Coil-to-helix transitions in intrinsically
disordered methyl CpG binding protein 2
and its isolated domains

Kristopher C. Hite, Anna A. Kalashnikova, and Jeffrey C. Hansen*

Department of Biochemistry and Molecular Biology, Campus Delivery 1870, Colorado State University, Fort Collins, Colorado

Received 10 November 2011; Revised 25 December 2011; Accepted 27 December 2011
DOI: 10.1002/pro.2037
Published online 31 January 2012 proteinscience.org

Abstract: Methyl CpG binding protein 2 (MeCP2) is a canonical intrinsically disordered protein
(IDP), that is, it lacks stable secondary structure throughout its entire polypeptide chain. Because
IDPs often have the propensity to become locally ordered, we tested whether full-length MeCP2
and its constituent domains would gain secondary structure in 2,2,2-trifluoroethanol (TFE), a
cosolvent that stabilizes intramolecular hydrogen bonding in proteins. The a-helix, p-strand/turn,
and unstructured content were determined as a function of TFE concentration by deconvolution of
circular dichroism data. Results indicate that approximately two-thirds of the unstructured
residues present in full-length MeCP2 were converted to a-helix in 70% TFE without a change in
p-strand/turn. Thus, much of the MeCP2 polypeptide chain undergoes coil-to-helix transitions
under conditions that favor intrachain hydrogen bond formation. The unstructured residues of the
N-terminal (NTD) and C-terminal (CTD) domains were partially converted to a-helix in 70% TFE. In
contrast, the central transcription regulation domain (TRD) became almost completely a-helical in
70% TFE. Unlike the NTD, CTD, and TRD, the unstructured content of the methyl DNA binding
domain and the intervening domain did not change with increasing TFE concentration. These
results indicate that the coil-to-helix transitions that occur in full-length MeCP2 are localized to the
NTD, CTD, and TRD, with the TRD showing the greatest tendency for helix formation. The potential
relationships between intrinsic disorder, coil-to-helix transitions, and MeCP2 structure and function

are discussed.
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Introduction

Methyl CpG binding protein 2 (MeCP2) is a 53-kDa
nuclear protein named for its ability to selectively rec-
ognize methylated DNA.! MeCP2 is organized into
five biochemically distinct domains (Fig. 1): the N-ter-
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minal domain (NTD; residues 1-78), the methyl DNA
binding domain (MBD; residues 79-167), the interven-
ing domain (ID; residues 168-205), the transcription
repression domain (TRD; residues 206-309), and the
C-terminal domain (CTD; residues 310-486). There is
a great deal of interest in elucidating the structure/
function relationships that apply to MeCP2 because
missense and nonsense mutations in its sequence
cause the severe neurodevelopmental disease, Rett
Syndrome (RTT).>® Of note, pathogenic RTT muta-
tions are found in each MeCP2 domain, rather than
located in one or even a few locations (http:/mecp2.ch-
w.edu.au/mecp?2/). This broad mutational spectrum
indicates that all MeCP2 domains in some manner
contribute to the function of the full-length protein.
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Figure 1. (a) Schematic illustration of the domain
organization of MeCP2. NTD, N-terminal domain; MBD,
methyl DNA binding domain; ID, intervening domain, TRD,
transcriptional repression domain, CTD, C-terminal domain.
Residue numbers of the domain boundaries are shown at
the bottom. (b) SDS-PAGE of MeCP2 and its isolated
domains. Full-length (FL) MeCP2 and its domains were
electrophoresed on a 20% SDS-polyacrylamide gel for 120
min at 100 V. Because of different sample concentrations a
larger volume of the ID was loaded relative the other
domains to achieve approximately comparable band
intensities, leading to horizontal band spreading. Note that
full-length MeCP2 and all isolated domains exhibit
anomalously slow migration during SDS-PAGE, consistent
with their intrinsically disordered nature.?

Under native conditions, full-length MeCP2 is
~60-70% unstructured as shown by circular dichroism
(CD)"® and has a frictional coefficient consistent with
a random coil as demonstrated by analytical ultracen-
trifugation.® Recent hydrogen/deuterium exchange (H/
DX) experiments indicate that the entire MeCP2 poly-
peptide chain exhibits very rapid H/DX except for its
MBD, and even the MBD has faster H/DX than a typi-
cal globular protein.’ These studies demonstrate that
MeCP2 is a canonical intrinsically disordered protein
(IDP), that is, it lacks stable secondary structure
throughout its protein sequence.!°1® In many cases
IDPs can locally acquire secondary structure.?!? For
example, IDPs often become more ordered after form-
ing complexes with other macromolecules.>1¢!® In
this regard, MeCP2 binds to many different proteins,
as well as DNA, RNA, and chromatin.'*2® To deter-
mine if MeCP2 can be induced to acquire secondary
structure, we have used CD to measure the fraction of
the full-length protein and its constituent domains
that are o-helical, B-strand/turn, and unstructured as
a function of 2,2,2-trifluoroethanol (TFE) concentra-
tion. TFE is a cosolvent that stabilizes intramolecular

332 PROTEINSCIENCE.ORG

hydrogen bonds in proteins and concomitantly protein
secondary structure.?>° Compared to native condi-
tions, MeCP2 became substantially more o-helical and
correspondingly less unstructured in TFE, while its B-
strand/turn content remained constant. This indicates
that TFE induced extensive coil-to-helix transitions in
the full-length protein. The NTD and CTD each
became more o-helical in TFE at the expense of
unstructured content, although these domains
remained partially unstructured even at high TFE
concentrations. In contrast, essentially all of the
unstructured residues of the TRD underwent coil-to
helix transitions in TFE such that this domain became
almost completely o-helical. The sequences of the
MBD and ID did not undergo coil-to-helix transitions.
These results demonstrate that coil-to-helix transitions
are localized to the NTD, TRD, and CTD of full-length
MeCP2. We discuss the ramifications of this work for
MeCP2 structure and function and propose that the
capacity of MeCP2 to undergo coil-to helix transitions
may be related to its ability to interact with many dif-
ferent macromolecules.

Results

Histone H5 becomes more a-helical in TFE

Our experimental approach was to deconvolute CD
spectra to determine the fraction of MeCP2 and its
domains that were o-helical, B-strand/turn, and
unstructured as a function of TFE concentration. As
a control we first examined the effect of TFE on his-
tone H5, which has been previously studied by CD.3!
Representative CD spectra for H5 are shown in Fig-
ure 2(A). Visual inspection of the curves showed a
qualitative trend toward o-helix formation with
increasing TFE, as indicated by the disappearance
of the trough at ~200-205 nm and an increase in
the peaks at ~195 and 220 nm, respectively. To
quantitate these results, the CD curves were ana-
lyzed with CDPro®? and the % calculated secondary
structure plotted against TFE concentration [Fig.
2(B)]. Results indicate that there was an intercon-
version of unstructured content to o-helical content
with increasing TFE concentration, while the
amount of B-strand/turn stayed essentially constant.
In 0% TFE, H5 was 68% unstructured, 9% o-helix,
and 23% f-strand/turn, while in 50 and 70% TFE
H5 was ~30% wunstructured, ~40% o-helix, and
~30% B-strand/turn. The H5 data reproduce the
results of earlier studies,®’ validating the experi-
mental results obtained below with MeCP2 and its
domains.

Effect of TFE on the secondary structure of
full-length MeCP2

The CD spectra for full-length MeCP2 in TFE are
shown in Figure 3(A), and a plot of % secondary
structure against TFE concentration is shown in
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Figure 2. Chicken histone H5 gains a-helical content in a
dose dependent manner with increased TFE concentration.
(@) Circular dichroism spectra of chicken histone H5
measured in 0% (CJ), 20% (@), 50% (<), and 70% (A) TFE.
(b) Percent secondary structure was obtained after
deconvolution of the CD spectra from panel (a) using
CDpro software (see Materials and Methods). The %
disordered (A), % o-helix (@), and % f strand/turn (H)
subsequently were plotted against each TFE concentration.

Figure 3(B). As with H5, MeCP2 showed an increase
in o-helix with increasing TFE concentration. For
full-length MeCP2, the maximum changes in second-
ary structure content occurred in 70% TFE. In 0%
TFE MeCP2 was 68% unstructured and 7% o-helix.
This changed to 24% unstructured and 55% o-helix
in 70% TFE. The B-stand/turn component was ~25%
in all TFE concentrations. Thus, for full-length
MeCP2, about two-thirds of the unstructured resi-
dues present under native conditions were converted
to a-helix in 70% TFE while the amount of B-strand/
turn remained essentially constant. This indicates
that TFE induces coil-to-helix transitions in full-
length MeCP2.

Effect of TFE on the secondary structure of
isolated MeCP2 domains

To determine how the gain in secondary structure is
distributed along the length of the MeCP2 sequence,
we next characterized the effects of TFE on isolated
MeCP2 domains. A schematic illustration of the
MeCP2 domain organization is shown in Figure 1. A
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Figure 3. Full-length human MeCP2 gains a-helical content
with increasing TFE concentration. (a) Circular dichroism
spectra of MeCP2 measured in 0% (), 20% (@), 50% (<),
and 70% (A) TFE. (b) Percent secondary structure was
obtained after deconvolution of the CD spectra from panel
(a) using CDpro software. The % disordered (A), % o-helix
(#), and % f strand/turn (W) subsequently were plotted
against each TFE concentration.

plot of % secondary structure against TFE concen-
tration for the NTD is shown in Figure 4. In 20%
TFE, the % unstructured residues increased slightly
while the B-strand/turn decreased correspondingly
and the o-helical content remained unchanged. The
o-helix content that was 5% in 0% TFE changed to
34% in 70% TFE. Under these same conditions, the
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Figure 4. Secondary structure content as a function of TFE
concentration for the MeCP2 N-terminal domain. Percent
secondary structure was obtained after deconvolution of
the CD spectra using CDpro software. The % disordered
(A), % o-helix (¢), and % P strand/turn (H) subsequently
were plotted against each TFE concentration.
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Figure 5. Secondary structure content as a function of TFE
concentration for the MeCP2 methyl CpG binding domain.
Percent secondary structure was obtained after
deconvolution of the raw CD data using CDpro software.
The % disordered (A), % o-helix (®), and % B strand/turn
(M) subsequently were plotted against each TFE
concentration.

unstructured content decreased from ~65% to
~34%. Thus, compared to 0% TFE, roughly half of
the initial unstructured residues of the NTD were
converted to o-helix in 70% TFE. The B-strand/turn
content fluctuated slightly as a function of TFE con-
centration, but it was ~30% in both 0% and 70%
TFE. These data indicate that TFE-induced coil-to-
helix transitions occur in the NTD.

Analysis of the MBD is shown in Figure 5. In
0% TFE, the MBD was ~32% unstructured, ~10% o-
helix, and ~54% B-strand/turn. The structure of the
isolated MBD solved by NMR?? is 31% unstructured
(residues 74-93 and 162-171) and 10% o-helix (resi-
dues 135-144), with the rest of the sequence distrib-
uted between pB-strand/turn and connecting loops.
The crystal structure of MBD in complex with
DNA3* yielded similar secondary structure content.
Thus, the CD data in 0% TFE are in good agreement
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Figure 6. Secondary structure content versus TFE
concentration for the intervening domain (ID) of MeCP2.
Percent secondary structure was obtained at each % TFE
after deconvolution of the raw CD data using CDpro
software. The % disordered (A), % o-helix (), and % B
strand/turn (M) subsequently were plotted against each TFE
concentration.
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Figure 7. Secondary structure content versus TFE
concentration for the transcription repression domain (TRD)
of MeCP2. Percent secondary structure was plotted against
% TFE after deconvolution of CD data from using CDpro
software. The % disordered (A), % a-helix (@), and %
strand/turn (M) subsequently were plotted against each TFE
concentration.

with the structures determined by NMR and X-ray
crystallography. At 20% TFE, the values were ~29%
unstructured, ~35% o-helix, and ~37% p-strand/
turn. This indicates that for the MBD ~25% of the
B-strand/turn present in 0% TFE was converted to
o-helix in 20% TFE, while the % unstructured resi-
dues stayed constant. Unlike any of the other
domains, the MBD showed no further changes in
secondary structure content between 20 and 70%
TFE. This result suggests that the more structured
central core of the MBD has the capacity to undergo
conformational change(s) in low TFE concentrations.
The data in Figure 4 further indicate that TFE does
not induce coil-to-helix transitions in the MBD.

Results obtained for the ID are shown in Figure
6. The data indicate that there was no significant
change in secondary structure content in TFE for
this domain; the % unstructured, o-helical and B-
strand/turn content remained constant at ~32%,
~12%, ~b55%, respectively in all TFE
concentrations.

Characterization of the TRD is shown in Figure
7. This domain showed fundamentally different
behavior compared to the others. In 0% TFE, the
unstructured content was 81%, a-helix was 7%, and
B-strand/turn was 12%. In 20% TFE, there was a
substantial increase in o-helix (to 42%) and a
smaller increase in B-strand/turn (to 28%) at the
expense of unstructured content. By 70% TFE the
unstructured content had decreased to 5%, a-helix
increased to 89% and B-strand/turn decreased to 7%.
Thus, despite having the highest degree of unstruc-
tured content under native conditions, the TRD
became almost completely o-helical in 70% TFE.
These data indicate that essentially the entire TRD
can undergo coil-to-helix transitions.

Plots of % secondary structure against TFE con-
centration for the intact CTD peptide are presented

and
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Figure 8. Secondary structure content versus TFE
concentration for the C-terminal domain of MeCP2. Percent
secondary structure is plotted against % TFE after
deconvolution of CD data from using CDpro software. The
% disordered (A), % a-helix (@), and % B strand/turn (M)
subsequently were plotted against each TFE concentration.

in Figure 8. In 0% TFE, the unstructured content
was ~70%, a-helix ~5% and B-strand/turn ~25%. In
20% TFE, there were increases in the o-helix and p-
strand/turn  while the unstructured content
decreased proportionally. By 70% TFE the CTD was
36% unstructured, 32% o-helical and 34% B-strand/
turn. This indicates that ~50% of the unstructured
CTD residues present under native conditions were
converted to o-helix in 70% TFE. After its initial
increase in 20% TFE, the B-strand/turn of this do-
main remained constant at ~35-40% in 50% and
70% TFE. The data in Figure 8 demonstrate that
coil-to-helix transitions also are localized to the
CTD.

Discussion

In this study, we have established that TFE causes
MeCP2 to become significantly more o-helical in a
concentration-dependent manner. TFE is a cosolvent
that stabilizes intramolecular hydrogen bonding in
proteins.®® Most previous studies have examined
TFE effects on model peptides and well-structured
proteins.?® Depending on the system studied, TFE
has been shown to stabilize a-helices, B-sheets, and
B-turns.?® More recently, TFE has been used to

probe disorder-to-order transitions in IDPs.2*7%7
Here we find that in TFE, full-length MeCP2
became substantially less unstructured (~68% in 0%
TFE vs. ~24% in 70% TFE) and correspondingly
more o-helical (~7% in 0% TFE vs. 55% in 70%
TFE), while the B-strand/turn content remained
unchanged. This result indicates that roughly half of
the full-length MeCP2 sequence can undergo coil-
to-helix transitions under solution conditions that
stabilize intrachain hydrogen bonds. By determining
the behavior of the isolated MeCP2 domains in TFE,
we have gained insight into how the ability to ac-
quire secondary structure is distributed along the
length of the MeCP2 polypeptide chain. In the cases
of the NTD and CTD, about half of the unstructured
residues present under native conditions became o-
helical in 70% TFE. The overall secondary structure
content of these two domains in 70% TFE was one-
third o-helix, one-third B-strand/turn, and one-third
unstructured. The TRD also gained o-helix in TFE
at the expense of disorder. In contrast, essentially
all of the unstructured residues in 0% TFE were
converted to a-helix in 70% TFE, such that the TRD
became almost completely a-helical under these con-
ditions. The MBD acquired a small amount of o-he-
lix in TFE, but at the expense of B-strand/turn
rather than unstructured residues. The secondary
structure content of the ID did not change, even in
70% TFE. Taken together, these results indicate
that TFE-induced coil-to-helix transitions are local-
ized to the NTD, TRD, and CTD. Importantly, Table
I shows that the secondary structure content meas-
ured for full-length MeCP2 in Figure 3 is very simi-
lar to the summed content derived from Figures 4 to
8 in all TFE concentrations examined. This result
suggests that the MeCP2 domains behave as autono-
mous structural units, and that the ability of the iso-
lated NTD, TRD, and CTD to undergo coil-to-helix
transitions accurately reflects their ability to
undergo coil-to-helix transitions in the full-length
protein.

Induction of coil-to-helix transitions by TFE
does not appear to be due to a high helix-forming
potential of the MeCP2 protein sequence. Predictions

Table I. A Comparison of Measured and Summed Secondary Structure Content of MeCP2

0% TFE 20% TFE 50% TFE 70% TFE
BU? PP %pe DU %o %P %BU %o % wBU %o %P
Measured? 68 8 24 37 31 33 34 42 26 23 56 23
Summed® 65 6 28 45 20 34 34 34 33 27 43 30

2 % Unstructured residues.
b % o-helical residues.

¢ % B-sheet/turn residues.
4 Taken from Figure 2(B).

¢ For each TFE concentration, the measured % U, %0, and %p values for the NTD, MBD, ID, TRD, and CTD were multi-
plied by 0.16, 0.18, 0.08, 0.2, and 0.38, respectively (the fraction of the total protein sequence corresponding to each

domain). The resulting values were then summed.
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using the Agadir algorithm®®3° indicate that only

0.6% of the NTD, 2.9% of the TRD, and 0.3% of the
CTD are expected to be a-helical. The predictions
are in good agreement with the experimental data
obtained under native conditions; only ~5% of the
NTD, TRD, and CTD were observed to be o-helical
in 0% TFE. Thus, TFE is able to convert unstruc-
tured segments of the MeCP2 polypeptide chain
with very low inherent helix forming potential to o-
helix. The action of TFE has been proposed to origi-
nate from preferential clustering of cosolvent around
the polypeptide chain, which diminishes hydrogen
bonding to bulk water and establishes a low dielec-
tric medium that favors intrachain hydrogen bond-
ing.*® From a functional perspective, we hypothesize
that TFE/water solutions may mimic the environ-
ment found at the binding interfaces between IDPs
and other macromolecules. IDPs often gain second-
ary structure concomitant with macromolecular
interactions.>'%"'® In the case of MeCP2, the NTD
interacts with the protein HP1,'® the TRD with
many different co-repressor proteins?>~2” and unme-
thylated DNA,®*' and the CTD with unmethylated
DNA,*' chromatin,*! and RNA splicing proteins.?%2!
Moreover, some proteins interact with multiple
MeCP2 domains, e.g., PU.1 binds to the NTD and
TRD,?® CDKL5 binds to the TRD and CTD.2® The
demonstration of inducible coil-to-helix transitions
in the NTD, TRD, and CTD provides a testable
working model for how MeCP2 can be extensively
disordered in its native state yet bind to nucleic
acids and many different proteins.

Materials and Methods

Protein expression and purification

Linker histone variant H5 was purified from native
chromatin derived from mature chicken erythrocytes
as described previously.?"*? Full-length MeCP2 (iso-
form e2), and the NTD, MBD, ID, and TRD frag-
ments were expressed in E. coli and purified using
the Intein Mediated Purification with an Affinity
Chitin-binding Tag (IMPACT) system (New England
Biolabs). The CTD was expressed using a modified
pET28a vector plasmid (Novagen). The MBD and
TRD constructs contained an added sequence,
EFLEGSSC, on their C-terminal ends as a result of
previously described cloning methods.®*! The ID
was cloned without this vestigial sequence and cor-
responded to the DNA sequence that codes for amino
acids 168-205 from wild-type MeCP2 using the fol-
lowing primers (ID5') 5-GGA GCC CCC ATA TGC
GAG AGC AGA AAC CAC CTA AGA AGC C-3'; and
(ID3) 5-CAT AGG CTC TTC GGC ACT CTG ACG
TGG CCG CCT TGG GTC TC-3'. Primers were
designed to amplify DNA fragments cleavable by
restriction enzymes Ndel on the 5 side and Sapl on
the 3’ side. The NTD construct was amplified to
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express wild type MeCP2 amino acids 1-78 using
the following primers; (NTD5') 5-GAC ATA TGG
TAG CTG GGA TGT TAG GGC TCA GGG AAG-3;
and (NTD3') 5'-CAG AAT TCA GAA GCT TCC GGC
ACA GCC GGG GC-3'. The NTD insert was ampli-
fied from the wild-type MeCP2 template such that it
was cleaved by Ndel and EcoR1, gel-purified, and
ligated into correspondingly digested and purified
pTYB1 vector plasmid. The NTD also expresses with
an additional non-native eight amino acids,
EFLEGSSC as a result of the Ndel and EcoR1 clon-
ing strategy.

E. coli BL21RP+ was used as host bacteria for
expression by pTYB1 plasmid. A transformed bacte-
rial colony was selected and grown in lysogeny broth
to an optical density of 0.5 absorbance units (590
nm) at 37°C. Translation was induced with 0.4 mM
isopropyl-B-p-thiogalactopyranoside at 18°C for 3 h
before harvest. Bacteria were centrifuged in an
Avanti J-26 XPI preparative centrifuge (Beckman
Coulter) in a JLA 8.100 rotor at 5000g¢ for 10 min.
Pellets were resuspended in wash buffer (25 mM
Tris, pH 7.5/100 mM NaCl) and centrifuged again
under the previous conditions. Bacterial pellets were
resuspended in column buffer (25 mM Tris—HCI] pH
8.0, 500 mM NaCl) with 0.1% Triton X-100, 0.2 mM
PMSF, and Protease Inhibitor Cocktail Set II (Cal-
biochem) added. Resuspended bacteria were sub-
jected to two rounds of sonication, 90 s each, with a
Branson Sonifier 450. A large tip set to 50% duty
cycle with a power output of 7 was used. Sonicated
lysate was poured into Oakridge tubes and centri-
fuged at 21,000g for 25 min in a JA-17 rotor (Beck-
man). Clear supernatant was mixed with chitin
beads (New England Biolabs) previously equilibrated
in column buffer, and the mixture was incubated at
4°C overnight. Errant contaminating bacterial DNA-
MeCP2 complexes were washed from the samples
while bound to the chitin beads with five column
volumes column buffer, followed by an equal volume
column buffer at 900 mM NaCl final concentration.
Chitin beads were re-equilibrated with an additional
five column volumes 500 mM NaCl column buffer.
Column buffer with 50 mM DTT was passed over
the column such that 1 cm buffer remained between
the meniscus and top of the column bed in a 10-cm
Kontes FlexColumn (Fischer). The column was left
for 48-72 h that allowed intein-mediated cleavage.
Column buffer was used to elute protein from the
chitin column. The eluant was diluted from 500 to
100 mM NaCl with column buffer containing no salt
and loaded onto a HiTrap Heparin HP column (GE
Healthcare). Proteins were eluted from the heparin
column with a 100 mM NaCl to 1M NacCl step gradi-
ent. Specifically, a gradient consisting of 100 mM
NaCl steps in 25 mM Tris, pH 7.5, 10% glycerol
buffer was used. Peak fractions were loaded on a
20% SDS polyacrylamide gel to analyze for purity
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and/or degradation [Fig. 1(B)], then pooled and dia-
lyzed into 10 mM Tris pH 7.5.%3

The CTD was expressed using a modified
pET28a vector plasmid (Novagen) with an N-termi-
nal 6-histidine tag cleavable by PreScission protease
(GE Healthcare). Modified vector was kindly sup-
plied by Dr. Wayne Lilyestrom. The CTD fragment
corresponds to residues 310—486. The CTD construct
was amplified with an Ndel site on the 5 end and a
BamH1 site on the 3’ end with a stop codon included
directly 3’ to the BamH1 site. The forward primers
used to amplify the CTD construct was 5-GAC ATC
CAT ATG GAG ACG GTC AGC ATC GAG G-3'. The
reverse primer sequence is (MeCP2 486 3') 5-CTG
GGA TCC CTA GCT AAC TCT CTC GGT CAC G-3.
Constructs were expressed and purified using Ni-
NTA agarose beads (Qiagen).

Circular dichroism

Stock solutions of the respective proteins were pre-
pared at ~500 pg/mL concentration and stored in
glass test tubes. Concentrations were determined
using a bicinchoninic acid assay (Pierce BCA™ pro-
tein assay kit, Thermo Scientific) conducted on a 96-
well microplate and measured in a Bio-Rad Model
680 microplate reader at 560 nm. Peptide concentra-
tion accuracy was verified by total amino acid analy-
sis (Biophysics Core, Department of Biomolecular
Structure, University of Colorado Denver Anschutz
Medical Campus). Dilutions were prepared in glass
test tubes to a final volume of 220 pL such that the
final protein concentration was 0.12 mg/mL in 1 mM
Na phosphate, 0.2 mM NazEDTA with either 0, 20,
50, or 70% volumetric concentrations of 99.8% tri-
fluoroethanol (Acros organics, Fisher). The final pH
was adjusted to 7.4 when necessary. All buffers were
purified through a 0.2-um filter (Metricel® Pall Cor-
poration), and proteins were dialyzed extensively
against their respective buffers using 3500 MWCO
dialysis tubing (Spectrum labs).

CD spectra were recorded from 260 to 190 nm
on a Jasco-720 spectropolarimeter. Samples were
transferred to a cuvette with a 1-mm path length
and cooled to 20°C. Spectra were collected at a band-
width of 1 nm with a scanning rate of 10 nm/s in
continuous scanning mode and a response time of 16
s. From raw data, collected spectra were buffer-sub-
tracted and converted from millidegrees to molar
ellipticity using the following equation:

[0] = Ops x M /10 x I x C,

where [0] is the mean residue ellipticity (degrees
cm?/dmol/residue), 8,y is the ellipticity measured in
millidegrees, M is the protein mean residue molecu-
lar weight, [ is the optical path length of the cuvette
in cm, and C is the concentration of the protein in
mg/mL. Ellipticity data were processed using Spec-

Hite et al.

tra Manager software version 1.53.01 (Jasco Corpo-
ration) and saved as text files. Data files were then
deconvoluted using the SDP48 basis set, which con-
tains CD spectra from five unfolded proteins and 43
native proteins. Deconvolution was performed using
CDpro software including CONTINLL, SELCONS,
and CDSSTR methods.?? Estimates of percent sec-
ondary structure obtained from the three methods
were averaged and standard deviations calculated.
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