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Proteins imparted with intrinsic disorder conduct a range of essential cellular functions. To better understand the folding and
hydration properties of intrinsically disordered proteins (IDPs), we used osmotic stress to induce conformational changes in
nuclear co-activator binding domain (NCBD) and activator for thyroid hormone and retinoid receptor (ACTR) separate from
their mutual binding. Osmotic stress was applied by the addition of small and polymeric osmolytes, where we discovered that
water contributions to NCBD folding always exceeded those for ACTR. Both NCBD and ACTR were found to gain a-helical
structure with increasing osmotic stress, consistent with their folding upon NCBD/ACTR complex formation. Using small-angle
neutron scattering (SANS), we further characterized NCBD structural changes with the osmolyte ethylene glycol. Here a large
reduction in overall size initially occurred before substantial secondary structural change. By focusing on folding propensity, and
linked hydration changes, we uncover new insights that may be important for how IDP folding contributes to binding.

Introduction

The flexibility of intrinsically disordered proteins (IDPs) has
shifted the classic structure-function view of proteins to in-
clude function arising from disorder.1–3 IDPs often contain
both unstructured and structured regions that work in concert.
Existing as an ensemble in the unbound state, many IDPs un-
dergo a disorder-to-order transition upon binding. The advan-
tage is binding with high specificity but low affinity, which is
desirable for signaling and other processes. IDPs serve nu-
merous other roles, from linker regions to displaying post-
translational modification sites.

Experiments and computations probing IDP ensembles4–6

and folding-binding7,8 have provided many important in-
sights. Particular studies have investigated the response of
IDPs to crowding conditions, which mimic the intracellular
environment (see reviews9,10). Using crowding agents (os-
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molytes), like Ficoll, poly(ethylene glycol) (PEG), trimethy-
lamine N-oxide (TMAO), or other proteins, observed ef-
fects on IDP structure range from pronounced folding and
compaction11–13 to essentially no change.14–16 While os-
molytes can act through various mechanisms,17–19 they do
provide a way to perturb IDP ensembles and understand
their folding. The osmolyte-induced coil-to-helix transition
in poly(glutamic acid) is a fundamental example that gave
residue-level hydration changes.20 Toward explaining exper-
imental observations of IDP crowding, theoretical descrip-
tions13,21–23 and computational investigations24,25 have re-
sulted. These studies highlighted the impact of osmolyte size,
size ratio between the IDP and osmolyte, and IDP-osmolyte
interactions. Particularly relevant to our results are the the-
oretical order-disorder phase diagrams that incorporate IDP
sequence dependence and solvent effects.22

Here we used osmotic stress to examine the folding and hy-
dration properties of two IDPs, nuclear co-activator binding
domain (NCBD) of CREB binding protein and activator for
thyroid hormone and retinoid receptor (ACTR), in their un-
bound state. NCBD and ACTR are a well-studied IDP pair
that form a tight 1:1 complex with synergistic folding upon
binding.7 The binding is enthalpically driven with hydropho-
bic burial at the interface.26 NCBD maintains more a-helical
content than ACTR in the free state, but experiments have de-
tailed certain aspects of ACTR residual structure that likely
are important for binding to NCBD.27,28 The particular ACTR
fragment used here, mouse ACTR(1025-1098), contains the
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47-residue NCBD-binding region and 27 additional sequence
residues on the N-terminus. The additional N-terminal region
contains an LXXLL motif.

With the osmotic stress method, we show how osmolyte ef-
fects are mediated through the waters that preferentially hy-
drate the molecular surfaces of these IDPs. We also demon-
strate that osmolytes have a significant structural effect on the
NCBD and ACTR conformational ensembles. In particular,
the osmotic stress generated by both small and polymeric os-
molytes favored increased a-helical content in the unbound
form of these IDPs, consistent with the a-helix gain for each
IDP upon forming the NBCD/ACTR complex.

Materials and Methods

Materials

The nuclear receptor co-activator binding domain (NCBD)
of mouse cAMP response element binding (CREB) pro-
tein (CBP, accession: NP 001020603), CBP(2059-2117) (59
residues, 6545 Da) and the interaction domain of mouse ac-
tivator for thyroid hormone and retinoid receptor (ACTR, ac-
cession: o09000), ACTR(1025-1098) (74 residues, 7989 Da)
were synthesized by solid-phase FMOC chemistry (Keck-Yale
facility). The crude peptides were purified by liquid chro-
matography using a Zorbax SB-C3 column (Agilent Tech-
nologies) with a reverse phase water (+ 0.05% TFA) / ace-
tonitrile (+ 0.05% TFA) gradient and lyophilized. Mass spec-
trometry confirmed the molecular mass of the peptides.

Deuterated ethylene glycol (d6-EG), D2O (99.9% D) (Cam-
bridge Isotope Laboratories, Inc. Tewksbury, MA), phosphate
buffered saline (PBS) (10X, Fisher Scientific), ethylene glycol
(EG), triethylene glycol (TEG), poly(ethylene glycol) of MW
400 (PEG 400) (Fluka), and xylitol (Sigma-Aldrich) were
used without further purification.

Osmolality

The osmolalities of the osmolyte solutions were determined
as follows. Xylitol solutions were measured using a VAPRO
model 5520 vapor pressure osmometer (Wescor, Logan, UT).
Each xylitol solution was measured in triplicate, along with
the no-osmolyte buffer, to obtain the osmolality at each con-
centration. TEG osmolalities were calculated using the equa-
tion: [TEG] = 1.0263m+ 0.0291m2, where m = molality,29

and PEG 400 osmolalties were calculated using our previous
equation.30 EG and d6-EG osmolalities were taken as equal to
their corresponding molalities.

Circular dichroism spectroscopy

CD spectra were collected with an RSM 1000 circular dichro-
ism spectrophotometer using the Olis SpectralWorks soft-

ware (Bogart, GA). Wavelength scans from 260 to 190 nm
were performed with a 1 nm step resolution and integration
time per data point determined automatically as a function
of high volts. All CD experiments were conducted at 22�C.
Aqueous solutions between 0.2 to 0.4 mg/mL of NCBD (=
30 to 60 µM) and ACTR (= 25 to 50 µM) in 1X PBS (pH 7.4)
were prepared using MilliQ grade water. Peptide concentra-
tions were determined by HPLC using a standard curve gen-
erated from amino acid analysis (AIBioTech, Richmond, VA).
Samples were loaded into a 1 mm pathlength quartz cuvette.
The CD spectrum of the corresponding buffer background,
with the same osmolyte and osmolyte concentration, was sub-
tracted from each sample spectrum. These background sub-
tracted CD spectra were converted to units of mean residue
ellipticity, [q ] = [deg cm2dmol�1]. The helical fraction, fh,
was calculated from the equation

fh =
[q ]222,meas � [q ]222,c

[q ]222,h � [q ]222,c
(1)

where [q ]222,meas is the measured mean residue ellipticity at
222 nm, and [q ]222,c = 3000 deg cm2 dmol�1 and [q ]222,h =
�36,000 deg cm2 dmol�1 for a fully random coil and fully
a-helical conformation, respectively.31

Osmotic stress thermodynamics

For a thermodynamic analysis of the coil-to-helix transition,
fh was normalized relative to the minimum and maximum a-
helix for each IDP. Previous urea denaturation experiments on
these IDPs showed fh,min = 0,7 but neither NCBD nor ACTR
is expected to reach 100% a-helix based on their sequence.
Since an obvious fh,max saturation point was not reached
with any of the osmolytes measured, fh,max was determined
from sequence-based secondary structure propensity calcula-
tions.32 The calculations yielded fh,max = 0.576 and 0.378 for
NCBD and ACTR, respectively (see Figure S1). The relative
fh,rel = fh/ fh,max, with fh obtained by Equation 1, more ap-
propriately reflects the actual range in secondary structure of
each IDP. It should be noted that fh,rel also is directly obtained
with Equation 1 by appropriately updating [q ]222,h. Then us-
ing the equilibrium constant between the folded and unfolded
state, Keq = fh,rel/(1� fh,rel), the difference in the free en-
ergy change between water (DG0) and and osmolyte (DG) is
found: DDG =�RT [ln(Keq)� ln(Keq,0)], where R = ideal gas
constant and T = temperature. The change in the number of
preferentially hydrating water molecules associated with the
transition (DNw) is obtained with the linkage

d (DDG)

d [Osm]
= RT

DNw

55.6
(2)

where [Osm] = osmolyte osmolality, and 55.6 = mol/kg wa-
ter.33
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Small-angle neutron scattering

SANS experiments were performed on the extended Q-range
small-angle neutron scattering (EQ-SANS) beam line at the
Spallation Neutron Source (SNS) located at Oak Ridge Na-
tional Laboratory (ORNL). In 60 Hz operation mode, a 2.5 m
sample-to-detector distance with 2.5-6.4 Å wavelength band
was used34 to obtain the relevant wavevector transfer, Q =
4p sin(q)/l , where 2q is the scattering angle. NCBD (2.4
mg/mL) samples were prepared in 1X PBS D2O (pH mea-
sured, pHm 7.4) and with 0, 10, and 20% (v/v) d6-EG. Peptide
concentration was determined by UV-Vis using a calculated
absorption, A1mg/mL

280 = 0.228.35 Samples were loaded into 2
mm pathlength circular-shaped quartz cuvettes (Hellma USA,
Plainville, NY) and SANS measurements performed at 20�C.
Data reduction followed standard procedures using Mantid-
Plot.36 The measured scattering intensity was corrected for
the detector sensitivity and scattering contribution from the
solvent and empty cells, and then placed on absolute scale us-
ing a calibrated standard.37

SANS analysis

Upon verifying a Guinier regime38 in the SANS profiles, the
pair distance distribution function, P(r), was calculated from
the scattering intensity, I(Q), using the indirect Fourier trans-
form method implemented in the GNOM program.39 The P(r)
function was set to zero for r = 0 and r = Dmax, the maximum
linear dimension of the scattering object. Dmax was explored
to optimize the P(r) solution and excellent quality solutions
were found in each case. The P(r) solution to the scattering
data yielded the real-space radius of gyration, Rg, and scatter-
ing intensity at zero angle, I(0). The molecular mass, M, was
calculated by

I(0)
c

=
M
NA

(Dr2)ū2 (3)

where Dr = contrast in scattering length density between pro-
tein and D2O buffer solution (= rpro �rbuf), ū = protein par-
tial specific volume (= 0.735 mL/g), and NA is the Avogadro
number. The protein scattering length density, rprot, of NCBD
(= 3.075⇥ 1010 cm�2) was calculated from the sequence us-
ing the Contrast module of MULCh.40 The D2O scattering
length density used was D2O = 6.388⇥1010 cm�2.

Results

IDP Secondary Structural Transitions with Osmotic Stress

We characterized the ability of NCBD and ACTR, two IDPs
that are a known binding pair, to separately fold under osmotic
stress conditions. Secondary structural changes in each un-
bound IDP were monitored by CD spectroscopy as various os-
molytes were added to exert an osmotic stress. The osmolytes

tested were a diol (EG), two polyether diols (TEG and PEG
400), and a polyol (xylitol). Both NCBD and ACTR gained a-
helical content with increasing osmotic stress for all osmolytes
measured, which parallels their folding upon NCBD/ACTR
complex formation. The CD spectrum for NCBD in the ab-
sence of osmolyte shows a prominent negative peak at 222
nm, indicative of a-helix, and the spectra shift toward increas-
ing a-helix with added PEG 400 (Figure 1A). The arrows in
Figure 1A denote these changes, where the random coil signal
⇠200 nm diminishes and the a-helix signature at 222 nm be-
comes more pronounced. The CD spectrum for ACTR without
any osmolyte shows mostly random coil. Like NCBD, ACTR
also folds toward a-helix with the addition of PEG 400 (Fig-
ure 1B). We observed an isodichroic point around 205 nm for
NCBD and ACTR with PEG 400, supporting a two-state tran-
sition from random coil to a-helix.

Using Equation 1, NCBD starts at 39% a-helix in the
absence of osmolyte and reaches 54% a-helix in 40% (v/v)
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Fig. 1 CD spectra for (A) NCBD and (B) ACTR with added PEG
400. Increasing a-helical content is observed in both proteins with
increasing PEG 400 concentration, from 0 to 40% (v/v) (indicated by
the arrows).
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PEG 400. ACTR, which has 17% a-helix without osmolyte,
acquires 27% a-helix for the same PEG 400 concentration. To
check for osmotic action and preferential interactions, we in-
vestigated the effects on IDP structure by additional osmolytes
varying in size and chemistry. The CD spectra for NCBD with
EG and TEG display a clear isodichroic point and show fur-
ther helix formation with osmolyte addition (see Figure S2).
For ACTR, the CD spectra with EG, xylitol, and TEG show
helix formation with osmolyte addition (Figure S3). However,
the CD curves for the higher osmolyte concentrations shift off
of the 205 nm isodichroic point. Spectral deviations are no-
ticed with EG and TEG at 30 and 40%, and xylitol at 3 and 4
molal (see Figure S3, orange spectra). These deviations could
indicate intermediate states, an alternate folding pathway, or
may result from protein-osmolyte interactions. We keep this
in mind for the analysis below. The changes in [q ]222 with os-
molality, for each IDP and osmolyte, are given in Figure S4.

Preferential Hydration Changes Accompanying Osmotic
Folding

We quantified the osmotic folding energetics for NCBD and
ACTR using the thermodynamics described in the Materi-
als and Methods section. The NCBD CD spectra clearly
showed a two-state transition with all osmolytes. Linear fits
to the NCBD energy plots (Figure 2A) were suitable and with
DDG(0)⇡ 0 J/mol in each case. These osmolytes with NCBD
therefore displayed osmotic effects. Using Equation 2, we
quantified the net preferential hydration change accompany-
ing folding, where DNw < 0 reflects water release. The re-
sulting series, from least to greatest water release, followed:
EG < TEG < PEG 400. Errors on DNw values were ⇡ ±1.
The osmolyte ordering also can be directly discerned from the
[q ]222,h vs. osmolality plots (see Figure S4A), where steeper
slopes indicate more pronounced effects. The interpretation of
the number of water molecules alternatively can be described
by a preferential interaction coefficient17 or m-value.18 We
maintain the osmotic stress framework here to focus on pref-
erential hydration changes related to the observed structural
transitions.

Linear slopes also were observed in the ACTR energy plots
for each osmolyte tested (Figure 2B). The intercepts of the lin-
ear fits were inspected to discern if DDG tended to 0 J/mol at
0 Osm, which would support an unchanged IDP initial state.
Going from 0 to 0.85 Osm EG, there was a pronounced in-
crease in the ACTR DDG. We repeated the EG measurements
to verify the trend and obtained the same result (data included
in Figure 2B). From 0.85 Osm and higher, ACTR with EG did
display linearity with a negative slope, so we fit over this range
to obtain an effective DNw with DDG(0) = 410 ± 70 J/mol.
It is possible that protein-osmolyte interactions shift the en-
ergy plot, as discussed below. Fits to the other osmolytes had
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Fig. 2 (A) The change in NCBD folding free energy, DDG, with os-
molality for EG, TEG, and PEG 400 yields the net hydration change,
DNw, accompanying folding, where DNw < 0 corresponds to water
release (see legend for values). (B) The variation in ACTR DDG
for EG, xylitol, TEG, and PEG 400 provides DNw accompanying os-
motic folding (see legend for values).

DDG(0) ⇡ 0 J/mol, indicating the ACTR initial state is unaf-
fected by these osmolytes. For the cases with CD isodichroic
shifts at the highest osmolyte concentrations, we performed
fits excluding these points in Figure 2B. The same DNw and
DDG(0) for ACTR with EG was obtained. ACTR with xylitol
and TEG only slightly differed from the original fits, yielding
DNw = -7 and -8, respectively. For ACTR, ordering the os-
molytes by water release: EG < xylitol ⇡ TEG < PEG 400.
As mentioned for NCBD, the qualitative features for ACTR
are also directly observable in the [q ]222,h vs. osmolality plots
(see Figure S4B). The trend in hydration changes for the diols
is the same as observed for NCBD, with xylitol acting similar
to TEG. However, it is important to remember in this compar-
ison that ACTR experienced an altered initial state with EG.

A plot of DNw vs. osmolyte molecular volume, nm (Figure
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Fig. 3 Net hydration change, DNw, accompanying the osmotic fold-
ing of NCBD (open triangles) and ACTR (filled circles) vs. molec-
ular volume, nm, of each osmolyte used (smallest to largest: EG,
xylitol, TEG, and PEG 400).

3) was constructed to compare the osmolyte effects on the two
IDPs. From the osmolyte molecular mass and density, the cal-
culated nm = 93, 166, 223, and 590 Å3/molecule for EG, xyl-
itol, TEG, and PEG 400, respectively. Both NCBD and ACTR
show increasing water release with increasing osmolyte size.
For any given osmolyte, the preferential hydration effects on
NCBD were always larger than ACTR. Also, the difference
between NCBD and ACTR DNw increased with increasing nm.
It should be kept in mind that the absolute values of DNw de-
pend on our choice of helix propensity calculations (see Fig-
ure S1). However, the relative changes observed for each IDP
with the osmolytes are independent.

NCBD Structural Changes with EG

To acquire further structural insight into the NCBD unbound
state, we used SANS to measure the solution structure in the
presence of deuterated EG (d6-EG). The d6-EG is contrast
matched in 100% D2O buffer to unambiguously resolve the
protein structure. The variations in the SANS profiles for
NCBD with increasing d6-EG concentration, from 0 to 20%
(v/v), reflect protein conformational changes (Figure 4A). To
quantify the structural changes and more carefully inspect pro-
tein shape, P(r) functions for NCBD (Figure 4B) were calcu-
lated from the respective SANS profiles after first evaluating
them with Guinier fits (Figure S5). The I(0) and Rg values
obtained from P(r) analysis were consistent with those from
the Guinier fits (Table 1).

Using Equation 3, the I(0) values for NCBD in 0 to 20%
d6-EG (Table 1) yield M from 6560 to 6980 Da, which are
comparable to the actual 6545 Da. From the P(r) values, the
NCBD Rg decreased by ⇠2 Å with EG added up to 3.67 Osm

Table 1 SANS results for NCBD with ethylene glycol
from Guinier from P(r)

% EG I(0) (cm�1) Rg (Å) I(0) (cm�1) Rg (Å) Dmax (Å)
0 0.0164(1) 14.8(2) 0.0165(1) 15.5(2) 55.0

10 0.0157(2) 14.0(3) 0.0155(2) 14.3(2) 47.7
20 0.0159(2) 13.5(2) 0.0156(1) 13.4(1) 42.0

(Figure 5). The maximum linear dimension, Dmax, of the pro-
tein also decreased by ⇠13 Å over this EG range (see Table
1). The P(r) curve shapes illustrate a continual shift toward
smaller intra-protein correlation distances with osmolyte ad-
dition. In particular, the P(r) peak maximum shifts from 12.1
to 10.1 Å between 0 and 1.63 Osm EG and remains at 10.1 Å
up to 3.67 Osm.Figure 4 
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To relate overall size changes with fraction helicity, first
a sigmoid fit to the plot of NCBD fh vs. [EG] (Figure S6)
was performed to interpolate values. The NCBD Rg decrease,
which is 14% overall, is substantial relative to the fh increase
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(Figure 5). The fh change of ⇠4% over this range corresponds
to just ⇠2 to 3 residues adopting an a-helical conformation.
Therefore, the initial osmotic structural changes in NCBD ap-
pear to involve compaction in overall size with minimal gain
in secondary structure.Figure 5 

 

   
 

16.0

15.5

15.0

14.5

14.0

13.5

13.0

R g
 (Å

)

4.03.02.01.00.0
[EG] (Osm)

1.00

0.95

0.90

0.85

R
g/R

g(
0)

0.440.420.40
fh

Fig. 5 NCBD Rg vs. EG osmolality. The inset shows the NCBD
Rg normalized by the value at zero osmolyte, Rg/Rg(0), vs. fraction
helicity, fh. Solid lines are exponential fits with an x-axis offset to
guide the eye.

Discussion

Determining IDP transient, or preformed, structure and fold-
ing propensity is informative to delineate mechanisms for IDP
folding-binding. Several studies on NCBD and ACTR have
addressed aspects of conformational selection and binding-
induced folding mechanisms.41–45 A combination of these
routes is generally believed to direct folding-binding. Ki-
netic experiments that modulated ACTR helix propensity with
mutations were able to correlate greater ACTR helicity with
stronger binding to NCBD.28,45 Thus transient structure in
the unbound state can poise ACTR for binding to NCBD.
Some of these studies also tested TMAO effects on NCBD
and ACTR.41,42,44 TMAO acted to stabilize structures and was
useful in discerning details about intermediate states along the
NCBD/ACTR binding reaction.

In this study, the folding and preferential hydration proper-
ties of NCBD and ACTR were interrogated by osmotic stress.
Although unbound NCBD is more folded than ACTR, both
were equally responsive to osmotic folding. For example, go-
ing from 0 to the maximum EG concentration used in these ex-
periments (40%), the calculated number of residues that adopt
an a-helix was 6 for NCBD and 5 for ACTR. Similarly for
TEG (from 0 to 40%), both IDPs had 7 residues adopt a-
helix, and PEG 400 (from 0 to 40%) gave 9 for NCBD and

7 for ACTR. However, a key difference was NCBD always
showed greater preferential hydration changes than ACTR for
the same osmolyte (see Figure 3). This points to a greater
importance of water for the NCBD conformational change.

Several different osmolytes were tested for comparison.
The predominant effect on the IDPs was osmotic in driving
a two-state transition from random coil to a-helix. The lin-
earity in all of the energy plots (Figure 2) supports an os-
motic, or water-mediated, structural transition in each case.
However, a noticeable deviation was ACTR with EG, where
the intercept, DDG([osmolyte] = 0) > 0 (see Fig. 2B). Direct
EG interactions may change the ACTR initial state. Also for
ACTR, we found a slight shift in the CD isodichroic point at
the highest concentrations of EG, TEG, and xylitol. These
shifts may indicate folding intermediates or an altered fold-
ing pathway. Again it is possible that protein-osmolyte inter-
actions affect secondary structure at this point. Quantitative
analysis with the osmotic stress method is most valid within
the limit of low osmolyte concentrations. However, observing
these subtle effects on ACTR may be instructive. For example,
protein-PEG interactions have been shown to vary with PEG
molecular mass, where chemical interactions are strongest for
smaller PEG chains.46 Our findings with ACTR appear con-
sistent with this trend.

In general, with increasing osmolyte concentration, one can
imagine a continuous reduction in available conformational
space for an IDP. Alternatively, the IDP may be directed down
an alternate set of conformations. The latter case was observed
for a-synuclein, where the folding landscape with TMAO was
different than driven by binding to SDS.47 Since a-synuclein
is aggregation prone, it could be more susceptible to finding
an alternate pathway compared to many other IDPs. Still it
highlights the potential for osmolyte-specific IDP ensembles.
Another consideration is that IDP tertiary interactions become
important during the osmolyte-driven compaction and folding
process. Water structuring that helps mediate these tertiary
interactions is certainly important. It may only be possible to
fold at the secondary structure level up to a point without a
binding partner, which could be the underlying reason for our
observations with ACTR at highest osmolyte concentrations.

Osmolyte stabilizing and preferential hydration effects of-
ten increase with their size, mainly due to steric exclusion. En-
thalpic contributions also should be considered, although they
typically are not as dominant for polymeric crowders.19,33 We
found that NCBD and ACTR preferential hydration changes
grew with increasing osmolyte size (see Figure 3). With
a larger library of osmolytes, another osmotic stress study
nicely demonstrates size-dependent effects on preferential hy-
dration.19 Also, PEG size-dependent effects on IDP confor-
mation (including ACTR) were shown by single molecule
FRET.13 An important component in osmolyte-driven pro-
cesses is the role of water. Osmotic stress analysis yielded wa-
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ter contributions, where NCBD preferential hydration changes
always exceeded that for ACTR. Water restructuring at these
protein interfaces likely governs their observed response to
added osmolytes.

Last we correlated structural parameters obtained from
SANS and CD for NCBD with EG. Initial compaction in
shape was dramatic, as shown by the P(r) curves (Figure 4B).
Most prominent was the reduction in Dmax from 55 to 42 Å
over the [EG] range explored. By following the normalized
Rg/Rg(0) with fh (Figure 5, inset), the 14% reduction in Rg is
more than three-fold greater than the concomitant ⇠4% gain
in a-helicity. Therefore, the initial osmotic compaction of
NCBD appears to involve only a modest gain in helical seg-
ments but likely generates more turns and loops that favorably
assist in the overall size reduction observed from the Rg and
Dmax.

In summary, we found new structural and hydration de-
tails concerning the intrinsic disorder of NCBD and its bind-
ing partner, ACTR. These IDPs provided a comparative study
to gain insights into their folding propensity and preferential
hydration changes with a variety of osmolytes. The results
should assist in better discerning how IDP folding contributes
to binding.
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