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Overexpression of Murine Double 
Minute 2 (MDM2) associated with 
the inhibition of tumor suppressors, 
enhanced epithelial-mesenchymal 
transition (EMT), and upregulation 
of oncoproteins in pancreatic cancer 
(PC). Curcumin is an extensively 
studied molecule due to its various 
anticancer properties. Curcumin is 
known to upregulate p53, p21, and 
p27. At the same time, 
downregulate MDM2, cyclin D1, and 
cyclin E. UBS109 is a mono-carbonyl 
analog of curcumin that exhibits 
comparable anti-tumor and anti-
inflammatory characteristics 
without the restrictions of curcumin. 
This investigation intends to target 
MDM2 by curcumin and UBS109 in 
PC.

The sequence and structural 
information of Murine Double 
minute 2 (MDM2) were retrieved 
from UniProt ID Q00987 
(MDM2_HUMAN) and PBD ID 6Q9L. 
The structural information of 
curcumin and its analog UBS109 was 
obtained from PubChem with 
compound IDs 969516 and 1536727. 
AutoDock 4.2 was used for 
molecular docking studies. The 
GROMACS (version 2019.4) 
molecular dynamics (MD) simulation 
package was used to analyze the 
apo (MDM2 protein only) and holo 
(MDM2-curcumin complex: holo1; 
and MDM2-UBS109 complex: holo2) 
states. All 2D plots were created 
using Graphing, Advanced 
Computation, and Exploration 5.1.23 
for data analysis of MD simulations. 
Pancreatic cancer cell lines (As PC-1, 
and PANC-1) were used. Protein 
expression was analyzed using a 
western blot.

OBSERVATIONS

Ø The collective outcomes of in silico and in vitro analyses revealed that UBS109 can 
efficiently bind to MDM2, decreasing MDM2 expression.

Ø Moreover, MD simulations reveal that UBS109 binding with MDM2 leads to 
decreased mobility of the residues, suggesting that UBS109 stabilizes MDM2.

Ø In the docking results, one of the hydrogen bonds between MDM2 and Curcumin 
was at LYS51 (Lysine) which later compensated with residue TYR100 (Tyrosine) 
during post MD simulations. This indicates that there is a rotation of Curcumin within 
the active sites of the MDM2.

Ø UBS109 had 9 hydrophobic interactions but later showed 6 hydrophobic 
interactions. This shows through the Post MD simulations results that there is an 
increase in other type of interactions and forces (strong electrostatic forces, etc.)

Ø Using computed atlas surface topography of proteins 
(CASTp) we identified active sites residues (Ile92, Gln24, 
Lys51, Leu54, Phe55, Leu57, Gly58, Ile61, Met62, Tyr67, Gln72, 
Val93,  His96, Ile99, Tyr100) for binding of the ligand.

Ø Using AutoDock 4.2, we found the interaction between 
MDM2-curcumin and MDM2-UBS109. Post-MD simulations 
revealed that UBS109 exhibited higher reactivity and higher 
kinetic stability than curcumin (GROMACS software). 

Ø Treatment with curcumin or UBS109 caused a low MDM2 
protein level in AsPC-1 and PANC-1 cells compared to 
treatment with 1% DMSO. β-Actin is used as a loading control.

Ø The results revealed a slightly higher binding affinity for 
MDM2-curcumin (-6.67) as compared to MDM2-UBS109 (-
6.60) complex. One H-bond was observed in MDM2-curcumin 
complex formed by LYS51. Lower Hydrophobic interactions 
were observed in MDM2-UBS109.

OBSERVATIONSRESULTS

Table I. Docking scores of Curcumin and UBS109 with MDM2

Fig.1. Intermolecular H-bonds, electrostatic and hydrophobic
interactions established amid (A) MDM2 -Curcumin (B) MDM2-
UBS109. Images generated via LigPlot+ tool.

Fig.2. Deviation of H-bonds during 50ns simulation in MDM2-
Curcumin and MDM2-UBS109 (A) Post-MD simulations 
intermolecular hydrogen bond, electrostatic interaction and 
hydrophobic interaction formed between MDM2-Curcumin (B) Post-
MD simulations intermolecular H-bond, electrostatic interaction and 
hydrophobic interaction formed between MDM2-UBS109. Images 
generated via LigPlot+ tool.
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Fig. 3. Conformational stability of Apo and Holo 1, Holo 2 during 50ns 
(nanoseconds) of MD simulations (A) Backbone-RMSD of MDM2. (B) Cα-
RMSF profile of MDM2 (C) Radius of gyration (Rg) profile of MDM2 (D) Total 
energy of Apo (black), Holo1 (red) and Holo2 (green) states during 50ns of 
MD simulations. RMSD, root mean square deviation; RMSF, root mean 
square fluctuation; MD, molecular dynamics.

Fig. 4. (A) Solvent accessible surface analysis (SASA) of Apo, Holo 1, and 
Holo 2 during 50ns of MD simulations. (B) Deviation of H-bonds contributed 
towards the interaction during 50 nsec simulation in Holo1 and Holo2 states 
are displayed by black and red lines, respectively. (C) Cloud represents the 
projection of trajectories eigenvectors (EV1 and EV2) (Black: Apo; Red: 
Holo1; Green: Holo2). (D) Projection of the motion of Apo and Holo states of 
MDM2 in phase space along the first two principal eigenvectors.

Fig. 5. Treatment with
curcumin (25μM) and its
analog UBS109 (2μM) to
examine MDM2 levels in
AsPC-1 and PANC-1 cell
lines. Cells were harvested
post treatment with control,
curcumin, or UBS109.
Protein were extracted and
assessed using Western Blot
as defined within Materials
and Methods section.
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