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Abstract: Problem statement: The function of a protein is dependent on its thiEeensional
structure. However, numerous proteins lacking msid globular 3D structure under physiological
conditions had been recognized. These proteingregeiently involved in some of the most critical
cellular control mechanisms and it appears that tapid turnover, aided by their unstructured natu

in the unbound state, provides a level of contnat allows rapid and accurate responses of theacell
changing environmental condition&pproach: A significant number of proteins known to be
involved in protein deposition disorders were namsidered to Be Intrinsically Unstructured Proteins
(IUPs). For example, Apeptide and tau protein in Alzheimer’s diseas®, iArPrion’s disease and
Synuclein in Parkinson’s disease. The disorder ntfinisically unstructured proteins (IUP's) was
crucial to their functions. They may adopt defifmad extended structures when bound to cognate
ligands. Their amino acid compositions were lesdrbyhobic than those of soluble proteins. They
lack hydrophobic cores and hence did not becomauhke when heated. About 40% of eukaryotic
proteins had at least one long (>50 residues) désed region. Roughly 10% of proteins in various
genomes had been predicted to be fully disorddteskently over 100 IUP's had been identified; none
are enzymes. Obviously, IUP's were greatly undeesspited in the Protein Data Bank, although there
were few cases of an IUP bound to a folded (iniradky structured) proteinResults. The five
functional categories for intrinsically unstructdrproteins and domains were entropic chains (bsstl
to ensure spacing, springs, flexible spacers/lsikereffectors (inhibitors and disassemblers),
scavengers, assemblers and display sites. These dbltd serve as potential targets for Structure
Based Drug Design (SBDD) which stress on the ttamsirom disordered to ordered confirmation
through drug stimulation. Recently an unstructuledchain of a regulatory protein had been found to
be involved in inhibiting catalytic activity of inéin receptor and targeting this IUP would proviale
new approach which can be employed in modifyingilinssignaling in treatment of diabetes. IUPs
were also involved diseases and disorders suclara#ocvascular diseases, cancers and autoimmune
disorders. Unstructured proteins had also been shiowe important components of invasion, survival
and disguising strategies of pathogens sucliPlasmodium falciparum. Conclusion: New greater
focuses on proteins that were in some way unstredtnormally would promise to provide a greater
understanding of protein function particularly withspect to protein-protein interactions and hence
can give new potential targets for future strategie
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INTRODUCTION found to be dependent on their unstructured
confirmations. In many of these proteins the
Until recently, folded three dimensional structureunstructured confirmation extends throughout the
of protein is necessary for the functionality ofeth protein and in some it is partially present, white
protein was considered to be the classical paradifm others there are long unstructured segments in
structural biology. However, abundance of unfolded otherwise ordered folded protefid  These
coiled proteins in nature, mainly in eukaryotess kel unstructured proteins play essential roles in cgtle
to the discovery of a new group of proteins which a control, transcriptional and translational reguatand
not just structurally unfolded but their functiolyals =~ modulation of activity and/or assembly of other
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proteins, signal transduction and even regulatibn 040 consecutive amino acid residues, with more than
nerve cell functio$®. Numbers of proteins involved 1050 of them having high scores indicating disdfder
in protein deposition disorders are now considdared This observation was accomplished by primary
belong to the family of unstructured proteins. Forsequence analysis of proteins, which helped toladec
example, B peptide and tau protein in Alzheimer’s that “a large portion of gene sequences appeaode c
disease, PrP in Prion’s disease am®bynuclein in  not for folded, globular proteins, but for long glags of
Parkinson’s diseaSé This observed intrinsic disorder amino acids which tend to be either unfolded in
has many important implications on the functionadl a solution or adopt non-globular structures of
regulatory behavior of IUPs. IUPs show high speitifi ~ unstructured conformation”.
with low affinity, rapid turnover rate and the atyilto It is known that the sequence of amino acid
overcome barriers such as steric hindrance thaesri encoded by gene sequence is responsible for the
due to larger surface area and rigid structure afyn ultimate stable 3D structure of proteins. Apartniro
signaling molecules and thermodynamic energy teansf amino acid sequence, many things such as charge,
during molecular interactiofis As depicted by Protein bulkiness and hydropathy index of amino acids,rthei
Quartet Model, proteins exist in four different interactions with each other etcetera are involired
confirmations: ordered forms, molten globules, pre-deciding the stable and functional three dimendiona
molten globules and random coils; each one havingonfirmation of any protein. Similar to the encoded
distinct state of activity and regulatfn However, the folded structure of any proteins, it can be hypsited
ultimate functioning (activity) of protein is dement that the unstructured or unfolded characteristicaof
on transitions between these structures. It has beeagiven protein is also encoded by amino acid sequenc
confirmed that the unstructured proteins undergaand hence by underlying genetic sequéficeCertain
structural transitions between folded and unfoldedamino acid residues have been found to be highly
confirmations whenever they interact with theirdimg  "order-promoting” (namely cysteine, tryptophan,
partner such as modulators, target molecules, fapeci tyrosine, isoleucine, phenylalanine, valine, leegin
ions or functional regulatdf These transitions form histidine, threonine and asparagine) while othews a
the basis of their functional regulation that cotld highly "disorder-promoting" (namely aspartic acid,
controlled by introducing their modifiers as drud@fie = methionine, lysine, arginine, serine, glutamineylipe
IUPs show interesting features such as modulation iand glutamic acid) (Fig. £}**. These order, disorder
their functional behavior through posttranscripibn promoting amino acids can be shown by Fig. 1, in
and posttranslational  modifications of  their which the relative amino acid compositions of
corresponding mRNAs, multiple interactions which intrinsically disordered regions is according teeith
have low affinity but high specificity and most availability in the DisProt databds®’ in comparison
importantly, their regulation through coupled bimgli with a set of structured (or ordered) proteins (2.
and folding transitiond. In this case, these amino acid compositions were
Here, based on all the above features of IUPs, weompared by means of a profiling apprd&tH.
present the hypothesis that disease associatedimmot
can be targeted for structural transition by using
structure based drugs that mimic the binding parfie
targeted IUP and induce modulation in structure and
behavior of targeted IUP. Hence it may be posdible
alter the folding of target protein to regulateatgivity
and ultimately its function.

Disordersin protein structure: Using data of many of
the direct and indirect approaches such as X-rayig. 1: Some IUPs wrap around their partner upon

crystallography, multidimensional Nuclear Magnetic binding. For some IUPs, the structure in the
Resonance (NMR), Circular Dichroism (CD) complexed state is known from X-ray
spectroscopy, proteolytic sensitivity and heat ifitgb crystallography or NMR. The structures (PDB
has led to the identification of more than 200 eimt code in parenthesis) shown are: (a): SNAP-25
and protein domains which lack native folded 3- bound to BoNT/A (1XTG); (b): SARA SBD
Dimentional structuf@. In addition to this, the Swiss domain bound to Smad2 MH2 domain (1DEV),
Protein Data Bank has predicted that more than0D5,0 the structures have been visualized by the
proteins may contain disordered regions ofeast RasMol'!
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9. < q 0Trinity Model can now be extended to Protein Quarte

intrinsically disordered proteins (a): Mean net model because of existence of four different stradt
charge versus mean hydropathy plot (charge-

confirmations depicted as ordered forms, molten
hydropathy plot) for t.he set of 275 foldeq (blue lobules, pre-molten globules and random coils. The
squares) and 91 natively unfolded proteins (re

circles}lg]' (b): Amino-acid composition, relative unc_:tion of unstructured protein can be fulfilleg Iﬂ_neir
to the sét of' globular proteins GIobuiar-3D of rapid fluctuation among a_It_ernatlve_states suctodgo
intrinsically disordered regions 10 residueé Orpre-n_u_)lten glc_)bule_ transitions, coil t(_)_molten gt

transitions, coil to rigid structure transitionsegmolten

longer from the DisProt database. Dark gray o S
indicates DisProt 1.0 (152 proteins), whereasgIObU|e to molten globule transitions, intrinsicepr

light gray indicates DisProt 3.4 (460 proteins). molten globules to rigid conformatich

Amino acid compositions were calculated per | ] ) ) ]
disordered regions and then averaged. Thé-19and induced folding: In many instances it has been

arrangement of the amino acids is by peak heigh?hown that ultimate structural transitions of aPs

for the DisProt 3.4 release. Confidence intervalg/iS€ due to its interaction with binding partnénat
were estimated using per-protein bootstrapping-@" P& @ modulator, regulator or any other progsin

with 10.000 iteratiod? igand. For example, partial folding in IUPs such a
thymosin a1® and prothymosina induced by
Unstructured proteins. Structure and functions: Zn++#%° partial folding of humana-synuclein in

Structural transitions and functioning: The existence presence of several divalent and trivalent metad4t,

of native cellular proteins can be explained by thdipid induced transformation of water-soluble fowh
Protein Trinity model, which suggests three strraitu myelin basic protein into the molten globule-like
confirmations; ordered, molten globule and randaih ¢ conformatioff, folding of RNase P fronB. subtilis
for any given protein in its natural conditionsdell. It ~ (unfolded in 10 mM sodium cacodilate at neutral pH
has been suggested that the absolute functioneof thnto a nativea/p structure upon addition of various
protein occurs due to its transitions between thesemall molecular anioffg. Other example of induced
structures (Fig. %Y. Experimental results on the folding is shown in Fig. 1 exemplifying the behavif
confirmational behavior of intrinsically unsttured IUPs.
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Although only a few MoRFs have been studied
h- - experimentally, it has been suggested that all MORF
are intrinsically disordered in the absence of rthei
binding partners in line with observations of
eX Gunasekaranet al.”® who have demonstrated that
i ® intrinsic disorder in the unbound state is reflddtethe
structures of the bound state through relativelgda
surface and interface areas. With the discovery of
MoRFs it can be supposed that IUPs function by
molecular recognition which may be transient or
permanent binding to a binding partner. In gendal,
IUPs to assume a folded confirmation, prior to bigd
to modulators or targets, is difficult as a consege of
many topological/structural constraints. Binding of

Fig. 41 Examples of structurally divergent MoRFs: target molecules and/or modulators to the IUP ases
(@): An o-MORF, Proteinase Inhibitor 1A3, its fI_eX|b|I|ty in terms of topologlcal stress teach to
bound to Proteinase A (1DP5); (b):pAMORF, the final functional state a|d_ed by MoRFs._ Numbefrs
viral protein pVic, bound to Human Adenovirus IUPs have been _found to bind to many different sype
2 Proteinase (AVP); (c): An -MoRF, of partners and vice versa a molecule of modulaz_lmr
Amphiphysin, bound tox-adaptin C (1KY7): bind with many (_j!fferent types of IUPs. Intergstmg
(d): A complex-MoRF, p-amyloid precursor both these_ cond|t|ons resulp in ld|fferent conﬁrmas_
protein BAPP), bound to the PTB domain of of IUPs with different combination of an IUP and it

the neuron specific protein X11 (1X11). PartnerPinding partner. This flexibility and low affinityvith
interfaces (gray surface) are also indicated. Allhigh specificity of IUPs for their binding partners
MoRFs are shown in green. The structures havévhich actually is an attribute of MoRFs, increasies

been visualized by the RasMol and PDB code i?robability of multiple interactions that allow dool of
shown in parenthesis many processes that have common checkpoints.

The structural flexibility that occurs due to

Molecular recognition in IUPs: Though structural data molecular recognition has actually been demonstrate
shows lack of secondary and tertiary structurek lafc  for the C-terminal domain of DNA dependent RNA
understanding of atypical structural and functionalpolymerase Il (RNAP II) bound to either RNA guaryly
attributes of IUPs would raise many questions agaie  transferase Cgtl or peptidyl-proline isomerase Pin1
premature idea of complete lack of order. There ar@nd the HIF-la-interaction domain bound to eittner t
many well defined binding sites existing in IUPsatth TAZ1 domain of cAMP response element binding
allow them to undergo transitions upon interactiofith protein  (CREB)-binding protein (CBBJ or the
their binding partners. A specialized subset ofs¢he asparagine hydroxylase Ftfl. Thus, the function of
interacting domains have been recognized as ‘Mtdecu IUPs arises either from their transitions between
Recognition Elements’ or “Molecular Recognition alternative states as described previously or fiftou
Features” which are protein regions that speclfical molecular recognition and induced folding.
participate in protein-protein interactions. ThéseRFs
have the ability to undergo significant induceddfofy ~ Unstructured proteins in diseases: The D? concept:
steps or disorder-to-order transitiott® together with  Proteins are essential for functioning of any cell
the change in the structure of their binding pagnBuch  because of their involvement in each and every step
molecular recognition mechanism, which is coupled t cellular activity such as metabolism and its retiola
the folding process, has been noted to confesignaling, transport, defense and many more. Hénce
exceptionally high specificity and low affinity; iding  is not surprising that number of diseased condition
diversity and binding commonality to their IUFs arise due to failure of a specific peptide or pirot®

According to current understanding depending oradopt its proper structure. Such diseases are iatsic
their structures in the bound state MoRFs can bevith protein misfolding which include protein
divided into three subtypes:-MoRFs forma-helices, aggregation (and/or fibril formation), loss of naim
B-MoRFs formp-strands and-MoRFs form structures function and gain of toxic function. Some proteins
without a regular pattern of backbone hydrogen kondassume pathologic state due to some of the endageno
(Fig. 4), along with their observed mixtufés® factors such as chaperones, intracellular or extra
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cellular matrices, other proteins and small molesul Many studies have revealed several important
which can alter the confirmation of a pathogenumt@in ~ features of protein-protein, protein-modulator and
and thereby increase its chances of getting mistbld protein-binding partner interactions which can sety
Increase in rate of pathogenic misfolded proteindetermine drug targets and potential ligands. feuyth
accumulation may increase because of ageingll these interactions can be extended for thosehwh
mutation, or other induced conditions leading ttedise  comprise one of the partners having an unstructured
progression. region else, they themselves are wholly unstrudture
Some of the proteins shown to be reason for humaprotein. Moreover there are many features of
diseases such as cancer, Parkinson's disease lard otunstructured proteins that make them suitable drug
synucleinopathies, Alzheimer's, prion diseasedqales  targets. Firstly, their structural transitions whimake
and cardiovascular disease are either completel{hem prone to induced folding which in turn regelat
disordered or contain long disordered regions.at,f ~their functionality. Secondly, MoRFs exhibit some
the analysis on Swiss-Prot Suggests Strong asEoCiat SpeCIal features that make them stabilize the ieahs
of intrinsic disorder and diseases such as malaridorms. For example, binding with partner promotes
trypanosomiasis, Human Immunodeficiency Virusorganlzatlon_ of d|sordered_ region mto_a helix dne:n_
(HIV) and acquired immunodeficiency syndrome structure with hydrophobic 5|d_e chains that project
(AIDS), deafness, obesity, cardiovascular disease?\V&Y from th? backbone and Into the &@ﬁ With
diabetes mellitus, albinism and prion (Figi®®) Thus, ~resPect to this the p53/Mdm2 interaction can be
intrinsic disorder is very common in disease-assedi considered here, in which the p53 binding site is

proteins that have given rise to a disorder in rdisced predlqted htc()j beh 1".‘*"\"%” r?r!d thr'ls bmdmg site |
proteins concept, which is now calling the "D2 contains hydrophobic side chains that project deep

6] into the cleft located on the surface of the Mdm2
concept™. partner upon binding. This in turn provides utitiza
of disorder to order transition with spending oErgy
Drug discovery based on protein structure: Proteins  \which results in decrease of entropy. The intevacti
are highly favored targets for future drug discee®r petween p53/Mdm2 can be easily blocked and/or
for protein associated diseases since long. Howevefargeted by small structure based drugs. Some ef th
literature surveys have failed to give example ofexamples discussed in recent reviews depend on one
currently used structure based drugs targeted tsvar structured partner and one disorder partner thaéngo
proteins. There has been only a little successdirfg  helix formation upon binding MoRF and its parffér
drugs which act by blocking protein-protein Given this, IUPs involved in some very important
interactiort %!, diseases can be targeted for drug discoveries.

The preS1 surface antigen of Hepatitis B Virus
(HBV) is known to play important role in the initia
attachment of HBV to hepatocytes and is natively
unstructured protein. The N-terminal 50 residues of
preS1 that are populated with multiple pre-struedur
motifs (MoRFs), contribute critically to hepatocyte
binding. There are some overlapping pre-structured
motifs identified in preS1 that show folding upon
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/ 't'oaisw . binding to monoclonal antibodies and should help to
5 % determine regions that can be used to design staict

)

(@ (b) (c) (d) (e) based inhibitors against HBV attachment to hepdéscy

once an HBV receptor is identifiéd.

Fig. 5: Disease associated unstructured pratein a-Synuclein is a small (14 kDa) highly conserved
(a): a-Synuclein; (b): Major prion protein; (c): protein and is intrinsically unstructured, i.e. timaly
p53 tumor antigen; (d): Tat protein from HIV; unfolded®™. Upon interaction with intracellular
(e) Apical membrane antigen 1 (AMA1) of the molecules such as phospholipidsg-Synuclein
malarial parasite Plasmodium  falciparum  undergoes confirmational change from an unstrudture
upper raw shows the structures of proteinsmonomer in solution to organized structure relatefl
according to their chains and the lower rawconformatio®®. This ultimate organized structure
shows the structures according to theforms the basis of aggregation and fibrillationoray
confirmatiorf” with an intermediate that is found in Lewy bodi&s
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However, the existence of such an intermediateahese Bcl-2 has been characterized as drug targets.
between folded and unfolded confirmations, on theAdditionally, small-molecule antagonists have rélgen
pathway to fibrils, lead to population of the imexdiate  been described for several new targets, includiaglR
that shifts the equilibrium position from the naliy ~ Tiaml, beta-catenin-T cell factor g'cf) and Sur&>
unfolded state to a partially folded intermedidteotigh  that are involved in cancer progres$in
any intracellular factors increasing the likelihoofla- Other unstructured proteins that are shown to be
synuclein fibril formation and development of associated with diseases and are potential tafgets
Parkinson’s disease. Such factors could includdively  structure based drug design include: (A) Insulke-li
nonpolar molecules that would preferentially bindhe = Growth Factor Binding Proteins (IGFBPs) that are
intermediate. Similarly, the tau protein exists ascarriers and regulators of the insulin like grovidhtors
unstructured protein with littlea-helical or B-sheet having C-terminal domain with three hightly disarels
structur€® that is modulated by heparin binding which loop$*”. (B) Two intracellular domains of connexin43
in turn is an IUBY. However, the association of tau (Cx43), cytoplasmic loop 95-144 and C-terminal
protein with Alzheimer’s disease shows the aggiegat domain (amino acids 254-382) possessing short
consisting of PHF (parallel helix filaments) i  transient R-helices with numerous binding partners
amyloid fibrils mediating intracellular inclusiorsnd identified; these include tubulin, v-Src, c-Src, -20
neurodegeneration suggesting transition of an datbl Casein Kinase 1 (CK1), Mitogen-Activated Protein
structure into an ordered stdte In fact the abnormal Kinase (MAPK), cGMP-dependent protein kinase,
phosphorylation observered in tau protein aggregatecAMP-dependent protein kinase and protein kinase
are at the unstructured sites of the prét8inThis  CM*. (C) Numerous proteins associate with obesity and
finding can be linked to an assumption thatCVD have been identified to have long regions of
hyperphosphorylation might be involved in the intrinsic disorder containing R-helices aneMoRFs,
observed structural transition of tau protein cagsi predicted in 101 proteins from CVD data Skt (D)
abnormal microtubule association and hence bringind\pical Membrane Antigen 1 (AMA1) of the malarial
neurological disorder. In support of such a corinact parasiteP. falciparum is a merozoite antigen, has well-
it can be said that those molecules that cardefined, disulfide-stabilized core region separdigdc
preferentially bind tau-synuclein or tau may decrease disordered loop and both the N-and C-terminal negjio
or prevent the rate of fibril formation and eveeyent of the molecule are unstructuf® (E) Tat
accumulation of partially folded intermediate or (transactivator of transcription) is a small RNAxhing
aggregates. protein that helps in HIV-1 replication is an IURda
The central event in the pathogenesis of priorshows induced folding when it interacts with itading
diseases is a major confirmational change in thenpr partner-cyclin T1 along with its ability to intetawith
protein (PrP) normal cellular form containing a wide variety of proteirfs!.
preponderance of helical secondary structure tlagup
forming confirmer containing a greater proportidnpe CONCLUSION
sheet. Structure determination of fragments @& pition
protein revealed that around 100 residues at the C Altogether, it can be said that the discovery of
terminus are folded into a largely helical domaiithw small drug molecules that can target protein-protei
completely unfolded N-terminf&l. Partial folding of a interaction is difficult even for structured pratsi
local region is shown to be assisted by presendd)Cu Consequently there are some important prospects tha
iond*? and may give a clue to the overall physiologicalshould be considered while targeting interactions
function of the prion protein, which at present isinvolving unstructured proteins with molecular dsug
unknown. If this protein functions as a copperageror For example, affinity of molecule to the protein
transport protein, the extreme flexibility of the N (frequently subnanomolar) that can successfully
terminus is probably of functional significancettitan compete for binding to its sft&, the biology of the
be aimed for regulating transition of prion protein system and understanding molecular recognition of
The presence of disorder has been directly obderveprotein surfaces.
in many cancer-associated proteins, a few exangfles
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