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Figure S1 Structure-based virtual screening strategy and computational prediction of the potential ligand binding 
sites. In Part I database of 250 000 natural compounds to be screened is prepared. Crystal structure of the 
MDM2:MDMX heterodimer (PDB:2VJE) is used to detect potential ligand binding pockets applying PocketPicker 
software . In Part II virtual screening of the selected ligand library is performed, where each compound within the 
library is docked into the pocket of interest, and various configurations are tested. In Part III computer generated 
protein:ligand complexes are analyzed and validated using biological validation. 
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Figure S2.  The structural model of Hinokiflavone binding to the MDM2-MDMX RING domain 
dimer.  (a) The cartoon representation of the MDM2-MDMX RING domain dimer (2VJE) bound with 
Hinokiflavone. The MDM2 RING domain and the MDMX RING domain were shown in a ribbon 
diagram colored in wheat and grey, respectively. Hinokiflavone was shown in the stick form. (b) The 
MDM2-MDMX RING dimer bound with Hinokiflavone. The MDM2 RING domain was shown as a 
ribbon representation coloured in or. The MDMX RING domain was shown as a surface rendition 
colored in grey. Hinokiflavone was shown in the stick form. The MDMX RING domain was depicted 
in a ribbon diagram and colored in grey. (c) The Ligplot of the MDM2-MDMX RING domain dimer 
bound with Hinokiflavone. The chemical structure of Hinokiflavone was depicted together with the 
potential interactions with residues from the MDM2-MDMX RING domain dimer. The images were 
generated with PYMOL[1] and LIGPLOT[2]. 
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Figure S3.  Hinokiflavone attenuated MDM2 and p53 ubiquitination. The cells were treated with 
Hinokiflavone (0 - 25 µM) for 24 h followed by 4 h treatment with protease inhibitor MG132 (10 
µM). MDM2 and p53 were detected by immunoblot with MDM2 and p53 specific antibodies. 
GAPDH was used as a loading control. (a) MDM2 and p53 ubiquitination in MCF-7 cells. (b) MDM2 
ubiquitination in p53 null HL-60 cells. 
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Figure S4. Hinokiflavone decreases cancer cell viability. The effect of Hinokiflavone treatment (0-
50 µM) on cell viability of MCF-7, U2OS and BJ cells.  
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Figure S5. Induction of p53 target genes (CDKN1A, PUMA and MDM2) in HCT116 wild-type or 
p53 null cells 24 hours post 6 µM Hinokiflavone treatment. mRNA fold change was analyzed by 
RT-qPCR in HCT116 and HCT116 p53 null cells. Results were presented as relative fold change 
(rFC) of induction to GAPDH and normalized with untreated cells (n=3). Upregulation of gene 
expression for CDKN1A, PUMA and MDM2 was shown as rFC. Statistical test was performed 
with two-way ANOVA. Lowercase letters indicate statistical significance between Hinokiflavone 
treated and untreated cells (***, p-value < 0.001; ns, not significant).  
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Figure S6. E2~ub charging not affected by Hinokiflavone. The thioester E2~ub intermediate was 
measured in a reaction containing E1, E2 (UbE2D), and Ub in the presence or absence of 
Hinokiflavone. ATP was added to initiate the reaction. The proteins were immunoblotted with 
the antibodies as indicated. 
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Figure S7. The effect of Hinokiflavone treatment on the p21 protein levels in AML-2 and HL-60 
cells. AML-2 and HL-60 cells were treated with various concentrations of Hinokiflavone (0 - 8µM) 
followed by immunoblot detection of p21. GAPDH was a loading control.  
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Figure S8. The effect of Hinokiflavone on p53 levels in AML-2 cells. AML-2 cells were treated 
with various concentrations of Hinokiflavone (0 - 8µM) for 24hrs and subject to immunoblot 
detection of p53. GAPDH was a loading control. The three independent blots were shown. The 
effect of Hinokiflavone on the steady state levels of p53 was represented as the fold change 
normalized using DMSO (vehicle control) treated cells. Statistical analysis was done with Prism 
using pair-wise T test (***, p value < 0.001).    
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Figure S9. The effect of Hinokiflavone on p53 levels in HCT116 cells. Cells were treated with 
various concentrations of Hinokiflavone (0 - 50µM) for 24hrs and subject to immunoblot detection 
of p53. GAPDH was a loading control. The three independent blots were shown. The effect of 
Hinokiflavone on the steady state levels of p53 was represented as the fold change normalized 
using DMSO (vehicle control) treated cells. Statistical analysis was done with Prism using pair-
wise T test (*, p value < 0.05).    
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Supplementary Methods: 
 
In vitro E2~ub charging analysis 
The thioester E2~ub intermediate was produced in a 20 µL reaction containing E1(0.1µg), E2 (UbE2D, 0.2 
µg), and Ub (2 µg) in an assay buffer (10 mM HEPES, pH 7.5, 100 mm NaCl, 40 µM ATP, and 2 
mM MgCl2) in the presence or absence of Hinokiflavone (10 or 20 µM). ATP was added to initiate the 
reaction. The reaction was carried out at 30°C for 10 mins and stopped by addition of SDS sample buffer 
without DTT.  The thioester E2~ub intermediate was detected by immunoblotteing with the E2 specific 
antibody and Ub antibody[3]. 
 
Analysis of the induction of p53 target genes by RT-qPCR 

HCT116 wildtype and p53 null cells were treated with 6 µM Hinokiflavone for 24 hours. For RT-qPCR, 
total RNA was extracted using TRizol (Thermo Fisher). cDNA was synthesized using cDNA reverse 
transcription kit (Applied Biosystem CAT4373967). Real-time PCR reactions were performed using 
SsoFast EvaGreen supermix in 20 µl volume. Data were presented as mRNA fold change relative to the 
control untreated cells from three experimental triplicates. Statistical analysis was performed through the 
pairwise Student T-test and one-way ANOVA. 

Real-time PCR Primer sequences are provided in the table below. 
 

Gene Name  Primer Sequence Comment 
CDKN1A  (p21) 5’ AGGTGGACCTGGAGACTCTCAG qPCR_Forward primer 
CDKN1A  (p21) 5’ TCCTCTTGGAGAAGATCAGCCG qPCR_Reverse primer 

PUMA  5’ ACGACCTCAACGCACAGTACGA qPCR_Forward primer 
PUMA  5’ CCTAATTGGGCTCCATCTCGGG qPCR_Reverse primer 
MDM2 5’ TGTTTGGCGTGCCAAGCTTCTC  qPCR_Forward primer 
MDM2 5’ CACAGATGTACCTGAGTCCGATG qPCR_Reverse primer 
GAPDH 5’ AAGGTCATCCCTGAGCTGAAC qPCR_Forward primer 
GAPDH 5’ ACGCCTGCTTCACCACCTTCT qPCR_Reverse primer 
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