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pKID domain of the transcription factor CREB
(adopted from Dyson & Wright, 2005)

Intrinsically Unstructured Proteins are proteins or domains that, in their 
native state, are either completely disordered or contain large disordered 
regions. More than 400 such proteins are known, including Prions, 
proteins Tau, Bcl-2, p53, 4E-BP1, eIF1A, etc. (Tompa, 2002,Uversky,2002).



Acceleration of molecular 
recognition

Why does eukaryotic cell prefer unstructured proteins?

Large area of the 
interface under 
smaller sizes One protein – several 

functions

Conformation of 
protein is 

determined by 
partner of 

interaction, but not 
amino acid 

sequence itself, as 
it is typical for 

globular proteins.



Protein disorder is important for:

Attempts to predict disorder:
Finding regions with low complexity, like SEG (Wootton, 1994) and 
CAST (Promponas et al., 2000).
Finding regions without regular secondary structure, like NORSp
(Liu et al., 2002).
Combination of low overall hydrophobicity and a large net charge, 
Uversky et al., 2000 .  

Understanding protein function
Protein folding pathways
De novo design of proteins

Our method assigns ordered/disorder status
to residues on the basis of their ability 
to from sufficient number of contacts in globular state .



Average number of close amino acid residues 
(located within a given distance 8A)

to the given residue in the globular proteins

28.48±0.0727.18±0.0425.93±0.0425.71±0.0325.36±0.0224.82±0.0623.93±0.0323.52±0.0521.72±0.0521.03±0.3
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19.81±0.0319.23±0.0418.49±0.0318.19±0.0317.67±0.0217.46±0.0217.41±0.0319.89±0.0217.43±0.0317.11±0.2
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Profiles of the expected number 
of close residues

Portion of false prediction
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129 – natively-unfolded proteins
559 – globular proteins 
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0.180.33GlobPlot (Linding et al., 2003, Structure, 
11, 1453)

0.050.66DISOPRED (Ward et al., 2004, 
Bioinformatics, 20, 2138)

0.050.66PONDRVL3H (Obradovic et al., 2003, 
Proteins, 53, 566)

0.050.76IUPred (Dosztanyi et al., 2005, J. Mol. 
Biol., 347, 827)

0.050.85Fold Unfold (Galzitskaya et al., 2006, 
Molecular Biology, 40, 341)

Portion of false 
predictions (averaging 

over residues)

Portion of true 
predictions

(averaging over 
residues)

Method

Comparison of performance of disorder prediction methods for 129
natively – unfolded and 559 globular proteins. Averaging is done over residues.
Data about other methods are given from Dosztanyi et al., 2005 J. Mol. Biol., 347, 827.



• What is the percentage of totally unstructured proteins in various proteomes?

• According to our 
estimates, 12%, 3% and 
2% of the proteins in 
eukaryotic, bacterial and 
archaean proteomes are 
totally disordered, and long 
(>41 residues) disordered 
segments are found to 
occur in 16% of arhaean, 
20% of eubacterial and 
43% of eukaryotic proteins 
for 19 archaean, 159 
bacterial and 17 eukaryotic 
proteomes, respectively. 
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Frequencies of amino acids in proteins for three main taxa
calculated from the known proteomes : 19 archaea, 159 bacteria, 17 eukaryotes



Crystal structures of procaryotic
translation elongation factors in 
isolated state: with GDP (1), with 
GTP (2) in complex with ligands
EF1A-EF1B (3) and  EF1A-tRNA
(4).

Crystal structure of yeast 
elongation factor eEF1A in 
complex with EF1Bα (5)
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bacteria

cyanobacteria

archaea

unicellular

plant

fungi
worm

mammalia

EF1A from S. solfataricus with GDP

About 70 amino acid 
residues 

1. What is amino acid composition of 
procaryotic and eukaryotic elongation 

factors?

2.  Are there specific amino acid 
residues in eukaryotic elongation factors?

3. What is the distribution of additional 
70 amino acid residues on the length 
under transition from procaryotic to 

eukaryotic factors?

?
Working model EF1A from O. cuniculus



9,529,5210,010,29,7112,112,810,310,159,419,727.008,02Val V

2,62,61,752,182,872,722,722,762,792,542,33,641,42Tyr Y

1,081,081,311,310,880,490,49000,2501,550,32Trp W

6,286,286,116,555,967,97,657,297,617,637,426,155,14Thr T

4,985,194,594,374,861,481,734,024,062,543,586,316,91Ser S

5,415,415,025,025,525,435,685,034,575,095,124,6112,07Pro P

3,033,033,713,283,092,962,962,763,053,563,843,951,66Phe F

2,62,61,751,973,092,722,722,763,552,542,812,031,3Met M

10,1710,110,711,19,495,684,946,284,575,855,376,0510,43Lys K
5,635,635,245,024,426,916,676,286,357,126,148,375,44Leu L

6,496,496,556,557,285,685,195,286,357,387,675,433,67Ile I

2,162,162,42,42,652,962,963,023,052,82,562,331,51His H

9,529,529,179,398,399,639,6310,39,1410,189,217,994,31Gly G

2,162,162,621,972,431,982,221,762,282,042,565,9814,26Gln Q

5,845,846,776,777,519,389,148,299,399,418,443,694,46Glu E

1,31,31,531,311,10,250,251,760,250,760,771,640,61Cys C

5,635,635,245,465,085,935,936,787,616,116,145,785,05Asp D

3,463,253,493,493,092,722,722,762,541,782,054,662,06Asn N

3,683,683,933,493,976,176,675,285,085,855,634,614,21Arg R

8,448,448,088,088,616,916,917,297,617,128,78,157,15Ala A

462462458458453405405398394393391% % Amino
acid

EuEuEuEuEuProProProProProPro

Globu
lar

Un
Struct
ured

% inclusion of separate amino acids in elongation 
factors from different organisms



121-135

298-308

N-end

376-394

40-52

3D structures of eucaryotic translational elongation factors 1A from S. cerevisiae (in 
complex with fragment EF-1B, not shown, from the left ) and procaryotic factor from 

T. аquaticus (from the right)
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233-239?

C-end

New predicted unstructured regions are shown by green color, 
unstructured regions coincident with X-ray are shown by red color. 
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The absence of a rigid structure and the 
possibility of large conformational change upon 
interaction with the partner molecule might 
explain the well-known ability of the eukaryotic 
factors to interact with different ligands
(actin, tubulin, calmodulin and many others) 
besides the translational components.

?



Prediction of number and position of domain
boundaries in multi-domain proteins using only amino

acid sequence alone

CASP6 (T0241)

To predict 3D structure of a 
protein it is necessary
to predict the boundaries of 
its domains. 

The domain is defined as
a compact structural unit 
that is capable of 
independent folding.



Prediction of protein domain boundaries
from sequence alone
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Galzitskaya OV, Melnik BS. Prediction of protein domain boundaries from sequence alone. 
Protein Science, 12: 696-701 (2003).

Our method is based on the hypothesis that a 
high-side chain entropy of a region in
a protein chain must be compensated by a 
high-residue interaction energy within the
region, which could
correlate with a well-structured part of the
globule, that is, with a domain unit. 

1dxh

For protein domains, this means that the domain boundary is conditioned
by amino acid residues with a small value of side chain entropy.



We do not consider domains of less than 50 residues

Effective length of protein  (Leff.)
Domain boundary

+k -k
“sliding window” 2k+1 (in our case k=20)

Construction of an entropy profile
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<Prandom> – average probability of random 
coincidence of the real and predicted 
boundaries for the given distance from the 
domain boundary 
N – the double maximal allowable distance 
between the real and predicted boundaries; 
L – protein length 
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The method was applied to 646 proteins with two contiguous domains extracted
from the SCOP 1.59 database (homology <80%) with a success rate of 63%.

Success of prediction strongly depends on the distance between 
the predicted and the real boundaries at which the prediction is still 
considered to be correct



1jcfa, 152^140

0 50 100 150 200 250 300 350
3.4

3.6

3.8

4.0

4.2

4.4
Actin-like ATPase domain

1ge8, 124^116

0 50 100 150 200 250
3.6

3.8

4.0

4.2

4.4

4.6
DNA clamp

Pro
Val

Ala
Pro
Val
Gly

1f5q, 110^141

0 50 100 150 200 250
3.6

3.8

4.0

4.2

4.4

4.6

Cyclin-like

1xo1a, 122^167

0 50 100 150 200 250
3.7
3.8
3.9
4.0
4.1
4.2
4.3
4.4
4.5

5' to 3' exonuclease, 
C-terminal subdomain
Resolvase-like

Val
GlyPro



Protein size, amino acid residues
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R…QETRWQEWQGFDASLV…P

987654321-1-2-3-4-5-6-7-8-9
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The appearance of a particular
amino acid residue
in position i relative to the total
appearance of this residue
in the database proteins

The appearance of a particular
residue in the regions of domain
boundaries was computed as

i

P
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i

i

X
i

X
i 2

∑
−

± =

X

X
iX

i w
wP =

The appearance of residue X
in position i relative
to the domain boundary

the appearance of each residue
was computed for the total
database

region ± i

Statistics of amino acid residues at domain boundaries

±i is the region containing
2i amino acid residues
and a domain boundary
at position 0
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P
X

1.051.071.101.121.171.211.431.451.462.11
LysArgThrGluSerAspCysGlnGlyPro

P
X

0.600.600.620.640.640.710.720.780.850.90
LeuMetTrpIleHisPheValAlaTyrAsn

Small and hydrophilic residues appear at domain
boundaries more often than in total proteins

Hydrophobic residues appear at domain
boundaries rarer than in total proteins
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Prediction of number and position of domain boundaries 
in multi-domain proteins using only 

amino acid sequence alone

Our method used an optimized scale of appearance of amino acid residues 
on the domain boundaries.

Different methods agree only for ~81% of all domains (Liu and Rost, 2004)

Success of prediction strongly depends on the distance between 
the predicted and the real boundaries at which the prediction is still 
considered to be correct



Examples of character profiles for
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Changing of randomly 
chosen value

New results

Analysis of new results 
relative current results

current values

Current results

replacement of 
current 

values by new ones

Probability to 
take “bad”
new results

better worse

Optimization of parameters by Monte-Carlo algorithm

reference values

Check:
If after 100000 steps

improvement
does not happen-
Exit from cycle

Optimized scale of appearance of amino acid residues on the domain boundaries

1-domain, 797 proteins
2-domains, 415 proteins
3-domains, 112 proteins



Results of predictions number of domains after 
optimization of parameters by Monte-Carlo algorithm

14 / 16%23 / 21%34 / 41%29 / 22%3
(112 proteins)

5 / 12%10 / 11%49 / 34%36 / 44%2
(415 proteins)

4 / 4%8 / 11%31 / 32%57 / 53%1
(797 proteins)

Larger, or 
equals to 4321

Predicted number of domains in protein/
/ starting meaning

Number of 
domains in 

protein



Comparison of our method ADP
with method CHOPnet (J. Liu и B.Rost, 2004)

0%6%
0%5%

21%23%3

19%17%41%49%2
--73%57%1

CHOPnetADPСHOPnetADP

Percentage of proteins 
with correctly predicted 
number and location of 
domains (±20 residues)

Percentage of proteins 
with correctly predicted 

number of domains

Number of 
domain 

observed

CHOPnet is based on neural networks and relied exclusively on information 
available for all proteins



54550
21583

больше21

DomPred
(Marsden et al., 2002)

42373
0991

больше21

DomSSEA
(Marsden et al., 2002)

97714
01585

больше21

RosettaDom
(Kim et al., 2005)

95041

21979

больше21

ADP
(Galzitskaya et al., 2006)

45550

176815

больше21

Armadillo
(Dumontier et al., 2005)

1 domain –
47 proteins

2 domains –
22 proteins

Percentage of proteins with correctly 
predicted number of domains for CASP6

The main advantages of our 
method are as follows: it is very 
simple, fast and uses minimal 
number of parameters in 
comparison with other methods. 
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The Z-score is (M-<M>)/σ, where M is the number of correctly 
predicted domain boundaries by our method and <M> is the 
average number of expected successful random predictions in our 
method which is equal to the summation of probabilities pi, where i
changes from 1 to the considered number of the proteins. σ is the 
standard deviation. 



Scale has been obtained after optimization 
and normalized relative Proline value

0.60.70.70.70.70.70.80.80.81
ThrLeuTrpGluGlnAsnCysValAlaPro

0.40.40.50.50.60.60.60.60.60.6
LysGlyAspArgSerPheMetHisTyrIle


