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170901 :  Single binding of aptamer 5Cy3/27B-G15D 

to thrombin, test in PUREexpress kit 
 

1. Aim: 

Perform a pull-down assay of aptamer /5Cy3/-27B-G15D (further called Apt 2), where it 

is bound to biotinylated thrombin. The thrombin will bind to the streptavidin-coated bead’s 

surface. After performing the pull-down assay and removing all excess liquid, commercial 

cell free extract (PUREexpress, further called PURE) containing toehold LacZalpha will be 

added to the tube and the reaction observed on a plate reader, measuring optical density ( 

O.D) of beta-gal (the reporter in this toehold construct)  at 595 nm. 
 

2. Expectation: 

We want to show that Apt 2, after binding to thrombin on the thrombin-bead-complex, 
can be separated by using a magnet and then added to PURE reaction containing 
our toehold. This will model a simplified version of our final product, while leaving the 
first aptamer away for the moment and just testing that the second aptamer can 
trigger our toehold after being in solution with beads and thrombin. We expect to see 
a colour change in the PURE reaction after a few hours (this will tell us that Apt 2 
was present and triggered the toehold). 

3. Materials: 

  Reference Supplier Amount required 

 Dynabeads™ MyOne™ 
Streptavidin T1 (10 mg/ml) 

 Invitrogen n x 50 μl 

 DynaMag™ Magnet  Thermofisher  

 Sample mixer allowing tilting and 

rotation of tubes 

   

 Binding and Washing (B&W) 

Buffer (2X):  

10 mM Tris-HCl (pH 7.5) 

1 mM EDTA 

2 M NaCl 

  n x 1,5 mL 

 

n x 2.364 mg 

n x 438.36 μg 

n x 175.32 mg 

 PBS 

PBS/0.01%BSA 

PBS/0.01%Tween20 

 Gibco, Life 

Technologies 

n x 400 μL 

Apt 2 /5Cy3/-27B-G15D aptamer  IDT n x 100 μL of 2 μM 

 Biotinylated Thrombin   100 nM in 1 mL 

 Running Buffer 

15X SSC containing 1% BSA 

buffer for aptamer-based biosensor 

   

 PBS/1%BSA/100uM sperm DNA  Made in house  
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 linear LacZalpha toehold template    

 Chlorophenol red 

galactopyranoside (Substrate for 

Beta-galactosidase) 

 Thermofisher  

 PURExpress® In Vitro Protein 

Synthesis Kit 

 

 NEB  

 Chill-out™ Liquid Wax 
 

 Bio Rad  

 384 well plate, with transparent foil  Nunc  

 Plate reader  Biotek  

 
 

4. Procedure: 

Reactions: 

● /5Cy3/-27B-G15D + bead + biotinylated thrombin  

 

● positive control : add /5Cy3/-27B-G15D in PURE to our toehold at the same 

concentration solution after pull-down  

 

● negative control : add beads coated with thrombin in PURE without Apt 2 

 

● negative control : add thrombin and Apt 2 without beads  in PURE 

 

● negative control : perform pull down on thrombin + Apt 2 with beads that are NOT 

coated with streptavidin (will tell us how much Apt 2 can get transported into lysate 

without being bound to a bead, to estimate amount of false triggering events) 

 

 
Wash Dynabeads™ MyOne™ magnetic beads 

1. Resuspend Dynabeads in vial. Vortex for >30 sec. 

2. Transfer 50 μl of Dynabeads to a tube. 

3. Add 50 μl of Washing Buffer and resuspend 

4. Place the tube on a magnet for 1 min and discard the supernatant 

5. Remove tube from the magnet and resuspend the washed magnetic beads in 100 μl of 

Washing Buffer  

6. Repeat steps 4-5 twice, for a total of 3 washes 

 

Immobilize thrombin 

1. Put tube on magnet and discard supernatant 

2. Add 100 μl of running buffer containing 100 nM of biotinylated thrombin. Optimal binding 

occurs when NaCl concentration is reduced from 2 M to 1 M 

3. Incubated for 30 min (or 15 min for DNA > 30 bp) at room temperature using gentle rotation 

4. Separate biotinylated thrombin coated beads with a magnet for 2-3 min 

5. Remove supernatant 

6. Wash the coated beads 2 times with 100 μl of 2X B&W Buffer 

7. Add 100 μl of PBS/1%BSA/sperm 
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8. Incubate for 15-20 min 

9. Remove supernatant 

 

Flow aptamers 

1. Wash twice with 100 μl of PBS  

2. Add 100 μL of 2 μM aptamer 

3. Incubate for 30 min at room temperature using gentle rotation 

4. Wash twice with 100 μl of PBS 

5. Wash twice with 100 μl B&W buffer 

6. Resuspend beads in 100 μl of B&W buffer 

 

For positive control 

Add 0.05 uL of 500 uM aptamer stock solution (following our hypothesis that only 25 picomoles of 

thrombin need to have aptamers attached, see comments section). 

 

 

 

Analysis on plate reader 

Remove all supernatant 

Add PURE, toehold DNA and substrate according to the following table to the tube : 

 

 

Solution A 2 uL 

Solution B 1.5 uL 

Toehold LacZalpha DNA template 0.5 uL 

Chlorophenol red substrate 0.2 uL 

TOTAL  4.2 uL 

 

This reaction may be diluted to a total volume of maximum 5 uL by adding the beads solution. 

 

If the beads solution contains more volume than 0.8, one can do several repeats on the platereader. 

Each well on the 384 well plate should contain 5 uL. 

 

Centrifuge the plate for 30 seconds at 4000 rpm at 4°C 

Add 30 uL of wax to each well 

Centrifuge the plate again for 30 seconds at 4000 rpm at 4°C. 

 

Put the plate into the platereader and measure absorbance at 595nm and at 37°C, taking measurements 

every two minutes for ten hours. 

 

5. Results: 
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Image of wells after 12 hours of 
platereader. No change could be 
detected compared to the wells 
before measurements were taken.  
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6. Conclusion: 

The positive control did not change colour, which is quite concerning as we detected  
aptamers at that concentration and with the same setup already in PURE (positive 
control aptamer’s final concentration was at about 480 nM, and since we already 
detected concentrations below 100 nM we should have seen a signal). 
 
As to the wells containing beads, one can clearly see that the beads are evenly 
scattered on the plate (in the middle there is absence of beads), which can have 
negative effects on how equally reagents are divided in the well and therefore 
influence overall expression. 
 
Next time, all the controls should be performed with this experiment. Since the 
positive control turned out badly, the experiment should be repeated, no conclusions 
may be drawn. 
 
 

7. Comments: 

Important : Deviation from this protocol occurred when we added only the aptamer to 
the positive control, not aptamer+Thrombin. (aptamer added : 0.8 uL of 3 uM 
dilution). 
 
Another deviation was omitting the third control reaction  
(The two controls in cursive were omitted for this experiment). 
 
 Schematic of single binding assay. 
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This protocol is based on Tim Ferrari’s 170831_single_bind_assay document. 

One mg of Dynabeads MyOne Streptavidin T1 typically binds: 1,100–1,700 pmoles free biotin (see 

product description https://www.thermofisher.com/order/catalog/product/65601). Very high binding 

affinity of the streptavidin-biotin interaction (Kd=10-15). 

Calculations:  

estimate how concentrated is the thrombin bound to the beads : 

 From the link listed below:  concentration of the beads: 10 mg/ml 

 Binding property: >1300 pmoles/ mg beads, so knowing that our total volume of beads per 

reaction is 50 ul we know that we work with 0,5 mg (=10 mg*50 ul/1000 ul) of beads per reaction. 

Then the total number of moles of thrombin that can be bound per reaction is: 1300*0,5=650 pmoles. 

We want to calculate the concentration of thrombin in this reaction which is 650 pmoles/ 50 ul= 

13pmoles/ul= 13 *10^-12 /10^-6=13*10^-6 =13 uM = 13000 nM  

If we estimate that the final volume added to the PURE reaction is about 1 ul in a 5 ul reaction, the 

final thrombin concentration will be 2,6 uM (=13 uM*1/5 ) so within our detection range. 

(this last part is rather problematic as we cannot work with real volumes – at each washing step all 

liquid is removed and new liquid is added. It would make more sense to speak of total content of 

molecules (total molars)). 

 

Assuming that one aptamer can bind to thrombin at a time, and that all thrombins in our solution have 

an aptamer attached: 

 

 

Sequences of parts used 

 

Toehold LacZalpha, linear template (442 base pairs, PCR product based on Pardee, K. et al, Rapid, 

Low-Cost Detection of Zika Virus Using Programmable Biomolecular Components, Cell (2016) ) 

GTGTCCGGGATCTCGACGctctcccttatggaagtctaacgctgctctgggctaactgtcgcgctaatacgactcactataggGTT

TCGCTCTATTCTCATCAGTTTCATGTCCTGTGTCGGACTTTAGAACAGAGGAGATAAAGAT

GGACACAGGACACaacctggcggcagcgcaaaagATGCGTAAAATGACCATGATTACGGATTCACT

GGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCT

TGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCC

TTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCTTTGCCTGGTTTCCGGCACCAGA

AGCGGTGCCGGAAAGCTGGCTGGAGTATAATAACGACTCAGGCTGCTAC 

 

 

/5Cy3/-27B-G15D aptamer (Apt 2) 
/5Cy3/-GACACAGGACATGAAACTGATGAGAATAGAGCGAAAGGTTGGTGTGGTTGG 
Where 5Cy3/ denotes a fluorophore attached to the sequence. 

 

https://www.thermofisher.com/order/catalog/product/65601

