, 2000.
Sali. Nat. Struct. Biol. 7, 484, 2001.
Baker & Sali. Science 294, 93, 2001.

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

Any one of the members 
of a family is fine.

11/11/02

Characterize most protein sequences based on related known 
structures.



Modeling with NY-SGRC 
structures

June 2001

Bonanno et al.  Proc.Natl.Acad.Sci.USA 98, 12896, 2001.
Chance et al. Protein Science 11, 723, 2002.  

http://salilab.org/
modweb/



START

Get profile for sequence (NR)

Scan sequence profile against 
representative PDB chains

Scan PDB chain profiles 
against sequence
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MODPIPE: Large-Scale Comparative Protein Structure Modeling

Select templates using 
permissive E-value cutoff

1

Expand match to cover 
complete domains
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Build model for target segment by 
satisfaction of spatial restraints

Evaluate model

Align matched parts of sequence 
and structure

M
O

D
E

L
L

E
R

R. Sánchez & A. !ali, Proc. Natl. Acad. Sci. USA 95, 13597, 1998.
N. Eswar, M. Marti-Renom, M.S. Madhusudhan, B. John, A. Fiser, R. Sánchez, F. Melo, N. Mirkovic, A. !ali.



Comparative modeling of the TrEMBL database

Unique sequences processed: 733,239 

Sequences with fold assignments or models: 415,937 (57%)

4/03/02       ~4 weeks on 500 Pentium III CPUs

70% 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).



 

Modeling Coverage of the Sequence Space

Fold assignment:! PSI-BLAST E-value # 10-4

Reliable Model:! Model Score $ 0.7

Not Attempted
43%

Reliable Model Only
0%Fold Assignment Only

12%

Reliable Model + Fold Assignment
44%



http://salilab.org/modbase

Pieper et al., Nucl. Acids Res. 2002. 8/9/02



complejos…



Modeling the Yeast Nuclear 
Pore complex by satisfaction 

of spatial restraints

Depts. Of Biopharmaceutical Sciences and Pharmaceutical Chemistry

California Institute for Quantitative Biomedical Research

University of California at San Francisco 

Andrej Sali 
Frank Alber, Damien Devos

Mike Rout, 
T. Suprapto, J. Kipper, L. Veenhoff,
S. Dokudovskaya

Brian Chait, 
W. Zhang

The Rockefeller University, 
1230 York Avenue, New York

http://salilab.org/



Integrate spatial information

NUP
Localization

NUP
Stoichiometry

NUP- NUP 
Interactions

N
U

P
 S

h
a
p
e

Symmetry
Global shape

1) 2) 3) 



Modeling scheme

" Protein representation

" Scoring Function: A sum of spatial restraints

" Optimization

- Excluded volume of proteins         - Radial and axial localization of proteins (IEM)
- Symmetry of NPC (EM).         - Protein-protein contacts (immuno-purification).

Minimize violations of input restraints by conjugate gradients and  molecular dynamics 
with simulated annealing.

Obtain an “ensemble” (~100,000) of many independently calculated models, starting from 
random configuration of protein centers.



Analysis

       Score

" Assessing the well scoring models

# How similar are the models to each other?

# Do the models make sense given other data?

# Using “toy” models as benchmarks.



Analysis

" Search conservation of :

# Protein-protein contacts

# Structural features



Conclusiones

$ Hoy en día se pueden modelar  alrededor de el 
55% de las secuencias de proteínas (un ~25% 
de los dominios de proteínas).

$ Aplicación a problemas biológicos.

$ La Genómica Estructural intenta determinar o 
predecir el mayor número posible de estructuras 
de proteínas.

$ Los modelos de baja resolución de complejos 
nos ayudan a entender las interacciones de 
proteínas las células.



http://www.salilab.org
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