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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_Yes__  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: Leica Z6 APO Microscope

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___No_____ 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? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. Step 2.2, 2.3, 3.7, 3.8, __
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps to be filmed by their protocol numbers. (Please do not list an entire section.) _________ step 3.7, 3.8_____________
E.  Will the filming need to take place in multiple locations? (Y/N) __No_____ If yes, how far apart are the locations?

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

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

The overall goal of the single sensillum recording is to investigate neuronal responses of the antennal olfactory sensillum to various odorants. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Nannan Liu:  This method can help answer key questions in the chemical ecology field, such as if bed bugs can detect certain odorants in the environment.

1.2. Nannan Liu:  The main advantage of this technique is that it presents a straightforward evidence for determining if the bed bugs are physiologically sensitive to odorants.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Feng Liu:  The implications of this technique extend toward the development of promising attractants or repellents in bed bug control, because this technique can be used to screen large amount of semiochemicals that are biologically important for the bed bugs.  

Protocol (read by voice talent at JoVE):

2. Bed bug antennae preparation

2.1. Begin this procedure by anaesthetizing bed bugs on ice for 2-3 min [2.1.1-MED-over the shoulder].  Then, fix the insect’s antennae and body on a microscope coverslip with double-sided tape [2.1.2-CU] and remove the legs with fine scissors [2.1.3-CU]. 

2.1.1. Talent places the bed bugs on ice
2.1.2. *Film as written
2.1.3. *Film as written
2.2. Use a small pin to gently adjust the antennae on the tape [2.2.1-CU].  Next, rest the coverslip against a small ball of dental wax to facilitate manipulation and adjust it to a 90o angle for placing the recording electrode [2.2.2-CU]. 

2.2.1. *Film as written
2.2.2. CU the coverslip as it is rested against the dental wax and  adjusted to a 90o angle
2.3. Once secured, place the bed bug under a stereo microscope [2.3.1-MED].  Turn on the light source and adjust the intensity of illumination [2.3.2-MED] until the antenna is clearly presented [2.3.3-SCOPE].  Then, focus the microscope on the second flagellum of the bed bug’s antenna at high magnification [2.3.4-SCOPE-TXT]. 

2.3.1. *Film as written
2.3.2. Talent adjusts illumination intensity
2.3.3. SCOPE movie to show the antenna
2.3.4. SCOPE movie to show the focusing of the second flagellum of the bed bug’s antenna at high magnification, Text: Magnification: 720X
3. Single sensillum recording 

3.1. In this step, connect the preamplifier with the signal acquisition controller, which is connected with the computer for signal recording and visualization [3.1.1-MED-over the shoulder].  Next, open the software and click “Record” from the menu bar [3.1.2-MED-over the shoulder].  Then, choose “wave” to start recording the wave signals [3.1.3-SCREEN].  Turn on the speaker connected to the preamplifier to present the tone of the neuronal responses from the antennal sensillum [3.1.4-CU]. 

3.1.1. Talent connects the preamplifier with the signal acquisition controller
3.1.2. Make sure to get enough footage to cover through the next shot as well if the authors cannot provide screen capture. 
3.1.3. To be submitted by Author: SCREEN movie to show that “wave” is chosen to start recording the wave signals or CU the screen to show that “wave” is chosen to start recording the wave signals
3.1.4. CU the speaker as it is turned on

3.2. Now, insert the reference electrode into the abdomen of the stabilized bed bug [3.2.1-CU/SCOPE].  After the reference electrode has been connected to the bed bug’s abdomen, move the recording electrode towards the posterior end of the bed bug’s antenna [3.2.2- CU/SCOPE]. 

3.2.1. CU or SCOPE movie to show the insertion of the reference electrode into the abdomen of the bed bug
3.2.2. CU or SCOPE movie to show the recording electrode being moved towards the posterior end of the bed bug’s antenna.
3.3. When the recording electrode is in contact with the tip of the right antenna, locate the electrode at low magnification [3.3.1-SCOPE].  Then, adjust the recording electrode while gradually increasing the magnification [3.3.2-SCOPE] until both the electrode and the antennal sensillum are in the same plane and clearly visible under the microscope [3.3.3-SCOPE].

3.3.1. SCOPE movie to show that electrode is being located at low magnification when the recording electrode is in contact with the tip of the right antenna
3.3.2. SCOPE movie to show the adjustment of recording electrode while the magnification is being increased
3.3.3. SCOPE movie to show that both the electrode and the antennal sensillum are in the same plane and clearly visible
3.4. After that, insert the recording electrode into the shaft of the sensillum using the micromanipulator [3.4.1-SCOPE].  Lower it deeper if the background noise is too high [3.4.2- MED-over the shoulder].  
3.4.1. SCOPE movie to show the insertion of recording electrode into the shaft of the sensillum

3.4.2. An over the shoulder shot of the monitor (showing  the decrease of background noise) as talent lowers the recording electrode
3.5. Once clear action potentials are observed from the recorded sensillum [3.5.1-MED-over the shoulder/ SCREEN], fill a micropipette with botanical stimulus [3.5.2-MED-over the shoulder-TXT].  Use the micropipette to deposit a 10 µL aliquot of the stimulus onto a filter paper strip inside a glass Pasteur pipette [3.5.3-CU]. 

3.5.1.  An over the shoulder shot of the monitor (showing  clear action potentials) or screen movie (To be submitted by Author)
3.5.2. *Film as written, Text: Botanical stimulus: 10% (+)-β-pinene
3.5.3. *Film as written 
3.6. Nannan Liu: Inserting the recording electrode to the sensillum is critical for the success of the experiment.  Background noise can be partially eliminated by inserting the electrode a little deeper [3.6.1-MED].
3.6.1. Interview style

3.7. Next, connect the loaded pipette to the outlet of the stimulus flow tube [3.7.1-MED-over the shoulder] and place the pipette tip into the small hole in the tube oriented towards the antenna [3.7.2-CU].  

3.7.1. *Film as written
3.7.2. *Film as written
3.8. When all the connections are stabilized, depress the footswitch of the stimulus controller [3.8.1-CU] to deliver a stimulus into the continuous humidified air stream and start recording [3.8.2-MED-over the shoulder-TXT].  The recording process will last for 10 s starting 1 s before the stimulation [3.8.3-SCREEN/CU].  Count the action potentials off-line for two 500 ms periods, one before and one after the stimulation [3.8.4-SCREEN/CU].
3.8.1. CU the footswitch as it is depressed 
3.8.2. Over the shoulder shot captures talent presses button to start recording and the monitor’s activity, Text: Stimulus: 0.5 s puff 
3.8.3. To be submitted by Author:  A screen movie to show the stimulation and recording process or CU the screen to show the stimulation and recording process
3.8.4. To be submitted by Author:  A screen movie to show the action potentials off-line for two 500 ms periods or CU the screen to show the action potentials off-line for two 500 ms periods
4. Stimulus replacement in single sensillum recording

4.1. To present another stimulus, label a new pipette with 0.001% eucalyptol to be tested [4.1.1-MED-over the shoulder].  Apply 10 μL of the stimulus [4.1.2-MED-over the shoulder] before placing a small piece of filter paper onto it [4.1.3-CU].  
4.1.1. *Film as written
4.1.2. *Film as written
4.1.3. CU the pipette as a small piece of filter paper is placed onto it
4.2. Then, wait for 2-5 min until the stimulus is completely vaporized in the glass pipette [4.2.1-CU].  Attach the pipette onto the outlet of the stimulus flow tube [4.2.2-MED-over the shoulder].

4.2.1. CU the glass pipette as the stimulus is vaporized
4.2.2. *Film as written
4.3. Subsequently, insert the pipette tip into the small hole of the tube oriented towards the antenna [4.3.1-MED-over the shoulder].  Depress the footswitch and start the 10 s recording [4.3.2-MED-over the shoulder].  After that, disconnect the pipette and prepare another pipette with 0.01% eucalyptol [4.3.3-MED-over the shoulder].

4.3.1. *Film as written
4.3.2. Talent starts recording by clicking the monitor
4.3.3. Talent disconnects the pipette
4.4. Test all the rest of the doses of eucalyptol on the antennal sensilla to observe the dose-dependent responses [4.4.1-LM]. 

4.4.1. LAB-MEDIA: 2015-06-18 Figure 5.pptx 
5. Results:  Representative neural responses to stimuli that bed bugs are sensitive to
5.1. In this figure, the signal trace shows the typical neural response of an olfactory sensillum to the solvent, which is used as the control in the single sensillum recording [5.1.1-LM].  Signal recording started one second before the 0.5 second of puff stimulus [5.1.2-LM].  The signal was recorded continuously for ten seconds after initiating the stimulus puff [5.1.3-LM]. 

5.1.1. 2015-06-18 Figure 4.pptx: Show image A, then add the white arrow and text “No stimulus”
5.1.2. 2015-06-18 Figure 4.pptx: In image A, add red arrow and text “500 ms solvent”
5.1.3. 2015-06-18 Figure 4.pptx: In image A, add black arrow and text “Neuron firing”

5.2. This signal trace shows the extremely strong neural response of an olfactory sensillum to a botanical stimulus, 10% (+)-β-pinene [5.2.1-LM-TXT]. After the puff of stimulus is delivered to the olfactory sensillum [5.2.2-LM], the olfactory sensory neurons inside this sensillum fire with high frequency and show a long-lasting temporal dynamic [5.2.3-LM]. 

5.2.1. 2015-06-18 Figure 4.pptx: Show image B, then add the white arrow and text “No stimulus”, Text:  Stimulus: 10% (+)-β-pinene
5.2.2. 2015-06-18 Figure 4.pptx: In image B, add red arrow and text “500 ms stimulus”

5.2.3. 2015-06-18 Figure 4.pptx: In image B, add black arrow and text “Neuron firing”

6. Conclusion (said by authors on camera)

6.1. Feng Liu:  While attempting this procedure, it’s important to remember to remove the bed bug legs and stabilize the antennae at an appropriate angle.

6.2. Feng Liu:  Following this procedure, other methods like behavior bio-assay can be performed in order to answer additional questions like “what are the behavioral reactions of bed bugs to certain chemicals with strong neural responses?”.

6.3. Nannan Liu: After watching this video, you should have a good understanding of how to recording the olfactory neural responses of bed bugs to specific chemical stimulus.
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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