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Fig. 1. Initial structure of p53-MDM2 complex with four
Nutlin-3a. Colored surface shows MDM2; pb53 helix is
colored in orange. The small molecule shown by the stick is
Nutlin-3a. Three amino acids (Phel9, Trp23 and Leu26) of
p53 colored in red insert into the hydrophobic cavity of
MDM2.
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Fig. 2. Characterization of Nutlin-3a-induced structural changes of the MDM2-p53 complex. Time evolution of RMSD of p53 main-
chain carbon atoms in (a) drug-free and (b), (c¢) drug-enabled system, the average RMSD of the five simulations is given in the fig-
ure. 0-1 represents the first simulation of a drug-free system, 4-1 represents the first simulation of a four-drug system, and so on.
Time evolution of centroid distance between p53 and MDM2 in (d) drug-free system and (e), (f) drug-enabled system. The average
distance of each simulation is given in the figure. (g) Representative snapshots of drug-free systems (top) and drug-enabled systems
(middle, bottom) at four different simulation time points. p53 is represented by orange helix and MDM?2 is represented by blue.
These data reveal that Nutlin-3a affects the binding conformation of p53 and MDM2.
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Fig. 3. Radius of gyration (Rg) analysis of the MDM2-
p53 complex with and without drugs.
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Table 2. Probability of hydrogen bond formation
between Phel9-Gln72.

AR AR/ %

T2 (ST A 259 (10U )
50.08 5.77 60.86
50.08 6.11 21.72
35.10 48.02 67.94
50.91 66.64 43.51
41.60 35.25 10.77

&l 4 MDM2-GIn72-OE1 Hl p53-Phel9-N [y J51 7 [F] & ik
Fig. 4. Hydrogen bond between the atoms of MDM2-GIn72-
OE1 and p53-Phel9-N.
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Fig. 5. Probability density function of distance between
MDM2-GIn72-OE1 and p53-Phel9-N.
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mE 3 s, ELRLGPWIRR T, 4 WHEFHE
LLEAART 20%, ULEHIETC 25 YR R, tLEb 2
FOEM). MR YRR T, A 4 WAL R
FR a2 AR 0%, 2.81%, 5.03% 1 0%, Lys94 5
Glul7 [ ERAT RS PRI R AR, HE Rk, 5
PE IR, FRATT & B 4 YR S4B 1E Ko 107 S 17 224
() 4 WAL, X e BH p53 (194 4 78 1L A (H 5L

GIn72 5 Phel9 [b] &5 9 W 24, o B 42 REME T
Lys94 5 Glul7 [E)#AF fa e tE.

# 3 Lys94-Glul7 [a]EhAF T AR
Table 3. The probability of salt bridge formation
between Lys94-Glul7.

AT AR/ %

o2 (ST ) 24 (1004
37.77 0 42.21
33.62 2.81 5.03
26.90 21.22 20.43
50.32 77.16 10.8
19.07 35.25 0

wJa, fEAR N, i TR R IRAG BRI, 75 b
R, AR AT 50 ns BIRELL.
N T oI I TR 25 A — Eeb:, FRAT A 02y
PIEOL T, At T — R RIELT T 200 ns 19
Bl 455K W, 200 ns RIS R 5 134 50 ns
ZERPTRE L

4 % W

A SCRI o 8h Sy 2 8 O ik, 7R
K FArHF T Nutlin-3a X} p53-MDM2 &4 ¥k
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PSR S UN TR I K e VTN 3 Vi S
A A MARTHAE KM, RN AEBAE T, Nutlin-
3a Y5 A, ERLESIL p53 Fl MDM2 22 ] i AH HAE
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AR, MDM2 Xf p53 25 [ % 1845 5 21017 5
R Ml AR T 670 S 1 [T ¢+ p53-MDM2 2 ]k
FHEAEF 5 B 1112330 iy F Nutlin-3a 55 71X
FRAHEAE T, M4 p53 BEAS 1K B4 o A Mk B,
KAFHAMFEDIRE. AR T i 2549 Nutlin-3a
T4 p53-MDM2 & 5 W KA h) 4r F oL, ik
1 p53-MDM2 AH G APt | HE 2%
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Abstract

P53 is well recognized to be a tumor suppressor protein. In response to the external stress or environmental
perturbation, p53 can promote the transcription of various target genes downstream, thus regulating the cell
cycle, apoptosis, DNA repair, and angiogenesis. However, the activation of p53 is further activated by another
protein, MDM2, which negatively regulates the level of p53 inverse and thus reduces the activation of p53. This
phenomenon is a novel potential and promising strategy for cancer therapy, i.e. restoring the activity of p53
pathway through the competitive inhibitors that can occupy the p53-binding site of MDM2 and thus inhibit the
interaction between p53 and MDM2.

Recently, various kinds of the inhibitors have been designed for this purpose. The Nutlin family is a group
of well investigated inhibitors, which shows high efficiency for tumor suppression. Nutlin-3a mimics the MDM2-
binding site of p53 essentially, and blocks the binding of MDM2 to p53. Once getting free from MDM2, p53
rapidly accumulates in the nuclei of cancer cells, the p53 target genes and the p53 pathway are activated,
thereby resulting in cell-cycle arrest and apoptosis. In our previous papers, we investigated the competition
mechanism between Nutlin3 and p53 in vitro by using molecular dynamics simulations. We found that Nutlin3
can bind faster than p53 to prevent p53 from binding to MDM2 when Nutlin-3a and p53 have equal distance
from MDMZ2. Nutlin-3a can also bind to the p53-MDM2 complex to disturb and weaken the interactions
between p53 and MDM2. However, the underlying mechanisms of p53-MDM?2 complex instability in vivo are
still unclear. And these inhibitors also have a variety of specificities and biological toxicities in vivo
environment.

In this study, we go a further step to investigate the effect of Nutlin-3a on the stability of p53-MDM?2
complex in physiological environment with the aid of the molecular mechanics/generalized borne surface area
(MM/GBSA) method. In our simulations, a group of Nutlin-3a molecules are randomly put around the p53
binding pocket of MDM2 in the initial stages to examine the dynamics among p53, MDM2 and the group of
Nutlin-3a molecules and to analyze the underlying competition mechanism between Nutlin3 and p53 binding to
pocket of MDM2.

We find that Nutlin-3a can induce the centroid distance between p53 and MDM2 to increase. Importantly,
we show that Nutlin-3a weakens the binding affinity of p53-MDM2 complex. Consistently, Nutlin-3a breaks a
hydrogen bond between Phel9-GIn72 and a salt bridge between Glul7-Lys94, which weakens the interactions
between pb53 and MDM2. From the systematic biology point of view, the regulation of p53 by MDM2 is
extremely sensitive to the strength of the p53-MDM2 interaction. The avianization of the interactions between
p53 and MDM2 by Nutlin-3a can promote p53 to restore its suppression functions on tumor development.

This study may be helpful in understanding the molecular mechanisms of p53-MDM2 complex instability
mediated by Nutlin-3a and also in searching for the effective inhibitors of p53-MDM2 interaction.

Keywords: cancer drug design, pb3-MDM2 complex, Nutlin-3a inhibitor molecule, molecular dynamics

simulation
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