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Abstract 

It has been shown recently by Porter & Looger that a significant number of proteins exist that can form more than 
one stable fold. This note examines the sequences of these fold-switching proteins by (a) calculating their 
foldability scores recently introduced by the present author and (b) comparing the propensity of chameleon 
sequences in fold switchers and in non-fold switchers. 

It has been found that the average foldability score of the fold switchers indicates weaker foldability. As for the 
propensity of chameleon sequences of length 5-7 it was found, somewhat surprisingly, that there is only a very 
small difference between the fold switchers and the non-fold switchers. Furthermore, when comparing the amino 
acid propensities in chameleon sequences and in fold switchers, for several amino acids there was even an 
opposing trend in the deviation of their propensities from the overall amino acid propensities. 

  



 

1. Introduction and background. 

While most proteins are known to fold into a unique structure, Porter & Looger1 have shown that fold switching is 
not an extreme rarity – they found 95 protein pairs that contain the same sequence but stabilize in different folds. 
Their work showed that one diagnostic of fold switching is the poor performance of secondary structure prediction 
algorithms. The present work aimed to find other, purely sequence based, diagnostics of fold switching. First, a 
recently developed foldability score2 was calculated for the fold switching sequences. Next, the propensity of 
chameleon sequences, generated recently3 from the sequences in the Protein Data Bank (PDB)4, were obtained; 
both in sequences that are fold switching and in sequences that are not.  

2. Methods. 

The PDB ids of the fold-switching proteins were obtained from the work by Porter & Looger1. The sequences 
corresponding to the PDB ids were downloaded from the PDB. When the two sequences of a fold-switching pair 
were of different length, the shorter one was used. 

The chameleon sequence set was generated by the program Cham3 using the same sequence set that was used in 
Ref3, referred to as the PDB set. The number of chameleons of length 4, 5, 6 and 7 in that set are 118981, 187803, 
36669, and 1822, resp., representing 74.4%, 5.9%, 0.057% and 0.00014%, resp., of their respective n-tuplet space. 
Since about three quarter of all possible 4-residue sequences are chameleons and there are hardly any chameleons 
over length 7, only length 5, 6, and 7 were used. 

The foldability scores SC3 and SC4 of a sequence were obtained from the ratio of propensities of triplets and 
quadruplets in a filtered version (making sure that no pairs in the filtered set are more than 50% similar) of the 
PDB set to the propensities of the same triplets and quadruplets expected from the overall amino acid propensities. 
The scores SC3 and SC4 of the fold-switching sequences were calculated with the program Fold2. The amino acid 



propensities in the chameleon sequences were calculated with the program Cham and in the fold-switching 
sequences with the program Fold. 

The propensities of the chameleon sequences in a set of protein sequences were obtained by the following 
algorithm: 

1. For each protein sequence of length Ls and each chameleon of length Lch, combine the list of chameleons of 
length Lch  with all L-Lch subsequences of length Lch of the protein considered. 

2. Sort the combined list 
3. Scan the sorted list. For any stretch of nmat identical items check if one of them is from the chameleon list. 
4.  If a chameleon was among the members of the stretch, nmat-1 chameleons were part of the protein sequence. 

This calculation has been added as a new option to the program Fold, that can be downloaded from the URL 
http://inka.mssm.edu/~mezei/fold. 

The comparison of the propensities of chameleons in sequences that are fold switching and those that are not used 
the 4735 sequences that served for the test of the folding prediction2. These 4735 sequences, referred to as the PDB 
test set, were not part of the PDB set thus they were not used for the generation of the statistics on which the scores 
SC3 and SC4 are based, nor for the chameleon set generation.  

The overall amino acid propensities were obtained as the average of the propensities in various organism classes5. 

3. Results and Discussion. 

The triplet and quadruplet average folding scores and standard deviations of the fold-switching proteins are shown 
in Table I along with the corresponding results for the (filtered) PDB set, a set of Intrinsically Disordered Proteins 
(IDP)6, as well as for two randomly generated sets, using either the uniform distribution or the amino-acid 



propensity-weighted distribution. For a graphical representation of the foldability scores Fig. 1 presents a 
‘foldability meter’ showing where the various sequence sets fall on the foldability scale. 

There is a clear progression in the foldability scores from the PDB test set to the uniform random set, with the fold-
switching set in the middle, albeit well within the foldability range. This finding of weakened foldability score can 
be interpreted in the same vein as the observation of Porter & Looger: the capability of a sequence of folding into 
two different stable conformations tends to ‘confuse’ the otherwise reasonably reliable prediction algorithms. 

The propensities of finding chameleon sequences in the fold-switching set and in a non-folding set are compared in 
Table II. To get a sense of the precision of the results, the standard deviation of 100-sequence averages from the 
4735 sequences were also calculated. While there is a slight increase of the frequency of chameleon sequences in 
the fold-switching set when compared with the frequencies of the large set from the PDB, the results clearly show 
that, contrary to what one would expect, the short chameleon sequences are not a significant factor in the evolution 
of fold switching proteins. 

As a final test, the propensities of each amino acid to be in a chameleon sequence were compared to their 
propensities to be in a fold-switching sequence. The results of the comparison are given in Table III. Even worse 
than for the case of the chameleon sequence propensities, there is no correlation between the residue propensities 
of chameleon and fold-switching sequences. In fact, for several amino acids their propensity varies from the overall 
value in the opposite direction in a significant extent. 

In conclusion, it is found that (a) the fold switching proteins have, on average, lower foldability scores than all the 
proteins in the PDB but not low enough to predict them to be not folding and (b) the short chameleon sequences 
that are quite abundant in the proteins in the PDB appear not to have a significant role in fold switching. 
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Table I: Foldability scores of the different sequence sets 

 <SC3> S.D. <SC4> S.D. 
Fold-switching set 0.028 0.060 0.061 0.093 
PDB set 0.047 0.062 0.094 0.097 
IDP set 0.044 0.067 0.070 0.100 
Propensity-weighted set -0.043 0.032 -0.082 0.048 
Uniform random set -0.051 0.034 -0.109 0.052 

 

 

 Table II: Chameleon sequence propensities 

 

 

  

Lch Nch Fold switching 
%chameleons  

Non fold switching 
%chameleons  

S.D. of %chameleons 
of 100 sequence averages 

5 187803 15.6 13.7 0.61 
6 36669 1.2 0.8 0.41 
7 1822 0.1 0.0 0.02 



Table III. Amino-acid excess propensities 

 

 

 

 

 

 

 

 

 

 

 

 

  

 %fold switching/%AA %chameleon/%AA %PDB/%AA %AA 
GLY 1.07 0.76 1.13 6.40 
ALA 1.94 1.28 1.14 7.05 
VAL 1.06 1.80 1.06 6.45 
LEU 0.87 1.27 0.93 9.97 
ILE 0.91 1.51 0.89 6.32 
SER 0.81 0.70 0.80 8.06 
THR 1.09 1.13 0.98 5.48 
ASP 1.21 0.71 1.22 4.72 
GLU 1.24 1.08 1.21 5.62 
ASN 0.95 0.54 0.83 5.16 
GLN 1.20 0.99 1.06 3.56 
LYS 1.18 0.90 0.99 5.90 
HIS 1.05 0.84 1.32 2.20 
ARG 0.96 1.15 1.09 4.71 
PHE 0.84 1.17 0.83 4.73 
TYR 1.00 0.33 0.97 3.44 
TRP 1.00 0.86 0.97 1.33 
CYS 0.78 0.58 0.69 1.88 
MET 0.82 0.98 0.99 2.36 
PRO 0.93 0.22 0.99 4.67 



Figure caption 

Foldability mater showing the place of the average foldability scores SC3 and SC4 on the foldability scale. 
U:randomly generated with uniform distribution; W:randomly generated with amino-acid propensity distribution; 
F: fold-switching set; I: Intrinsically Disordered (IDP) set; P: PDB test set. 
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