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Introduction 

 
This module focuses on the DNA sequence to which BlcR binds. With the goal of improving 

the affinity between BlcR and DNA, we designed and screened variations of the known 

operator sequence and evaluated their ability to bind to BlcR. 

 

We took a rational approach to engineering the operator sequence, due to the very limited 

screening power of the methods we intended to use. The sequence described by Pan et al. 

[ref] is 50 bp and contains two inverted repeats (IR1 and IR2) of 17 bp each. We designed 

variations of the sequence in which the framework of this structure is conserved, by 

interchanging, inverting, mirroring and duplicating the existing inverted repeats. You can view 

and read more about these sequences on our library page. 

 

To observe binding and unbinding, we used isothermal titration calorimetry (ITC), which 

measures the temperature changes that occur when molecules interact. By titration of one of 

the two interacting molecules, we can observe how much energy is released or consumed by 

each titration step. As the solution comes closer to saturation, the energy difference caused 

by titrations will decrease. Plotting the surface area of every peak against the molar ratio 

results in a curve that shows the process of saturation. From this curve, we can derive 

parameters like the association/dissociation constants and the molar ratio at which saturation 

is achieved. 

 

As an alternative method for screening the affinity of various operator sequences for BlcR we 

used EMSA, a method we also used for the characterization of BlcR/DNA association in 

module 1. With this method free DNA and protein-bound DNA are separated based on mass 

by electrophoresis, and we can quantitate how much of the DNA is bound by comparing the 

two fractions. While in module 1 non-denaturing PAGE was used for EMSA, we opted for 

automated electrophoresis because it can quickly run multiple samples and DNA is visualized 

immediately without need for separate staining or fluorescent labeling. 
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ITC 

 

Used ITC protocol. 

 

1 L storage buffer: 50 mM HEPES pH 7.2 

→ dissolve 11.9 g of HEPES in 1 L dH2O, adjust pH using NaOH 

 

1 L 2% SDS 

→ dissolve 20 g of SDS in 1 L dH2O 

 

100 mL 2X storage buffer: 100 mM HEPES pH 7.2  

→ dissolve 2.38 g of HEPES in 100 mL dH2O, adjust pH using NaOH 

 

400 μL 3.3 μM of WT BRE oligo (MW = 31540 g/mol) in storage buffer 

 

2 mL 1.4 μM of BlcR (MW = 28503 g/mol) in storage buffer 

 

Table 1. Concentration parameters for ITC experiment 

Rfinal (DNA:P) Vcell CBlcR, cell ninj ✕ Vinj CBRE, syr 

0.5 (2:4) 1400 μL 1.4 μM 30 ✕ 10 μL 3.3 μM 

 

Temperature: 25 °C 

Injections: 29 x 10 μL 

Injection interval: 180 s 

Stirring: 307 rpm 

 

 

Date: 11/07/2022  
 

Experimentalist(s): Brent, Allegra 

 

Protocols: ITC 

https://2022.igem.wiki/tudelft/protocols
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RESULTS 

 

Peaks were too small to distinguish between dilution signal and binding signal. It is 

likely that the concentration of protein and/or DNA is too low. Next time, the 

concentrations should be 5 to 10 times higher (note that Pan et al. used a 

concentration 10 times higher). 

 

 
 

ITC 

 

Used ITC protocol. 

 

1000 μL 30 μM of WT BRE oligo (MW = 31540 g/mol) in storage buffer 

→ 300 μL 100 μM DNA stock + 200 μL NF-H2O + 500 μL 2X HEPES storage buffer 

 

2 mL 9 μM of BlcR (MW = 28503 g/mol) in storage buffer 

→ 1500 μL 12 μM BlcR stock + 500 μL HEPES storage buffer 

 

Table 2. Concentration parameters for ITC experiment 

Rfinal (DNA:P) Vcell CBlcR, cell ninj ✕ Vinj CBRE, syr 

0.5 (2:4) 1500 μL 9 μM 29 ✕ 10 μL 30 μM 

 

Temperature: 20 °C 

Injections: 29 x 10 μL 

Injection interval: 300 s 

Stirring: 307 rpm 

 

RESULTS 

 

The integrated graph shows saturation, which suggests binding interactions between 

BlcR and the BRE oligos, but the shape of the graph is different from the expected 

sigmoid. 

Date: 02/08/2022  
 

Experimentalist(s): Brent 
 

Protocols: ITC 

https://2022.igem.wiki/tudelft/protocols
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Figure 1. Delta-H plot from ITC measurements of the titration of the wildtype blc-operator 

oligonucleotide into a solution of BlcR. 

 

 
 

ITC 

 

Based on yesterday’s result, we decided to lower the concentration of BlcR to 6 μM 

and lower the final ratio to 0.375. Used ITC protocol.  

 

Table 3. Concentration parameters for ITC experiment 

Rfinal (DNA:P) Vcell CBlcR, cell ninj ✕ Vinj CBRE, syr 

0.375 (1.5:4) 1500 μL 6 μM 29 ✕ 10 μL 12 μM 

 

1000 μL 30 μM of WT BRE oligo (MW = 31540 g/mol) in storage buffer 

→ 300 μL 100 μM DNA stock + 200 μL NF-H2O + 500 μL 2X HEPES storage buffer 

 

2 mL 9 μM of BlcR (MW = 28503 g/mol) in storage buffer 

→ 1500 μL 12 μM BlcR stock + 500 μL HEPES storage buffer 

Temperature: 20 °C 

Injections: 29 x 10 μL 

Date: 03/08/2022  
 

Experimentalist(s): Brent 
 

Protocols: ITC 

https://2022.igem.wiki/tudelft/protocols
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Injection interval: 300 s 

Stirring: 307 rpm 

 

 

RESULTS 

 
Figure 2. Delta-H plot from ITC measurements of the titration of the wildtype blc-operator 

oligonucleotide into a solution of BlcR. 

 

The resulting graph looks similar to yesterday’s result, but has a slightly clearer 

sigmoid shape in the middle. From now on, we will use these parameters as standard 

conditions for experiments. 

 

Blank with only DNA: 

 

A blank measurement was taken by doing the same protocol as above with storage 

buffer instead of BlcR solution in the cell, so WT BRE oligos were injected into storage 

buffer. 

 

 

 

 

 

 

 

 

 

 

 

 

https://2022.igem.wiki/tudelft/protocols
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RESULTS 

 

No significant signal was visible. 

 
Figure 3. Delta-H plot from ITC measurements of a negative control titration of the wildtype blc-

operator oligonucleotide into storage buffer. 

 

 
 

ITC 

 

Blank with scrambled DNA: 

 

A ‘blank’ measurement was taken by titrating scrambled DNA oligos into BlcR, using 

the same protocol as yesterday’s measurement. 

 

Table 4. Concentration parameters for ITC experiment 

Rfinal (DNA:P) Vcell CBlcR, cell ninj ✕ Vinj CDNA, syr 

0.375 (1.5:4) 1500 μL 6 μM 29 ✕ 10 μL 12 μM 

 

Temperature: 20 °C 

Injections: 29 x 10 μL 

Injection interval: 300 s 

Stirring: 307 rpm 

 

Date: 04/08/2022  
 

Experimentalist(s): Brent 
 

Protocols: ITC 

https://2022.igem.wiki/tudelft/protocols
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RESULTS 

 
Figure 4. Delta-H plots from ITC measurements of the negative control titration of the scrambled 

oligonucleotide “00.” into a solution of BlcR (left) and the same curve overlaid with the curve from the 

DNA-BlcR titration of 03/08 (right). 

 

A saturation signal was clearly visible, which matches the shape of the saturation 

signal visible at the start of the BlcR+WT BRE association. This suggests that some 

interaction occurs between scrambled DNA and BlcR 

However, subtracting this result from the previous result does not result in a clear 

graph, so there must be a discrepancy between the original measurement and this 

blank. 

 

 
 

ITC 

 

Oligo concentration check: 

 

Using the Nanodrop, the concentrations of the stocks for the WT BRE oligo and the 

scrambled oligo, which we expect to be 100 μM, were checked. The results are below: 
 

 

Date: 05/08/2022  
 

Experimentalist(s): Brent 
 

Protocols: ITC 

https://2022.igem.wiki/tudelft/protocols
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Table 5. Concentration measurements of two different DNA samples by Nanodrop  

sample concentration molarity 

1. WT BRE 2250 g/L 72 μM 

0. Scrambled 2200 g/L 70 μM 

 

The concentrations are lower than the expected 100 μM, which means previous data 

need to be adjusted to decrease the DNA concentration with 30%. The actual 

concentration of DNA in the syringe in past experiments was actually 8.5 μM (resulting 

in a final ratio of 0.28), rather than 12 μM (resulting in a final ratio of 0.38).  

However, it is not necessary to increase the amount of DNA used to 12 μM, because 

the level of saturation achieved in past experiments is fine. In future, we will continue 

using 8.5 μM. 

 

Blank with only protein: 

 

A blank measurement was taken with 6 μM BlcR in the cell and only storage buffer in 

the syringe, using the same protocol as previous experiments. 

 

RESULTS 

 

The blank showed no significant signal. 

 
Figure 5. Delta-H plot from ITC measurements of the negative control titration of storage buffer into a 

solution of BlcR. 

https://2022.igem.wiki/tudelft/protocols
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ITC 

 

To observe the dissociation of BlcR from DNA caused by the addition of SSA, a 

mixture of BlcR and WT oligos was added to the cell and a solution of SSA was titrated 

into it. Used ITC protocol. 

 
Table 6. Concentration parameters for ITC experiment 

CBlcR, cell CSSA, syr Rfinal (SSA:P) 

5 μM 15 μM 0.6 

 

Buffer: 50 mM HEPES, pH=7.2 

Temperature: 20 °C 

Injections: 29 x 10 μL 

Injection interval: 300 s 

Stirring: 307 rpm 

 

RESULTS 

 

The graph shows an endothermic signal that quickly reaches a plateau around zero, 

suggesting all BlcR has dissociated from DNA. 

 

Figure 6. Delta-H plot from ITC measurements of the titration of a solution of SSA into a solution of 

BlcR-DNA complex. 

 

Date: 09/08/2022  
 

Experimentalist(s): Brent 
 

Protocols: ITC 

https://2022.igem.wiki/tudelft/protocols
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ITC 

 

To test the newly produced and purified batch of BlcR, a BlcR/DNA association ITC 

was run. Used ITC protocol. 

 
Table 7. Concentration parameters for ITC experiment 

CBlcR, cell CDNA, syr Rfinal (DNA:P) 

6 μM 15 μM 0.6 

 

Buffer: 50 mM HEPES, pH=7.2 

Temperature: 20 °C 

Injections: 29 x 10 μL 

Injection interval: 300 s 

Stirring: 307 rpm 

 

RESULTS 

 

Figure 7. Delta-H plot from ITC measurements of the titration of a solution of SSA into a solution of 

BlcR-DNA complex. 

Date: 19/08/2022  
 

Experimentalist(s): Brent 
 

Protocols: ITC 

https://2022.igem.wiki/tudelft/protocols
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ITC 

 

We tested the possibility of BlcR-into-DNA titration. Used ITC protocol.  

 
Table 8. Concentration parameters for ITC experiment 

CDNA, cell CBlcR, syr Rfinal (DNA:P) 

0.7 μM 24 μM 0.8 

 

Buffer: 50 mM HEPES, pH=7.2 

Temperature: 20 °C 

Injections: 29 x 10 μL 

Injection interval: 300 s 

Stirring: 307 rpm 

 

RESULTS 

 

The signal is very erratic, likely due to low concentration of the biomolecules in the cell 

and due to problems injecting the protein solution, which could contain aggregation. 

 

Figure 8. Delta-H plot from ITC measurements of the titration of a solution of BlcR into a solution of 

wildtype blc-operator oligonucleotides. 

 

Date: 25/08/2022  
 

Experimentalist(s): Brent 
 

Protocols: ITC 

https://2022.igem.wiki/tudelft/protocols
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ITC 

 

We tested BlcR in another buffer, 50 mM Tris pH = 7.5. Used ITC protocol. 

 
Table 9. Concentration parameters for ITC experiment 

CBlcR, cell CDNA, syr Rfinal (DNA:P) 

10 μM 13 μM 0.3 

 

Buffer: 50 mM Tris, pH=7.2 

Temperature: 20 °C 

Injections: 29 x 10 μL 

Injection interval: 300 s 

Stirring: 307 rpm 

 

RESULTS 

 

The signal looks somewhat similar to previous attempts using HEPES buffer, but very 

weak in comparison. 

 

Figure 9. Delta-H plot from ITC measurements of the titration of the wildtype blc-operator 

oligonucleotide into a solution of BlcR 

Date: 29/08/2022  
 

Experimentalist(s): Brent 
 

Protocols: ITC 

https://2022.igem.wiki/tudelft/protocols
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ITC 

 
We tested newly purified BlcR after size exclusion chromatography. Used ITC 

protocol. 

 
Table 10. Concentration parameters for ITC experiment 

CBlcR, cell CDNA, syr Rfinal (DNA:P) 

2.5 μM 4.6 μM 0.4 

 

Buffer: 50 mM HEPES, 200 mM NaCl, 10% glycerol, pH=7.2 

Temperature: 20 °C 

Injections: 29 x 10 μL 

Injection interval: 300 s 

Stirring: 307 rpm 

 

RESULTS 

 

The curve has a faint resemblance of the examples from earlier experiments, with a 

dip at the beginning and a sigmoid around R=0.2, but the whole curve is transformed 

by an overlapping diagonal signal, suggesting a contamination in one of the samples 

or a discrepancy in the buffers used. 

Date: 31/08/2022  
 

Experimentalist(s): Brent 
 

Protocols: ITC 

https://2022.igem.wiki/tudelft/protocols
https://2022.igem.wiki/tudelft/protocols
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Figure 10. Delta-H plot from ITC measurements of the titration of the wildtype blc-operator 

oligonucleotide into a solution of BlcR. 

 

 
 

ITC 

 
We tested a newly produced and purified batch of BlcR. Used ITC protocol. 

 

 

 
Table 11. Concentration parameters for ITC experiment 

CBlcR, cell CDNA, syr Rfinal (DNA:P) 

7 μM 13 μM 0.4 

 

Buffer: 50 mM HEPES, 200 mM NaCl, 10% glycerol, pH=7.2 

Temperature: 20 °C 

Injections: 29 x 10 μL 

Injection interval: 300 s 

Stirring: 307 rpm 

Date: 06/09/2022  
 

Experimentalist(s): Brent 
 

Protocols: ITC 

https://2022.igem.wiki/tudelft/protocols
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RESULTS 

 

Looks similar to earlier experiments, except very weak and erratic. 

 

Figure 11. Delta-H plot from ITC measurements of the titration of the wildtype blc-operator 

oligonucleotide into a solution of BlcR. 

 

 
 

ITC 

 
We tested the addition of MgCl2 to the BlcR solution. Used ITC protocol. 

 
Table 12. Concentration parameters for ITC experiment 

CBlcR, cell CDNA, syr Rfinal (DNA:P) 

14 μM 20 μM 0.3 

 

Buffer: 50 mM HEPES, 200 mM NaCl, 10% glycerol, 10 mM MgCl2, pH=7.2 

Temperature: 20 °C 

Injections: 29 x 10 μL 

Injection interval: 300 s 

Stirring: 307 rpm 

Date: 07/09/2022  
 

Experimentalist(s): Brent 
 

Protocols: ITC 

https://2022.igem.wiki/tudelft/protocols
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RESULTS 

 

The signal looks the same as the titration without MgCl2 yesterday, except the whole 

curve is transposed in value, even crossing the axis to positive values. 

 

 

 

Figure 12. Delta-H plot from ITC measurements of the titration of the wildtype blc-operator 

oligonucleotide into a solution of BlcR. 

 

 
 
ITC 

 
We tested a sample of BlcR purified by TEV digestion and subsequent SEC. Used ITC 

protocol. 

 
Table 13. Concentration parameters for ITC experiment 

CBlcR, cell CDNA, syr Rfinal (DNA:P) 

1.6 μM 3 μM 0.4 

 

 

Date: 19/09/2022  
 

Experimentalist(s): Brent 
 

Protocols: ITC 

https://2022.igem.wiki/tudelft/protocols
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Buffer: 50 mM HEPES, 200 mM NaCl, 10% glycerol, pH=7.2 

Temperature: 20 °C 

Injections: 29 x 10 μL 

Injection interval: 300 s 

Stirring: 307 rpm 

 
 
RESULTS 
 
A faint impression of a sigmoid is visible around R=0.2, but again the signal is drowned 

out by a diagonal line, suggesting a contamination in one of the samples or a 

discrepancy between buffers used. 

 

Figure 13. Delta-H plot from ITC measurements of the titration of the wildtype blc-operator 

oligonucleotide into a solution of BlcR. 

 

 
 

ITC 

 
We tested a sample of BlcR purified by TEV digestion and subsequent SEC, then 

dialyzed into the same buffer used by Pan et al.[1] Used ITC protocol. 

 

 

 

 

Date: 20/09/2022  
 

Experimentalist(s): Brent 
 

Protocols: ITC 

https://2022.igem.wiki/tudelft/protocols
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Table 14. Concentration parameters for ITC experiment 

CBlcR, cell CDNA, syr Rfinal (DNA:P) 

1.6 μM 3 μM 0.4 

 

 

Buffer: 50 mM Tris, 300 mM NaCl, 0.5 mM EDTA, pH=7.5 

Temperature: 20 °C 

Injections: 29 x 10 μL 

Injection interval: 300 s 

Stirring: 307 rpm 

 

RESULTS 

 

Again, a faint impression of a sigmoid is visible around R=0.2, but the sigal is drowned 

out by a somewhat diagonal line, this time positive, suggesting a contamination in one 

of the samples or a discrepancy between buffers used. 

 

Figure 14. Delta-H plot from ITC measurements of the titration of the wildtype blc-operator 

oligonucleotide into a solution of BlcR. 
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ITC 

 

We tested a sample of BlcR purified by His-tag elution, then dialyzed into the same 

buffer used by Pan et al.[1] Used ITC protocol. 

 
Table 15. Concentration parameters for ITC experiment 

CBlcR, cell CDNA, syr Rfinal (DNA:P) 

16 μM 19 μM 0.3 

 

Buffer: 50 mM Tris, 300 mM NaCl, 0.5 mM EDTA, pH=7.5 

Temperature: 20 °C 

Injections: 29 x 10 μL 

Injection interval: 300 s 

Stirring: 307 rpm 

 

RESULTS 

 

The signal is mostly diagonal, sort of flattening out at the end. 

 

Figure 15. Delta-H plot from ITC measurements of the titration of the wildtype blc-operator 

oligonucleotide into a solution of BlcR. 

Date: 22/09/2022  
 

Experimentalist(s): Brent 
 

Protocols: ITC 

https://2022.igem.wiki/tudelft/protocols
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SSA dissociation ITC: 

 
Using the product of the previous association ITC, we did a dissociation by titrating a 

large excess of SSA into it. Used ITC protocol. 

 
Table 16. Concentration parameters for ITC experiment 

CBlcR, cell CSSA, syr Rfinal (SSA:P) 

15 μM 33 mM 500 

 

Buffer: 50 mM Tris, 300 mM NaCl, 0.5 mM EDTA, pH=7.5 

Temperature: 20 °C 

Injections: 29 x 10 μL 

Injection interval: 300 s 

Stirring: 307 rpm 

 

RESULTS 

 

The molar ratio was miscalculated, so SSA was added to a very large excess. Most of 

the visible signal is likely the dilution of SSA into buffer. Only at the first point do we 

see a lower value, which might be caused by the dissociation of BlcR. 

 
Figure 16. Delta-H plot from ITC measurements of the titration of a solution of SSA into a solution of 

BlcR-DNA complex. 

 

https://2022.igem.wiki/tudelft/protocols
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ITC 
 
We tested a sample of BlcR purified by His-tag elution, then dialyzed into the same 

buffer used by Pan et al.[1] Used ITC protocol. 

 
Table 17. Concentration parameters for ITC experiment 

CBlcR, cell CDNA, syr Rfinal (DNA:P) 

10 μM 10 μM 0.2 

 

Buffer: 50 mM Tris, 300 mM NaCl, 0.5 mM EDTA, pH=7.5 

Temperature: 20 °C 

Injections: 29 x 10 μL 

Injection interval: 300 s 

Stirring: 307 rpm 

 

RESULTS 

 

The signal is very erratic at the first few points, possibly due to poor calibration. The 

rest of the curve is still erratic, and mostly diagonal again. 

 

 

Date: 23/09/2022  
 

Experimentalist(s): Brent 
 

Protocols: ITC 

https://2022.igem.wiki/tudelft/protocols
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Figure 17. Delta-H plot from ITC measurements of the titration of the wildtype blc-operator 

oligonucleotide into a solution of BlcR. 

 

Negative control: 

 

As a negative control, the same experiment was repeated using scrambled DNA 

oligos. 

 
Table 18. Concentration parameters for ITC experiment 

CBlcR, cell CDNA, syr Rfinal (DNA:P) 

10 μM 10 μM 0.2 

 

Buffer: 50 mM Tris, 300 mM NaCl, 0.5 mM EDTA, pH=7.5 

Temperature: 20 °C 

Injections: 29 x 10 μL 

Injection interval: 300 s 

Stirring: 307 rpm 

 

RESULTS 

 

While you would expect a consistent signal, this is quite erratic, but relatively flat. 
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Figure 18. Delta-H plot from ITC measurements of the negative control titration of the scrambled “00.” 

oligonucleotide into a solution of BlcR. 

 

 
 

EMSA 

 

To compare the 17 different operator oligos, two EMSA gels were run following the 

protocol. Samples were prepared accordingly: 

 
Table 19. Sample preparation for EMSA with BlcR and various operator oligos 

Component Volume Final concentration 

2.9 µM BlcR 11 μL 1.5 μM 

1X binding buffer 2 μL 0.1 X 

milli Q 2 μL  

100 nM 5 μL 25 nM 

 

Date: 28/09/2022  
 

Experimentalist(s): Brent 
 

Protocols: EMSA 

https://2022.igem.wiki/tudelft/protocols
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After 15 minutes of incubation at room temperature, 2 μL of 150X SybrSafe was added 

to each sample, and 10 μL of each stained sample was loaded on the gel. 

 

RESULTS 

 

Either the staining did not work or the running did not work, as no bands were visible 

on the gel. 

 

Sybr Safe staining: 

 

One of the gels was stained in SybrSafe diluted in TAE buffer shaking for 1 hour. 

 

RESULTS 

 

The concentration of DNA on the gel was likely too low, as still no bands were visible 

on the gel. 

 

 
 

EMSA 

 

To compare the 17 different oligos, two EMSA gels pre-stained with SYBR-Safe 

were run following the protocol. 

 
Table 20. Sample preparation for EMSA with BlcR and various operator oligos 

Component Volume Final concentration 

2.9 µM BlcR 11 μL 1.5 μM 

10X binding buffer 2 μL 1X 

milli Q 2 μL  

100 nM DNA 5 μL 25 nM 

 

 

 

Date: 29/09/2022  
 

Experimentalist(s): Brent 
 

Protocols: EMSA 

https://2022.igem.wiki/tudelft/protocols
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RESULTS 

 

No bands were visible on the gel, so the quantity of DNA in the samples is likely not 

enough to see with SYBR-Safe staining. 

 

Agarose gel electrophoresis 

 

To check whether the oligos are present in the stock solutions, we ran an agarose 

gel pre-stained with SYBR-Safe, with 15 μL of the 100 nM stock of all 19 oligos. 

 

 
Figure 20. Agarose gel pre-stained with SYBR-Safe with 15 μL of the 100 nM stock of each of the 19 

operator oligos. 

 

 
 

TapeStation automated electrophoresis 

 

To check the possibility of using automated electrophoresis for EMSA screening of the 

different oligos, we ran a control experiment using the Agilent 2200 TapeStation 

system with D1500 ScreenTape with samples of sequence 01 (wildtype) with and 

without BlcR and 00 (scrambled) and to see if it’s possible to distinguish free DNA from 

bound DNA. See the TapeStation protocol. 

 

 

 

 

 

 

 

 

Date: 03/10/2022  
 

Experimentalist(s): Brent 
 

Protocols: TapeStation automated electrophoresis 

https://2022.igem.wiki/tudelft/protocols
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Table 21. Sample preparation for TapeStation EMSA control experiment 

 01+BlcR 01-BlcR 00+BlcR 

2.9 µM BlcR 11 μL - 11 μL 

10X binding buffer 2 μL 2 μL 2 μL 

milli Q 2 μL 13 μL 2 μL 

100 nM DNA 5 μL 5 μL 5 μL 

 

RESULTS 

 

The resulting images showed no clear peaks (not even the reference peaks), and a lot 

of noise. It’s possible that the range of D1500 ScreenTape is too limited to show both 

of the expected peaks. It’s also possible that the EMSA binding buffer contaminates 

the samples too much. 

 

We ran the same samples again using D5000 ScreenTape, which has a larger range. 

The resulting images were again very noisy with no clear peaks. 

 

 
 

Protocols: TapeStation automated electrophoresis 
 

We ran another control experiment with samples of sequences 00 and 01, both with 

and without BlcR. To improve sample quality, the EMSA binding buffer was left out 

and the concentrations of BlcR and DNA were both increased. We ran the samples on 

D5000 High Sensitivity ScreenTape according to the TapeStation protocol. 

 

 

 

 

 

 

 

Date: 04/10/2022  
 

Experimentalist(s): Brent 
 

Protocols: TapeStation automated electrophoresis 

https://2022.igem.wiki/tudelft/protocols
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Table 22. Sample preparation for TapeStation EMSA control experiment 

 01+BlcR 01-BlcR 00+BlcR 00-BlcR 

13.4 µM BlcR 12 μL - 12 μL - 

1 µM DNA 2.8 μL 2.8 μL 2.8 μL 2.8 μL 

milli Q 5.2 μL 17.2 μL 5.2 μL 17.2 μL 

 

RESULTS 

 

 

Two bands were very clearly visible in between the 

reference bands, estimated around 100 bp and around 

250 bp (by the TapeStation software. These can be 

identified as the free and bound fractions, because 

samples without BlcR show only one band around 100 bp 

and sample 01+BlcR shows a more intense band around 

250 bp, which coincides with the expectation that a 

majority of DNA will be bound to BlcR. 

 

 

 

 
Figure 21. TapeStation electrophoresis image showing the samples (left to right) 01+BlcR, 01-BlcR, 

00+BlcR en 00-BlcR 

 

Screening: 

 

We proceeded with screening 17 variants (02-16, 21 and 22) of the operator sequence 

using D5000 High Sensitivity ScreenTape and the same conditions as the control 

experiment above. 
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Table 22. Sample preparation for 17 samples for the screening of operator variants. *Different stock for 

each sample. 

Component Volume 

13.4 µM BlcR 12 μL 

1 µM DNA* 2.8 μL 

milli Q 5.2 μL 

 

RESULTS 

 

The images of each sample show various degrees of binding. All samples only show 

bands in the 100 bp and 250 bp regions where we expect free and bound DNA 

respectively. Exceptions to this are variants 10, 11, 15 and 16, which show two distinct 

bands in the “bound” region aside from the free DNA. This suggests that these variants 

are able to bind to proteins to two different degrees, likely one dimer first and then two 

dimers. 

 
Figure 22. a. ScreenTape D5000 assay of blc operator sequence variants with BlcR. b. Quantity of 

DNA seen in the protein-bound band as a fraction of the sum of free and protein-bound DNA, 

calculated by electropherogram peak integration. The reference values of the negative control (00) 

and wildtype (01) are indicated by dotted lines. 

 

 

a 

b 
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Protocols: TapeStation automated electrophoresis 
 

5 selected variants with the highest apparent affinity for BlcR (07, 08, 09, 21 and 22) 

were evaluated again along with negative control 00 and wildtype 01 to confirm the 

results of the primary screening. Additionally, each variant was also evaluated in the 

presence of 25 μM SSA. 

 
Table 23. Sample preparation for samples of the selected operator variants, with and without addition 

of SSA. *Different stock for each sample. 

Component no SSA +SSA 

13.4 µM BlcR 12 μL 12 μL 

1 µM DNA* 2.8 μL 2.8 μL 

100 mM SSA - 5.2 μL 

milli Q 5.2 μL - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Date: 05/10/2022  
 

Experimentalist(s): Brent 
 

Protocols: TapeStation automated electrophoresis 
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RESULTS 

 

All variants show a high degree of protein-DNA binding, which is decreased in the 

samples with SSA. 

 
Figure 23. TapeStation electrophoresis image showing the secondary screening of the selected 

variant sequences, along with wildtype 01 and negative control 00, all under standard conditions and 

with 25 μM SSA. 

 

 
Figure 24. Quantity of DNA seen in the protein-bound band as a fraction of the sum of free and 

protein-bound DNA, calculated by electropherogram peak integration of the secondary screening of 

five operator variants, along with wildtype 01 and negative control 00, both under standard conditions 

and with 25 μM SSA.  
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