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Vitkup, D., Melamud, E., Moult, J. and Sander, C. (2001) Completeness in structural genomics. Nat Struct Biol, 8, 559-566.
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Prediccion de estructura de proteinas
Clasificacion de los métodos de prediccion
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Prediccion de Estructura de Proteinas
Meétodos 3D

- Disefio por homologia/Modelado comparativo.

- Reconocimiento de plegamiento/
disefio por homologia remota/threading



AD Initio

Basados en principios fisico/quimicos basicos (potenciales de interaccion, ...).
Solo usan la secuencia primaria como entrada.
Interesantes pues son los que mas conocimiento aportan sobre el proceso de plegamiento.

No usables aun (en general) para prediccion 3D por

- Potenciales empiricos y semiempiricos con pequerias inexactitudes que se acumulan para proteinas grandes
y/o simulaciones largas.

- Requieren muchisima potencia de calculo.

= 1A Distributed
F“‘"J‘ﬁ'@“,ﬁ..'"l&' Computing

120°E 180° 120W  60°W 0 60°E

120°E 180° 120W  60°W 0 60°E
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Modelado por Homologia vs. Threading
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Modelado por homologia

Relacion entre parecido estructural y parecido en secuencia
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Chothia, C. & Lesk, A.M. (1986) The relation between the divergence of sequence and structure in proteins. EMBO J., 5, 823-826.

Sander, C. & Schneider, R. (1993) The HSSP data base of protein structure-sequence alignments. Nucleic Acids Res., 21, 3105-3109.



Modelado por Homologia. Estrategia general

o, LOcCalizar molde

e Generar alineamiento entre secuencia problema y molde

o Para atomos del esqueleto tomar las coordenadas del molde.

o Paraaa. conservados tomar mismas coordenadas para las
cadenas laterales

o Cadenas laterales de otros aa.

- usar librerias de rotameros

- usar la mayor cantidad de atomos posibles (CB ->C v, ...)
o Modelar loops (inserciones y delecciones)
o Optimizar empaquetamiento (MD, ...)

o EVvaluar calidad del modelo



Modelado por Homologia. Alineamiento molde-proteina problema
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Modelado por Homologia. Alineamiento molde-proteina problema
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Fig. 3. Comp of seq lignment with structural
alignment for selected ples. Complete sets can be viewed on
our Web page. The horizontal axes show the structural alignment
with helices indicated in black and strands in grey; the lines
b the axes indicate the seq ligned residues. Thus, if
the alignment is 100% correct, all the lines will be vertical; lines at
an angle indicate errors in the alignment. a: TO001 (dihydrofolate
reductase). b: TO027 (pectate lyase). ¢: TOO0D (stellacyanin).




Modelado por Homologia. Cadenas laterales

A:0.92

istributions.

C: 0.56

Fig. 2. Examples of n
pesed on the comesponc
freedom; 0.33 means ma

Fig. 6. Rotamer distribution and real position for aspartic
acid-66 in HPR. The hydrogen bond between residue 66 and the
backbone of residue 2 is indicated. The position-specific rotamers
for residue 66 are shown in dashed lines.



Modelado por Homologia. Nucleo Estructural
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3,0-helix

Fig. 2. Comparison of the loop
Aa13-Gly27 of T0082 in the model
and the structure. The loop at the
equivalent position in the parent struc-
wre (1bol) is also shown.

Modelado por Homologia. Loops
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Modelado por Homologia
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Modelado por Homologia
Servidores Publicos y Repositorios de Modelos

An automated comparative modelling server (ExPASy, CH)
Server using homology modelling (BioCentrum, Denmark)
Protein structure homology modeling server (San Diego, USA)

Automated system for 3D models for proteins (Cancer Research UK)

Database of Comparative
Protein Structure Models

http://pipe.rockefeller.edu/modbase

http://www.expasy.ch/swissmod/SM_3DCrunch.html



Modelado por Homologia vs. Threading
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Algoritmos de threading. General.

1. Library of protein structures (fold library)
all known structures @‘ @
representative subset (seq. similarity filters)
structural cores with loops removed

0 N . [
ALMVWTGH.........

*

NN

2. Binary alignment algorithm with Scoring function
contact potential

environments

Instead of aligning a sequence to a sequence, align strings of
descriptors that represent 3D structual features.

Usual Dynamic Programming: score matrix relates two amino acids
Threading Dynamic Programming: relates amino acids to environments in 3D structure

7

3. Method for generating models via alignments (same as homology modl.)



Algoritmos de threading
Funcién de Puntuacidn

- Aminoacido en ambiente similar a como suele estar en

estructuras conocidas.
O s [

ALMVWTGH. ........

- Potenciales de solvatacion. §
\

- Potenciales de contacto.

- Coincidencia de estructuras secundarias (real y predicha)
y accesibilidades.

7

- Matrices de homologia remota extraidas de alineamientos
estructurales.

- Blsqueda con Modelos de Markov (HMMs).



Algoritmos de threading
Potenciales de contacto (potenciales estadisticos)

counts

Energy of interaction =
-KT In (frequency of intéractions)
Boltzmann principle

Count pairs of each residue
type at different separations

Jones, D., Taylor, W. and Thornton, J. (1992) A new approach to protein fold recognition. Nature, 358, 86-89.

Sippl, M.J. (1995) Knowledge-based potentials for proteins. Curr Opin Struct Biol, 5, 229-235.



Algoritmos de threading
Coincidencia de estructura secundaria y accesibilidad

Project known 31 shructure
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cood match to one of the Enown stronctnres?

= predict fold of matching siructare
* model 3D coordinates by homology

Rost, B. (1995) TOPITS: Threading one dimensional predictions into three dimensional structures. In Rawlings, C. and als, e. (eds.), Third
International Conference on Intelligent Systems for Molecular Biology. AAAI Press. Menlo Park, CA. USA., England, pp. 314-321.



Algoritmos de threading
Perfiles de secuencia + estructura secundaria
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Kelley, L.A., MacCallum, R.M. and Sternberg, M.J.E. (2000) Enhanced genome annotation using structural profiles in the program 3D-PSSM.
J Mol Biol, 299, 499-520.



Threading
Post-procesamiento de resultados
Combinacién con informacion adicional
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Threading
Post-procesamiento de resultados
Meta-servidores

|||—uub BLASTP

threading in PDB

System for

gending to

threaders and
Convert models ,/ keeping track
o a common format of the answers

+ local
threaders

Calculate sequence
features, fold comp.,
fold representation,
and other parameters
for the models
m_“i Get probability to be
! FUTURE true for the models

according to the
parameters using tables
obtained for known
structures

I Neural Network trammed 0
£ discriminate models
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Re-score models an
send the results

http://bioinfo.pl/meta  (Metaserver + “3D-jury”)

Ginalski K, Rychlewski L. (2003). Detection of reliable and unexpected protein fold predictions using 3D-Jury.Nucleic Acids Res. 31(13):3291-2.



Prediccion de Estructura .-
Mini-threading + ab-initio
Rosetta
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simulacién MonteCarlo

http://robetta.bakerlab.org/

Simons, K.T., Kooperberg, C., Huang, E. & Baker, D. (1997) Assembly of protein tertiary structures from fragments with similar local
sequences using simulated annealing and bayesian scoring functions. J Mol Biol, 268, 209-225.
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Modelado por Homologia vs. Threading
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Evaluacion de métodos de prediccion
|) CASP (bianual 94-06)

MAKEFGIPAAVAGTVLNVVEAGGWVTTIVSILTAVGSG

GLSLLAAAGRESIKAYLKKEI KKGKRAVIAW

\ EVALUATION
Databases
Algorithm

% — Computpr evaluation

http://predictioncenter.org/

Proteins biannual issue on CASP/CAFASP



Evaluacion de métodos de prediccion
1) CAFASP (bianual 98-06)

MAKEFGIPAAVAGTVLNVVEAGGWVTTIVSILTAVGSG

GLSLLAAAGRESIKAYLKKEI KKGKRAVIAW

EVALUATION

http://www.cs.bgu.ac.il/~dfischer/ CAFASP4/

Proteins biannual issue on CASP/CAFASP



Evaluacidon de métodos
[11) EVA/LiveBench
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Eyrich, V.A., Marti-Renom, M.A., Przybylski, D., Madhusudhan, M.S., Fiser, A., Pazos, F., Valencia, A., Sali, A. and Rost, B. (2001) EVA:
continuous automatic evaluation of protein structure prediction servers. Bioinformatics, 17, 1242-1243.

Koh, 1.Y.Y., Eyrich, V.A., Marti-Renom, M.A., Przybylski, D., Madhusudhan, M.S., Eswar, N., Grana, O., Pazos, F., Valencia, A., Sali, A., et
al. (2003) EVA: evaluation of protein structure prediction servers. Nucl. Acids. Res., 31, 3311-3315.
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Statistical analysis of Eva-CM results.
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Prediccidn de Estructura de Proteinas
Futuro...?

- Combinacion de métodos de prediccion con datos estructurales a baja resolucion
- Integracion en los proyectos de structural genomics.

- Prediccion de funcidn

*Qu, Y., Guo, J.T., Olman, V. and Xu, Y. (2004) Protein structure prediction using sparse dipolar coupling data. Nucleic Acids Res, 32, 551-561.
Print 2004.

» Arakaki, A.K., Zhang, Y. and Skolnick, J. (2004) Large-scale assessment of the utility of low-resolution protein structures for biochemical
function assignment. Bioinformatics, 20, 1087-1096.

* Meiler, J. and Baker, D. (2003) Rapid protein fold determination using unassigned NMR data. Proc Natl Acad Sci U S A, 100, 15404-15409.

* Li, W., Zhang, Y., Kihara, D., Huang, Y.J., Zheng, D., Montelione, G.T., Kolinski, A. and Skolnick, J. (2003) TOUCHSTONEX: Protein
structure prediction with sparse NMR data. Proteins, 53, 290-306.

» Zheng, W. and Doniach, S. (2002) Protein structure prediction constrainded by solution x-ray scattering data and structural homology
identification. J Mol Biol, 316, 173-187.



http://pdg.cnb.uam.es/pazos/cursos/protstr_cnb



