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Site-Directed Mutagenesis of the Integrin Linked Kinase (ILK) promoter 

 

 

Abstract: Using a modified version of Stratagene’s online  “QuickChange Site-Directed 

Mutagenesis Kit” , this project sought to carry out a site-directed mutagenesis on 

the mammalian ILK promoter by using the polymerase chain reaction (PCR). After 

researching transcription T-Cell Factor (TCF) binding sites in the ILK promoter 

region of mammals, D. Melanogaster (fruit-fly) and C. Elegans (earthworm), a 

preserved TCF site just upstream of the assumed translation start site was targeted 

for mutation. This site was mutated from a functional TCF site (sequence CAAAG) 

to an Nde1 restriction site (sequence CATATG), therefore causing a 3 base-pair 

site-directed mutagenesis. I obtained four DNA templates from the Dedhar Lab of 

the Jack Bell Research Center to work with in two different vectors: the ILK sense 

and anti-sense promoters, cloned in pGL3 basic vectors with Xho1 and ILK sense 

and anti-sense promoters, cloned in pCAT basic vectors again with Xho1. In this 

study, I was able to successfully mutate only the ILK promoter in the pGL3 basic 

vector. I checked for the mutation by digesting the DNA with Xho1 and Nde1 to 

check for the vector, insertion and mutation. Unfortunately, the other three 

constructs were not mutated successfully. 

 

 

Introduction: This summer I had the opportunity to work in the Dedhar Lab of the Jack Bell 

Research Center, part of the Vancouver General Hospital in Vancouver, Canada. 

Before I started on my summer project, the lab had cloned a large 5’  non-coding 

region of the ILK gene which contains several putative transcription factor binding 

sites, and therefore most likely represents the ILK promoter. 

  

Integrin Linked Kinase (ILK) is a protein kinase which links integrin receptors and 

growth factor receptors to the cell cycle and gene expression machinery. It has been 

proven that “ ILK over-expression can suppress anoikis, promote anchorage-

independent cell-cycle progression, and induce tumorigenesis and invasion” i 

Anoikis is a form of apoptosis, or intracellular signaling for cell death. Dr. S.M. 

Frisch of the Burnham Institute in La Jolla, California said, “ the process of anoikis 



explains how apoptosis resistance can make cells intrinsically more malignant.º ii 

Altered expression of ILK can also promote anchorage-independent cell-cycle 

progression, which can lead to the formation of potentially cancerous tumors if not 

controlled. Dr. Frisch later acknowledges this by explaining, ªthat cancerous cells 

have the potential to migrate away from the original matrix proteins and surviveº iii.  

Studies have shown that inhibition of ILK activity have induced anoikis in anoikis-

resistant human breast cancer cellsiv. These studies also show how the study of ILK 

over-expression and ILK inhibition could play a significant role in tumor therapy 

treatmentv Careful study of the ILK promoter would aid us in furthering our 

understanding of tumors induced by ILK expression in cells.  

 

My project this summer aimed to clone the promoter of ILK in to E. Coli reporter 

vectors such as the luciferase reporter vector, pGL-3 and the chloramphenicol 

acetyl transferase (CAT) reporter vector, pCAT. After this was accomplished, I 

transfected these DNA constructs into transformed U-87 Mg mammalian brain 

tumor cells, and tested the effects of different growth factors on gene expression. 

Unfortunately, my results  (displayed on graph 1 in appendix B) proved to be 

inconclusive for two reasons. Firstly, since it was the first time a successful 

luciferase assay was completed, the experiment should be repeated in order to 

confirm the results. Secondly, the DNA constructs were transfected into 

transformed cells, which means that the growth factors that I used would not 

significantly affect expression. This experiment should be repeated using wild-type 

U-87 cells in order to obtain more accurate data. Unfortunately, I did not have time 

to carry out these experiments during summer. 

 

  The second part of my project, which I did not get to finish during my time in the 

lab, and therefore continued to do here at PA, called for a site-directed mutagenesis 

of the ILK promoter. Before I started the experiment, I did some research on the 

ILK promoter region of D. Melanogaster (fruit-fly) and C. Elegans (earthworm) 

and compared transcription factor sites of each to transcription factor sites in the 

mammalian sequence using a BLAST search on the National Center for 

Biotechnology Information section, which is part of the National Institute of Health 

web-site.  One particular TCF site, which is found about 700 base pairs upstream of 

the translation start site in the mammalian sequence, had been preserved in the in 



both the fruit-fly and earthworm ILK promoter sequences (refer to figures 1, 2 and 

3, respectively in appendix C). I decided that this would be an good site to mutate 

for it has been preserved through evolution in multiple organisms and is found near 

the translation start sequence. This means that it may yield some promising results 

in luciferase and CAT assays after transfections. Proper protein conformation, or 

folding, is vital to correct protein function. Some transcription factor sites play a 

role in protein folding. It is possible that if this site is one of these ªactiveº 

transcription factors, the RNA polymerase will not bind to the sequence properly 

and therefore create a nonsense protein.  

 

  Using the PCR protocol for site-directed mutagenesis from www.stratagene.com 

and combining it with a more economical protocol, this experiment was somewhat 

successfully carried out. The Polymerase Chain Reaction (PCR) is a machine used 

to amplify small amounts of DNA through temperature cycling. The PCR 

technique states that when DNA is heated to 95*C, the bonds holding the double 

helix together break. Next, the solution is cooled. Free-nucleotides and primers in 

the PCR mix bond to the complementary DNA template sequence, therefore 

amplifying the DNA. By repeating this cycling, the DNA is amplified further. By 

placing mutated primers in the solution, the primers bond to the original DNA 

sequence and cause the mutation to occur because the complement sequences to do 

not match exactly (refer to figure 4 in appendix A). Subsequent cycling amplifies 

this mutated DNA. This increased quantity of DNA can then be used to transform 

competent E. Coli cells, clone the DNA and then analyze it on a gel. 

 

 

 

Procedure: Creating and Ordering Primers 

 

On line 2201 of the ILK promoter sequence (refer to figure 1 in appendix C), 

there is a highlighted TCF site with nucleotide sequence –CAAAG--. I wanted to 

mutate the sequence of this site in such a way that it would be easily noticeable 

without sequencing the DNA construct and mutating the fewest base-pairs 

possible. This functional TCF site was mutated into an Nde1 restriction site by 

causing the sequence to be mutated from            –C AAAG-- to –CATATG--, 



thereby mutating only three base-pairs. After looking at the sequence, we ordered 

the following 5'  and 3'  primers with the mutations: 

 

5'  Primer: GAACCGACCCGGAACCATATGGTGACAGCCCAGGGGTTGC 
        3'  Primer:  
CTTGGCTGGGCCTTGGTATACCACTGTCGGGTCCCCAACG 
 

We calculated the melting temperature, which should be greater than or equal to 

78*C of the primers according to the following equation given in according to 

Stratagene' s site-directed mutagenesis protocol: 

  Tm = 81.5+ 0.41(%GC) - 675/N 
  Tm = 81.5+ 0.41(0.625) ± 675/40 
  Tm = 89.225*C 
 
Next, the primers had to be adjusted to a 1mM concentration by diluting 1ul of 

the primer in 100uL of water. The primer was originally 12.445g/L, so therefore 

if 1uL of this is suspended in 100uL of water, I obtained a solution that is 

0.124ug/uL, hence about a 1mM concentration. 

 

  Setting up the PCR for Site-Directed Mutagenesis and checking the results 

 

After researching two site-directed mutagenesis protocols on the Internet, we 

observed that it would be in the lab' s best economical interest to not order the 

ºQuickChangeº kit, but to use parts of it along with another protocol. This 

altered protocol called for the following materials: 

a) A PCR machine with refrigeration capabilities 
b) Pfu Turbo DNA polymerase (needed to be ordered) 
c) Dpn1 restriction enzyme to digest the original, methylated DNA 

template (was available) 
d) DNA template (each one diluted to about 0.005ug/uL) and primers  
e) 10x reaction buffer 
f) dNTP mix  
g) T4 DNA ligase 

 

Before starting the PCR, the original DNA templates were diluted to about a 

0.05ug/uL concentration. This was done in the following manner: 

   

                  Original Concentration  Dilution   Final 

Concentration 



pGL3  1.03 ug/uL  1 in 20 uL water        0.0545 

ug/uL 

pGL3 A/S 0.88 ug/uL  1 in 20 uL water        0.044 

ug/uL 

pCAT  0.94 ug/uL  1 in 20 uL water        0.045 

ug/uL  

pCAT A/S 0.74 ug/uL  1 in 15 uL water        0.046 

ug/uL 

 

 

The PCR reaction was set up as follows: 

1) 5 uL      of 10x Reaction Buffer 
2) 1 uL      of DNA template (~0.5pmol) 
3) 1 uL      of 3'  Primer (1mM) 
4) 1 uL      of 5'  Primer (1mM) 
5) 1.25 uL of dNTP mix (8mM) 
6) 42 uL    of pure water  (or enough to fill reaction to 50uL  if you 

alter the protocol) 
 

x Before putting reactions into PCR cycling, mix the solutions thoroughly and 

then spin them down. 

x Make sure to add one drop of mineral oil to each reaction before continuing. 

 

The PCR cycling was conducted as follows: 

1) 95*C for 30 secs (put reaction into machine when it reaches ~85*C) 

x The next three steps were repeated 12 times 

a) 95*C for 30 secs 
b) 55*C for 60 secs 
c) 68*C for 2 minutes per kb of plasmid DNA. In my case, the plasmid 

was about 7.1kb, so this part of the cycle was set for 14mins 
. 
x After the last cycle, if you are not present to ligate the DNA, set the PCR 

machine to refrigerate the DNA.  Carry on with this procedure when time 

permits. 

 

Following the PCR, the reactions were treated with 1uL of Dpn1 and incubated at 

37*C for at least one hour in order to digest the original DNA template. The 

enzyme was then heat-killed in a 72*C water bath for 15mins. 



 

2 uL of T4 ligase buffer was then added to each reaction and left at room 

temperature to ligate overnight. 

 

The following day, to check if the PCR was successful, you can run the reactions 

out on a 1.0% gel and comparing the results to the original DNA. The reactions 

for this gel were set up in the following manner: 

For the Non-PCR DNA: 

a) Dilute 5 uL of the DNA template in 10 uL of water. 

b) Add 5 uL of loading dye to each reaction and mix 

thoroughly 

 For the PCR DNA: 

a) Take 5 uL of the PCR reaction and add 3 uL of loading dye 

and mix thoroughly 

 

I loaded 2 uL of the 100bp ladder into the first well and then alternated between 

PCR and non-PCR DNA. 

 

 Transforming the DNA into DH5a Competent Cells 

1) Obtain the necessary number of eppendorf tubes  
 
2) Obtain a bucket of ice, pre-chill eppendorf tubes and leave them on ice 

 
3) Obtain a tube of competent cells and mix them gently by carefully pipetting 

the solution up and down. 
 

4) Aliquot 50 uL of DH5a competent cells to each tube on ice 
 

5) Add 5 uL of each ligation reaction directly into the competent cells and mix 
the solution by tapping gently on the side of the tube. Do not mix the 
solution by pipetting up and down! These cells are very sensitive and need 
to be treated with care. 

 
6) Incubate the vials on ice for 30 mins. 

 
7) Heat-shock the vials for exactly 20 secs in the 37*C water bath. I t is 

impor tant that the vials are placed into the water  bath directly from ice 
to ensure a proper heat shock. 

 
8) Remove the vials and place them on ice for 2 mins. 

 



9) Add about 1 mL of LB to each vial and place them in the shaking incubator 
to recover from the transformations. Keep the cells in the incubator for no 
less than one hour . 

  

After this step, the recovered cells must be spread on an LB/AMP+ plate in order to 

selectively pick colonies to grow in an overnight culture and mini-prep. 

 

 

 Mini-Prepping DNA the “ EasyPrep”  Way 

This mini-prep technique is a fast and efficient way to get raw and poorly 

purified DNA samples, however it works very well to obtain enough DNA to 

digest and analyze on a gel. I would suggest doing mini-preps like this to check 

DNA samples and then before sending the DNA to get transformed and possible 

sequences, it would be a better idea to use one of the Qiagen mini-prep kits. 

 

Here is the protocol for the EasyPrep method: 

a) Fill an eppendorf tube with overnight bacterial culture (~1.5mL) 

b) Centrifuge tube for about 5 mins at max speed 

c) Pour out the supernatant (NOT THE PELLET!) 

d) Resuspend the pellet in 50 uL of ªEasyPrepº lysis buffer  

e) Vortex the solution and incubate at room temperature for 5 mins 

f) Boil the suspension for 60 secs. and then place directly on ice for 
another 60 secs. 

 
g) Centrifuge the tubes for 15-20 mins at max speed 

h) 5-8 uL of the supernatant can be used for a DNA digest with 
restriction enzymes in a final volume of 20 uL. Do not disturb the 
pellet at the bottom of the tube. Doing so will result in high 
background “ stuff”  when run on a gel. 

 

  When you are finished with the mini-preps, be sure to store the solutions in the 

freezer. 

 

 Digesting the DNA and Electrophoreses 

  Here is a general protocol for digesting the DNA with Xho1 and Nde1: 

a) 2 uL of Buffer 4 

b) 5 uL of DNA 



c) 1 uL of NDE1 

d) 1 uL of Xho1 

e) 11 uL of pure water  

f) Leave in 37*C water bath for at least one hour 

 

x Use a similar protocol for subsequent digestions with other restriction 

enzymes, however, be sure to use the correct corresponding buffer 

 

Next cast a 1.0% agarose gel with an appropriate amount of Ethidium Bromide 

(~3 uL). 

   

After about an hour, remove the digests from the water bath and spin them down. 

Add 5uL of loading dye to each reaction, mix thoroughly and then load the gel 

and electrophorese. 

 

x Run the at 150 volts for about 40 mins for best results 
 
x If you did not get any clear DNA or if the DNA bands were very faint, add 

more DNA to the aforementioned digestion protocol. If that does not work, 
when mini-prepping the DNA, spin down the culture first, remove some of 
the supernatant, resuspend that pellet in about 2mL of the remaining solution 
and use about 1mL of that to carry out the mini-prep. Be sure to save some 
of the overnight culture. I t will make things go faster  if the mini-prep 
turns out to be successful.  If this fails, start over. 

 

 

Results:  From gel picture 1 (below), on October 8th, I was able to confirm that the PCR 

worked correctly. The PCR lanes ( lanes 2,4,6,8) show that more of the 

synthesized DNA in the PCR is linear compared to the original DNA (lanes 

3,5,7,9), where three shapes of DNA can be seen. From top to bottom, these 

shapes in the non-PCR lanes are nicked, linear and supercoiled DNA. 

Comparatively, the linear  bands of the PCR synthesized DNA are brighter than 

the linear bands of the original DNA. 

 

  Picture 1: 



 

After running this gel, I transformed the DNA into DH5a competent cells according to 

the aforementioned procedure and spread the cells onto LB/AMP+ agar plates overnight. 

Unfortunately, when I checked these colonies the next day, I had very little growth on the 

plates. I decided to leave the plates in the incubator for an extra 24 hrs. During this first 

round of cell plating, only two of the plates showed growth: the pGL3 sense 

transformation plate had 3 colonies and CAT A/S transformation plate had 6 colonies. 

 

I picked these colonies and grew them in an overnight culture. I mini-prepped these 

samples the following day. As you can see from the fairly blank gel in picture 2, only a 

small amount of DNA was extracted from the plasmids.  

 

Picture 2: 



 

I am uncertain as to the sources of error that caused these results for the transformation 

and ªEasyPrepº protocols were followed meticulously. Some possible sources of error 

will be mentioned in the discussion section.  

 

The results of the next transformation executed the next day proved to be a bit more 

promising. The GL3 transformation plate yielded 10 colonies, the CAT transformation 

plate yielded 7 colonies and the CAT A/S transformation plate yielded 2 distinct colonies 

and some type of growth that looked like a lawn or satellite colonies. I picked the distinct 

colonies and grew them in another overnight culture. 

 

The following day, I carried out some more mini-preps. Once again, the DNA bands 

turned out to be extremely faint, suggesting either I had poor transformation efficiency or 

there was simply not enough plasmid in the culture before I proceeded to mini-prep the 

samples and digest them. As you can see in picture 3, there was DNA in lanes 4, 5, and 6. 

Most of it did not look like the positive (GL3) control in lane 3 or the positive (CAT) 

control in lane 7. I analyzed the gel and saw that lanes 4 looked much like the same DNA 



as lane 3. I re-transformed the DNA from the mini-prep of this lane into competent cells, 

plated them the next day and grew more overnight cultures. These DNA constructs both 

turned out to be successful GL3 transformations. In addition, I re-transformed one CAT 

transformation (lane 5), plated the cells and grew overnight cultures for DNA digest 

analysis. 

 

Picture 3: 

 

 

 

The GL3 transformation plate yielded 128 colonies and the CAT transformation plate 

yielded 117 colonies. The reason for this outrageous amount of growth is due to the fact 

that I transformed about 0.5 ug of mini-prepped DNA and not DNA from the PCR. The 

higher concentration of DNA led to a higher transformation efficiency, hence the high 

number of colonies picked and grown in an overnight culture. I also mini-prepped more 

DNA from the successful CAT A/S transformation and got a slightly positive result. As 

you can see on picture 4, there is a DNA band at the top, representing the vector DNA, 

and a DNA band at the bottom of the gel (~700 bp) which represents a successful 

mutation, however, there is no insert band, hence an unsuccessful PCR. 

 

 



Picture 4: 

 

 

 

If you refer to figure 3 in appendix A (the vector maps can also be seen as figures 1 and 2 

in appendix A), you will see what the original DNA will look like when digested with 

Xho1 and what the mutated DNA will look like when digested with Xho1 and Nde1. As 

you can see, in picture 4, there is no insert band. 

 

The following day, I re-did transformations of GL3 A/S and CAT A/S PCR constructs. I 

also mini-prepped the overnight cultures from the day before. In total, I conducted 16 

mini-preps: 2 of them were positive controls (GL3 and CAT double digests with Xho1 

and Nde1), 6 were CAT DNA constructs digested with the same enzymes and the 

remaining 8 were GL3 constructs, digested with the same enzymes.  

 

 

 

The CAT digest is shown in picture 5. 



Picture 5: 

 

As you can see, there are no mutations. All the lanes with DNA look like the positive 

control found in lane 2. There are only vector bands and insert bands, of lengths 4.0 kb 

and 2.9 kb, respectively. Lane 6 looked promising for the mutation because the insert 

band looks like it is slightly smaller than the other ones. After growing another overnight 

bacterial culture and digesting a greater amount of DNA, I found that my hypothesis was 

not correct (refer to picture 10) for there was no mutation in the insert band. 

 

The GL3 digest is shown in picture 6: 

Picture 6: 

  



It is clear that the mutation finally worked! Here, all the lanes (as compared to the 

positive control in lane 3) show that the mutation was successful. You can clearly see the 

vector band (4.8kb), the insert band (2.2kb) and the mutation band (~700 bp). I arbitrarily 

selected to further clone the DNA found in lane 4. 

 

To double-check the orientation and vector of this DNA, I digested more of the mini-prep 

DNA and cut it with BamH1 and carried out another double digest with Xho1 and Nde1. 

All the results were positive as shown in picture 7. 

 

Picture 7: 

 

 



As you can see, lane 2 and 3 (GL3 mutant and positive control, respectively) yield the 

same size DNA fragments when cut with BamH1. Lanes 4 and 5 (GL3 mutant and 

positive control, respectively) yielded different results when double digested with Xho1 

and Nde1 confirming that the mutation was successful. I took what was left of the 

overnight culture of this DNA and grew 20mL of bacterial culture for a more refined 

mini-prep so I can send back purer DNA to the Jack Bell Research Center. 

 

On the same day, I managed to run two more Xho1 and Nde1 digests on the CAT and 

GL3 A/S constructs, however, neither proved to be successful mutations.  

 

Picture 8 shows the CAT digest. 

 

Picture 8: 

 

 



Even though there was DNA present, once again, it was not the mutated DNA  All the 

bands look similar to the positive control in lane 2 (only the vector and insert bands) of 

gel and it is obvious that the wells are also overloaded with DNA. 

 

Picture 9 shows the GL3 A/S digest. 

 

Once again, the wells are overloaded with DNA and it is obvious that there is no 

mutation present, for there are only vector and insert bands of lengths 4.8kb and 2.9kb 

respectively. 

 

November 13 was the last day I was able to carry out a DNA digestion. I had one more 

CAT  DNA construct to analyze for mutation and orientation (re-transformed from 

November 2) and one more GL3 A/S DNA construct to analyze just for the mutation. 

 



Picture 10 shows the CAT digest: 

Picture 10: 

 

 

Clearly the DNA that was run on this gel is, as Dr. Hagler would put it, ªSchmutzº. The 

positive control is in lane 2 and only one of the constructs (in lane 7) even slightly 

resembles the control, however, it is clear that the mutation failed. 

 

Picture 11shows the GL3 

A/S digest: 

Lane 1 shows a successful mutation when compared with the positive control in lane 3. It 

is clear that the insert band is slightly smaller than the insert band on the positive control 



and there is a faint band of DNA at the bottom of the gel, representing the 700bp 

fragment, hence the mutation. The DNA in lanes 5 and 7 resemble the positive control, 

however it is clear that there is no mutation. The DNA in lanes 6 and 8 were uncut DNA 

to verify that the digestion worked.  

 

 

Discussion:  

  

 PCR Results 

Throughout the various transformations and digests, it was obvious that the primers 

worked in the PCR, however, the mutation frequency was rather low. This could be as 

a result of the sheer size of the construct I was trying to manipulate. It might be a good 

idea, in the future, to cut out the insert and carry out the PCR using only the insert as a 

DNA template. After this, the insert could be ligated back into the luciferase and CAT 

vectors, and then transformed and mini-prepped. This would require more work and 

patience, but I think that it might be worth trying. In addition, we did not order the 

ªQuickChange Kitº, but used pieces of it with another protocol. The mutation 

frequency might be more successful if the kit was used. There is no guarantee to this 

statement; it is just a hunch.  

 

Transformations 

My transformation efficiency was rather low throughout the term. This could be for 

many reasons. For the first half of the term, I did not use the DH5a competent cells that 

were ordered from Invitrogen; I was using competent cells made in the lab. When I 

switched to the imported cells, I was able to get a bit more growth on the agar plates. 

The transformation efficiency might have also been low due to the low concentration of 

DNA produced in the PCR. One of the most probable reasons for the failed 

transformations could be because the T4 DNA ligase might not have worked properly 

on the synthesized PCR DNA. In either situation, if this PCR mix were transformed, no 

growth would occur on any of the plates.  

 

The poor growth of the bacteria on the plate could also result from not allowing ample 

time for the bacteria to recover from the transformations. On one occasion, I plated the 

cells after allowing them to recover in the incubator for only 30 minutes. Consequently, 



nothing grew on those plates. One time I added LB/AMP+ broth to the cells to let them 

recover instead of using broth without ampicillin. This might cause most of the cells to 

die, which was probably the case because nothing grew on my plates. 

 

When I re-transformed mini-prepped DNA (which was at a fairly high concentration), I 

got over a hundred colonies on the plates. Obviously the transformation was successful 

because of the excess DNA in the solution, however, it was difficult to pick individual 

colonies to grow in an overnight culture. In the future, it might be a better idea to 

slightly dilute the DNA in water before transforming and plating. This will allow 

colonies to grow, however, it will ensure that the growth is not superfluous.  

 

Human error also played a role in the low transformation efficiency. It is possible that 

during the course of the term I heat-shocked the cells at 42*C instead of 37*C, thereby 

not only heat-shocking the cells, but maybe even heat-killing the cells for competent 

cells are known to be very sensitive to their environment. It is also possible that I could 

have lost track of time while heat-shocking the cells by leaving in the water bath for 

more than 20 seconds. This probably would not have a terrible consequence, however it 

could be another possible reason that the transformation failed. 

 

 Mini-Preps, Restriction Digests and Gel Analysis 

During the early parts of October, it is obvious that there was very little DNA (if any) 

in the restriction digests. Towards the end of the term, I was able to rectify this 

situation.  

 

Referring back to picture 2, one can see very little DNA. The ladder is also very faint. I 

am not sure why this is the case. It is possible that not enough ethidium bromide was 

added to the gel, causing the stained DNA to be very faint.  

 

Referring to picture 3, it is obvious that the gel was prepared correctly and the DNA 

was stained because of the highly visible ladder, however, the rest of the wells appear 

to be empty. A closer look at the gel will reveal that very faint bands of DNA are 

present, however, no conclusions can be made. In addition, I did not load a positive 

control in this gel. I redid the digest with a positive control to verify the results (shown 



in pictures 5 for CAT and 6 for GL3). The CAT DNA construct was not mutated. The 

GL3 construct was mutated successfully. 

 

In picture 4, it is possible that the insert had the mutation, however we cannot conclude 

this because there is no insert band in lane 3: it looks as if there is only a vector band 

and another band around 700bp in length. The other bands of DNA are once again not 

visible. No conclusions can be drawn from this gel.  

 

For the next digestions, instead of only mini-prepping ~1.5mL of culture from the 

overnight growth, I decided to spin down the overnight cultures, remove 3mL of the 

supernatant, and resuspend the cells in the remaining 2mL of solution. This change in 

procedure would ensure that more DNA would be extracted from the bacteria because 

the bacteria culture would be more saturated with cells. As you can see (from pictures 5 

onwards), the result of this new method proved to be successful. 

 

Referring to pictures 5 and 8, the CAT Xho1 and Nde1 digest worked, however, the 

mutation did not. The positive control was loaded in lane 2. The mini-preps were 

loaded in the rest of the lanes. It is not clear that any of them contained the mutation. 

As mentioned earlier, I redid the mini-prep from lane 7 (in picture 5) using more DNA. 

This DNA, seen on picture 10, proved that the mutation was not successful. I ran 

digested and uncut DNA in this lane to verify that the digestion worked. Unfortunately, 

even though the digest did work, only the DNA in lane 2 showed any sort of 

resemblance to the positive control in lane 7, however no mutation is present and 

therefore I started more transformations. 

 

Pictures 9 and 11 show two GL3 A/S digests. Referring to picture 9, no mutation can 

be seen. The positive control was loaded in lane two, and the rest of the 6 digests were 

loaded in the adjacent lanes. Although overloaded, all of them look exactly like lane 2.  

 

The DNA in lane 1 on picture 11 showed promise for the mutation. Lanes 5 and 7 

contained cut DNA, however, it is clear that the mutation did not work. Lanes 6 and 8 

contained uncut DNA in order to verify that the restriction enzyme worked on the PCR 

DNA. I did not have time to clone more of the DNA in lane 1 to double-check it for 



orientation and the mutation. Time permitting, I will be able to do it before the term 

ends. 

 

My only confirmed success came with the pGL3 sense DNA construct on November 

2nd. Compared to the positive control in lane 3, it is obvious that all the constructs 

contained the mutation. I re-transformed and mini-prepped this DNA and digested it 

again on November 12th (picture 7) with BamH1, to check the orientation of the insert 

(lanes 2 and 3), and double-digested again with Xho1 and Nde1 to check for the 

mutation (lanes 5 and 6). The positive control in lane 3 matches the mutated DNA in 

lane 2, showing that the orientation was correct. The lane with the star above it (lane 5) 

shows a successful mutation when compared with lane 6 which had the positive 

control. The size of the fragments here, from top to bottom, are 4.8 kb (vector), 2.7 kb 

(insert) and 700bp (mutated insert fragment), respectively.  

 

Time permitting, I will be able to further clone this DNA in vitro, mini-prep and purify 

the DNA using a Qiagen kit. After this, I plan on running another digest to triple-check 

the mutation before sending it back to the Jack Bell Research Center to be sequenced 

and transfected into U-87 Mg cells. If the transfections are successful, it is possible that 

the results of the luciferase assay using this mutated construct will be different from 

those found on graph 1. If the transfection of this mutated promoter yielded a greater 

amount of luciferase it is possible that this specific TCF site plays an important role in 

ILK expression. If the luciferase yielded is less than the results on graph 1, it is possible 

that a mutation of this particular site can inhibit ILK expression, and therefore it would 

be an essential TCF site to study to learn more about ILK expression. If the assay 

yields the same results, it would prove that this TCF site is not an ªactiveº site.  

 

It is quite possible that this site may be an ªactiveº transcription factor site because it 

has been preserved in two other very different eukaryotic organisms'  sequences. 

 

 

Conclusion: I can conclude that only one, maybe two, of the experiments were successful as 

can be seen by analyzing the gels. I am going to purify and send the successfully 

mutated GL3 DNA construct to the Jack Bell Research Center and it is possible 

that this mutated TCF site could be an active transcription factor site. If this is the 



case, my project for this term may be an important step towards understanding 

the function of intracellular signaling of ILK in the body. 
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Both vector maps were taken from: 
 
http://www.promega.com/catalog/country.asp?/vectors/repor ter_vectors.htm& ckt=2 
 
Procedures for ªEasy-Prepº mini-reps were provided by Dr. Hagler 
 
Procedure for Transforming DH5a competent cells was paraphrased from “ Subcloning Efficiency Dh5a 
Chemically Competent E. Coli” , a protocol developed by Invitrogen. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



                                                                                                                                                                             

 
 
 
 
 
 
 
 
 
 
 
 

Appendix A 
 pGL3 vector map 
 pCAT vector map 
 DNA Digest Diagram 
 Theory of PCR diagram 
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Figure 2 

 
 
 

 
 
 
 
 
 
 

Figure 3 
 



                                                                                                                                                                             

 
 
 
 

 Figure 4 
 

The Theory of mutating using PCR: 
 

nnnnnxxxxxxxxxxxxxxxxxxxxxxxCAAAGxxxxxxxxxxxxxxxxxxxxxnnnnn 
nnnnnxxxxxxxxxxxxxxxxxxxxxxxGTTTCxxxxxxxxxxxxxxxxxxxxxnnnnn 

 
The heat de-natures the DNA and causes it to split: 
 



                                                                                                                                                                             
nnnnnxxxxxxxxxxxxxxxxxxxxxxxCAAAGxxxxxxxxxxxxxxxxxxxxxnnnnn 

 
 

nnnnnxxxxxxxxxxxxxxxxxxxxxxxGTTTCxxxxxxxxxxxxxxxxxxxxxnnnnn 
 

 
The custom primers with the mutation find their target and cause the original DNA to mutate: 
 

nnnnnxxxxxxxxxxxxxxxxxxxxxxxCAxAxxAGxxxxxxxxxxxxxxxxxxxxxnnnnn 
xxxxxxxxxxxxxxxxxxxxxxxxGTATACxxxxxxxxxxxxxxxxxxxxx 

 
 

nnnnnxxxxxxxxxxxxxxxxxxxxxxxxGTxTxxTCxxxxxxxxxxxxxxxxxxxxxnnnnn 
xxxxxxxxxxxxxxxxxxxxxxxxCATATGxxxxxxxxxxxxxxxxxxxxx 

 
During temperature cycling, the free nucleotides bind to these constructs. Some of the DNA will accept the 
mutation, whereas, some will not. The DNA is then amplified in the same manner.  
 

nnnnnxxxxxxxxxxxxxxxxxxxxxxxCA(x)A(xx)AGxxxxxxxxxxxxxxxxxxxxxnnnnn 
nnnnnxxxxxxxxxxxxxxxxxxxxxxxxGT(x)T(xx)TCxxxxxxxxxxxxxxxxxxxxxnnnnn 

*This parental DNA, which is also amplified, is digested in the next step 
 

nnnnnxxxxxxxxxxxxxxxxxxxxxxxxCATATGxxxxxxxxxxxxxxxxxxxxxnnnnn 
nnnnnxxxxxxxxxxxxxxxxxxxxxxxxGTATACxxxxxxxxxxxxxxxxxxxxxnnnnn 

*  Mutated DNA 
 

nnnnnxxxxxxxxxxxxxxxxxxxxxxxxGT(x)T(xx)TCxxxxxxxxxxxxxxxxxxxxxnnnnn 
nnnnnxxxxxxxxxxxxxxxxxxxxxxxCA(x)A(xx)AGxxxxxxxxxxxxxxxxxxxxxnnnnn 

*This parental DNA, which is also amplified, is digested in the next step 
 

nnnnnxxxxxxxxxxxxxxxxxxxxxxxxCATATGxxxxxxxxxxxxxxxxxxxxxnnnnn 
nnnnnxxxxxxxxxxxxxxxxxxxxxxxxGTATACxxxxxxxxxxxxxxxxxxxxxnnnnn 

*  Mutated DNA 
 
 This process is cycled about 20 times so the mutated DNA gets amplified. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                                                                                                                                                             

 
 
 
 
 
 

 
Appendix B 

 Luciferase Assay Graph 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 
 
 



                                                                                                                                                                             

 
 

 
 
 
 
 
 
 
 
 
 



                                                                                                                                                                             

 
 
 

Appendix C 
Mammalian IILK promoter 
sequence 
Drosophila Melanogaster ILK 
promoter sequence 
Caenorhabditis Elegans ILK 
promoter sequence 
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Figure 3 



                                                                                                                                                                             

 

 


