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Author Questionnaire 

1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar?  N  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  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. Please upload all screen captured video files to your project page as soon as reasonably possible.

3. Interview statements: Considering the Covid-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees self-record interview statements outside of the filming date. JoVE can provide support for this option.

4. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N

Protocol Length
Number of Shots: 53


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Nannan Liu: This protocol using a Xenopus oocyte expression system coupled with a two-electrode voltage clamp to provide a powerful optimized technique for exploring the responses of mosquitoes odorants to human odors [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera	

REQUIRED: 

1.2. Nannan Liu: These optimized procedures provide a new way for researchers to investigate human odor reception in Aedes mosquitoes and the underlying mechanisms governing their host-seeking activity at a molecular level [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator on Camera

1.1. Nannan Liu: Demonstrating the procedure will be Xin Wang, Yifan Wang, and Shanshan Jiang from my laboratory [1][2].

1.1.1. INTERVIEW: Author saying the above
1.1.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera




Protocol
2. Xenopus Oocyte Collection

2.1. After confirming a lack of response to pedal reflex [1-TXT], use clean cotton balls to wipe and remove 10% povidone-iodine solution across the frog ventral area two times [2] and use a disposable scalpel to make a 10-15-millimter incision in the abdominal skin lateral to the midline [3].

2.1.1. WIDE: Talent pinching toe Videographer: More Talent than frog in shot TEXT: Anesthesia: 20-30 min ethyl 3 amino-benzoate methanesulfonate salt 1 g/1 L ultra-purified water
2.1.2. Skin being wiped, with povidone-iodine solution container visible in frame
2.1.3. Skin incision being made

2.2. Make a second incision in the fascia-muscle layer [1] and use forceps to extract an ovarian lobe from the abdomen [2].

2.2.1. Fascia-muscle incision being made
2.2.2. Ovary being extracted

2.3. Use scissors to excise the ovary at the body wall level [1] and continue to extract and remove the ovaries until approximately 200 eggs have been harvested [2], placing the materials into washing buffer as they are collected [3-TXT].

2.3.1. Ovary being excised
2.3.2. Ovary being extracted/excised
2.3.3. Talent placing tissue into buffer TEXT: See text for all buffer and solution preparation details
2.4. When all of the eggs have been obtained, use absorbable sutures to close both layers of incisions [1] and place the frog in 1 liter of recovery solution until fully recovered before returning the animal to the frog facility [2].

2.4.1. Suture being placed
2.4.2. Talent transferring frog from solution to frog facility TEXT: Repeat extraction every 2 mo for ≤4 extractions

3. Enzymatic Defolliculated Digestion and Oocyte Culture

3.1. After collection, separate the oocytes into small pieces [1] and transfer all of the oocytes into a digestion solution for a 40-60-minute incubation at ambient temperature [2].

3.1.1. WIDE: Talent separating oocytes
3.1.2. Talent transferring oocytes to solution, with solution container visible in frame

3.2. At the end of the incubation, examine the samples under a microscope to determine whether 80% of the oocytes have been fully defolliculated [1-TXT].

3.2.1. Talent at microscope, examining oocytes TEXT: If <80% defolliculation, incubation in 10 min intervals until most oocytes ready

3.3. Rinse the defolliculated oocytes in sequence 5 times in 10 milliliters of 1x Ringer’s solution [1], washing buffer [2], and modified Barth’s saline to remove the immature and poor-quality oocytes [3].

3.3.1. Talent adding oocytes to Ringer’s solution, with stock Ringer’s solution container visible in frame
3.3.2. Talent adding oocytes to buffer, with washing buffer container visible in frame
3.3.3. Talent adding oocytes to saline, with saline container visible in frame

3.4. After the last wash, transfer all of the healthy, good quality stage five and stage six oocytes with a clear white-dark division and no visually obvious damage [1] into a 90-millimeter Petri dish containing modified Barth’s saline [2].

3.4.1. LAB MEDIA: Figure 1D
3.4.2. Talent adding oocytes to dish, with saline container visible in frame

3.5. Discard the bad quality oocytes [1].

3.5.1. LAB MEDIA: Figure 1E

3.6. Then place the digested oocytes into an insect growth chamber for about 24 hours at 18 degrees Celsius before microinjection [1].

3.6.1. Talent placing oocytes into chamber 

4. Complementary RNA (cRNA) Microinjection and Odorant Receptor (OR) and OR Co-Receptor Expression

4.1. For cRNA microinjection, first submerge a metal matrix in Barth’s saline in a 100- x 15-millimeter Petri dish [1] and place the oocytes onto the matrix [2-TXT].

4.1.1. WIDE: Talent submerging matrix, with saline container visible in frame
4.1.2. Talent adding oocytes to matrix TEXT: Discard oocytes that do not meet size requirement

4.2. Arrange the oocytes within the spaces of the matrix with the vegetal poles facing to the right [1] and use a micropipe puller to pull a fresh capillary for each sample [2-TXT].

4.2.1. Oocytes being arranged
4.2.2. Talent pulling pipette TEXT: 1-mm OD x 0.5-mm ID 100 mm length 

4.3. Use a micropipette beveler to sharpen the capillaries to a 25-degree angle [1] and mount the capillary tube onto the nanoliter injector [2].

4.3.1. Talent sharpening capillary
4.3.2. Talent mounting capillary onto injector

4.4. After thawing on ice, press the Fill button on the injector to fill the capillary tube with the premixed odorant receptor and odorant co-receptor cRNA [1] and press Empty to discharge a small volume of mixture to ensure that the capillary tube is not blocked [2].

4.4.1. Talent filling tube, with cRNA mixture tube and/or ice visible inf rame
4.4.2. Empty being pressed/cRNA being discharged
	
4.5. After 5 seconds, inject approximately 23 nanoliters of premixed cRNA into the first oocyte [1].

4.5.1. Oocyte being injected

4.6. When all of the oocytes have been injected, store the oocytes in a sterile 24-well cell culture plate containing modified Barth’s saline for 3-7 days at 18 degrees Celsius [1].

4.6.1. Talent placing oocytes/matrix into plate, with saline container visible in frame 
5. Whole-Cell Current Recording Setup

5.1. To set up a two-electrode voltage-clamp system for recording whole-cell currents, fill pulled glass capillaries with 3-molar potassium chloride [1-TXT] and switch on the Oocyte Clamp and Digidata Digitizer [2].

5.1.1. WIDE: Talent loading capillary TEXT: 1.2-mm OD x 0.94-mm ID 750-mm length
5.1.2. Talent turning on machine

5.2. Open the software [1] and click Record [2] and turn on the switch for the ND96 (N-D-ninety-six) buffer flow [3] and the pump for the waste buffer [4].

5.2.1. Talent opening software, with monitor visible in frame
5.2.2. SCREEN: To be provided by Authors: Record being clicked
5.2.3. Talent turning on switch
5.2.4. Talent turning on pump

5.3. To conduct a pre-test, insert microelectrodes into the flowing buffer [1] and press the Membrane Voltage and Membrane Potential Electrode Test buttons to check the resistance of the microelectrodes [2]. Vm should be less than 40 millivolts and Ve should be greater than 40 microamps [3].

5.3.1. Talent inserting electrode(s) into buffer
5.3.2. Talent pressing button(s)
5.3.3. SCREEN: To be provided by Authors: Shot of Vm and Ve values Video Editor: please emphasize Vm and Ve output when mentioned as necessary/appropriate

5.4. If the values are appropriate, switch off the ND96 buffer flow and waste pump [1] and place each oocyte into a perfusion chamber filled with ND96 buffer [2].

5.4.1. Talent switching off flow and/or pump
5.4.2. Talent placing oocyte(s) into chamber

5.5. Use a glass capillary to carefully position the oocytes with the vegetal poles facing up [1] and slowly insert the electrodes into the first oocyte [2].

5.5.1. Oocyte being positioned
5.5.2. Electrode being inserted

5.6. Adjust the Vm and Ve parameters to 0 [1], change the Clamp from OFF to FAST [2], and adjust the Gain to approximately minus 80 millivolts [3].

5.6.1. Talent adjusting Vm and Ve to 0 
5.6.2. Talent changing Clamp from OFF to FAST
5.6.3. Talent adjusting Gain

5.7. Then check the value of Ve, which should be constant [1-TXT].

5.7.1. SCREEN: To be provided by Authors: Shot of Ve value TEXT: If not constant, replace faulty components with new capillaries

6. Data Acquisition and Analysis

6.1. For whole-cell current recording, first resume the flow of the ND96 buffer and turn on the waste pump [1].

6.1.1. WIDE: Talent turning on flow and/or pump

6.2. Next, switch off the ND96 buffer [1] and flow the odorant solution of interest [2] while recording the peak value [3].

6.2.1. Talent switching off buffer
6.2.2. Talent flowing odorant solution, with odorant solution container visible in frame
6.2.3. SCREEN: To be provided by Authors: Peak value being recorded

6.3. To obtain the response of the odorant receptor gene to the test odorant, subtract the baseline value from the peak value [1].

6.3.1. SCREEN: To be provided by Authors: Baseline value being subtracted from baseline value

6.4. After 10 seconds, switch to the ND96 buffer [1] until the current trace recovers from the previous stimulation [2-TXT].

6.4.1. Use 6.1.1. Talent switching on ND96 buffer
6.4.2. SCREEN: To be provided by Authors: Trace recovering from stimulation TEXT: Repeat for each oocyte
 





Protocol Script Questions
A. Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
3.4.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1 or 2 individual steps from the script above.
Step 4 is the most difficult aspect of the procedure for injection of cRNA. We need to make sure that the tips of capillary tubes are suitable for injection (with the experience and practice) to ensure the success of injection. After injection, we need to wait for a few seconds before remove the capillary tube out of the oocyte to let the cRNAs enter the oocyte completely.


Results
7. [bookmark: _Hlk27388131]Results: Representative Xenopus Oocyte Responses to Human Odorants

7.1. [bookmark: _Hlk44081122]To perform their function [1], each odorant receptor [2] needs to be co-expressed with an odorant co-receptor to form heteromeric ligand-gated ion channels [3].

7.1.1. LAB MEDIA: Figure 4 cell membrane graphic
7.1.2. LAB MEDIA: Figure 4 cell membrane graphic Video Editor: please emphasize OR55 text and/or black channels in graphic
7.1.3. LAB MEDIA: Figure 4 cell membrane graphic Video Editor: please emphasize ORCO text and/or red channels in graphic

7.2. Once bound by specific ligands [1], the heteromeric ion channels expressed on the cell membranes become activated and open [2], allowing an influx of cations such as calcium into the cell [3].

7.2.1. LAB MEIDA: Figure 4 cell schematic Video Editor: please emphasize Ligand text and black bands in cell membrane
7.2.2. LAB MEDIA: Figure 4 cell schematic Video Editor: please emphasize space between black band(s) and red band(s)
7.2.3. LAB MEDIA: Figure 4 cell schematic Video Editor: please emphasize blue cations and Cations text

7.3. This produces an inward or occasionally outward current [1] that can be detected by recording electrodes inserted into the cell [2].

7.3.1. LAB MEDIA: Figure 4 cell schematic Video Editor: please emphasize dark red arrows and -80 mV text and corresponding current schematic
7.3.2. LAB MEDIA: Figure 4 cell schematic and voltage schematic Video Editor: please emphasize two-electrode voltage-clamp schematic

7.4. In this representative analysis [1], oocytes injected with Aedes aegypti odorant receptor 55 only [2] or Aa-odorant co-receptor only demonstrated no response to either of the two plant-derived chemical compounds [3] or to the human odorant benzaldehyde was observed [4].	Comment by Bridget Colvin: Authors: It is fine to make minor revisions to your Figure. Please upload the updated file to your project page at your earliest convenience and let me know when you have done so.

7.4.1. LAB MEDIA: Figure 5
7.4.2. LAB MEDIA: Figure 5 Video Editor: please emphasize AaegOR55 data line under alpha-Terpinene and Citronellal
7.4.3. LAB MEDIA: Figure 5 Video Editor: please emphasize AaegOrco data line under alpha-Terpinene and Citronellal
7.4.4. LAB MEDIA: Figure 5 Video Editor: please emphasize AaegOR55 and AaegOrco data lines under Benzaldehyde

7.5. Oocytes injected with both AaegOR55 and AaegOrco, however, displayed a dose-dependent response to the human odorant [1], suggesting that AaegOR55 is at least one of the molecular targets for benzaldehyde in Ae. aegypti [2].

7.5.1. LAB MEDIA: Figure 5 Video Editor: please emphasize AaegOR55-AaegOrco data line under Benzaldehyde
7.5.2. LAB MEDIA: Figure 5

7.6. In addition, AaegOR55-AaegOrco-expressing oocytes that were bathed in higher concentrations of benzaldehyde elicited stronger responses [1], indicating that more heteromeric ion channels were activated in these oocytes [2].

7.6.1. LAB MEDIA: Figure 5 Video Editor: please emphasize 0.5 x 10-4 and 10-4 AaegOR55 and AaegOrco peaks under Benzaldehyde
7.6.2. LAB MEDIA: Figure 5






Conclusion
8. Conclusion Interview Statements
8.1. Xin Wang: The selection of good quality oocytes after enzymatic digestion is very important for facilitating receptor expression and subsequent receptor performance [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.2. Yifan Wang: Alternatively, the HEK293 cell expression and Drosophila empty neuron systems can also be used to examine odorant receptor function [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
8.3. Shanshan Jiang: This approach uses a well-known tool to investigate the function and regulation of proteins, such as ion channel or transporter proteins, that are expressed in Xenopus oocytes [1].
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
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