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1.1. IUPredIUPred: prediction of protein disorder based on : prediction of protein disorder based on 
estimated estimated pairwisepairwise energiesenergies

2.2. Protein disorder at the domain levelProtein disorder at the domain level

3.3. Large scale identification of Large scale identification of IUPsIUPs by a novel 2D gel by a novel 2D gel 
electrophoresis techniqueelectrophoresis technique



Pairwise energy of globular proteinsPPairwiseairwise energy of globular proteinsenergy of globular proteins

To calculate energy, count contacts between each amino acid pairTo calculate energy, count contacts between each amino acid pair in in 
the structure weighted by the appropriate energythe structure weighted by the appropriate energy

Calculation is based on the energy matrix of Thomas and Dill (19Calculation is based on the energy matrix of Thomas and Dill (1996) 96) 
PNAS, PNAS, 9393, 11628, 11628--1163311633

Statistical potentials

The interactions observed more frequently in real structures are more 
favorable

Calculate the observed frequencies of amino acid pairs in native
proteins relative to a reference state

Convert this ratio into energies using the Boltzmann relation



Pairwise energy calculated from structurePairwisePairwise energy calculated from structureenergy calculated from structure



A   10.5
C    0.0
D    7.0
E    9.6
F    2.6
G    5.3
H    2.6
I    6.1
K    1.8
L    8.8
M    3.5
N    2.6
P    4.4
Q    3.5
R    7.9
S    8.8
T    3.5
V    7.9
W    0.9
Y    2.6
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Sequence

MODEL        1                                          
ATOM      1  N   MET A  23       2.191  28.312  -4.381
ATOM      2  CA  MET A  23       2.394  27.327  -3.305  
ATOM      3  C   MET A  23       3.514  26.377  -3.706  
ATOM      4  O   MET A  23       3.589  25.977  -4.867  
ATOM      5  CB  MET A  23       1.128  26.503  -3.033  
ATOM      6  CG  MET A  23       0.025  27.305  -2.344  
ATOM      7  SD  MET A  23      -1.456  26.318  -2.038  
ATOM      8  CE  MET A  23      -2.566  27.602  -1.402  
ATOM      9 1H   MET A  23       2.034  27.828  -5.254  
ATOM     10 2H   MET A  23       1.397  28.910  -4.199  
ATOM     11 3H   MET A  23       3.017  28.882  -4.497

Structure

Estimated 
energy per 
residue

Estimated Estimated 
energy per energy per 
residueresidue

Calculated Calculated 
energy per energy per 
residueresidue
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Estimation of pairwise energies 
from amino acid compositions

Estimation of pairwise energies Estimation of pairwise energies 
from amino acid compositionsfrom amino acid compositions

To take into account that the contribution of amino acid To take into account that the contribution of amino acid i i depends on its depends on its 
interaction partners, we need a interaction partners, we need a quadratic formquadratic form in the amino acid compositionin the amino acid composition

The connection between composition and energy is encoded by the The connection between composition and energy is encoded by the 20x20 20x20 
energy predictor matrix: energy predictor matrix: PPijij



Estimated energies correlate 
with calculated energies

Estimated energies correlate Estimated energies correlate 
with calculated energieswith calculated energies

Corr coeff: 0.74



Estimated pairwise energies of 
globular proteins and IUPs

Estimated pairwise energies of Estimated pairwise energies of 
globular proteins and IUPsglobular proteins and IUPs

IUPs

Glob



IUPredIUPredIUPred

•• Characterizes the tendency of a residue to fall into Characterizes the tendency of a residue to fall into 
disordered or ordered regiondisordered or ordered region

•• Calculation is limited to a predefined sequence range          Calculation is limited to a predefined sequence range          
(2(2--100 residues apart) 100 residues apart) 

•• Energy predictor matrix Energy predictor matrix iis recalculated accordinglys recalculated accordingly

•• Position specific score is smoothed over a window of 21Position specific score is smoothed over a window of 21

•• Cutoff at 5% false positive rate (Cutoff at 5% false positive rate (--0.2)0.2)



5.063.4DISOPRED2

18.733.0GlobPlot

Glob list: 559 proteinsIUP list: 129 proteins

5.066.3PONDR VL3H

5.076.0IUPred

False negative rate True positive rate (%)

Performance of disorder prediction 
methods

Performance of disorder prediction Performance of disorder prediction 
methodsmethods

IUPred: no training on disordered regions !IUPred: no training on disordered regions !
IUPred: Dosztanyi et al. JMB. 347, 827-839

PONDR VL3H: Obradovic et al. Proteins, 53, 566-572

DISOPRED2: Ward et al. JMB. 337, 635-645



•Predicting pairwise energy content allowed by the 
amino acid composition

•For globular proteins the predicted energy is favorable

•The predicted energy for IUPs is unfavorable

•These are not random sequences

•The lack of a well defined 3D structure of these 
proteins is their intrinsic property

Summary /1 Summary /1 Summary /1 



IUPred: http://iupred.enzim.huIUPred: http://iupred.enzim.hu

P53 Tumor antigenP53 Tumor antigen



• Ordered domains

capable of forming a well-defined structure independently

(one or more structural domains)

• Disordered domains

do not contain ordered domains

not part of ordered domain

• Local order and disorder is not relevant

• Boundaries between ordered and disordered domains

Order and disorder at the domain levelOrder and disorder at the domain levelOrder and disorder at the domain level

Specific datasets, algorithms, evaluation criteria



Building a databaseBuilding a databaseBuilding a database

      

 

 

Existing datasets: fully ordered or disordered

In real proteins these are mixed

Selecting protein fragments with two or three adjacent ordered and disordered domains

Other regions are thrown out (grey areas)



Database based on experimental dataDatabase based on experimental dataDatabase based on experimental data

Ordered domains from PDB database    (30 AA)

found by aligning the swissprot sequence with PDB sequences

Disordered domains  which are part of PDB structures are omitted

ordered disordered

Swissprot sequence

Disordered domains from DISPROT database (http://www.disprot.org)

Very small database: 34 entries, 2 with 3 domains



Mostly disordered region:
• no 30 residue long ordered region
• more than 50% of residues predicted disordered 

Mostly ordered region:
• no 30 residue long disordered region
• more than 50% of residues predicted ordered

Disorder in Pfam
domains and not 
annotated areas 
evaluated by IUPred

Disorder in Disorder in PfamPfam
domains and not domains and not 
annotated areas annotated areas 
evaluated by evaluated by IUPredIUPred

 Pfam-1 ? Pfam-2  
 



Database 2Database 2Database 2

Starting from swissport sequences annotated by PFAM domains

Not annotated areas are potential disordered domains

Much larger, but less reliable dataset (>1000 fragments)

IUPred specific on disorder

Measure improvements over starting prediction by IUPred

Can be used to try various algorithms, and to tune the optimal parameters  

 Pfam-1 ? Pfam-2  

 Pfam-1 other Pfam-2   Pfam-1 disordered Pfam-2  
 

← ordered domains defined by Pfam

disorder defined by IUPred
↓



Algorithm 1Algorithm 1Algorithm 1

• minimum length of disordered domains                           (12)

• minimum length of ordered domains                              (31)  

Variation on Globplot-type 
domain merging
(Linding et al. 2003.
NAR 31, 3701.)

Based on lengthBased on length

Eliminate short regions 



Algorithm 2Algorithm 2Algorithm 2

Based on energyBased on energy

sequence
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2 parameters:

• Cutoff energy for ordered positions                            ( -0.2)

• Minimum energy for ordered domain                              ( -24)  

Using lengths constraints (31, 12)

Variation on Scooby-domain type 
domain finding
George et al, 2005, NAR 33, W160.

Find regions with most favorable energy



ResultsResultsResults

20.011.1IUPred (pos. spec.)

Percentage of correctly identified domains 
compared to the number of domains

46.048.6A1

52.751.4A2

Database 2 
(Pfam+IUPred)

Database 1
(PDB+DisProt)

(%)

A domain is correctly identified:

• Overlap between predicted and observed domain is 50 %

• Predicted start and end positions are within 30 residues of the observed ones



Summary / 2Summary / 2Summary / 2

• Evaluation at the domain level requires specific algorithms

• The algorithms can be applied to any kind of disorder 
prediction

• Algorithms based on energies have more potential

• The two types of datasets give similar results





Molecular and Cellular Proteomics (2005) 5, 265-273



Known IUPs
< 500 (from DisProt http://www.disprot.org)

Estimated IUPs
many thousands 

IUPs: lack a well-defined 3D structure
insensitive to denaturation

heat 
urea, GHCl



A novel 2D-PAGE for identifying IUPs
1. Heat-treatment of extract (yeast, human cell-line)

2. Native PAGE of supernatant in 1st D

3. PAGE in 8M 
UREA in 2nd D

4. Identification of 
selected spots by MS



Native/8M urea 2D electrophoresis
separates disordered proteins and

globular controls



Probing the IUP nature of structurally 
uncharacterized proteins

Limited quality, microgram quantity



Separation and identification of 
IUPs from cell extracts
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E. coli
Spot protein/function

1 GroES (10 kDa chaperonin)
2 Ribosomal L7/L12
3 dnaK supressor
4 AcetylCoA carboxylase,

 BCCP subunit
5 Hypothetical protein yhgI
6 Hypothetical protein (ORF1)
7 Glycine cleavage complex H
8 Acyl carrier protein
9 Superoxide dismutase
10 Aspartate 1-decarboxylase
11 Hypothetical protein (ORF2)
12 Thioredoxin
13 PTS system, IIA component
14 FKBP-type peptidyl-prolyl cis-

trans isomerase, His-rich
15 Flavodoxin 1

NACP
casein



Separation and identification of 
IUPs from cell extracts
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S. cerevisiae Spot protein/function
1   Protein component 

of the small ribosomal subunit 
2   Chain A, Yeast Superoxide

   dismutase
3    Transcription factor IIA

    large chain
4 Actin-binding main tropomyosin
5 Clathrin light chain
6 Translation elongation factor 

 eEF-1 beta
7 Ribosomal protein L44' 
8 Centromere DNA-binding 

 complex subunit D
9 60S acidic ribosomal protein 

 P2-beta (L45)
10 60S acidic ribosomal protein

 P2-alpha (L44)
11 Ubiquinol-cytochrome c 

 oxidoreductase subunit 6
12 Myosin-2 light chain
13 Homologous to SUMO-1
14 Yeast calmodulin



Verifying the IUP nature of ORF1 and
TFIIA
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Summary / 3 

• A new 2D gelelectrophoresis technique, which
separates IUPs from globular proteins

• There are two main applications of this

technique
– Probing IUP nature of a structurally uncharacterized

protein
– Identifying new IUPs from different cellular extracts

• This technique characterizes the global 
tendency for order/disorder
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The endThe end
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