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A.
i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? (Y/N) __N_ 


3.3, 4.2, and 5 – all may be better filmed by scope shot

B.
Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) __Y__


(If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.)
C.
Which steps of your protocol will viewers benefit most from having filmed?  


Immobilization of probes on device surface: 3.1, 3.2 and 3.3

Confirmation and analysis of surface modification: 4.1.2.2 and 4.2 

D.
What is the single most difficult aspect of this procedure and what do you do to ensure success?  


Probe immobilization and confirmation: 3.2.1 and 4.2.2

These two steps are critical to ensure the success and validation of the probe immobilization on the device
E.
Will the filming need to take place in multiple locations? (Y/N) _N__

1. Introduction  

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this protocol is to verify bioprobe immobilization and subsequent DNA bio-sensing on poly-silicon nanowire field-effect transistors. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Jennifer Yun-Shin Wu: This method can help answer important question in the bioelectric sensing field, such as bioprobe immobilization and nucleic acid detection.

1.2. Chih-Heng Lin: Our biosensing device is a promising transducer for real-time, label-free, and ultra-high-sensitivity biosensing application.   

1.3. Jian-Ming Zheng: The implications of this biosensor extend toward clinical diagnosis of emerging infectious diseases, because it can rapidly, sensitively, and accurately detect the specific bio-target.

1.4. Ping-Chia Su: Though this method can provide insight into nucleic acid detection, it can also be applied to detection of other molecules, such as cytokines, hormones, proteins and viruses.
1.5. Chang-Wei Fu: Generally, individuals new to this method will struggle because it requires inter-disciplinary collaboration between biology and electric engineering fields.

Protocol (read by voice talent at JoVE):
2. pSNWFET Biosensor Device Pre-treatment
2.1. The preparation of the polycrystalline, silicon nano-wire, field-effect transistor is covered by the text protocol.
2.1.1. Fig 1A, TEXT: polycrystalline silicon nanowire field-effect transistor (pSNWFET), a.k.a. biosensor device
2.2. The device is formed from a 6-inch wafer.
2.2.1. Fig 1B
2.3. The silicon nanowires on the device are about 100 nanometers wide and 1.6 microns long.  
2.3.1. Fig 1C
2.4. To pre-treat the device, first, remove it from storage in an electronically dry cabinet [2.4.1-WID] and open the sealed vacuum bag that contains it. [2.1.4-MED]

2.4.1. Establish cabinet, talent removes biosensor in sealed bag

2.4.2. Opens bag, remove biosensor
2.5. Clean the biosensor in a sonicator loaded with pure acetone for 10 minutes. [CU]

2.5.1. Loading device into sonicator, show power settings on sonicator, TEXT: 46 kHz, 80 W
2.6. Then change the bath [2.6.1-MED] to pure ethanol and repeat the sonication for another five minutes. [2.6.2-MED]

2.6.1. Removing acetone bath 

2.6.2. Pouring ethanol bath, (placing) in sonicator, placing biosensor therein
2.7. After this second bath, use a stream of nitrogen gas to dry the device. [CU]

2.7.1. N2(g) blow drying biosensor

2.8. Next, treat the device with oxygen plasma at 18 W for 30 seconds. [MED]

2.8.1. Placing biosensor in plasma irradiator and starting 30 sec, 18 W cycle 

2.9. Now, take AC-conductance measurements [3.4.1/TEXT] and measure drain current electrical properties on the device, as explained in the next section. [3.7.1]

TEXT: VLG = 1.02

2.10. Then, proceed with immobilizing [4.1.1] DNA on the device surface [4.1.2] while taking additional measurements; both AC-conductance [3.4.1] and drain current, after each modification. [3.7.1]

3. Electric Characterization of pSNWFET

3.1. First, prepare for the pH profiling. [3.1.1-WID] Make 10 mM sodium phosphate tribasic dodecahydrate in deionized water, which has a pH of 11.6. [3.1.2-MED]

3.1.1. Establish talent mixing solution up with stirring and pH meter

3.1.2. pH meter reading 11.6-11.8, solution stirring
3.2. Then, make a 10 mM phosphoric acid solution in deionized water, which has a pH of 2.35. [MED]

3.2.1. Mixing a new solution, pH on meter reads 2.20-2.35
3.3. Now, make seven 10 mM buffer solutions with pH values ranging [3.3.1-MED/TEXT] from 3 to 9 by mixing the two stock solutions. [3.3.2-CU/TEXT]

3.3.1. Mixing solutions from 3.1 and 3.2 into smaller mixture, TEXT: pH 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, and 9.0
3.3.2. Adjusting pH of smaller mixture, TEXT: pH 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, and 9.0

3.4. With the test solutions and microfluidic channel prepared, measure real-time conductance using a lock-in technique. [MED]

3.4.1. Show general set up for measuring real-time conductance, talent laying out instruments so they are ready to set up and perform test

3.5. Convert the AC current signal into an AC voltage signal using a low-noise current preamplifier. [MED]  

3.5.1. Setting up and activating the preamplifier

3.6. Then, set the optimal VLG​ ​​ (pronounced: “Liquid Gate Voltage”) [3.6.1-LM] and proceed with delivering each buffer solution [3.6.2-MED] while measuring conductance at a drain voltage of 10 milliVolts. [3.6.3-LM]

3.6.1. To be provided by authors – SCREEN CAPTURE: Instrument control, setting VLG to 1.02

3.6.2. Delivering pH 3 to pH 9 buffers to device, show mechanically how this is accomplished

3.6.3. To be provided by authors – SCREEN CAPTURE: Instrument control, taking conductance measurement at drain current of 0.01 V

3.7. Next, measure the drain current with neutral buffer.  Flow pH 7 buffer [3.7.1-MED] onto the device from a syringe pump, at 5 mL per hour. [3.7.2-CU]

3.7.1. Setting up pH 7 buffer to flow from pump onto biosensor 

3.7.2. [combined with 3.7.1] Dialing in the flow rate on pump, pan over to the biosensor after

3.8. Then, using commercial semiconductor analysis software, [3.8.1-MED] measure the drain current in nMOSFET mode. [3.8.2-CU]

3.8.1. Establish talent accessing software

3.8.2. Either a CU or a SCREEN CAPTURE, setting mode to nMOSFET

3.9. Set the bias voltage to 0.5 Volts and sweep the gate potential from negative one to three Volts at 0.2 Volt intervals.  Now, run the test and obtain the data. [CU/LM]

3.9.1. Either a CU or a SCREEN CAPTURE, setting bias voltage, sweep range and interval, then starting the test

4. Treating the pSNWFET Biosensor with a DNA Probe

4.1. Begin with immersing the biosensor in 2 percent APTES (spell out letters) in ethanol [4.1.1-MED] for 30 minutes to covalently link to the nanowire surface. [4.1.2-CU]

4.1.1. Pouring 2% APTES bath, loading in biosensor. TEXT: 30min
4.1.2. Biosensor in bath, talent removes biosensor from bath

4.2. Then wash the biosensor three times for 30 seconds with ethanol, [4.2.1-CU/TEXT] and then clean it in a sonicator loaded with ethanol. [2.5.1/TEXT]

4.2.1. Washing biosensor with ethanol (not sonication), TEXT: Wash 3X

TEXT: 46 kHz, 80 W, 10 min

4.3. Now, to create amine groups on the silicon nanowires, [4.3.1-MED] place the biosensor on a 120 ºC surface for 10 minutes. [4.3.2-CU]

4.3.1. Removing biosensor from sonicator

4.3.2. Setting biosensor on hot plate, show temperature reading

4.4. Follow the heating step, take measurements [3.4.1] on the device as described in the previous section. [3.6.2/TEXT]

TEXT: VLG = 0.98
4.5. Next, to create aldehyde groups on the silicon nanowires, [4.5.1-MED] immerse the device in 12.5 % glutaraldehyde in 10 mM sodium phosphate, pH 7, [4.5.2-MED] for one hour, at room temperature. [4.5.3-MED]

4.5.1. Preparing the 12.5% glutaraldehyde solution, setting pH 

4.5.2. [combined with 4.5.1] Pouring the 12.5% glutaraldehyde bath

4.5.3. Lowering device into glutaraldehyde bath and starting a count down timer

4.6. Limit any light exposure during this step. [MED]

4.6.1. Covering the bath with opaque box and, maybe, dimming room/hood lights

4.7. After the glutaraldehyde treatment, [4.7.1-MED] wash the device with 10 mM sodium phosphate buffer three times for 30 seconds per wash.  [4.7.2-MED/TEXT]

4.7.1. Removing device from glutaraldehyde bath

4.7.2. Washing device with sodium phosphate once, TEXT: Wash 3X

4.8. Then blow dry the biosensor under pure nitrogen gas [2.7.1] and take measurements to confirm the surface modification. [3.6.2/TEXT] [3.7/TEXT]

TEXT: See previous section, VLG = 0.98

4.9. The next step is to incubate the biosensor in 1 microMolar [4.9.1-MED] of probe solution, overnight, to thus apply the DNA probe. [4.9.2-CU]

4.9.1. Pouring the bath

4.9.2. Setting biosensor in bath and preparing bath for overnight incubation at room temperature in culture dish with cover
4.10. The following day, block the unreacted aldehyde groups [4.10.1-MED] by immersing the device in 10 mM Tris with 4 mM sodium cyanoborohydride for half an hour. [4.10.2-MED/TEXT]

4.10.1. Preparing 10mM Tris 4 mM sodium cyanoborohydride bath

4.10.2. Moving biosensor from probe bath to new bath, covering bath with opaque hood, TEXT: 30 min

4.11. Then wash the device off with 10 mM sodium phosphate buffer at pH 7, three times. [4.7.2/TEXT] Follow by blow drying the device under nitrogen gas, as before. [2.7.1]

TEXT: Wash 3X

4.12. Then, take a final set of measurements [3.6.2/TEXT] to confirm the surface modification, [3.7.1] before proceeding to use it as a biosensor. [3.8.1]

TEXT: VLG = 1.0

5. DNA Biosensing
5.1. Begin with taking a baseline measurement. [WID]
5.1.1. Establishing shot of talent at bench setting
5.2. Flow pH neutral sodium phosphate buffer into the device for 10 minutes. [5.2.1-MED] During this procedure the solution flow rate is always 5 mL per hour. [5.2.2-MED]
5.2.1. Setting up the pH buffer to flow into device 
5.2.2. [combined with 5.2.1] Dialing in the pump speed and starting a timer
5.2.3. Stop the pump.
5.3. Then, wait 30 minutes, flow pH neutral buffer over the biosensor for 10 minutes again [5.2.1] and measure the current of the device. [LM]
5.3.1. To be provided by authors: SCREEN CAPTURE of Taking a current measurement
5.4. Next, load 10 picoMols of DNA, complementary to the probe, onto the silicon nanowire surface [5.4.1-MED] by flowing the solution over the device for 10 minutes. [5.2.2]
5.4.1. Changing solution to flow over biosensor from pH neutral buffer to complementary DNA solution

5.5. Then, incubate the biosensor for 30 minutes. [MED] 
5.5.1. Stopping the pump and starting timer
5.6. As a negative control, apply 100 picoMols of non-complementary DNA to the device. [CU]

5.6.1. Detail of label on non-complementary DNA solution for negative control 
5.7. After the incubation, flow pH neutral buffer over the biosensor for 10 minutes [5.7.1-MED] to wash off unbound target DNA. [5.7.2-ECU]

5.7.1. Changing solution from complementary DNA back to neutral buffer

5.7.2. Solution flowing over the biosensor [SCREEN CAPTURE]
5.8. Following this step, measure the current of the device as before. [LM]
5.8.1. To be provided by authors: SCREEN CAPTURE of taking measurements for the 2nd time
5.9. Next, load one nanoMolar of recovery DNA [5.9.1-MED] onto the DNA probe-immobilized silicon nanowire surface for 10 minutes. [5.9.2-CU] Then, incubate the biosensor for 30 minutes as before. [5.9.3-MED]

5.9.1. Changing the solutions to 1 nM recovery DNA solution, show labels

5.9.2. [combined with 5.9.1] Starting the pump, solution flowing onto biosensor, general set up view point

5.9.3. Stopping pump and preparing biosensor for 30 min rest/incubation

5.10. Finally, flow pH neutral buffer over the device for another 10 minutes [5.10.1-MED] and, then, take current measurements once again. [5.10.2-LM]

5.10.1. Changing flow solution from 1 nM recovery DNA to pH 7 buffer

5.10.2. To be provided by authors: SCREEN CAPTUE of taking measurements, for the 3rd time
6. Results: Surface Modification Measurements 
6.1. A DNA probe was immobilized on the silicon oxide surface and each modification step was confirmed using X-ray photoelectron spectroscopy.
6.1.1.  Figure 2b
6.2. For the unmodified pSNWFET containing the native oxide layer on the SNW surface, the hydroxyl groups were ionized to form charged groups with increasing pH values. Conductance likely varied at different pHs. 
6.2.1. Figure 2c and figure 2d

6.3. The shift in the electric properties of the device after different modifications confirms the change in the wire surface. In such experiments, the current-voltage curve of the unmodified device was used as the baseline.
6.3.1. Figure 2e – left panel, black line only
6.4. After the device was immersed in APTES, the current-voltage curve of the device shifted to the left because of the positive charge on the wire surface. 
6.4.1. Figure 2e – left panel, both lines
6.5. After conjugating glutaraldehyde to the APTES-modified device, the current-voltage curve shifted back to the right because of neutrally charged imide bond formation.  
6.5.1.  Figure 2e – middle panel, both lines
6.6. Finally, a 5’-amine-modified DNA probe was introduced to bind to the APTES-glutaraldehyde-modified device. The backbone of the DNA caused the current-voltage curve to shift to the far right.
6.6.1. Figure 2e – right panel, both lines
7. Conclusion (said by authors on camera)

7.1. Jennifer Yun-Shin Wu: After watching this video, you should have a good understanding of how to confirm the bio-probe immobilization and DNA sensing application on polysilicon nanowire field-effect transistor.

7.2. Ping-Chia Su: Once mastered, this technique of the preparation for nucleic acid detection can be done within one hour if it is performed properly, which can be performed in advance. The final biosensing takes less than 10 min.

7.3. Chang-Wei Fu: While attempting this procedure, it’s important to remember to analyze the electric properties of the device at each step of the bio-probe modification.

7.4. Chih-Heng Lin: After its development, this technique paved the way for researchers in the field of semiconductor-based sensors to explore the application of bio-sensing. 

7.5. Jian-Ming Zheng: Following this procedure, other methods like immobilizing cancer biomarkers probe can be performed in order to answer additional questions in fields such as clinical cancer diagnosis.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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