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Abstract 

The aim with this project is to study the binding interaction of the TAD domain of p53 (TAD/p53) 

to the Taz2 domain belonging to two of its coactivators, namely p300 and CBP proteins (Taz2/p300 

and Taz2/CBP). The plan is (i) to express and purify both the p53 domain and the CBP/p300 

domains and (ii) then perform binding experiments where the KD will be determined by using 

isothermal titration calorimetry (ITC). I succeeded in the expression and purification, which was 

fulfilled by means of nickel affinity chromatography for p53-TAD together with reverse phase 

chromatography. p300 and CBP (taz2) have been purified by using MBPTrap HP, a maltose 

binding protein column, and later using ion exchange chromatography to obtain the purified 

proteins. Experiments about the thermodynamics and kinetics of binding will be performed using 

the purified proteins. The obtained results showed that the purification and expression of TAD/p53 

was successful while I am currently facing major issues for the Taz2-CBP/p300 purification. The 

purification of taz2/CBP and taz2/p300 must improve in order to be able to proceed with the 

binding experiments. This means that the conditions in which the taz2-CBP/p300 are purified needs 

to change, which include changing the buffer components as well as the temperature at which 

purification is conducted. The result from the ITC showed that further experiments are needed in 

order to obtain consistent and good results. It also showed that the concentration of the proteins 

used to measure the binding experiments needs to be adjusted in order to obtain optimal conditions 

for assessing the binding interaction.  

 

 

Ultimately, the project mainly focuses in purifying the Taz2 domains of both CBP and p300, and 

the TAD domain of p53. A binding interaction between MDM2 and p53 will be analyzed with ITC. 

p53 plays an outstanding role during cell development and cancer progress and we guess that the 

study of interaction with its coactivators will shed light into understanding how cancer cells form, 

and develop. 
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Introduction 

p53 is a multi-domain protein that acts as a tumor suppressor (see figure 1). The p53 gene was the 

first tumor suppressor gene to be observed and identified in 1979. It was later found that this gene 

does not function correctly in most cancers (Vogelstein et.al 2000). Many tumors are mutated in 

most cancer cell lines that inactivate p53 while in other types of cancers the mutation affects the 

p53 tumor suppressor pathway and inactivates it (Clegg et.al 2012).   

  

 
Fig 1: The structure of the domains of human p53. (Source: Image reproduced from Teufel et al. 2007; used with permission) 

 

In normal cells the p53 is usually off and is only activated by cell damages such as DNA damage, 

oncogenic activation, hypoxia, nucleotide depletion and nutrient deprivation (Wolyneic et.al 2009). 

When p53 is activated it promotes cell cycle arrest, apoptosis or cellular senescence (Wolyneic et.al 

2009). The reason behind this is that damaged cells poses a threat to the organism and when p53 is 

activated it will inhibit the multiplication of damaged cells and prevent the stressed cell to progress 

through the cell cycle. In many cases p53 can also induce apoptosis, or programmed cell death in 

order to protect the organism.  

 

This crucial role of p53 is of outstanding importance because it works as a switch, providing such a 

critical point in regulating and preventing tumor development. It also helps to explain why this 

protein is mutated and thereby inactivated in most cancers. The result of p53 activation is dependent 

on several factors as well. These factors include the nature and intensity of the cell damage, genetic 

background, the cell type as well as the microenvironment. If these crucial functions of p53 

becomes inactivated or disrupted it can result in abnormal checkpoint responses or genomic 

instability, leading to enhanced survival and eventually the development of cancer (Wolyneic et.al 

2009) (figure 2).  

 

within CH3, bound with KD ! 52 !M, 6-fold tighter than
reported (23). The Kix and Taz1 domains bound weakly (KD !
100 and 120 !M, respectively). The IBiD domain had KD "
200 !M (Table 1 and Fig. 2A). No interaction could be found
with IHD.

The p53 N Terminus Interacts with p300 Domains Through an Extended
Interface. To determine whether the length of the p53 binding
site affected p300 domain binding, we recorded heteronuclear
single quantum coherence (HSQC) spectra of 15N-labeled
p53(1–93) in the presence and absence of Taz2, CH3, Kix (Fig.
3 A and B), Taz1, and IBiD (data not shown). The spectra of
p53(1–93) bound to Taz2 and to CH3 were essentially iden-
tical, suggesting that binding to Taz2 sufficiently accounts for
the interaction. There were no further chemical shift pertur-
bations on adding Taz2 to a higher concentration than p53,
indicating a 1:1 stoichiometry of the complex. The HSQC
spectra of p53 in complex with each of the p300 domains were
very similar, because a largely identical subset of resonances of
residues involved in binding disappeared or shifted (Figs. 3 and
4A). Resonances corresponding to residues L14 to E56 were
absent, indicating an extended binding site involving both
TAD1 and TAD2 for binding to all p300 domains. Taz2/CH3
appeared to affect several additional p53 residues (S6, D7,
V10, E11), suggesting a slightly more extensive binding site
(Figs. 3A and 4A). p53 residues beyond D57 were largely
unaffected by any of the p300 domains, excluding the proline-
rich region (residues 62–93) from the interactions (29).

Incremental additions of Taz2 to 15N-labeled p53 N terminus
(1–93) gave steadily decreasing but nonshifting peak intensities
for interacting residues indicative of slow exchange (data not
shown). It appears, therefore, that the absence of bound-state

peaks is the result of conformational averaging in the p53–p300
domain complexes. Interestingly, signals also disappeared on the
interaction of p53 N-terminal peptides with Mdm2 (see below
and ref. 30) and replication protein A (31).

Both p53 Transactivation Subdomains Are Required for High-Affinity
Binding. The NMR data suggested that the p53 transactivation
domain binds to the p300 domains with a more extended binding
site than previously thought. Therefore, we synthesized N- and
C-terminally extended peptides to assess the importance of
residues #5–14 and 30–57 of p53 on p300 domain binding.
p53(1–29) bound Taz2 10 times more tightly (KD ! 4.1 !M), and
p53(15–60) 100-fold tighter (KD ! 0.4 !M) than p53(15–29)
(Table 1, curves not shown). In contrast, p53(1–29) had a
relatively unchanged affinity for Taz1, Kix, and IBiD. However,
p53(15–60) did bind significantly tighter than p53(15–29) (data
not shown). Both TAD1 and TAD2 are thus implicated in
binding to all p300 domains.

A p53 peptide containing both transactivation subdomains
(residues 1–57) bound to Taz2 and CH3 with KD values of 42 and
27 nM (Fig. 2B), respectively (Table 1). The longer peptide thus
interacts "1,000-fold more strongly than p53(15–29). There
were similar, but less dramatic, increases in affinity for the other
domains. Taz1 bound p53(1–57) 100-fold tighter than p53(15–
29) (KD ! 1.1 !M), and Kix 40-fold tighter (KD ! 3 !M). IBiD
had a KD of 8 !M with p53(1–57) (Fig. 2C and Table 1). No
binding was observed between the IHD and any of the long
p53(1–57) peptides. Although Taz1 was reported to bind to the
core domain of p53 (11, 12), we were unable to detect any
interactions by HSQC NMR (data not shown). Taz2 was thus the
highest affinity domain of p300 for p53, followed by Taz1, Kix,
and IBiD.
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Fig. 1. Domain organization of p300 and p53. (A) Domain structure of human p53. TAD1/2 corresponds to the transactivation subdomains 1 and 2. Its precise
boundaries are subject to debate. (B) Domain structure of human p300. Taz1, PHD, and ZZ-Taz2 are also described as CH1, CH2, and CH3, respectively. The
approximate domain boundaries were taken from the p300 Pfam database entry (identifier Q094720) and sources from text.

Table 1. Dissociation constants of various p53 N-terminal peptides binding to Taz2/CH3,
Taz1, Kix, and IBiD domains of p300, and the N-terminal p53-binding domain of Mdm2

p53 peptide

KD, !M

Taz2/CH3 Taz1 Kix IBiD Mdm2

15–29 WT 52 $ 4* 119 $ 25 110 $ 30 NE ("200) 0.6 $ 0.1
1–29 WT 4.1 $ 0.1* 126 $ 34 43 $ 4 121 $ 37 —
1–57 WT 0.027 $ 0.010 1.13 $ 0.2 3.0 $ 0.4 7.9 $ 1.6 0.16 $ 0.04
1–57 QS2 1.1 $ 0.1 26 $ 4.2 16 $ 3.4 27 $ 5.5 —
1–57 QS1/QS2 33 $ 3 NE NE NE NE

All experiments were done at least in duplicate and represent averages. NE, KD was too high to be determined.
*Data refer to the interaction with Taz2. Because Taz2 and CH3 bind p53(1–57) at essentially identical affinities,
the remaining dissociation constants refer to the more stable CH3 domain.

7010 ! www.pnas.org"cgi"doi"10.1073"pnas.0702010104 Teufel et al.
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Fig 2: The p53 protein is activated by various different signals, which induces several growth inhibitory responses. Both 
external (e.g. nutrient deprivation) and internal (e.g. DNA damage) responses activate p53 that lead to activation of a 
fitting downstream mechanism (e.g. apoptosis), which function to protect the cell from oncogenic transformation. 
(Source: With permission from Wiley online library; reproduced from Wolyniec et.al. 2009).  
 
 

There are different pathways that activate the p53 network and they share common functions like 

preventing the degradation of p53, so that the p53 concentration increases. When the concentration 

of the protein increases it allows p53 to perform its main function, which is to bind to certain DNA 

sequences and thereby activate the expression/transcription of adjacent genes. The genes produced 

will either directly or indirectly cause cell death or inhibit cell division. (Vogelstein et.al 2000). 

 

The activation of p53 involves stabilisation in posttranslational modifications, increased 

transactivation potential and an enhanced DNA binding affinity (Wolyneic et.al 2009; Lavin & 

Gueven 2006). In comparison to basal conditions p53 has a short half-life, around 10-30 minutes 

(Halasi et.al 2014), and as a result p53 has a low transcriptional activity. This is mainly attributed to 

a protein known as MDM2, which is involved in degrading p53 (Wolyneic et.al 2009) (figure 3).   
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Fig 3: Illustration of the regulation mechanism between Mdm2 and p53. The level of p53 is determined by the rate of 
ubiquitin-mediated proteolysis. During cellular stress the response is an interruption of the negative loop between 
Mdm2 and p53; this is mediated by proteins like ARF but also by posttranslational modifications of Mdm2 as well as 
p53. (Source: With permission from Wiley online library; reproduced from Wolyniec et.al 2009). 
   

The degradation process is known as ubiquitin-mediated proteolysis. The amount of p53 is not 

determined by the rate, at which it is made, rather by the rate the protein is degraded. The process 

consists of attaching several copies of ubiquitin to the p53 that is to be degraded. These ubiquitin 

molecules serve like a recognition signal, enabling p53 to be detected and degraded by proteasomal 

enzymes.  

 

Considering that MDM2 is a transcriptional target of p53, the MDM2-p53 interaction regulates 

within a negative feedback loop (Toledo & Wahl 2006). The p53 protein binds to MDM2 on a 

regulatory region of the gene that activate the transcription of this particular gene into mRNA. The 

messenger RNA will be transported to the ribosome and translated into proteins. The MDM2 

protein that has been produced will bind to p53 and stimulate the attachment of ubiquitin molecules 

to the carboxyl terminus (the end) of p53; which ultimately leads to degradation.   

 

Another way of inactivating p53 is when MDM2 binds to a region of p53 that conceal its activation 

domain, because the binding occurs with a region of p53 that overlaps with its transactivational 

domain. There are several in vitro studies showing that binding of p53 to MDM2 alone without 

ubiquitination is sufficient enough to suppress p53 transactivation activity. (Clegg et.al 2012; Thut 

et.al 1997; Oliner et.al 1993). 

 

The negative feedback loop between MDM2 and p53 ends when the level of p53 decreases which 

also reduces the transcription of MDM2 gene. The result is an increased level of p53 but other 

factors must to be accounted for p53 to become a transcriptional activator. Among these factors are 

modifications such as the addition or removal of phosphate groups, acetyl, ubiquitin and glycosyl 

groups. These modifications lead to conformational changes in the protein resulting in an increased 

binding of the p53 to DNA (Vogelstein et.al 2000).  
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Phosphorylation is an important post-translational modification and when the N-terminal end of p53 

is phosphorylated it has no effect on its DNA binding abilities, rather it affects the affinity of p53 to 

the MDM2 protein and thereby also its ordained degradation. It has also been shown that p53 that 

lacks most of its phosphorylation sites can still be activated and stabilized in response to DNA 

damage, meaning that other factors other than phosphorylation also play a role in activating and 

controlling the p53 protein (Meek 1999). To understand the importance of MDM2 in regulating 

p53, a study showed that genetically engineered mice that lacked both MDM2 and p53 survived to 

adulthood, while mice that only lacked MDM2 died as embryos (Vogelstein et. al 2000 and any 

other reference therein), due to the unrestricted activity of p53.  

 

The N-terminal transactivation domain of p53, the TAD domain, is a crucial part for the protein 

interaction that regulates the protein’s stability as well as its function as a transcription factor. The 

TAD domain is divided into two subdomains known as TAD1 and TAD2; and they can both 

function independently of each other to activate gene transcription. Both of these subdomains are 

intrinsically disordered when unbound but form a helical conformation, at least part of their length, 

when they are bound.  

 

CBP and p300 are coactivators for p53 and when bound to the protein they stabilize p53 and 

stimulate local chromatin unwinding. Both CBP and p300 are zinc-finger proteins, which mean that 

zinc has an important role in the structure, folding and stability of the proteins (Krishna et.al 2003).  

When p53 is bound to the coactivators CBP and p300 it results in stabilization of the protein (p53) 

through acetylation of lysine residues on the C-terminal. This process prevents the ubiquitination 

and thereby the degradation of p53. Studies have shown that the p53-TAD interacts with multiple 

domain of CBP/p300 and these include Taz1, Taz2, KIX and NCBD (see figure 4) (Lisa M. Miller 

Jenkins et.al 2015). 

 

 
Fig 4: Domain structure of the p300 coactivator. The domains Taz1, PHD and ZZ-Taz2 are also known as CH1, CH2 
and CH3. (Source: Image reproduced from the Proceedings of the National Academy of Sciences Online: www.pnas.org. Teufel 
et.al 2007. Permission to use). 
 

 
within CH3, bound with KD ! 52 !M, 6-fold tighter than
reported (23). The Kix and Taz1 domains bound weakly (KD !
100 and 120 !M, respectively). The IBiD domain had KD "
200 !M (Table 1 and Fig. 2A). No interaction could be found
with IHD.

The p53 N Terminus Interacts with p300 Domains Through an Extended
Interface. To determine whether the length of the p53 binding
site affected p300 domain binding, we recorded heteronuclear
single quantum coherence (HSQC) spectra of 15N-labeled
p53(1–93) in the presence and absence of Taz2, CH3, Kix (Fig.
3 A and B), Taz1, and IBiD (data not shown). The spectra of
p53(1–93) bound to Taz2 and to CH3 were essentially iden-
tical, suggesting that binding to Taz2 sufficiently accounts for
the interaction. There were no further chemical shift pertur-
bations on adding Taz2 to a higher concentration than p53,
indicating a 1:1 stoichiometry of the complex. The HSQC
spectra of p53 in complex with each of the p300 domains were
very similar, because a largely identical subset of resonances of
residues involved in binding disappeared or shifted (Figs. 3 and
4A). Resonances corresponding to residues L14 to E56 were
absent, indicating an extended binding site involving both
TAD1 and TAD2 for binding to all p300 domains. Taz2/CH3
appeared to affect several additional p53 residues (S6, D7,
V10, E11), suggesting a slightly more extensive binding site
(Figs. 3A and 4A). p53 residues beyond D57 were largely
unaffected by any of the p300 domains, excluding the proline-
rich region (residues 62–93) from the interactions (29).

Incremental additions of Taz2 to 15N-labeled p53 N terminus
(1–93) gave steadily decreasing but nonshifting peak intensities
for interacting residues indicative of slow exchange (data not
shown). It appears, therefore, that the absence of bound-state

peaks is the result of conformational averaging in the p53–p300
domain complexes. Interestingly, signals also disappeared on the
interaction of p53 N-terminal peptides with Mdm2 (see below
and ref. 30) and replication protein A (31).

Both p53 Transactivation Subdomains Are Required for High-Affinity
Binding. The NMR data suggested that the p53 transactivation
domain binds to the p300 domains with a more extended binding
site than previously thought. Therefore, we synthesized N- and
C-terminally extended peptides to assess the importance of
residues #5–14 and 30–57 of p53 on p300 domain binding.
p53(1–29) bound Taz2 10 times more tightly (KD ! 4.1 !M), and
p53(15–60) 100-fold tighter (KD ! 0.4 !M) than p53(15–29)
(Table 1, curves not shown). In contrast, p53(1–29) had a
relatively unchanged affinity for Taz1, Kix, and IBiD. However,
p53(15–60) did bind significantly tighter than p53(15–29) (data
not shown). Both TAD1 and TAD2 are thus implicated in
binding to all p300 domains.

A p53 peptide containing both transactivation subdomains
(residues 1–57) bound to Taz2 and CH3 with KD values of 42 and
27 nM (Fig. 2B), respectively (Table 1). The longer peptide thus
interacts "1,000-fold more strongly than p53(15–29). There
were similar, but less dramatic, increases in affinity for the other
domains. Taz1 bound p53(1–57) 100-fold tighter than p53(15–
29) (KD ! 1.1 !M), and Kix 40-fold tighter (KD ! 3 !M). IBiD
had a KD of 8 !M with p53(1–57) (Fig. 2C and Table 1). No
binding was observed between the IHD and any of the long
p53(1–57) peptides. Although Taz1 was reported to bind to the
core domain of p53 (11, 12), we were unable to detect any
interactions by HSQC NMR (data not shown). Taz2 was thus the
highest affinity domain of p300 for p53, followed by Taz1, Kix,
and IBiD.
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Fig. 1. Domain organization of p300 and p53. (A) Domain structure of human p53. TAD1/2 corresponds to the transactivation subdomains 1 and 2. Its precise
boundaries are subject to debate. (B) Domain structure of human p300. Taz1, PHD, and ZZ-Taz2 are also described as CH1, CH2, and CH3, respectively. The
approximate domain boundaries were taken from the p300 Pfam database entry (identifier Q094720) and sources from text.

Table 1. Dissociation constants of various p53 N-terminal peptides binding to Taz2/CH3,
Taz1, Kix, and IBiD domains of p300, and the N-terminal p53-binding domain of Mdm2

p53 peptide

KD, !M

Taz2/CH3 Taz1 Kix IBiD Mdm2

15–29 WT 52 $ 4* 119 $ 25 110 $ 30 NE ("200) 0.6 $ 0.1
1–29 WT 4.1 $ 0.1* 126 $ 34 43 $ 4 121 $ 37 —
1–57 WT 0.027 $ 0.010 1.13 $ 0.2 3.0 $ 0.4 7.9 $ 1.6 0.16 $ 0.04
1–57 QS2 1.1 $ 0.1 26 $ 4.2 16 $ 3.4 27 $ 5.5 —
1–57 QS1/QS2 33 $ 3 NE NE NE NE

All experiments were done at least in duplicate and represent averages. NE, KD was too high to be determined.
*Data refer to the interaction with Taz2. Because Taz2 and CH3 bind p53(1–57) at essentially identical affinities,
the remaining dissociation constants refer to the more stable CH3 domain.

7010 ! www.pnas.org"cgi"doi"10.1073"pnas.0702010104 Teufel et al.
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The reason behind why p53 displaces the binding of MDM2 in favor of CBP/p300 has to do with 

phosphorylation. When the phosphorylation does occur at the TAD1 domain it affects the 

equilibrium between p53 and MDM2 and helps to shift it towards Taz2 binding and hence the 

complex formation; this ultimately translates into target gene activation. The effect of 

phosphorylation has been shown to increase the binding of p53 (through its TAD1 domain) to the 

Taz2 domain in p300 (Marcel et. Al 2015). Another study, which is in line with this research, shows 

that multisite phosphorylation of p53 increases its affinity towards the Taz1 domain of CBP 

(Ferreon et.al 2008).     

 

These studies suggest a mechanism in which both MDM2 and CBP/p300 function synergistically to 

repress and regulate the p53 protein in unstressed cells. This is accomplished by a ternary complex 

that is formed, which consequently leads to the degradation of p53 through polyubiquitination. 

However in stressed cells and cells with damaged DNA, the p53 becomes phosphorylated at 

threonine-18 (T18), as well as acetylated, which stabilizes and enhances p53 by inhibiting the 

interaction with MDM2. The ability of p53 to perform and maintain its function, such as when 

DNA is damaged or activate the G1 checkpoint, is dependent on its’ binding to the CBP/p300. This 

is because the coactivators, CBP and p300 have been demonstrated to link to the genome stability 

and the regulation of exiting the cell cycle at G1 (Lill et.al 1997).    

 

On the basis of this background, p53 appears to have important roles in cell cycle life and arrest 

together with its binding partners, CBP and p300. The aim with this project is to express and purify 

the TAD domain of p53 along with the Taz2 domain of CBP and p300 coactivators. Different types 

of purification methods will be used to accomplish this, such as MBPTrap HP column, Nickel 

affinity, reverse phase, and ion exchange chromatography. Finally the binding interaction of TAZ2 

domain of CBP/p300 to the TAD domain of p53 will be analyzed with ITC to establish the binding 

affinity KD and with stopped-flow to determine the association/dissociation constants: kon/koff.   
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Materials and method 
Transformation   
Theoretical background 

Transformation is simply described as an alteration of the genetics of a cell that results from 

incorporating exogenous DNA that is taken up from an external source. This process can occur 

naturally but it could also be induced artificially as in a laboratory procedure1. Artificially induced 

transformation makes the cell passively permeable to exogenous DNA and the methods used to 

achieve this does not occur naturally. The cells are put on ice before exposing them to a heat shock 

for approximately a minute. 
 

 
Fig 5: Illustration of the transformation process. Transcription occurs in the nucleus while translation of mRNA to 
protein takes place in the cytoplasm. (With permission from the National human genome research institute). 
 
Experimental procedure  

Agar plates were prepared for the growth of bacterial colonies. This was accomplished by making 

2xTY-medium: 24 g of NaCl mixed together with 48 g yeast and 76,8 g of peptone and then filled 

with water up to 6 liter (divided between six flasks). The 2xTY medium was poured into Petri 

dishes in equal amounts and thereafter both Ampicillin and Chloramphenicol (100 µg/ml each) was 

added. 

 
Strains of E.coli BL21 cells (10 µl) was mixed with 1 µl vector and put on ice for 30 minutes. The 

sample was afterwards exposed to heat shock (42° C) for approximately 1 minute and then 200 µL 

                                                
1 David L.Nelson and Michael M.Cox: Lehninger principle of biochemistry 6th edition, p 318 
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of LB medium was added. The resuspended cells was incubated for an hour at 37° C before 

spreading 100 µL of culture onto the agar plates. The plates were incubated in 37° C over night. 
 

 

Gene expression 

Theoretical background 

Gene expression is the process in which the genetic code is used to make protein synthesis. This 

process consists of two main stages: transcription and translation.  

 

Transcription is the mechanism in which messenger RNA (mRNA) is formed by the enzyme RNA 

polymerase; but there are other types of RNA produced as well, such as transfer RNA (tRNA) and 

ribosomal RNA (rRNA), both having a central role in the translation process.  

The transcription process has four main stages. The first step is known as initiation, where the DNA 

strand separates and the enzyme RNA polymerase binds to the promoter2 of the template strand. 

Because RNA is synthesized from the 5’ to 3’ direction, the template strand must be in the 3’ to 5’ 
direction.  

 

Elongation is the second step and involves the movement of RNA polymerase along the strand. In 

prokaryotes the RNA polymerase is a so-called holoenzyme3 that consists of several subunits, 

including a transcription factor. This process also has a proofreading mechanism.  

The following step is called termination and in prokaryotes there are two different steps to terminate 

transcription. The first way is known as Rho-dependent termination where a protein called “Rho” 
disrupts the complex involving RNA polymerase, the template strand and RNA molecule. The other 

way is known as Rho-independent termination where a loop will form at the end of the RNA 

molecule that result in detachment of the molecule.  

 

The final step is processing and it occurs after transcription where the RNA molecule will be 

processed in many different ways. One example is the removal of introns4 and splicing together the 

exons to form the mature mRNA. In RNA synthesis the base uracil will replace thymine.  

                                                
2 Promoter is a region near the 5’ end that plays a role in controlling the transcription of a gene. Transcription factors 
can bind to the promoter region and facilitate the binding of RNA polymerases. 
3 Holoenzyme is an apoenzyme that’s bound to a coactivator. In other words: a holoenzyme is a complete and 
catalytically active enzyme.  
4 Introns are part of the gene that don’t code for amino acid while exons code for amino acids and this part determine 
the amino acid sequence of the protein that will be formed.   
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The second stage of gene expression is a process called translation. In this step the mature mRNA 

will be used as a template to synthesize a polypeptide by assembling amino acids. All of this occurs 

at the ribosome. This process involves four different steps. 

 

Initiation is the first step, where the mRNA molecule will bind to the small subunit of the ribosome 

and proceed to move in the 3’ direction until it recognizes the start codon (AUG). It will then form 

a complex with the large subunit of the ribosome together with a tRNA molecule.  

Thereafter the elongation process takes place and in this step “subsequent codons on the mRNA 

determine which tRNA molecule linked to an amino acid binds the mRNA.”5 The enzyme involved 

in creating a link between the amino acids using peptide bonds is known as peptidyl transferase. 

This process is ongoing and will continue until a chain of amino acids has been produced and the 

ribosome reaches the stop codon. At this step termination takes place. The final stage of the 

translation process is the post-translational processing of the finished protein.  
 

Experimental procedure 

It was observed that the agar plates that contained both Ampicillin (35 µg/ml) and Chloramphenicol 

(100 µg/ml each) had many colonies on it. One of these colonies was selected and was put into 4 

mL of 2xTY media together with Ampicillin and Chloramphenicol at 30° C overnight.  

The following morning the culture was transferred to 80 mL 2xTY media that contained 50 µg/mL 

Ampicillin. After approximately four hours the culture was transferred to 800 mL 2xTY media and 

50 µg/mL of ampicillin was added. It was incubated at 37 degrees C at 210 rpm. When the optical 

density reached 0,8 the culture was induced with 1 mM IPTG6 and was left overnight at 18 °C. 

Later, cells were spin down and sonicated7 to release the soluble proteins from cytoplasm. The samples were 

then centrifuged for 45 minutes at 25000 rpm; and the supernatant was retained while the pellet was 

discarded.  

 

Purification  

Theoretical background: IMAC 

Two different purification methods were used to purify and obtain the p53 protein; nickel affinity 

chromatography and reverse phase. Nickel affinity chromatography, more known as IMAC 

(Immobilized metal ion affinity chromatography), is based on the principle of ion interaction; Ni2+ 

ions that are stationary on a matrix. Peptides that contain several consecutive tag of histidine, like 

                                                
5 http://www2.le.ac.uk/departments/genetics/vgec/schoolscolleges/topics/geneexpression-regulation 
6 IPTG is a reagent that triggers transcription and is used to induce protein expression.  
7 Sonic waves are applied (sound energy) to disrupt the cell membrane. 



 12 

our p53 peptide, are readily captured on the column matrix8. That is because histidine is an amino 

acid that displays a strong binding affinity for Ni2+ ions; as electron donor groups on the imidazole 

ring of histidine form coordinated bonds with the immobilized Nickel ions (Bornhost & Falke 

2010).  

 

The p53 peptide that contain the histidine tag can easily be eluted from the column by adding a high 

concentration of free imidazole to the running buffer, while another alternative would be adjusting 

the pH of the column buffer (Porath 1992). Polyhistidine tags can simply be incorporated into any 

type of expression vector but there are also commercially available cloning vectors for the 

expression of recombinant proteins with polyhistidine tags in different types of expression system. 

Following the purification it will be necessary to remove the histidine tag and this can be 

accomplished by the use of a cleavage site inserted between the histidine tag and the protein 

(Bornhost & Falke 2010). In our case the enzyme thrombin will be used to cleave the tag.    

 

 

 

 

 

 

 

 

 
 

 

Fig 6:  An illustration of the immobilised matrix Ni2+ -NTA (Nickel nitriloacetic acid) in coordinated bonds with the 

imidazole groups of polyhistidine tags on a protein. (Acknowledgement: PubMed, National library of Medicine) 

 

Experimental procedure 

The nickel column volume was approximately 10 ml and it was equilibrated with 30 ml of buffer A, 

three times the column volume, (see table 1 for contents). The sample was then applied to the 

column and later washed with buffer A; the flow through was collected in five tubes until the 

protein concentration was lower than 0,1 mg/ml.  

 

                                                
8 Jan-Christer Janson & Lars Rydén; Protein purification 2:nd edition, p.313 
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The protein was subsequently eluted with buffer B and the fractions (5-8 mL) were collected in 

small tubes. The protein concentration was determined by nano drop and only the tubes with the 

highest concentration of protein were collected for the subsequent steps. The nickel column was 

washed with both water and ethanol and stored in 20 % ethanol.  

 

Dialysis was performed in a 2 L solution of 20 mM TRIS and 150 mM NaCl. This step was 

necessary to remove the imidazole from the samples. Later 20 µL of thrombin was added and 

incubated over night in order to cleave the His6 -lipo -domain from the p53 peptide.  

 

The following day nickel affinity chromatography was used again in order to remove the His6 -lipo -

domain. The column was equilibrated with 30 mL of buffer C and the sample was applied. The flow 

through was collected this time as it contained the desired peptide. By applying buffer B the His6 -

lipo -domain  was eluted and the column was ready for subsequent use. The column was washed 

with both water and ethanol and stored in 20 % ethanol. Hydrogen chloride (5 M) (HCl) was then 

added to the samples to lower the pH to 4 and this was controlled with a pH-meter.  

 
 
Table 1: The three buffers used during the Nickel affinity chromatography. The first buffer was used to 
equilibrate the column, while the second was used to elute the protein and washing the column. The third 
buffer, C, was used to collect the flow-through which contained the desired protein without the His6 -lipo -
domain.  

Buffer  Content 

A  30 mM TRIS; 500 mM NaCl; 20 mM imidazole  

B  30 mM TRIS; 500 mM NaCl; 250 mM imidazole  

C 30 mM TRIS; 500 mM NaCl 

 

 

Theoretical background: Reverse phase chromatography 

Reverse phase chromatography is based on the principle of separating molecules based on 

hydrophobicity. The stationary phase consists usually of silica beads (C18) and is hydrophobic 

(Dorsey & Dill, 1989). The hydrophobic binding interaction arises from the molecules in the mobile 

phase binding to the  C18. The column is equilibrated with a buffer usually referred to as buffer A, 

which contains the compound Trifluoroacetic acid (TFA).  It is a strong acid and ion pair former, 

which lowers the pH of the solution. The concentration of TFA must be low enough so that it can 

dissolve the hydrophobic peptides and molecules and also high enough to establish a binding 
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interaction of the solute with the matrix column of the reverse phase. The column is washed with 

additional buffer to remove any unbound solute molecules.  

 

In order for the bound peptides to be desorbed from the column the polarity of the mobile phase 

needs to be adjusted. Increasing the percentage of organic modifier in the mobile phase, known as 

buffer B, does this. The constant increase of hydrophobicity of the mobile phase is accomplished 

through the linear gradient from 100 % of initial buffer A that only contains a small amount of 

organic modifier to 100 % of buffer B as a mobile phase. The bound peptide does not necessarily 

desorb from the column at 100 % of buffer B, it rather disassociates according to its individual 

hydrophobicity9. The final steps of reverse phase chromatography include a wash of the column to 

remove any other bound molecules with 100 % of buffer B. The column is then washed with water 

and ethanol to be reused again.  

 

Experimental procedure 

The reverse phase chromatography was the second purification method. The column was 

equilibrated with buffer A (see table 2 for detailed contents) and eventually the sample was applied. 

Once the sample was applied to the column, a gradient started using buffer B. When the p53 peptide 

had been desorbed (see result fig 7) the column was washed with buffer B.  Later it was washed 

with milliQ-water and stored in ethanol.  

 

Table 2: The buffers used in reverse phase chromatography and their contents listed 

Buffer  Content 

A 0,1 % Trifluoroacetic acid (TFA) 

B   0,1 % TFA & 100 % Acetonitrile (ACN) 

 

Analysis 

 

Two different methods were used to evaluate the purity of the obtained peptide and these were 

SDS-PAGE and mass spectroscopy. The principle of SDS-PAGE is that this technique separates 

proteins based on their size only. Sodium dodecyl sulphate (SDS) is used to denature the tertiary 

structure of proteins so that it only consists of the primary amino acid structure. Furthermore SDS is 

also preferred over other agents because it is able to dissolve hydrophobic molecules while having a 

                                                
9 http://wolfson.huji.ac.il/purification/PDF/ReversePhase/AmershamRPCManual.pdf 
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negative charge1011. This means that proteins incubated with SDS will be covered with negative 

charges. This property is very useful because when the samples are applied onto the gel and put in 

an electric field the proteins will migrate towards the positive pole. Separation with this technique 

will separate molecules according to chain length.      

 

Mass spectroscopy is an analytical technique that gives information on the molecular weight of a 

molecule just as SDS does. The technique is simply based on the fact that molecules are deflected 

by magnetic fields after being turned into an ion. The lighter the ions are the more they will be 

deflected. This can be detected electrically as the beam of ion passes through the machine12. The 

result obtained is a “stick diagram” showing the molecular weight of the sample.  

 

Experimental procedure 

Before preparing the SDS-PAGE, 10 µL of our obtained peptide was put into an eppendorf tube and 

was sent for mass spectroscopy analysis. SDS-PAGE was used to evaluate the purity of the protein 

and the gel was prepared as the following table shows.  

 

Table 3: Separation gel (bottom part of the SDS-PAGE gel) 

Resolution  15% 

H2O  952 µL 

Glycerol (80 %) 1000 µL 

Tris-HCl pH 8.8 (0,4 % SDS) 2000 µL 

Acrylamide (30 %) 4000 µL 

APS (40 %) 10 µL  

TEMED  5 µL 

 

 

 

 

 

 

                                                
10 Jan-Christer Janson and Lars Rydén. Protein purification 2:nd edition p. 481-482 
11 http://www.bio.davidson.edu/genomics/method/SDSPAGE/SDSPAGE.html 
12 http://www.chemguide.co.uk/analysis/masspec/howitworks.html 
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Table 4: Stacking gel (Upper part of the SDS-PAGE gel) 

H2O  3000 µL 

Tris-HCl pH 6.8 (0,4 % SDS) 1250 µL 

Acrylamide (30 %) 750 µL 

APS (40 %) 5 µL 

TEMED  5 µL 

 

The running buffer was prepared as well and the final volume of it was 1 L. The table below shows 

the ingredients used to make it.  

 

Table 5: Running buffer 10x, 1 Liter 

Tris (0,25 M)  30,25 g 

Glycine (1,9 M) 144 g 

 

To get the buffer 1 time concentrated, 100 mL of the running buffer (10x) was mixed with 900 mL 

of water. Then 10 mL of 10 % SDS solution was added to it.  

 

To prepare the samples 5 µL of SDS loading buffer was added to the peptide samples. The 

reference protein ladder was applied first into the gel (Page-Ruler Plus 10-250 kDa) and later the 

samples were added into the gel as well. The electric field was on 150 V and continued to run until 

the tracking dye reached the bottom of the gel. 

 

The gel was put into a small plastic box and an already prepared staining solution was poured onto 

it. It was placed on a shaker for approximately 45 minutes until visible band appeared. Afterwards a 

destaining solution of 10 % acetic acid and 10% isopropanol was poured over the gel. It was put on 

a shaker for 2 hours and finally a picture of it was taken (see result fig 8).  

 

Experimental design for the transformation and expression of CBP & p300 
 

20 µl water was put into two different tubes containing the liophilyzed plasmids of both CBP and 

p300. Later 1 µl of each plasmid was added to 10ul of BL21 (DE3) pLysS into an eppondorf. The 

samples were put on ice for two minutes before exposing them to a heat bath (42 °C) for 

approximately 1 minute. They were directly put on ice and later the samples were refreshed with 
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250uL of LB media and were placed in a shaker for an hour. After an hour they were poured and 

spreaded into agar plates containing Amp and Cam and incubated overnight at 37 °C. 

 

On the second day a colony was picked and was put into a falcon tube containing 3 ml of LB media 

and ampicillin. From each plate 3 different colonies were taken and since we had 2 plates it results 

in 6 colonies in 6 different tubes. The samples were put on a shaker overnight.  

 

On the third day the extraction of plasmid DNA was used by means of a kit from EZNA. In six 

eppondorf tubes 1800 µl of LB media and colony was added into each tube. The samples were 

centrifuged for 20 min at 13 000 rpm. The pellet was suspended in solution I/RNase A and then 250 

µl of solution II was added and mixed gently. On the subsequent step 350 µl of solution III was 

added and mixed gently until a white precipitate appeared. The samples were centrifuged at 20 000 

g for 20 minutes.  

 

The cleared lysate was transferred into blue column tubes and centrifuged for 1 min and later the 

supernatant was discarded. 500 µl of HBC (name according to manufacturers) was added directly 

into the blue column tube and centrifuged for 1 min. The supernatant was discarded and 750 µl of 

DNA washing buffer was added. The samples were centrifuged for 1 min and the supernatant 

discarded. Finally 50 µl of washing buffer was added and centrifuged for 1 minute. Afterwards a 

nucleic acid measurement was performed to obtain the concentration (see table below).   

 

Table 6: Concentration of nucleic acid 
Sample: Concentration: 

CBP (tube 1) 54,3 ng/µl 

p300 (tube 1) 43,4 ng/µl 

 
 

1 µl of each CBP and p300 samples were pipetted and mixed with 10 µl of BL21 cells and put on 

ice for 30 minutes. Heat shock (42 °C) was performed for 1 min and then put on ice again. The 

samples were put on a shaker for an hour after adding LB medium. The final step for the day was 

putting 200 µl of each sample into agar plates. They were incubated at 37 °C overnight. A colony 

was picked from each plate into a tube containing LB media and was put on a shaker, incubated 

overnight. 
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The following day 800 mL of autoclaved LB media was poured into a 2 Liter E-flask. There was in 

total 6 E-flask each containing 800 mL of LB media. Both Ampicillin and Chloramphenicol (750 

µl) was added into each flask. Later 30 mL of the CBP sample was added into 3 different E-flasks 

(10 ml in each flask) and 30 mL of p300 was divided between 3 flasks and then incubated at 37 

degrees Celsius.  

 

When the optical density reached 0.5, 1 mM of IPTG (700 µl) was added into each flask. After 

approximately 4 hours the six samples were centrifuged at 4200 rpm for 45 minutes. The cells 

(pellet) were re-suspended in 6 mL buffer (50 mM Tris, 500 mM NaCl, 1 mM EDTA, 1 mM DTT).  

 

The sample (CBP protein) was sonicated for 4 minutes two times and later centrifuged for an hour 

at 25 000 rpm. The pellet was discarded and the supernatant was applied onto the MBP column13 

after equilibrating it with buffer A (see table 7). The flow through, wash (buffer A used in both 

cases) and elution containing CBP (buffer B), was collected and later an SDS-Page was performed 

to assess the purity of the protein and analyze if the different expression steps and purification 

methods were successful. (The same purification procedure was applied to p300). 

 

Later 5 µl of PreScission protease was added to p300 and 10 µl to CBP and they were left overnight 

at 5 degrees Celsius. It was observed that the samples precipitated so an additional amount of 

protease (15 µl) was added to both samples and left overnight at room temperature. After another 

SDS-Page gel, a dialysis was made where 5 % of glycerol was added and the salt concentration 

reduced. The PreScission protease was added to the samples after dialysis and another gel was made 

to assess the protease’s ability to cut off the maltose tag. (See result fig 14) 

Table 7: The ingredients of both buffers used during the MBPTrap HP column, the pH: 7,6 

Buffer A  Buffer B 

50 mM Tris 50 mM Tris 

500 mM NaCl 500 mM NaCl 

1 mM EDTA  1 mM EDTA  

1 mM DTT 1 mM DTT 

------------------------- 30 mM Maltose 

 

                                                
13 MBP column is for purifying recombinant proteins tagged with Maltose binding protein. The desired protein will be 
retained in the column and adjusting the buffers will elute the desired proteins, CBP and p300.  
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The proteins were purified from their maltose binding protein tag by applying them once again onto 

the MBPtrap HP column. The obtained flow through contained our protein and this was confirmed 

by nano drop. The samples were then purified by means of cation exchange chromatography (Mono 

S HR 5/5). The buffer used to wash the column contained 50 mM Mops, 150 mM NaCl and 2 mM 

ZnSO4. The other buffer, which was the gradient, used to elute the bound protein contained 50 mM 

Mops, 1 M NaCl and 2 mM ZnSO4. (See figure 15 in results).  

 
Theoretical background: Isothermal titration calorimetry (ITC) 
ITC is an analytical technique used to measure the heat absorbed or generated when biomolecules 

react with each other. It enables the determination of stoichiometry, entropy, enthalpy and binding 

affinity of a reaction. The instrument works by measuring the heat that is either absorbed or 

released when binding occurs between two molecules, by comparing the heat change of the sample 

cell with the reference cell (fig 7). The reference cell contains water while the sample cell contains 

the “macromolecule” sample (MDM2 protein). The syringe is reserved for the ligand, which in our 

case is the p53 protein.  

                                                 
Fig 7: Illustration of ITC and its component. The reference contains water and this is what the sample cell is compared 
against when the ITC detects temperature changes. The ligand is released from the syringe and will interact with the 
macromolecules of the sample cell. (Image courtesy of Malvern instruments Ltd.) 
 
When the first injection is done, all the ligand will bind to the target molecule. Before the next 

injection the signal returns to the baseline and only then will the second injection be made. Once 

again all the ligand will bind to the macromolecule. The signal will return to the baseline before the 

next injection and as the injection continues the target macromolecule will become saturated with 

ligand. This will lead to less binding that occurs between ligand and target molecule, which results 

in the heat change starting to decrease. Finally when the target macromolecule becomes saturated 

and no more binding occurs the result will only show a heat dilution. (For principle see fig 8). 
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Fig 8: Picture A illustrates how the experimental result of the heat change is supposed to look like with each injection. 
The heat decreases as the macromolecule becomes saturated with each injection of ligand and as the time goes by. The 
figure B shows how the result from the raw data (A) gives a curve, which states the binding affinity, stoichiometry and 
binding mechanism. (Image courtesy of Malvern instruments Ltd.) 
 
The chemistry behind the binding affinity, KD, is that it is linked to with IC50 or EC50; which is a 

measure of the effectiveness of a substance in inhibiting a specific biological function and the 

concentration that gives half-maximal response, respectively. This is then directly linked to Δ𝐺, the 

total free binding energy; which if it is negative means a higher affinity between the ligand and the 

target macromolecule.  

 

Experimental design 

Another PhD student, Emma Åberg, did the purification of MDM2 and preparing the buffer that 

was used in the experiment. Before applying the samples the cell and the syringe was washed with 

water. Later the p53 sample was loaded into the syringe, where the total volume was 80 µl and the 

concentration 150 µM. The MDM2 protein was put into the cell, the volume was 280 µl and its 

concentration was 20 µM. The program was setup and the temperature was 4 °C. Later the raw data 

was obtained (see result fig 16). 
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Result 
The p53 TAD protein was expressed in E.coli and purified in two different steps: Nickel affinity 

and reverse phase chromatography.   

 

To assess the purity of the p53 purification an SDS-gel was made, as can be seen below (fig 7). The 

result was also used to determine whether the different purification methods that were applied were 

successful or not. The first wash contains a lot of proteins compared to the second wash. The 

obtained p53 is much more pure compared to the other samples, although the protein itself cannot 

be seen because it is to small to be retarded in the gel but follows the buffer front. There are 

however two bands on the p53 lane and the big strand near the 10 kDa marker is obviously the 

TAD/p53 protein with the tag. The smaller band above it (near 28 kDa) could be any impurities 

from the E.coli.  

 

 
Fig 9: An SDS-page gel of the p53 purification. The protein p53 cannot be seen because it is a small protein and the 

page ruler has no ladder of that size (below 10 kDa). 

 

 

 

 

 

 

 

 



 22 

A reverse phase chromatography was used to obtain the purified p53 protein. The figure below 

shows at which volumes the p53 absorbance peak was detected as well as the line of the gradient. 

The protein, p53 was eluted with buffer B (0,1 % TFA & 100 % Acetonitrile) at 44 % acetonitrile.  

 

 
Fig 10: Purification of p53-TAD by means of reverse phase chromatography. The peak is the detection of the p53 

protein and it was eluted when the acetonitrile concentration was around 44 %.  

 

 
A mass spectroscopy was run as well, in order to verify that the p53 peptide had been obtained. The 

result below shows the mass of p53. The experimental mass was in good agreement with the 

expected mass calculated for the purified protein (5717 Da).  
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Fig 11: A figure of the mass spectroscopy of p53. The number above the peak is the peptide’s mass, which is 5721 Da.  
 
To analyze the CBP purification another SDS-page gel was made (fig 12). This gel contain the 

purified CBP with its maltose binding protein tag along with samples from the different steps of the 

purification process, like the wash and flow-through from the nickel affinity step as well as samples 

from the sonication. The three wells next to the marker contain the p300, CBP and (329 an 

unrelated sample), respectively, and that was used to check whether the production and expression 

had been successful or not. 

 

 
Figure 12: gel 2 shows the purification of CBP along with samples of p300 and CBP (and 329) from the expression and 
production experiment.  
 
 
The next gel was performed to evaluate the purification of p300 and to see if the protease did cut off 

the maltose tag from CBP and p300 taz2 domains. The figure 13 below shows that the protease did 
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not completely cut the tag from the two proteins, since there are small bands appearing at the 55 

kDa. The large bands appearing around 44 kDa seem to be the maltose binding protein tag (MBP), 

and it is in line with the expected weight of the tag. The majority of the protein has been detached 

from the MBP tag, in the range of marker bands 10 kDa to 17 kDa. (Expected weight of taz2 is 11 

kDa). 

 
Fig 13: Gel 3 illustrates the purification of p300 but most importantly it shows whether the enzyme has been able to cut 
off the MBP tag or not. It can be seen that digestion appear near complete. 
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The previous gel showed that the protease did not completely cut the two tags a second time. This 

could be due to the large volume in which the protease worked (approx. 50ml) leading to 

impractically low concentrations. So, a second gel electrophoresis was carried out after 

concentrating and dialyzing the samples. The gel below shows the samples of p300, CBP precipitate 

and the CBP supernatant. The CBP sample was centrifuged to get both the supernatant and the 

precipitate.  

 
Fig 14: Gel fourth gel shows the sample of CBP after centrifuging it, so both the precipitate and supernatant is 
analyzed. The p300 had no precipitate but it was analyzed with SDS-page to determine if the protease had been 
effective or not.  
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After dialyzing the sample and adding more protease, the taz-2 CBP/p300 were applied onto the 

MBPtrap column so that their tag would be removed from the sample. The obtained flow through 

was then purified by means of ion exchange chromatography (Mono S HR 5/5). The result obtained 

from the cation exchange chromatography can be seen below and it shows that the protein eluted 

from the column before the gradient was added. This may suggest that the protein (p300-taz2) did 

not bind to the column in the first place.  

 

 
Fig 15: The result from the cation exchange chromatography. The blue peak indicates our desired protein, p300-taz2. 
The green line is for the gradient, containing 1 M NaCl to compete for binding on the column. The p300 protein was 
eluted before the gradient started.. 
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After purification of the taz2 domains of the CBP/p300 proteins, an independent study was 

performed to study the binding interaction of the p53-TAD protein to the MDM2 protein.  

The binding measurement of the MDM2 protein and the p53-TAD was done separately and the 

result that was obtained can be seen below (fig 16). The affinity constant could not be determined 

because the raw data was not optimal. This means that further binding affinity analysis needs to be 

done before determining the experimental KD value.  

 

 
Fig 16: The raw data that was obtained from the ITC analysis. The result shows a lot of heat fluctuation and this should 

not occur because the heat is supposed to follow a sigmoidal behavior with each injection.  
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Discussion 
 

The electrophoresis gel (fig 9) showed that the purification of p53 has been successful. There are 

two wash samples and a flow through (FT) from the purification after the nickel affinity 

chromatography that, as expected, contains a band corresponding to the expected molar weight of 

the proteins of interest. The “tag-containing” lane is more pure than the wash samples, which is a 

good indication because it is removed after applying the nickel affinity chromatography for a 

second time. The lipo domain tag is faintly visible between the standards of 10-17 kDa and that is 

close to the expected value of the lipo domain, 10.9 kDa. Since the p53 cannot be seen on the gel, a 

mass spectroscopy had to be used to determine whether the correct product was obtained.  

 

The result shows that the p53 is 5721 Da, which is within the expected weight that is, according to 

protein calculator 5717 Da. This takes into account the addition of Glycine and Serine that are 

added to the protein from the recognition site where thrombin removes the lipo-domain. The small 

difference of 3-4 Da in weight is probably due to the calibration of the mass spectroscopy 

instrument. In any case the difference is so small that it can be concluded that the obtained sample 

is very likely the p53 protein.  

 

The purification and expression of CBP and p300 is interesting. They were both purified at the 

same conditions yet the result shows a slight difference between them. The conclusion drawn from 

the SDS gel (figure 12) is that the overall purification using MBPtrap HP column was successful. 

There’s a large spot corresponding to the weight of 55 kDa, which indicates that the CBP had been 

obtained together with its maltose binding tag and that the production yielded a large amount of the 

CBP protein.  

 

The subsequent gel (fig 13) however, shows that the protein is near complete digestion. There are 

large spots between the weights of 17 and 10 kDa, which indicates that the TAZ2 domain was 

cleaved from the MBP-His6 tag, since the expected weight of TAZ is around 11 kDa; yet a small 

amount of the proteins, are at the weight of 55 kDa, the expected value of the protein with its 

maltose tag. (MBP-His6 tag is around 40 kDa). It also shows that most of the tag has been cleaved 

because there are large bands at 44 kDa, the expected weight of the maltose binding protein tag. 

 

The gel shows that the precipitate contains more protein than the supernatant and soluble samples 

and this is especially true for CBP. This means that the protein (taz2) is found in the precipitate but 

the issue here is how to enhance the protein solubility? The protein precipitate can be explained 
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from the buffers used during the course of the experiment. The problem here seems to be that 

EDTA, which is a potent divalent ion-chelating agent, negatively affects the interaction of Zn2+ with 

Taz2 domain by removing the ion from the protein core and hence the structure (i.e. the fold) of 

CBP and p300 is no longer retained (Nyborg & Peersen 2007). Another factor that needs to be 

considered is the pH of the buffers which was 7.6 and that is close to the estimated isoelectric point 

of CBP (pI=9.4). The overall lack of net charge leads to less charge repulsion and thereby the 

interactions between proteins instead of protein interacting with water. Therefore proteins with little 

net charge tend to precipitate out of solution, which seems to be likely for CBP.  

 

Another concern is the hydrophobicity of the protein, since some protein may require the buffer to 

be hydrophobic to properly become soluble. This may require some additive to the buffer, like 

glycerol or sucrose (glucose). The problem with adding glycerol is that its viscosity affects the 

chromatographic efficiency (especially for gel filtration and it also affects the chromatographic back 

pressure). The efficiency reduces with an increasing glycerol concentration. This was taken into 

account when a dialysis buffer was applied to the sample, where 5 % of glycerol was added and the 

salt concentration lowered. Result can be seen in figure 11.  

 

The temperature is a factor that needs to be considered as well. We first put the samples on 5 ºC, a 

temperature that is fair for the protease (PreScission) to work properly while preventing protein 

precipitation or degradation. But an increase in temperature could also mean that the protease 

PreScission works effectively in that the protein structure is more flexible, and the protease can 

reach the cutting site more easily. This was done in the subsequent step where the samples were put 

at room temperature overnight and the result can be seen in figure 14.  

 

The gel (fig 14) shows that the amount of protein with its MBP tag is reduced compared to the 

previous gel, but this could also be due to loss of protein during the experiment. It shows that the 

PreScission protease was fully effective in cutting off the MBP tag, which means that concentrating 

the sample and adding more protease seems to have worked. But in order to avoid additional steps 

like these and to enhance the yield of the taz2-CBP/p300 the condition and incubation for the 

protein needs to be changed. So to optimize the result a new buffer has to be made which does not 

contain EDTA, since that is to be avoided because our protein requires the presence of divalent 

metal ions, like zinc, for its activity. To prevent protein precipitation and enhance solubility a small 

amount of glycerol was added. Finally to optimize the protease’s activity it should be put in room 

temperature overnight.  

 



 30 

 

Therefore, in order to increase the solubility of the protein, I worked on different chemical-physical 

aspects: (i) the pH was changed to be less close to pI, resulting into a gain in the total net charge; 

(ii) by adding glycerol, that behaves like a detergent, the solubility is expected to increase, as well; 

(iii) chelators were avoided, in order to prevent the Zn2+ ion to be chelated by the EDTA; (iv) in 

addition, a low concentration of Zn2+ (in the form of 2 mM ZnSO4) was added to the buffer for the 

same reason. The main steps of the purification, namely: sonication, centrifugation, MBPtrap 

column and digestion with protease have been achieved at 4°C. 

 

The result from the cation-exchange chromatography was unexpected but could be explained. As 

figure 15 shows, the blue absorbance peak is most likely our protein being detected before the 

gradient has even started (the green line in the figure). This is a problem because it indicates that the 

p300-taz2 protein did not bind to the column as expected. The possible explanation to this 

unexpected behavior could be the charge of the protein and the buffer used during the experiment.   

 

The buffer that was used had a pH of 7.0 while the isoelectric point of our protein is around 9.4 

meaning that our protein will be positively charged. It is also the same buffer used to wash the 

column from any unbound protein and it also contained 150 mM NaCl. It could be possible that 

there is a small cloud of chloride ions around our p300-taz2 protein since it is highly positively 

charged. This negatively charged cloud of chloride ion could interfere with the binding of the 

column since the matrix of the column binds only to positively charged proteins and repels 

negatively charged proteins. The protein could perhaps interact with the column but due to the 

negative cloud around it, the interaction may have been weak and explains why it did not bind to 

the column.   

 

The raw data from the ITC shows that the heat is fluctuating instead of decreasing with each 

injection over time. This is a problem because the curve that is obtained from the raw data will not 

be sigmoidal in shape and thus the KD parameter will not be determined correctly. There are several 

possibilities as to why the heat (“peaks”) is fluctuating. One reason could be due to MDM2 not 

being correctly folded or even the temperature, which was not optimal. The change in heat, dH, is 

very temperature dependent and at certain temperatures there are no signals.    
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The unexpected shape of our curve could be due to impurities, or that the binding sites are not 

independent; it could also be due incorrect protein (MDM2) and ligand (p53) concentration as well 

as protein structures being incorrectly folded or inactive. From all of these possible causes only two 

makes good sense in our case. Since it was the first time we made the ITC experiment with these 

proteins, the concentrations could be a huge factor in affecting the results. And as explained in the 

method the concentration difference was quite large, 150 µM (p53) to 20 µM (MDM2), which 

could easily cause the target protein to become saturated.  

 

The possibility of our protein being incorrectly folded is also another possible explanation and the 

presence of impurities is always a factor, even though this may not have affected the results as 

much. In order to improve the binding experiment, the proteins need to be active and correctly 

folded, but more importantly the concentrations and temperature need to adjust so that optimal 

interaction occurs.    

 

The overall conclusion that can be drawn from this project is that the purification of the p53-TAD 

was successful. The purification of CBP/p300 taz-2 domains was also quite successful when the 

buffer components were changed and the temperature at which the protease worked. The ion-

exchange chromatography did pose a problem because the protein could not interact and bind to the 

column, probably due to the negative charges surrounding it. To improve the outcome of this, the 

pH of the buffer could be increased so that the positive charge of the protein decreases a bit leading 

to less interaction of negatively charged molecules around the protein. Another more practical 

change would be to lower the salt concentration to around 10 mM. Or even better, another type of 

chromatography could be used, like gel chromatography to purify the p300-taz2. Finally the results 

from the ITC were unexpected and the KD could not be determined. The binding experiments have 

to be repeated, with pure and correct concentration amount of proteins.    
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