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Abstract

 Prostate apoptosis response factor-4 (Par-4) is a ubiquitously expressed pro-apoptotic and 

tumour suppressive protein. Par-4 contains a highly  conserved coiled coil (CC) region at the C-

terminus, particularly the distal 40 residues fulfil the criteria for a leucine zipper (LZ). This C-

terminal domain serves as the primary recognition domain for a large number of binding 

partners. Par-4 is tightly regulated by the aforementioned binding partners and also by post-

translational modifications. Biophysical data presented here describe Par-4 as primarily  an 

intrinsically disordered protein (IDP). Bioinformatic analysis of the highly conserved Par-4 

reveals low sequence complexity and enrichment in polar and charged amino acids. High 

proteolytic susceptibility  and increased hydrodynamic radii are consistent with largely extended 

structures in solution. Spectroscopic measurements using circular dichroism (CD) and nuclear 

magnetic resonance (NMR) also reveal characteristic features of intrinsic disorder. Under 

physiological conditions, data show that Par-4 self-associates via the C-terminal domain possibly 

through coiled coil formation. Analysis of various constructs comprising the Par-4 LZ domain by 

NMR, CD, light scattering and other techniques reveals an environment-dependent con-

formational equilibrium between primarily disordered monomers and predominantly coiled coil 

dimers. Whereas the disordered monomers are easily observed by NMR, the coiled coil fraction 

is not  amenable to NMR studies possibly  due to intermediate exchange processes. Mutational 

approaches that stabilise the coiled coil fraction result in NMR spectra of lower quality 

compared to the wild-type form. The high degree of sequence conservation suggest  that coiled 

coil formation and intrinsic disorder are essential for Par-4 to function as an effective regulator 

of apoptosis.
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Glossary of Abbreviations

AXXX Absorption at XXX nm
AATF Apoptosis-antagonising transcription factor
Apaf-1 Apoptotic protease activating factor-1
Amp Ampicillin
Aβ Amyloid β-peptide
aPKC atypical protein kinase C
APP Amyloid precursor protein
AR Androgen receptor
AU Analytical Ultracentrifugation
BACE-1 β-site APP cleaving enzyme-1
BCA Bicinchoninacid
CAD Caspase activated DNase
Cam Chloramphenicol
CARD Caspase activation and recruitment domain
CC Coiled coil
CD Circular dichroism
cFLIP cellular FLICE-like inhibitory protein
CHT1 Choline transporter 1
CM Carboxymethyl
D2DR Dopamine D2 receptor
DAP Death-activated protein kinase
DD Death domain
DED Death effector domains
DIABLO Direct IAP-binding protein with low pI
DISC Death-inducing signalling complex
Dlk DAP like kinase
DLS Dynamic light scattering
DOM Disordered monomer
DTT  Dithiothreitol
EDC 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
EDTA Ethylenediaminetetraacetic acid
ER Endoplasmatic reticulum
ERK Extracellular signal regulated kinase
FADD Fas associated death domain
FLICE FADD-like interleukin 1β converting enzyme (= caspase 8)
GRP78 Glucose-regulated protein-78
GST Glutathione S-Transferase
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HCA Hydrophobic cluster analysis
HMBP-3Cpro Hexa-histidine-MBP-tagged 3C protease
HMQC Heteronuclear multiple-quantum coherence
HSQC Heteronuclear single-quantum coherence
IAP Inhibitors of apoptosis
ICAD Inhibitor of caspase activated DNase
ID Intrinsic disorder
IDP Intrinsically disordered protein
IEC Ion-exchange chromatography
IκB Inhibitor of κB family
IKK IκB kinase
IMAC Immobilised metal ion affinity chromatography
IPTG Isopropyl-β-D-thiogalactopyranoside
Kan Kanamycin
LB Luria Bertani medium
LZ Leucine Zipper
MALLS Multi-Angle Laser Light Scattering
MAPK Mitogen-activated protein kinases
MBP Maltose binding protein
Mes 2-Morpholinoethanesulfonic acid
MOPS 3-(N-Morpholino)propanesulfonic acid
MS Mass spectrometry
MW Molecular weight
MWCO Molecular weight cut off
NFκB Nuclear factor κB
NLS Nuclear localisation sequence
NMR Nuclear magnetic resonance
NOESY Nuclear Overhauser Effect Spectroscopy
NRMSD Normalised root mean square deviation
NTA Nitrilotriacetic acid
ODXXX Optical density at XXX nm
Par-4 Prostate apoptosis response factor-4
PAGE Polyacrylamide gel electrophoresis
PBS Phosphate buffered saline
PCD Programmed cell death
PCR Polymerase chain reaction
PI3K Phosphoinositide 3-kinase
PKA, PKB or PKC Protein kinase A, B or C
PML Promyelocytic leukemia
POD Predominantly ordered dimer
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PTEN Phosphatase and tensin homolog deleted on chromosome 10
RP-HPLC Reversed phase - high performance liquid chromatography
rpm Revolutions per minute
rrPar-4 recombinant rat Prostate apoptosis response factor-4
RS Stokes radius
rTEV recombinant tobacco etch virus protease
SAC Selective apoptosis induction in cancer cells
SAXS Small-angle X-ray scattering
SEC Size exclusion chromatography
SDS Sodium dodecyl sulphate
SMAC Second mitochondria-derived activator of caspase
SOC Super optimal broth with catabolite repression
SP Sulfopropyl
SSB1, 2, 4 SPRY-domain containing SOCS box proteins 1, 2, 4
TCEP Tris(2-carboxyethyl)phosphine
TFA Trifluoroacetic acid
TFE Trifluoroethanol
Tm Melting temperature
TNFα Tumour necrosis factor α
TNFR1 Tumour necrosis factor receptor 1
TOP1 Topoisomerase 1
TRAIL TNF-related apoptosis inducing ligand
WT Wild type
WT1 Wilm’s tumour protein 1
XIAP X-linked inhibitor of apoptosis
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