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Cancer therapeutic approach based on conformational 

stabilization of mutant p53 protein by small peptides 

 

Supplemental Material 

 
 

 

Supplemental  materials  and  methods 

 
Purification of recombinant full length (FL) proteins from Sf9 cells: mutant p53

R249S
, 

mutant p53
R175H

 and WT p53: 

2x10
7 

Sf9 cells in log-phase were grown in nine 175 cm
2 

flasks and incubated overnight 

at 27
o
C. Baculoviruses containing a recombinant p53 were added into each flask, and 

incubated for 72 hrs. Cells were scraped from the flasks and centrifuged at 4
o
C. The cell 

pellet was washed twice with ice-cold isotonic buffer (10mM Na2HPO4, pH 7.2, 130 mM 

NaCl, 1 mM DTPA). Cells were suspended in 50ml of Buffer A (20 mM Tris-HCl, pH 

8.0, 12% sucrose, 2 mM EGTA, 2 mM PMSF, 5 mM DTT) with 0.2% Triton X-100 by 

gentle inversion. Nuclei were pelleted by centrifugation at 5600g for 8 min, and then 

were lysed by adding 20 ml of Buffer B (20 mM Tris-HCl, pH 8.0, 12% sucrose, 2 mM 

EGTA, 2 mM PMSF, 10 mM DTT + protease inhibitors) with 0.5M NaCl followed by 

vigorous vortexing and incubation for 20 min on ice. The nuclear lysate was transferred 

to ultracentrifuge tubes and centrifuged at 100,000g for 60min at 4
o
C. The supernatant 

was removed and diluted with Buffer B to a final concentration 0.04 M of NaCl, then 

centrifuged at 20,000g for 5 min at 4
o
C. The nuclear lysate was loaded onto a 5ml Hitrap 

Q FF (Amersham Pharmacia) ion-exchange column, pre-washed with 50 ml of buffer A. 

Then, the column was washed with buffers containing higher salt concentrations to elute 
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the protein. The protein was further purified by gel-filtration chromatography using a 

preparative Superdex 75 column (Amersham Pharmacia Biotech), pre-equilibrated with 

20 mM sodium citrate pH 6.1, 150 mM NaCl, 10 μM ZnCl2, and 10 mM DTT. Fractions 

containing purified protein were pooled together. The fractions obtained after each 

purification step were analyzed by dot-blot for the presence of mutant p53 and 

subsequently by SDS-PAGE followed by Coomassie blue staining to check the purity of 

the fractions. 

 

Phage Display  

The phage display libraries used were purchased ffom New England Biolabs (NEB). One 

library consists of linear hepta-peptides (PhD-7) and the other library consists of linear 

dodeca-peptides (PhD-12) (CAT NOs.: PhD-7, E8100S and PhD-12, E8110S, 

accordingly). The randomized peptide sequences in both libraries are expressed at the N-

terminus of the minor coat protein pIII, resulting in a valency of 5 copies of the displayed 

peptide per virion. Both libraries contain a short linker sequence between the displayed 

peptide and pIII. Phage display procedures were performed according to the manufacturer 

instructions. Briefly, phage libraries were titered using the supplied E. coli host strain 

ER2738 which is a robust F+ strain with a rapid growth rate and is suited for M13 

propagation. The supplied stock phage concentration was estimated to be 10
12

 phage/ml. 

Panning was performed by allowing interaction between 10µl of phage libraries (10
10

 

phage) and 5µg of either WT53 His-wtp53, mutp53
R175H

 or DBD-mutp53
R249S

, for 2 

hours in 50mM Tris, 1% BSA. Phage–p53 generated complexes were 

immunoprecipitated by using different biological agents covalently attached to beads. 
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These included nickel beads for His-WTp53-phage complexes, Biotin-p53RE-DNA-

Streptavidin beads for WTp53-phage complexes, and PAb1620-beads and LTAg-

PAb419-beads  for p53
R175H

–phage complexes. Prior to immunoprecipitation, beads were 

blocked with blocking buffer: 0.1 M NaHCO3 (pH 8.6), 5 mg/ml BSA, 0.02% NaN3. 

Immunoprecipitation was performed for 2 hours at room temperature. Agarose beads 

were washed 10 times with PBS+0.5% Tween. Phage were eluted using either HindIII, 

EcoRI digestion for 30 min at 37C° for  phage-WTp53-p53RE complexes, or through 

competition-based elution with an excess (5µg) of DBD-WTp53 for 30min at RT for 

other phage-p53 complexes. Eluted phage were titered (Table S2) and amplified through 

infection of 20 ml early-log E. coli host strain ER2738 and incubated at 37°C with 

vigorous shaking for 4.5 hours. Phage were extracted using PEG precipitation (15 

minutes at 10,000 rpm at 4°C) and resuspended in 200 μl TBS, 0.02% NaN3. The 

amplified eluate was titered according to the manufacturer’s instructions on 

LB/IPTG/Xgal plates. The second and third rounds of panning were carried out in a 

similar manner, using the same amount of phage; however, the amount of p53 was 

reduced to 3µg and 1µg in the second and third rounds, respectively. 
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Figure S1- Calibration of conditions for phage display. 

A - Western blot analysis of an immunoprecipitation (IP) experiments, where agarose beads 

covalently cross-linked to anti-p53 antibodies (PAb1620 or PAb240) or proteins (ASPP2 or 

Bcl2) were incubated for 3 hours at 4ºC with WT p53, mutp53 R175H or mutp53 V143A 

proteins (each extracted from Sf9 cells transfected with baculovirus expressing the respective 

protein). The resultant immunoprecipitates, as well as the supernatant (sup), were subjected to 

Western blot analysis, using an anti p53 (αp53) antibody conjugated to horseradish peroxidase 

(HRP).  

B - Western blot analysis of an IP experiment, where beads covalently cross-linked to PAb1620 

or PAb240 antibodies were incubated with WTp53 or mutp53 R175H for 3 hours at 4°C in 

various solutions (A-I and IP buffer). The resultant immunoprecipitate, as well as the 

supernatant (sup), were subjected to Western blot analysis, using an anti p53 (αp53) antibody 

conjugated to HRP. Solution A – 50mM Tris; solution B – Tris, 150 mM NaCl; solution C – 

Tris, NaCl, 0.5% Triton; solution D – Tris, 0.5% Glycine; solution E – 40mM Na4O7P2; 

solution F – 400mM Guanidine-HCl; solution G – 800mM Guanidine-HCl; solution H – 1M 

Urea; solution I – 3M Urea; IP – IP Buffer.  

C - Sequence of the oligonucleotide used as the binding element for p53. The oligonucleotide 

comprises a 5' biotin label, followed by a HindIII recognition site (underlined), followed by an 

EcoRI recognition site (underlined), followed by a p53 consensus binding element (underlined,  

thep53 binding site is composed of two half sites, each of which binds a dimer of p53 and 

together this forms a complex of DNA and a p53 tetramer), followed by two copies of the p53 

response element of the p21 promoter (underlined). For binding experiments, this 
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oligonucleotide was annealed to a complementary oligonucleotide to form a double stranded 

(ds) oligonucleotide. 

D - Pre-cleared phage induce binding of mutant p53R175H to PAb1620. Beads covalently 

cross-linked to PAb1620 and PAb240 were incubated with purified mutant p53R175H in the 

presence of pre-cleared and normal phage from the third selection, non-specific phage (NS), or 

no phage. Immunoprecipitation was perfomed for 3 hours with beads covalently bound to 

PAb1620, followed by 3 washing steps. Elution was in sample buffer for 10 minutes at 95°C. 

The eluted protein was subjected to Western blot analysis using anti p53 (αp53) antibody 

conjugated to horseradish peroxidase (HRP). 

E - Western blot analysis of H1299 cells expressing mutp53 under the control of a Zn
++

 

inducible promoter. Cells were treated with different concentrations of Zn
++

 for 24 hours, 

harvested, lysed and protein levels were determined. 50µg of protein was loaded in each lane.  

F - Western blot analysis of single cell clones of  ES2 cells stably knocked out for p53 using 

CRISPR/Cas9. Figure shows 4 representative clones, two clones show a sucssesful knockout 

(no p53 protein) and two clones in which p53 protein levels were not effected. The later two 

clones served as controls in viability and p53 target genes expression assays. 
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Figure S2 – Evaluation of peptides efficacy in different cell lines expressing endogenouse 

mutp53 forms.  

Bar graphs illustrating the effect of various selected peptides on cell viability for the indicated 

cell lines expressing endogenouse mutp53. Black bars represent randomly screened peptides,  

blue bars represent peptides with a significant effect on cell viability, red bars are negative 

controls (non-treated) and green bars are positive controls (increasing concentrations of 

cytotoxic drug). Cell lines were treated with selected peptides, Cis-platinum was used as 

positive control for cell death. 48 hours after treatment, cells were washed with PBS, and the 

remaining attached cells were stained with Crystal violet and washed 4 times with PBS. Stained 

cells were dissolved in 10% acetic acid and plates were taken for optical density measurement 

at 595nM.  
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Figures S3 -  The in vivo effect of peptides in a mouse triple negative breast cancer 

xenograft model (MDA-MB-231 cells) 

A-D 10
6
 MDA-MB-231 cells expressing endogenous mutp53 and stably expressing luciferase 

were injected into the hips of nude mice. When tumors reached visible size, mice were treated 

by intra-tumoral injection, three times a week, with either a mixture of 3 control peptides that 

showed no phenotype in vitro (pCAPs 76, 77 and 12; 2g of each peptide) or a mixture of 3 

test peptides that exhibited mutp53-reactivating ability (pCAPs D60R, 24R and 174; 2g of 

each peptide).  

Luciferase readings of MDA-MB-231 tumors in control peptide-injected mice (A) and in the 

effective pCAP mix group (B) (logarithmic scale) as a function of time after initiation of 

treatment (peptide injection). Mice 2 and 5 showed a complete response, reaching 

bioluminescence readings that were as low as or close to the background threshold detection 

levels of the IVIS system (5x10
6
 photons) even after 21 days of treatment. Following cessation 

of the treatment after 35 days, mice numbers 2 and 5 were kept alive and monitored for an 

additional 21 days; no reappearance of tumors was detected either visually or by live imaging. 

C - Live imaging of the control group of MDA-MB-231-injected mice, performed at 

termination of the experiment (day 35)  

D - Live imaging of MDA-MB-231-injected mice treated with the effective peptides mix, 

performed at termination of the experiment (day 35) 

E,F - 10
6
 SKBR3 breast cancer cells, expressing endogenous mutp53 and stably expressing 

luciferase, were injected into the hips of nude mice. When tumors reached visible size, mice 

were treated by intra-tumoral injection, three times a week, with either a mixture of 3 control 
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peptides that showed no phenotype in vitro (pCAPs 76, 77 and 12; 2g of each peptide) or a 

mixture of 3 test peptides that exhibited mutp53-reactivating ability in culture (pCAPs 154, 250 

and 242; 2g of each peptide).  

E (control group mice) and F (effective pCAP mix group) are depicted on a logarithmic scale 

box-plot displaying the luciferase readings in tumors as a function of time. Average (horizontal 

line), standard deviation (box), highest and lowest reads (eror bars) are shown, before (until day 

0; white bacground) and after initiation of treatment (peptide injection; colored backgrond). 

G - Live imaging of control group mice at the beginning of treatment (day 0) and termination 

of the experiment (day 32)  

H - Live imaging of mice treated with an effective peptides mix at the beginning of treatment 

(day 0) and at the termination of experiment (day 32) 
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Table S1 - Calibration of selection strategies and titration. 

- Panning of NEB phd-12 phage display library against p53
R249S

 (Table S1A) and against 

p53
R175H

 (Table S1B), using the PAb1620+mutp53 strategy alone compared to dual strategy 

panning in alternating rounds of selection (Table S1C), where panning in the first round was 

performed with PAb1620Ab+mutp53. The second round of panning was for phage binding 

imobilized p53RE DNA-WTwtp53 complex, and the third round was employed 

PAb1620Ab+mutp53 selection again. The  phage titer shows an increase in eluted phage 

between selection rounds in all performed experiments. However, the control panning 

experiment, performed by panning only against PAb1620 (without p53) in the third rounds, 

indicates that the use of a single selection strategy results in a high degree of background 

(phage binding directly to PAb1620) regardless of p53. The dual selection strategy (Table 

S1C), on the other hand, yeilded a significantly higher number of phage binding to the 

p53+PAb1620 complex compared to PAb1620 alone. 

Table S1A- selection with R249S: 

Selection round The selection marker 
Number of eluted phage 

(Phage/µl) 

1 1620Ab + FL-p53R249S 10
3
 

2 1620Ab+ FL-p53R249S 10
5
 

2 1620Ab 10
5
 

3 1620Ab+ FL-p53R249S 10
6
 

3 1620Ab 3*10
6
 

 

Table S1B- selection with R175H: 

Selection round The selection marker 
Number of eluted phage 

(Phage/µl) 

1 1620Ab + FL-p53 H175R 10
3
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2 1620Ab+ FL-p53 H175R 10
5
 

2 1620Ab 10
5
 

3 1620Ab+ FL-p53 H175R 10
6
 

3 1620Ab 2*10
6
 

 

 

Table S1C- Alternating selection with mutp53 and wtp53 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Selection round 

(Phd-12) 

The selection marker 

 and the p53 form 

Number of eluted phage 

 (Phage/µl) 

1 1620Ab + p53R249S  3.5*10
2
 

1 pAb1620 + p53R175H 2*10
2
 

2 p53RE + wtp53  2*10
3
 

3 pAb1620 +  p53R175H 10
5
 

3 pAb1620 + p53 R249S 10
5
 

3 pAb1620  4*10
3
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Table S2 – Performed phage display selections: strategies and titration of selected eluetes. 
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Table S3 - Summary of peptide functional screens and sequence similarities 

The results of a variety of functional assays performed on representative synthetic peptides, 

presented as a heat map. Peptides were evaluated for their effect in each assay and assigned a 

score and corresponding color according to performance relative to a positive control (score 0- 

no effect-white – score 6- at least as effective as the positive control- black). Assays include: 

mutp53 conformation (orange), mutp53 DNA binding (red), viability of mutp53-expressing 

cells and induction of p53 target genes as assayed by by qRT-PCR (blue). Peptide sequences 

are aligned and have a background color according to similarity to known p53 interacting 

proteins and to each other. Since peptide sequences have been changed by us along time in an 

attempt to yield more effective sequences according to performance in the different assays, 

table 2 also reflects the “evolutionary” process of peptide analysis. First set of peptides tested 

(pCAPs 1-160) comprised sequences identified in the phage display selection. Later on, lead 

sequences were modified to resemble p53 interacting proteins. Later, arginine residues and N-

terminal myristoil were added to enhance cell permeability (pCAPs 200-326). Highlighted 

amino acids are similar to motifs found in p53-interacting proteins. 
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