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The structure of p53 tumour suppressor 
protein reveals the basis for its functional 
plasticity 

 The following commentary was written by Dr Clare Sansom and Dr Elena Orlova. The original article was 
published in the November 2006 issue of EMBO Journal [1]: Okorokov AL, Sherman B, Plisson C, Grinkevich V, 
Sigmundsson K, Selivanova G, Milner J & Orlova EL. EMBO J, 2006, 25(21), 5191-200. 

 
 
 

A protein that goes by the very unexciting 
sounding name of p53 plays a very important 
part in preventing us – most of the time – from 
developing cancer. This protein has been called 
the “guardian of the genome” [2] as it prevents 
potentially destructive mutations from building 
up in our DNA. Its mechanism of action is still 
poorly understood, and, until recently, attempts 
to discern its complete three-dimensional 
structure have always been unsuccessful. Now, 
however, Elena Orlova from Birkbeck College, 
London, a core member of the Institute of 
Structural Molecular Biology (ISMB), working 
with ISMB colleagues at Birkbeck and University 
College London, and collaborators from York, 
Stockholm, and Purdue University in the US, 
have determined the structure of the p53 
molecule. This has revealed some important 
insights into the protein’s function. 

 
Mutations in p53 have been implicated in very 
many cancer types. It is latent (inactive) in 
normal, unstressed cells, but becomes active 
when DNA is damaged, binding to that DNA and 
inducing expression of target genes and thus cell 
cycle arrest or programmed cell death 
(apoptosis). It is a complex, multi-domain 
protein, containing two separate DNA-binding 
domains, a large “core domain” in the centre of 
the protein and a much smaller one towards its 
C-terminus. Deletion of this last domain 
destabilises complexes between p53 and long 
stretches of DNA. In solution, four p53 molecules 
associate to form a tetramer, and it is known 

that this tetramer is the active form of the 
protein [3].  

 
Orlova and her colleagues have now determined 
the structure of the intact p53 tetramer using 
cryo-electron microscopy. The final structure of 
mouse p53, stabilised with ATP, was found to 
resemble a hollow, skewed cube (Figure 1). 
 

 
Figure 1: EM reconstruction of p53. Surface density 
is shown at 1σ (light blue) and at 3σ (light orange). 
 
The complex had eight nodes, one at each 
corner of the cube, separated by linkers, and 
these nodes were of two types: four large and 
four small. Orlova then used automatic, 
computer based “docking” techniques to locate 
the atomic- resolution structure of p53’s core 
domain [4] within the cube, and found that the 
beta-sheet structure of this domain fitted well
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into the electron density associated with a large 
node (Figure 2).  
 
 

 

 
 
Figure 2:  Structural organisation of p53. Core 
domains occupy four core-nodes of the EM map 
(surfaces are shown at 1σ in light blue and 3σ in light 
orange). Atomic coordinates of the oligomerisation 
domain and two α-helices representing N-terminus 
were fitted into the N/C node of the 3D map. Zn 
atoms are represented as cyan spheres.  

   
                                                                             
Similarly, the known structures of domains at 
the N- and C-terminal ends of the p53 molecule 
fitted easily within the small nodes. 
 
 
When the complete p53 structure is viewed from 
“above” it divides into two layers; the four 
upper nodes (two large and two small) form the 
vertices of a parallelogram, with the four lower 
nodes forming a similar structure rotated by 
about 70o relative to the upper one. This 
suggests that the tetramer is actually a dimer of 
dimers. Within a single dimer (on the upper or 
the lower level) the N-terminal domain of one 
monomer is located close to the C-terminal 
domain of the other, and vice versa. Orlova 
memorably described the arrangement within a 
dimer as “twins facing each other and holding 
hands” [1], with the left hand representing the 

C-terminal domain of p53, and the right hand 
representing the N-terminal one (Figure 3). 
 

 

 
 
 
 
Figure 3: Schematic representations of the 
corresponding monomer interactions. N/C nodes 
are represented as blue/magenta joints, the linkers 
representing N-termini are in blue, and those for C-
termini are in magenta. The core nodes are shown as 
spheres coloured in relation to their corresponding 
core domains. Grey linkers represent core node to 
N/C node contacts. 
 

 
Analysis of protein-protein interactions using, 
for example, surface plasmon resonance, and 
co-immunoprecipitation, provided further 
evidence for this structural organisation. 
 
A C-terminal region of 40 residues was named 
the tetramerisation domain, because it was 
found that the C-terminal peptide forms 
tetramers at high concentration and in crystals 
[5]. For more than a decade, the structural 
model of p53 was based on a combination of the 
crystal structures of tetramerisation and core 
domains determined separately [4,5] suggesting 
that the subunits assemble via tetramerisation 
of the C-termini. The finding of contacts 
between N- and C-termini is an absolutely new 
revelation, which fundamentally alters our 
understanding of the structural
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organisation of p53. The EM structure of full 
length p53 reveals that the tetramerisation 
domain does not form tetrameric contacts in the 
intact molecule. Instead, the p53 tetramer 
assembles through dimer-of-dimer interactions 
of its N- and C-termini. 
 
Orlova used the results of the structural studies 
to propose a model for the interaction between 
p53 and DNA. In this, two specific DNA binding 
sites are formed from the tetramer, one from 
the core domains of each dimer, and each of 
these contains two recognition sequences. With 
the parallelogram-like structure proposed, it is 
possible for the distance between the core 
domains of each dimer to be altered using the 
linking domains as levers. This would explain 
how the intact p53 protein can bind different 
specific sequences of DNA with different 
spacings between the recognition sequences. It 
is this so-called “structural plasticity” that is 
responsible for the way in which this protein can 
bind to a number of target sequences once it has 
been activated. 
 
Determining the structure of the p53 tetramer 
by single-particle electron microscopy is a major 
technological achievement, as this is one of the 
smallest proteins to have its structure resolved 
using this technique. Furthermore, Orlova’s 
work has provided a model for p53-DNA binding 
that is compatible with the biochemical 
evidence and provides crucial insights into the 
mechanism of action of this protein, which is 
important as a cancer drug target. 
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