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ABSTRACT 

 

 Breast cancer type 1 protein (BRCA1) is a major risk factor for developing breast cancer. 

The BRCA1 protein is involved in many essential cellular pathways, including DNA double-

strand break repair, cell cycle checkpoint control and induction of apoptosis. The tumor protein 

p53 is a major tumor suppressor that has similar functions with BRCA1. These two proteins were 

found to interact with each other in vivo, but it is unclear whether BRCA1 directly binds to p53 

and what is the biological relevance of this interaction. We hypothesized that there is a physical 

interaction—direct amino acid contacts—between BRCA1 (amino acid 772-1292) and p53 

(amino acid 311-393). We utilized cloning and protein purification to obtain overlapping protein 

constructs of the two proteins and developed a pull-down assay to investigate their direct 

binding. Further work is needed to optimize the conditions for expression, purification and pull-

down assay to draw definitive conclusions regarding the binding regions of BRCA1 and p53. 
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INTRODUCTION 

Despite major breakthroughs in the diagnosis and treatment of breast cancer over the past 

several decades, it remains one of the most prevalent causes of cancer-related death in women. In 

2018, an estimated 41,760 women in the U.S. were predicted to die from breast cancer. It is 

estimated that 5-10% of all breast cancer cases involve inherited mutations in tumor suppressing 

genes, among which mutations in the BRCA1 gene are the most common ("U.S. Breast Cancer 

Statistics | Breastcancer.org", 2019). 

The breast cancer type 1 protein (BRCA1), an 1863 amino acid product of the BRCA1 

gene, plays a role in many essential cellular pathways, including DNA double-strand break 

repair, transcriptional regulation, cell cycle checkpoint control, growth signaling and induction of 

apoptosis (Roy, Chun & Powell, 2012). Mutations in the BRCA1 gene are found in 45% of 

familial breast cancers and are associated with up to an 80% increase in the risk of breast and 

ovarian cancer ("Genetics: Breast Cancer Risk Factors", 2019). Efforts have been made to 

elucidate the multifunctional nature of the protein, but the molecular mechanisms of many 

BRCA1 functions remain poorly understood. 

TP53 is the most frequently mutated gene in human cancer (>50%) (Bourdon, Surget & 

Khoury, 2013). The tumor protein made by this gene, p53, has various anti-tumor activities, 

many of which overlap with those of BRCA1 such as activating DNA repair pathways, arresting 

cell cycle upon detecting DNA damage and initiating apoptosis.  

There is evidence suggesting that the BRCA1 and p53 interact with each other to carry 

out their tumor suppressing functions. A study investigated the interaction using p53 fusion 

protein and either in vitro translated BRCA1 or cell extracts that contain BRCA1 (Zhang et al., 

1998). Using both co-immunoprecipitation and immunoblotting, the study found that p53 bind to 



7 

 

BRCA1 in both systems. To narrow down the interacting domains, a series of BRCA1 and p53 

deletion mutants were translated in vitro, and the region between amino acid residues 224-500 of 

BRCA1 and the region between residues 311-393 of p53 were sufficient for binding. Mark et al 

(2005) examined the indicated region of p53 (residues 311-393) by further dividing it into the 

basic region (residues 355-393) and the tetramerization region (residues 310-360) and found that 

these regions bind to BRCA1 with a relatively weak affinity (Mark et al., 2005). Therefore, it 

was unclear at that point whether the identified interaction was biologically relevant.  

In a different study (Buck, 2008), cancer cell lines were exposed to cancer-inducing 

agents (UV light or Adriamycin) to mimic DNA damage conditions and cell lysates were used 

for a co-immunoprecipitation experiment. The study reported that western blotting detected an 

association between the two proteins, which increases when cells were exposed to a DNA-

damaging condition. The BRCA1 region between amino acid residues 772-1036 was 

subsequently found to be sufficient for BRCA1 to co-immunoprecipitate with p53; furthermore, 

the interaction was significantly enhanced when a larger BRCA1 region (residues 772-1292) was 

used. Buck also demonstrated that the identified BRCA1 region augments p53-binding affinity to 

DNA and subsequently the p53-dependent transcription of p21, a protein critical for the 

induction of cell cycle arrest and apoptosis in the event of DNA damage. Recently, Xia et al also 

demonstrated that p53-BRCA1 interaction is essential for BRCA1 nuclear export in response to 

radiation-induced DNA damage and subsequently leads to increased induction of apoptosis 

(Jiang et al., 2011). These studies highlight the presence and importance of the p53-BRCA1 

interaction in cells; however, the lack of in vitro work in these later studies leaves questions 

surrounding the mechanisms behind their anti-tumor activities. 
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It remains unclear whether the interaction between the BRCA1 and p53 is direct—

meaning their amino acid residues are in contact through a combination of hydrogen and ionic 

bonding—or is mediated through a third binding partner. Such a finding may provide insights 

into understanding the tumor suppression mechanism carried out by the two proteins and assist in 

designing drugs to modulate the pathway. For instance, mdm2 is a protein that directly binds to 

and inhibits p53 activities. The mdm2-p53 interaction can be disrupted by a small molecule 

inhibitor called nutlin-3, which has been shown to activate p53-dependent pathway and arrest 

cell cycle in cancer cell lines (Tisato, Voltan, Gonelli, Secchiero & Zauli, 2017).  

We hypothesize that there is a direct interaction between the two proteins. In particular, 

the regions we investigated are between amino acid residues 772 and 1294 for BRCA1 and 

between amino acid residues 311 and 393 of p53. We also aim to narrow down the binding 

region on the two proteins by designing deletion protein constructs as shown in Fig.1 within the 

regions indicated above. A pull-down assay is used to study the in vitro physical interaction 

between BRCA1 and p53. 

 

 

 

 

Figure 1. BRCA1 and p53 constructs design. 
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METHODS 

 

Materials and Reagents preparation 

Human TP53 cDNA was purchased from DNASU (clone number: HsCD0000013). Human 

BRCA1 cDNA, pGEX-4T1 and pET SUMO cloning vector were gifts from the Klevit lab at 

University of Washington, Seattle. The pGEX vector has a Glutathione S-transferase (GST) 

DNA sequence next to the insertion site for TP53 such that GST is expressed as an N-terminal 

fusion. Similarly, the SUMO vector has a DNA sequence that codes for a SUMO DNA sequence 

containing a 6xHis tag such that the SUMO protein is expressed as an N-terminal fusion. 

Primer Melting point (oC) Sequence  

BRCA1 

F_P772 

57 5’ CGATGGATCCCCTGGTACTGATTATGGCACTCAG 3’ 

BRCA1 

F_P896 

55.4 5’ CGATGGATCCAGTCCAAAAGTCACTTTTGAATGTGA 3’ 

 

BRCA1 

R_S1294 

55.9 5’ ATCG GTCGACTTAGCTAGCAGAACATTTTGTTTCCTCA 3’ 

 

BRCA1 

R_1040 

56.3 5’ ATCGGTCGACTTAGCTGGCTCCTTTAAAAACATTTTCTCT 3’ 

 

BRCA1 

R_1126 

56.3 5’ ATCGGTCGACTTATGGAGAGAAATCTGTATTAACAGT CTG AAC 3’ 

 

BRCA1 

R_P1190 

58.1 5’ ATCGGTCGACTTAAGGACTCCTGCTAAGCTCTCC 3’ 

 

TP53 

F_M1 

60.7 5’ CGATGGATCCATGGAGGAGCCGCAGTCAGAT 3’ 

 

TP53 

F_N310 

61.9 5’ CGATGGATCCAACACCAGCTCCTCTCCCCAG  3’ 

 

TP53 

F_A355 

61.1 5’ CGATGGATCCGCTGGGAAGGAGCCAGGG 3’ 

 

TP53 

R_D393 

60.3 5’ ATCGGTCGACTTAGTCTGAGTCAGGCCCTTCTGT CTT 3’ 

 

SUMO R 

sequencing 

61.3 5’ CGAATCTAGAGCCTGCAGTCTCGAGATC 3’ 

pGEX R 

sequencing 

64 5’ CCGGGAGCTGCATGTGTCAGAGG 3’ 

Primers used for PCR were designed to complement between 24 and 30 base pairs (bp) on the 

cDNA and have melting points above 55oC. A BamHI restriction site was added to forward PCR 

Table 1. Full primer sequences. Red nucleotides indicate non-specific 

flanker, bolded nucleotides indicate recognition sites for BamHI restriction 

enzymes, italicized nucleotides indicate recognition sites for SalI restriction 

enzymes and blue nucleotides indicate stop codon. F = forward primer, R = 

reverse primer. The numbers indicate the amino acid residue positions. 
 



10 

 

primers; a SalI restriction site and a stop codon were added to reverse PCR primers. Non-specific 

flankers were added to all PCR primers to improve restriction enzymes binding. All PCR primers 

and sequencing primers were purchased from Integrated DNA Technology. The full sequence of 

the PCR primers and sequencing primers are shown in Table 1. 

Buffers and reagents used in the experiment are described below. All buffers are prepared in 

advance except for GST buffer B, which is prepared before each use by adding glutathione and 

DTT to 50mM Tris. 

Buffer Purpose Composition 

GST buffer A (pH = 7.4) p53 purification and pull-down assay 140 mM NaCl, 2.7 mM KCl, 10 mM 

NaH2PO4.H2O, 1.8 mM Na2HPO4 

GST buffer B (pH = 7.4) p53 purification and pull-down assay 10 mM glutathione, 50mM Tris, , 1 mM 

DTT 

Nickel (Ni) buffer A (pH =7.4) BRCA1 purification 10 mM imdazole, 300 mM NaCl, 50 

mM Tris  

Nickel (Ni) buffer B (pH = 7.4) BRCA1 purification 1M imidazole, 300 mM NaCl, 50 mM 

Tris  

BME loading buffer Protein purification 5% 2-mercaptoethanol, 2.5% SDS, 62.5 

mM Tris-HCl, 0.002 % bromophenol 

blue, 10% glycerol 

Comassie blue  Staining after purification 1g comassie, 10% acetic acid, 50% 

methanol, 40% milli-Q water 

Destaining buffer Remove staining buffer 10% glacial acetic acid, 50% methanol, 

40% milli-Q water  

 

BRCA1 and p53 cloning 

DNA regions corresponding to BRCA1 and p53 protein constructs were amplified using Q5 hot 

start high-fidelity DNA polymerase from New England BioLabs according to the provided 

instruction. The annealing temperatures were 55oC for BRCA1 constructs and 60oC for p53 

constructs. After the PCR reaction, the products were confirmed and purified by running a 1.5% 

agarose gel along with Quick_Load purple 1 kb DNA ladder (NE BioLabs). The DNA fractions 

from the corresponding gel band were purified by centrifugation. DNA fractions were digested 

with restriction enzymes BamHI and SalI at 37oC for 1 hour.  The SUMO and pGEX plasmids 

Table 2. Reagents used in the experiments. 
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were similarly digested with restriction enzymes BamHI and SalI at 37oC for 1 hour with the 

addition of calf intestinal phosphatase to prevent self-ligation. After digestion, BRCA1 and p53 

DNA were ligated into SUMO and pGEX plasmids respectively using T4 DNA ligase for 1 hour 

at 16oC followed by 1.5 hours at room temperature. Volumes for the ligation reaction were 

calculated using NEBioCaculator to achieve a ratio between insert:plasmid of 3:1 molar 

concentration. 4µL of ligated plasmids were then transformed into 40µL of DH5-α Competent E. 

coli cell line. After incubating for 30 minutes on ice, the cells were heat shocked at 42oC for 45 

seconds and 300µL of S.O.C medium (0.04% glucose in LB media) was added. After recovering 

for 1 hour at 37oC, the cells were plated onto LB-agar plate with 100µg/mL ampicillin for p53 

plasmids or 100µg/mL kanamycin for BRCA1 plasmids. After incubating for 14-16 hours at 

37oC, a single colony from each plate was chosen and transferred to 5mL of liquid LB media 

with the corresponding concentration of antibiotics and grown at 37oC overnight. The cultures 

were then centrifuged (3000rpm, 10 minutes, 4oC). The plasmids were purified from the cells 

using the QIA spin miniprep kit according to the provided instructions. Correct insertion of 

BRCA1 and p53 constructs were verified by PCR for the insert and running 1% agarose gel and 

by DNA sequencing using the primers described in Table 1 (result not shown). 

Small scale expression trial 

To determine the optimal condition for expressing the protein constructs, plasmids ligated with 

BRCA1 or TP53 gene were transformed into the BL21 (DE3) Competent E. coli cell line with the 

procedure described above. The E. coli were then plated onto LB-agar plate with 100µg/mL 

ampicillin for TP53 plasmids or 100µg/mL kanamycin for BRCA1 plasmids. After 14-16 hours 

at 37oC, a single colony from each plate was chosen and transferred to 5mL of liquid LB media 

with the corresponding concentration of antibiotics and grown at 37oC until the optical density of 
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the cells reached 0.6. 150mL of culture was mixed with 350mL of 50% glycerol and flash frozen 

for later use. IPTG was then added at a final concentration of 0.5 mM. The induced culture was 

incubated at 16 oC overnight or at room temperature for 5 hours. After the induction period, 

100µL of cells were centrifuged (3000rpm, 10 minutes, 4 oC) and analyzed with SDS-PAGE.  

SDS-PAGE 

For sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), the purification 

and pull-down samples were mixed in a 1:1 ratio with BME loading buffer (table 2) and heated 

at 100oC for 5 minutes. The samples were then run on a 15% polyacrylamide gel at 195V for 50 

minutes. The gel was added to coomassie blue, microwaved for 10 seconds, stained for 5 minutes 

and destained using reagents described in Table 2. 

Large scale expression 

Once the optimal condition for expression was found, glycerol stocks were used to grow E. coli 

LB-agar plate with the corresponding antibiotics overnight at 37oC. After the growing period, all 

colonies from a plate are used to grow a 1L culture until OD 0.6 and induced with 0.5 mM of 

IPTG overnight at 16 oC. After the induction period, cells were centrifuged (3000rpm, 10 

minutes, 4 oC) and resuspended in 25mL of GST buffer A for p53 and Ni buffer A for BRCA1 

plasmids respectively. Cells were stored at -80 oC. 

Affinity purification 

For cell lysis, DNAse, lysozyme and protease inhibitor cocktail were added to the thawed cell 

suspensions in addition to 50 µL of saturated PMSF solution in ethanol, which was prepared 

fresh for each purification. The 25mL sample was sonicated on ice (5 seconds on, 15 seconds off 
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for a total of 10 minutes on time, 85% amplitude) and centrifuged to remove insoluble cell debris 

(13000rpm, 25 minutes, 4 oC). A sample of the supernatant was taken for control. 

 

Protein purification was conducted with AKTA liquid chromatography system as shown in 

Figure 2. p53 proteins were purified using 5ml GSTrap 4B column and BRCA1 proteins were 

purified using 5ml HisTrap FF column. The columns were initially washed with milliQ water 

and equilibrated with GST buffer A for GSTrap column and  Ni buffer A for HisTrap column. 

After the sample was applied to the column, unbound bacterial proteins were washed with the 

Wash column with 5 CVs 

Equilibrate column with 5 CVs of GST or Ni buffer A 

Apply lysed sample to column 

Wash unbound proteins with GST or Ni buffer A (25 CVs) 

One step elution with GST 
buffer B (5 CVs) 

Gradient elution up to 35% Ni 
Buffer B (15 CVs) 

BRCA1 proteins p53 proteins 

Collect fractions 

Figure 2. Affinity purification procedure 
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corresponding buffer A. p53 proteins were eluted with 100% GST buffer B. BRCA1 proteins 

were eluted with a gradient of 0-35% Ni buffer B. At the end of purification, absorbance at 

280nm was used to determine the fractions that contain proteins. Samples of these fractions were 

applied to SDS-PAGE to confirm protein presence and purity and subsequently stored at 80oC. 

Dialysis  

 

After purification, p53 proteins are in GST buffer B, which contains glutathione and can interfere 

with the pull-down assay. To replace buffer, p53 protein solution was added to SnakeSkin 

cellulose tubing. Dialysis was done in 4L of GST buffer A overnight at 4 oC. 

Pull-down assay 

Proteins were concentrated using 10K Macrosep advance centrifugal device (centrifuge 3 times, 

10 minutes each, 3000rpm, 4 oC). The absorbance at 280nm (A280) was measured with Thermo 

Scientific Nanodrop 1000, the extinction coefficient was calculated from the primary sequence 

using ExPaSy ProtParam tool, and the final concentration in mM was calculated using the 

following formula: 

𝐹𝑖𝑛𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 =  
𝐴280

𝐸𝑥𝑡𝑖𝑛𝑐𝑡𝑖𝑜𝑛 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
× 103 

Fig. 3 shows the steps for the pull-down assay, which used Pierce Glutathione Agarose in 

Bioscience spin columns to immobilize p53 protein constructs. A sample of p53 constructs was 

taken initially. The total amount of protein for one pull-down assay was 0.600 mmol for p53 and 

0.750 mmol for BRCA1. During the wash steps, samples were taken to ensure no p53 was lost 

and compare the amount of BRCA1 eluted with and without p53 present. Afer eluting the 
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proteins with GST buffer B, elution samples were taken for SDS-PAGE. All steps were done at 

4oC. 

 

RESULTS 

The correct insertion of BRCA1 and TP53 DNA into bacterial plasmids products were confirmed 

by running a 1.5% agarose gel at 100V for 30 minutes. The number of base pairs in each 

construct DNA (Table 3) was compared to a reference DNA ladder. 

In SDS-PAGE, a reference ladder was used to confirm the expression of BRCA1 and p53 by 

comparing size. The molecular weights of the protein constructs were calculated using ExPaSy 

ProtParam tool, taking into account the affinity tags, GST tag (25kDa) and His-SUMO tag 

(8kDa). The result of the small scale expression trial is shown below (Fig 4). The numbers on the 

left indicate the molecular weight of the reference ladder. An uninduced sample acts as control 

for baseline E.coli protein expression. In each lane, the most intense band is the inserted protein  

Figure 3. Pull-down assay procedure. 
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Protein Contrust (amino acids) DNA size (bp) 
Protein 

Weight (kDa) 

BRCA1 

B1 (772 – 1294) 1566 69 

B2 (772 – 1126) 1053 37 

B3 (772 – 1040) 804 51 

B4 (897 – 1126) 687 25 

B5 (897 – 1040) 429 37 

B6 (897 – 1190) 897 44 

p53 

P2 (311 – 393) 82 31 

P3 (355 – 393) 114 35 

construct and the remaining bands are bacterial proteins. The result indicates the 16oC overnight 

condition were sufficient for the overexpression of most BRCA1 constructs (Fig 4). The B1 

construct (amino acid 772–1294) was not properly overexpressed and thus could not be used for 

the pull-down assay. While P2 and P3 were overexpressed in the small scale expression trial, 

both constructs were not detected by SDS-PAGE after purification (not shown). Instead, a band 

around ~25kDa was present, which corresponds to the molecular size of the GST tag, suggesting 

that the p53 constructs underwent proteolysis. We suspected that the long induction time was 

responsible for the observed degradation and attempted to induce the overexpression of p53 at 

room temperature for 5 hours. The result in Fig 4 indicates this condition is more suitable for p53 

constructs, and the large scale expression proceeded using it. 

The SDS-PAGE results of affinity purification are shown below (Fig 5a). For BRCA1, 

constructs B3 (amino acid 772-1126) and B6 (amino acid 897-1190) were purified. We observed 

that there were several different bands in the elution, indicating that the purification process did 

not completely remove all impurities. Several E. coli proteins are known to bind to Nickel 

Table 3. Protein and DNA size and molecular 

weight of the protein constructs. 
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column due to exposed histidine residues, but they are unlikely to interfere with the pull-down 

assay. Alternatively, the BRCA1 may have been proteolyzed, and the observed bands at lower 

molecular weights are fragments of the protein constructs.  

For p53, construct P3 was successfully purified (Fig 5b) by inducing at room temperature for 5 

hours. However, we notice faint bands at around 25 kDa in some fractions, which suggests a 

small amount some of the p53 proteins were still degraded during purification. 

To investigate whether BRCA1 and p53 directly bind to one another, we conducted the pull-

down assay using the BRCA1 construct B6 (amino acids 897-1190) with the p53 construct P3 

(amino acids 311–393). As a control, a separate pull-down was done in the absence of P3. 

However, because the assay was conducted using the p53 proteins induced under overnight 

condition, we were not able to detect the presence of p53. If there was an interaction between the 

Fig 4. Small scale expression trial. The optimal induction 

condition is 16oC/overnight for BRCA1 and room 

temperature (25oC)/5 hours for p53. 
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two proteins, we expect the elution samples to have two distinct bands for p53 and BRCA1; the 

band for BRCA1 should be more intense than the band observed in the control experiment. A 

band around 25 kDa was observed in the sample taken before the pull-down (not shown), again 

suggesting that the p53 construct was proteolyzed. Thus, the results of the assay remain 

inconclusive.  

Fig 5. SDS-PAGE result for purification of (A) the BRCA1 constructs B3 

(772-1126) and B6 (897-1190) and (B) the p53 construct P3 (311-393). 

Control indicates cell lysate samples taken before purification. 
 

P3 

GST tag 

Control Fractions 

A 

B 
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DISCUSSION 

BRCA1 prevents breast and ovarian cancer development by coordinating with a myriad of 

binding partners. One such protein is p53, which is another tumor suppressor that is mutated in 

over 50% of human cancer cases. Both proteins have been shown to be involved in many 

essential cellular processes including detecting DNA damage, initiating DNA repair, arresting 

the cell cycle and inducing apoptosis. Evidence suggests that the BRCA1-p53 interaction may be 

critical for modulating anti-tumor activities in human cells, such as cell cycle arrest by the p53-

dependent nuclear export of BRCA1 (Jiang et al., 2011). Therefore, studying the interaction 

between these two proteins may provide insights into how dysfunctions of the binding domains 

may increase susceptibility to breast and ovarian cancer.  

Our study aims to investigate whether the region 772-1294 of BRCA1 and 311-393 of p53 

physically associate with each other using a pull-down assay and to narrow down the binding 

region by designing deletion constructs of the two proteins. We were able to clone and amplify 

BRCA1 and TP53 into the pET SUMO and pGEX plasmids respectively, which allows for the 

expression of SUMO-fusion BRCA1 and GST-fusion p53 protein constructs. 

Control 
 

Elution 

B6 band is observed 
 

P3 is expected to be present in the 
elution lane, but was not detected 
 

Fig 6. Pull-down assay result between B6 in the absence (control lane, 

left) or presence (elution lane, right) of P3. 
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 For BRCA1, the optimal induction condition appears to be at 16oC overnight. Five constructs 

were properly overexpressed, two of which (B3 and B6) are successfully purified and confirmed 

by SDS-PAGE. However, the first BRCA1 construct, B1 (772–1294), was not expressed in 

sufficient quantity, and the SDS-PAGE result of the B1 purification attempt shows a number of 

bands at lower molecular weights (not shown), suggesting that most of the BRCA1 constructs 

had already degraded. The investigated region of BRCA1 lies within the central domain, which 

is believed to be intrinsically disordered, although there may be nascent secondary structures 

(Mark et al., 2005). It is possible that the lack of a stably folded structure may have caused the 

B1 construct to be degraded during the induction period. This may also explain the bands at 

lower molecular weights observed in SDS-PAGE result for B3 and B6 purification (Fig. 6). 

Alternatively, those bands may be bacterial proteins with exposed histidine amino acids, which 

can bind to the Nickel column (Bornorst & Falke, 2000). One possible solution to obtain purer 

proteins is to use a column with TALON cobalt resin instead, which has higher specificity for 

His-tagged proteins.  

Using a similar induction condition (16oC overnight) resulted in most p53 being degraded, which 

may explain why p53 was not detected in the pull-down assay. We were able to subsequently 

express P3 (residues 311-393) by reducing the induction time to 5 hours at room temperature. 

The construct was obtained with a high degree of purity (Fig. 5B), suggesting the modified 

procedure may be suitable for other p53 constructs. 

In summary, we cloned, expressed and purified BRCA1 and p53 protein constructs. Future work 

is needed to increase the protein expression and purification efficiency as well as to prevent 

proteolysis during these steps. 
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