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[bookmark: BackToTop]A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) Y
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1).
Steps 4.2, 4.3, 4.4, 4.7, 4.8
D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success.
Step 4.2
E.  Filming: Will filming need to take place in multiple locations? (Y/N) Y
[bookmark: Introduction]If yes, how far apart are the locations? Within 100 meters.

1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (Spoken by voice talent at JoVE.)

The overall goal of this procedure is to select group-specific DNA aptamers (app-tuh-mers /ˈæp tə mərs/) to highly hydrophobic (high-druh-foh-bik /ˌhaɪ drəˈfoʊ bɪk/) small molecules and to use the selected aptamer to develop a sensitive electrochemical biosensor. (Intro)

B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Xinhui Lou: This method can help answer key questions in the aptamer selection field about how to select and characterize group-specific aptamers when the targets are highly hydrophobic molecules.
1.2. Zhangwei Lu: One of the most useful parts of this method is the development of electrochemical biosensors for the detection of targets. These biosensors should also work for the aptamer affinity measurements.

[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
2. Small-Scale λ Exonuclease Reaction
2.1. To begin the reaction, add 100 µL of RNase-free (R-N-ace /ɑr ɛn eɪs/) water to the purified aptamer PCR (P-C-R) product. [1-MED-TXT] Vortex the mixture until the precipitate (preh-sip-ih-tit /prəˈsɪp ɪ tɪt/) has dissolved. [2-MED]
2.1.1. Talent adds RNase-free water to a tube of purified PCR product. (TEXT: See text for phthalic acid ester-binding DNA aptamer selection and PCR parameters.)
2.1.2. Talent vortexes the mixture.
2.2. Xiao Wu: Please note that the λ exonuclease reaction is sensitive to the salt concentration and the PCR product should be purified by ethanol precipitation, but not isopropanol. [1-MED]
2.2.1. Talent speaks towards the camera, interview style.
2.3. Place into each of five microcentrifuge tubes 5 µL of the aptamer solution, 11 µL of RNase-free water, and 2 µL of 10X (ten-X) reaction buffer. [1-MED-TXT]
2.3.1. Talent adds the aptamer solution to the five tubes. (TEXT: Reaction buffer: 670 mM glycine-KOH, 25 mM MgCl2, 0.1% (v/v) octylphenol ethoxylate (pH 9.4))
2.4. Add 2 µL of RNase-free water and solutions of 2, 5, 8, and 10 U (units) of λ (lambda (lam-duh /ˈlæm də/)) exonuclease (ek-soh-new-klee-ace /ˌɛk səʊˈnju: kli:ˌeɪs/) in RNase-free water to one tube each. [1-MED] Mix well with gentle pipetting. [2-CU]
2.4.1. Talent adds a λ exonuclease solution to one of the tubes and pipettes the mixture up and down.
2.4.2. A closer shot of gently pipetting that same mixture up and down.
2.5. Incubate the tubes at 37 °C for 35 minutes and at 80 °C for 15 minutes. [1-MED-Over shoulder] Then, hold the tubes at 4 °C and prepare a 12% native PAGE (page) gel. [2-WIDE]
2.5.1. Talent places the tubes in an incubator.
2.5.2. Talent transfers the tubes from an 80 °C environment to a refrigerator or other cooling environment.
2.6. Add to each tube 1 µL of loading dye and 4 µL of RNase-free water. [1-MED] Run the mixtures in the native PAGE gel at 150 V for 45 minutes. [2-MED-Over shoulder]
2.6.1. Talent adds loading dye to the tubes.
2.6.2. Talent examines representative native PAGE gel results.
2.7. Identify the lowest amount of λ exonuclease needed to completely generate single-stranded DNA. [1-CU] Perform a large-scale reaction to generate single-stranded DNA. [2-MED-Over shoulder-TXT]
2.7.1. [bookmark: _GoBack]Talent indicates the lane showing the minimum amount of λ exonuclease needed to completely generate single-stranded DNA.
2.7.2. Talent looks at a representative titration curve already fitted with a nonlinear fit in spreadsheet software or other analysis software. (TEXT: See text for SELEX and Kd details.) (Author Comment：This shot was not filmed.)
3. Relative Affinity and Specificity Test by Competitive Assays
3.1. For each binding target to be tested, incubate 10 µL of amine-functionalized-DBP-coated (a-meen-fungk-shuh-nul-ized-D-B-P coated /əˈmi:n ˈfʌŋk ʃə nlˌaɪzd/) magnetic beads with 500 µL of a 1 µM solution of DBP-1 (D-B-P one) [1-MED-TXT] for 1 hour at room temperature while rotating. [2-CU]
3.1.1. Talent adds 10 µL DBP-NH2-coated beads to a tube containing DBP-1 solution. (TEXT: DBP: Dibutyl phthalate; DBP-1: Dibutyl phthalate-binding DNA aptamer candidate)
3.1.2. The tubes rotating at room temperature.
3.2. Then, discard the supernatant (soo-per-nate-nt /ˌsu: pərˈneɪt nt/), wash the beads 4 times with 200-µL portions of PAE (P-A-E) binding buffer, and resuspend (ree-suspend) the beads in 10 µL of PAE binding buffer. [1-MED-TXT] Obtain 10 µM binding target test dispersions in PAE binding buffer. [2-CU]
3.2.1. Talent adds PAE binding buffer to a tube holding washed magnetic beads. (TEXT: Phthalic acid ester (PAE) binding buffer: 20 mM Tris∙HCl, 100 mM NaCl, 2 mM MgCl2, 5 mM KCl, 1 mM CaCl2, 10% polysorbate 20, 0.03% octylphenol ethoxylate (pH 7.9))
3.2.2. The labeled tubes of the binding target test solutions.
3.3. Donglin Diao: It is critical to maintain a good dispersion of the hydrophobic targets in PAE binding buffer to ensure the desired enrichment of the library via SELEX and affinity tests. [1-MED]
3.3.1. Talent speaks towards the camera, interview style.
3.4. Add 10 µL of DBP-1-coated beads to 110 µL of each target test solution. [1-MED] Incubate the mixtures for 1 hour and collect the supernatants by magnetic separation. [2-MED]
3.4.1. Talent transfers one 10-µL portion of the DBP-1-coated beads to a target test solution.
3.4.2. Talent draws up the supernatant from a tube on a magnet and transfers the supernatant to a new tube.
3.5. Dilute the supernatants 100-fold and use 3 µL of each for quantitative PCR. [1-CU] Calculate the relative affinities by dividing the number of DBP-1 released in the presence of the test sample by the number of DBP-1 released in PAE binding buffer alone. [2-MED-Over shoulder]
3.5.1. Talent adds buffer to one supernatant to dilute it 100-fold.
3.5.2. Talent calculates the relative affinity for a sample (either by hand or in spreadsheet software).
4. Fabrication and Electrochemical Measurements of Diethylhexyl Phthalate (DEHP) Electrochemical Biosensors
4.1. Prior to performing the measurements, synthesize and purify the DBP-1-based thiolated (thigh-uh-lay-ted /ˈθaɪ əˌleɪ təd/) core sequence probe and the signaling probe. [1-MED-TXT] Reconstitute (ree-con-stih-toot /ri:ˈkɒn stɪˌtu:t/) the thiolated probe and the signaling probe as 100 µM solutions in nuclease-free (new-klee-ace /ˈnju: kli:ˌeɪs/) water. [2-CU]
4.1.1. Talent takes HS-DBP-1 and DBP-1-C-Fc from their storage area. (TEXT: Thiolated core sequence probe: HS-DBP-1, Signaling probe: DBP-1-C-Fc)
4.1.2. The labeled tubes/vials of HS-DBP-1 and DBP-1-C-Fc.
4.2. [bookmark: _Hlk490839222]Next, polish a 2-mm-diameter gold electrode to a mirror-like surface [1-MED] with 1-, 0.3-, and 0.05-µm Al2O3 (alumina (uh-loo-mihn-uh /əˈlu: mɪn ə/)) powder and a microfiber cloth for 5 minutes each. [2-CU] Sonicate (sahn-ih-kate /ˈsɒn ɪ keɪt/) the electrode in ultrapure water for 5 minutes after each polishing. [3-MED-Over shoulder]
4.2.1. Talent polishes a gold electrode with Al2O3 powder and a microcloth.
4.2.2. Talent finishes the last polishing and shows the surface of the electrode to the camera.
4.2.3. Talent places a container holding ultrapure water and the polished electrode in a sonicator bath and starts sonication.
4.3. Immerse the polished electrode in a 0.5 M solution of sulfuric acid. [1-MED] Clean the electrode with 35 successive cyclic voltammetry (vohl-tam-meh-tree /voʊlˈtæm mɛ tri:/) scans from -0.4 to +1.2 V vs. Hg-Hg2SO4 (mercury-calomel (kal-uh-mel /ˈkæl əˌmɛl/)) at 100 mV/s. [2-CU]
4.3.1. Talent places the polished electrode in a labeled container of H2SO4 and connects the electrode to the CV instrument.
4.3.2. The electrode in H2SO4 during the cyclic voltammetry run.
4.4. Next, prepare in a thin-walled centrifuge tube a mixture of 0.5 µM HS-DBP-1 (thiolated probe D-B-P one) and 0.5 µM DBP-1-C-Fc (F-C-modified D-B-P one) in 100 µL of PBS (P-B-S). [1-MED] Heat the mixture in a water bath set to 95 °C for 10 minutes. [2-CU] Then, allow the mixture to cool to room temperature in the water bath. [3-MED-Over shoulder]
4.4.1. Talent adds PBS to the labeled thin-walled centrifuge tube.
4.4.2. Talent places the tube in a hot water bath.
4.4.3. Talent turns off the water bath heat and leaves the tube in the water bath.
4.5. Add 1 µL of a 10 mM TCEP (tee-sep) stock solution to the cooled mixture and maintain at room temperature for 1 hour. [1-MED-TXT] Then, immerse the clean gold electrode in the mixture [2-MED] for 12 hours at room temperature. [3-CU]
4.5.1. Talent adds the TCEP stock solution to the mixture and caps the tube. (TEXT: TCEP: Tris-(2-carboxyethyl)-phosphine hydrochloride)
4.5.2. Talent places the electrode in the tube.
4.5.3. The electrode in the tube with the gold surface immersed in the solution.
4.6. Rinse the electrode with PBS and then immerse the electrode in a 1 mM solution of HS-EG6-OMe (thiolated peg) in PBS for 1 hour. [1-CU-TXT] Thoroughly rinse the electrode with target-free PAE binding buffer and immerse the electrode in the buffer. [2-MED]
4.6.1. Talent rinses the gold electrode with PBS and then puts the electrode in a labeled container of HS-EG6-OMe. (TEXT: HS-EG6-OMe: O-(2-Mercaptoethyl)-O’-methyl-hexa(ethylene glycol))
4.6.2. Talent rinses the electrode with PAE binding buffer and then puts the electrode in a labeled container of the buffer.
4.7. Next, sonicate electrolytic (el-ek-troh-lit-ik /əˌlɛk troʊˈlɪt ɪk/) cells, a platinum counter electrode, and a saturated calomel reference electrode for 2 minutes each in ultrapure water [1-MED] and PAE binding buffer, in sequence. [2-MED]
4.7.1. Talent places an electrolytic cell, the platinum electrode, and the SCE in a labeled container of ultrapure water, places the container in an ultrasonic bath, and starts sonication for 2 minutes.
4.7.2. Talent places a labeled container of PAE binding buffer and the same components in the ultrasonic bath and starts sonication for another 2 minutes.
4.8. Open the square wave voltammetry instrument software [1-MED-Over shoulder] and enter the experiment parameters. [2-SCREEN]
4.8.1. Talent opens the SWV software.
4.8.2. *To be provided by authors: Screen capture footage of using the cursor to briefly point out the experimental parameters in the software.
4.9. [bookmark: _Hlk491166821]Fill a clean electrolytic cell with target-free PAE binding buffer. [1-CU] Connect the three clean electrodes to a potentiostat (puh-ten-she-oh-stat /pəˈtɛn ʃi oʊˌstæt/) and immerse the electrodes in the buffer. [2-MED] Acquire a background SWV (S-W-V) scan. [3-SCREEN]
4.9.1. Talent adds PAE binding buffer to an electrolytic cell.
4.9.2. Talent connects the potentiostat wires to the electrodes and then places the electrodes in the cell.
4.9.3. *To be provided by authors: Screen capture footage of starting the background SWV scan.
4.10. Then, immerse the gold working electrode in a 10 pM (picomolar (peek-oh /ˈpi: koʊ/)) DEHP (D-E-H-P) solution in PAE binding buffer for 30 minutes at room temperature. [1-CU-TXT] Thoroughly rinse the electrode with PAE binding buffer. [2-MED-Over shoulder]
4.10.1. Talent places the gold electrode in the DEHP solution. (TEXT: For specificity tests, replace DEHP with the potential interfering substance.)
4.10.2. Talent rinses the gold electrode with binding buffer.
4.11. Immerse all three electrodes in fresh PAE binding buffer [1-MED] and collect another SWV curve using the same parameters as before. Repeat this process with increasing concentrations of DEHP to obtain a titration (tie-tray-shun /ˌtaɪˈtreɪ ʃən/) curve. [2-SCREEN]
4.11.1. Talent places the electrodes in fresh PAE binding buffer.
4.11.2. *To be provided by authors: Screen capture footage of starting the first DEHP scan and the scan proceeding.
5. Results: Optimization of λ Exonuclease Reaction and Electrochemical Aptasensor Evaluation
5.1. The minimum amount of λ exonuclease necessary to obtain only single-strand DNA was found to be 2 U based on small-scale reactions. [1-LM] The aptamer candidate DBP-1 was identified by SELEX followed by high-throughput sequencing. [2-LM] 
5.1.1. Figure 4 (Figure 4.tiff): On “was found”, highlight the ‘2U’ lane (see Figure 4 highlight example.png)
5.1.2. Figure 5 (Figure 5. Kd.tiff): On “DBP-1”, highlight the ‘DBP-1’ text and the black line and black squares in the graph.
5.2. DBP-1 showed good group specificity to PAE congeners (con-juh-ners /ˈkɒn ʤə nərs/). [1-LM] An electrochemical aptasensor (app-tuh-sen-ser /ˈæp təˌsɛn sər/) using DBP-1 selectively responded to DEHP over other common environmental pollutants. [2-LM] The aptasensor was highly sensitive to DEHP, with a response at concentrations as low as 10 pM. [3-LM]
5.2.1. Figure 6 (Figure 6. Relative affinity.tiff): Add the caption ‘Other: Mixture of potential interfering compounds’ under the graph.
5.2.2. Figure 7d (Figure 7d(2).tiff)
5.2.3. Figures 7b and 7c (Figure 7b(2).tiff, Figure 7c(2).tiff)
6. Conclusion (Said by you on camera. Don’t forget to smile!)
6.1. Xiao Wu: This protocol will help with the selection and characterization of aptamers for other hydrophobic small molecules.
6.2. Donglin Diao: The characterization and validation of aptamers of hydrophobic small molecules like PAEs is generally quite challenging due to the extremely limited water solubility and low molecular weight of PAEs.
6.3. [bookmark: _Hlk479076977]Zhangwei Lu: After watching this video, you should have a good understanding of how to make an electrochemical aptasensor and how to use it to detect targets.

[bookmark: ProvidedMedia]PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .tiff, .png, .eps, .ai, .psd, .pdf
Preferred movie formats: .mov, .mp4, .avi

If figures or tables were created as .xlsx files, please provide those as well.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17328318

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

· 5.2.2 –56814_Lou_Figure 7d.tif
· 5.2.3 –56814_Lou_Figure 7b.tif
· 5.2.3 –56814_Lou_Figure 7c.tif
· 56814_Lou_SWV software screenshot.tif


General Preparation

It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. All tubes, flasks, and plates should be clean, dry, and neatly labeled.

If your procedure includes long incubation, reaction, heating, or calculation times, prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

Please contact your script editor if you have general questions about filming. For detailed preparation instructions, please see the email that accompanied this script.
 2016, Journal of Visualized Experiments

