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Molecular chaperonin 
GroEL

subunit

heptamer

(Dr Jianpeng Ma, Harvard Univ.)

ATP
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protein structure evolution
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DnaK

FtsA

Actin

Hexokinase

Hsc70

MreB
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Structural alignment
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Bioinformática: Integración de información 
estructural y evolutiva para el estudio de la función 

de las proteínas.

•Predicción de estructura de proteínas.

•Extracción de información evolutiva.

•Predicción de interacciones:

proteína - proteína

proteína-ligando
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Protein structure determination

By  D. Devos

Xray crystallography NMR
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EMBL

PDB  
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MAKEFGIPAA 
VAGTVLNVVE 
AGGWVTTIVS 
ILTAVGSGGL 
SLLAAAGRES 
IKAYLKKEIK
KKGKRAVIAW

Physical principles: not in the next few years? 
Protein structure 
prediction
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Molecular dynamics simulation. 

ab initio methods
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Alain Leppinette. CAB.
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CA(2+)-REGULATED ACTIN-BINDING PROTEIN.

VILLIN CONSISTS OF A LARGE CORE FRAGMENT, THE AMINO-TERMINAL PORTION, AND A SMALL 
HEADPIECE, THE CARBOXYL-TERMINAL PORTION. THE HEADPIECE BINDS F-ACTIN STRONGLY IN 
BOTH THE PRESENCE AND ABSENCE OF CALCIUM.

MAJOR COMPONENT OF MICROVILLI OF INTESTINAL EPITHELIAL CELLS.

The
folding
time is on 
the order 
of 10 
micro-
seconds.

Folding@home: Simulations of the villin headpiece

3 Phe

1 Trp

1 Phe
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MAKEFGIPAA 
VAGTVLNVVE 
AGGWVTTIVS 
ILTAVGSGGL 
SLLAAAGRES 
IKAYLKKEIK
KKGKRAVIAW

Physical principles: not in the next few years? 
Informatics (copying from known cases)

- Homology modeling
Score = 85.1 bits (208), Expect = 6e-19
Identities = 27/56 (48%), Positives = 42/56 (74%), Gaps = 1/56 (1%)

Query: 2  FIAIYDYKAETEEDLTIK KGEKLEIIEKEGD-WWKAKAIGSGEIGYIPANYIAAAE 56
F+A+YDY+A TE+DL+  KGEK +I+      WW+A+++ +GE GYIP+NY+A  +

Sbjct: 8  FVALYDYEARTEDDLSFHKGEKFQILNSSEGDWWEARSLTTGETGYIPSNYVAPVD 63

- Threading 

MAKEFGIPAA 
VAGTVLNVVE 
AGGWVTTIV
S ILTAVGSGGL 
SLLAAAGRES 
IKAYLKKEIK
KKGKRAVIAW

Pseudo-Energy level?

PDB

Fold 
ranking

By  D. Devos

Protein structure 
prediction
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Protein structure prediction. Flow chart.
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Predicción de estructura de proteínas.

Modelado por homología. Threading.



Paulino Gomez-Puertas
BioInfo Unit. CBM

Escuela Verano
UCM - Jul.05

Homologs: proteins sharing a common ancestor
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alignment

AHPLTSDFGGHTERDLHA

AHTLTSEGGGHTEADVHA
|| |||: ||||| |:||

template

model
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Classical homology modeling algorithm

Generate alignment query - target

Replace conserved amino acid side-chains

Replace other amino acids

- use most common rotamers

- keep as many atoms in positions as possible

Model loops regions (insertions and deletions)

Optimize packing

Quality check
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Superfolds
(Orengo et al.)
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Algoritmos de threading. General.

Secuencia
problema
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Count pairs of each residue 
type at different separations

Algoritmos de threading
Potenciales de contacto / Coincidencia de estructura secundaria y accesibilidad

Jones, 1992; Sippl, 1995

d

co
un

ts
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Bioinformática: Integración de información 
estructural y evolutiva para el estudio de la función 

de las proteínas.

•Predicción de estructura de proteínas.

•Extracción de información evolutiva.

•Predicción de interacciones:

proteína - proteína

proteína-ligando

1/2
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Integration of Evolutive Information
conserved

tree-determinants correlated mutations 

Information extracted from multiple sequence alignments
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Integration of Evolutive Information
conserved

Information extracted from multiple sequence alignments



Paulino Gomez-Puertas
BioInfo Unit. CBM

Escuela Verano
UCM - Jul.05

α4 β5α3 β4β3

α6 β7β6α5

α1β1 β2 α2

α8β8α7

Hydroxymethylglutaryl-CoA lyase (HMGL)

F.G. HEGARDT. UB
J. PIE. Univ. Zar.
N . CASALS. UIC.
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Hydroxymethylglutaryl-CoA lyase (HMGL)

α1α2

α3

α4

α5
α6

α7

α8

S75
D42R41

L263

E279

H233

D204

S201

E279S75

V70

S201

L263D42 R41
H233

D204

H233

D204

S75
D42

L263

N
C

C

FG. Hegardt

J. Pie

N. Casals
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Hydroxymethylglutaryl-CoA lyase

R75

D42

S75

R233

S201

H233
D204

Y201

Hydroxymethylglutaryl-CoA lyase (HMGL)

FG. Hegardt

J. Pie

N. Casals
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L70

Hydroxymethylglutaryl-CoA lyase (HMGL)

H233

R41

D42

E72

H235

HMG-CoA

E203

J. Pie

N. Csals

FG. Hegardt

J. Pie

N. Casals
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Integration of Evolutive Information

correlated mutations 

Information extracted from multiple sequence alignments
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SINGLE
MUTATION

DECREASED
STABILITY

"RESTORED"
STABILITY SECOND COMPENSATORY

MUTATION

Correlated Mutations 

Pazos et al.
J. Mol. Biol., 1997
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Correlated mutations: CorrMut & PlotCorr
i          j

1 ....S..........P......

2 ....V..........L......

3 ....L..........M......

1   2   3

1  - SV  SL

2  - - VL

3  - - -

1   2   3

1  - PL  PM

2  - - LM

3  - - -

i

j

r = 0.743

Goebel, Sander, Schneider & Valencia. Proteins, 1994
Olmea & Valencia. Folding & Design, 1997
Pazos, Olmea & Valencia. CABIOS, 1997

1   2   3

1  - 1   2

2  - - 3

3  - - -

1   2   3

1  - 0   1

2  - - 5

3  - - -

McLachlan matrix
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Correlated mutations

D415 (monomer A)

R297 (monomer B)

Phenylalanine hydroxylase (PAH)

homotetramer. 

intra-protein contacts 

inter-protein contacts 
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Docking and inter-protein correlated mutations

Pazos et al. J. Mol. Biol., 1997
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Bacterial cell septation

FtsAM. VICENTE. CNB. Madrid.
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>FTSA_ECOLI

Carettoni, Gomez-Puertas, et al. Proteins, 2003.

  1 MIKATDRKLVVGLEIGTAKVAALVGEVLPDGMVNIIGVGS  40
 41 CPSRGMDKGGVNDLESVVKCVQRAIDQAELMADCQISSVY  80
 81 LALSGKHISCQNEIGMVPISEEEVTQEDVENVVHTAKSVR 120
121 VRDEHRVLHVIPQEYAIDYQEGIKNPVGLSGVRMQAKVHL 160
161 ITCHNDMAKNIVKAVERCGLKVDQLIFAGLASSYSVLTED 200
201 ERELGVCVVDIGGGTMDIAVYTGGALRHTKVIPYAGNVVT 240
241 SDIAYAFGTPPSDAEAIKVRHGCALGSIVGKDESVEVPSV 280
281 GGRPPRSLQRQTLAEVIEPRYTELLNLVNEEILQLQEKLR 320
321 QQGVKHHLAAGIVLTGGAAQIEGLAACAQRVFHTQVRIGA 360
361 PLNITGLTDYAQEPYYSTAVGLLHYGKESHLNGEAEVEKR 400
401 VTASVGSWIKRLNSWLRKEF                     420

M. Vicente
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FtsA

Carettoni, Gomez-Puertas, et al. Proteins, 2003.
Rico et al - M. Vicente's Lab

PROPOSED MODIFICATIONS:

SUCCESS!!
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Integration of Evolutive Information

tree-determinants 

Information extracted from multiple sequence alignments
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Residue 1             Residue 2       ...      Residue n
Secuence 1 00000100000000000000 00000000000000010000 ... 00000000100000000000 
Secuence 2 00000100000000000000 00000000010000000000 ... 00000000000001000000 
Secuence 1 00000000010000000000 00000000000000010000 ... 00001000000000000000 
...
Secuence x 00000001000000000000 00001000000000000000 ... 00000000100000000000

Sequencespace
(Casari, Sander, Valencia, Nature. Str. Bio. 95)
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PRINCIPAL COMPONENTS ANALYSIS

2D 1D

3D 2D
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predicting key positions from MSA
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L-CPT I

M-CPT I

COT

CPT II
CrAT

ChAT

lo
ng

 c
ha

in
 a

cy
l-C

oA

short c
hain acyl-CoA

medium chain acyl-CoA

malonyl-CoA regulated

malonyl-CoA insensitive

choline

carnitine

carnitine/choline acyl transferases F.G. Hegardt
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Malonyl-CoA regulation: Met vs. Ser

Carnitine-Choline: Thr/Glu/Thr vs. Val/Asp/Asn

Short vs. Long substrate: Gly vs. Met
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(Morillas et al., JBC 2003)

FG Hegardt
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(Cordente, López-Viñas et al., JBC 2004)

FG Hegardt



Paulino Gomez-Puertas
BioInfo Unit. CBM

Escuela Verano
UCM - Jul.05(Cordente, López-Viñas et al., JBC 2004)

FG Hegardt
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H12

E14

palmitoyl-CoA

carnitine

H473

V481

G482

G711

V488

M489

A490

V706

G710

G709

W485

Model (Cordente et al, 2004; JBC)

Crystal structure (Hsiao et al, 2004; JBC)
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protein-ligand interactions 

(in silico docking)
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Virtual Docking
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Virtual Docking
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Virtual Screening
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CGRID+CDOCK
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protein-protein 
interactions 

(in silico docking)
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M. Vicente

homology-based docking
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M. Vicente
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http://capri.ebi.ac.uk
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CAPRI ROUND 5
Target 14: PROTEIN SERINE/THREONINE PHOSPHATASE-1 
complex with MYOSIN PHOSPHATASE TARGETING SUBUNIT 1

From: Roberto Dominguez (Boston Biomedical Research Institute)

1S70
Good: 38

acceptable: 32
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scoring:

•RMSD between correct and predicted 
positions of ligand.

•Correct location of contact surfaces both in 
receptor and ligand.

•Correct prediction of residue contacts. 
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3D-Dock. M Sternberg
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τ

σ

antibody HyHel-5 (left) vs. lysozyme antigen (right); d=5Å



S. Atrian

Integration of Evolutive Information: 
Correlated Mutations
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structure-function

(a pair of examples)
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High Density Lipoprotein Particle. The model surrounded a circular disk of 160 
lipids, forming a bilayer, with two apoA-I proteins and 6000 water molecules,
altogether a 46,000 atom system.
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Kinesin Motility
Kinesin is a force-generating enzyme, or motor protein, which converts the free 
energy of the gamma phosphate bond of ATP into mechanical work. This work is 
used to power the transport of intracellular organelles along microtubules. 

http://www.proweb.org/~kinesin/ Liz Greene, Steve Henikoff & Sharyn Endow
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Kinesin Motility
Kinesin itself is an alpha2-beta2
heterotetramer of two heavy and 
two light chains

How does kinesin walk along a MT protofilament?

http://mc11.mcri.ac.uk/wrongtrousers.html Rob Cross & Minia Alonso 

Floppy logic model 

Alternate-sides model 

Twisting 

model
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Kinesin Motility

Neurospora crassa kinesin

Song et al. (2001)

http://www.mpasmb-hamburg.mpg.de/ktdock/ Mandelkow lab 
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Kinesin Motility

Model of kinesin dimer
walking along a 
microtubule
protofilament.
(Hoenger et al.2000).

Mandelkow lab http://www.mpasmb-hamburg.mpg.de/ktdock/
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Kinesin Motility

Animated Model for
Processive Motility by Kinesin

Animated Model for Muscle 
Myosin-Based Motility

http://www.scripps.edu/milligan/projects.html Ron Milligan Lab
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Preguntas, por favor...

<pagomez@cbm.uam.es>

http://www.cbm.uam.es/pagomez
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