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Intrinsically Disordered Proteins (IDPs) lack stable tertiary and secondary structures
and are extensively distributed across eukaryotic cells, playing critical roles in cell signal-
ing and regulation [1-3]. IDPs are also frequently associated with the development of dis-
eases such as cancer, cardiovascular diseases, and neurodegenerative diseases [4-7]. For
this reason, they have been converted into attractive therapeutic targets, although target-
ing them is challenging due to their dynamic nature. Indeed, the structural flexibility of
IDPs causes difficulties in reliably capturing their heterogeneous structures through con-
ventional experimental methods; thus, new methods and approaches have been devel-
oped [8]. This Special Issue includes seven articles from more than 35 scientists around
the world working in the amazing field of IDPs. The contributions illustrate the most re-
cent progress in knowledge on IDPs and human diseases.

The Special Issue begins with the article by Atieh and colleagues [9], which describes
an interesting investigation on a-synuclein (aSyn) and DJ-1, an antioxidative protein that
plays a critical role in Parkinson’s disease (PD) pathology. Through nuclear magnetic res-
onance (NMR) spectroscopy integrated with atomic force microscopy (AFM) in solution,
the authors characterized the interaction of DJ-1 with glycated N-terminally acetylated-
aSyn (glyc-ac-aSyn). The obtained results show that DJ-1 interacts with glycated and na-
tive ac-aSyn through the catalytic triad and establish that the oxidation state of the cata-
lytic cysteine is imperative for binding. A mechanism of action by which DJ-1 interacts
with N-terminally acetylated-aSyn oligomers, preventing their interaction with glyc-ac-
aSyn monomers, was proposed. The relevance of these results within PD pathology
shows how DJ-1 function in chaperoning aSyn may prevent the rapid accumulation of
aggregated aSyn within the cell, which may enable proper clearance mechanisms from
the cell and reduce the effects of neurodegeneration. Therapeutics targeting the effects of
glycation in conjunction with maintaining proper DJ-1 function may mitigate neuro-
degeneration and diminish the symptoms of PD.

Another remarkable study within this Special Issue was carried out by Rizzuti and
coworkers [10] on nuclear protein 1 (NUPR1), which is a small, highly basic ID protein of
82 residues that localizes throughout the whole cell, and is involved in the development
and progression of several tumors. Based on previous results, the authors designed and
synthetized nine derivatives, starting from lead compound ZZW-115, which were then
investigated through biophysical and cellular experiments. Interestingly, the authors
highlight how a more favorable binding affinity does not necessarily correlate with bio-
logical effects, underlining the importance of having a subtle compromise between in-
creasing drug affinity and altering protein function, in addition to other properties such
as solubility, crowding, membrane permeation, cellular efflux and cellular metabolism.

Cardone and co-workers thoroughly investigated phosphoprotein P of Mononega-
virales (MNV) [11], which is an essential co-factor of the viral RNA polymerase L and
whose prime function is to recruit L to the ribonucleocapsid composed of the viral genome
encapsidated by the nucleoprotein N. The authors investigated the dynamic behavior of
Pca, a domain that is C-terminal to the small oligomerization domain (Pop) and constitutes
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the respiratory syncytial virus L-binding region together with Pob. By using small phos-
phoprotein fragments centered on or adjacent to Pop, a structural picture of the Pop—Pca
region in solution was gained, evidencing how small molecules are able to modify the
dynamics of Pca. This observed structural plasticity of the Pca domain may play a crucial
role for the functional viral polymerase, which needs more investigations.

The paper by Ortega-Alarcon and colleagues [12] investigated methyl-CpG binding
protein 2 (MeCP2), a multidomain IDP associated with neuronal development and matu-
ration. In particular, the authors focused their attention on MBD, one of the key domains
in MeCP2 responsible for DNA recognition, and its two flanking disordered domains,
NTD and ID. It was demonstrated that both the disordered domains—NTD and ID —un-
equivocally stabilize the MBD domain against thermal and chemical denaturation and
that NTD-MBD-ID differs functionally and structurally from MBD. The authors also high-
light how disorder in proteins may be considered a pervasive feature that is even more
important in multidomain IDPs with a complex conformational and multifunctional land-
scape.

The structural features of FOXO3 were analyzed by Weinzierl [13] through multiple
independent molecular dynamics simulations of models of full-length FOXO3 bound to
DNA, using both implicit and explicit solvation conditions. FOXO3, belonging to the
‘forkhead box O gene family, is of considerable interest in many therapeutically relevant
areas, such as tumor therapy and longevity research. The obtained results provide atom-
istic models for an extended structure of FOXO3 when bound to DNA, showing that the
two ‘linker’ regions immediately adjacent to the DNA-binding domain are present in a
highly extended conformation, likely due to electrostatic repulsion of the domains con-
nected by the linkers. The study sheds light on previously unrecognized structural prop-
erties of FOXO3 and introduces a new graphical method of general use that is particularly
helpful for studying and visualizing the structural diversity of IDPs.

Bokor and Tantos [14] studied two different IDP interaction systems to gain infor-
mation about the bonds holding the protein associations together using wide-line 1H
NMR. One system consisted of wild type and mutant a-synuclein (aS) in the forms of
oligomers and amyloids and the other system was the complex between the intrinsically
disordered (IDP) thymosin-p4 (Tp4) and the cytoplasmic domain of stabilin-2 (stabilin
CTD), which is involved in the phagocytosis of apoptotic cells. The study provides in-
sights into the intermolecular bonds that contribute to the formation of aS oligomer and
amyloid aggregates. Moreover, the authors revealed information on the molecular back-
ground of the fuzzy complexes between thymosin-34 and stabilin-2 CTD.

The work presented by Raut and colleagues [15] investigated Par-4 (Prostate apop-
tosis response-4), a predominantly intrinsically disordered protein, acting as a tumoural
suppressor that is capable of selectively inducing apoptosis in cancer cells while leaving
healthy cells unaffected. The authors performed experimental studies, employing circular
dichroism spectroscopy and dynamic light scattering to assess the effects of various mon-
ovalent and divalent salts upon the conformation of cl-Par-4 in vitro. The obtained results
clarify the different roles of cations and anions in influencing Par-4 structure and indicate
that the SAC domain of the protein, which is the region of Par-4 indispensable for its
apoptotic function, is likely to be helical in cl-Par-4 under the studied high salt conditions.

In summary, the papers collected in this Special Issue unveil novel aspects related to
the wide world of IDPs. Using a variety of methods, including biochemical, spectroscopic
and computational techniques, they represent a step forward in the study and characteri-
zation of many IDPs involved in human diseases, with a focus on conformational features,
environmental effects, recognition mechanisms and targeting.

Conflicts of Interest: The authors declare no conflict of interest.



Biomolecules 2022, 12, 369 3 of 3

References

1.

10.

11.

12.

13.

14.

15.

Darling, A.L.; Uversky, V.N. Intrinsic Disorder and Posttranslational Modifications: The Darker Side of the Biological Dark
Matter. Front. Genet. 2018, 9, 158. https://doi.org/10.3389/FGENE.2018.00158.

Buonanno, M.; Coppola, M.; Di Lelio, I.; Molisso, D.; Leone, M.; Pennacchio, F.; Langella, E.; Rao, R.; Monti, S.M. Prosystemin,
a prohormone that modulates plant defense barriers, is an intrinsically disordered protein. Protein Sci. 2018, 27, 620-632.
https://doi.org/10.1002/pro.3348.

Sun, X.; Jones, W.T.; Rikkerink, E.H.A. GRAS proteins: The versatile roles of intrinsically disordered proteins in plant signalling.
Biochem. J. 2012, 442, 1-12. https://doi.org/10.1042/BJ20111766.

Ayyadevara, S.; Ganne, A.; Balasubramaniam, M.; Shmookler Reis, R.J. Intrinsically disordered proteins identified in the
aggregate proteome serve as biomarkers of neurodegeneration. Metab. Brain Dis. 2022, 37, 147-152.
https://doi.org/10.1007/s11011-021-00791-8.

Martinelli, A.H.S.; Lopes, F.C.; John, E.B.O.; Carlini, C.R.; Ligabue-Braun, R. Modulation of Disordered Proteins with a Focus
on Neurodegenerative Diseases and Other Pathologies. Int. |. Mol. Sci. 2019, 20, 1322. https://doi.org/10.3390/]JMS20061322.
Langella, E.; Buonanno, M.; De Simone, G.; Monti, S.M. Intrinsically disordered features of carbonic anhydrase IX proteoglycan-
like domain. Cell. Mol. Life Sci. 2021, 78, 2059-2067. https://doi.org/10.1007/s00018-020-03697-3.

Langella, E.; Buonanno, M.; Vullo, D.; Dathan, N.; Leone, M.; Supuran, C.T.; De Simone, G.; Monti, S.M. Biochemical,
biophysical and molecular dynamics studies on the proteoglycan-like domain of carbonic anhydrase IX. Cell. Mol. Life Sci. 2018,
75, 3283-3296. https://doi.org/10.1007/s00018-018-2798-8.

Santofimia-Castafio, P.; Rizzuti, B.; Xia, Y.; Abian, O.; Peng, L.; Velazquez-Campoy, A.; Neira, J.L.; Iovanna, J. Targeting
intrinsically disordered proteins involved in cancer. Cell. Mol. Life Sci. 2020, 77, 1695-1707. https://doi.org/10.1007/s00018-019-
03347-3.

Atieh, T.B.; Roth, J.; Yang, X.; Hoop, C.L.; Baum, J. DJ-1 Acts as a Scavenger of a-Synuclein Oligomers and Restores Monomeric
Glycated a-Synuclein. Biomolecules 2021, 11, 1466. https://doi.org/10.3390/BIOM11101466.

Rizzuti, B.; Lan, W.; Santofimia-Castafo, P.; Zhou, Z.; Velazquez-Campoy, A.; Abian, O.; Peng, L.; Neira, ].L.; Xia, Y.; Iovanna,
J.L. Design of Inhibitors of the Intrinsically Disordered Protein NUPR1: Balance between Drug Affinity and Target Function.
Biomolecules 2021, 11, 1453. https://doi.org/10.3390/BIOM11101453.

Cardone, C.; Caseau, C.M.; Bardiaux, B.; Thureaux, A.; Galloux, M.; Bajorek, M.; Eléouét, ].F.; Litaudon, M.; Bontems, F.; Sizun,
C. A Structural and Dynamic Analysis of the Partially Disordered Polymerase-Binding Domain in RSV Phosphoprotein.
Biomolecules 2021, 11, 1225. https://doi.org/10.3390/BIOM11081225.

Ortega-Alarcon, D.; Claveria-Gimeno, R.; Vega, S.; Jorge-Torres, O.C.; Esteller, M.; Abian, O.; Velazquez-Campoy, A.
Stabilization effect of intrinsically disordered regions on multidomain proteins: The case of the methyl-cpg protein 2, mecp2.
Biomolecules 2021, 11, 1216. https://doi.org/10.3390/biom11081216.

Weinzierl, R.O.J. Molecular dynamics simulations of human foxo3 reveal intrinsically disordered regions spread spatially by
intramolecular electrostatic repulsion. Biomolecules 2021, 11, 856. https://doi.org/10.3390/biom11060856.

Bokor, M.; Tantos, A. Protein—protein connections —oligomer, amyloid and protein complex—by wide linel h nmr. Biomolecules
2021, 11, 757. https://doi.org/10.3390/biom11050757.

Raut, K.K.; Ponniah, K.; Pascal, S.M. Structural Analysis of the cl-Par-4 Tumor Suppressor as a Function of Ionic Environment.
Biomolecules 2021, 11, 386. https://doi.org/10.3390/BIOM11030386.



