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1 Introduction.

Many protein regions and some entire proteins lack specific three-dimensional structures, existing
instead as dynamic, disordered ensembles under physiological conditions. These proteins and
regions have been variously called natively unfolded [1], intrinsically unstructured [2], and natively
or intrinsically disordered [3]. We have developed predictors [4] that use amino acid sequences as
inputs and that give order or disorder assignments as outputs (reviewed in [5]). Prediction of
disorder has been included in the two most recent meetings for the Critical Assessment of Protein
Structure Prediction (CASP5 and CASPG6; see http://predictioncenter.linl.gov/), with the result that
successful blind predictions of disorder by several groups [6] provide additional support for a
relationship between amino acid sequence and intrinsic protein disorder.

Intrinsically disordered regions and disordered proteins exhibit significantly different amino acid
compositions as compared to proteins that fold into three-dimensional structures [3], [5]. In two
studies, intrinsically disordered regions were observed to exhibit amino acid compositions that
were length-dependent, with different amino acid compositions for short and long regions of
disorder [4], [7]. In the CASP6 experiment, our length-dependent predictors of disorder based on
simple linear models out-performed predictors based on more complex learning models such as
neural networks and support vector machines, suggesting that length-dependent compositions might
be important for the prediction of disorder. More study on this problem is needed.

Here we report systematic studies of the amino acid compositions of intrinsically disordered protein
regions of different length. For comparative purposes, we also determined the length-dependent
compositions of regions of secondary structure with the usual grouping into helix, sheet and
irregular (or coil). We anticipate that these data will be useful for improving predictors of disorder,
and perhaps also for new secondary structure predictors based on length-dependent strategies.

2 Materials and Methods

Ordered and disordered segments from length 6 to 40 were extracted from a non-redundant set of
sequences taken from the Protein Data Bank (http://www.rcsb.org/pdb) and from the Database of
Protein Disorder (www.disprot.org). Disordered regions were identified as regions of missing
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coordinates. DSSP was used to assign secondary structure [8]. The resulting data set contained the
following numbers of fragments and residues: coil - 16,318 and 179,388; helix - 17,794 and
219,788; sheet - 10,216 and 82,070; and disordered — 5,216 and 74,724.

To determine the degree of difference between a pair of amino acid compositions pl and p2, the
Kullback - Leibler (KL) distance was determined as indicated previously [7]. The KL distance was
also used as a test statistic to evaluate the significance of the differences between pairs of sample
distributions by means of bootstrapping (5000 iterations).

3 Results and Discussion

Sheet structure showed the largest length-dependent amino acid compositional changes. For
example, | and V drop with increasing length over the range from 6 to 18 while T, S, E and K
increase with length over this range. For helices, significant decreases in P, D, and E with
increasing length are observed, while H, M, and G increase with length. These changes with length
likely represent end effects, with certain amino acids being more likely to be at the ends of helices
and sheets with others being more likely to be excluded from the ends.

KL distance comparisons indicate amino acid compositions of disorder to be most different from
compositions of sheets, with a very strong decrease in the KL distance with length. On the other
hand, the KL distance comparisons indicate that the amino acid compositions are most similar for
regions of disorder and regions of coil. The next most similar pair is helix and sheet.

Experiments are in progress to use these findings as the basis for developing improved predictors of
disorder and of secondary structure by using training and testing sets of different length classes.
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