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Abstract

Peptides derived from the N-terminal and C-terminal regions of the p53 tumor suppressor protein, linked to the membrane
transduction domain of Antennapedia, have both been found to have significant cytotoxic effects selectively in human cancer cells.
However, the N-terminal and C-terminal p53 peptides apparently display very different mechanisms for their anticancer effects.
These differential effects can be attributed to dissimilar abilities to form distinctive 3-dimensional structures in extracellular-
matrix-like aqueous solution that enable unique and selective cancer cell membrane penetration and effect. N-terminally based p53
peptides, with their ability to form distinctive S-shaped helix—loop—helix structures, are able to rapidly disrupt cancer cell
membranes via toroidal-like pore formation causing necrosis; conversely, C-terminally based p53 peptides, due to their more
random coil configuration, can be transduced across cancer cell membranes and bind to its intracellular target to cause a Fas
pathway mechanism of apoptosis.
© 2004 Published by Elsevier B.V.
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1. Introduction

The use of peptides in cancer therapeutics has
recently become popular because of their potency,
specificity, low toxicity and limitations of viral vector
gene therapy approaches [1]. An important require-
ment in the use of peptide-therapy is the ability of
these molecules to be efficiently transduced across the
cancer cell membrane. In general, cellular plasma
membranes are largely impermeable to proteins and
peptides. Nonetheless, it was discovered that certain
short peptide sequences, composed mostly of basic,
positively charged amino acids (e.g. Arg, Lys and
His), have the ability not only to transport themselves
across cell membranes, but also to carry attached
molecules (proteins, DNA, or even large metallic
beads) into cells [2]. These basic sequences, mostly
derived from DNA binding proteins are now com-
monly known as protein transduction domains (PTD)
and have been successfully employed to transport
cargo proteins across a variety of cell membranes [3].
It has been theorized that the ionic interaction between
positively charged Arg residues of these PTDs and the
negatively charged phosphate head group of the
membrane lipid bilayer plays a key role in PTD
membrane interaction [4]. However, the exact mech-
anism by which these PTDs operate is still largely
unknown.

Due to its central role in tumor genesis, the p53
protein has long been a target for cancer therapeutics
[5]. Our group has successfully used these PTDs
linked to short peptide sequences derived from p53
end regions to selectively kill cancer cells. We have
observed that a p53-based synthetic peptide (derived
from the C-terminal residues 361-380 of p53) C-
terminally linked to a 17 amino acid PTD from the
Drosophila homeobox sequence of Antennapedia
(Ant) (Cp53Ant-37) induced p53-dependent, Fas-
mediated apoptosis in breast cancer cells containing

either mutated p53 or overexpressed wild-type p53.
However, Cp53Ant-37 was non-toxic to normal
human breast cell lines and human marrow derived
stem cells (CD34+) over a time course of 3—6 h [6].
Furthermore, our group has observed that another p53
based synthetic peptide (Np53Ant-32) derived from
the N-terminal residues (12-26) of p53 C-terminally
linked to the same 17 amino acid PTD sequence
induced very rapid p53-independent necrosis in
pancreatic cancer cells [7] and breast cancer cells [8],
while being non-toxic to both normal cell types over a
time course of 15 min.

It appears that the dramatic variation in the time
course and type of cancer specific cell death effect
between the Cp53Ant-37 and Np53Ant-32 sequences
can be attributed, at least in part to differences in their
mechanism of interaction with the cancer cell mem-
brane. As an initial attempt to understand the
mechanism by which these differential cancer cell
membrane effects were mediated, we examined how
changes in amino acid sequence of Cp53Ant-37
would affect peptide transduction, or as we referred
to it as “efficiency as a transporter” [9]. Using
sequence analysis, we observed a direct correlation
between hydrophobic peptide characteristics (hydro-
phobic moment and helical wheel profile) and
efficiency as a transporter. More specifically, we
observed that when the PTD domain was changed
from a 17-residue Ant to a 10-residue TAT, or when
the Ant or TAT were placed on the N-terminal as
opposed to the C-terminal end, the efficiency of
transport and corresponding anticancer activity was
decreased. On the basis of these results, we proposed
that the use of biophysical parameters such as hydro-
phobic moment and helical wheel analyses may be
useful predictive tools for choosing the best carrier
arrangement for peptide therapies [9].

The next step to understanding how these peptides
could display such dramatic differences in time course
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and mechanism of cell death was to analyze actual
peptide structures in physiologic environments ini-
tially using the Np53Ant-32 peptide [8]. Using
bioinformatic and biophysical spectroscopic methods,
we observed that the Np53Ant-32 peptide contained
alpha-helical secondary structure consistent with
membrane disruption capability. Moreover, using
electron microscopy imaging, we found that this
peptide caused rapid necrosis through the formation
of uniform pores along the cancer cell membrane [8].

To more closely analyze structural effects, in
relation to possible membrane interaction mecha-
nisms, we used two-dimensional solution Nuclear
Magnetic Resonance (NMR) spectroscopy, to deter-
mine actual peptide structure in two solution environ-
ments [10]. The first environmental type simulated an
extra-cellular matrix in which the peptide would
experience before it interacts with the cancer cell
membrane, consisting of a buffered aqueous solution
(AgS). The second type simulated the milieu the
peptide would experience inside the membrane after
penetration, consisting of an organic (mixed-solvent
phase) membrane-mimetic solution (MmS). It was
observed that in the AgS environment, the Np53 Ant-
32 peptide contained alpha-helical domains connected
by loop structures, forming an S-shaped peptide
backbone. In the membrane-mimetic MmS milieu,
the helical domains found in AgS increased in length,
all of which formed a U-shaped helix—coil-helix
configuration. In both the AqS and MmS environ-
ments, the Np53Ant-32 peptide formed amphipathic
structures with hydrophobic residues residing on one
face while the polar residues aggregated on the
opposite face [10]. We proposed that these alpha-
helical structures could cause the formation of the
pores we observed in cancer cell membranes by
electron microscopy.

As the next step in understanding how peptide
structure affects the cancer cell membrane interaction
mechanism, we have now determined the AqS three-
dimensional structure of the CpS53Ant-37 peptide,
using the same two-dimensional NMR spectroscopic
techniques as done above [10]. We can now compare
the three-dimensional structures of the 2 p53 peptides
in an aqueous extracellular-matrix like solution
containing the same C-terminally linked PTD (Ant)
sequence, allowing us to speculate on the role of
these different sequences in contributing to dramat-

ically different three-dimensional structures, and
more importantly cause very different anticancer
effects, namely either apoptotic or necrotic cancer
cell death.

2. Methods
2.1. Peptides

Both the Cp53Ant-37 and Np53Ant-32 sequences
were synthesized using solid phase methods and were
purified by HPLC to >95% purity (Research Genetics,
Huntsville, AL).

2.2. NMR structure determination

Both peptides were dissolved at a concentration of
4.0 mM in 10 mM phosphate buffer, pH 5.7
containing 5% DMSO-ds. NMR experiments were
carried out on a four-channel Varian "N"YINOVA
600 MHz spectrometer (Varian, Palo Alto, CA)
equipped with a triple resonance probe and z-axis
pulsed field gradients (Dept. of Chemistry, College of
Staten Island, Staten Island, NY). Experiments were
collected between 10 °C and 37 °C. Only the 37 °C
results are presented here. Proton assignments were
accomplished with 7otal Correlated Spectroscopy
(TOCSY) with a mixing time of 70 ms, Nuclear
Overhauser Effect Spectroscopy (NOESY) (mixing
times, 100 ms and 300 ms), and Double Quantum
Filtered Correlated Spectroscopy (DQFCOSY)
experiments [11].

The assignments were assisted and confirmed by
natural abundance using Heteronuclear Single Quan-
tum Coherence (HSQC) with '*C, 'H-HSQC and "*C-
HSQC-TOCSY spectroscopies. Conventional phase-
cycling was used instead of gradient-selection to
avoid sensitivity loss. The WET scheme was used to
suppress the water signal [12] in all experiments. The
standard deuterium lock solvent of 5% DMSO-ds was
used for all spectroscopic experiments.

NMR data were processed with the NMRPIPE
[13] program and analyzed with the NMRVIEW [14]
program. Unique NOE distance constraints were
calibrated with the medium intensity at 2.7 A for
both peptide sequences. Two hundred structures
were calculated for each of the 2 peptide sequences
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using the DYANA [15] program, and the 4 best
structures were selected for the display for both the
Np53Ant-32 and Cp53Ant-37 sequences. Overall
root mean square deviation (RMSD) between the
calculated structures was 5-6 A for the Np53Ant-32
and 10-15 A for the Cp53Ant-37 sequence. The
larger RMSDs for the Cp53Ant-37 peptide reflect its
random and more fluctuating structure. Computer
graphic rendering of NMR Structures was done
using MolMol [16].

3. Results
3.1. Table of peptide sequences

Amino acid sequence of Cp53Ant-37 and
Np53Ant-32 peptides (p53 regions underlined and
numbered).

Cp53Ant-37

361 380
GSRAHSSHLKSKKGQSTSRHKKWKMRRNQFWVKVQRG

Np53Ant-32
12 26
PPLSQETFSDLWKLLKKWKMRRNQFWVKVQRG

4. Discussion

The Np53Ant-32 peptide exhibits definitive struc-
tures in an aqueous extracellular-like environment, as

Fig. 2. Previously acquired Np53Ant-32 peptide NMR solution
structure, depicting one of the best four, from Fig. 1, shown for
clarity.

shown in Figs. | and 2 and shares much similarity in
structure to antimicrobial peptides, and therefore may
share similar mechanisms of membrane disruption.
The resulting ionic surface area depiction (Fig. 3)
shows a very compact positively charged shape, able
to disrupt membrane surfaces.

The Np53Ant-32 peptide induced rapid p53-
independent necrosis in a variety of cancer cells in our
studies [7,8]. Over a time course of 15 min, we
observed that all cancer cells in culture were killed,
with uniform pore formation (observed with electron
microscopy) occurring within 5 min. We speculate that
this rapid phenomenon is largely initiated by the unique
three dimensional structure depicted in Figs. 1-3 in the
aqueous extracellular matrix. The S-shaped a-helical
structure in Fig. 1 and its ionic surface area depiction

Fig. 1. Previously acquired Np53Ant-32 peptide NMR solution
structures, depicting the best four calculated forms in AgsS.

Fig. 3. Ionic Surface Area Depiction of the Np53Ant-32 peptide.
Blue (Positive), Grey (Neutral), and Red (Negative).
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(Fig. 3) closely resembles those categorized as o-
helical antimicrobial peptide forms [17]. The presence
of prolines at the NH, ends of Np53Ant-32 peptide
may stabilize its a-helical structure thus promoting
membrane interaction, by stabilizing inter-membrane
helix packing, as seen recently in the studies of
transmembrane proteins [18].

In general, most known a-helical antimicrobial
peptides exhibit similar structural characteristics with
the Np53Ant-32 peptide. An example of this group
known as magainins is so efficient as antimicrobials
that synthetic forms are being pharmaceutically
developed [19]. These structures are known to
interact with membranes by introducing so-called
“positive curvature strain” on the lipid bilayer which
induces the formation of toroidal pores [20], open-
ing up the continuous bilayer. The peptide, once
inserted into this toroidal pore complex, further
stabilizes the porous structure by intercalating its
basic, positively charged amino acids among the
negatively charged phospholipid head groups along
the inside pore wall. It is also known that these a-
helical structures undergo a conformational phase
transition, whereby the membrane binding process
induces increased structure formation [21]. The
Np53Ant-32 peptide undergoes such transition by
increasing its o-helical content in a membrane-
mimetic environment [10].

Np53Ant-32 peptide selectivity for cancer cells
can be analogous to antimicrobial peptide selectivity
for pathogen membranes. It is known that anti-
microbial selectivity for the pathogen membrane is
thought to occur because of differential phospholi-
pid content type [17] and sterol content [22]
between host and pathogen membranes. Moreover,
it was observed that a peptide with the PTD (Ant)
domain sequence alone exhibited differential abil-
ities to insert into artificial lipid vesicles [23]. We
suggest that given the similarity in residue content
and three dimensional structure of the Np53Ant-32
peptide, similar mechanisms may cause our
observed effect on cancer cells. It is well docu-
mented that cancer cells have major differences in
phospholipid, cholesterol and protein content of
their membranes as compared to normal cells. More
importantly, the ability to have definitive a-helical
structures in AqS enables this peptide to produce
rapid and selective membranolytic properties.

When compared to the Np53Ant-32 sequence, the
Cp53Ant-37 peptide exhibits little structure in an
aqueous extracellular-like environment, as shown in
Figs. 4 and 5. The resulting ionic surface area
depiction (Fig. 6) shows a stretched out string-like
form containing positively charged areas interspersed
with neutral and negatively charged regions. The only
indication of more distinctive structure is a discrete
loop conformation with Lys-372 at the apex of the
bend (Fig. 5). Preliminary results suggest that this
structure changes negligibly in a membrane-mimetic
environment by 'H-NMR studies.

The overall random coil structure (Fig. 5) of the
Cp53Ant-37 peptide may allow it to function as a
molecular crutch to overcome the inactive mutant
p53 structure and cause apoptosis. Apoptosis is a
complex-intertwined system of protein—protein inter-
active pathways that regulate cell death, of which
p53 plays a major role. We have observed that the
Cp53Ant-37 peptide induced a p53 dependent, Fas-
FADD/APO-1 mediated apoptosis through interac-
tion with the NH, terminus of FADD [6]. The
peptide is known to bind to mutant p53 and
reactivate its DNA binding ability and transcriptional
activity, but new transcription and translation are not
necessary for the induction of apoptosis [6]. This
suggests that this peptide may also bind directly to
the FAS-FADD/APO-1 complex, normally inacti-
vated when p53 is mutated, to cause apoptosis.
Recent NMR structural analysis of the bromodomain
of the coactivator CREB Binding Protein (CBP) with
the p53 C-terminal binding domain revealed a

(37)

M \

Fig. 4. Newly acquired Cp53Ant-37 peptide NMR solution
structures, depicting the best four calculated forms in AgS.
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380

Lys-372
361

Fig. 5. Newly acquired Cp53Ant-37 peptide NMR solution
structures, depicting one of the best four, from Fig. 4, shown for
clarity. Note the curved loop region from residues 361-372, with the
Lysine 372 labeled.

structure complex, where a peptide containing the
same sequence as Cp53Ant-37 peptide, bound with
an acetylated lysine conforming to the same curve-
like structure as depicted in Fig. 5, with lysine 372
as the analogous acetylated bound form in the NMR
structure [24]. This suggests that the flexible random
coil configuration of Cp53Ant-37 peptide, with a
loop around Lys-372 may allow for such complexes
to form with other proteins such as FAS-FADD/
APO-1, thus possibly contributing to the apoptosis
we observed in our studies [6,9].

The structural differences between the Np53 Ant-32
and Cp53Ant-37 peptides account for their differential
effects. The less ordered structure of Cp53Ant-37
peptide gives it negligible membranolytic capability,
thus allowing membrane penetration but not disrup-
tion. When compared to the Np53Ant-32 sequence,
this peptide induced apoptotic cell death presumably
through protein—protein interactions which triggered
programmed cell death and not rapid membrane
disruptive necrosis. From a sequence-structure effect
comparison, it seems that when the Ant is C-
terminally attached to the 15 residue p53 N-terminal
region, it displays definitive regions of «-helical
structure, but when attached to the 20 residue p53
C-terminal region, it induces a random coil config-
uration on the whole sequence. The possible inherent
a-helical structure of the cargo sequence could
modulate the Ant sequence ability to either form or
not form a-helices. We are currently investigating
these possible structural effects of the two different
cargo sequences on Ant peptide structure using NMR
by determining the individual solution structures of

the Ant sequence and both the 15 residue p53 N-
terminal sequence and 20 residue p53 C-terminal
sequences alone.

The presence or lack of initial structure in aqueous
solution between these two peptides invokes differ-
ences in membrane interactive capability. One insight
into possible causes behind these differences comes
from known anti-microbial peptide behavior. It seems
that selective pathogen membranolytic activity among
small cyclic peptides is directly correlated with their
ability to have initial a-helical structure and to form
more a-helical structure (conformational dynamics) in
non-aqueous membrane-mimetic environments [25].
It has been observed that slight increases in peptide
cyclic structure increase membranolytic selectivity
against pathogens by 30 fold. Furthermore, it has
recently been observed in small vasoactive intestinal
peptides that decreasing «-helical content decreases
membrane affinity for murine stomach membranes by
60 fold [26]. We suggest similar mechanisms for the
vastly different behavior between the Np53Ant-32
and Cp53Ant-37 peptides. Although both peptides
contain the same PTD (Ant) carrier sequence, the
Np53Ant-32 peptide with its inherent ability to form
a-helical structure in aqueous and organic solution
enables it to have rapid and selective membranolytic
effects and induce necrosis; alternatively, the
Cp53Ant-37 peptide with its random coil configura-
tion merely penetrates cancer cells and once inside the
cell can adopt an induced fit interaction with binding
sites of target effector proteins to cause selective
apoptosis. This may allow a mutant p53 conformation

Fig. 6. Ionic Surface Area Depiction of the CpS53Ant-37 peptide.
Blue (Positive), Grey (Neutral), and Red (Negative).
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to undergo a gain of function conformation whereby it
can now activate the Fas-FADD apoptotic pathway.

Interestingly, the use of both peptides together
could represent a novel therapeutic regimen against
cancer cells that could be developed into an innovative
approach to drug resistance. If tumor cells treated with
the apoptotic inducing Cp53Ant-37 peptide become
resistant through loss of Fas-FADD components or its
efficiency, then the subsequent use of the Np53 Ant-32
peptide could be used for selective necrosis, allowing
for completion of cell death. Scenarios such as this
could be envisioned and developed where both
peptides are used in “combination therapies”, taking
advantage of the very unique and selective cytotoxic
capabilities of both peptide structures.

Acknowledgements

This work was supported in part by grants: NIH
RO1-CA 82528, WAR Breast Cancer Fund and
Manelski Family Foundation to RLF; NIH ROI-
OHO7590 and P30-ES09089 to PBR; NIH RO1 CA
42500 and Lustgarten Foundation for Pancreatic
Cancer Research to MRP. The CSI NMR instruments
were funded by the National Science Foundation
(BIR-9214560) and the Facility is operated by the
CUNY Center for Applied Biomedicine and Biotech-
nology and the College of Staten Island.

References

[1] A. Bottger, V. Bottger, A. Sparks, W.L. Liu, S.F. Howard,
D.P. Lane, Design of a synthetic Mdm2-binding mini protein
that activates the p53 response in vivo, Curr. Biol. 7 (1997)
860—869.

[2] J.S. Wadia, S.F. Dowdy, Protein transduction technology, Curr.
Opin. Biotechnol. 13 (2002) 52—-56.

[3] C. Denicourt, S.F. Dowdy, Protein transduction technology
offers novel therapeutic approach for brain ischemia, Trends
Pharmacol. Sci. 24 (2003) 216-218.

[4] D.J. Mitchell, D.T. Kim, L. Steinman, C.G. Fathman, J.B.
Rothbard, Polyarginine enters cells more efficiently than other
polycationic homopolymers, Pept. Res. 56 (2000) 318-325.

[5] AJ. Levine, p53, the cellular gatekeeper for growth and
division, Cell 88 (1997) 323-331.

[6] A.L. Kim, A.J. Raffo, P.W. Brandt-Rauf, M.R. Pincus, R.
Monaco, P. Abarzua, R.L. Fine, Conformational and molecular
basis for induction of apoptosis by a p53 C-terminal peptide in
human cancer cells, J. Biol. Chem. 274 (1999) 34924 -34931.

[71 M. Kanovsky, A. Raffo, L. Drew, R. Rosal, T. Do, F.K.

Friedman, P. Rubinstein, J. Visser, R. Robinson, P.W. Brandt-

Rauf, J. Michl, R.L. Fine, M.R. Pincus, Peptides from the

amino terminal mdm-2-binding domain of p53, designed from

conformational analysis, are selectively cytotoxic to trans-

formed cells, Proc. Natl. Acad. Sci. U. S. A. 98 (2001)

12438—-12443.

T.N. Do, R.V. Rosal, L. Drew, A.J. Raffo, J. Michl, M.R.

Pincus, F.K. Friedman, D.P. Petrylak, N. Cassai, J. Szmule-

wicz, G. Sidhu, R.L. Fine, P.W. Brandt-Rauf, Preferential

induction of necrosis in human breast cancer cells by a p53

peptide derived from the MDM2 binding site, Oncogene 22

(2003) 1431—1444.

Y. Li, R.V. Rosal, P.W. Brandt-Rauf, R.L. Fine, Correlation

between hydrophobic properties and efficiency of carrier-

mediated membrane transduction and apoptosis of a p53 C-

terminal peptide, Biochem. Biophys. Res. Commun. 298

(2002) 439—-449.

[10] R. Rosal, M.R. Pincus, P.W. Brandt-Rauf, R.L. Fine, J.
Michl, H. Wang, NMR solution structure of a peptide from
the mdm-2 binding domain of the p53 protein that is
selectively cytotoxic to cancer cells, Biochemistry 43 (2004)
1854—1861.

[11] K. Wuthrich, NMR of proteins and nucleic acids, Wiley, New
York, 1986.

[12] S.H. Smallcombe, S.L. Patt, P.A. Keifer, WET solvent
suppression and its applications to LC NMR and high-
resolution NMR spectroscopy, Mag. Res., Series A 117
(1995) 295-303.

[13] F. Delaglio, S. Grzesiek, G.W. Vuister, G. Zhu, J. Pfeifer, A.
Bax, NMRPipe: a multidimensional spectral processing
system based on UNIX pipes, J. Biomol. NMR 6 (1995)
277-293.

[14] B.A. Johnson, R.A. Blevins, NMRView, J. Biomol. NMR 4
(1994) 603—-614.

[15] P. Guntert, C. Mumenthaler, K.J. Wutrich, Torsion angle
dynamics for NMR structure calculation with the new program
DYANA, J. Mol. Biol. 273 (1997) 283-298.

[16] R. Koradi, M. Billeter, K. Wiithrich, MOLMOL: a program for
display and analysis of macromolecular structures, J. Mol.
Graph. 14 (1996) 51-55.

[17] M.R. Yeaman, N.Y. Yount, Mechanisms of antimicrobial
peptide action and resistance, Pharmacol. Rev. 55 (2003)
27-55.

[18] M. Orzaez, J. Salgado, A. Gimenez-Giner, E. Perez-Paya, I.
Mingarro, Influence of proline residues in transmembrane
helix packing, Mol. Biol. 335 (2004) 631-640.

[19] K.J. Hallock, D.-K. Lee, A. Ramamoorthy, MSI-78, an
analogue of the magainin antimicrobial peptides, disrupts
lipid bilayer structure via positive curvature strain, Biophys. J.
84 (2003) 3052-3060.

[20] K. Matsuzaki, K. Sugishita, N. Ishibe, M. Ueha, S. Nakata, K.
Miyajima, R. Epand, Relationship of membrane curvature to
the formation of pores by magainin, Biochemistry 37 (1998)
11856—-11863.

[21] M. Dathe, T. Wieprecht, Structural features of helical
antimicrobial peptides: their potential to modulate activity

[8

—

[9

[r}



660

[22]

(23]

[24]

R. Rosal et al. / Advanced Drug Delivery Reviews 57 (2005) 653—660

on model membranes and biological cells, Biochim. Biophys.
Acta 1462 (1999) 71-87.

E. Tytler, G. Anantharamaiah, D. Walker, V. Mishra, M.
Palgunachari, J. Segrest, Molecular basis for prokaryotic
specificity of magainin-induced lysis, Biochemistry 34
(1995) 4393-4401.

B. Christiaens, S. Symoens, S. Vanderheyden, Y. Engelborghs,
A. Joliot, A. Prochiantz, J. Vandekerckhove, M. Rosseneu, B.
Vanloo, Tryptophan fluorescence study of the interaction of
penetrating peptides with model membranes, Eur. J. Biochem.
269 (2002) 2918-2926.

S. Mujtaba, Y. He, L. Zeng, S. Yan, O. Plotnikova, A.
Sachchidanand, R. Sanchez, N.J. Zeleznik-Le, Z. Ronai, M.M.

[25]

[26]

Zhou, Structural mechanism of the bromodomain of the
coactivator CBP in p53 transcriptional activation, Mol. Cell
13 (2004) 251-263.

J.P. Tam, C. Wu, J.-L. Yang, Membranolytic selectivity of
cystine-stabilized cyclic protegrins, Eur. J. Biochem. 267
(2000) 3289-3300.

S. Onoue, A. Matsumoto, Y. Nagano, K. Ohshima, Y. Ohmori,
S. Yamada, R. Kimura, T. Yajima, K. Kashimoto, [alpha]-
Helical structure in the C-terminus of vasoactive intestinal
peptide: functional and structural consequences, Eur. J.
Pharmacol. 485 (2004) 307-316.



	The role of alpha-helical structure in p53 peptides as a determinant for their mechanism of cell death: necrosis versus apoptosis
	Introduction
	Methods
	Peptides
	NMR structure determination

	Results
	Table of peptide sequences

	Discussion
	Acknowledgements
	References


