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NURIA SÁNCHEZ-PUIG, DMITRY B. VEPRINTSEV, AND ALAN R. FERSHT
Centre for Protein Engineering, Medical Research Council, CB2 2QH, Cambridge, United Kingdom

(RECEIVED January 18, 2005; FINAL REVISION March 11, 2005; ACCEPTED March 11, 2005)

Abstract

Human Securin, also called PTTG1 (pituitary tumor transforming gene 1 product), is an estrogen-
regulated proto-oncogene with multifunctional properties. We characterized human full-length
Securin using a variety of biophysical techniques, such as nuclear magnetic resonance, circular
dichroism, and size-exclusion chromatography. Under physiological conditions, Securin is devoid
of tertiary and secondary structure except for a small amount of poly-(L-proline) type II helix and its
hydrodynamic characteristics suggest it behaves as an extended polypeptide. These results suggest
that Securin is unstructured in solution and so belongs to the family of natively unfolded proteins. In
addition, to gain structural and quantitative insight, we investigated the binding of Securin to p53.
Analytical ultracentrifugation and fluorescence anisotropy studies revealed no evidence of any direct
interaction between unmodified recombinant Securin and p53 in vitro.
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PTTG (pituitary tumor transforming gene product) was
first isolated in rat pituitary tumor cells (Pei and
Melmed 1997). Subsequently, several groups cloned the
human form (hpttg) and other eukaryote homologs
from different healthy tissue and tumor samples
(Zhang et al. 1999b; Wang and Melmed 2000). Studies
also revealed the existence of a human pituitary tumor-
transforming gene family consisting of a total of three
different genes (Chen et al. 2000). Human PTTG1, also
called Securin, is overexpressed in the leukocytes of
patients with different haematopoietic neoplasms or
myelo-dysplastic syndromes, testicular tumors, germ-
cell tumors of the ovary, breast carcinomas (Puri et al.
2001), and in all pituitary tumors, specifically in
hormone-secreting tumors, in which invasiveness corre-
lates with high levels of expression (Zhang et al. 1999a).

Overexpression of human PTTG1 stimulates the
expression and secretion of basic fibroblast growth

factor (bFGF) (Ishikawa et al. 2001), enhances cell pro-
liferation, induces cell transformation (Pei 2001), and
promotes tumor formation in nude mice (Pei and
Melmed 1997). Recently, human PTTG1, or Securin,
has been identified as an inhibitor of sister-chromatid
separation based on its biochemical similarities with the
Pds1 protein of yeast (Zou et al. 1999). Human PTTG1,
or Securin, binds and inactivates Separase, a protease
that cleaves the Scc1 cohesin subunit responsible for
sister chromatid cohesion at the metaphase-to-anaphase
transition. Securin remains attached to Separase until
activation of the Anaphase-promoting complex (APC)
and undergoes subsequent proteolysis in a D box-depen-
dent manner (Zou et al. 1999). Human PTTG1 is in-
volved in several cellular processes, such as mitosis
(Ramos-Morales et al. 2000), cell cycle progression
(Zou et al. 1999), DNA repair (Romero et al. 2001a),
and maintenance of chromosome stability (Jallepalli
et al. 2001). Human PTTG1 overexpression causes
apoptosis in both a p53-dependent and p53-independent
manner (Yu et al. 2000), however, the relationship
between human PTTG1 and p53 is still not completely
understood. Overexpression of human PTTG1 activates
the expression of p53 at both the transcriptional and
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translational level as a result of an indirect effect that
involves the regulation of c-myc expression, which then
interacts with the p53 gene promoter. Overexpression of
human PTTG1 also stimulates the expression of the Bax
protein, a proapoptotic protein induced by p53 (Hamid
and Kakar 2004). Later, an interaction between human
PTTG1 and p53 was identified, which abrogates p53
transcriptional activity by blocking its ability to bind
DNA (Bernal et al. 2002) and induce apoptosis. More-
over, p53 also suppresses human PTTG1 expression by
repressing its transcription (Zhou et al. 2003).

The field of biochemistry has been dominated by the
idea that structure is a prerequisite to function. In the last
decade, however, this structure–function paradigm has
been re-evaluated based on the growing evidence that
many proteins are unfolded in their functional state.
These proteins are referred to as ‘‘intrinsically unstruc-
tured’’ (Wright and Dyson 1999) or ‘‘intrinsically disor-
dered’’ (Dunker et al. 2002). The advantage of lacking a
folded structure, as opposed to a rigid one, may reside in
the plasticity conferred by flexibility: (1) allowing binding
to multiple targets with high specificity and low affinity
and (2) providing the ability to overcome steric restric-
tions and thus enabling larger surface interactions (Wright
and Dyson 1999; Dunker et al. 2002; Tompa 2002;
Uversky 2002a). The current list of proteins considered
either to be random coil or to contain large disordered
regions consists of more than 150 entries (http://divac.ist.
temple.edu/disprot/database.php).

In this study, we characterized full-length human Securin
or hPTTG1 in vitrousingbiophysical techniques.We found
thatunderphysiological conditions,Securinexhibitedprop-
erties typical of anativelyunfoldedproteinandbehavedas a
random coil with a small amount of poly(L-proline) type II
helix. We used analytical ultracentrifugation and fluores-
cence anisotropy to further characterize, both structurally
and quantitatively, the previously reported interaction
between Securin and p53. We were unable to detect any
interaction between these two proteins when using unmodi-
fied recombinant Securin and p53 in vitro.

Results

Hydrodynamic behavior of Securin

To investigate the degree of compactness and the oligo-
meric state of Securin, we used size-exclusion chromato-
graphy and analytical ultracentrifugation, respectively.
Purified recombinant Securin eluted from the gel-filtra-
tion column as a single peak that slightly tails off, prob-
ably due to the presence of small amounts of truncated
Securin. This tailing off in the elution profile was also
observed for experiments done with less amount of pro-
tein and in the presence of 6M urea (data not shown). The

apparent molecular weight of Securin calculated from
Equation 1 corresponds to 105,500 (Fig. 1A), a value
five times larger than the theoretical value of 22,225 Da
expected from its amino acid sequence. Furthermore, the
experimental molecular weight obtained by mass spectro-
scopy (22.19 kDa; data not shown) was in agreement with
the theoretical value. Such a high Mr may result from the
formation of soluble aggregates, or from an extended,
rather than globular, conformation. We used analytical
ultracentrifugation to further investigate these two possi-
bilities. Analysis of the data from a sedimentation equili-
brium centrifugation experiment showed that the protein
was monomeric with aMr of 18,6006 1000 (Fig. 1B). The

Figure 1. Hydrodynamic characterization of Securin. (A) Size exclu-

sion chromatography elution profile of Securin monitored at 220 nm.

Asterisks denote the positions of the molecular weight standards. (Left

to right) Ferritin (440 kDa); catalase (232 kDa); aldolase (158 kDa);

albumin (67 kDa); ovoalbumin (43 kDa); chymotrypsinogen (25 kDa);

ribonuclease (13.7 kDa). (B) Equilibrium sedimentation experiments

of fluorescein-labeled Securin at 10�C. Residuals correspond to the

fitting of the data to a single exponential model to deduce the apparent

molecular weight.
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Stokes radius of the protein was calculated from the
experimental size-exclusion molecular weight as described
in Uversky (1993), using Equations 2 and 3. The value of
39.76 0.04 Å obtained for Securin (Mr 105,500) com-
pared more favorably with the theoretical Stokes radius
predicted for a fully unfolded protein of 22.2 kDa
(41.76 0.3 Å) than that predicted for the native globular
monomeric form (22.46 0.01 Å). Together, these results
imply that Securin has the dimensions of a denatured
protein and that it has an extended conformation.

Secondary structure analysis of Securin

The far-UV CD spectrum of Securin (Fig. 2A) lacked the
typical signatures of secondary structure, exhibiting
instead only a negative signal at 200 nm. The minimum
at 200 nm was more pronounced than that for random
coils (�5000 deg cm2 dmol�1), suggesting rather that the
protein contains a small amount of poly(L-proline) type II

helix (PPII). As the temperature was increased (Fig. 2A),
the CD spectra showed a red shift of �2 nm, and the
minimum became less negative. Also present was a well-
defined isodichroic point at 212 nm, a feature described for
temperature-dependent CD spectra of peptides that con-
tain PPII structures, and attributed to the destruction of
the PPII in favor of the unstructured state (Makarov et al.
1992). Dependence of the molar ellipticity as a function of
temperature lacked any cooperative transition (Fig. 2B).
The observed linear shape of the spectrum with a slight
negative slope is typical of random coil polypeptides.
These results indicate that Securin does not have signifi-
cant regular secondary structure, and that it lacks a com-
pact globular structure.

Changes in the environment can induce the formation
of secondary structure in natively unfolded proteins (for
review, see Uversky 2002b). Figure 3 shows the results of
adding to Securin different chemical compounds known
to induce secondary structure. An increase in the ionic
strength by addition of (NH4)2SO4 had no significant
effect on the secondary structure of Securin, although
the small decrease in the intensity of the signal at 200 nm
suggested a reduction in the amount of PPII (Fig. 3A;
Jones et al. 1994). Changes in pH in the presence or
absence of salt (Fig. 3B,C) had no effect on the structure
of Securin. Even at extreme pHs, the overall shape of the
spectra remained that of an unfolded protein. SDS
(sodium dodecyl sulphate) had a more pronounced effect
on Securin. The amplitude of the minimum at 200 nm
decreased, reaching values close to that of a disordered
polypeptide (Fig. 3D). Also, the spectra showed an iso-
dichroic point around 212 nm that has approximately the
same value as that observed for its CD thermal depen-
dence (Fig. 2A), suggesting that SDS has shifted the equi-
librium toward a fully unstructured state instead of
promoting any secondary structure. Securin aggregated
in the presence of trifluoroethanol (TFE) and trimethyla-
mine N-oxide (TMAO), making it impossible to study
their effects on its secondary structure.

Analysis of Securin using Nuclear Magnetic Resonance

The 1H-NMR spectrum of Securin has the characteristics
of a random coil (Fig. 4A). The resonances are in general
clustered, and not dispersed, as expected for a folded
protein. Signals from methyl group protons are clustered
at around 1 ppm instead of being shifted up-field to nega-
tive chemical shifts, as would be expected in the case of a
folded protein. Methyl groups are clustered into three
groups, those corresponding to Val, Leu, and Ile at around
0.8 ppm, those from Thr at 1.2 ppm, and Ala at 1.4 ppm.
Finally, the amide group protons are also clustered at
8 ppm (Dwek 1973). The overall appearance of the proton
spectrum has the hallmark of an unfolded polypeptide

Figure 2. Secondary structure analysis of Securin evaluated by CD. (A)

Far-UV CD spectra of Securin at different temperatures. (B) Tempera-

ture dependence of the molar ellipticity of Securin followed at 222 nm.
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with discrete groups of signals at random coil values. In
addition, the 1H-15N HSQC spectrum of Securin revealed
limited dispersion of proton chemical shifts of only 1 ppm
and a very narrow line width for all resonances as expected
for highly flexible regions (Fig. 4B). These observations
indicate that Securin is an unfolded protein as previously
described for urea denatured proteins (Kriwacki et al.
1996; Dyson and Wright 1998; Schwarzinger et al. 2000).

Characterization of the interaction between Securin and p53

Studying the function of human Securin in tumorigenesis,
Bernal and collaborators described the interaction
between p53 and Securin using pull-down and coimmu-
noprecipitation assays. This interaction represses p53
transcriptional activity and reduces its ability to induce
cell death in vivo (Bernal et al. 2002). They determined
that the N terminus of Securin contains the fragment that
interacts with residues 300–374 of p53, which comprises
the tetramerization domain and a portion of the C termi-
nus. We used fluorescence anisotropy and analytical

ultracentrifugation to quantify and gain insight into this
reported interaction; however, in all cases, we were not
able to detect any binding. When using fluorescence ani-
sotropy, addition of a final concentration of 160 mM
Securin to fluorescein-labeled p53-TC (residues 293–393,
tetramerization domain and C terminus) resulted in a
linear increase of the fluorescence anisotropy signal of
only 0.003 units, a value equal to that of the limit of
detection of the instrument (0.003–0.005 units) (Fig. 5A).

In addition, analytical ultracentrifugation experiments
were set up to detect fluorescein-labeled Securin in the
presence of p53 full-length quadruple mutant (Joerger
et al. 2004) (p53 flQM). Data described a single species
present with a Mr of 21,0006 1000 (Fig. 5B), a value
comparable to the theoretical molecular weight for Securin
of 22,200 Da deduced from its amino acid sequence.

Discussion

The hydrodynamic properties of Securin inferred from gel
filtration and analytical ultracentrifugation show that it

Figure 3. Effect of the solution environment on the secondary structure content of Securin evaluated by CD. (A) (NH4)2SO4;

(B) pH in the absence of salt; (C) pH in the presence of salt; and (D) SDS.
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behaves as an extendedmonomeric protein. NMRand far-
UV CD spectroscopy indicate that Securin is unstructured
and lacks significant secondary structure content, except
for a small amount of PPII. The experimental evidence
presented here suggests that Securin is a natively unfolded
protein. Furthermore, sequence analysis and secondary
structure prediction confirm this idea. Parameters such as
mean hydrophobicity <H> and mean net charge <R>,
whichare normally used to recognize lackof structure,were
calculated as described in Uversky et al. (2000). The values
for Securin are 0.45 and 0.05, respectively, which are
comparable to those predicted for natively unfolded pro-
teins of <H> 0.396 0.05 and <R> 0.126 0.09. The
average amino acid composition of Securin indicates that
it contains few order-promoting residues (W, Y, C, and I)
and is enriched in disorder-promoting residues (P, S, and
K) (Dunker et al. 2001). Figure 6 shows the comparison of
the deviation in the amino acid composition of Securinwith
that of globular proteins contained in the SCOP database.
Securin is depleted in most order-promoting residues
and enriched as much as 2.5-, 1.7-, and 1.5-fold for the

disorder-promoting residues Pro, Lys, and Ser, respec-
tively. Furthermore, the PONDR predictor of intrinsically
disordered regions (Romero et al. 1997, 2001b) predicts an
overall percentage of disorder of 54%. Finally, the
Psi-PRED server (http://bionf.cs.ucl.ac.uk/psiform.html)
predicts 72% random coil. TheN terminus of yeast Securin
(Pds1) has also been shown to be natively unfolded. It is
interesting that despite both yeast Pds1 and human Securin
sequences being so dissimilar that it is impossible to align
them, both proteins are unstructured and perform the same
function (Cox et al. 2002).

CD spectroscopy results suggest that Securin may con-
tain a small amount of poly(L-proline) type II helix
(PPII). The spectrum, however, does not contain the typi-
cal maximum at 228 nm exhibited by PPII (Toumadje and
Curtis Johnson Jr. 1995), which may be due to the fact
that the amount of PPII structure is small compared with
the mainly random coil conformation. The most favored
residue present in PPII helices is proline, which is also the

Figure 4. Nuclear magnetic resonance characterization of Securin.

(A) 1H NMR spectrum of Securin, and (B) 1H-15N HSQC spectrum

of Securin.

Figure 5. Characterization of the interaction between Securin and p53.

(A) Fluorescence anisotropy experiments with fluorescein-labeled p53-

TC and Securin. (B) Equilibrium sedimentation analysis with fluores-

cein-labeled Securin and p53 full-length quadruple mutant.
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most abundant residue in Securin (12%), particularly in
the C terminus of the protein. Some of the prolines present
within Securin are followed by another proline, or by
glycine or arginine residues, all of which have a strong
propensity to form PPII structures (Stapley and Creamer
1999). The Securin N terminus contains 22/26 of the total
number of basic residues in the protein, while the C termi-
nus has 19/27 of the acidic residues. At neutral pH, both
types of residues are charged, and salt can mask these
charges, causing the protein to adopt a structure con-
strained only by the conformation of the backbone,
which is the most important determinant in polyproline
helices. The inability of organic solvents, pH, and electro-
lytes to induce any secondary structure in Securin suggests
that under physiological conditions, its stable conforma-
tion is that of an extended polypeptide with stretches of
polyproline helix type II.

The C terminus of Securin contains two diproline motifs
PXXP, which have been shown to adopt PPII structure
and are involved in SH3-ligand interactions (Yu et al.
1994). In addition, one of these PXXP motifs contains a
Cdc2 phosphorylation site that may regulate hPTTG1
function, either by the phosphorylation and dephosphor-
ylation of Ser165 (Ramos-Morales et al. 2000) or by fold-
ing upon binding, as previously observed for the binding of
the KID domain of CREB to CBP (Radhakrishnan et al.
1997; Zor et al. 2002, 2004). Site-directed mutagenesis of
the PXXP motifs abrogates the transforming and tumor-
inducing activity of the protein (Zhang et al. 1999b).

Many cell-signaling and cancer-associated proteins have
been shown to be rich in disordered regions (Iakoucheva
et al. 2002). In agreement with this observation, we show
here that Securin, a protein implicated in cell cycle

regulation and cell transformation, is also unfolded. In
addition, Securin has a destruction box (D-box) and a
KEN box at the N terminus, which targets the protein for
degradation by theAPC.Unfolded regions are often found
among domains responsible for protein degradation
(Hochstrasser 1996).

Securin is highly expressed in tumors (Zhang et al.
1999a,b; Wang and Melmed 2000), but the mechanism
by which it promotes tumorigenesis is unclear. A possi-
ble mechanism may result from aneuploidy caused
by defective sister-chromatid separation. Bernal et al.
(2002) described the interaction between Securin and
p53, which in turn, blocks the specific binding of p53
to DNA, providing another potential mechanism for
tumor formation. The interaction maps to the tetramer-
ization domain and C terminus of p53 and the N termi-
nus of Securin. Using various biophysical techniques
including analytical ultracentrifugation, which is cap-
able of detecting weak interactions (Kd� 10�3 M), and
purified recombinant proteins, we could not detect any
interaction between Securin and p53. The difference
between our findings and those reported by Bernal
may arise from the use of eukaryotic cell-based experi-
ments rather than entirely in vitro experiments using
prokaryotic recombinant proteins. Perhaps the reported
binding may be mediated either by one or more proteins
acting as a bridge between p53 and Securin, or by post-
translational modifications in either or both proteins. In
particular, there are extensive studies describing the reg-
ulation of p53 by protein–protein interactions and by
covalent modification. It is noteworthy that the C ter-
minus of p53 is the site of several post-translational
modifications including phosphorylation, acetylation,
SUMOylation, ubiquitination, neddylation, and glyco-
sylation. These covalent modifications regulate p53
sequence-specific DNA binding, transactivation, tetra-
merization, and stability (May and May 1999). Beside
the proteins involved in these post-translational modifi-
cations, the C terminus interacts with many other pro-
teins. In particular, it associates with the DNA helicases
XPB and XPD, which are subunits of TFIIH, and with
proteins involved in transcription and DNA repair such
as TBP, Rad51, and CSB, and with the calcium-binding
protein S100B (Jayaraman and Prives 1999). The bind-
ing of S100B to p53 involves not only the C terminus,
but also the tetramerization domain (Delphin et al.
1999). In contrast, the N terminus of Securin has only
been shown to interact with the regulatory subunit of
the DNA-dependent protein kinase (DNA-PK), result-
ing in the phosphorylation of Securin. The residue(s)
involved in this modification have not yet been identi-
fied, but there are at least six potential motifs for DNA-
PK phosphorylation (Romero et al. 2001a). The Securin
N terminus also contains seven other predicted sites for

Figure 6. Amino acid deviation composition of human full-length

Securin (hPTTG1) from the average amino acid composition values

of globular proteins (excluding mutant, transmembrane, and coiled-

coil proteins) in the SCOP data base. Columns show the relative

enrichment of order-promoting (white bars) and disorder-promoting

(black bars) residues.
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Protein kinase C phosphorylation and one site for
cyclic-AMP and cyclic-GMP-dependent protein kinase
phosphorylation. Any of the aforementioned protein–
protein interactions or post-translational modifications,
or others not described to date, may mediate the binding
between Securin and p53.

Materials and methods

Plasmids

The wild-type human pttg1 (encoding the pituitary tumor-
transforming 1, or Securin, protein) was amplified by PCR
from a human thymus cDNA library (Clontech) and cloned
into the pGEMT vector (Promega). The fragment was ream-
plified by PCR and digested with BamHI and EcoRI. The
amplified fragment was subsequently purified and ligated in
frame into the plasmid pRSETHisLipoTEV (Sánchez-Puig
et al. 2005) at the BamHI and EcoRI sites immediately down-
stream of the TEV protease site.

Protein expression and purification

The plasmid pRSETHisLipoTEV-Securin was transformed into
Escherichia coliC41 (Miroux andWalker 1996) for protein over-
expression. Cultures were grown in 23TY medium containing
100 mg/mL ampicillin to an optical density 600 nm of �0.8,
induced with 1 mM isopropyl-1-thio-b-D-galactoside (IPTG)
and further incubated for 4 h at 37�C. The protein was purified
on a fast flow Ni column (QIAGEN) using a FPLC system
(Pharmacia). The eluted protein was digested with His-TEV
(Lucast et al. 2001) protease and subsequently reapplied onto
the Ni column. The sample was further purified by anion
exchange chromatography on a 20HQ POROS column using a
Vision Workstation BioCAD (Applied Biosystems), to separate
the fragments of proteolysis from the full-length protein, and
finally purified by gel filtration on a HiLoad 26/60 Superdex 75
column (Pharmacia). 15N isotopically labeled Securin was
expressed and purified in the same way as above, except that
the cells were grown in minimal M9 medium supplemented with
15NH4Cl. Fluorescein-labeled Securin was produced using the
Fluorescein-EX Protein labeling kit from Molecular Probes fol-
lowing the manufacturer’s instructions. Fluorescein-labeled p53-
TC protein (residues 293–393) (Fernández-Fernández et al.
2005) was a kind gift from Dr. Rosario Fernández-Fernández
(Centre for Protein Engineering, Cambridge, UK) and p53 full-
length quadruple mutant protein (p53 flQM) was a kind gift
from Caroline Blair (Centre for Protein Engineering,
Cambridge, UK). p53 flQM is a thermostable mutant of the
full-length p53 protein (Joerger et al. 2004).

Size exclusion chromatography

Purified Securin (100 mM) was injected onto an analytical
Superdex 200 HR10/30 column (Pharmacia) in an ÅKTA
design XT Explorer 900 Kit (Pharmacia) instrument equipped
with a Monitor UV-900 detector and the Unicorn 3.10 soft-
ware package. The buffer used consisted of 25 mM phosphate
buffer (NaPi) (pH 7.2), 150 mM KCl, and 10 mM 2-mercap-
toethanol. Molecular weight standards (Pharmacia) were run
under the same conditions and their elution volumes were used

to create a calibration curve (Equation 1), from which the
apparent molecular weight (Mr) of Securin was calculated.
The theoretical Stokes radius (Rs) of a native (Rs

N) and fully
unfolded (Rs

Urea) protein were determined as described in
Uversky (1993) using Equations 2 and 3, respectively.

log Mrð Þ ¼ 8:1614� 0:264 Veð Þ ð1Þ

log RN
s

� �
¼ �ð0:2546 0:002Þ þ ð0:3696 0:001Þ logðMrÞ ð2Þ

log RUrea
s

� �
¼ �ð0:6576 0:004Þ þ ð0:52460:001Þ log Mrð Þ ð3Þ

Far UV circular dichroism

Temperature dependence of the ellipticity was followed with a
JASCO J-720 spectropolarimeter equipped with a JASCO PTC-
348WI temperature controller. CD spectra were recorded using a
1-mm pathlength cuvette and protein concentration of 10 mM.
Thermal denaturation was followed at 222 nm, with an increase
of 1� per minute, a time response of 10 sec and a bandwidth of
1 nm. Circular dichroism wavelength scan measurements were
followed with an AVIV 2025F stopped flow circular dichroism
spectrometer equipped with a Pelletier temperature controller.
CD spectra were recorded using a 1-mm pathlength cuvette at
the same protein concentrations as for thermal denaturation.
Scan wavelength was followed from 260 to 190 nm, with an
increase of 0.5 nm per step, an averaging time of 5 sec, and a
bandwidth of 1 nm. All samples were dialyzed against a buffer
containing 25 mM NaPi (pH 7.2), 150 mM KCl, and 1 mM
DTE.

Analytical ultracentrifugation

Experiments were performed at 10�C using a Beckman Optima
XLI analytical ultracentrifuge with an An60Ti rotor. Data were
collected at 492 nm in order to selectively detect the fluorescein-
labeled Securin. To assess the oligomeric state of Securin, we
used a 5-mMfluorescein-labeled sample of Securin. When testing
the interaction of fluorescein-labeled Securin with p53 flQM, the
protein concentrations used were 5 mM for the former and
100 mM for the latter. The buffer used in all cases consisted of
25 mM NaPi (pH 7.2), 150 mM KCl, and 5 mM DTT. Samples
were loaded in triplicate into 6-sector 12-mm pathlength cells.
Scans were collected at 6-h intervals until equilibrium was
reached, as judged by the fact that there were no further changes
in subsequent scans. Data were analyzed using the UltraSpin
software (www.mrc-cpe.cam.ac.uk/ultraspin) and the Kaleida-
graph programme version 3.0.4 (Abelbeck Software) for graph
plotting. Data were fitted to a single exponential model indicat-
ing equilibrium of single species of unspecified mass.

Two-dimensional Nuclear Magnetic Resonance

A sample containing purified recombinant 150 mM
15N Securin, in 25 mM NaPi (pH 7.2), 150 mM KCl, 10 mM
2-mercaptoethanol was used to acquire a 15N-HSQC spectrum
on a DRX600 Bruker spectrometer at 20�C. Standard Bruker
pulse sequences were used and the data was analyzed with
UXNMR software.
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Fluorescence anisotropy

A sample of 800 mM Securin (initial concentration) was titrated
into 0.1 mM fluorescein-labeled p53-TC in a buffer consisting of
25 mMNaPi (pH 7.2), 150 mMNaCl, and 1 mM DTT at 10�C.
Measurements were made in a Perkin Elmer LS55 luminescence
spectrometer equipped with a Hamilton microlab dispenser
controlled by laboratory software at an excitation wavelength
of 480 nm and emission wavelength of 525 nm. For each data
point, the mixture was incubated for 1 min with 30 sec of stirring
before measuring the fluorescence.
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