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Activation of p53 target genes for tumor suppression depends on
the stress-specific regulation of transcriptional coactivator com-
plexes. Strap (stress-responsive activator of p300) is activated upon
DNA damage by ataxia telangiectasia mutated (ATM) and Chk2
kinases and is a key regulator of the p53 response. In addition
to antagonizing Mdm2, Strap facilitates the recruitment of p53
coactivators, including JMY and p300. Strap is a predicted TPR-
repeat protein, but shows only limited sequence identity with any
protein of known structure. To address this and to elucidate the
molecular mechanism of Strap activity we determined the crystal
structure of the full-length protein at 2.05 Å resolution. The struc-
ture of Strap reveals an atypical six tetratricopeptide repeat (TPR)
protein that also contains an unexpected oligonucleotide/oligosac-
charide-binding (OB)-fold domain. This previously unseen domain
organization provides an extended superhelical scaffold allowing
for protein-protein as well as protein-DNA interaction. We show
that both of the TPR and OB-fold domains localize to the chromatin
of p53 target genes and exhibit intrinsic regulatory activity neces-
sary for the Strap-dependent p53 response.
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Tumor suppressor p53 is a stress-inducible transcription factor
that plays a pivotal role in the prevention of malignant disease

(1). The activation of p53 is tightly regulated to effect a variety of
cellular outcomes including cell cycle arrest and apoptosis (2). In
normal unperturbed cells, p53 levels are kept low by the oncopro-
tein Mdm2 (3, 4). Under conditions of stress, p53 is stabilized and
a plethora of p53 cofactors are recruited to direct the functional
p53 response (5).

Strap is a p53 cofactor that interacts with p300 coactivator pro-
teins, and thereby contributes to p53-dependent transcriptional
activity (6). In addition, Strap augments the p53 response by
downregulating the activity of Mdm2 (6). Strap is stabilized in
DNA-damaged cells and accumulates in the nucleus as a result
of phosphorylation by the DNA damage responsive protein ki-
nases ATM and Chk2 (7, 8). Nuclear Strap promotes the assem-
bly of a stress-responsive p53 coactivator complex, which includes
the coactivators JMYand p300 (6, 9, 10), as well as the arginine
methyltransferase PRMT5 which controls the target gene speci-
ficity of p53 (11). A variety of studies support the importance of
Strap in delivering an effective stress response (6–8, 12).

Strap (also known as tetratricopeptide repeat protein 5, TTC5)
has been predicted to be a TPR-repeat protein, but contains in its
C-terminus a large region of unknown structure and function.
There is consequently a need for structural models to better de-
fine functional domains and the molecular mechanisms of its reg-
ulation. To address this, we determined the structure of the full-
length protein at 2.05 Å resolution. The crystal structure reveals a
superhelical TPR-repeat domain and an unpredicted OB-fold do-
main. The two domains are associated closely in an elongated
superhelical fold. We show that both of the TPR and OB domains
in Strap are necessary to achieve a p53 response.

Results
Strap Exhibits a Unique TPR Motif OB-fold Structure. The structure of
full-length murine Strap was determined using selenomethionine
incorporation and single-wavelength anomalous diffraction. The
model was refined at 2.05 Å resolution (Table S1). The refined
model revealed that Strap adopts an elongated monomeric struc-
ture composed of two domains: a 250-residue N-terminal all
α-helical domain comprising six tandem TPR motifs and a 125-
residue C-terminal all β-sheet oligonucleotide/oligosaccharide-
binding (OB)-fold (Fig. 1A and B and Fig. S1). The domains
are connected by a linker region containing a TPR-capping helix
(H7) and a small perpendicular helix (H8).

The six TPR motifs assemble into a right-handed superhelical
structure that is approximately 60 Å long × 40 Å wide with
an enclosed inner channel 40 Å long and 7–15 Å in diameter
(Fig. 1 B and C). The archetypal TPR motif consists of 34 resi-
dues that assemble into a pair of antiparallel α-helices (A and B)
connected by a short loop (13). TPRs 2, 3, 5 and TPR6 conform
to typical TPR motifs with helices of similar length (11–14 resi-
dues), whereas TPR1 and TPR4 are nonstandard motifs. TPR1
is unusually elongated, spanning 61 residues, with component
helices nearly twice as long as standard (20–28 residues) (Table 1
and Fig. S2). The connecting region between TPR1 helix 1A and
1B (residues 29–41) contains short α-and 310 helices. This atypical
insert extends across the superhelical axis towards TPR6 and
encloses the TPR binding groove. TPR4 is atypical in that its
component helices are of unequal length with the B helix twice
as long as the A helix (Table 1).

The TPR domain sits atop the OB-fold with TPR6 binding into
the concave upper surface of the OB domain, resulting in a
considerable interface between the two domains (contact area ex-
cluding linker helix is 530 Å2). The presence of the OB-fold was
completely unexpected and not predicted by sequence analysis.
The sequence signature of this domain is present in all known
Straps (from humans to C. elegans, Fig. S3) and to our knowledge
represents an unique occurrence of a TPR-OB domain fusion.
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Strap is a Scaffold Protein for Protein-Protein Interactions. TPR pro-
teins are known to provide a scaffold for the assembly of multi-
protein complexes and exhibit a characteristic binding groove, or
channel, on the concave surface of the TPR repeat (13). To ex-
plore this idea in the context of Strap, we mapped onto the struc-
ture the previously identified interaction domains for the p53
coactivators JMYand p300 (Fig. 2A). JMY binding was mapped
previously by coprecipitation to two domains in Strap (residues
1–123 and 123–205) (6). The structural model revealed these do-
mains to be congruent parts of the TPR channel, representing the
upper (TPR1-3) and lower (TPR4-5) portions. Here, the inner
groove was identified as a site of sequence conservation (Fig. S3)
and shared similar dimensions to the TPR scaffold of APC6
bound to CDC26 (Fig. 2B) (14), suggesting that Strap can accom-
modate peptides of similar size (Strap and APC6 superimposed
with a rmsd of 2.8 Å for 202 Cα atoms; distance alignment matrix
method (DALI) Z-score 16.7 (15)).

The OB-fold displays a highly electropositive surface (Fig. 1C)
and is most similar to the nucleic acid-binding OB subclass (16).

Preliminary biophysical experiments confirm that Strap binds sin-
gle-stranded and double-stranded DNA in the micromolar range
(Fig. S4). The OB-fold is also recognized for mediating protein-
protein interactions (16). The p300-binding domain (6) mapped
to a C-terminal region of Strap encompassing TPR6 and the
OB-fold (residues 206–440; Fig. 2A). Here, the OB domain
contributed to the lower jaw of the TPR channel and is therefore
likely to bring p300 into close proximity with the TPR-bound
coactivator JMY. The structure revealed that the canonical
OB-fold ligand-binding surface, centered on strands β2 and β3,
was occupied by TPR6 and the TPR-capping helix H7 (Fig. 2C).
The most closely matched OB-fold structure identified by a
DALI structural similarity search was the minichromosome main-
tenance complex (MCM) (17) (PDB 1LTL; rmsd 2.6 Å for 90 Cα
atoms; DALI Z-score 9.8). The OB-fold of MCM had this β2-β3
face similarly occluded, but formed additional intramolecular
protein-protein interactions through other OB surface regions
(Fig. 2C). Potentially, these may also contribute to intermolecular
Strap interactions.

We further mapped the two reported phosphorylation sites to
the interface of TPR5-TPR6 (Fig. 3). The ATM site at S203 (7)
was located within the N-terminal region of α5B (TPR5). This
side chain was completely buried in the structure and formed
hydrogen bonds to E237 (α6A). The Chk2 site at S221 (8) was
also partially buried in a 310 helix between TPR5 and TPR6.
Phosphorylation of these residues would likely induce electro-
static and steric clashes to perturb the hydrogen bonding network
between TPRs 5 and 6, potentially widening out the TPR channel
for protein interaction.

To explore the dynamics of this protein in solution we cloned
the phospho-mimic double mutant of Strap (S203D/S221D) for

Table 1. Structural characteristics of the Strap TPR motifs

TPR Helix A
Length

(residues) Helix B
Length

(residues)
Total length
(residues)

1 7–28 (1–28)* 22 (28) 42–61 20 61
2 68–78 11 86–98 13 31
3 103–116 14 119–130 12 28
4 136–146 11 154–174 21 39
5 179–195 17 200–216 17 38
6 224–236 13 240–253 14 30

*Values in parentheses refer to Molecule B.

Fig. 1. Overview of the Strap structure. (A) Domain organization showing mapped interactions for JMY (two sites labeled JMY1 and JMY2) and p300 (6).
Reported phosphorylation sites (7, 8) are highlighted by yellow spheres. (B) Ribbon diagram with secondary structure elements colored as in A. Reported
phosphorylation sites are highlighted by small yellow spheres. (C) Surface representation colored by electrostatic potential between −10 and þ10 kT.
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bacterial expression. Perhaps as a result of altered protein stabi-
lity, the protein was not solubly expressed. However, evidence for
flexibility at this region was provided by comparison of the two
Strap molecules present in the asymmetric unit of the crystal.
TPR1-5 which bind JMY were rotated 10° about the long axis
of TPR6 resulting in lateral shifts of 4–7 Å (Fig. S1C), whereas
the TPR6-OB subdomains formed a rigid unit. In solution limited
tryptic digestion of wild-type Strap also identified several pro-
tease-resistant species, including a TPR6-OB fragment, demon-
strating that this structural region can become accessible in
solution (Fig. S5).

Following the identification of stable fragments of Strap, we
cloned a series of smaller constructs of murine as well as human
Strap for protein expression. Subsequently, we were able to crys-
tallize and determine the structure of the Strap OB-fold from hu-
man. In the new structure this domain is stably folded with helices
H7 and H8 and is identical to the corresponding region of the
mouse structure in the full-length protein (rmsd 1.2 Å; Fig. S6).
Minor differences are observed for the conformations of two
loops (β4A-β4B, L12) that contact TPR6 in the full-length protein
as well as loop L34 resulting from the truncated C-terminal re-
gion in the human protein used for crystallization.

Strap is Localized to p53 Target Genes. To clarify the functional
importance of the TPR and OB domains, we expressed either
the N-terminal TPR motif region or C-terminal OB-fold region
of Strap, and studied the role of these domains in cell-based as-
says that measure different facets of the p53 response. Because
transcription coactivators and cofactors frequently associate with
chromatin, we assessed whether Strap was present in the chroma-
tin of p53 target genes. By chromatin immunoprecipitation
(ChIP), both Strap and each of the TPR and OB domains were
localized to p53 target genes (Fig. 4 and Fig. S7A), consistent with
interaction between Strap and the p53 transcription factor com-
plex (6, 11) (Fig. S7A). These results highlight the intrinsic chro-
matin associating activity of the isolated TPR and OB domains.

Both the TPR and OB Domains are Required for a Strap-Dependent p53
Response. We further tested the effect of the Strap TPR and OB
domains on p53-dependent transcription, using conditions in
which Strap can augment p53 activity (Fig. 5). Under these con-
ditions, neither domain was able to increase p53 activity (Fig. 5
and Fig. S7 B–D). Rather, the TPR and to a greater extent the
OB domain were able to interfere with p53 activity (Fig. 5 and
Fig. S7 B–D), suggestive of a dominant-negative mechanism. The

Fig. 3. Sites of Strap phosphorylation. Strap contains two reported phos-
phorylation sites. S203, located at the N-terminal end of α5B of TPR5, is tar-
geted by ATM kinase and results in nuclear accumulation of Strap. This serine
is completely buried in the structure and hydrogen bonds to E237 (α6A). S221,
located in a 310 helix (α11) between TPR5 and TPR6, is phosphorylated by
Chk2 and augments protein stabilization. The solvent accessible surface areas
(%ASA) for S203 and S221 are 0 and 36%, respectively.

Fig. 2. Comparison of Strap with known TPR and OB-fold structures.
(A) Strap is shown in the same orientation as the surface representation
in Fig. 1C and is colored according to mapped interaction sites for JMY
and p300. (B) Superposition of the Strap TPR domain and the complex of
the APC6 TPR (gray) bound to a CDC26 peptide (red). Strap is viewed looking
down the TPR channel from the OB-fold which is omitted for clarity. (C) The
OB domain of Strap is compared to the structures of RPA70 (PDB: 1JMC; Dali
Z-score 7.7) and the MCM complex (PDB: 1LTL; Dali Z-score 9.8). The five β-
strands making up the OB-fold (β1-β5) are colored cyan, green, light blue,
magenta, and dark blue, respectively. For clarity, the additional domains that
pack against the RPA70 and MCM OB-folds are shown in semitransparent
representation and omitted in the perpendicular view below. Strap TPR6
(purple) is tightly associated with the β2-β3 face of the OB domain as well
as the β4 hairpin insert (Left). This occludes the region of the OB-fold typically
associated with ligand binding. In the MCM complex the canonical binding
surface is similarly occupied by an intramolecular protein-protein interaction
with the MCM Zn-binding motif (purple, Right).

Fig. 4. Strap is present in the chromatin of p53 target genes. The ChIP assay
was performed on chromatin prepared from stable U2OS cells expressing
wild-type Strap, the TPR motif or OB-fold domains treated with doxorubicin
(2 μM) for 6 hours. The input levels of chromatin are shown. Immunopreci-
pitated chromatin with anti-HA antibody was purified using Qiaquick PCR
purification kit as previously described (11). The albumin gene served as a
nonspecific control, and indicates vector only treated cells. GADD45 specific
primers around the p53 binding site were used (11); n ¼ 3. Blot represents
input protein levels in the stable cell lines. Ectopic Strap was detected using
the anti-HA antibody.
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inhibitory effect was evident for both domains (under equivalent
nuclear localization conditions; Fig. S7E), and exhibited a level-
dependent inhibition of p53 activity (Fig. 5B and Fig. S7 C and
D). These results suggest that both the TPR and OB domain
are functionally important in mediating the transcription cofactor
effects of Strap.

To assess the role of the TPR and OB domains in the cellular
stress response, we analyzed in real time U2OS and SAOS2 cells
stably expressing Strap after DNA damage. In unperturbed U2OS
cells, which express wild-type p53, the growth properties for wild-
type Strap, TPR, and OB domain expressing cell lines were similar
(Fig. 6A). Interestingly, a sharp increase in the number of viable
adherent cells (represented by cell index) was apparent in wild-
type Strap expressing cells upon DNA damage, which was less con-
spicuous in either the TPR or OB domain stable cells (Fig. 6 A and
B). These results suggest that wild-type Strap allows more cells to
survive in response to DNA damage, and further that both do-
mains are required to effect this response. Thereafter, the preci-
pitous decline in cell number that was evident with wild-type Strap
(Fig. 6 A and B) more than likely reflects a stronger checkpoint
response to DNA damage (8). Since this effect was lost in the
TPR and OB domain stable cells, both domains are required for
Strap to function in checkpoint control.

In a parallel study performed in SAOS2 cells (expressing a
nonfunctional mutant derivative of p53), the expression of Strap
hardly affected cell viability relative to the control cells under
DNA damage (Fig. 6 C and D). This situation contrasted with
the effect of the OB domain, where there was an increase in cell
index (Fig. 6 C and D). The reduced effect of wild-type Strap in
SAOS2 cells under DNA damage compared to U2OS cells is
consistent with a role for p53 in mediating the effects of Strap.
However, the results also suggest an additional function for the
OB domain, which occurs in a fashion that is independent of p53,
in the checkpoint response.

Discussion
The structure of Strap represents a substantial revision to pub-
lished models of domain organization (6, 18), with new structural
motifs identified throughout the protein, including the atypical
TPR1 and TPR4 motifs as well as the C-terminal OB domain.
The presence of two distinct domains provides a mechanism for
Strap to mediate intermolecular interactions with both protein
and DNA as well as a regulatory mechanism for phosphorylation.

Our structure corresponds to the unphosphorylated cytoplas-
mic form of Strap (Fig. 7). In this form, Strap adopts a closed
conformation of both the TPR and OB domains, consistent with
its cellular inactivity (6). Although the target sites for phosphor-
ylation (7, 8) map to the outer convex face of TPRs 5 and 6, they
remain largely inaccessible to protein kinases. Jiménez et al. have
reported that some 15% of the annotated phosphosites in the
Protein Data Bank (PDB) exhibited less than 10% solvent acces-
sibility in the unmodified protein (19). In general agreement with
these examples, the sites in Strap occur close to helix termini as
well the TPR domain boundary. These positions may be more
favorable for local protein unfolding, perhaps coupled to chaper-

Fig. 6. Functional characterization of Strap TPR and OB domains. (A) U2OS
cells stably expressing wild-type Strap (magenta), the TPR (yellow) or OB do-
mains (light blue), or control (dark blue) were untreated or treated with UV
(50 J∕m2) as indicated. Cells were then plated 5;000 cells∕well into E-plate 16
and analyzed using a xCELLigence RTCA DP instrument. (B) Following the
continuous xCELLigence cell monitoring in A, the slope (which represents
the rate of change of the cell index) was calculated from time 7–20 h (i.e.,
when changes in cell viability were apparent) and presented graphically.
The levels of Strap proteins are shown by immunoblot. (C) SAOS2 cells stably
expressing wild-type Strap (magenta), the TPR motif (yellow) or OB-fold
domains (light blue), or control (dark blue) were treated similarly to A
and analyzed using a xCELLigence RTCA DP instrument. (D) The slope from
C was calculated as in B.

Fig. 7. Cartoon for Strap assembly with JMY and p300. Upon DNA damage
Strap is phosphorylated by ATM and Chk2 kinases leading to its nuclear
accumulation. Phosphorylated Strap adopts a more open and accessible
conformation facilitating the assembly of the TPR and OB domains with
JMY and p300, respectively. The coactivator complex is recruited to the pro-
moters of p53 target genes and facilitates the p53 response.

Fig. 5. The Strap TPR and OB domains show a dominant-negative effect.
(A) Luciferase reporter assays were performed using U2OS cells transfected
with expression vectors (1 μg) encoding wild-type Strap, the TPR or OB
domains, and p53 as indicated and as previously described (11). The graph
represents luciferase activity derived from Bax-luc (6) after normalizing for
β-galactosidase activity; n ¼ 3. Immunoblot represents input protein levels.
(B) Luciferase reporter assays were performed as described in A, with increas-
ing concentrations of OB-fold expression vector together with p53 as indi-
cated. The graph represents luciferase activity after normalizing for β-
galactosidase; n ¼ 3. Immunoblot represents input protein levels.
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one-assisted nuclear transport, to enable kinase interaction. Do-
main movements are also supported by our limited proteolysis.
Once phosphorylated in DNA-damaged cells, steric constraints
would prevent the same TPR packing, potentially leading to a
more open structure for protein assembly (Fig. 7).

The OB-fold is a common feature among proteins involved in
the DNA damage response and functions widely in DNA binding
and protein complex assembly (20). Our data show that deletion
of the OB-fold does not impair the chromatin associating activity
of Strap, suggesting that the TPR domain is sufficient for assem-
bly into some transcriptional complexes. However, deletion of the
OB-fold was sufficient to impair the p53-checkpoint, underlining
the importance of its binding to p300. Interestingly, a positive
effect of OB-fold expression was observed in p53-null SAOS2
cells, consistent with Strap involvement in other pathways (12,
18). Strap is known to be required for survival under heat shock
and functions to assemble the complex between p300 and heat
shock factor 1 (HSF1) (12). In addition, Strap exhibits stress-
dependent regulation of the glucocorticoid receptor (GR) that
also appears dependent on both the Strap N- and C-terminal do-
mains (18). Since p300 is known to be involved in the activity of
many transcription factors, it is possible that additional Strap
interaction partners remain to be identified.

The p53 response is a multifaceted signal cascade culminating
in diverse cellular outcomes (2). The unpredicted domain orga-
nization and structure embodied within Strap highlights the com-
plexity that impacts on p53 control (21). Under stress conditions,
Strap is localized to p53 target genes and assembles the rich re-
pertoire of coactivators and cofactors that influence p53 activity
(Fig. 7). Both the TPR and OB domains possess intrinsic regu-
latory activity and are critically required for an efficient p53
response. As such, the structural and functional characterization
of Strap provides new information and hints toward hitherto un-
expected levels of control in the p53 response.

Materials and Methods
Protein Expression & Purification. Full-length murine Strap (Swiss-Prot
Q99LG4; TTC5 residues 1–440) was subcloned as a BamHI-XhoI fragment into
the vector pET28a. Human Strap (Swiss-Prot Q8N0Z6; TTC5 residues 261–424)
was inserted into pNIC28-Bsa4 using ligation-independent cloning. Protein
was expressed in BL21(DE3) cells using 0.5 mM IPTG for overnight induction
at 18 °C. Cells were resuspended and lysed by sonication in binding buffer
(50 mM Hepes pH 7.5, 500 mM NaCl, 5% glycerol, 5 mM imidazole) supple-
mented with 1 mM TCEP and 1 mM PMSF. Nucleic acid was removed by
precipitation with 0.15% polyethyleneimine or by passage through an initial
DE-52 cation exchange column. Strap protein was purified on Nickel-Sephar-
ose using the N-terminal hexahistidine tag and imidazole elution. Strap was
purified further by size exclusion chromatography using a S200 HiLoad 16∕60
column buffered in 50 mM Hepes pH 7.5, 150–250 mM NaCl, 0.5 mM TCEP. A
final clean-up step was performed using a monoQ column (murine Strap) or
by reverse purification on Nickel-Sepharose following tag cleavage with
TEV protease (human Strap). Murine Strap samples for crystallization were
concentrated to 26 mg∕ml buffered in 50 mM Hepes pH 7.5, 400 mM NaCl,
50 mM L-arginine, 50 mM L-glutamate, 10 mM DTT. Selenomethionine-
labeled protein was expressed and purified similarly substituting seleno-
methionine expression media (Molecular Dimensions) for Luria broth (LB).
The final sample was concentrated to 18 mg∕mL. Human Strap was concen-
trated to 3.5 mg∕mL in 50 mM Hepes pH 7.5, 250 mM NaCl, 0.5 mM TCEP.

Crystallization. Strap proteins were crystallized using the sitting drop vapor
diffusion technique at 4 °C using nanolitre-sized drops. Murine Strap: Rod-
shaped crystals of native Strap protein appeared in a number of conditions.
The best crystals were grown in a 150 nL drop containing equal volumes of
protein (26 mg∕mL) mixed with well solution (25% tert-butanol, 0.1 M Tris
pH 8.5). These crystals were monoclinic and contained two molecules per
asymmetric unit (ASU) based on Matthews’ coefficient. Monoclinic crystals
were also grown for selenomethionine-substituted protein in drops contain-
ing 100 nL protein (18 mg∕mL) mixed with 50 nL reservoir solution (10%
isopropanol, 20% PEG4000, 0.1 M Hepes pH 7.5). Human Strap: Clusters of
thin needles grew from a number of PEG/salt-containing conditions. The best
crystals were grown from drops containing equal volumes of protein
(3.5 mg∕mL) and reservoir solution containing 36 μl of 0.2 M sodium iodide,

20% PEG3350, 10% ethylene glycol mixed with 4 μL of 0.2 M sodium acetate,
20% PEG3350, 10% ethylene glycol, 0.1 M bis-tris propane pH 8.5. Crystals
belonged to space group P212121 and contained a single molecule per
ASU. All crystals were vitrified in well solution supplemented with 25–30%
ethylene glycol.

Data Collection. Diffraction data were collected on beamline X10SA at the
Swiss Light Source (Paul Scherrer Institut, Villigen, Switzerland). Data were
collected from crystals at 100 K and diffraction images were recorded
on a MARCCD 225 detector. Murine Strap: Native data were collected to a
resolution of 2.05 Å. For phasing, a Se-SAD dataset was collected at a wave-
length of 0.9789 Å. Human Strap: Native data were collected to a resolution
of 1.8 Å. All data were processed with MOSFLM (22) and SCALA (23) from the
CCP4 suite of programs (24).

Structure Solution and Refinement.Murine strap: Strap was phased using SAD
data collected at the selenomethionine peak (λ ¼ 0.9789 Å). Eighteen out of
a total of 28 expected selenium sites in the asymmetric unit were located
using SHELXD (25). Initial phases were calculated using SHELXE (25) and
improved significantly by twofold averaging using DM (24). An initial ARP-
wARP model was completed using iterative cycles of manual rebuilding in
COOT (26) combined with refinement using REFMAC (27) with appropriate
NCS restraints. The final model comprises two protein chains (A: 6–430; B:
1–429) encompassing the entire protein apart from residues 302–313 in a
region which is poorly ordered and is only partially modeled in each chain.
Human strap: The structure of the C-terminal domain of human STRAP was
determined by molecular replacement using the corresponding domain from
the mouse structure as a search model in PHASER. The final model comprises
all residues (261–424) apart from a short loop (311–314). Data collection,
refinement and structure quality statistics are given in Table S1.

Plasmids and Reagents. The following plasmids were used; pCMV-HA-WT
Strap, pCMV-HA-Strap 200–440 (OB), pCMV-HA-p53 (6). pcDNA3 (Invitrogen),
pCMV-β-galactosidase (28), pLuc-Bax (29), and pLuc-Gadd45 (30). The Strap
mutant derivative pCMV-HA-Strap (1–269) (TPR) was created using oligonu-
cleotides designed in accordance with Stratagene’s QuikChange® Multi
Site-Directed Mutagenesis kit using the following primer: TPR; 5′-GAA CAG
CAA CTC TTG GAA TAG CTC AGT AGG CTA ACC AGC C. Cells were damaged
where indicated, with 10 μM etoposide, 2 μM doxorubicin (Sigma-Aldrich) or
50 J∕m2 UV and harvested 2–16 h later. The proteasomal inhibitor Z-Leu-Leu-
Leu-al (MG132) (Sigma-Aldrich) was used at concentration of 10 μM for 5 h.

Cell culture and Transfection. U2OS and SAOS2 cells were grown in DMEM
(Lonza) with 5–10% fetal calf serum (FCS) in the presence of 5% (v∕v) peni-
cillin and streptomycin (Invitrogen). Cells were transfected with 100 ng of
plasmid, unless indicated otherwise, using GeneJuice (Novagen) according
to manufacturer’s instructions.

Antibodies and Immunostaining. The following antibodies were used; mouse
anti-HA HA11 (Covance) and mouse anti-p53 DO-1. For secondary antibodies,
horse radish peroxidase-conjugated (Calbiochem, DAKO) antiimmunoglobu-
lin was used. Immunostaining and immunoprecipitations were performed as
previously described (7). Chromatin immunoprecipitations were performed
as described (31). The primers used were as follows: Bax; Fwd 5′-TAA TCC
CAG CGC TTT GGA AGG, Rev 5′-TGC AGA GAC CTG GAT CTA GCA A, Gadd45;
Fwd 5′-GGA TCT GTG GTA GGT GAG GGT CAG G, Rev 5′-GGA ATT AGT CAC
GGG AGG AGG CAG TG, Albumin; Fwd 5′-TGG GGT TGA CAG AAG AGA AAA
GC, Rev 5′-TAC ATT GAC AAG GTC TTG TGG AG (11, 31).

Reporter Assay. Reporter assay was performed as described previously (31).

xCELLigence. 5;000 cells∕well into E-plate 16. Experiments were carried out
using the RTCA DP instrument (Roche Diagnostic GmbH, Germany) which
was placed in a humidified incubator maintained at 37 °C with 5% CO2.
The electronic sensors provided a continuous and quantitative measurement
of cell index in each well. Cell index is a quantitative measure of cell number
present in a well e.g. lower cell index reflects fewer cells are attached to the
electrodes. The E-Plate 16 was monitored over the time frame indicated.

Accession Codes. Protein Data Bank: coordinates and structure factors have
been deposited with accession codes 4ABN (full-length murine Strap) and
2XVS (human Strap OB-fold).
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