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Fig. 1. Structure of p53C: (a) The structure of As**-binding region in the absence of As*t; (b) the structure of As**-binding region
with As*; (¢) R249 region in detail. It is colored as following: L1 loop and adjacent area (residues 112-141) in yellow, L2 loop and
adjacent area (residues 163-195) in blue, L3 loop (residues 236-251) in red, H2 helix (residues 271-286) in purple and DNA in
cyan/green. Unless otherwise specified, the colored regions in following figures are consistent with this.
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Fig. 2. The trajectory of the lowest-frequency vibrations of (a) wild type (WT), (b) R249S, (c) R249S-As. The trajectory of the
second lowest-frequency vibrations of (d) wild type (WT), (e) R249S, (f) R249S-As. Arrows represent the direction of motion of

each residue from the initial position, with length of arrows indicating vibration amplitude, relatively.
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Fig. 3. (a) Atomic fluctuation analysis of the DNA binding domain of the WT, R249S, and R249S-As. The gray bar above the X
axis represents the sequence, where four regions are marked with four colors. (b) The details of the yellow (L1, residues 112-124)
dotted areas. (c¢) The details of the blue (L2, residues 163-195) dotted areas.
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Fig. 4. (a) Mode index spectra of wild-type p53C (WT), mutant (R249S) and As-bound mutant (R249S-As) in 0-1.0 THz; (b) the
frequency shift (%) of the R249S and the R249S-As mutant from the WT in first 200 collective vibration modes, and the insert
shows the proportion of frequency recovery for the As-bound R249S mutants; (c) the frequency shift (%) of corresponding mode of
the R249S and the R249S-As at certain frequencies of WT.
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Fig. 5. Residue-residue motion correlation map of the DNA binding domain of the wild type p53C, where each point is colored ac-
cording to its C,;, (correlation between residues a and b) of the two residues on the X axis and Y axis. The C,, are calculated by all
modes, where C,, = 1, —1, 0 means completely correlation, completely anticorrelation and no correlation, respectively. The four
DNA-contact residues are marked in dark green dash curves on the X axis, and the four As-bound residues are marked in yellow
dash curves on the Y axis. The black dashed boxes mark the four positively correlated regions, where the correlated regions between
L1 and H2 are specifically represented on the right and compared with the corresponding regions of the correlation map of the
R249S and the As-bound R249S mutant.
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Abstract

Recovering the protein activity of p53 mutants through small molecule ligand binding (eg. arsenic) is an
important strategy for tumor suppressor therapy. However, the mechanistic basis on the changes of collective
dynamics and their roles of p53 protein in functional recovery process has not been fully elucidated. Herein, the
normal mode calculations based on all-atom elastic network model are employed to characterize the terahertz
low frequency motions of core DNA-binding domain (p53C) which is essential for p53 protein activities in
transcriptional transactivation. We find that the lowest-frequency collective vibration mode of the p53C mutant
is effectively restored by the binding of arsenic (III) ligand. In R249S mutant, the L1 loop is stabilized through
restricting the swing-out movement. The results obtained from atomic backbone fluctuations suggest that the
arsenic binding can significantly improve the L1 loop and L2 loop fluctuations. The statistical analysis of low
frequency vibration mode reflects that the arsenic-bound R249S mutant has an apparent recovery of frequency
shift in the terahertz range. The residue-residue motion correlation also suggests that structural components
binding to arsenic are dynamically coupled. In the H2 helix with arsenic-binding residues, the motions of C124,
C135, M133 and C141, are correlated with the arsenic recovery. These results provide the terahertz biophysical
mechanism for the recovery effect of arsenic (III) on the p53 protein activity and new evidence for the coupling
of the low-frequency vibration characteristics of protein structures with its function, thus giving a new physical

insight into the pb3 related cancer therapies.
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