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Figure 3

Disorder profile and functionality of p53 . Intrinsic disorder was predicted by the PONBRLXT. Segments with scores
above 0.5 correspond to disordered regions, while those below 0.5 correspond to ordered regions/binding sites. p53 is at the
center of a large signaling networkegulating expression of genes involved in a variety of cellular processes and interacting
with a large number of other proteins. The interaction sites are signlajedownward spikes in the plof the predicted dis-
order. The structures of the complexes containing various p53 binding regi@ndisplayed around theredicted disorder
pattern. In complexes, the structures of p53 segments bound to theinpes are shown in differentolors. These color

codes are also used for bars in the PONBRLXT plot to indicate the positions of the remis of known structure in the con-
text of the intrinsic disorder predictions. The Protein Data Bank IDs and partner names for the structures (from upper left,
clockwise) are as follows: (1t&INA), (1gzh53BP1), (1g2dcn5), (3sak53 (tet dom)), (1xgtset9), (Lh2&yclinA), (Ima3ir-
tuin), (1jspCBP bromo domain), (1dt3100bb), (2h1$v40 Large T antigen), (1y83BP2), (2gsPH), (LycrMDM2), and (2b3g

rpa70).

needed. In a fashion similar to the history of the develop-
ment of the IDP concept itself, bioinformatics is being
used to determine the extent and generality of the involve-
ment of IDPs and IDRs in human disease.

Unfoldomics of human diseases: tools to establish and
analyze disease-related unfoldome

Unfoldome and unfoldomics

Since IDPs are highly abundant in various diseases (see
below), the "disorder in disorders" or D2 concept was

introduced to summarize work in this area [58]. As the
number of IDPs related to various diseases is very large, it
makes sense to develop the disease-related unfoldome
and unfoldomics concepts.

The use of the suffix '-ome' has a long history while '-
omics' is much more recent. The Oxford English Diction-
ary (OED) attributes 'genome' to Hans Winkler from his
1920 work [78]. While the OED suggests that 'genome'
arose as a portmanteau of 'gene' and 'chromosome’, this
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does not seem to be supported by the literature. Instead,
Lederberg and McCray suggest that, as a botanist, Winkler
must have been familiar with terms such as biome (a bio-
logical community), thizome (a root system), and phyl-
lome (the leaves covering a tree) among others, all of
which were in use well before 1920 and all of which sig-
nify the collectivity of the units involved [79]. Thus, 'ome'
implies the complete set of the objects in question, with
genome signifying the set of genes of an organism. By
changing the 'e' in '-ome' to '-ics', the new word is created
that indicates the scientific study of the '-ome' in question.
For genome, the change to 'genomics' did not occur until
1987 when a journal by this name was founded by Victor
McKusick and Frank Ruddle [79].

Many additional conversions from -ome to -omics have
subsequently occurred and a large number of "-omes"
have been accepted in biology, including but not limited
to the following: genome, proteome, interactome, metab-
olome, transcriptome, diseasome, toxicogenome, nutrige-
nome, cytome, oncoproteome, epitome, and glycome,
etc. For a more complete list, the reader is directed to
http://omics.org. Interestingly, some of the -ome words at
this website cannot be found in PubMed searches,
whereas similar words can be found. For example,
'foldome' and 'foldomics' are both listed on this website,
but a search of these words in PubMed yields no hits for
either word, while the similar word, 'foldeomics," yields
one hit, which leads to a database containing information
about protein folding. The suffixes -ome and -omics imply
a new layer of knowledge, especially when a scientist is
dealing with the data produced by the large-scale studies,
including the high throughput experiments and the com-
putational/bioinformatics analyses of the large datasets.

The unfoldome and unfoldomics concepts are built on
the ideas given above. Unfoldomics is the field that
focuses on the unfoldome. The unfoldome is the set of
IDPs, which are also known as natively unfolded proteins,
hence the unfoldome. We are also using unfoldome to
cover segments or regions of proteins that remain
unfolded in the functional state. Unfoldomics considers
not only the identities of the set of proteins and protein
regions in the unfoldome of a given organism, but also
their functions, structures, interactions, evolution, etc.
Because IDPs and IDRs are highly abundant in nature
(~50% eukaryotic proteins are either entirely disordered
or contain long disordered regions), have amazing struc-
tural variability and possess a very wide variety of func-
tions, we thought it appropriate to name this realm of
proteins the unfoldome, with unfoldomics reflecting the
totality of the phenomena associated with IDPs and IDRs.
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Computational tools for the unfoldome analysis

Obviously, when the scale of analysis increases from one
protein to many, new analytical tools are required. The set
of computational tools utilized in the bioinformatics
studies on disease-related unfoldomes is briefly intro-
duced below. This set includes compositional profiling,
disorder prediction, evaluation of the number of potential
binding sites, analysis of alternative splicing, and determi-
nation of posttranslational modifications.

Compositional profiling

A specific feature of a probable IDR is its amino-acid com-
positional bias characterized by a low content of so-called
order-promoting residues such as Cys, Trp, Phe, Tyr, Val,
Leu, and Ile, and a high content of so-called disorder-pro-
moting residues, Glu, Lys, Arg, Asp, Gln, Ser, Pro, and Thr
[7,45,80,81]. This bias can be visualized by plotting the
fractional difference in composition between a given set
of proteins and a set of ordered proteins [7,81]. These frac-
tional differences in composition between the studied set
and a set of ordered proteins are calculated for each amino
acid residue as (C,-C,,4er)/ Corgerr Where C is the content of
a given amino acid in the set of interest, and C_,, is the
corresponding content in a set of ordered proteins. The
analysis can be performed using a web Composition Pro-
filer tool http://www.cprofiler.org/.

Disorder predictions

Predictions of the intrinsic disorder propensity can be per-
formed using a set of per-residue Predictors Of Natural
disordered regions (PONDR®) algorithms, PONDR®
VLXT, VL3 and VSL1/2 or a set of binary predictors that
predict disorder on the level of whole proteins, charge-
hydrophathy plot (CH-plot) and cumulative distribution
function (CDF) analysis. Many research groups have
developed a number of different predictors of disorder in
addition to the examples listed above. Links to many of
these predictors can be found at http://www.disprot.org.

PONDR®VLXT combines three neural networks, one for
internal sequences and one for each terminus of the
sequence. The internal predictor was trained on disor-
dered sequences from only 15 proteins whose disorder
was characterized by either X-ray or NMR studies [80]. The
terminal predictors were trained on short regions of X-ray
characterized disorder from the N- and C-terminus [82].
The merger was accomplished by performing overlapping
predictions, followed by averaging the outputs. The VLXT
training set included disordered segments of 40 or more
amino acid residues as characterized by X-ray and NMR
for the predictor of the internal regions, and segments of
five or more amino acid residues for the predictors of the
two terminal regions. VLXT most likely underestimates
the occurrence of long disordered regions in proteins.
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