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	 p53 DNA-binding domain (p53DBD) plays crucial roles in domain stability, DNA 
binding and dimerization. In this article, we analyze the motion mode of p53DBD using 
the Gaussian network model and anisotropy elastic network model. For each structure, the 
calculated B-factors by two models obtain good agree with the experimentally determined 
B-factors in x-ray crystal structures. The results show that the four CRs (conserved regions) in the 
p53DBD have small fluctuation in the slowest mode of GNM, but the same regions lay the peaks 
of the fast modes. With the aid of the anisotropy elastic network mode, we analyze the motion 
directions of this domain. The first slowest mode of ANM for both structures mainly corresponds 
to the rotational motion. However, the CR V (N-terminal) shows an opposite direction with the 
other parts of structure. Through this motion, p53DBD will bind to its consensus sequence DNA 
in a highly cooperative manner. By analyzing cross-correlations between residue fluctuations 
of p53DBD, the results indicate that residues involved in similar functions are fluctuating in a 
cooperative manner.
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	 As a transcription regulator, p53 plays 
a fundamental role in cell cycle arrest, apoptosis 
and DNA repair1. This function is necessary to 
help maintain healthy levels of cell proliferation. 
p53 with 393 residues contains an N-terminal 
transactivation domain, a DNA-binding core 
domain, a tetramerization domain and a C-terminal 
regulatory domain2 Although the structure of full-
length P53 has not been known yet, the crystal 
structures have been resolved for p53DBD in 
complex with DNA and in the absence of DNA. 
p53DBD has been widely studied by experimental 
and theoretical methods. Through many structural 
studies, residues within the p53DBD that are 

crucial for domain stability, DNA binding and 
dimerization have been elucidated and correlated 
with known cancerous mutations3-5. Other studies 
also reveal that p53DBD exists in both a latent and 
active DNA-binding form that can be detected in 
vivo6,7. Through molecular dynamics simulations, 
Lu et al. have investigated the influence of zinc 
ion on the p53 DNA recognition and the stability 
of the p53DBD8. Mey Khalili et al. have studied 
the dynamics and thermodynamics of two of the 
four evolutionarily conserved segments from the 
p53DBD9. MD simulation is an effective method 
to obtain the detailed microscopic dynamics of 
proteins, however, it is very time-consuming to 
study the conformational change for such a big 
protein, p53DBD.  
	 Simplified coarse grained models have 
been established as valid and efficient means to 
probe large protein conformational motions and 
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flexibility10, 11. In this work, we focus on studying 
the motion modes for the bound and unbound 
forms of the p53DBD using the two coarse-grained 
elastic models: the Gaussian network model 
(GNM)12 and the anisotropy elastic network model 
(ANM)13. GNM/ANM assumes an elastic network 
structure, formed by springs that connect the 
close neighboring Ca  atoms in the 3-dimensional 
structure of proteins. The method is coarse-grained 
by using a single site per residue and assuming 
that all the residues in a cutoff distance are in 
contact. The two coarse-grained elastic models 
can effectively reveal conformational motions and 
flexibility of the bound and unbound forms of the 
p53DBD.

MATERIALS AND METHODS 

The database of protein
	 Crystal structures have been solved for 
p53DBD in complex with DNA (bound form, 
PDB: ID 1TSR[3]) and in the absence of DNA 
(unbound form, PDB: ID 2OCJ14 (Fig.1). In this 
work, the isolated monomers A in bound form and 
unbound form are used in calculation. p53DBD is 
made up of a sandwich of antiparallel â-sheets with 
the H1 and H2 helices on one end of the molecule. 
The longer H2 helix, along with the proceeding 
loop, interacts with the DNA major groove of the 
pentamer sequence, while the shorter H1 helix, 
along with the preceding L2 loop and the L3 loop, 
ligate a zinc ion that together forms the p53DBD 
dimerization interface over the DNA minor groove. 
Another loop, the L1 region, shows a large amount 
of flexibility between species which has led to the 
suggestion that it is in no way involved with DNA 
binding.
Methods 
	 The GNM models a protein as an elastic 
network with the nodes being the amino acids, 
usually represented by the, attached by Hookean 
springs where the atoms fluctuate about their 
mean positions12. The Kirchhoff matrix of such a 
structure is constructed using Eq.1:

	 ...(1)
Where i and j, indices of  Ca and rc, is the cutoff 

distance, 7 Å is adopted in this work.
	 The inverse of this Kirchhoff matrix is 
related to the magnitude of relative fluctuations 
of the ith and jth units in the network as shown in 
Eq. 2, and represents the mean-square fluctuation 
of each unit when . The intrinsic flexibility of the 
structure, which is reported in the crystallographic 
B-factors, is also directly related to the mean-
square fluctuations by Eq. 3:

	
...(2)

	 ...(3)
	 Where is the Boltzmann constant, T is 
temperature, and  is the harmonic force constant.
	 The mean-square fluctuation of the ith 
residue associating with the kth mode can be 
expressed as 

	
...(4)

In the GNM, the cross correlation is normalized 
as

	 	 ...(5)
	 Although GNM provides the magnitudes 
of the displacements of atoms or chain units from 
their equilibrium positions for large scale motions, 
it does not provide any information on the direction 
of the motions. The ANM13 is an extension of 
GNM, which adds direction to the motions. A 
3N-dimensional Hessian matrix H is adopted in 
the ANM.

	 	
...(6)

Where the element hij is a submatrix with order . 
The detailed calculation of hij is:

	 	 ...(7)
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When , the analytic expression for the 
elements of hij is 

(8)

When , the analytic expression for the 
elements of hij is 

	
...(9)

	 The meanings of γ and R are the same as in 
Eq.1. x, y and z represent the position coordinates 
of atoms. The cutoff distance  in ANM has been 
adopted as 15 Å in this work. 

RESULTS AND DISCUSSION 

Comparison for theoretical and experimental 
B-factors
	 To test the validity of the Elastic Network 
Model, the experimental crystallographic B-factors 
were compared to the data calculated with the 
GNM and ANM methods. The relationship 
between an individual residue’s fluctuations and its 
temperature factor according to Eq.3, the B-factors 
of the isolated monomers A in bound form and the 
isolated monomers A with DNA in the unbound 
form were calculated, respectively. The factor  

 is essentially a force constant for the 

virtual springs connecting   and sets the overall 

scale factor. The resulting  values used for 
the bound form in GNM and ANM are 0.789 Å2 
and 0.328 Å2, and that for the unbound form are 
0.683 Å2 and 0.294 Å2.
	 In Fig.2, the predicted temperature factors 
by the GNM (solid curves) and ANM (dashed 
curves) are compared to those experimental 
measured by X-ray crystallography (dotted 
curves). The correlation coefficient of the B-factor 
between the experiment and GNM is 0.695, 
0.501 for the unbound and the bound forms, 
respectively. That between the experiment and 
ANM is 0.647 and 0.607 for the unbound and the 
bound forms, respectively. The results are similar 

to those of recent studies for other proteins10, 15.  
It is found that the unbound structure gives a higher 
correlation coefficient than the bound structure, 
which reflects the effect of the DNA on the residue 
fluctuations of the protein. The agreement between 
experiments and theory is excellent, lending 
support to the use of GNM and ANM for further 
investigation of the conformational changes of P53 
core domain.
Mode shape analysis by GNM
	 The total residues fluctuations can 
be decomposed into high- and low-frequency 
fluctuations, namely fast and slow modes. The 
slow modes are reported to be associated with 
the collective dynamics of the overall tertiary 
structure of protein and relevant to biological 
function16. Fig.3 shows the first slowest mode 
of 2OCJ and 1TSR calculated by the GNM. It 
points out the functionally important sections in 
the p53 core domain structure, which correspond 
to the conserved regions(CRs)as described in 
literature17. There is four CRs (shown in figure 
1 (a) )in the p53 core domain structure: L1 loop 
(residues 112–124) and S2 and S2’ sheets (residues 
124–141) together corresponding to CR II, part 
of L2 loop and H1 helix (residues 171–181) 
together corresponding to CR III, L3 loop (residues 
236–251) corresponding to CR IV, end of S10 
sheet (residues 271–274) and H2 helix (residues 
278–286) together corresponding to CR V. It should 
be noted that CR I is not positioned in the p53 core 
domain (located in the N-terminus domain). Fig.3 
shows that CRII, CR III, CR IV and CR V in the 
p53 core domain of 1TSR have small fluctuation 
during the domain movements. While CRa!and CR 
V have large fluctuation in 2OCJ. This is because 
CRa! and CR V in the p53 core domain involve the 
residues which make base specific contacts with 
the DNA major groove. The significant difference 
in two structures shows that the residues (LYS120 
in CRII, ALA2800ARG281 and ARG 283 in CR 
V) make contacts with DNA reduce the fluctuation 
during the conformation changes, as well as the 
residues around them. Besides, residues 117-121 
of the L1 Loop are disordered in each subunit of 
the human p53DBD dimer-DNA complex. It is 
known from Fig.3 the L1 Loop shows considerable 
flexibility in the p53DBD domain in the absence 
of DNA. These are six residues (Arg175, Gly245, 
Arg248, Arg249, Arg273 and Arg283) located 
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Fig. 2. Comparison of experimental and theoretical B-factors as a function of residue number along the chain 

in the conserved regions have been found to be 
most frequently mutated in human cancer. These 
residues all have lower fluctuations in the two 
structures except for Arg283. Previously reported 
structural studies on the p53 core domain had noted 
a zinc ion that is ligated by three cysteine residues 
(Cys176, Cys238 and Cys242) and one histidine 
residue (His179) from the H1 helix and L2 and L3 
loops. Fig.3 displays that the residues bonding with 
the zinc ion have small fluctuations both in each 
structure. 
	 The fast modes of the motions correspond 
to the geometric irregularity in the local structure18. 
Previous studies have found that high frequency 
fluctuating residues are thought to be kinetically 
key residues and critically important for the 
stability of the tertiary fold. Figure 3 shows the 
fastest ten modes of the two structures. As shown 

Fig. 1. P53 core domain of (a) the bound form (1TSR in PDB) and (b) the unbound form (2OCJ in PDB).
The four conserved regions CRII, CR III, CR IV and CR V are colored in red, magentas, blue and yellow

(a) (b)

in Fig. 4, there are similar peak residues (i.e. 
Thr125, Phe134, Val157, Val216, Asn 235, Asn268 
and Pro278) in the curves of the two forms. Most 
of the peak residues lie in the CRs except of the 
CR III. Residues Thr125, Phe134, Asn 235 and 
Pro278 are located at the interface between DNA 
and p53DBD. The two residues (i.e., Val157 and 
Val216) are the conserved hydrophobic ones. All 
of these peak residues are highly conserved and 
play a key role in the stability of the protein.
Mode shape analysis by ANM
	 GNM can only provide the magnitude 
of displacement of atoms from their equilibrium 
positions for large-scale motions. To obtain the 
directions of motion, ANM is applied to analyze 
the slow modes of the motions. As seen in Fig.5, the 
first slowest mode of 1TSR mainly corresponds to 
the rotation motion with an anticlockwise direction. 
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While, this mode of 2OCJ have the similar rotation 
motion with a clockwise direction. Through this 
motion, the predominantly monomeric p53DBD 
will bind to its consensus sequence DNA in a 
highly cooperative manner. However, the CR V 
(N-terminal) shows an opposite direction with the 
other parts of structure. This motion is helpful for 
CR V to have a direct contact with DNA major 
groove. In the two structure s, the residues Gln167, 

Asn210, Val225, Ser261 and Leu289 whose 
fluctuations increased significantly have been 
marked in the Fig.5. Four residues Gln167, Asn210, 
Val225 and Ser261 are located on the outside of top 
of p53DBD, which have large fluctuation to make 
the whole domain with an anticlockwise direction 
rotation. The motive magnitude of the N-terminal 
coil (residues 289) is much larger than those of the 
other parts.

Fig. 3. Comparison between the slowest mode shapes of the two structures

Fig. 4. Comparison between the fastest 10 mode shapes of the two structures
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C ro s s - C o r re l a t i o n s  b e t w e e n  a t o m i c 
fluctuations
	 Similar to the analysis of Su et al.10, 15, 
we explore the interresidue cross correlation of 
motions in all GNM modes of the two proteins. 
The cross-correlations between the fluctuations of 
residues are calculated with Equation 5. The cross-
correlation value ranges from d1 to 1. The positive 
values represent that the motions of residues are 
in the same direction, and the negative values 
represent that they move in the opposite direction. 
The higher the absolute cross-correlation value is, 
the more the two residues are correlated (or anti-
correlated). On the other hand, the cross-correlation 

Fig. 6. Cross-correlation maps including the all slowest modes for 1TSR

Fig. 5. The first slowest motive mode sketch maps of 1TSR

value Cij = 0 means that the motions of residues are 
completely not correlated. Fig. 6 presents the cross-
correlation maps of 1TSR. Similar cross-correlation 
maps are obtained for the isolated monomers A of 
2OCJ. As shown in Figure 6, along the diagonal 
of the map, there are some light blocks with 
positive correlations, significantly, four regions of 
which correspond to the four conserved regions 
CR II, CR III, CR IV and CR V, respectively. 
The four CRs are indicated by a red circle. The  
Fig. 6 also shows that the high positive correlations 
between the CR II (residues 112-141) and CR V 
(residues 271-274 and residues 278-286). These 
regions have a direct contact with DNA major 
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groove. Similarly, the regions between CR III 
(residues 171-181) and CR IV (residue 236-
251) have high positive correlation. As shown in 
section 2.1, the L2 and L3 loops in these regions 
ligate a zinc ion that together forms the p53DBD 
dimerization interface over the DNA minor groove. 
The result is consistent with previous study by 
by Kantarci et al. 17.. The correlations in the map 
indicate that residues involved in similar functions 
are fluctuating in a cooperative manner. 

CONCLUSION 

	 In this work, simple coarse-grained 
methods are proposed to investigate the motion 
mode of p53DBD. The calculated B-factors in 
both the calculated models are in good agreement 
with the experimentally determined B-factors in 
X-ray crystal structures. The slowest mode analysis 
by GNM shows that the four CRs in the p53core 
domain have small fluctuation, but the same regions 
lay the peaks of the fast modes. The significant 
difference in two structures shows that the residues 
(Lys120, Ala280, Arg281 and Arg 283) make 
contacts with DNA reduce the fluctuation during 
the conformation changes, as well as the residues 
around them. With the aid of the anisotropy elastic 
network mode, we analyze the motion directions 
of this domain. The ANM calculation of the 
first slowest mode of the two structures mainly 
shows the rotational motion. However, the CR 
V (N-terminal) shows an opposite direction with 
the other parts of structure. Through this motion, 
p53DBD will bind to its consensus sequence DNA 
in a highly cooperative manner. By analyzing 
cross-correlations between residue fluctuations, 
the results indicate that residues involved in similar 
functions are fluctuating in a cooperative manner.
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