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Introduction 

In module 4, the ultimate goal was to immobilize thiol modified oligonucleotides on 
interdigitated electrodes and measure a change in capacitance, caused by the unbinding 
of BlcR when GHB or SSA, a GHB analogue, is added to the solution.  
 

In module 4 we wanted to verify the attachment of the DNA to the gold surface of the 
electrode, the binding of BlcR to its specific sequence and the dissociation of BlcR from 
DNA in presence of GHB or SSA.  Different verification techniques have been used, 
namely Atomic Force Microscopy (AFM), vector impedance, Universal Transducer 
Interface (UTI) and a novel Arduino measurement.  
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Overview of analyzed electrodes  
 

Electrode 1  Empty unsonicated IDE 

Electrode 2  Unsonicated IDE with 0.2 µM non-reduced DNA 

Electrode 3  Unsonicated IDE with 2 µM non-reduced DNA 

Electrode 4  Empty unsonicated SPE 

Electrode 5  Sonicated IDE with 2 µM non-reduced DNA without THI 

Electrode 6  Unsonicated IDE with 2 µM non-reduced DNA + BlcR 

Electrode 7  Sonicated IDE with reduced 2 µM DNA 

Electrode 8  Empty sonicated IDE 

Electrode 9  Empty sonicated SPE 

Electrode 10   Sonicated IDE with reduced 2 µM DNA + BlcR 

Electrode 11  Sonicated IDE with reduced 2 µM DNA + BlcR + SSA 

Electrode 12  Empty sonicated gold plate 

Electrode 13  Gold plate with 2 µM reduced DNA 

Electrode 14  Gold plate with 2 µM reduced DNA + BlcR 

Electrode 15   Gold plate with 2 µM reduced DNA + BlcR + SSA 

Electrode 16  Gold plate with 1 µM reduced DNA 

Electrode 17  Gold plate with 1 µM reduced DNA + BlcR 

Electrode 18   Gold plate with 1 µM reduced DNA + BlcR + SSA 

Electrode 19  Gold plate with 1 µM reduced DNA 

Electrode 20  Gold plate with 1 µM reduced DNA + BlcR 

Electrode 21   Gold plate with 1 µM reduced DNA + BlcR + SSA 
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Vector impedance sweep 
 

The vector impedance protocol, that can be found here, was used.  

 

RESULTS 

 

With the vector impedance sweep, the results in Table 1 were obtained. To measure the 

properties of the electrode and not those of the cables, the electrodes were cut between 

the two connection points in order to fit in the machine. The resistance across an electrode 

was measured to be 106 Ω.  

 
Table 1. Results from the vector impedance sweep with an empty IDE. 

Analyzed material Capacitance Resistance 

IDE in air  711  fF +/- 0 Ω 

IDE in water   1.12 pF 143 MΩ 

Touching IDE with finger 1.02 pF  

 

 

Buffer preparation 

The buffer preparation steps in the immobilization protocol were used, which can be found 

here. The 20 mM MOPS buffer and 20 mM MOPS, 2.5 mM Mg buffer were prepared. The 

pH has been adjusted to pH=7 with H2SO4 and NaOH.  

 

Date: 05/07/2022  
 

Experimentalist(s): Rebecca 

 

Protocols: Vector impedance  

Date: 12/07/2022  
 

Experimentalist(s): Rebecca 

 

Protocols: immobilization 

https://2022.igem.wiki/tudelft/protocols
https://2022.igem.wiki/tudelft/protocols
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Electrode 1. Empty unsonicated IDE 

The AFM protocol was used, which can be found here. An empty unsonicated IDE in air 

was scanned with the AFM in AC mode. The FASTSCAN-A probe with a resonance 

frequency of 1.57 MHz and a spring constant of 6.191 N/m was used.  

 

RESULTS 

 

See Figure 1. Only half of the frame appeared to be scanned and many lines (caused by 

dragging) are visible. Clumps are visible up to 69 nm, thus scaled up to 69 nm. 

 

Figure 1. AC image of electrode 1 in air.  

 

 

Date: 21/07/2022  
 

Experimentalist(s): Rebecca 

 

Protocols: AFM 

https://2022.igem.wiki/tudelft/protocols
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Stock solution of 1 mM MCH has been made. Stock solutions of 100 µM for all 

oligonucleotides (BBa_K4361001 (with BlcR binding site, SS is thiol modified), 

BBa_K4361000 (without BlcR binding site, SS is thiol modified) and BBa_K4361001 

(with BlcR binding site, without thiol modification)) have been made.  

 

It was attempted to make a bath for the DNA strands with 2 µM thiol modified DNA and 

998 µM MCH in MOPS. However, this solution was not soluble. See Figure 2.  

 

 
Figure 2. Photograph of two eppendorfs with a mixture of 2 µM thiol modified ssDNA and 1 mM MCH.  

 

Therefore, it has been decided to add the S-DNA and MCH in different steps. First, 2 

µM S-DNA has left overnight.  

 

 

Electrode 2 was prepared today with the immobilization protocol that can be found here. 

Date: 25/07/2022  
 

Experimentalist(s): Rebecca 

 

Protocols: M4 protocol 

Date: 26/07/2022  
 

Experimentalist(s): Rebecca 

 

Protocols: immobilization 

http://parts.igem.org/Part:BBa_K4361001
http://parts.igem.org/Part:BBa_K4361000
http://parts.igem.org/Part:BBa_K4361001
https://2022.igem.wiki/tudelft/protocols
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Electrode 1. Empty unsonicated IDE 

Next to that, the empty IDE has been analyzed again with the AFM protocol, which can 

be found here. First with the FESP-V2 in air, then with a SNL-10 B probe in the MOPS 

buffer. For the FESP-V2 measurement, an empty IDE in air has been analyzed with a 

resonance frequency of 63.19 kHz and a spring constant of 1.703 N/m. No satisfying 

image was produced, every obtained image displayed draggings. Because of this, it has 

been chosen to perform QI mode instead of AC mode in all following images.  

 

 

Electrode 1. Empty unsonicated IDE 

The AFM protocol was used, which can be found here. Now, the SNL-10B probe 

(frequency = 4.365 kHz, spring constant = 0.101 N/m) has been used to test the 

electrode in liquid in QI mode.  

 

RESULTS 

 

See Figure 3. Scale up to 35 nm. Again, not the whole frame was scanned.  

 

 
Figure 3. QI image of electrode 1 in MOPS buffer. 

Date: 27/07/2022  
 

Experimentalist(s): Rebecca 

 

Protocols: AFM 

https://2022.igem.wiki/tudelft/protocols
https://2022.igem.wiki/tudelft/protocols
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Electrode 2. Unsonicated IDE with 0.2 µM non-reduced DNA 

Also an IDE with DNA (thiol modified BBa_K4361001,0.2 µM) has been analyzed using 

the AFM protocol, which can be found here. 

 

RESULTS 

See Figure 4. It is immediately noticed that the peaks are now way higher than with the 

empty electrode (scale up to 173 nm). This might indicate DNA aggregation.  

 

 
Figure 4. QI image of electrode 2 in MOPS buffer. 

 

 

 

Electrode 3 was prepared today with the immobilization protocol that can be found here. 

 

 

Date: 28/07/2022  
 

Experimentalist(s): Rebecca 

 

Protocols: immobilization 

Date: 03/08/2022  
 

Experimentalist(s): Rebecca 

 

Protocols: immobilization, AFM 

http://parts.igem.org/Part:BBa_K4361001
https://2022.igem.wiki/tudelft/protocols
https://2022.igem.wiki/tudelft/protocols
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Electrode 8 was sonicated with the sonication protocol in the immobilization protocol 

that can be found here. Electrode 5 was also prepared with the immobilization protocol.  

Electrode 3. Unsonicated IDE with 2 µM non-reduced DNA 

Electrode 3 has been scanned with the AFM in QI mode. The AFM protocol was used, 

which can be found here. 

 

RESULTS 

 

The obtained image can be found in Figure 5. Scale up to 240 nm. Again, big clumps are 

visible which could be DNA aggregates. 

 
Figure 5. QI image of electrode 3 in MOPS buffer.  

Electrode 8. Empty sonicated IDE 

Electrode 8 was analyzed as well. 

 

RESULTS 

 

It looked flatter than the unsonicated IDE. Scale up to 30 nm. See Figure 6. 

https://2022.igem.wiki/tudelft/protocols
https://2022.igem.wiki/tudelft/protocols
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Figure 6. QI image of electrode 8 in MOPS buffer. 

 

Electrode 4. Empty unsonicated SPE 

Also, the SPE was imaged.  

 

RESULTS 

 

See Figure 7. However, the results were very unsatisfactory. Scale up to 1.2 µm. There 

were very big and high peaks. Therefore, the SPE can probably not be used. 
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Figure 7. QI image of electrode 4 in MOPS buffer. 

 

 

Electrode 5. Sonicated IDE with 2 µM non-reduced DNA without THI 

It was hypothesized that the clumps on electrode 2 and 3 (Figure 4 and Figure 5) were 

caused by DNA aggregations.If that is the case, the thiols on the oligonucleotides would 

be oxidized to each other and form clumps. To confirm which is the case, the same WT 

DNA (BBa_K4361001) but without thiol modifications was incubated on a sonicated 

IDE.  

 

The AFM protocol was used, which can be found here. SNL-10B with a frequency of 

4.445 kHz and a spring constant of 0.072 N/m (in MOPS buffer) was used. With this tip, 

electrode 5 was scanned.  

 

RESULTS 

 

It was seen that most of the electrode was relatively flat, scale up to 25 nm. The big 

clumps that were seen with the thiol modified DNA are not visible now. See Figure 8.  

Date: 04/08/2022  
 

Experimentalist(s): Rebecca 

Protocols: AFM, immobilization 

http://parts.igem.org/Part:BBa_K4361001
https://2022.igem.wiki/tudelft/protocols
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Figure 8. QI image of electrode 5 in MOPS buffer. 

Electrode 6. Unsonicated IDE with 2 µM non-reduced DNA + BlcR 

Also, to the electrode with 2 µM DNA (electrode 3), 2.5 µM BlcR in MOPS Mg was 

added to see whether a difference would be visible. The solution was incubated for 1 

hour and then washed with Mg MOPS.  

 

RESULTS 

 

See Figure 9. Scale up to 296 nm. No clear difference with electrode 3 is seen.  
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Figure 9. QI image of electrode 6 in MOPS Mg buffer. 

Electrode 9. Empty sonicated SPE 

The previously scanned unsonicated SPE (electrode 4) was also sonicated in a bath of 

50% ethanol / 50% water for 5 minutes. After that, they were sonicated for 5 minutes in 

100% water.  

 

RESULTS 

 

The scanned surface can be found in Figure 10. Scale up to 1.3 µm. The surface is flatter 

than the surface of the unsonicated electrode (electrode 4), but still very uneven.  
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Figure 10. QI image of electrode 9 in MOPS buffer. 

 

 

DTT reduction 

Because of the results of last week, the DNA was first reduced before the DNA was 

incubated. Reduction was done according to the reduction protocol that can be found in 

the immobilization protocol. Electrode 7 was prepared according to the immobilization 

protocol. The immobilization protocol can be found here. 
 

 

Electrode 7. Sonicated IDE with reduced 2 µM DNA 

The AFM protocol was used, which can be found here. Electrode 7 was imaged with 

SNL-10B with frequency = 3.508 kHz and spring constant = 0.058 N/m.  

 

Date: 08/08/2022  
 

Experimentalist(s): Rebecca 

Protocols: immobilization  

Date: 10/08/2022  
 

Experimentalist(s): Rebecca 

Protocols: AFM, immobilization 

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

 

See Figure 11. Scale up to 64 nm. The surface was now way flatter than the electrode 

with the non-reduced DNA. Also other areas of the electrode have been scanned to 

make sure the scanned surface was representative for the whole electrode, which it 

was.  

 
Figure 11. QI image of electrode 7 in MOPS buffer. 

Electrode 10. Sonicated IDE with reduced 2 µM DNA + BlcR 

Now, the MOPS buffer on electrode 7 was removed and 10 µM BlcR in MOPS Mg was 

added to the electrode 7 and incubated for 1h. A concentration significantly higher than 

the 2.45 µM BlcR has been chosen since it was expected that the BlcR would have lost 

some activity. Now, this electrode was imaged at the same place as electrode 7.  

 

RESULTS 

 

See Figure 12. Scale up to 59 nm. The results were not as expected. It can be seen that 

the image of electrode 10 seems ‘duplicated’ (every point is seen twice) compared to 

electrode 7. Because of this, no clear conclusions can be drawn for this image.  
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Figure 12. QI image of electrode 10 in MOPS Mg buffer. 

Electrode 11. Sonicated IDE with reduced 2 µM DNA + BlcR + SSA 

A 20x higher SSA concentration compared to BlcR (49 µM) has been added to the 

solution. After 20 minutes, this solution has been removed from the surface and 2 mL of 

Mg MOPS buffer has been added to the electrode. The same place on the electrode 

has been analyzed.  

 

RESULTS 

 

See Figure 13. The image seems multiplicated compared to electrode 7. Because of this, 

no clear conclusions can be drawn for this image. 
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Figure 13. QI image of electrode 11 in MOPS Mg buffer. 

 

Electrode 12. Empty sonicated gold plate 

Since an electrode with a flatter surface might help to determine the immobilization 

steps, an atomically flat gold plate has been scanned with a FESP-V2.  

 

RESULTS 

 

See Figure 14. Scale up to 15 nm. This is twice as flat as the empty IDE (electrode 1). 

 
Figure 14. QI image of electrode 12 in MOPS buffer. 
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Electrode 13. Gold plate with 2 µM reduced DNA 

The AFM protocol was used, which can be found here. Electrode 13 was imaged with 

the SNL-10B tip.  

 

RESULTS 

 

See Figure 15. Scale up to 14 nm. Many lines (dragging) were visible.  

 
Figure 15. QI image of electrode 13 in MOPS buffer. 

Electrode 14. Gold plate with 2 µM reduced DNA + BlcR 

Also a newly produced batch of BlcR was incubated on the gold plate. The BlcR has 

been dialysed (see buffer exchange protocol, that can be found here) in Mg MOPS 

Date: 15/08/2022  
 

Experimentalist(s): Rebecca 

Protocols: AFM, immobilization 

https://2022.igem.wiki/tudelft/protocols
https://2022.igem.wiki/tudelft/protocols
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buffer with a final concentration of 9.5 µM. This concentration was calculated with a 

Bradford assay. A BlcR concentration of 5 µM has been incubated for 1h.  

 

RESULTS 

 

See Figure 16. Scale up to 43 nm. The exact same spot could not be found, but several 

images have been taken of places to analyze the flatter parts of the surface.   

 
Figure 16. QI image of electrode 14 in MOPS Mg buffer. 

 

Electrode 15. Gold plate with 2 µM reduced DNA + BlcR + SSA 

Imaging was not successful due to assumed loss of activity of BlcR overnight.  

 

Date: 15/08/2022  
 

Experimentalist(s): Rebecca 

Protocols: AFM 

Date: 22/08/2022  
 

Experimentalist(s): Rebecca 

Protocols: immobilization (step x-x) 
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The electrodes in Table 2 have been incubated. The immobilization protocol was used, 

which can be found here. 

Vector impedance  

For the experiments, a 15 mM SSA stock solution in Mg MOPS has been made. 

Several electrodes have been incubated according to the immobilization protocol, which 

can be found here. See Table 2.  

 

Table 2. Electrodes used for vector impedance measurements with their type of DNA, their DNA 

concentrations and added protein. 

Electrode  Immobilized DNA DNA concentration Added protein 

A DNA with BlcR binding 
sequence 

1 µM BlcR 

B Scrambled DNA 1 µM BlcR 

C DNA with BlcR binding 
sequence 

2 µM BlcR 

D Scrambled DNA 2 µM BlcR 

E DNA with BlcR binding 
sequence 

1 µM BSA 

 

First, the capacitance of the electrodes A, B, C and D without protein has been measured 

(no time to do experiments with E) at 1 kHz (experiment 1A for electrode A, 1B for 

electrode B etc). Then, the electrodes have been incubated in a bath with 1 mL of 9.5 µM 

BlcR in Mg MOPS buffer for 1 hour. The capacitance at 1 kHz has been measured in this 

bath (experiment 2A for electrode A, 2B for electrode B etc). Lastly, 10 µL of a 15 mM 

SSA stock solution in Mg MOPS has been added to the BlcR bath. The capacitance at 1 

kHz has been measured again (experiment 3A for electrode A, 3B for electrode B etc). 

The capacitance in all experiments was measured five times, after which the average was 

taken.   

 

 

Date: 23/08/2022  
 

Experimentalist(s): Rebecca, Maurits 

Protocols: vector impedance, immobilization  

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

 

For electrode A, the SSA addition caused the capacitance to lower even more than when 

BlcR was added. This was not as expected, therefore the electrode has been incubated 

in pure Mg MOPS buffer (4A). It was expected that the BlcR would release again. The 

electrode has then been incubated in BlcR again (5A) and SSA has finally been added 

again (6A). The results are described in Table 3. Experiment 2D, 3D and the experiments 

with electrode E have not been performed due to time constraints.  

 

Table 3. Results of vector impedance measurements. 

Experiment Average capacitance (pF) Variance σ 

1A 1,195 0,048 

2A 0,537 0,086 

3A 0,369 0,055 

4A 0,963 0,070 

5A 0,803 0,071 

6A 0,899 0,041 

1B 1,081 0,058 

2B 1,056 0,062 

3B 1,002 0,060 

1C 0,760 0,055 

2C 0,576 0,050 

3C 0,623 0,072 

1D 0,800 0,053 

 

To visualize the results from electrodes A and B, the following graph has been made 

with the results from experiment 1A, 5A, 6A and 1B, 2B, 3B. See Figure 17. 
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Figure 17. Visualization of the results of experiment 1A, 5A, 6A and 1B, 2B, 3B during the vector 

impedance measurements.  

 

From these results, we can see that BlcR binding to the DNA with the BlcR binding 

sequence (electrode A) clearly decreases the capacitance, as expected. When SSA is 

added to this electrode, the capacitance increases again. When looking at electrode B, 

the electrode without the BlcR binding sequence, the capacitance is somewhat similar 

when BlcR and SSA have been added.  

 

It can be seen that the difference between BlcR and SSA on electrode A is smaller than 

the difference between DNA and BlcR. Thus, it is very likely that SSA did not unbind all 

present BlcR. 

 

The BlcR/DNA and BlcR/SSA values of electrode A and B are presented inTable 4.  

 

Table 4. The BlcR/DNA and BlcR/SSA values of electrode A and B during the vector impedance 

measurements. 

Electrode BlcR/DNA BlcR/SSA 

A 0,672 1,120 

B 0,977 0,948 

 

It can be seen that BlcR lowers the capacitance by 33% and SSA increases it by 12% in 

the measurements with electrode A. In case of electrode B, these percentages are 

respectively 2% and -5%. 
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Today, two new IDEs have been incubated again in the same way that electrodes A and 

B in Table 2 have been incubated. The immobilization protocol was used, which can be 

found here. 

UTI 

The UTI protocol was used, which can be found here. On electrode A, 1 µM of the oligo 

with the BlcR binding site has been immobilized. The UTI board is connected with a laptop 

and displays the average of the previous 50 capacitance measurements. 1 measurement 

takes around 6ms. Electrode A is connected to the UTI board and the interdigitated part 

is submerged in the MOPS Mg buffer. The capacitance was measured. The interdigitated 

part of electrode A was then submerged in 9.5 µM BlcR in MOPS Mg solution. This 

solution was then incubated and after 1 hour, the capacitance was measured again. 

Finally, 10 µL of 15mM SSA was added to the BlcR in the MOPS Mg solution. After 10 

minutes the capacitance was measured.  

 

RESULTS 

 

See Table 5 and Figure 18.  

 
Table 5. Results of the UTI capacitance measurements. 

Condition Electrode A (pF) Electrode B (pF) 

DNA 0,713 0,867 

BlcR 0,560 0,868 

SSA 0,642 0,868 

 

Date: 24/08/2022  
 

Experimentalist(s): Rebecca 

Protocols: immobilization, UTI 

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


iGEM TU Delft - SPYKE 

Notebook 4: Immobilization, electrical measurements and hardware 

 
Figure 18. Results of the UTI capacitance measurements. (a) the capacitance of electrode A (with DNA 

with BlcR binding site) and (a) the capacitance of electrode B (with DNA without BlcR binding site). 

 

 

 

UTI 

The UTI and immobilization protocol were used, which can be found here. On electrode 

A, 1 µM of the oligonucleotides with the BlcR binding site has been immobilized. The UTI 

board is connected with a laptop and displays the average of the previous 50 capacitance 

measurements. 1 measurement takes around 6ms. Electrode A is connected to the UTI 

board and the interdigitated part is submerged in the MOPS Mg buffer. The capacitance 

was measured. The interdigitated part of electrode A was then submerged in 9.5 µM BlcR 

in MOPS Mg solution. This solution was then incubated and after 1 hour, the capacitance 

was measured again. Finally, 10 µL of 15mM SSA was added to the BlcR in the MOPS 

Mg solution. After 10 minutes the capacitance was measured.  

 

RESULTS 

 

The results are presented in Table 6 and Figure 19.  

 

Table 6. Results of the UTI capacitance measurements. 

Condition Capacitance (pF) 

DNA 1,26 

BlcR 0,93 

Date: 26/08/2022  
 

Experimentalist(s): Maurits 

Protocols: UTI, immobilization 

https://2022.igem.wiki/tudelft/protocols
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SSA 1,08 

 

 

 
Figure 18. Results of the UTI capacitance measurements. 

 

 
 

Buffer exchange 

 

A batch of BlcR stored in 50 mM Tris-HCl pH 7.2 was used for buffer exchange. MOPS 

buffer was first filtered and degassed with suction filtration. The buffer exchange was 

done with a Pierce™ Protein Concentrator PES, 10K MWCO, 5-2 mL tube according to 

the buffer exchange protocol, which can be found here.  

After changing the buffer the absorbance at 280 was measured with nanodrop (the 

Nanodrop protocol was used, which can be found here).  

 

RESULTS 

 

See Table 6.The average absorbance at 280 nm was 0.269. The concentration of protein 

in the sample was calculated with the following formula: [BlcR] = A280 / ϵ280 . Where  ϵ280 

equals 14500 M-1 cm-. The concentration of proteins equals: 18.55 µM.  

 

Date: 29/08/2022  
 

Experimentalist(s): Robin 

 

Protocols: Buffer exchange, Nanodrop 

https://2022.igem.wiki/tudelft/protocols
https://2022.igem.wiki/tudelft/protocols
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Table 6. Results of the in duplo measurements of Nanodrop after the buffer exchange.  

Sample 
 

Concentration (mg/ml) 260/280 A260 10mm 

BlcR  0.25 0.86 0.245 

BlcR 0.29 0.93 0.293 

 

The BlcR is stored by adequoting the protein in liquid nitrogen. 

 

UTI 

The immobilization and UTI protocol were used, which can be found here. On electrode 

A, 1 µM of the oligonucleotide with the BlcR binding site has been immobilized. On 

electrode B, 1 µM of the oligonucleotide with scrambled DNA has been immobilized.  

The UTI board was connected with a laptop and displays the average of the previous 50 

capacitance measurements. 1 measurement takes around 6ms. Electrode A was then 

connected to the UTI board and the interdigitated part was submerged in 2 mL MOPS Mg 

buffer, after which the capacitance was measured. 0.5 mL of the buffer was then removed 

and 0.5 mL of 9.5 µM BlcR in MOPS Mg solution was added. The capacitance was 

measured after 1 hour. Then, 10 µL of 15mM SSA was added. After 10 minutes the 

capacitance was measured. The same steps were repeated for electrode B.  

 

RESULTS 

 

The results are noted in Table 7 and Figure 19.  

 

Table 7. Results of the UTI capacitance measurements. 

Condition Electrode A (pF) Electrode B (pF) 

DNA 
0,7129 0,8672 

BlcR 
0,5602 0,8677 

SSA 
0,6421 0,8682 

Date: 31/08/2022  
 

Experimentalist(s): Rebecca, Maurits 

 

Protocols: UTI, immobilization 

https://2022.igem.wiki/tudelft/protocols
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Figure 19. Results of the UTI capacitance measurements. 

 

Also, electrode 16 was prepared today. 

 

 

Electrode 16. Gold plate with 1 µM reduced DNA 

The AFM protocol was used, which can be found here. Electrode 16 was analyzed with 

AFM today with a MSNL-10A tip. A resonance frequency of 5.141 kHz and a sensitivity 

of 65.65 nm/V was found in the MOPS buffer. With this, the gold plate with DNA has been 

imaged.  

 

RESULTS 

See Figure 20. Scale up to 23 nm. Several high peaks were visible, similar to the peaks 

visible on the other DNA immobilized electrodes. 

Date: 01/09/2022  
 

Experimentalist(s): Rebecca 

 

Protocols: AFM 

https://2022.igem.wiki/tudelft/protocols
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Figure 20. QI image of electrode 16 in MOPS buffer. 

 

Electrode 17. Gold plate with 1 µM reduced DNA + BlcR 

Now, electrode 16 has been incubated with 3 µM BlcR in Mg MOPS buffer for one hour. 

The electrode has not been, unlike before, washed. The electrode in the solution has 

been imaged.  

 

RESULTS 

 

See Figure 21. Scale up to 34 nm. Now again big peaks can be seen, but also many 

smaller peaks are also visible (around 9 nm). This might indicate BlcR binding to the 

immobilized DNA.  
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Figure 21. QI image of electrode 17 in MOPS Mg buffer. 

Electrode 18. Gold plate with 1 µM reduced DNA + BlcR + SSA 

After incubation of 15 µM SSA for 15 minutes on electrode 17, a new image has been 

made.  

 

RESULTS 

 

See Figure 22. Scale up to 22 nm. In this scan, the big peaks were again visible and 

some smaller peaks were visible as well. It is unclear whether less peaks are visible.  
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Figure 22. QI image of electrode 18 in MOPS Mg buffer. 

 
The AFM protocol was used, which can be found here. Again a MSNL-10A tip with 

resonance frequency of 4.878 kHz and spring constant of 0.054 N/m in MOPS was used.  

Electrode 19. Gold plate with 1 µM reduced DNA 

The electrode in MOPS buffer solution has been imaged.  

 

RESULTS 

 

See Figure 23. Scale up to 33 nm. One big clump is visible, the rest of the surface seems 

relatively flat.  
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Figure 23. QI image of electrode 19 in MOPS buffer. 

Electrode 20. Gold plate with 1 µM reduced DNA + BlcR 

The electrode has been incubated with 3 µM BlcR in Mg MOPS buffer for one hour. The 

electrode has not been washed.  

 

RESULTS 

 

See Figure 24. Scale up to 21 nm.  

 
Figure 24. QI image of electrode 20 in MOPS buffer. 

Electrode 21. Gold plate with 1 µM reduced DNA + BlcR + SSA 

After incubation of 15 µM SSA for 15 minutes, a new image has been made.  
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RESULTS 

 

See Figure 25. Scale up to 19 nm. In this scan, the big peaks were again visible and 

some smaller peaks were visible as well.  

 
Figure 25. QI image of electrode 21 in MOPS buffer. 

 

 

 

Membrane diffusion assay 

A membrane diffusion assay was performed to analyze the properties of a membrane. 

This was done to test whether in our final system, BlcR could stay on one side of the 

membrane, but GHB could still pass through the membrane from the drink side to the 

side with the electrodes and BlcR. A Slide-A-Lyzer™ MINI Dialysis Devices, 10K MWCO 

from ThermoFisher was placed in an eppendorf. Above the membrane, a protein solution 

of BlcR in 50 mM HEPES with pH=7.2 has been put. Beneath the membrane, thus in the 

eppendorf, a solution of 1.1 mM glucose in HEPES has been placed. Glucose has been 

used instead of GHB or SSA since glucose concentrations are simple to determine and 
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glucose and SSA have quite similar molar weights (180 g/mol and 102 g/mol) and both 

have many hydrophilic groups. The eppendorf with the membrane has been shaken with 

a 100 rpm on a gel rocker for 30 minutes to mimic movement of the cup when the user 

can be dancing. After 30 minutes, a Bradford assay (see Bradford assay protocol, which 

can be found here) and glucose assay (see glucose assay protocol, which can be found 

here) have been performed with samples taken from both sides, above (where initially the 

protein solution has been added) and under the membrane (where initially the glucose 

solution has been added). With a Bradford assay, dilutions of BSA in HEPES buffer have 

been made of which the absorbance was measured.  

 

RESULTS 

 

The results are presented in Table 8 and Figure 26.  

 

Table 8. Results for the calibration line for the Bradford assay for the membrane test. 

BSA (µg/mL) 
Corrected average 

A562 nm Variance σ 

2000 1,409 0,089 

1500 1,170 0,006 

1000 0,890 0,052 

750 0,675 0,001 

500 0,453 0,016 

250 0,231 0,011 

125 0,113 0,008 

25 0,021 0,005 

0 0,000 0,001 
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Figure 26. Calibration line for the Bradford assay for the membrane test. A trendline, error margins, the 

equation and the R-squared value are displayed.  

 

The absorbance of the two samples, above and under the membrane, were measured 

and converted to concentrations using the calibration line in Figure 26. These values are 

presented in Table 9.  

 

Table 9. Measured values of the protein samples in the membrane assay and converted protein 

concentrations. To calculate the protein concentration, the equation of the trendline in figure x has been 

taken. To convert this concentration to the unit µM, a molar weight of 70 kDa has been taken.  

Position to 

membrane 

 

A562 nm (1) 
A562 nm (2) A562 nm (3) 

Average A562 

nm 

Protein 

concentratio

n (mg/L) 

Protein 

concentratio

n (µM) 

Above 0,993 1,088 0,952 1,011 1370,4 19,6 

Under 0,248 0,264 0,257 0,256 292,3 4,2 

 

The calculated concentration above the membrane is 19.6 µM and under the membrane 

4.2 µM. This would mean that around 20% of the protein diffused through the 

membrane.  

 

For the glucose diffusion assay, a calibration line (with very few points due to a lack of 

glucose reagentia) has been made with glucose in HEPES buffer. With a glucose 

determination assay, dilutions of glucose in HEPES buffer have been made of which the 

absorbance was measured. The results are presented in Table 10 and Figure 27.  
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Table 10. Results for the calibration line for the glucose assay for the membrane test. 

Glucose (mM) 

 

A505 nm 

Corrected A505 

nm 

0,000 0,068 0,000 

0,560 0,294 0,226 

1,120 0,519 0,451 

 

 
Figure 27. Calibration line for the glucose assay for the membrane test. A trendline, error margins, the 

equation and the R-squared value are displayed. 

 

The absorbance of the two samples, above and under the membrane, were measured 

and converted to concentrations using the calibration line in figure x. These values are 

presented in Table 11.  

 

Table 11. Measured values of the glucose samples in the membrane assay and converted glucose 

concentrations. To calculate the glucose concentration, the equation of the trendline in figure x has been 

taken.  

Position to 

membrane 

 

A562 nm (1) 

Glucose 

(mM) 

Above 0,106 0,263 

Under 0,383 0,951 

 

The calculated glucose concentration above the membrane is 0.26 mM and under the 

membrane 0.95 mM. This would mean that around 25% of the glucose can diffuse 

across the membrane in 30 minutes. However, this result is not very reliable, because 

of the low amount of points in the calibration line.  
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Today, the membrane diffusion assay has been repeated. See Bradford assay protocol, 

which can be found here) and glucose assay (see glucose assay protocol, which can be 

found here). Three eppendorfs have been incubated. All eppendorfs had 1.1 mM glucose 

in HEPES under the membrane and 4 µM BlcR in the dialysis device, thus above the 

membrane. The first eppendorf has been incubated with these solutions for 1 hour, 

without being shaken. The second eppendorf has been incubated for 1 hour while being 

shaken (shaken in the same way as previous assay). The third eppendorf has been 

incubated for 6 hours while being shaken (shaken in the same way as previous assay). 

After the incubation times, the protein and glucose concentrations were measured.  

 

RESULTS 

 

The measurements and calibration lines are presented in Table 12 and Table 13 and 

Figure 28 and Figure 29.  

 

Table 12. Results for the calibration line for the Bradford assay for the membrane test. 

BSA (µg/mL) 
Corrected average 

A562 nm Variance σ 

2000 1,425 0,068 

1500 1,188 0,098 

1000 0,938 0,031 

750 0,663 0,020 

500 0,494 0,024 

250 0,259 0,016 

125 0,140 0,016 

25 0,032 0,017 

0 0,000 0,018 
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Figure 28. Calibration line for the Bradford assay for the membrane test. A trendline, error margins, the 

equation and the R-squared value are displayed.  

 

Table 13. Results for the calibration line for the glucose assay for the membrane test. 

Glucose (mM) 
Average corrected 

A505 nm Variance σ 

0,000 0,000 0,001 

0,500 0,093 0,001 

0,750 0,138 0,001 

1,100 0,200 0,004 

1,500 0,271 0,001 

2,000 0,366 0,004 

2,500 0,486 0,030 
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Figure 29. Calibration line for the glucose assay for the membrane test. A trendline, error margins, the 

equation and the R-squared value are displayed. 

 

With these calibration lines, the protein and glucose concentrations in the three 

eppendorfs, above (where BlcR was originally put) and below (where glucose was 

originally put) the membrane were calculated. Also the transfer rate, end concentration of 

a molecule in the layer to which it diffused divided by the end concentration of a molecule 

in the layer where it was originally put, was calculated. See Table 14.  

 

Table 14. Protein and glucose concentrations in the three eppendorfs and the transfer rates during the 

membrane diffusion assay. To calculate the glucose concentration, the equation of the trendline in figure 

x has been taken. To calculate the protein concentration, the equation of the trendline in figure x has 

been taken. To convert this concentration to the unit µM, a molar weight of 70 kDa has been taken.  

Eppendorf Position 

Protein 

concentration 

(µM) 

Glucose 

concentration 

(mM) 

Protein transfer 

rate 

Glucose 

transfer rate 

1h, not shaken 

Above 7,0 0,22 

0,36 0,22 Under 2,5 0,98 

1h, shaken 

Above 8,6 0,37 

0,40 0,40 Under 3,4 0,94 

6h, shaken 

Above 6,9 0,41 

0,36 0,45 Under 2,5 0,90 
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The results are visualized in Figure 30 and Figure 31.  

 

 
Figure 30. Results from the protein assay in the membrane test.  

 

 
Figure 31. Results from the glucose assay in the membrane test.  

 

One can see that glucose transfers from the lower layer through the membrane to the 

side with BlcR with values between 20 and 45 percent. It can be seen that shaking 

significantly helps to transfer the glucose. BlcR transfers from the upper layer through the 

membrane to the side with glucose with values between 36 and 40 percent. One can see 

that shaking also helps to let BlcR diffuse through the membrane, but it was not expected 

that a 6h shake would result in less transfer compared to a 1h shake. This might be a 

measurement error.  
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In conclusion, BlcR is mostly stopped from crossing sides by the membrane and 

glucose is able to transfer through the membrane.  

 

 
 

In our sensor the BlcR will probably be dissolved in water. To test the highest 

concentration of BlcR in water possible, a protein sample in MOPS Mg buffer with 

concentration of 37 µM is dialyzed into tap water. After buffer exchange the concentration 

of protein is checked following the bradford assay protocol, which can be found here.  

 

RESULTS 

 

Table 15. Results for calibration curve for bradford assay. 

BSA (µg/mL) 
Corrected average 

A562 nm Variance σ 

2000 1,71 0,011 

1500 1,36 0,033 

1000 0,97 0,020 

750 0,52 0,004 

500 0,27 0,019 

250 0,27 0,011 

125 0,12 0,004 

25 0,03 0,006 

0 0,00 0,014 
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Figure 33. Calibration line for the Bradford assay for the membrane test. A trendline, error margins, the 

equation and the R-squared value are displayed.  

 

With the formula: y = 0.0006x + 0.0427 obtained from the calibration curve (Figure 33) 

the concentration of protein in tap water was determined. The average and corrected 

absorbance of the unknown protein sample equals 0.69. This corresponds to a 

concentration of 550.33 µg/mL which equals 7.9 µM. 

 

 

UTI 

Another UTI experiment was performed today. The UTI and immobilization protocol were 

used, which can be found here. Electrode A (1 µM DNA with BlcR binding sequence) and 

electrode B (1 µM scrambled DNA) were analyzed.  

 

RESULTS 

 

The results can be found in Table 16.  
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Table 16. Results for UTI measurements with electrodes A and B.  

Condition Electrode A (pF) Electrode B (pF) 

DNA 
1,200 1,384 

BlcR 
1,186 1,362 

SSA 
1,191 1,363 

 

One can see from the results in Table 16 that with electrode A, the capacitance decreases 

when BlcR is added with 0,014 pF compared to only DNA. When SSA is added, the 

capacitance increases with 0,005 pF. This is a very small difference, especially compared 

to electrode B. This might indicate insensitivity of the electrode. Therefore, these results 

were not optimal.  

Arduino 

The Arduino protocol was used, which can be found here. The two electrodes (A and B) 

have also been analyzed with Arduino (only under conditions ‘BlcR’ and ‘SSA’, BlcR was 

incubated before the electrode was connected to the Arduino).  

 

RESULTS 

 

The results are presented in Table 17 and Figure 34. 
 

Table 17. Results for Arduino measurements with electrodes A and B.  

Condition Electrode A 
(1) (relative) 

Electrode A 
(1) (pF) 

Electrode A 
(2) (relative) 

Electrode A 
(2) (pF) 

Electrode B 
(relative) 

Electrode B 
(pF) 

BlcR 0,000 0,000 0,000 0,000 0,000 0,000 

SSA 6,500 0,054 5,500 0,046 0,000 0,000 
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Figure 34. Results of the Arduino capacitance measurements. The calculated capacitance of electrode A 

and B when SSA was added to the solution with BlcR. After BlcR incubation for 1 hour, the output was 

baselined (set to zero).  

 

One can see that the SSA increases the capacitance with 0.05 pF on electrode A and 

has no effect on electrode B.  

 

 

UTI measurements have been done today. The UTI and immobilization protocol were 

used, which can be found here. 4 electrodes have been analyzed, an electrode with 1 µM 

DNA with BlcR binding site, named ‘1 µM’, an electrode with 1.5 µM DNA with BlcR 

binding site, named ‘1.5 µM’, an electrode with 2 µM DNA with BlcR binding site, named 

‘2 µM’ and lastly an electrode with 1 µM DNA without BlcR binding site, named ‘B’.  

 

RESULTS 

 

The results of the UTI measurements can be found in Table 18 and figure x. The 

capacitance is now only measured under the conditions ‘BlcR’ and ‘SSA’.  
 

Table 18. Results for UTI measurements with electrodes A and B.  
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Condition 1 µM (pF) 1.5 µM (pF) Electrode B (pF) 

BlcR 
1,552 1,051 0,951 

SSA 
1,575 1,048 0,949 

 

 
Figure 34. Results of the UTI capacitance measurements. The (a) capacitance of the electrode with 1 µM 

DNA with BlcR binding site, ‘electrode A (1 µM)’,(b)  the electrode with 1.5 µM DNA with BlcR binding site, 

‘electrode A (1.5 µM) and (c) the electrode without BlcR binding site ‘electrode B’ was measured when BlcR 

was incubated for 1h under ‘BlcR’ and when GHB was added to the solution with BlcR under ‘GHB’. 

 

The BlcR/SSA ratio for ‘1 µM’, ‘1.5 µM’ and ‘B’ are respectively 0.985, 1.003 and 1.002. 

This means that the 1.5 µM electrode is way less sensitive to the addition of SSA 

(capacitance even slightly decreases) than the 1 µM electrode. This indicates that a DNA 

concentration of 1.5 µM is indeed too high and 1 µM is preferred. With the 1 µM electrode, 

the capacitance increases by 15% when SSA is added. Electrode B displays insignificant 

changes when SSA is added.  

 

 

Trimbos 

Today, we tested our UTI system with GHB instead of the previously used SSA at the 

Trimbos institute. The UTI and immobilization protocol were used, which can be found 

here. Electrodes A and B (1 µM DNA) have been prepared and incubated with 4 µM BlcR. 

After 1 hour of incubation, an electrode has been connected to the UTI. We waited until 

the capacitance stabilized and the value was noted. Then GHB was added to the BlcR 

baths to a final concentration of 5 g/L. The capacitance was noted again after the 
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capacitance stabilized (after a couple of seconds). Two different electrode A’s and two 

different electrode B’s have been analyzed.  

 

RESULTS 

 

The results are visualized in Table 19 and Figure 35.  

 

Table 19. Results for UTI measurements with electrodes A and B.  

Condition 
Electrode A (1) (pF) Electrode A (2) (pF) 

Electrode B (1) 
(pF) 

Electrode B (2) 
(pF) 

BlcR 
1,468 1,223 1,495 0,994 

GHB 
1,501 1,238 1,495 0,993 

 

 
Figure 35. Results of the UTI capacitance measurements. The capacitance of electrode A and B when 

BlcR is incubated for 1h under ‘BlcR’ and when GHB was added to the solution with BlcR under ‘GHB’. (a) 

displays the first measurement with electrode A, (b) the second measurement with electrode A, (c) the first 

measurement with electrode B and (d) the second measurement with electrode B.  

 

A standard deviation of around 0.0002 was calculated by the software for the 

measurements. One can see that the capacitance increased of both electrodes A with 
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0.033 pF and 0.015 pF. With electrode B, the capacitance changed with 0.000 pF and 

0.001 pF.  

 

Also, an ethanol experiment was performed to analyze the effect of ethanol on the system. 

An electrode A has been incubated with BlcR in a 10% ethanol solution. The results were 

not satisfactory. The capacitance fluctuated intensely (thus a very high standard 

deviation). GHB was added, but the capacitance kept fluctuating. These fluctuations have 

been seen before in experiments without ethanol. These fluctuations are most likely due 

to poor manufacturing of the electrodes. Therefore, no reliable conclusions could be 

drawn from this experiment.  

 

 


