Dematin exhibits a natively unfolded core
domain and an independently folded

headpiece domain
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Abstract: Dematin is an actin-binding protein originally identified in the junctional complex of the
erythrocyte plasma membrane, and is present in many nonerythroid cells. Dematin headpiece
knockout mice display a spherical red cell phenotype and develop a compensated anemia.
Dematin has two domains: a 315-residue, proline-rich “core” domain and a 68-residue carboxyl-
terminal villin-type “headpiece” domain. Expression of full-length dematin in E. coli as a GST
recombinant protein results in truncation within a proline, glutamic acid, serine, threonine rich
region (PEST). Therefore, we designed a mutant construct that replaces the PEST sequence. The
modified dematin has high actin binding activity as determined by actin sedimentation assays.
Negative stain electron microscopy demonstrates that the modified dematin also exhibits actin
bundling activity like that of native dematin. Circular dichroism (CD) and NMR spectral analysis,
however, show little secondary structure in the modified dematin. The lack of secondary structure
is also observed in native dematin purified from human red blood cells. "®N-HSQC NMR spectra of
modified dematin indicate that the headpiece domain is fully folded whereas the core region is
primarily unfolded. Our finding suggests that the core is natively unfolded and may serve as a
scaffold to organize the components of the junctional complex.
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Introduction
The red blood cell has a highly specialized plasma
membrane and underlying cytoskeleton that confers
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cell flexibility and deformability. Dematin, also known
as band 4.9 or protein 4.9, is an actin binding protein
and has been localized to the junctional complex of
the erythrocyte cytoskeleton.”® Dematin is a member
of the villin-type headpiece family, which includes
actin-associated proteins that have a ~70-residue
“headpiece” domain at the extreme C-terminus of a
variety of large, nonhomologous “core” domains.® The
core domain of dematin is homologous only to Lima-
tin/abLIM, which is involved in recruiting signaling
molecules to the cytoskeleton.*5° Northern blot analy-
sis shows that dematin is present in many tissues
including human platelets, heart, brain, and lens tis-
sue.” Knockout mice that lack the headpiece domain
but still produce the dematin core domain have a
fragile red cell phenotype with spherical erythrocytes,
and develop a compensated anemia, indicating an
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Figure 1. Amino acid sequence of the 48 kDa form of
dematin. The first 315 amino acids belong to the N-terminal
core domain. The C-terminal headpiece domain, residues
316-3883, is shown in blue. The proline residues are
highlighted in red. The PEST region, residues 89-102, is
highlighted in green. The negatively charged region,
residues 216-229, is in yellow.

important role for dematin headpiece in maintaining
the mechanical properties of the red cell membrane.®
The dematin gene is located on human chromosome
8p21.1,° a region often implicated in prostate cancer.
In fact, the overexpression of dematin changes the
tumorigenic phenotype of PC-3 cell line back to pros-
tate cells of normal appearance.'®

Dematin has two major isoforms due to alternate
RNA splicing with apparent molecular weights of 48
and 52 kDa. The 52 kDa isoform contains an addi-
tional 22 amino acid insert within the headpiece do-
main, as compared to the 48-kDa isoform.® Dematin
forms a trimeric complex composed of, on average,
two 48 kDa units and one 52 kDa unit, in vivo."
There is approximately one trimer of dematin per
junctional complex in the human red blood cell.
Dematin binds and bundles F-actin in vitro." Impor-
tantly, it contains the only headpiece domain that is
regulated by phosphorylation, at serine 381. Although
the functional role of this phosphorylation in vivo is
unknown, it results in the loss of F-actin bundling ac-
tivity in vitro.'* Interestingly, the isolated construct of
dematin headpiece domain maintains F-actin binding
activity when phosphorylated, although the actin-bind-
ing affinity is reduced threefold compared with that of
unphosphorylated headpiece.?

The nuclear magnetic resonance (NMR) structures
of the 68-residue dematin headpiece (DHP), corre-
sponding to the 48 kDa form of dematin headpiece, as
well as a mutant headpiece that mimics the phosphoryl-
ated form have been solved.">'* The structure of DHP is
similar to that of villin headpiece, containing an N-ter-
minal subdomain composed of loops and turns, and a
C-terminal subdomain of three o helices. Here, we
investigated the structure of the large, N-terminal core
domain and its effect on the structure of the headpiece
domain. The 48 kDa subunit of dematin was examined
by a variety of biochemical and biophysical techniques.
Under experimental conditions where dematin has both
F-actin binding and bundling activity, the core domain
of dematin is largely devoid of secondary structure. A
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small amount of a-helical structure primarily arising
from the fully folded headpiece domain is observed.
These results suggest that the core domain of dematin
exhibits properties typical of a natively unfolded pro-
tein, while the headpiece domain is folded in a confor-
mation essentially identical to its native structure. We
discuss a possible model for dematin assembly and
regulation of its actin bundling activity in vivo.

Results

PEST-region induced proteolysis

To examine the structure of the unique core domain of
dematin, we first decided to express the full-length 48
kDa isoform of dematin fused to a cleavable GST-tag
in order to simplify its purification in E. coli. Unfortu-
nately, this construct was prone to significant intracel-
lular proteolysis within the sequence enriched in
proline, glutamic acid, serine, and threonine (PEST).°
PEST domains are targeted for rapid destruction in
eukaryotes,” although there is no evidence that the
PEST degradation pathway is active in prokaryotes.
The PEST region spans residues 89—102 (Figs. 1 and
2) in dematin. To overcome the degradation of
recombinant dematin, multiple mutagenesis strategies
were tested. The first strategy was to mutate E98 to
Ko8, to test if the swapped charge affects the PEST
signal.’®> However, expression of this mutant in E. coli
still showed proteolysis. A second construct was then
designed by replacing three consecutive serine and
threonine residues with alanines in the PEST region,'®
changing the encoded protein from g,KSTSPPPSPEV-
WAD,,, to 5gKAAAPPPSPEVWAD,,. This mutant was
also cleaved during bacterial expression. Deletion of
the entire PEST domain (residues 89—102) prevented
proteolysis, but removed significant amounts of
sequence that could affect the structure of the core do-
main. Therefore, in the final strategy, mutating all pro-
line, glutamic acid, serine and threonine residues in
the region, was successful in preventing proteolysis.

PEST
1 =] 102 35 383
Wild type [ B I
KSTSPPPSPEVWAD
KAAAGGGAGKVWAD
~—
ol | | 1]
DHP am

Figure 2. Dematin constructs. Top schematic shows wild
type sequence highlighting the PEST sequence (residues
89-102) and the C-terminal headpiece domain (residues
316-383). The wild type PEST sequence is shown below
the wild type dematin. The mutated PEST sequence in rD is
shown below the wild type PEST sequence.
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Figure 3. Actin sedimentation assays of rD. Increasing
concentrations of rD were incubated with 22 (M F-actin for
1 hr at 4°C. After centrifugation for 1 h at 100,000g at 4°C,
the pellets were harvested and run on SDS-PAGE gel.
Lanes 1-6: Pellets of the reactions containing increasing
concentrations of rD. Lane 7: 16 pM rD sedimented in the
absence of actin. Lane 8: Protein molecular weight
markers.

Thus, g KSTSPPPSPEVWAD,,, was replaced with
8oKAAAGGGAGKVWAD,,,, in the construct termed
PEST-replaced dematin (rD) (Fig. 2). The rD construct
was used to further investigate the structure of full-
length dematin. Following bacterial expression, rD was
purified by a GST affinity column. A 69 kDa band that
likely corresponds to the prokaryotic HSP70 chaperone
protein, DnaK, coelutes with dematin from the GST
column. Addition of fresh ATP to the buffers used in
washing the GST column at room temperature resulted
in removal of the contaminating DnaK.'® DnaK recog-
nizes unfolded or misfolded proteins and its strong
binding is consistent with the presence of unfolded
regions in our expressed dematin construct.

Actin binding and bundling by rD
To test whether rD expressed in E. coli retains the
activity of wild type dematin isolated from red blood
cells, its actin binding and bundling activities were
measured. Actin binding was demonstrated using an
actin sedimentation assay and actin bundling was
observed by negative stain electron microscopy. Actin
sedimentation assays indicate that rD retains actin
binding affinity (Fig. 3). The rD cosediments with F-
actin in the pellets of the binding assays. The amount
of rD in the actin pellet increases with increasing rD
concentration from 2 pM to 16 pM in the reaction
(Fig. 3 Lanes 2—-6). In the absence of actin, only trace
amounts of rD are seen in the pellet fraction (Fig. 3
lane 7). Unfortunately, we are unable to quantitate our
sedimentation assays as the maximum solublitity of
dematin (~50 pM) is well below concentration
required for saturation. However it is clear that rD
binds actin, in vitro, as previously described for dema-
tin isolated from human red blood cells.®

Actin bundling assays were performed to verify
the actin crosslinking activity of the rD construct. In
negative stain electron microscopy images, actin bun-
dles up to 50 nm in diameter were observed when F-
actin was incubated with rD at a 1:1 weight ratio (Fig.
4). As rD has a molecular weight close to actin, the ra-
tio of rD and actin in actin bundling assays is almost
1:1. Bundles are also observed at lower molar ratios of
rD to actin (1:2) (Supp. Info. Fig. 1). Thus, rD has
actin binding and bundling activity, which is consist-
ent with wild type dematin isolated from erythrocytes
in vitro."?

Secondary structure analysis of dematin

To determine the secondary structure of dematin, the
far-UV CD spectrum of rD was acquired in a buffer
that mimics physiological conditions (Fig. 5). The

Figure 4. Actin bundling assay of rD. After incubation for 2 h, 0.2 mg/mL of actin (A) or 0.2 mg/mL actin and 0.2 mg/mL rD
(B) in bundling buffer were loaded onto carbon coated and glow discharged grids and stained with 1% uranyl acetate.
Micrographs were taken at x45,000 magnification at room temperature.
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Figure 5. Far UV circular dichroism spectra of dematin.
Open circles: dematin purified from human erythrocyte;
Filled circles: rD. The concentration of both samples was 3
pM in 200 mM NaCl, 10 mM phosphate, and pH 7.0 at
room temperature. Each spectrum is the average of 3
scans with a 15 s averaging time at each nm, ina 1 mm
path length cell. The spectra were corrected by subtraction
of a scan of buffer alone.

spectrum has a strong negative peak at 201 nm indi-
cating a largely random coil conformation. To insure
that this random structure was not due to rD misfold-
ing in our E. coli expression and purification system,
we also collected CD spectra of dematin purified from
human erythrocytes (RBC dematin).”® Both proteins
have similar CD spectra with approximately 80% ran-
dom coil structure. There is a slight but reproducible
difference in the wavelength of maximal CD between rD
and RBC dematin (201 and 203 nm, respectively). This
may be explained by the fact that RBC dematin is a mix-

ture of both the 48 kDa and 52 kDa forms. In addition,
the rD construct is completely unphosphorylated,
whereas RBC dematin is partially phosphorylated."**
Thermal unfolding experiments monitored by CD
showed that constructs containing the core domain are
stable up to about 40°C at which point they begin to
unfold and irreversibly aggregate (not shown). The
thermal unfolding of the isolated dematin headpiece
domain has been previously shown to be reversible.?

NMR spectroscopy indicates that the headpiece
domain of rD is folded
The >N HSQC spectrum provides all resonances of N-
H groups in a protein sequence, showing crosspeaks at
the "N and 'H resonances of each N-H group. The °N
HSQC spectrum of rD displays the characteristics
expected from the CD spectra: a cluster of resonances
at random coil chemical shifts between 7.9 ppm to 8.6
ppm [Fig. 6(B)]. However, another set of dispersed
crosspeaks in the spectrum indicates a well-folded
region. The dispersed crosspeaks can be identified as
arising from the C-terminal headpiece domain by over-
laying the spectra of rD and the isolated dematin
headpiece construct (DHP) (Fig. 6)."* The chemical
shifts of headpiece residues are essentially identical
with those of isolated DHP [Fig. 6(A)], indicating that
the headpiece domain is independently folded in the
context of the whole protein. The exact correlation of
the resonances of the headpiece domain in rD and
DHP indicate that their conformations are identical.
Furthermore, the presence of the narrow resonances
of the headpiece domain in rD indicates that the head-
piece domain does not interact with the core domain.
Counting the number of resonances from the core
domain of rD indicates that crosspeaks for about 160
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Figure 6. "N HSQC spectra of dematin constructs. (A) dematin headpiece (DHP) [data from Frank et al. 20043, the
spectrum was taken at 20°C, and pH 6.0; (B) rD (~ 50 pM); (C) Overlay of the spectra of DHP (black) and rD (red). Spectra of
rD were acquired at 20°C, and pH 7.0, as 256 increments of 2048 complex data points and the average of 128 scans per

increment.
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to 180 residues are missing. These regions are likely in
intermediate exchange on the NMR time scale, and
therefore too broad to be detected in HSQC spectra.
These missing resonances may be involved in the
trimer formation by dematin. Thus, our data indicate
that rD has a well-folded headpiece domain and a
primarily, natively unfolded core domain.

Discussion

To examine the structure of the unique core domain of
dematin and to determine if the core and headpiece
domains interact with each other, we designed a PEST
sequence replaced mutant dematin (rD) for biophysi-
cal and biochemical analysis. The 48 kDa form of
dematin has 41 proline residues spread-out in the
sequence (Fig. 1), an occurrence of 10.7%, which is
twice the normal proline content (5.2%)."” The high
percentage of proline is consistent with the low sec-
ondary structure content we observed by CD (Fig. 5).
There is a 14-residue stretch containing 12 negative
charges in the region from Glu216 to Glu229, whose
significance is unknown at present. A PEST degrada-
tion sequence is found in the core domain from Lys89
to Asp102. This region is responsible for dematin deg-
radation in bacteria and may also serve as a regulated
degradation tag in eukaryotic cells. Replacement of
905TS,, in the sequence with alanines did not prevent
proteolysis, nor did changing the single glutamic acid
residue to lysine. However, replacement of all prolines
with glycines, all serines and threonines to alanines,
and glutamic acid to lysine prevents proteolysis.

The rD has the same actin binding and bundling
activities in vitro as wild-type dematin. The CD spec-
trum of rD indicates that it contains approximately
80% random coil structure with the remaining 20%
made up of a-helical and B-sheet structure. To insure
that the lack of secondary structure of rD was not due
our prokaryotic expression system, we also examined
dematin purified from human red blood cells. The CD
spectra of rD and dematin from human erythrocytes
are essentially the same indicating that both proteins
are largely natively unfolded. The natively unfolded
structure we observed is consistent with predictions
that much of dematin would be unfolded by the
predictor of natural denatured regions program,
PONDR."®

NMR spectroscopy was used to determine if the
C-terminal headpiece domain was folded independ-
ently from the core domain as has been seen with vil-
lin."® N-HSQC spectrum of rD has a set of clustered
resonances at random coil chemical shifts between 7.9
ppm and 8.6 ppm and another set of crosspeaks at
dispersed chemical shifts. These disperse peaks can be
identified as arising from the C-terminal folded head-
piece domain by comparison to the spectra of the iso-
lated DHP domain.”® There is a near perfect correla-
tion of the N and 'H chemical shifts of the isolated
DHP domain and those from rD. Thus, the headpiece

Chen et al.

domain conformation is unaltered by the core domain,
except at its extreme N-terminus where the linkage to
the core occurs. Furthermore, the sharp resonances of
the headpiece domain of rD and lack of chemical shift
changes indicate that it does not interact with the core
domain.

After excluding the resonances arising from the
headpiece domain, there are still some 160-180
expected resonances from the backbone amides of the
core domain of rD that are missing in the N-HSQC
spectrum. These regions are likely in intermediate
exchange on the NMR time scale, and therefore too
broad to be detected in HSQC spectra. Alternatively,
these missing resonances could also be involved in
intermolecular interactions that result in the trimeriza-
tion that has been reported for dematin." In the limit-
ing (and unlikely) case where all of the 160—180 resi-
dues formed a compact, trimeric structure composed
of loops and turns without significant canonical sec-
ondary structure, the molecular weight of that region
would be between 50 and 60 kDa which would also
result in significant line broadening. Most likely, the
dematin core contains regions of fully unfolded struc-
ture (visible as sharp resonances in the HSQC spec-
trum) and regions interconverting between multiple
conformations on the millisecond time scale (corre-
sponding to the missing resonances broadened by in-
termediate exchange). The region of the core domain
required for the trimerization of dematin remains to
be localized.

Why is the core domain of dematin natively
unfolded? The classic notion is that proteins require a
well-defined globular structure to be functional.*® But
more and more evidence is accumulating that disor-
dered proteins can also be biologically active.*"** For
example, human securin, also called PTTG1 (pituitary
tumor transforming gene 1 product), under physiologi-
cal conditions, is devoid of tertiary and secondary
structure except for a small amount of poly-(L-proline)
type II structure.®® Tat (transactivator of transcrip-
tion), a small RNA-binding protein that plays a central
role in the regulation of human immunodeficiency vi-
rus type 1 replication, is another example of a natively
unfolded protein.** We propose that the core domain
of dematin may act as a scaffold. Regions of the
natively unfolded core domain self-associate to form a
trimer. The three headpiece domains are dispersed
outside the trimer. Either both of the core and head-
piece, or only the headpiece domain, binds with actin
filaments to form actin bundles. Thus, although
intrinsically unstructured, dematin retains F-actin
binding affinity and bundling activity.

Methods

Dematin expression constructs
Constructs were prepared from the 48 kDa form of
human dematin fused to glutathione S-transferase

PROTEIN SCIENCE ‘ VOL 18:629-636 633



(GST tag) in the pGEX-2T plasmid (GE Healthcare)?
using QuikChange mutagenesis according to the
manufacturer’s directions (Stratagene). Eight extra
residues at the C-terminus of the original vector
(;8,GSPGIHRD,,,) were removed by mutating the
G384 codon (GGA) to a stop codon (TGA). In addi-
tion, a PreScission protease cleavage site was inserted
between the GST tag and the dematin sequence.

To generate the dematin constructs with PEST
mutations,'>?> the following primers were used: PEST
deleted mutation, 5'-CGCTCGCTGTCACCCAGCCGGTC
GCCTGG-3' and 5'-CCAGGCGACCGGCTGGGTGACAG
CGAGCG-3' were used to completely delete the PEST
region (goKSTSPPPSPEVWAD,,,); E98K charge-swap
mutation, 5-CCCCCACCATCCCCAAAGGTGTGGGCGG
ACAGCC-3' and 5'-GGCTGTCCGCCCACACCTTTGGGG
ATGGTGGGGG-3'; Mutation of ,STSg, t0 goAAA,,,
5'-CGCTGTCACCCAAAGCCGCAGCGCCCCCACCATCCC
C-3' and 5-GGGGATGGTGGGGGCGCTGCGGCTTTG
GGTGACAGCG-3'; PEST replaced mutation (rD), 5'-
GCGCTCGCTGTCACCCAAAGCCGCAGCGGGGGGCGG
AGCCGGGAAGGTGTGGGCGGACAGCCGG-3/, and 5'-
CCGGCTGTCCGCCCACACCTTCCCGGCTCCGCCCCCC
GCTGCGGCTTTGGGTGACAGCGAGCGC-3' were used
to replace goKSTSPPPSPEVWAD,,, with goKAAAGGG
AGKVWAD,,, (Figs. 1 and 2). All constructs were veri-
fied by nucleotide sequencing.

Protein expression and purification

Escherichia coli BL21 cells (Novagen) were cultured in
Luria broth (LB) containing 100 pg/mL ampicillin at
37°C to an optical density at 600 nm of ~0.6. Protein
expression was induced by addition of isopropyl-1-
thio-B-p-galactoside (IPTG) to a final concentration of
0.8 mM and further incubated for 3 h. For isotopically
enriched preparations, 4 L of cells cultured in LB to
an ODgo, of 0.6 were harvested, resuspended and
induced with IPTG in 1 L of M9 minimal media sup-
plemented with 1 g/L "N-labeled ammonium chloride
for 4 h at 37°C using the protocol described by Marley
et al.>® The cells were harvested by centrifugation at
~4000¢g and cell pellets from 1 L cultures were resus-
pended in 20 mL cell lysis buffer (200 mM sodium
chloride, 10 mM phosphate, pH 7.0, 1 mg/mL lyso-
zyme, 1 mM phenylmethylsulphonyl fluoride, 1 mM
benzamidine, 1 mM ethylenediaminetetraacetic acid,
and 5 mM B-mercaptoethanol (B-ME)). The bacterial
suspension was sonicated for 2 min on ice (Branson
Sonic Power Co.), and immediately centrifuged at
20,0009 at 4°C for 25 min. The supernatants were
applied to glutathione agarose column (Sigma) at 4°C
(10 mL supernatant to 1 mL of column volume). The
column was washed 6 times by 5 column volumes of
fresh ATP wash buffer (5 mM adenosine 5'-triphos-
phate (ATP), 5 mM magnesium chloride, 200 mM so-
dium chloride, 1 mM sodium azide, and 10 mM phos-
phate, pH 7.0) at room temperature, followed by 3
column volumes of cleavage buffer (200 mM sodium
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chloride, 1 mM sodium azide, 1 mM 1,4-Dithiothreitol
(DTT), and 10 mM phosphate, pH 7.0) at 4°C. Typi-
cally, 40 units of PreScission protease (GE Healthcare)
were added in 1 column volume of cleavage buffer at
4°C for on-column cleavage. Cleaved dematin was
eluted with cleavage buffer after 4 h, whereas the GST
tag and GST-tagged PreScission protease were retained
on the column.

Actin binding assay

Actin was purified from chicken pectoral muscle using
standard procedures,®” and stored as F-actin at 4°C.
Actin was freshly dialyzed against G buffer (5 mM
tris(hydroxymethylaminino)methane (TRIS), pH 8.0,
0.2 mM calcium chloride, 0.5 mM DTT, 0.2 mM ATP,
0.1 mM sodium azide).?® The G-actin concentration
was determined by absorbance at 290 nm using an
extinction coefficient of 26,640 L/M/cm.2® Actin sedi-
mentation assays were performed at 4°C.3 The rD pro-
tein was centrifuged for 1 h at 100,000g at 4°C to
remove potential aggregates before preparing sedimen-
tation reactions. G-actin (300 uM) was first incubated
in F-buffer (10 mM TRIS, pH 8.0, 1 mM magnesium
chloride, 100 mM sodium chloride, 0.1 mM ATP, 0.2
mM DTT, 3 mM sodium azide, and 0.1 mM calcium
chloride) overnight to insure complete polymerization.
F-actin (final concentration 22 pM) was separately
mixed with increasing concentrations of rD. The total
volumes of the reactions were adjusted to 50 pL by
reaction buffer (200 mM sodium chloride, 1 mM so-
dium azide, 1 mM DTT, and 10 mM phosphate, pH
7.0). As a control for protein sedimentation in the ab-
sence of actin, a sample of 16 pM rD alone was used.
After incubation for 1 h, the samples were centrifuged
for 1 h at 100,000g at 4°C in a prechilled Beckman A-
100 rotor. Supernatants were carefully isolated from
the pellets and 20 pL of sample loading buffer (0.5%
bromophenol blue, 50 mM TRIS, pH 7.5, 2% sodium
dodecylsulfate (SDS), 5% B-ME, and 12% glycerol) was
added. The pellets were soaked in 20 pL of sample
loading buffer for 1 h at room temperature followed by
the addition of 48 uL of reaction buffer to equalize the
volume with that of the supernatant. The samples
were analyzed on 12.5% SDS-PAGE gels and visualized
by Coomassie blue staining.

Actin bundling assay

Actin was freshly dialyzed against bundling buffer (50
mM TRIS, pH 7.5, 2 mM magnesium chloride, 0.04
mM calcium chloride, 0.7 mM EGTA, 75 mM sodium
chloride, 0.02% sodium azide, 1 mM DTT, and 1 mM
ATP) at 4°C. The rD construct was added to a final
concentration of 0.2 mg/mL with F-actin (final 0.2
mg/mL) and incubated for 2 h at room temperature in
50 uL aliquots. The samples were loaded onto carbon-
coated and glow-discharged copper grids (SPI Sup-
plies) for 1 min, washed with 10 drops of wash buffer
(6.7 mM TRIS, pH 7.5, and 50 mM sodium chloride),
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and stained with 1% uranyl acetate for 20 s.* All sam-
ples were imaged on a Philips CM12 transmission elec-
tron microscope operated at 120 kV with a LaBy fila-
ment and recorded on SO-163 EM (Kodak) film at
45,000x magnification under minimal electron dose
conditions. The film was processed with undiluted
Kodak D-19 developer for 12 min, followed by Kodak
rapid fixer for 5 min. Electron micrographs were digi-
tized on a Creo IO Smart2 Scanner (Global Imaging)
at 1270 dpi.

Far UV circular dichroism

Circular dichroism (CD) measurements were obtained
with an AVIV model 215 spectrometer. CD spectra
were recorded using a 1 mm path length cuvette and
protein concentrations of 3 M in 10 mM phosphate,
pH 7.0, 200 mM sodium chloride at 20°C. Wavelength
spectra are the average of 3 scans from 260 to 190 nm
with 1 nm steps, and an averaging time of 15 s. All
spectra were baseline corrected against the same cell
with buffer alone. The signal was converted to mean
residue ellipticity. To estimate the secondary structure
content from the CD spectra, the ellipticity value [®],,
at the wavelength of 222 nm was used to determine
the a-helix content.3°

Nuclear magnetic resonance spectroscopy

NMR samples contained ~50 M N-labeled dematin
constructs in the buffer (10 mM phosphate, pH 7.0,
200 mM sodium chloride, 10% D,O, 0.1 mM 3-tri-
methylsilyl tetradeutero sodium propionate (TMSP),
and 0.01% sodium azide). The pH was adjusted to 7.0
without correction for the effect of the D,O on the
measured pH value. Heteronuclear single quantum co-
herence (HSQC) NMR spectra were acquired at 20°C
on a Bruker DMX500 spectrometer. The sweep widths
were 6000 and 1500 Hz for 'H and '°N, respectively.
Spectra were acquired as 256 increments of 2048
complex data points and the average of 128 scans per
increment. A Watergate pulse sequence was used for
water suppression.®* All "H and *°N chemical shifts are
referenced against TMSP.3* The NMR data were proc-
essed using NMRPipe and NMRDraw,?? and analyzed
with NMRView.3#
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