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The Effect of Protein Tags and the Bromodomain on 
the Localization of WSTF and its Interaction with 
Binding Partners SNF2h and NM1 
 

Abstract 
WSTF (Williams Syndrome Transcription Factor) is an extremely versatile protein and is 

involved in several molecular events including vitamin D dependent transcription, vitamin D 

metabolism, DNA repair and the transcription of the RNA polymerase I and III genes. WSTF 

is a subunit of three ATP-dependent chromatin remodeling complexes designated WINAC, 

WICH and B-WICH.  In this study, the effect of the bromodomain of the WSTF protein and a 

histidine protein tag on the interaction of WSTF with its binding partners, SNF2h and nuclear 

myosin 1, in the B-WICH complex has been studied. WSFT, SNF2h and nuclear myosin 1 are 

the three subunits of the B-WICH complex identified to be involved in the transcription of 

genes transcribed by the enzymes polymerase I and III. Furthermore a comparison between 

the histidine, V5 and HA protein tags on their expression of the WSTF protein has been 

carried out.  The effect of the His, V5 and HA protein tags as well as the role of the 

bromodomain on the localization of WSTF in HeLa cells has also been investigated.  

Introduction 

Background of WSTF: 
Williams Syndrome Transcription Factor, abbreviated WSTF is a multifunctional nuclear 

protein that has functions in transcription, replication, DNA repair and vitamin D metabolism. 

(Barnett and Krebs review, 2010).  The gene that codes for WSTF (known as BAZ1B) was 

first identified by researchers studying a heterozygous deletion of approximately 20 genes on 

chromosome 7, seen in nearly all patients with Williams syndrome (Ewart et al. 1994). This 

region is now known as the William-Beuren syndrome critical region. Williams syndrome is a 

rare dominant hereditary disorder in which a heterozygous deletion 
1
of the William-Beuren 

syndrome critical region occurs. The disease prevails in about 1 in every 20,000 live births 

(Lu et al 1998). Patients with Williams syndrome present a number of defects including 

include facial and personality abnormality, growth deficiency, mental retardation, aortic 

stenosis, heart disease and infantile hypercalcaemia (Morris et.al 1998; Bellugi et. al 1990; 

Pober 2010). Although more than 20 genes reside within the William -Beuren syndrome 

critical region, studies of mouse and tissue culture have led researchers to believe that WSTF 

heterozygosity plays an important role in many of the defects seen in patients with Williams 

syndrome. The WSTF protein is found in a variety of living organisms (Barnett and Krebs 

review, 2010).   

                                                           
1
 Heterozygous deletion of the gene means that the gene is only deleted on one of the two homologous 

chromosomes.  



Hanieh Mohammadi                                                                                                                Project Work 2012 
 

2 
 

WSTF- A Subunit of Chromatin Remodeling Complexes: 

It is known that the eukaryotic genome is extremely compact inside the nucleus of each cell. 

The nucleosomes are the foundations of condensed DNA within the cell nuclei. A nucleosome 

consists of 147 base pairs of DNA wrapped about 1.7 times around a histone octamer (8 

histones). Each histone octamer is composed of a pair of the histones H2A, H2B, H3 and H4 

(Luger et al. 1997). For molecular machinery involved in transcription, replication and DNA 

repair to gain access to DNA, the nucleosomes must be displaced in order to expose specific 

DNA segments such that the molecular machinery can directly access DNA (Vignali et al, 

2000). The molecular motors responsible for nucleosome repositioning are known as ATP-

dependent chromatin remodelers. These nuclear complexes utilize the energy of ATP 

hydrolysis for assembly, repositioning or eviction of nucleosomes, thereby exposing or 

covering DNA segments as necessary for transcription, replication or repair (Venters and 

Pugh review, 2009). WSTF is a member of three ATP-dependent chromatin remodelers, 

designated WINAC, WICH and B-WICH, each having specific functions of their own 

(Barnett and Krebs review, 2010).    

Chromatin remodeling complexes are divided into subfamilies based on the ATPase
2
 that the 

complex uses. Two of the most extensively studied subfamilies of ATP-dependent remodeling 

complexes are SWI/SNF remodelers and ISWI remodelers. These two subfamilies of 

chromatin remodelers are thought to achieve nucleosome displacement in different ways. 

SWI/SNF remodelers expose gene segments without transferring nucleosomes to another 

region (Fan et al. 2003). ISWI complexes expose DNA by sliding nucleosomes. SWI/SNF 

remodelers tend to be larger complexes having function in both gene activation and repression 

while ISWI remodelers tend to be smaller and are commonly involved in gene repression 

(Gangaraju and Bartholomew review, 2007).  

Chromatin remodelers usually lack the ability to recognize specific DNA sequences on their 

own. They must therefore be directed to their sites of action by proteins that bind to specific 

DNA sequences and by chemical marks left on the histones by histone modifying enzyme 

complexes (Heinzel et al. 1997; Yanagisawa et al. 2002). Histone modifying enzyme 

complexes are enzyme complexes that modify histones through chemical processes as to 

enable nucleosome repositioning. Three of the chemical histone modifications that have been 

identified out of a total of 8 are: phosphorylation
3
, acetylation

4
 and methylation

5
 (Kouzarides 

review, 2007). Many chromatin remodeling complexes thereby contain histone modifying 

enzyme complexes together with chromatin remodelers and ATPase complexes.  

                                                           
2
 Enzymes that catalyze the decomposition of adenosine triphosphate (ATP) into adenosine diphosphate (ADP) 

and a free phosphate ion to release energy 
 
3
 Phosphorylation is the addition of a phosphate (PO43-) group to a protein or other organic molecule 

 
4
 Acetylation (or in IUPAC nomenclature ethanoylation) describes a reaction that introduces an acetyl 

functional group into a chemical compound. 
 
5 Methylation denotes the addition of a methyl group to a substrate or the substitution of an atom or group by 

a methyl group. 
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WSTF Structure and Function: 

WSTF is a large protein with a predicted amino acid sequence of 1442 amino acids   Due to 

its size WSTF has a number of protein domains
6
. Each of these domains has a different 

function (Barnett and Krebs review, 2010). Fig. 1 on below displays the structure of WSTF, 

depicting its domains. 

 

 

Fig. 1 WSTF Structure 

1 1442 

N     C 

         WAC DDT          LH               BAZ 1 & 2     WAKZ Motif       PHD         Bromodomain 

As the figure depicts, WSTF has 8 domains. Adjacent to the N-terminal (NH2 terminal) of the protein lays 

the WAC domain. The WAC domain is followed by the DDT, LH, BAZ 1, BAZ 2 WAKZ Motif and the 

PHD domains in respective orders. The Bromodomain which lies next to the PHD domain is adjacent to 

the C-terminal (carboxyl terminal) of the protein.  

 

The PHD domain, the bromodomain and the WAC domain have known functions in binding 

to or modifying histones (Xiao et al. 2009). The PHD domain of human WSTF is about 50 

amino acids in length and binds to zinc ions (Aasland et al, 1995; Pascual et al. 2000). The 

specific binding target of WSTF on histones however remains unknown, but the PHD domain 

is likely to play a role in targeting WSTF containing chromatin remodeling complexes and  

binding to them (Barnett and Krebs review, 2010).  The bromodomain which is adjacent to 

the PHD domain binds acetylated lysine14 (the 14
th

 lysine amino acid) on histone 3 (H3) and 

transrepresses gene activation (Kato et al. 2007). Acetylated lysine is an essential 

modification of histones that is important in gene activation functions (Winston and Allis, 

1999). In addition to having domains that might facilitate the binding of WSTF to specific 

histone regions, WSTF has a domain that can also covalently modify histones. The WAC 

domain is a kinase
7
 domain that has been suggested to be responsible for phosphorylating the 

142
nd

 tyrosine amino acid on histone H2A.X 
8
(Barnett and Krebs review, 2010).  Thus WSTF 

is a kinase.  

                                                           
 
6
 Areas of the protein/ amino acid sequences that can exist independently from the whole proteins and that 

have different functions 
 
7
 A kinase is a specific kind of enzyme that catalyzes phosphorylation reactions.  

 
8
 There are several genes that code for histone H2A and thus several variants of this type of histone. One of 

these coding genes is called H2A.X. An H2A histone that is coded for by this gene is thereby called H2A.X  
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Role of WSTF in its Chromatin Remodeling Complexes: 

As previously mentioned WSTF is a subunit of three ATP-dependent chromatin remodeling 

complexes. These complexes are designated WINAC, WICH and B-WICH. WSTF has 

different functions in each of these complexes. 

WINAC: The WINAC complex contains 13 subunits: WSTF, the SWI/SNF ATPases: Brg1 

and BRM, a number of Brg1 associated factors designated BAF, the enzyme Topoisomerase 

II as well as the proteins CAF-1p150 and FACTp140.  Experiments have shown that depleting 

WSTF or the SWI/SNF ATPases of the WINAC complex have altered cell cycle progression 

and reduced DNA synthesis, suggesting that the WINAC complex may have an important 

function in replication (Kitagawa et al. 2003). Furthermore experiments have also shown an 

interaction between WSTF and vitamin D receptor (VDR). VDR binds hormonally active 

vitamin D (Barnett and Krebs review, 2010). Experiments have indicated that the presence of 

RNA coding specifically for WSTF in cells, has significantly decreased the amount of vitamin 

D receptors at gene promoters that are dependent on vitamin D for functioning. Other 

experiments have shown associations between VDR and nucleosome modifications facilitated 

by the WINAC complex (Kitagawa et al. 2003). Thus as VDR is necessary for the presence of 

vitamin D gene activity that is vitamin D dependent may be regulated by WSTF in the 

WINAC complex.  

The known link between vitamin D and calcium regulation has also led researchers to 

investigate whether there is a link between the WINAC complex and the hypercalcaemia seen 

in patients with Williams syndrome.  Vitamin D is obtained from our diet and from the UV 

light through the skin. However newly synthesized vitamin D in the body is inactive (Barnett 

and Krebs review, 2010). Two important genes that control vitamin D metabolism are 

1α(OH)ase and 24(OH)ase that code for enzymes with the same name. 1α(OH)ase is the 

enzyme responsible for the formation of active vitamin D and 24(OH)ase is the enzyme 

responsible for vitamin D inactivation (Zehnder et al. 2001). WINAC activity activates 

24(OH)ase and represses 1α(OH)ase by regulating VDR (Kitagawa et al. 2003). For vitamin 

D inactivation by 24(OH)ase, histones must be acetylated. The connection of the 

bromodomain of WSTF with acetylated histones has led researcher to speculate that WSTF is 

responsible for this (Barnett and Krebs review, 2010)  The interaction between the WINAC 

complex and VDR regulates the amount of vitamin D in the cells (Kato et al. 2007) and 

consequently controls VDR dependent transcription and  vitamin D metabolism.  

B-WICH: The B-WICH complex consists of 8 subunits. The B-WICH remodeling complex 

includes WSTF, an ISWI complex consisting of ISWI ATPases, the enzyme CSB,  the protein 

SAP155, the RNA helicase Guα, the proto-oncogene
9
 protein Dek, Myb

10
-binding protein 1a 

                                                           
9
 A proto-oncogene is gene that has potential to cause cancer due to overexpression or mutations.  

 
10

 Myb is a proto-oncogene protein. Myb-binding protein 1a is a protein that binds to this proto-oncogene 

protein.  
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and  the nuclear protein nuclear myosin 1(NM1). The B-WICH complex also has several 

RNAs (Cavellan; Precipalle and Farrants 2006).  

Many of the subunits in the B-WICH complex are known be involved in gene expression. 

WSTF, NM 1 and the ISWI ATPase SNF2h have shown to interact to modify nucleosomes in 

order to facilitate the transcription of the genes that are transcribed by the enzymes RNA 

polymerase I and III (Cavellan; Precipalle and Farrants 2006). This includes genes that code 

for ribosomal RNA (rRNA). However the specific role of the B-WICH model has not been 

determined yet (Barnett and Krebs review, 2010). 

WICH: The WICH complex is the smallest of the WSTF containing remodeling complexes 

with only two subunits. WICH consists of the ISWI ATPase SNF2h and WSTF. WICH has 

shown to have a role in replication. The WICH complex has also shown to be important in 

DNA damage response. As previously mentioned, the tyrosine is phosphorylated in the WAC 

domain of WSTF. Experiments indicate that this kinase activity of WSTF is important in 

DNA damage response (Barnett and Krebs review, 2010) 

 

Fig. 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. A. shows the WINAC complex, B. shows the B-WICH and C. displays the WICH 

complex.  
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Aim of this Research: 

As the introduction reveals, WSTF is a very important protein and has many different 

functions. Despite the fact that a lot of information has been obtained about the protein since 

its discovery in Williams syndrome patients, a lot remain unknown. In this research we have 

aimed to investigate whether adding a sequence of 6 histidine amino acids, (a His- protein 

tag
11

) to WSTF and removing the bromodomain has any effect on the interaction of WSTF 

with its binding partners SNF2h and NM1. As previously mentioned SNF2h which is an ISWI 

ATPase and NM1 which is a nuclear protein interact with WSTF in the B-WICH complex to 

facilitate the transcription of genes transcribed by polymerase I and III, which includes genes 

coding for rRNA. Given the extremely important role that ribosomal RNA play in protein 

synthesis, the regulation of their gene transcription deems equally important.  In this research 

we have also aimed to compare three different protein tags: the His-tag, the V5
12

 -tag and the 

HA 
13

 -tag in their expression of WSTF.  In other words we have sought to find out which of 

these three tags best expresses WSTF for future research. Furthermore we have also studied 

the effect of the bromodomain of WSTF on the localization of the protein within HeLa cell 

nuclei. 

Research Questions: 

1. What is the effect of a histidine protein tag on the interaction of WSTF with 

its binding partners SNF2h and NM1 in the B-WICH complex?  

2. What role does the bromodomain play in the interaction of WSTF with SNF2h 

and NM1? 

3. Which of the protein tags His, V5 and HA best expresses WSTF? 

4. What role do the protein tags and the bromodomain play in the localization of 

WSTF in HeLa cells? 

  

                                                           
 
11

Protein tags are peptide sequences that can be grafted onto proteins are referred to as protein tags. The His-
tag consists of a sequence of six histidines 
 
12

 The V5 tag is obtained from the Simian virus 5. The amino acid sequence of the tag is as follows:  
Gly - Lys - Pro - Ile - Pro - Asn - Pro - Leu - Leu - Gly - Leu - Asp - Ser - Thr  
 
13

 The HA- tag is the human influenza Hemagglutinin, a surface glycoprotein that is required for the infectivity    
of the human influenza virus. The tag consists of a sequence of 9 amino acids in the following order:  
Tyr-Pro-Tyr-Asp-Val-Pro-Asp-Tyr-Ala 
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Material and Methods 
To investigate the effect of the His-tag and the bromodomain on the interaction of WSTF with 

SNF2h and NM1, western blot/immunoblot through SDS-PAGE was carried out. SDS-PAGE 

(sodium dodecyl sulfate polyacrylamide gel electrophoresis) is a variation of gel 

electrophoresis which is used to separate proteins according the size of their polypeptide chain 

and their electric charge. Western blot included several steps in the following order: 

1) Cell Sub-cultivation: HeLa cells, a cervix cancer cell line (cell culture) were        

trypsinized 
14

 with 0.25 M trypsin in order to separate the cells from the cell culture flaks that 

were initially kept in. The cells were then cultivated in Dulbecco’s Modification of Eagle’s 

Medium 
15

(DMEM) containing 10% fetal calf serum and 1% PEST solution under a 7% CO2 

atmosphere at a temperature of 37°C for 24 hours. 

2) Transfection of HeLa Cells: The grown culture of HeLa cells were divided into three 

separate cultures. One of the cultures was transfected with a plasmid containing a DNA 

stretch coding for mouse WSTF together with a nucleotide sequence coding for the histidine 

tag fused at the C terminal of the protein. This was labeled WSTF-His. Another culture was 

transfected with a plasmid containing a DNA stretch coding for mouse WSTF without the 

bromodomain and which also had a nucleotide sequence coding for the histidine tag. This 

culture was labeled WSTF Δ Bromo-His. The last culture was not transfected for control. The 

transfection was carried out using Lipofectamine Plus Reagent
16

. 40 µg of the plasmids were 

required for each culture which consisted of ten standard petri-dishes. The WSTF-His plasmid 

had a concentration of 0.95 µg/µL, thus 42 µL was added for transfection. The WSTF Δ 

Bromo-His plasmid came in a concentration of 1.25 µg/µL requiring 32 µL for transfection. 

400 µL of the Plus reagent, 120 µL Lipofectamine and 3 mL DMEM were added to each 

plasmid solution. 600 µL of the mixture was then added to each petri-dish. The transfection 

was completed during a three hour long incubation period under a 7% CO2 atmosphere at a 

temperature of 37°C. 

3)Nuclear Extract Preparation:  The transfected and control cell cultures were each collected 

in a tube each, trypsinized and centrifuged for 3 minutes at 1000 rpm. The cells were then 

washed with PBS and centrifuged again at 1000 rpm for 3 minutes.  2 mL of 1 M 

homogenizing buffer (consisting of 20 mM HEPES pH 7.6, 15mM MgCl2 and 10 mM NaCl) 

                                                           
14

 Trypsinization is a process in which the enzyme trypsin is used to separate cells from the vessel in which they 
are kept or grown in.   
15

 DMEM contains amino-acids, salts ((calcium chloride, potassium chloride, magnesium sulfate, sodium 
chloride and monosodium phosphate), glucose and vitamins (folic acid, nicotinic acid amide, riboflavin, B12), 
iron and phenol red that are essential for preserving the cells.  
16

 Lipofectamine Plus reagent from Invitrogen ® is a reagent used to carry out transfections, i.e. introduce DNA 

plasmids into cells. The mechanism of this substance remains the company’s secret.  
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was added to each tube and left in ice for 10 minutes. The cell solutions were homogenized 

with 30 strokes in a Dounce homogenizer and centrifuged at 2300 rpm for 15 minutes. The 

supernatant was then removed and 0.5 mL of 0.7 M lysis buffer (consisting of 20mM Tris of 

PH 8, 0.1 M EDTA, 0.5% Np-40 and 0.7 M NaCl) was added to each tube to disintegrate the 

cells. The samples were frozen at -80°C and 0.5 mL of lysis buffer without salt (lysis buffer 

without NaCl) was added. The samples were then centrifuged at 13300 rpm for 15 minutes. 

The supernatant which was the nuclear extract was extracted and the precipitate was 

dispensed.  50 µL of each nuclear extract was saved for SDS-PAGE.  

4) Nickel-Agarose Protein Purification:  200 µL of nickel NTA agarose was prepared. The 

nuclear extracts from each of the cells cultures were first washed two times with 1.5 mL water 

and two times with 1.5 mL Ni-NTA equilibration buffer (consisting of 50 mM Tris of pH 8, .1 

M EDTA, 0.5% Np-40 and 0.35 M lysis buffer).  The samples were centrifuged at 3500 rpm 

for 3 minutes between each step. The nuclear extract were then added to the Ni-NTA agarose 

and incubated at 4°C for 60 minutes. Nickel naturally binds to histidine. Nickel agarose 

extracts WSTF and the His- tag as the histidine binds to nickel and the resin is then attached 

to the agarose. The Ni-Agarose beads were washed two times with 1.5 mL of washing buffer 

(consisting of 50 mM Tris of pH 8, 0.3 M NaCl and 20mM Imidazole) and centrifuged at the 

aforementioned revolution rate.  200 µL of the washed nuclear extract was then saved for 

SDS-PAGE. The samples were then eluted three times with 200 µL elution buffer (consisting 

of 50 mM Tris of pH 8, 0.3 M NaCl and 250mM Imidazole). The samples centrifuged as 

before in between each step and 200 µL samples were saved for SDS-PAGE each time. The 

washing and elution buffers contained Imidazole which is a chemical that purifies WSTF with 

the His-tag as it competes out nickel to give pure WSTF with histidine.  

5) Protein Concentration Determination:  The concentration of proteins in the samples was 

determined in spectrometry at 595 nm absorbance using the Bradford reagent
17

. For SDS 

PAGE a maximum mass of 20 µg of protein was allowed in each sample; thus determining 

the concentration of protein in each sample was essential for deducing the required volumes.  

A protein concentration standard was made from Bovine Serum Albumin (BSA). 1µg BSA, 

5µg BSA and 10µg BSA were separately mixed with 200 µl Bradford reagent and 800 µL 

water. The zero was set with water and the Bradford reagent only. 2 µL of each sample was 

taken and mixed with 200 µl Bradford reagent and 800 µL water. The absorbance rates were 

read in the spectrometry machine and the protein concentrations were deduced from the 

standard curve. 

6) Acetone Precipitation and SDS-PAGE: Three 7% polyacrylamide resolving gels and three 

5% polyacrylamide stacking gels were prepared
18

. The Wash and Eluent samples were 

precipitated with acetone for further purification and to further concentrate the protein content 

                                                           
17

 The Bradford protein assay is a spectroscopic analytical procedure used to measure the concentration of 
protein in a solution. It is subjective, i.e., dependent on the amino acid composition of the measured protein. 
The Bradford assay or Bradford reagent, a colorimetric protein assay, is based on an absorbance shift of the dye 
Coomassie Brilliant Blue G-250 in which under acidic conditions the red form of the dye is converted into its 
bluer form to bind to the protein being assayed. Therefore, the bluer the solution the higher protein 
concentration it will have. 
18

 Refer to appendix for details of this procedure 
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in those samples. This was not carried out on the nuclear extracts as the mass spectrometry 

indicated that the protein concentration was high in the nuclear extracts. For this acetone was 

cooled down to -20°C and one volume of acetone four times that of the samples was added to 

each sample.  The samples were incubated in a freezer at -20°C for 60 minutes. The samples 

were then centrifuged at 13,300 rpm for 13 minutes. The supernatant was dislodged and the 

rest of the acetone was left to evaporate.  Prior to adding the samples to the SDS gel and 

running the gel,  10 µL sample buffer (which consists of 10% glycerol, 5% 2-mercapto-

etanol, 2.3% SDS, 0.625 molar Tris and HCl and 0.2% BPB) was added to each sample. SDS 

contained in the sample buffer makes proteins negatively charged proportionally to their 

length. 2-mercapto-ethanol breaks disulphide bonds, denaturing the proteins.  Bromophenol 

blue (BPB) which acts as a tracking dye to track the smaller proteins. The samples were 

heated at 100°C for some minutes in order to further denture the proteins. The samples were 

then added to the gel and the gel was run. 

7) Transfer to Membrane: The run samples were transferred to PVDF (plastic) membranes. 

The membranes were first placed methanol and subsequently in transfer buffer ( consisting of 

20% methanol, 48 mM Tris, 39 mM glycine and 1.3 mM SDS) in order to prepare the 

membranes for transfer. The proteins in the gels were then transferred to the membranes in a 

Semi Dry Transfer Cell. 

8) Treatment of Membranes with Antibodies for Protein Detection:  The membranes were 

treated with antibodies that would detect the proteins. This was carried out in two steps: First 

a primary antibody against the target protein was transferred to the membranes. Then a 

secondary antibody against the primary antibody was added. The secondary antibody is used 

to detect the protein by binding to its antigen which is the primary antibody.  The antibodies 

were prepared in 5% powdered milk. The table below displays the antibodies in the order that 

they were added to each membrane. Note that the volume added includes both the antibody 

and milk.  

 

 

 

Primary 

Antibody 

Volume 

added 

(mL) per 

membrane 

Ratio of 

antibody to 

milk 

Secondary 

Antibody 

Volume 

added 

(mL) per 

membrane  

Ratio of 

antibody to 

milk  

Target 

Protein  

α-his (from 

rabbit) 

2 1:1000 α-α-his 

(from goat) 

2 1:1000 His-tagged 

WSTF  

α-SNF2h 

(rabbit) 

2 1:2000 α-α-SNF2h 

(goat)    

2 1:2000 SNF2h 

α-WSTF 

(rabbit) 

2 1:2000 α-α-WSTF 

(goat) 

2 1:2000 WSTF 

α-NM1         

( rabbit) 

2 1:2000 α-α-NM 1 

(goat) 

2 1:2000 NM 1 
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The incubation period for the primary antibodies was 24 hours in the freezer. The incubation 

period for the secondary antibodies was 1 hour at room temperature. The membranes were 

washed with TBST in between each antibody treatment.  

 

 

In order to compare the His, V5 and HA tags in their expression of WSFT and to find the 

effect of the bromodomain and the tags on the localization of WSTF, immunofluorescence 

was carried out.  Immunofluorescence is a technique used for light microscopy with a 

fluorescence microscope and is used primarily on biological samples. There are two classes of 

immunofluorescence techniques, primary (or direct) and secondary (or indirect). 

Primary, or direct, immunofluorescence uses a single antibody that is chemically linked to a 

fluorophore. The antibody recognizes the target molecule and binds to it, and the fluorophore 

it carries can be detected via microscopy. 

Secondary, or indirect, immunofluorescence uses two antibodies; the unlabeled first (primary) 

antibody specifically binds the target molecule, and the secondary antibody, which carries the 

fluorophore, recognizes the primary antibody and binds to it. Multiple secondary antibodies 

can bind a single primary antibody. This provides signal amplification by increasing the 

number of fluorophore molecules per antigen. 

In this study the second class of immunofluorescence was carried out. This included several 

steps in the following order: 

1) Transfection of HeLa Cells: Four sets of HeLa cells had been prepared 

beforehand. One set had been transfected with a plasmid containing the His tag, 

one set had been transfected with the V5 tag, one set had been transfected with the 

HA tag and final set had not been transfected at all. However note that the sets 

came in duplicate samples. One sample from each set contained the tags and was  

transfected with the WSTF Δ Bromo-His plasmid. The other sample remained non-

transfected for control.  

 

The transfection was carried out with Lipofectamine 2000 reagent
19

 instead of 

Lipofectamine Plus reagent. The WSTF Δ-Bromo-his plasmid came in a 

concentration of 1.25µg /µl. 4 µg plasmid was required per sample.  Given that 

there were four samples for transfection 12.8 µL of the plasmid was added to1 mL 

of a medium that went together with the Lipofectamine 2000 package called Opti-

MEM 1 Reduced Serum Medium. The mix was incubated for 5 minutes.  40 µL 

Lipofectamine 2000 was added to 1 mL of Opti-MEM 1 Reduced Serum Medium 

                                                           
19

 Lipofectamine 2000 is another common transfection reagent, produced and sold by Invitrogen® and is used 
to introduce, that is transfect plasmid DNA into cell cultures. Lipofectamine reagent contains lipid subunits that 
can form liposomes in an aqueous environment, which entrap the transfection materials, i.e. DNA plasmids. 
The DNA-containing liposomes can fuse with the plasma membrane of living cells and are engulfed, allowing 
nucleic acids to cross into the cytoplasm and contents to be available to the cell for replication or expression. 
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and incubated the mix for 5 minutes. The Lipofectamine mixture was mixed with 

the plasmid mixture and the new mixture was incubated for 25 minutes to let the 

reagents react. After 25 minutes 500 µL of the plasmid and Lipofectamine mix to 

each of samples.  The samples incubated for 24 hours under a 7% CO2 atmosphere 

at 37°C.   

  

2) Staining of HeLa Cells for Immunofluorescence:  Each sample was washed with 

1 mL 3.65% formaldehyde to fixate the cells and then with PBS (phosphate 

buffered solution). 1 mL of 0.1% Triton X-100 was added to each sample in order 

to disintegrate cells. The samples were then washed with PBS again. The cells were 

stained with antibodies. The following antibodies were added to samples that 

contained a tag. This includes both the transfected and non-transfected cells that 

contained the V5, HA and His protein tags. The flowing antibodies were added in 

the order that is written, the secondary antibody always following the primary.  

  Note that each set had its own specific primary and secondary α-tag antibodies. In other   

words, the antibody added to the cells containing the HA tag was anti-HA, the antibody added 

to the cells containing the His-tag was anti-His and so forth.  The incubation period for each 

antibody was 30 minutes at room temperature. The samples were washed with PBS after each 

antibody treatment.  

 

The following antibodies were added to the control samples, i.e. the samples that did not 

contain any tags prior to transfection, in the following order:  

Primary 

Antibody 

Ratio to 

PBS 

Volume 

Added 

(per plate) 

Secondary 

Antibody 

Ratio to 

PBS

  

Volume 

Added 

(per plate) 

Fluorophore  

Color 

α -WSTF 

(mouse) 

1:200 

(3.5 µl 

antibody 

was added 

to 700µl 

PBS) 

100 µl 

(Note that 

all the 

volume of 

the 

prepared 

antibody 

was not 

used) 

α- mouse   

α-WSFT  

1:300 

(3 µL of 

antibody 

were 

added to 

900µl 

PBS. 

However 

all the 

volume 

was not 

used) 

100 µl in 

His  

and 150 µl 

to V5 and 

HA slides 

Red 

α-tag 

(rabbit) 

1:200 

(1.5 µl 

antibody 

was added 

to 300 µl 

PBS) 

150 µl α-rabbit α-

tag 

1:300 

(1 µl 

antibody 

was added 

to 300 µl 

PBS) 

100 µl Green 
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Note that the La antibody acts as a control for the rabbit WSTF antibody. The color of the 

secondary rabbit WSTF antibody is green as opposed to that of mouse and the color of the 

secondary La from mouse is red. 

After the cells were stained with their respective antibodies, all cells were stained with Dapi 

which is blue in color. Dapi stains chromosomes inside the nuclei of cells. Dapi was prepared 

on a ratio of 1:600 with PBS.  100 µl of the Dapi mix was added to each sample. The cells 

were then mounted onto slides and incubated in the dark overnight. 

 

 

 

 
 

Primary 

Antibody 

Ratio to 

PBS 

Volume 

Added (per 

plate) 

Secondary 

Antibody 

Ratio to 

PBS

  

Volume 

Added (per 

plate) 

Fluorophore  
Color 

α -WSTF 

(rabbit) 

1:300 

(1 µl 

antibody 

was added 

to 300µl 

PBS) 

100 µl 

(Note that 

all the 

volume of 

the 

prepared 

antibody 

was not 

used) 

α-rabbit α-

WSFT  

1:300 

(1 µL of 

antibody 

were added 

to 300µl 

PBS. 

However 

all the 

volume 

was not 

used) 

100 µl Green 

La (mouse) 1:300 

(1 µl 

antibody 

was added 

to 300 µl 

PBS) 

100 µl α-mouse 

La  

1:300 

(1 µl 

antibody 

was added 

to 300 µl 

PBS. 

100 µl Red 
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Results  
 

 

SDS-PAGE 

 

FIG. 3  

 

A) Control:                

                                   NE1           NE 2        Wash         El 1         El 2          El3 

WSTF-his      

WSTF  

SNF2h   

NM1 

 

 

 

B) WSTF-His  

   NE1           NE 2        Wash             El 1        El 2           El3 

  WSTF-his       

 WSTF  

    SNF2h 

  NM1  
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C) WSTF Δ Bromo-His: 

                                 NE1         NE 2       Wash       El 1        El 2           El3 

WSTF-his      

WSTF                                                  

SNF2h 

NM1
20

                                          

 

 

Fig.3. A. shows the results obtained from the control sample in SDS-PAGE. As 

predicated, no expression of WSTF attached to the His tag is seen in the control sample, 

as the sample was not transfected. However no expression of endogenous WSTF is seen 

in nuclear extract 2, wash or eluents 1 and 2. Very faints bands do appear in nuclear 

extract 1 and eluent 3, indicating a faint expression of WSTF. SNF2h is only expressed 

in El 3 and a faint expression of NM1 is observed in the same region.  

B. shows the results from the sample transfected with the WSTF-His plasmid. Despite 

this fact, no expression of his-tagged WSTF is seen in the sample. Endogenous WSTF is 

not expressed in the nuclear extracts, wash or eluents 1 and 2 either. A narrow faint 

band does appear in eluent 3, possibly being an expression of WSTF. SNF2h is not 

expressed at all. NM1 is expressed, however rather faintly in the nuclear extracts and 

eluent 3.  

C. Displays the results obtained from the sample transfected with the WSTF Δ-Bromo-

His plasmid. No expression of his-tagged WSTF is seen. Endogenous WSTF is only 

faintly expressed in the wash and nuclear extract 1. SNF2h is not expressed at all. 

Currently results for NM1 are missing.  

Note that endogenous WSTF, SNF2h and NM1 are only supposed to be detected in the 

nuclear extracts and in the wash sample as the eluents are only supposed to contain 

purified His-tagged WSTF. Thus the indication of these proteins in the eluents shows the 

inaccuracy of the results.   

 

No reliable conclusions regarding the effect of the His-tag on the interaction of WSTF with 

NM1 and SNF2h can be drawn due to the unreliability and lack of results.  

       

                                                           
20

 Unfortunately the results for this have been lost. Nevertheless this will not affect the conclusions as barely 
any protein is expressed in this SDS-PAGE.  
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Fig. 4 Immunofluorescence, Non-transfected Samples               

  A. HA                                                                                          B.  His  

 

 

 

 

 

 

 

 

 

 

 

 

 

 C. V5  
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  Fig.4 shows the results from immunofluorescence of non-transfected samples. The 

results are merged, the blue being DAPI shows stained chromosomes, the green 

represent the substance detected by the tag antibodies and the red shows WSTF.  

A. Shows the results from the non-transfected sample using the anti-HA-antibody. 

As the results show, WSTF is expressed by the anti-HA-antibody as the red and 

green stains overlap. Furthermore the green, blue and red stains overlap as well, 

indicating that WSTF present in the nucleus. Despite the fact that the cells are 

not transfected, a signal is obtained with the anti-HA antibody. This shows that 

the HA antibody recognizes something in the nucleus that is not a tagged protein 

and therefore is non-specific.  

 

B. Shows the result of immunofluorescence from the non-transfected sample using 

the anti-histidine antibody. The overlapping red and blue stains indicated that 

WSTF is present in the cell nuclei. The lack of any signals by the anti-His 

antibody is indicated by the absence of green staining. This detects that antibody 

is specific as it is not expressed in a system that doesn’t contain the His-tag. 

 

C. Shows the result of immunofluorescence from the non-transfected sample using 

the anti- V5 antibody. The. The overlapping blue and red staining once again 

shows that the v5 WSTF is present in the nucleus. The lack of green staining 

shows that the V5 antibody is specific as it is not expressed in the non-transfected 

system.  

 

 

These results show that histidine and V5 antibodies are the best in the system of HeLa cells, 

whereas HA gives unspecific labeling. 
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Fig. 5 -Immunofluorescence Transfected Samples  

A. Ha                                                                             B.  His  

 

 

  
                                 

 

 

 

 

 

 

 

 

                                                         C.  V5  
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Fig. 5 shows the result of immunofluorescence from transfected samples. 

A. Shows the results of immunofluorescence from the sample containing the HA tag. 

The tag is expressed once again with without specificity. The overlapping green and 

blue staining indicates that HA tag is expressed in the nucleus of the HeLa cells. The 

green and the red also overlap in two regions in the proximity of DAPI staining 

indicating that WSTF is also present in the nucleus. This indicates that the 

bromodomain has no specific function in the localization of WSTF as the protein is 

able to enter the HeLa nuclei without it. Furthermore this also indicates that the 

HA-tag does not prevent WSTF from entering HeLa nuclei.   

 

B. Shows the results from sample containing the His-tag. This time the His tag is 

expressed however being slightly faint and unspecific. The overlapping green, blue 

and red staining once again shows that the lack of the bromodomain does not hinder 

WSTF from entering the nuclei of HeLa cells. The His-tagged WSTF is detected in 

the nucleus, showing that the bromodomain has no role in its localization of WSTF 

and that the His-tag does not interfere with WSTF’s role as a nuclear protein.  

  

C. Shows the result obtained from the sample containing the V5- tag. The tag is 

expressed there is less non-specific expression of the tag in comparison to the other 

two tags. The presence of WSTF and the V5 tag in DAPI stained regions, i.e. 

chromosome regions, prove that the lack of the bromodomain and the presence of 

the V5 tag does not interfere with WSTF’s role as a nuclear protein. The protein is 

nonetheless able to enter cell nuclei and come into contact with the chromosomes. 
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Discussion 
Western blot did not give any accurate results as protein expression was not seen in all 

expected regions and the few results that were obtained were very faint.  This could be due to 

two factors:  

1) Primarily the antibodies that were used probably did not work either because they 

were unspecific or because they could not recognize the proteins in SDS-PAGE as the 

proteins were denatured. The change in the shape of the proteins might have hindered 

the antibodies from detecting their respective antigens.  

2) The transfection most probably was not successful either. No expression of his-tagged 

WSTF was seen in either of WSTF-His and WSTF Δ- Bromo His samples.  This 

indicates that the transfection either did not succeed at all or partially occurred.  The 

same type of plasmid was used in microscopy and in western blot. However the 

microscopy results are indicative of the fact that the transfection was successful.  This 

could be due to the different transfection reagents that were used. Recall that for 

western blot Lipofectamine Plus reagent was used while for immunofluorescence 

Lipofectamine 2000 was used.  

 

Furthermore it should be pointed out that anything might have gone wrong in the multi-step 

process of western blot. Thus the lack of results could be a consequence of multiple factors, 

although it is not possible to pinpoint the exact factors.  

Despite the fact that no conclusions can be made about the role of the histidine tag and the 

bromodomain on the interaction of WSTF with binding partners SNF2h and NM1, it can be 

concluded from the results of immunofluorescence that the lack of the bromodomain and the 

presence of the histidine tag does not prevent WSTF from entering HeLa nuclei.  Thus the 

lack of results for western blot cannot be seen as a consequence of the depletion of the 

bromodomain and the attachment of the His-tag.   

The results of the immunofluorescence indicate that the V5 tag best expresses WSTF as it is 

expressive and specific. The His tag is also specific but not as expressive as the V5 and the 

HA is expressive but non-specific. However it is nonetheless preferential to use the His-tag as 

it is easier to purify, considering the fact that histidine binds to nickel.  Furthermore the 

obtained results could be a consequence of the antibodies being unable to detect the antigens 

because of the shape of the cells or their fixation. As Fig. 5 shows for instance, the His-tag is 

less expressive than the V5 and HA tags. However this could be due to the antibody being 

unable to actively detect the cells because of their shape, their fixated state or a combination 

of both.  

It must be emphasized that this study was carried out in HeLa cells which are cervix cancer 

cell line. Due to the different cell cycle progression of cancer cells to normal diploid cells, the 

study must be carried out in cells that are not transformed to cancer cells for accurate results.  
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Furthermore the introduced WSTF in the study was mouse WSTF and not human WSTF. 

Thus the results do not account for the specific behavior of human WSTF in human cells. 

However human and mouse WSTF have very similar sequences and the results are therefore 

relevant to human WSTF as well.  

Nevertheless using protein tags to express proteins such as WSTF is a good way to enable the 

study of proteins as seen from the study as it makes protein purification and detection easier. 

The histidine tag made the purification of WSTF much easier to carry out by binding to 

nickel-agarose. Furthermore expressing proteins through tags is alternative to using antibodies 

specific to proteins. By using antibodies that detect protein tags that are fused to proteins, the 

proteins can easily be detected. This is especially useful in cases where there are no antibodies 

available against a certain protein.   

 

 

Conclusion 
The bromodomain and the His, V5 and HA protein tags do have any effect on the localization 

of WSTF as a nuclear protein. WSTF is able to enter HeLa nuclei while lacking the 

bromodomain and tagged with the aforementioned protein tags.   The best expression of 

WSTF is given by the V5 tag. Nevertheless the histidine tag is preferential as it makes 

purification more facile by binding to nickel. No conclusions can be reached with regards to 

the effect of the bromodomain and the His-tag on the interaction of WSTF with SNF2h and 

NM1.  
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Appendix: 
SDS-PAGE gel electrophoresis or sodium dodecyl sulfate polyacrylamide gel electrophoresis 

is a technique which is used to separate proteins or components of a protein mixture according 

to their molecular weight or the size of their polypeptide chain. This is done by first 

denaturing the proteins and then running them through an SDS-PAGE gel and electrifying 

them. The proteins that are negatively charged (because sodium dodecyl sulfate gives a 

uniform negative charge to the amino acids) will move towards the anode (+) once electrified. 

The smaller the protein, the further down it travels in the gel. The molecular weight of the 

proteins, measured in Kilo Dalton (KDa) can be estimated using a non-molecular weight 

maker.  The SDS-PAGE gel consists of two types of two layers:  The resolving layer which is 

on the bottom and the stacking layer which is on top. The pores in the stacking layer are much 

larger than the pore in the resolving layer. This drastic difference in pore size makes the 

proteins separate as they travel from the stacking layer to the resolving layer.  

Below is a diagram that illustrates SDS-PAGE electrophoresis.  
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We started by making the resolving gel. We were going to make 7% acrylamide resolving gel 

due to the big size of the WSTF protein. We had to make three gels for the three different sets 

of WSTF. For one gel, we added 0.93 ml of acrylamide and bisacrylamide. The acrylamide 

came in mix of a ratio 37.5%:1 with bisacrylamide. Then we added 2.82 mL of distilled water 

and 1.25 mL of separation gel buffer to the acrylamide mix. We them waited for a couple of 

minutes. Meanwhile we set up the SDS-PAGE apparatus. We first washed the two glass 

plates with ethanol and then we clamped them in the casting frame. After that we put the 

casting frame in the casting stand.  

Once we had set up the apparatus we went back to making the gel by adding 25µL of 10% 

APS (ammonium persulfate) and 6 µL TEMED (N, N, N', N'-tetramethylethylenediamine). It 

is important that the TEMED and APS are added last as the acrylamide quickly polymerizes 

as soon as they are added. We then filled approximately 75% of space/chamber between the 

glass plates with the resolving gel and waited 10-15 minutes for it to polymerize. To prevent 

air bubbles, we filled the rest of the chamber with distilled water. 

Meanwhile we started preparing the 5% stacking gel. We added 415 µL of acrylamide mix 

(consisting of 30% acrylamide and 0.5% bisacrylamide) to 850 µL distilled water and 1.25 

mL stacking gel buffer and 5 µL of 0.2% BPB (Bromophenol Blue. We then waited for a 

couple of minutes and then added 20 µl of 10% APS and 20µL TEMED. We removed the 

water form the top of the resolving gel with a filter paper and added the stacking gel. We put a 

comb (that creates the wells) in the liquid gel and waited for it to polymerize.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 


