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S100B is a damage-associated molecular pattern protein that, when released

into the extracellular milieu, triggers initiation of the inflammatory response

through the receptor for advanced glycation end products (RAGE). Recogni-

tion of S100B is accomplished via the amino-terminal variable immunoglobulin

domain (V-domain) of RAGE. To gain insights into this interaction, a complex

between S100B and a 15-amino-acid peptide derived from residues 54–68 of

the V-domain was crystallized. The X-ray crystal structure was solved to 2.55 Å

resolution. There are two dimers of S100B and one peptide in the asymmetric

unit. The binding interface of this peptide is compared with that found in the

complex between S100B and the 12-amino-acid CapZ-derived peptide TRTK-

12. This comparison reveals that although the peptides adopt completely

different backbone structures, the residues buried at the interface interact with

S100B in similar regions to form stable complexes. The binding affinities of

S100B for the intact wild-type V-domain and a W61A V-domain mutant were

determined to be 2.7 � 0.5 and 1.3 � 0.7 mM, respectively, using fluorescence

titration experiments. These observations lead to a model whereby conforma-

tional flexibility in the RAGE receptor allows the adoption of a binding

conformation for interaction with the stable hydrophobic groove on the surface

of S100B.

1. Background

The receptor for advanced glycation end products (RAGE)

is a cell-surface pattern-recognition receptor of the immuno-

globulin (Ig) superfamily (Neeper et al., 1992) and a critical

signaling molecule in disease progression through initiation

of the inflammatory response (Clynes et al., 2007). Over-

expression of RAGE has been linked to multiple disease

states, including cancer, Alzheimer’s disease, cardiovascular

disease and others. RAGE binds a variety of signaling mole-

cules associated with cellular damage or stress, called damage-

associated molecular pattern proteins (DAMPs), including the

advanced glycation end products (AGEs), high mobility group

box 1 (HMGB1), several components of the complement

system (C3a, C1q and complement receptor 3) and the S100

proteins (Lotze et al., 2007; Chavakis et al., 2003; Leclerc et al.,

2009). Full-length RAGE consists of three immunoglobulin

domains [the variable (V), constant 1 (C1) and constant 2 (C2)

domains] in addition to a monotopic transmembrane helix

and an unstructured cytoplasmic tail (Schmidt et al., 1992). All

extracellular domains (V, C1 and C2) are involved in recog-

nizing diverse ligands, but the vast majority of ligands bind to
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RAGE via the V-domain. It has been suggested that structural

flexibility in the RAGE ectodomain accounts for its ability to

bind variable DAMPs (Xie et al., 2008; Sessa et al., 2014).

One such DAMP, S100B, a member of the S100 protein

family, is a calcium-binding, calmodulin-like regulator of

numerous protein targets (Moore, 1965). Known S100B

binding partners include other calcium-binding proteins

(S100A1, annexin II and neurocalcin-�), membrane-associated

proteins (AHNAK, MARCKS and neuromodulin), various

transcription factors (p53 and hdm2) and enzymes such as

aldolase and protein kinase C (Donato, 2003; Heizmann,

2002). Each S100B monomer binds Ca2+ via two hinge-

connected EF-hand motifs: a carboxy-terminal canonical

EF-hand motif (Amburgey et al., 1995) and an amino-terminal

EF-hand motif distinct among S100 proteins (Fritz & Heiz-

mann, 2004). Calcium binding exposes a large hydrophobic

groove adjacent to helix 3 of S100B, which can accommodate

interacting proteins or peptides. Although S100B has diverse

intracellular functions, tissue damage results in release of the

protein into the extracellular space, where it may encounter

RAGE and initiate inflammatory signaling pathways in a cell-

specific manner (Sparvero et al., 2009; Meghnani et al., 2014).

Recognition of its various ligands results in differential

signal transduction by RAGE (Leclerc et al., 2009; Zong et al.,

2010; Rai et al., 2012; Xie et al., 2013). Design of therapeutics

to inhibit the RAGE–S100B interaction is complicated by a

lack of structural information. Here, we report the 2.55 Å

resolution crystal structure of S100B bound to a 15-amino-acid

synthetic peptide that corresponds to residues 54–68 of

RAGE. This structure reveals a new orientation for peptide

binding on the surface of S100B that we compare with the

S100B–TRTK-12 peptide interaction. This demonstrates that

the hydrophobic groove on the surface of S100B is important

for adapting the conformation of multiple binding partners to

form stable interfaces. We provide binding data that support

the moderate binding affinity of S100B to our peptide via

primarily hydrophobic interactions and that verify the

importance of the peptide residues in the S100B–RAGE

interaction in the context of the RAGE V-domain. Finally,

we discuss a potential binding model that implicates RAGE

conformational flexibility for the multiple pattern-recognition

capabilities of this receptor with different S100 proteins.

2. Materials and methods

2.1. Expression and purification of S100B and the RAGE
V-domain

Recombinant dimeric human S100B was expressed and

purified as described by Smith et al. (1996) and Ostendorp et

al. (2005). The S100B dimer was isolated by size-exclusion

chromatography and concentrated by centrifugation to

50 mg ml�1 in 25 mM Tris–HCl pH 7.8, 150 mM NaCl, 4 mM

CaCl2 using an Amicon Ultra-15 centrifugal filter unit with a

nominal molecular-weight limit of 3000 Da (EMD Millipore).

The V-domain of RAGE (residues 23–132) was cloned into

the pET-15b expression vector using the NcoI and XhoI

restriction sites. Site-specific mutation of tryptophan to

alanine (W61A) was achieved using the QuikChange site-

directed mutagenesis kit (Stratagene). The plasmid region

encoding the RAGE V-domain gene was sequenced to

confirm mutagenesis and sequence integrity.

The V-domain protein was expressed in soluble form in the

Shuffle T7 Express (New England Biolabs) Escherichia coli

strain and was purified in two steps from the clarified cell

lysate. An initial metal-chelate affinity chromatography step

using HisTrap HP (GE Healthcare) columns was followed by

a cation-exchange chromatography step using a HiTrap SP

FF column (GE Healthcare). The purity of the protein was

assayed by SDS–PAGE, which showed a protein single band at

the expected molecular weight.

2.2. W61 peptide synthesis

The 15-amino-acid synthetic peptide corresponding to

residues 54–68 of RAGE, hereafter referred to as W61, was

synthesized using standard solid-phase peptide synthesis with

Fmoc protection and HBTU/HOBt activation chemistry. To

measure the binding affinities between W61 and S100B, a

dansyl (Dns) fluorophore was coupled to the N-terminus of

the peptide via a �-aminobutyric acid (�Abu) spacer (Dns-

W61). A mutant peptide (W61A) in which Trp61 was replaced

by an alanine residue was synthesized in the same manner.

The peptide used in the crystallization experiment did not

contain the Dns-�Abu residues at its N-terminus. W61

peptides were released from the resin, the side chains were

deprotected with 95% trifluoroacetic acid, 2.5% triisopro-

pylsilane and 2.5% water and the peptides were purified by

preparative HPLC to a single peak on an analytical HPLC

column. MALDI-TOF mass spectrometry confirmed the

expected molecular weight of the W61 peptides. The final

sequences of the peptides used in titration experiments were

Dns-�Abu-NTGRTEAWKVLSPQG-NH2 (Dns-W61) and

Dns-�Abu-NTGRTEAAKVLSPQG-NH2 (Dns-W61A). The

peptide used in crystallization had the sequence NH2-

NTGRTEAWKVLSPQG-NH2.

2.3. Fluorescence titration of S100B and the RAGE V-domain
peptide Dns-W61

Fluorescence titrations were performed by titrating S100B

into 600 ml Dns-W61 and Dns-W61A peptides at a concen-

tration of 2 mM in 20 mM HEPES pH 7.4, 2 mM CaCl2 and

either 20 mM (low ionic strength) or 150 mM (high ionic

strength) NaCl. Multiple dilutions of S100B (stock concen-

trations ranging from 227 to 2558 mM) were used to limit the

maximal total volume increase to <5%. Fluorescence emission

spectra between 410 and 600 nm were recorded using an

excitation wavelength of 340 nm. The change in fluorescence

intensity at 510 nm was used to calculate the binding affinity

between S100B and Dns-W61. The titrations were performed

five times independently. The titration data were fitted using

a modified quadratic equation model assuming 1:1 stoichio-

metry (Anderson et al., 1988; Leclerc & Vetter, 1998).
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2.4. Fluorescence titration of fluorescein-labeled S100B and
the RAGE V-domain

S100B was labelled with fluorescein isothiocyanate (FITC)

and the binding affinity between S100B and the wild type and

the W61A mutant of the RAGE V-domain was determined by

measuring the change in fluorescence polarization as a result

of S100B–RAGE complex formation. The V-domain (at

concentrations ranging from 2 to 230 mM) was titrated into a

solution of fluorescein-labeled S100B (1 mM) in 30 mM Tris

pH 7.1, 300 mM NaCl, 2 mM CaCl2. Titrations were repeated

at least three times and the best fit for the titration curves was

obtained using a 1:1 RAGE:S100B stoichiometry model as

described in x2.3.

2.5. Crystallization of the S100B–W61 complex

For co-crystallization of S100B and W61, 2 mM S100B

was combined with 2 mM W61 peptide and stored on ice for

�30 min prior to crystallization-tray setup. Crystallization

trials were performed via the sitting-drop vapor-diffusion

method by mixing 0.75 ml drops of S100B–W61 peptide with

0.75 ml reservoir solution consisting of 0.1 M sodium cacody-

late pH 6.8, 25%(w/v) PEG 3350, 9 mM CaCl2 and incubating

at 20�C against 500 ml reservoir solution. Crystals were

observed within one week, and were harvested and flash-

cooled in liquid nitrogen using reservoir solution plus

20%(v/v) glycerol as a cryoprotectant prior to diffraction

experiments.

2.6. Data collection and structure refinement

Diffraction data were collected under cryogenic conditions

(�100 K). The high-resolution diffraction data used for

refinement were collected at a wavelength of 0.9792 Å on

NE-CAT beamline 24-ID-C of the Advanced Photon Source

(APS), Argonne, Illinois, USA. A data set from a single

orthorhombic crystal was processed using autoPROC (Von-

rhein et al., 2011) with the pipeline components MOSFLM

(Leslie, 1992) for autoindexing, XDS (Kabsch, 2010) and

SCALA (Evans, 1997) for processing and POINTLESS

(Evans, 2006) for space-group determination (see Table 1).

The crystal belonged to space group P21212, with unit-cell

parameters a = 68.8, b = 86.7, c = 66.5 Å, and diffracted to

2.55 Å resolution. The crystal parameters differed from those

previously reported for native (Ostendorp et al., 2007) and

peptide-bound S100B (Charpentier et al., 2010).

The structure of S100B was determined by molecular

replacement in BALBES (Long et al., 2008), an automated

MR pipeline in the CCP4 suite (Winn et al., 2011), using a

single monomer of multimeric Ca2+-loaded human S100B

(PDB entry 2h61; Ostendorp et al., 2007) as a search model.

The W61 peptide was manually built into the electron density

in Coot (Emsley & Cowtan, 2004) by placing a polyalanine

chain and mutating residues with strong 2Fo � Fc electron

density. Initially, Arg57, Trp61 and Lys62 were modeled into

the moderate electron density. The remaining residues were

placed based on the W61 peptide sequence. Water O atoms

were positioned using PHENIX, with subsequent visual veri-

fication. Refinement was carried out in PHENIX (Adams et

al., 2010). Rwork converged to 20.3% and Rfree to 25.4%. The

final model includes four S100B molecules, eight coordinated

Ca2+ ions, 35 water molecules and one copy of the W61

peptide per asymmetric unit (Table 1). The model was vali-

dated using MolProbity (Chen et al., 2010) and no Rama-

chandran outliers were present (Table 1).

All figures were created using PyMOL v.1.5.0.4 (Schrö-

dinger). Analyses of surface areas, protein interfaces, assem-

blies and interactions were determined using the PISA server

(Krissinel & Henrick, 2007). R.m.s.d. comparisons were

carried out in PyMOL. Atomic models and structure factors

have been deposited in the Protein Data Bank as PDB entry

4xyn.

3. Results

3.1. Structure of S100B in complex with the RAGE-derived
W61 peptide

Crystals containing S100B in complex with the RAGE-

derived W61 peptide belonged to the orthorhombic space
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Table 1
X-ray diffraction data-reduction and refinement statistics.

Values in parentheses are for the highest resolution shell.

Data collection
Beamline 24-ID-C, APS
Wavelength (Å) 0.9792
Space group P21212
Unit-cell parameters (Å, �) a = 68.8, b = 86.7, c = 66.5,

� = � = � = 90
Molecules in asymmetric unit 5
Resolution range (Å) 53.9–2.55
Total observations 35655
Unique observations 12930 (1304)
Multiplicity 2.8
Completeness (%) 95.7 (98.8)
Rmerge (%)† 6.4 (46.8)
Average I/�(I) 12.9 (2.2)
Data-processing program autoPROC

Refinement
Refinement program PHENIX
Resolution range (Å) 53.9–2.55 (2.64–2.55)
Rwork (%) 20.3
Rfree (%) 25.4
R.m.s.d. stereochemistry

Bond lengths (Å) 0.015
Bond angles (�) 1.50

Solvent content (%) 49.7
No. of atoms

S100B 5703
W61 peptide 154
Waters 35
Ca2+ 8

Average B (Å2)
S100B 62.2
W61 peptide 66.6
Waters 50.4
Ca2+ 57.3

Ramachandran plot (%)
Preferred 98
Allowed 2
Outliers 0

PDB code 4xyn

† Rmerge =
P

hkl

P
i jIiðhklÞ � hIðhklÞij=

P
hkl

P
i IiðhklÞ.



group P21212, with unit-cell parameters a = 68.8, b = 86.7,

c = 66.5 Å, and diffracted to 2.55 Å resolution (Table 1).

Phasing was achieved using a single monomer of S100B (PDB

entry 2h61) as the input model for molecular replacement, and

four monomers were placed in the asymmetric unit as two

homodimers: chains A and B and chains C and D (Fig. 1a).

A single continuous region of unassigned electron density

spanning the hydrophobic binding groove of chain A was

found in both the 2Fo � Fc and the Fo � Fc maps calculated

from the initial molecular-replacement phases. This electron

density was interpreted as the W61 peptide (chain P) and was

confirmed by calculating a simulated-annealing composite

OMIT map in PHENIX (Fig. 1b). Eight residues of the

15-amino-acid peptide were defined and modelled (Fig. 2).

Despite an expected binding stoichiometry of 1:1 prior to

crystallization, corresponding electron density was not found

in equivalent locations for the other three S100B monomers

(chains B, C and D) in the asymmetric unit. The reason for the

absence of peptide density in monomers B, C and D is likely

to be owing to steric interference between the noncrystallo-

graphically related monomers. In the case of the interface of

chain B and chain C, positioning the peptide in equivalent

positions as found in chain A results in a direct overlap of the

peptide at the Leu64 position as well as clashes between the

peptide Lys62 and S100B Glu87 side chains. An equivalent

peptide position in chain D would result in a clash with Phe88

in a symmetry-related chain A. Further, there are slight

variations on the surface of chain D that might contribute to a

weakening of peptide binding.

The final refined model had an Rwork of 20.3% and an Rfree

of 25.4%. The final model-refinement statistics are reported

in Table 1. The S100B monomers were 95.7–98.9% complete,

with missing residues corresponding to residues 91–92 in chain

A, 92 in chain B, 92 in chain C and 89–92 in chain D. As

expected, the S100B monomers exhibit an all-� fold with each

monomer containing two EF-hand Ca2+-binding motifs.
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Figure 1
The asymmetric unit contents of the S100B–W61 crystal. (a) Two S100B
homodimers and one W61 peptide are visible in the asymmetric unit.
Monomers of S100B are shown in shades of green, the W61 peptide is
shown in violet and Ca2+ ions are shown as black spheres. (b) Final
refined 2Fo � Fc electron density (blue mesh) contoured at 1� above the
mean of the composite OMIT map shows the W61 peptide on the surface
of S100B chain A in the same orientation as in (a).

Figure 2
The S100B–W61 peptide complex. The surface of S100B is shown
coloured according to atom type: carbon, green; oxygen, red; nitrogen,
blue; sulfur, yellow. The W61 peptide is shown in stick representation and
is coloured according to atom type: carbon, violet; oxygen, red; nitrogen,
blue.



Overall, the structure of S100B is uniform within the crystal.

Superposition of the four monomers (chains A, B, C and D)

within the asymmetric unit yielded an overall root-mean-

square deviation (r.m.s.d.) of 0.351–0.468 Å for 1076–1173

atoms from 88–91 residues. Minor variations were found in

two regions. The C-termini of the monomers, which have

already been shown to be quite flexible (Ostendorp et al.,

2007), exhibited variations as a result of the differing lengths

of interpretable electron density. The second region is the

hinge region (residues 43–54) between the EF-hands that

connects helix 2 to helix 3. Side-chain density in the hinge

region was occasionally limited to the C� position. In these

cases, the side chains were modelled in the most probable

conformer that did not result in steric clashes, and the occu-

pancies of atoms without electron density were set to 0.00 to

prevent spurious negative peaks in the Fo � Fc difference

maps. Superposition of our S100B chain A on the monomer

used as the search model during molecular replacement (PDB

entry 2h61) gave an r.m.s.d. of 0.352 Å for all atoms, similar to

the r.m.s.d. for the internal structure comparison.

3.2. Interaction of the RAGE-derived W61 peptide with
S100B

The W61 peptide binds in the hydrophobic groove on the

surface of S100B that has previously been shown to be the site

of ligand binding (Charpentier et al., 2010; McKnight et al.,

2012; Cavalier et al., 2014). The peptide adopts an extended

coil structure except for a three-residue 310-helical turn found

in the middle of the peptide that positions Ala60, Trp61 and

Val63 for packing against S100B to form the bulk of the

complex interface (Fig. 2). The intervening residue between

Trp61 and Val63, Lys62, is positioned away from interacting

with S100B. The N-terminal and C-terminal ends of the

peptide are well positioned to extend beyond the end of the

hydrophobic groove (Fig. 2).

The interface between S100B and W61 was analysed

using the PISA server (http://www.ebi.ac.uk/pdbe/pisa/). The

complex buries a total of 485.6 Å2, or 36.4% of the total

surface area of the peptide. The association of W61 with

S100B appears to be reliant on primarily hydrophobic inter-

actions, as only two hydrogen bonds stabilize the interaction.

Additionally, no salt bridges, disulfide bonds, covalent bonds

or water molecules forming bridging hydrogen bonds were

identified in the PISA analysis.

Binding of the W61 peptide to S100B did not induce a

significant conformational change in S100B. As previously

noted, the three monomers without peptide superimpose well

with chain A. The superposition is comparable to the r.m.s.d.s

between apo S100B and S100B in complex with a peptide

derived from CapZ, TRTK-12 (an overall r.m.s.d. of 0.38 Å;

Charpentier et al., 2010). However, both of these nonhomo-

logous peptides, W61 (NTGRTEAWKVLSPQG, where the
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Figure 3
Comparison of the S100B–W61 (top) and S100B–TRTK-12 (bottom) crystal structures. (a) Cartoon representation of the peptide backbone (W61, violet;
TRTK-12, cyan) on the surface of the hydrophobic groove of S100B. (b) Ala60 in the W61 peptide is positioned in the same pocket as the indole ring of
Trp7 in TRTK-12. (c) Val63 of the W61 peptide is positioned in a groove formed by the surface of S100B residues Leu44, Phe76, Met79 and Val80 on the
surface of S100B, similar to Ile10 in the TRTK-12 complex.



amino acids placed in the electron density of the X-ray

structures are indicated in bold) and TRTK-12

(TRTKIDWNKILS), bind in the hydrophobic groove on the

surface of S100B, which has a significant amount of surface

area contributed by the hinge region. Superposition of S100B–

W61 chain A with the monomer of the S100B–TRTK-12

complex gave an r.m.s.d. of 0.477 Å. This is the result of

greater conformational variations in the hinge region in the

peptide-bound S100B complexes compared with the apo

S100B structure. The minor flexibility in the hinge region

combined with peptide flexibility allows the formation of

different interaction interfaces for the two peptides (Fig. 3).

In the W61 peptide, Ala60 and Trp61 pack against hinge

residues 45–54 of S100B. The hinge also plays a role in TRTK-

12 binding. However, the presence of the Asp6 side chain in

the TRTK-12 peptide, which hydrogen-bonds to the amide N

atom of S100B Glu45, pushes the peptide backbone away from

the hinge wall, allowing Trp7 to rotate into the depression

occupied by peptide residue Ala60 in the W61 complex

(Fig. 3b). Fundamentally, the difference in the involvement of

the tryptophan in binding to S100B is that in the S100B–

TRTK-12 structure Trp7 is 79.4% buried (141.2 Å2) at the

surface formed by helix 2 and the hinge region, while in the

S100B–W61 structure Trp61 is only 34.7% buried (65.9 Å2)

and packs entirely against the hinge-loop region, allowing

Ala60 to be positioned in the same location as the indole ring

of Trp7 in TRTK-12 (Fig. 3b).

Another region of S100B variability between the two

peptide complexes involves interactions at the amino-termini

of the peptides. The orientation of the aromatic ring of S100B

Phe43 in the S100B–W61 complex is shifted 0.3 Å and rotated

by approximately 50� relative to the conformer found in

S100B–TRTK-12. The conformer found in the TRTK-12

structure might be the result of the TRTK-12 peptide

extending by an additional residue at its N-terminal end

compared with the W61 peptide. While the W61 peptide has

an additional three residues N-terminal to Arg57, the first

ordered residue in the W61 peptide, there is no electron

density to position them.

The final packing interaction of note involves the residues

C-terminal to the tryptophan in both peptides. In the W61

complex, Val63 packs nicely into a hydrophobic pocket

formed by Leu44 of the S100B hinge region and Phe76, Met79

and Val80 on helix 4 (Fig. 3c). The equivalent position is

occupied by Ile10 in TRTK-12, which is held in place by the

C-terminal residue, Leu11, looping back to hydrogen-bond the

amide of Leu11 to the carboxylate of Trp7, similar to a �-turn.

This tight bend in the TRTK-12 peptide prevents the

C-terminal end of this peptide from further extension.

Despite the variability in the overall peptide-backbone

conformation, the W61 and TRTK-12 peptides place the side

chains of the different residues in similar locations in the

hydrophobic groove on the surface of S100B. The difference

between the buried surface area calculated for the S100B–

W61 complex and that for the S100B–TRTK-12 complex is

only 95.6 Å2. This is primarily the result of two additional

residues, Thr3 and Ile5, which provide additional interactions

with residues on helix 4 in the TRTK-12 complex. Specific

differences in the overall interactions of each peptide are

summarized in Table 2.

3.3. Thermodynamics of the S100B–W61 peptide interaction

Fluorescence spectroscopy was used to quantify and to

compare the binding of S100B to W61 at two salt concentra-

tions. Titration of Dns-W61 into a solution of S100B under low

ionic strength (20 mM NaCl) and high ionic strength (150 mM

NaCl) conditions resulted in the determination of moderate

binding affinities of 3 � 1 and 14 � 1 mM, respectively. The

best fit of the binding curve was obtained using a 1:1 stoi-

chiometry of binding. A subsequent set of experiments

assessed the role of Trp61 in binding by creating a Trp61-to-

Ala mutant (Dns-W61A peptide) and performing similar

titration experiments. Binding of the W61A peptide to S100B

had a Kd of 4 � 1 mM under low ionic strength conditions and

a Kd of 25 � 2 mM in the presence of 150 mM NaCl. These

binding data indicate that the role of Trp61 in the interaction is

likely to be limited to the part of the residue up to its C� atom,

with only a minor contribution from the indole ring. As

expected, binding of S100B to each peptide was Ca2+-depen-

dent and no binding was observed when titrations were

performed in calcium-free buffers containing 2 mM EDTA.

To assess whether the affinity for the W61 peptide was

relevant in the context of RAGE, we quantified and compared

the binding of S100B to the wild-type RAGE V-domain and

a W61A V-domain mutant. The S100B–V-domain interaction

was measured by titrating the V-domain into a solution

containing fluorescein-labelled S100B protein and the change

in fluorescence polarization was measured. A Kd of 2.7 �

0.5 mM (R = 0.9938) was measured for the wild-type RAGE

research papers

Acta Cryst. (2015). D71, 1176–1183 Jensen et al. � S100B–RAGE-derived peptide complex 1181

Table 2
Comparison of the buried surface area per S100B residue at the interface
with the W61 and TRTK-12 peptides.

The total buried surface area for W61 was 913.6 Å2 and that for TRTK-12 was
1084.3 Å2. The value given is the percentage of the residue that is buried.

S100B residue W61
TRTK-12
(PDB entry 3iqq)

Ile36 1.34 2.77
Ser41 17.55 11.35
His42 32.71 32.24
Phe43 23.13 42.94
Leu44 54.09 62.95
Glu45 81.39† 61.48
Glu46 0.29 2.09
Val52 36.43 21.08
Val56 35.33 29.80
Thr59 45.59 27.83
Leu60 1.01 0.00
Phe76 10.94 11.63
Met79 61.70 42.10
Val80 6.85 11.23
Ala83 16.71† 53.22
Cys84 0.00 13.90
Glu86 0.00† 21.48
Phe87 0.00 26.36

† Residue side chains not defined by electron density and modelled according to best-fit
rotamers.



V-domain. When the same experiment was performed with

the W61AV-domain mutant, the Kd improved to 1.3� 0.7 mM

(R = 0.9956) (Fig. 4).

These thermodynamic data are in general agreement with

the structural data. The dependence of the binding affinity on

the ionic strength suggests a contribution from charge–charge

or hydrogen-bonding interactions in the protein–peptide

complex. The relatively minor change in RAGE–S100B

binding affinity between the V-domain wild type and W61A

mutant demonstrates that while this region is involved in

S100B binding, the tryptophan residue is not critical for the

interaction. This nicely reflects the observation that the indole

ring of Trp61 is solvent-exposed in our crystal structure and

not buried in the hydrophobic binding cavity of S100B.

4. Discussion

The crystal structure of the RAGE-derived W61 peptide in

complex with S100B provides a potential structural model for

the interaction between these two proteins. The structure of

S100B is primarily unaltered by the presence of the W61

peptide. Binding between the W61 peptide and S100B may be

driven by the stable hydrophobic groove found on the surface

of S100B inducing the flexible peptide backbone to form

optimal hydrophobic interactions. Examination of the

S100B–TRTK-12 complex reveals that Trp7 is critical to the

hydrophobic interaction in this groove. In the W61 peptide,

mutation of the essentially equivalent Trp61 to alanine does

not influence the specificity of S100B for the peptide because

of the limited interaction of the indole ring with the surface

wall of the hinge region in S100B. Instead, the W61 peptide

backbone adopts a different conformation to that observed in

the tryptophan interaction in the TRTK-12 structure. The W61

conformation positions the carbonyl of Val58 in an equivalent

position to the Asp6 side chain in TRTK-12 and then places

Ala60 and the main chain of Glu59 into the space occupied by

the TRTK-12 tryptophan. Thus, this region of W61 forms a

nearly equivalent, although unique, interface. The available

NMR and X-ray structures of the RAGE V-domain indicate

that the region encompassing the W61 peptide can adopt

multiple conformations (Koch et al., 2010; Xue et al., 2011,

2014; Yatime & Andersen, 2013). Within this region, several

structures have adopted a short, three-residue, antiparallel

�-structure immediately after Trp61 (PDB entries 2l7u, 3cjj,

2mov and 4lp4; Koch et al., 2010; Xue et al., 2011, 2014; Yatime

& Andersen, 2013). Other structures (PDB entry 2e5e; S.

Matsumoto, T. Yoshida, I. Yasumatsu, K. Yamamoto, Y.

Kobayashi & T. Ohkubo; Colbert, unpublished work) do not

exhibit this secondary structure. However, in each structure

Trp61 and Val63 are partially solvent-exposed, which positions

them to potentially recognize the interaction surface on

S100B. This provides an interesting model whereby the

structural stability of S100B may force flexible regions, such as

those found on the RAGE V-domain, to adopt conformations

that favor the interaction in this hydrophobic groove.

This proposed model of an S100B-induced stable interface

with a conformationally plastic peptide is further supported by

our binding data for the W61A mutant. In the context of

the flexible peptide, there was very little influence on binding

between the native sequence and the W61A mutant. However,

in the context of the RAGE V-domain, the affinity of the

W61A mutant was enhanced by a factor of two relative to the

wild-type V-domain. This is intuitively reasonable because the

smaller alanine side chain would provide greater pliability in

the V-domain backbone, allowing it to more easily adopt a

conformation that would be complementary to the S100B

hydrophobic groove. However, from the V-domain binding

data, it cannot be ruled out that there are additional sites

on the V-domain that might further stabilize or even provide

alternate binding sequences to interact with RAGE. The

model presented here would allow both of these possibilities.

These alternative postulations will require further structural

and biophysical investigations to fully understand how S100B

and other S100 proteins can differentially modulate RAGE-

mediated signalling.
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