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ABSTRACT: NMR studies of the antiapoptotic protein survivin have been used to determine the homodimer
interface of the protein in solution and to identify residues of the protein that interact with Smac/Diablo.
In solution, survivin(1-120) forms a bow-tie-shaped dimer whose interface is composed of its N-terminal
residues as well as residues connecting its BIR domain to the C-terminalR helix. The solution structure
resolves the controversy regarding the two possible dimer interfaces for survivin observed in X-ray crystal
structures. The structural basis for the interaction between survivin and Smac/Diablo was also investigated.
When Smac/Diablo or N-terminal Smac/Diablo peptide analogues are added to a solution of survivin,
specific residues nearR4 andâ3 are perturbed. NMR experiments indicate that the peptides bind across
the third â-strand of survivin in a manner similar to the way Smac/Diablo peptides bind to the BIR3
domain of X-linked IAP (XIAP).

Survivin is selectively overexpressed in most human
cancers but not in normal tissues (1, 2). It is a member of
the inhibitor-of-apoptosis (IAP) family of proteins. IAP
proteins play an important role in apoptosis by being
endogenous inhibitors of caspases (3). This inhibition can
be relieved by a mitochondrial protein, Smac/Diablo, which
directly binds to IAPs and thus suppresses their function (4,
5). Survivin has been reported to exhibit anti-apoptotic
activity; however, its mechanism is still not clear (1, 2, 6-8).
One suggestion is that it does not bind caspases directly,
but instead exerts an anti-apoptotic effect by binding to Smac/
Diablo and neutralizing the Smac/Diablo effect on other IAPs
(8). Survivin may also be a member of another distinct group
of BIR1 domain containing proteins that are found to localize
to the mitotic spindle (9-11). In Caenorhabditis elegans,
the survivin-like BIR1 protein localizes the aurora-like kinase
AIR-2 to the chromosome. Recent studies indicate that
human survivin interacts with aurora-B kinase, stimulates
its activity, and helps target aurora-B kinase to its substrates
during the cell cycle (12).

Structurally, the survivin monomer (1-142) contains a
zinc-binding fold similar to that found in the XIAP BIR2,
BIR3 domain (13, 14), but it lacks the RING finger motif
found in XIAP. Instead, survivin contains a long amphipathic

helix C-terminal to the BIR domain (15-17). On the basis
of both ultracentrifugation and gel filtration chromatography,
survivin behaves like a homodimer in solution. However,
two different crystal packing modes were found for the
mouse and human survivin proteins (15-17). This leads to
two very different models for the proposed dimer interface
(18). Mutagenesis has been done on the basis of the two
different dimer models, but these data have been unable to
unambiguously resolve the relevant dimer in solution.

In this study, we describe the solution structure of human
survivin as determined by NMR spectroscopy. These data
unambiguously define the dimer interface found in solution.
We also describe our binding studies of human survivin and
Smac/Diablo. Residue-specific resonance perturbations are
observed that help define the interface between the two
proteins. N-terminal Smac/Diablo-like peptides were tested
and found to perturb the same resonances as mature Smac/
Diablo. NMR studies on an N-terminal Smac/Diablo-like
peptide were used to understand how this peptide binds to
survivin.

EXPERIMENTAL PROCEDURES

Protein Preparation.Survivin(1-120) with a N-terminal
6× histidine tag was prepared by expressing the protein in
Escherichia coli BL21(DE3) and grown on M9 media.
Uniformly 15N-labeled; uniformly15N,13C-labeled; and uni-
formly 15N,13C-labeled, 75%2H samples were prepared with
media containing either15NH4Cl; 15NH4Cl plus [U-13C]glu-
cose; or15NH4Cl, [U-13C]glucose, and 75%2H2O, respec-
tively. Soluble protein was purified by Ni2+-affinity chro-
matography. The histidine tag was cleaved off with thrombin
and removed with a Ni2+-affinity column. A metal-chelating
column was used to remove any trace amount of Ni.

To determine intermonomer contacts, we prepared a
survivin sample that contained dimers consisting of an
isotopically labeled (15N,13C) and an unlabeled monomer.
The sample was generated by mixing a uniformly labeled
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15N/13C protein with an equal molar amount of unlabeled
protein in the presence of 8 M urea and 50µM Zn(Ac)2.
The mixture was left at room temperature for 2 days to allow
the protein dimers to re-equilibrate. The protein was then
slowly dialyzed to remove the urea. The folded protein was
purified with a Superdex-75 gel filtration column. At
equilibrium, fifty percent of the dimers contained in the final
sample will be composed of an isotopically labeled and an
unlabeled monomer.

Mature Smac/Diablo(56-239) was prepared by expressing
the protein inE. coli BL21(DE3). A 6× histidine tag was
added to the C-terminus and the protein was purified by Ni2+-
affinity chromatography.

NMR Spectroscopy.NMR samples contained 0.5-1.0 mM
survivin protein in 50 mM phosphate (pH 7.5) and 1 mM
[2H]dithiothreitol. All NMR experiments were acquired at
298 K on a Bruker DRX500, DRX600 or DRX800 NMR
spectrometer. Backbone1H, 13C, and15N resonance assign-
ments were obtained using a suite of deuterium-decoupled,
triple-resonance experiments [HNCA, HN(CO)CA, HN(CA)-
CB, HN(COCA)CB, HNCO, and HN(CA)CO] (19-21). The
side chain1H and 13C NMR signals were assigned from
H(CC-CO)NH, (H)C(C-CO)NH, or edited NOESY experi-
ments. Stereospecific assignments for nine of the 11 leucine
methyl groups were obtained from an analysis of the13C-
13C coupling patterns observed for biosynthetically directed,
fractionally13C-labeled survivin (22). NOE distance restraints
were obtained from three-dimensional15N- and 13C-edited
NOESY or three-dimensional12C-filtered13C-edited NOESY
spectra acquired with a mixing time of 80 ms.

Structure Calculations.Monomer structures were calcu-
lated using a simulated annealing protocol with the program
CNX (MSI, San Diego, CA) (23). Distance constraints
between the zinc and the three chelated cysteins and one
histidine of the BIR domain were included on the basis of

earlier structural data (15, 17). Structures were calculated
using 1394 intramonomer NOE constraints, 30 hydrogen-
bond restraints derived from an analysis of amide exchange
rates, and 56 torsional restraints from an analysis of the
backbone chemical shifts (24) (Table 1). Dimer structures
were calculated using an additional 48 intermonomer NOE
constraints.

Low-energy monomer structures were docked to form the
dimer and then refined using a simulated annealing protocol
(25, 26). A square-well potential (FNOE ) 50 kcal mol-1)
was employed to constrain NOE-derived distances. There
were no dihedral-angle violations greater than 5° and no NOE
violations greater than 0.2 Å. Only covalent geometry, NOE,
torsion, and repulsive terms were included in the structure
refinement. Even so, the Lennard-Jones energy is large and
negative, indicating that the structure has favorable non-
bonded contacts.

Peptide Binding.Smac and peptide binding to survivin
was assayed using [13C,1H]HSQC spectra on a selectively
methyl (Leu, Val, and Ile-δ1) labeled sample (27, 28). Smac
was titrated (12.5-200 µM) into a 25µM survivin sample
that was perdeuterated except for the methyl groups. Peak
heights were measured at each concentration (19). Peak
heights will be reduced as a resonance broadens. Resonances
that broadened more rapidly than the average resonance are
most likely due to direct contact with Smac/Diablo (29).
Binding affinities of peptides [Ala-Val-Pro-Phe-Tyr, Abu-
Val-Pro-Phe-Tyr, Ala-Tle-Pro-Phe-Tyr, Ala-Val-(N-Me)Ala-
Phe-Tyr, Ala-Val-Pro-Tyr-Tyr, Ala-Val-Pro-Phg-Tyr, and
Ala-Val-Pro-(Cl-Phe)-Tyr] were determined by titrating 12.5,
25, 50, 100, and 200µM of the peptides into 25µM survivin.
The chemical shift perturbations for each ligand concentra-
tion are used to derive theKd (30). To rank the binding of
the remaining peptides, we used the protein chemical shift
change (δobs) that occurred at 50µM of ligand and the

Table 1: Structural Statistics and Root-Mean-Square Deviations for 10 Dimer Structures of Survivin(1-120)

〈SA〉a 〈SA〉min

rmsd from experimental distance restraints (Å)
all (1451) 0.014( 0.001 0.014
intraresidue and sequential (699) 0.006( 0.003 0.005
short range (275) 0.014( 0.003 0.015
long range intramonomer (420) 0.016( 0.002 0.014
inter-monomer (48) 0.017( 0.003 0.015
hydrogen bonds (30) 0.029( 0.003 0.028

rmsd from experimental torsional angle restraints (deg)
φ andψ angles (56) 0.31( 0.06 0.25

CNX potential energies (kcal mol-1)
Etot 95.4( 7.3 87.2
Ebond 1.8( 0.6 1.5
Eang 70.1( 2.9 67.9
Eimp 2.8( 0.2 2.5
Erepel 16.8( 2.0 13.8
ENOE 2.5( 0.5 1.6
Ecdih 2.4( 0.3 0.01
EL-J -1276.3d

Cartesian coordinate rmsd (Å) backbone all heavy
〈SA〉 versus〈SA〉b monomer 0.79( 0.13 1.14( 0.18

〈SA〉 versus〈SA〉cdimer 1.11( 0.23 1.32( 0.33
Procheck (36)

residues in most favored and allowed regions 96%
residues in generously allowed regions 4%

a 〈SA〉 is the ensemble of the 10 lowest energy dimer structures,〈SA〉min is the energy-minimized mean dimer structure.b For residues 6-117 of
the survivin monomer.c For residues 6-117 of the survivin dimer.d EL-J was not used in the refinement, but is included as an independent assessment
of nonbonded geometry.
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average fully bound chemical shift change (δsat) derived from
the previously mentioned six titrated peptides. The reported
value was obtained fromKd ) (L0 -P0x)(1 - x)/x wherex
) δobs/δsat andL0 andP0 are the added ligand and protein
concentration. Peptides were synthesized in house.

RESULTS AND DISCUSSION

Defining the Dimer Interface of SurViVin in Solution.The
relevant dimer interface of human/mouse survivin is still
controversial (18). To resolve this question, we determined
the dimer interface of survivin observed in solution using
high-resolution NMR spectroscopy. A sample containing a
mixture of labeled (15N,13C) and unlabeled protein was
prepared and used to define unambiguous contacts between
the two monomers of survivin(1-120). The intermonomer
contacts were determined using a12C-filtered 13C-edited
three-dimensional NOESY experiment (31, 19). This experi-
ment selects for NOE contacts between an isotopically
labeled and an unlabeled monomer. In Figure 1 are repre-
sentative slices comparing the NOE data from a13C 3D-
edited NOESY experiment (Figure 1A,C) to the data from a
12C-filtered13C-edited 3D NOESY experiment (Figure 1B,D)
(19, 32). Only NOE cross-peaks between a labeled and
unlabeled monomer remain in the filtered NOESY slices
(Figure 1B,D). Forty-eight intermolecular NOEs were ob-
served between the monomers of the survivin dimer. These
NOEs were all resolved from the diagonal in the 3D
experiments. Additional NOE cross-peaks between degener-
ate resonances were observed on the diagonal in the12C-
filtered 13C-edited 3D NOESY experiment, but these contacts
were not used as constraints in the structure calculations.
Intermonomer NOEs were observed between the two central

L98 residues of each monomer and the flanking residues L6,
W10, F93, F101, and L102, which form the sides of a
hydrophobic box around them. All of these observed contacts
are consistent with the bow-tie-shaped dimer found earlier
in the X-ray structures for human survivin (15, 17). No NOE
contacts were observed between residues in the proposed
zinc chelation dimer interface (16).

The structure of survivin in solution was determined from
a total of 1394 intramonomer and forty-eight intermonomer
NMR derived restraints. The structure of each survivin
monomer was well-defined by the NMR data (Table 1,
Figure 2A). The root-mean-square deviation (rmsd) to the
mean coordinate position for residues 6-117 of each
monomer is 0.79( 0.13 Å for backbone atoms and 1.14(
0.18 Å for all heavy atoms. The survivin dimer is also well-
defined by the NMR data with an rmsd of 1.11( 0 0.23 Å

FIGURE 1: Representative NMR data defining dimer contacts. (A)
Intra- and intermonomer NOE cross-peaks observed for L98 in a
3D 13C-edited NOESY spectrum. (B) Intermonomer NOEs observed
for L98 in 3D 12C-filtered 13C-edited NOESY spectrum. (C) Intra
and intermonomer NOE cross-peaks observed for L6 in 3D13C-
edited NOESY spectrum. (D) Intermonomer NOEs observed for
L6 in 3D 12C-filtered 13C-edited NOESY spectrum. The peaks
corresponding to the intermonomer NOEs are highlighted with red
boxes.

FIGURE 2: Structures of human survivin in solution. (A) View of
10 superimposed monomer NMR structures (residues 6-117). (B)
View of 10 superimposed full survivin dimer NMR structures
(residues 6-117). (C) Ribbon depiction of the average minimized
solution NMR structure of the survivin dimer interface. Side chains
of residues that have NOE contacts across the dimer interface are
shown in magenta for one monomer and blue for the other
monomer. (D) Ribbon depiction of a backbone superposition
(residues 1-120) of the average minimized solution NMR structure
(cyan) and the X-ray structures (gray) of human survivin (PDB
1F3H).
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for the backbone atoms (Figure 2B). A ribbon representation
of the average minimized survivin solution structure in the
dimer interface is shown in Figure 2C. Side chains of residues
that have NOE contacts across the dimer interface are also
shown.

The structure of the survivin BIR domain consists of a
three-strandedâ-sheet and fourR-helices. The solution and
X-ray structures of the BIR domain monomers of survivin
(6-90) are in very good agreement with an rmsd of 1.38 Å
for the backbone atoms (Comparisons to PDB accession code
1F3H). In Figure 2D, we show a superposition of the NMR
and the X-ray structure for the “bow-tie model” for the dimer
of human survivin(1-120) (15, 17). The overall structures
of the dimer are similar between the NMR and this X-ray
structure with an rmsd of 1.2 Å in the dimer region (residues
6-13 and 89-105 for monomer A and B) and 1.9 Å for all
backbone atoms (residues 6-105 for monomer A and B).

A notable feature of survivin among IAPs is the additional
R-helix in the C-terminus. In this study we truncated the
protein at residue 120 to improve the protein’s solubility.
This truncation removes part of the C-terminalR helix
(∆121-142). Our structural data indicate that truncation of
survivin at residue 120 does not affect the structure of the
BIR domain of the protein nor the ability of the protein to
homodimerize in solution. Recently a splice variant of
survivin has been reported that corresponds to the construct
(residues 1-120) used in our studies (33). In addition,
survivin(1-120) used in this study was able to interact with
human aurora kinases with similar affinity as the full length
protein, which indicates that this protein is folded and
functional (12).

SurViVin Binding to Smac/Diablo.Recently, survivin has
been reported to interact with Smac/Diablo (8). To map the
interface between survivin and Smac/Diablo, we performed
NMR titrations of the two proteins. In these studies, we used
an almost fully deuterated survivin(1-120) sample with only
the methyl groups protonated and13C labeled (28) to improve
the quality of the spectra. When mature Smac/Diablo
(residues 56-239) is added to this sample, overall broadening
of the spectrum was observed (Figure 3A), consistent with
the increased size of the complex. Differential broadening
between contact residues and those outside of the contact
region is expected due to chemical exchange effects upon
binding (29). As shown in Figure 3A,B, the methyl group
of survivin with the greatest broadening upon addition of
Smac/Diablo is residue L64. This additional broadening for
L64 methyl groups is most likely due to chemical exchange
broadening resulting from the direct contact of this residue
with Smac/Diablo (29). In addition, L87, which is in the
vicinity of L64, also shows above average broadening.
Resonances that are distal to L64, like L14 or L98, which is
in the dimer interface, exhibit much less broadening upon
addition of Smac/Diablo (Figure 3B). Interestingly, L64 is
in the proposed zinc chelation dimer interface in mouse
survivin (16). Using the broadening data from the methyl
resonances of L64, we estimate that theKd for survivin/Smac/
Diablo binding to be 22µM. These data indicates that the
binding is in fast exchange under the NMR sample conditions
(19).

This binding data suggests that Smac/Diablo binds to a
region of survivin that is homologous to the binding site for
N-terminal Smac/Diablo peptides to BIR3 of XIAP. Residue

L64 of survivin corresponds to L307 in the BIR3 domain of
XIAP, which sits in the center of the peptide binding pocket
(34). Mutation of D71 in this site totally abolishes the
interaction between survivin and Smac/Diablo (8). This
mutation corresponds to the E314S mutation in the BIR3
domain of XIAP, which also abolishes binding to Smac/
Diablo peptides (34). This site has already been implicated
to be important for survivin’s antiapoptotic activity. Muta-
tions of residues H80 and E76 in this site in mouse survivin
resulted in spontaneous apoptosis in HeLa cells (16).

Truncated forms of survivin with only the BIR domain
(residues 1-99) have been reported not to interact with
Smac/Diablo (8) or to localize to the mitotic spindle (17).
To understand the role of the C-terminal helix for the func-
tion of survivin, we cloned and expressed the (residues 1-99)
BIR domain only construct. [15N,1H]HSQC spectra for the
(residues 1-99) construct did not have the same well-

FIGURE 3: Broadening or chemical shifts changes of resonances
of a selectively methyl (Leu, Val, and Ile-δ1) 13C/1H-labeled
perdeuterated survivin. (A) [13C,1H]HSQC spectra after addition
of 100 µM Smac/Diablo. (B) Height changes of representative
methyl resonances of survivin as a function of added Smac/Diablo.
(C) [13C,1H]HSQC spectra after addition of Hid peptide (AVPFY)
(100µM). In both parts A and C the reference spectra of the protein
alone are black while the spectra after addition of titrant are red.
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resolved resonances found for full length survivin or our
survivin(1-120) construct (data not shown). The lack of
well-resolved resonances is characteristic of unfolded or
aggregated proteins. This result suggests that the (1-99)
construct of survivin is not properly folded. This conclusion
is consistent with the structure of the survivin dimer. In the
structure, residues 99-110 are involved in making contacts
across the dimer interface. These contacts are likely to be
important for dimer formation and thus also for protein
stability. Removing these key residues is likely to interfere
with proper folding of the protein. All of the important dimer
contacts are maintained in our (1-120) construct.

SurViVin Binding to N-Terminal Peptides from Smac/
Diablo. Smac/Diablo N-terminal peptide and itsDrosophila
homologues Hid and Grim have been shown to be able to
bind to the BIR3 domain of XIAP with high affinity (34).
We tested if the N-terminal peptides from Smac/Diablo
(AVPIA), as well as theDrosophila homologues Hid
(AVPFY) and Grim (AIAY) are also sufficient to bind tightly
to survivin. We found that all three of these peptides bound
weakly, with the Hid peptide (AVPFY) showing the best
affinity of 7 µM. The peptide affinity we observe for
(AVPIF) is similar to what we observed for full length Smac/
Diablo, suggesting that most of the binding affinity comes
from the N-terminal residues of Smac/Diablo. In Figure 3C,
we show the chemical shifts changes observed when the Hid
peptide is added to survivin. Similar to our earlier titration
results with mature Smac/Diablo, the biggest resonance shifts
are for the methyls of L64, L54, and L87. These titration
data indicate that the N-terminal Smac/Diablo peptides also
bind to the region around L64 of survivin.

To identify amino acid preferences for binding to survivin
by N-terminal Smac/Diablo-like peptides, a library of penta-
peptides was screened by NMR. Peptide binding to survivin
was monitored using [13C,1H]HSQC spectra (28). In Table
2, we rank the binding affinity for each peptide in the library.
As expected, the SAR (structure-activity relationships) for
the peptides is similar to what was found earlier for peptide
binding to the BIR3 domain (34, 35). In the first position,

Ala and Abu were tolerated, but larger (e.g. Nle) or smaller
(e.g. Gly) amino acids resulted in a decrease in affinity. In
addition, a positive charge at the N-terminus is required (34),
as a methylamine was tolerated but a dimethylamine
completely abrogated binding. No strong preference was
found for position 2 of the peptide, while position 3 showed
a preference for Pro. Finally, a Phe or large hydrophobic
amino acid was preferred at the fourth position. Similar to
the BIR3 domain,D-amino acids were not tolerated at any
position. Strikingly, although the general trend in the SAR
is similar for survivin and for the BIR3 domain of XIAP,
no peptides could be identified that bound to survivin with
an affinity better than 6µM, while single-digit nanomolar
peptides were identified for BIR3 of XIAP (Table 2) (35).

NOE studies were performed to define how one of these
peptides, AKPFY, binds to survivin. NOEs observed between
the AKPFY peptide and survivin, (e.g. K2’-E65, P3’-L64
and F4’-L54) indicate that the peptide binds across the third
â-strand of survivin. In addition, residues W67 and E76 are
broadened in the presence of the peptide. In Figure 4, we
compare the structure of the survivin peptide binding site
with the structure of the BIR3/AVPIA Smac/Diablo peptide
complex (34). The survivin residues that have NOEs to or
are broadened by the peptide are shown in Figure 4B. These
contacts are consistent with a peptide binding mode similar
to that found for the BIR3 domain. Furthermore, the NOE
data indicates that the AKPFY peptide binds across the third
â-strand of survivin in the same orientation as the AVPIA
peptide binds to the BIR3 domain (33).

Although the binding mode for peptides is similar to BIR3,
differences in the residues of the survivin peptide binding
pocket may significantly reduce peptide binding. For ex-
ample, in the BIR3/AVPIA peptide complex, the carbonyl
group of the first residue of the peptide is in position to
hydrogen bond with the indole of W323. This is likely to be
an important contact, since in BIR3 a W323A mutation
reduces binding of the Smac peptide by more than 50-fold
(34). In survivin, a histidine (H80) replaces the tryptophan
(W323) found in BIR3 (Figure 4B). This may contribute to

Table 2: Binding Affinity of Peptides to Survivin and to the BIR3 Domain of XIAPa

Kd (µM) Kd (µM) Kd (µM) Kd (µM)

position 1 survivin BIR3 position 2 survivin BIR3 position 3 survivin BIR3 position 4 survivin BIR3

Ala 7 0.06 Val 7 0.06 Pro 7 0.06 Phe 7 0.06
Me-Ala 13 0.04 Tle 6 0.04 Hyp 47 0.8 Tyr 6 0.3
Abu 24 0.04 Lys 17 0.05 Pip 60 0.4 Cl-Phe 7 0.18
Val 113 0.9 Phe 25 0.12 Sar 60 0.6 2-Na1 22 0.19
Nle >200 >20 Abu 37 0.09 Aib 77 >20 Phg 31 0.03
D-Ala >200 5 Leu 39 0.16 Gly 106 3 Val 32 0.9
Aib >200 1.8 Nle 39 0.12 N-Me-Ala 134 1.6 Cha 37 0.97
Me2-Ala >100 8.7 Ala 93 0.29 Aze >200 0.12 Leu 44 0.28
Gly >200 9.6 D-Ala >200 >20 Ile 60 0.36

D-Val >200 >20 Nle 64 0.9
D-Phe >200 >20 1-Nal 77 0.09

Aib >200 >20 Homo-Phe 99 0.18
Me-Ala >200 >20 Gly 185 3.4

Gly >200 2.7 D-Phe >200 0.8
Aib >200 6.7

a All the peptides were derived from the pentapeptide AVPFY. Four libraries were synthesized in which each of the first four residues was varied
while keeping the other four residues unchanged. The binding affinity (Kd) against survivin was derived by NMR experiments as described in the
Experimental Procedures. The binding affinity (Kd) against BIR3 was derived from a fluorescence polarization anisotropy (FPA) competition assay
(34). The peptides’Kds obtained from a five point NMR titration are highlighted in bold, the rest were obtained from the average saturating
chemical shift and the chemical shift observed at a ligand concentration of (50µM). All the amino acids haveL-configuration unless indicated
otherwise.

Solution Structure of Human Survivin Biochemistry, Vol. 44, No. 1, 200515



the more than 100-fold loss in affinity of Smac/Diablo-
derived peptides for survivin when compared to the BIR3
domain of XIAP.

CONCLUSIONS

Survivin is involved in both cell cycle regulation and
apoptosis (1, 2). It is overexpressed in most human cancers
and represents an attractive target for cancer therapy. We
have determined the dimer interface of human survivin that
is found in solution. These data clearly resolves the contro-
versy concerning the relevant dimer interface of human/
mouse survivin (18). We have also demonstrated that a
truncated construct of survivin(1-120) containing the BIR
domain and part of the last helix folds correctly and is
sufficient to bind Smac/Diablo. Finally, we have provided
data that indicate how human survivin interacts with Smac/
Diablo. Residues that are involved in the binding interaction
are localized to a region nearâ3 andR4 of survivin and the
binding of N-terminal Smac/Diablo-like peptides are con-
sistent with the binding mode observed earlier for peptide
binding to the XIAP BIR3 domain.
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SUPPORTING INFORMATION AVAILABLE

Stereoviews of the NMR-derived structure of survivin and
comparisons to an X-ray structure of both survivin (PDB
ID 1F3H) and BIR3 Smac/Diablo peptide complex (PDB
ID 1G3F), a FPA titration curve for peptide binding to BIR3,
13C HSQC of survivin before and after preparation of the
mixed labeled homodimer, a table summarizing the experi-
mental NMR collection parameters, and a table of peptide
binding constants with error bars. This material is available
free of charge via the Internet at http://pubs.acs.org.
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