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Many eukaryotic proteins are disordered under physiological conditions, and
fold into ordered structures only on binding to their cellular targets. Such in-
trinsically disordered proteins (IDPs) often contain a large fraction of charged
amino acids. Here, we use single-molecule Förster resonance energy transfer
to investigate the influence of charged residues on the dimensions of un-
folded and intrinsically disordered proteins. We find that, in contrast to the
compact unfolded conformations that have been observed for many proteins
at low denaturant concentration, IDPs can exhibit a prominent expansion at
low ionic strength that correlates with their net charge. Charge-balanced
polypeptides, however, can exhibit an additional collapse at low ionic
strength, as predicted by polyampholyte theory from the attraction between
opposite charges in the chain. The pronounced effect of charges on the di-
mensions of unfolded proteins has important implications for the cellular
functions of IDPs.
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Structure and Cryoprotective Function of a Small Disordered Dehydrin
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Dehydrins, expressed during dehydration stress in plants, are thought to pro-
tect plant proteins and membranes from damage due to drought and cold tem-
peratures. Several dehydrins have been shown to protect lactate
dehydrogenase (LDH) from damage from being frozen and thawed. We
show that a 48 residue K2 dehydrin from Vitis riparia (wild grape) protects
LDH more effectively than bovine serum albumin, a protein with known cryo-
protective function. Spectroscopic and fluorescence experiments show that
dehydrins prevent aggregation and unfolding of the enzyme. 15N-HSQC ex-
periments demonstrate that protection occurs without the dehydrin binding
to the enzyme. NMR relaxation experiments indicate that the two-terminal,
Lys-rich K-segments show a weak propensity for alpha-helicity and are flex-
ible, and that the central, polar rich phi-segment has no secondary structure
preference and is highly flexible. We propose that the phi-segments in dehy-
drins are important for maintaining the disordered structure so that the protein
can act as a molecular shield to prevent partially denatured proteins from in-
teracting with one another, and that the K-segments are important for interact-
ing with membranes.
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Alpha-Synuclein Multistate Folding and Misfolding
Allan Chris M. Ferreon, Ashok A. Deniz.
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Alpha-synuclein is an intrinsically disordered neuronal protein whose physio-
logical function involves binding-induced transition from a native disordered
state to functional folded states. Misfolding and aggregation of the protein is
believed to be central in the pathogenesis of Parkinson’s disease (PD), the sec-
ond most common neurodegenerative disorder. To understand the molecular
basis of how the protein switches from being functional to dysfunctional, we
studied the induced folding and aggregation properties of wild-type alpha-syn-
uclein and its PD-linked variants using single-molecule and ensemble biophys-
ical techniques. Our results show that the PD-linked mutations result to altered
protein folding landscapes, and conformation-dependent aggregation propensi-
ties and pathways. (Support provided by NIGMS [GM066833], National Insti-
tutes of Health.)
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Tau is a microtubule associated protein that forms highly structured patholog-
ical aggregates in Alzheimer’s disease as well as a number of other neurode-
generative disorders. In solution, tau does not exhibit stable secondary or
tertiary structure, however local propensities for secondary structure as well
as global folding through long range interactions have been proposed. Here
we use fluorescence correlation spectroscopy (FCS) and single molecule För-
ster resonance energy transfer (smFRET) to probe both native and patholog-
ical interactions and conformational changes of tau. Specifically, we
measured the conformational changes of tau upon binding to tubulin as
well as those relevant to the initiation of tau aggregation. Our goal is to iden-
tify the conformational changes associated with the transition from tau func-
tion to dysfunction.
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Conformational Fluctuations within the Intrinsically Disordered RAM
Domain of the Notch Receptor are Governed by the Patterning
of Charged Residues within the Primary Sequence
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The Notch pathway is conserved in cell-to-cell signaling mechanism and is vi-
tal in cell fate differentiation in Metazoans. Extracellular signals are transduced
into transcriptional outputs through the nuclear effector CSL. Upon receptor-
ligand interaction the pathway is activated, and through series of proteolytic
events the Notch Intracellular Domain (NICD) is released from the membrane
and translocates into the nucleus. CSL is converted from a repressor to an ac-
tivator through the formation of CSL-NICD-Mastermind ternary complex. The
interaction of NICD with CSL involves binding of the four-residue motif in the
N terminal end and weaker interaction of the ankyrin domain. The two binding
are connected in cis through a 103-residues RAM (RBP-J associated molecule)
domain, which is intrinsically disordered. Speculative worm-like chain (WLC)
models have been put forth to explain the role of conformational heterogeneity
of RAM in facilitating bivalent binding to CSL. However, recent data in living
cells that report on the role of deletion mutations within the RAM domain con-
found the predictions of the WLC model. We present results from atomistic
Monte Carlo simulations of the RAM domain of Human Notch1 that are based
on the ABSINTH implicit solvation model. Analysis of simulation results
shows that the C-terminal region of RAM is compact while the N-terminal re-
gion shows considerable conformational heterogeneity. Our analysis shows that
the amplitudes of conformational fluctuations are governed by the patterning of
charges within the primary sequence that controls fluctuations through stochas-
tic interplay between intramolecular electrostatic attractions and repulsions.
These fluctuations help rationalize observations regarding overall binding to
CSL via N-terminal fluctuation mediated anchoring of the ankyrin domain
near its binding site.
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Many recognition sites are located in regions of the proteins that are intrinsi-
cally disordered and undergo folding upon binding to their targets. The absence
of well-defined structures and conformational flexibilities of these intrinsically
disordered regions (IDRs) enable these proteins to bind to multiple partners
with high specificity and affinity. However, structural and functional character-
istics of such regions are not well understood. Here we compare molecular
simulations to polymer models in order to characterize a-Synuclein conforma-
tional ensembles. a-Synuclein is ideal for such a study since it is small and pos-
sesses many of the unique characteristics of IDRs. Based on long timescale
all-atom molecular dynamics simulations of a-synuclein in explicit water,
a hierarchical approach is developed to break the problem into more tractable
pieces that can be characterized using a combination of simulation and exper-
imental methods. Integration of secondary structure profiles, clustering and net-
work analysis from MD have been utilized to divide a-Synuclein into
minimally interacting fragments. Based on these simulations, a-Synuclein is
more globular than polymer model prediction due to contacts that prevent ex-
posure of regions prone to aggregation. These contacts depend on the initial
conformation and temperature of the MD simulation. Monomeric a-Synuclein
also has a high propensity to form and break b-strands in the same regions that
form b-sheets in fibrils associated with Parkinson’s disease. Also, the solvent-
induced highly collapsed structure of a-Synuclein is held together by transient
contacts between distant regions of the protein upto 100s of nanosenconds. We
generate the amide-I band of the infrared (IR) and compare it to measured band
to further facilitate IR spectral characterization of disordered regions. Finally,
we illustrate how the conformational properties of a disordered region could be
severally biased by the chosen force field.
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Transient Alpha and Pi Helical Conversion of BLUE Octads in the Elastic
and Disordered Region of C. elegans TTN-1
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TTN-1, a titin like protein in Caenorhabditis elegans, is encoded by a single
gene and consists of multiple Ig and fibronectin 3 domains, a protein kinase
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