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The application of bioinformatics methodologies to proteins
inherently lacking 3D structure has brought increased attention
to these macromolecules. Here topics concerning these
proteins are discussed, including their prediction from amino
acid sequence, their enrichment in eukaryotes compared to
prokaryotes, their more rapid evolution compared to structured
proteins, their organization into specific groups, their structural
preferences, their half-lives in cells, their contributions to
signaling diversity (via high contents of multiple-partner binding
sites, post-translational modifications, and alternative splicing),
their distinct functional repertoire compared to that of
structured proteins, and their involvement in diseases.
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Introduction

Many entire proteins and localized protein regions fail to
fold into a 3D structure, yet carry out function. Rather
than a linear sequence-to-structure-to-function paradigm,
such proteins have been described by a trinity in which
function arises from different forms (structured globules,
collapsed disordered ensembles, and extended disor-
dered ensembles) and from transitions between different
forms such as a disorder-to-structure transition upon
binding [1]. The collapsed disordered ensembles were
originally thought to be exclusively native molten glo-
bules (MGs), with collapse driven by hydrophobic inter-

1,3,4 and

actions. Recent studies, however, agree with earlier work
suggesting that water is a poor solvent for the peptide
backbone; thus, polar but uncharged model sequences
form compact random coils [2°°,3°°], while extended
random coils result when polypeptide chains contain
significant net charge (Rohit Pappu, unpublished). Water
being a poor solvent for polypeptides was also invoked to
explain the occurrence of a fourth protein form, the pre-
MG, that occurs as an intermediate between the MG and
the random coil during protein unfolding [4]. Much more
work is needed to understand and relate the various
nonstructured protein ensembles and to determine
whether the relationship between structure and function
should be assembled into a trinity, a quartet, or an even
more complicated arrangement.

Here we provide an overview of these proteins, including
their structures, functions, and regulations. In all these
aspects, the set of non-folding proteins and regions is
found to differ greatly from the set of proteins that fold
into globular 3D structures.

Prediction of non-folding proteins and regions
Since the amino acid sequence contains the information
for protein folding, it was reasoned that, for proteins that
do not fold into 3D structures, the amino acid sequence
should also specify protein non-folding. To test this
hypothesis, predictors were developed to identify
sequences that fail to fold [5,6]. The fact that predictor
accuracy was significantly better than expected by chance
suggested that the information for failure to fold into a 3D
structure is, indeed, likely to be inherent within the
amino acid sequence.

Compared to structured proteins, non-folding proteins
are significantly depleted in C, W, Y, F, I, V, and LL and
significantly enriched in M, K, R, S, Q, P, and E. The
reduced level of residues forming the hydrophobic cores
of structured proteins, and the increased level of resi-
dues forming the surfaces of structured proteins, makes
their failure to fold into a 3D structure easy to under-
stand [7]. By now more than 20 predictors of protein
disorder have been developed [7], including meta-pre-
dictors combining several methods [8]. A very useful
overview of current predictors, especially with regard to
providing help with protein crystalization, recently
became available [9].

An interesting development has been the inclusion of
disorder prediction in the biannual critical assessment of
structure prediction (CASP) exercise [10°]. This has
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stimulated the development of disorder predictors, and
permitted comparison of various predictors in blind tests.
The main finding at the most recent meeting, CASP7,
was that, of 19 different predictors, most gave fairly good
results. The best five reached overall accuracies of ~69%
to ~78% for a two-state prediction, and also achieved
arcas under their receiver operating characteristics
(ROC) curves 0.822 +0.008 to 0.860 £ 0.007 [10°],
where a ROC curve is a graphical method of assessing
predictor performance based on plotting its true positive
rate versus its false positive rate. A random predictor
would give a value of 0.5 for the area under the ROC
curve, and a perfect predictor would give 1.0. Thus, the
observed values, which are >0.80, indicate fairly good
predictors.

Noise in both structured and disordered training data is
most probably a major contributor to the limitations in
these and other disorder predictors. If so, reducing the
noise in the training data will be needed to obtain
significant improvement in prediction accuracy.

Frequency of disordered regions

Disorder predictions have been carried out for many whole
proteomes. They indicate that the fraction of proteins with
substantial amounts of disorder goes as eukaryo-
tes > archaea ~ eubacteria, with multicellular eukaryotes
having much more predicted disorder than mono-cellular
eukaryotes [11]. These results were confirmed and sub-
stantially extended to include functional classification
using an improved predictor of disorder [12]. Integrating
the results from these and other sources gives some rules of
thumb: for mammals, ~75% of their signaling proteins are
predicted to contain long disordered regions (>30 resi-
dues), about half of their total proteins are predicted to
contain such long disordered regions, and ~25% of their
proteins are predicted to be fully disordered.

Protein evolution

Non-folding proteins and regions might be expected to
change more rapidly during evolution than structured
proteins because buried amino acids are highly con-
strained while disordered regions are not constrained
by structure. For example, plots of sequence variability
(measured by sequence entropy over alignments) were
found to exhibit nearly linear dependence on the inverse
of the packing density, until a low packing density was
reached at which point sequence variability remained
roughly constant as packing density decreased further
[13]. Equivalent results were found in studies showing
that amino acid changes are more rapid for proteins with
greater proportions of solvent-exposed amino acids [14].
Against this background, non-folding regions of a given
protein would be expected to exhibit lower sequence
conservation relative to structured regions in the same
protein, and this appears to hold for most proteins
studied [15].

Structural and dynamical examination using NMR shows
that the ~70-residue intrinsically disordered linker in
replication protein A maintains essentially the same
length, and a similar degree of flexibility, across widely
divergent species, even though the various sequences
show almost no measurable sequence identity [16°°].
Thus, for disordered regions with linker function, con-
serving length and composition may be more important
than sequence conservation for maintaining function.
Indeed, no obvious correlations could be observed be-
tween the rate of accumulated changes and the types of
protein function for the various regions of disorder [15].
The relationships among the sequence of a disordered
region, its rate of evolution, and its function thus merit
additional, concerted investigation.

Partitioning unstructured proteins and regions
into groups

Grouping proteins according to structure and function has
proven very useful for studying structured proteins. Associ-
ating a new protein with an existing structure—function
group (by sequence and/or structure alignment) provides
important basic information and quickly identifies critical
experiments for further characterization. Given the broad
array of disordered protein types, their lack of 3D structure,
and their sequence variability, it has so far proven difficult
to cluster various non-folding proteins and regions into
distinct groups to provide the basis sets for the analysis of
new disordered proteins and regions.

Functional disordered regions can be as short as a few
residues, such as the four to eight amino acid linker in
calmodulin that forms a helix in the crystal structure but is
flexible in solution. This flexible linker works together
with its flanking calcium-binding domains to surround
their binding target, which is typically a short helical
segment. The disorder of the linker and the flexibility
of the side-chains in the methionine-rich hydrophobic
patches of the calcium-binding regions enable calmodulin
to bind to a wide variety of target sequences [17]. In
contrast, the PEVK disordered region of titin ranges in
length from 180 residues in the cardiac muscle isoform to
2174 residues in the soleus muscle isoform. These regions
function as entropic springs to assist maintenance of the
appropriate length of the muscle fibers [18]. Thus, dis-
ordered regions exhibit a broad continuum of lengths,
display a wide variety of functions, and show wide differ-
ences in their tendencies to form structures [19]. All these
factors suggest that clustering disordered proteins into
groups will not be simple.

Following a number of failed attempts to partition a
collection of disordered sequences into groups by
sequence analysis methods (Dunker, Brown, unpub-
lished), an attempt was made to group disordered regions
into homogeneous subsets by an alternative approach.
Briefly, disordered regions were randomly partitioned
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into subsets, different predictors were constructed for each
subset, the collections of disordered regions were reparti-
tioned into groups according to which predictor gave the
best results, new predictors were developed on the basis of
the repartitioned subsets, and the steps were repeated until
the predictions and partitions no longer changed from one
cycle to the next. By this approach three different types, or
flavors, of disordered regions were found, and these were
arbitrarily called V, C, and S [20].

Interestingly, some functional partitioning was observed
among the three flavors, with flavor S including many
examples of protein-binding regions, flavor V being rich
in ribosomal proteins, and flavor C containing a higher
number of sites of protein modification [20]. Despite the
anticipated difficulties, new attempts to cluster disor-
dered proteins and disordered regions into subsets should
be undertaken.

Do inherently unstructured proteins retain any
preference for certain structures or are they
totally unstructured?

One of the key open questions regarding inherently
unstructured proteins is whether, in solution, they retain
some preferred structure(s), or are just a plethora of many

different conformations, rather like ‘cooked spaghetti’. A
recent careful study of residual structure in disordered
peptides and unfolded proteins was carried out via multi-
variate analysis and @b /nitio simulation of Raman optical
activity [21°]. This study showed striking differences
between the structural characteristics of natively
unfolded proteins and proteins unfolded by denaturation.
The former tend to cluster in the mainly disordered/
irregular region of the nonlinear mapping plot of
Figure 1, and seem to contain a significant amount of
the extended PPII-helical conformation; the latter appear
in other regions and can contain significant amounts of B
structure in the case of reduced proteins, and of a-helix in
the case of acid MGs.

Human neuroligin 3 (hNL3) is a member of the family of
cholinesterase-like adhesion molecules (CLAMSs). It is a
single-pass transmembrane protein, and preliminary
bioinformatics analysis indicated that like the cytoplasmic
domain of the Drosophila CLLAM, gliotactin, its cyto-
plasmic domain (hNL3-cyt) is intrinsically disordered
[22]. A detailed study of hNL3-cyt using sensitivity to
proteases and a variety of biophysical and spectroscopic
methods, showed that it is, indeed, intrinsically unstruc-
tured [23], as bioinformatics analysis had suggested

Figure 1
295
. .
. . e ala
" . o | * mainly

o] ® 5 @ 19 g 21a o ® ap
c bt 150, ?9-";'%. :‘" ... [} ¢ mainly
9 180 N 1 g y;mst _ . o e allp
2 0 - L [ o oy [ Sl ® mainly
S . o 0 ose. ©2 .“-zzp disordered/
E ne fk“p irregular
a5 wo o e o ¢ all disordered/

*+ 2 irregular

'Y ‘e o unassigned
L L
L] :M
19 e
® 60
-2.95 T T
-3.45 -2.45 0 245
Dimension 1
Current Opinion in Structural Biology

Two-dimensional nonlinear mapping plot of a set of 85 peptide, protein and virus Raman optical activity spectra [21°]. More complete definitions of the
structure classes are: all o, >60% «a-helix with little or no B-sheet; mainly a, >35% «-helix, and a small amount (<15%) or no B-sheet; af, significant
amounts (>15%) of both a-helix and B-sheet; mainly B, >35% B-sheet, and a small amount (<15%) or no a-helix; all B, >45% B-sheet with little or no
a-helix; mainly disordered/irregular, little a-helix or B-sheet; all disordered/irregular, no a-helix or 3-sheet. The black squares identify a subset of
mainly a proteins containing mostly a-helix and disordered structure with little or no B-sheet.
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[22,24]. However, some biophysical techniques indicated
that hNL3-cyt is not fully extended, but becomes sig-
nificantly more so under denaturing conditions, implying
residual structure in this largely unstructured protein
sequence. This increased extension is in agreement with
the proposition that raising the denaturant concentration
produces increased polyproline II content in short pep-
tides and proteins [25]. While denaturation of a structured
protein can be considered as a transition from a globally
structured state to a dynamic ensemble of locally struc-
tured states, denaturation of many natively unfolded
proteins cannot be viewed in such terms. Rather, their
denaturation can be seen as a transition from a set of
globally flexible, extended, and largely unstructured
states to a dynamic ensemble of even more extended
unstructured states [23].

Do non-folding proteins have a shorter half-
life than other proteins?

Targeted turnover of proteins is a key element in the
regulation of many cellular processes. The underlying
physicochemical and/or sequential signals are not, how-
ever, fully understood. This is particularly pertinent in
light of recent recognition that intrinsically unstructured/
disordered proteins, common in ecukaryotic cells, are
extremely susceptible to proteolytic degradation iz vitro.
An in vivo high-throughput study of the half-lives of all
yeast gene products [26] indicated that, in general, a
protein’s half-life does not depend on the presence of
degradation signals within its sequence, even of ubiqui-
tination sites, but correlates mainly with the length of its
polypeptide chain and with various measures of structural
disorder [27°]. The significance of correlation is rather
low; thus protein degradation is not determined by a
single characteristic, but is a multifactorial process dis-
playing large protein-to-protein variations. Protein dis-
order, nevertheless, plays a crucial signaling role in many
cases. This may be related to the capacity of the 20S
proteasome to distinguish between intrinsically unstruc-
tured and other proteins. Specifically, it has recently been
shown that 20S proteasomes can digest intrinsically
unstructured sequences under conditions in which native,
and even MG states, are resistant to degradation [28°].

Functionality of inherently disordered proteins
and regions

Non-folding proteins and regions carry out pivotal bio-
logical functions, participating in various signaling and
regulatory pathways, via specific protein—protein,
protein—nucleic acid, and protein-ligand interactions
[29-32]. Enzymatically controlled sites of post-transla-
tional modification (P'TM) such as acetylation, hydroxyl-
ation, ubiquitination, methylation, and phosphorylation,
as well as sites of proteolytic attack, are frequently associ-
ated with regions of intrinsic disorder [29]. Specific func-
tions of nonstructured proteins and regions can be
grouped into four broad classes: first, molecular recog-

nition; second, molecular assembly; third, protein modi-
fication; fourth, entropic chain activities [33]. The
capability of non-folding proteins and regions to interact
with collections of partners is utilized in organizing com-
plex protein—protein interaction networks. In fact, hub
proteins were shown to have multiple interactions, either
being intrinsically disordered and serving as an anchor, or
acting as a stable globular scaffold that interacts with
intrinsically disordered regions of its targets [34—40].

Recently, the disorder-associated and structure-associated
functions in Swiss-Prot were identified [29-31]. Out of 710
functional keywords, each associated with at least 20
proteins, 310 were found to be structure-associated, 238
disorder-associated, and 170 structurally ambiguous [29—
31]. The functional diversity provided by non-folding
proteins and regions was found to complement the func-
tions of structured proteins [29-31]. When functional key-
words were grouped into 11 gene ontology categories,
order-associated functions fell into only seven, while dis-
order-associated functions covered essentially all func-
tional categories [29]. This implies that the functional
repertoire of unfolded proteins and regions is larger than
that of structured proteins [41]. Overall, structured proteins
were mainly found to be associated with catalysis and
transport, while non-folding proteins and regions were
involved in signaling and regulatory processes [29-31].

Nonstructured proteins and regions are often involved in
molecular interactions mediated by localized binding
sites identified by various terms such as eukaryotic linear
motifs (ELMs), short linear motifs (SLiMs), and molecu-
lar recognition features (MoRFs). ELLMs [42] and SLiMs
[43] are both identified as short sequence patterns in
multiple proteins that bind to a common target, while
MoRFs are identified by a pattern in a disorder prediction
output [44]. Despite being detected by different
methods, ELMs and SLiMs have high overlap with
MoRFs [45°]. While a-MoRFs can be predicted with
high accuracy [46], ELMs and SLiMs, with their short
(<10 amino acid residue) and degenerate sequences, are
more difficult to identify. SLiMs in non-folding regions
exhibit greater sequence conservation than their flanking
sequences, while SLiMs in structured regions exhibit
similar sequence conservation compared to their flanking
regions. This suggests that SLiMs in disordered regions
are more likely to be biologically relevant [47].

Besides being placeholders for specific binding sites, non-
folding regions are also the primary loci of alternative
splicing (AS) [48] and of various PTMs [31]. Studies on
the tumor suppressor, p53, show how these factors can
interact to result in signaling diversity. The spectrum of
p53-based cell fate decisions ranges from transient cell-
cycle arrest through irreversible block of proliferation, to
induction of senescence, differentiation, or apoptosis.
The p53 molecule, being a multidomain protein at the
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center of a large signaling network, interacts with DNA
and with many proteins to carry out its various signal
transduction functions [35,49]. The p53 DNA-binding
domain is structured, whereas the N-terminal and C-
terminal domains are disordered (reviewed in [35,49]).
Figure 2 shows that 60/84 = 71% of p53 interactions are
mediated by the non-folding regions that comprise only
~29% of its sequence. p53 has multiple PTMs (Figure 2,
vertical ticks), with 86%, 90%, and 100% of observed
acetylation, phosphorylation, and protein conjugation
sites, respectively, located in the disordered regions. a-
MOoRFs are predicted in both the transactivation domain
and the regulatory domain (Figure 2, pink bars), and these
two domains also contain most of the PTM sites [35].

Analysis of the ability of the C-terminal a-MoRF to bind
to multiple, structurally distinct protein partners showed
that extreme structural plasticity of the disordered region
is important for binding to the structurally distinct part-
ners [35].

There are three major p53 AS isoforms: full-length p53,
C-terminally truncated p5319, lacking the last 60 residues,
and N-terminally truncated A40p53, which is depleted of
the first 40 residues [50]. The A40p53 isoform inhibits p53
transcriptional activity and p53-mediated apoptosis,
modifies p53 cellular localization, and inhibits Mdm2-
mediated p53 degradation [50]. The p53i9 isoform is
defective in transcriptional activity and devoid of
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Summary of p53 interactions and structure. Gray boxes indicate the approximate binding regions of its known binding partners. The regions of p53
cocrystalized with binding partners and represented in Protein Data Bank structures of corresponding complexes are shown by tan, blue, green, and
peach horizontal bars, each labeled with the name of the binding partner. The light gray box corresponds to the structured DNA-binding domain.
The blue bars within it identify regions directly involved in interaction with a given binding partner, whose name is shown at the middle of the
corresponding dashed line. PTM sites are represented by colored vertical ticks. Experimentally characterized regions of disorder (red) and order (blue)
are indicated by the horizontal bar. Alternatively spliced p53 isoforms are shown by gray-blue horizontal bars. Finally, predictions of disorder (scores
>0.5) and order (scores <0.5) are shown for two PONDR predictors: VLXT (solid line) and VSL2P (dashed line). Predicted a-MoRFs are shown by
pink bars. All features are presented to scale, as indicated by the horizontal axis. The p53 interaction partners and PTM sites are adapted from
Anderson and Appella [51] (Figure modified from [35]).
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DNA-binding activity [50]. In support of these obser-
vations, Figure 2 shows that AS eliminates substantial
portions of the two terminal disordered regions, thereby
removing the a-MoRFs, numerous PTMs, and multiple
additional protein-binding sites. As exemplified by p53,
we believe that the convergence of AS sites, P'TMs, and
various binding sites, all in disordered regions, makes
these intrinsically unstructured regions focal points for
enhanced signaling diversity.

Involvement of inherently disordered proteins
in diseases

The fact that many proteins are either wholly intrinsi-
cally disordered, or contain large stretches of intrinsically
disordered sequences, has been followed by a growing
realization that nonstructured proteins are associated
with a broad range of human diseases, which led to the
introduction of the D? (disorder in disorders) concept
[52]. Diseases involving protein disorder come in a
variety of flavors, but we here restrict ourselves to dis-
cussing recent work concerning the amyloid diseases, in
which the aggregation of misfolded protein sequences to
amyloid fibrils rich in B-structure, and, eventually, into
larger entities, is associated with the pathogenesis of
some of the most prominent neurodegenerative diseases.
These include Alzheimer’s disease (AD), Parkinson’s
disease (PD), Huntington’s disease, and the prion dis-
eases [53].

Although a circumstantial case can be made that amyloid
fibril formation is a primary event in the disease process
[54°°], it has been realized for some time, in particular for
AD, that the levels of AR deposits detected postmortem
do not correlate well with the degree of severity of the
disease [55]. Consequently, it has been suggested that
oligomers or protofibrils of the initially disordered poly-
peptides are the pathogenic entities involved, and that
their mode of action may involve formation of pores in the
plasma membranes of the cells affected (reviewed by
[54°°]). One of the earliest studies to raise this possibility
reported production by AB(1-40) of large cation channels
in planar lipid bilayers [56]; subsequently AB(1-40) was
reported to generate Zn“*-sensitive Ca**-channels in
reconstituted liposomes [57]. Quist ez a/. [58°] used var-
ious techniques to show that amyloid peptides associated
with several diseases produced similar channels, and
utilized atomic force microscopy to visualize pore-like
structures for amyloid peptides reconstituted into lipid
bilayers (Figure 3). In the review cited above, Lashuel
and Lansbury [54°°] contended that the amyloid peptides
mimicked the action of bacterial pore-forming toxins, and
suggested that they might thus form oligomeric mem-
brane-spanning pores with B-barrel structures.

The synucleins are a family of three highly homologous
proteins, a-synuclein (aSyn), B-synuclein (BSyn), and +y-
synuclein (ySyn), containing ~130 amino acid residues,

Figure 3
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0

Individual channel-like structures formed by amyloid polypeptides
visualized by AFM. Two examples are shown for each molecule, in which
a central pore can be observed. [Image sizes are 25 nm for AB(1-40),
25 nm for B-synuclein, 35 nm for ABri, 20 nm for ADan, 25 nm for amylin,
and 20 nm for SAA.] Figure taken from Ref. [58°].

which are typical intrinsically disordered proteins [59].
The aggregation of aSyn into oligomers, protofibrils, and
fibrils is closely related to the pathogenesis of PD, Lewy
body dementia, and several other neurodegenerative
diseases known as synucleinopathies [60,61]. Despite
the similarity in their biophysical properties, both BSyn
and ySyn are less prone to fibrillate than aSyn, and both
inhibit fibril formation by aSyn [59].
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In general, aSyn has been shown to possess remarkable
structural plasticity, being capable of adopting a series of
structurally unrelated conformations, whose features are
strongly dependent on the protein environment and/or on
the available binding partners [62]. There is extensive
literature documenting assembly of aSyn into fibrils with
high B-sheet content [63-65]. However, it has also been
reported that it assumes an a-helical conformation when
associated with phospholipids [66,67] or with detergent
micelles [65,68].

A recent study [69°] examined the physicochemical
characteristics of aSyn bound to liposomes and to planar
bilayers. It showed that whereas aSyn in solution had a
far-UV-CD spectrum of a completely unordered protein,
when bound to liposomes containing anionic phospholi-
pids it adopted a predominantly a-helical conformation.
Upon addition to a planar bilayer membrane composed of
anionic phospholipids, monomeric aSyn produced dis-
crete ion channels. The authors inferred that the ion
channels observed were produced by one or several
molecules of aSyn in an a-helical conformation, and that
they might be involved in its normal function and/or
pathophysiology.

Another recent study [70°°] used both theoretical and
experimental approaches to examine the aggregation and
pore-forming capacity of aSyn. Molecular modeling and
molecular dynamics (MDs) predicted that aSyn adopts
both nonpropagating and propagating conformations,
with the latter leading to ring-like pentameric and hex-
americ structures. Analogous simulations on BSyn did not
produce ring-like structures. Furthermore, they showed
that BSyn can bind to aSyn, creating stable nonpropagat-
ing heterodimers. In their experiments, the authors
demonstrated, using negative staining, formation of ri-
ng-like structures resembling those predicted by the
modeling studies, and further demonstrated their gradual
disappearance upon addition of BSyn. They went on to
show appearance of nonselective ion channels in HEK293
cells overexpressing aSyn, which were inhibited by Zn**
similarly to those elicited by AB(1-40) described earlier
[57]. Furthermore, they were not detected in cells coex-
pressing aSyn and BSyn. If the pore-forming activity of
aSyn is associated with the neurodegenerative process,
rather than with its innate physiological activity, the
ability of BSyn to attenuate pore formation may help
explain the protective effects of BSyn reported both iz
vitro and in vivo [71]; these, in turn, may help to develop
therapeutic strategies for reducing aSyn aggregation in
PD and related disorders.

Conclusions

The sequence-to-structure-to-function paradigm for
proteins was developed from the study of enzymes.
Bioinformatics studies indicate that this paradigm applies
to enzymes, as well as to transport proteins.

In contrast, proteins and regions of proteins involved in
signaling, control, and regulation often use inherently
unstructured sequences as the basis for function. There
are many structured signaling domains, but these often
bind to unstructured protein partners. Moreover, there
are numerous signaling enzymes, such as kinases, acet-
ylases, and methylases, but these typically act on
unfolded protein sequences. Compared to structured
proteins, flexible, unfolded protein ensembles apparently
have fundamental advantages for signaling by being more
capable of responding to changes in their environments.

The use of bioinformatics methods of prediction and
classification has greatly enhanced research on intrinsically
unstructured proteins. Before the application of these
methods, many reports had described biological functions
being carried out by flexible, unstructured proteins, and
regions. For more than 40 years, however, these various
studies remained unconnected. Bioinformatics identified
commonalities among large numbers of these proteins,
bioinformatics showed that they are common, not rare,
and bioinformatics identified the wide-spread use of such
proteins and regions for signaling and regulation.
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