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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___No
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. 
1.1.2

1.3.4

1.3.5

1.3.6

2.1.2

2.3.10
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.)
Most difficult is probably section 1.3.6.
E.  Will the filming need to take place in multiple locations? (Y/N) __NO
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this demonstration is to describe how to mark insects with protein for dispersal or migration research.  Included in this demonstration are methods on how to detect the marks by a direct or an indirect enzyme-linked immunosorbent assay.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. James Hagler: This method can help answer key questions in the field of insect dispersal research. It can be used to study insect migration patterns, insect host plant preferences, and spread of invasive species. 
1.2. Scott Machtley: The advantages of this technique are that the detection method is simple and inexpensive, suitable for high throughput, and the animals can be easily marked directly in their natural habitat.    
1.3. Scott: Generally, individuals new to this method will struggle because it seems more difficult than it is because most field researchers do not have experience with this simple technique.
1.4. James: I first had the idea for this method in 1989. We were rearing big-eyed bug predators on an artificial diet. [2/3]

1.4.1. two-thirds style interview shot
1.5. James: We were concerned that these bugs would not be effective predators on a Lygus bug pest after being reared in captivity for a long time on unnatural diet, in other words, they would be domesticated. [ECU]

1.5.1. Big eyed bugs in culture, B-ROLL lots of this
1.6. James: We needed a safe, effective, and inexpensive method to distinguish them, after their release into the field, from their native counterparts. None of the current marking methods fit these criterion. [2/3]

1.6.1. two-thirds style interview shot

1.7. A previous experience I had using the ELISA procedure to conduct predator gut content analyses for Lygus-specific protein remains, [1.7.1-WID] gave me the idea of applying a foreign protein mark on the lab-reared predator.  [1.7.2-MED] In turn, we could analyze the field-collected big-eyed bugs for Lygus remains and for foreign protein remains.  [1.7.3- 2/3]

1.7.1. James in lab, not Scott - performing ELISA-related activities

1.7.2. James in lab, not Scott - applying the protein marks to tag insects

1.7.3. two-thirds style interview shot
Videographer and video editor, we're trying something different here.  By the author's request he would like to provide a longer backstory.  So, we need to film all of 1.1 – 1.7 as interview segments, as we usually would, collecting good narration.  Then, edit this as I've indicated so we are not stuck viewing James for such a long stretch of video.
Protocol (read by voice talent at JoVE):
2. Internal Marking Procedure 
2.1. To begin, collect about 100 insects of interest from a laboratory colony [2.1.1-WID] or from the field and divide them into two clean rearing containers. [2.1.2-CU]

2.1.1. [combined with 2.1.2] anesthetizing insects (perhaps) and preparing empty rearing chambers

2.1.2. loading insects into one of two chambers

2.2. Load one container with a regular 20 mL diet packet, to serve as negative control. [CU]

2.2.1. film as written

2.3. For the other, lace a diet packet with a milligram of chicken IgG/IgY.  [2.3.1-MED] Add one mL of solution and mix thoroughly. [2.3.2-MED] 

2.3.1. [combined with 2.3.2] taking 1 mL aliquot of IgG/IgY into pipette

2.3.2. adding aliquot to 20 mL insect food and mixing

2.4. If needed, use whatever the insects are normally fed in place of the packet. [MED]

2.4.1. loading diet packet prepared in 2.3 into 2nd insect container

2.5. After 24 hours of being reared on these diet packets, [2.5.1-WID] supply both groups of insects with normal unmarked food. [2.5.2-CU]

2.5.1. arriving to bench with the two insect containers, after diet packs have been consumed for 24 hours

2.5.2. [combined with 2.5.1] replacing diet packet that has been consumed for 24-hours with normal food, or moving insects to new container with normal food
3. Checking Internal Mark Retention
3.1. At the desired time intervals, collect 20 individual insects from each cohort. [MED]

3.1.1. collecting insects from containers set up in 2.5

3.2. Freeze them at -20 ºC until all the required cohorts are collected for the experiment. [WIDFOL]

3.2.1. capping up insect collection and transferring it to freezer

3.3. To prepare a 96 well plate for the ELISA (pronounce “e LIES zah”), [3.3.1-WID] to each well add 50 µL of rabbit anti-chicken IgY primary antibody diluted 1:500 in Tris buffered saline or TBS. [3.3.2-MED]

3.3.1. unpacking plate in hood, reagents ready to use

3.3.2. loading plate with primary antibody

3.4. Let the loaded plate incubate for at least an hour at room temperature or overnight at 4 ºC. [WID]

3.4.1. covering plate and setting it up to incubate on an orbital shaker in hood (sets timer) or in fridge
3.5. Later, empty the wells [3.5.1-MED] and add 300 µL of block solution to each well.  This is a one-percent, non-fat dry milk solution.  [3.5.2-MED]

3.5.1. emptying plate wells

3.5.2. loading plate with block solution

3.6. Let the plate incubate for 30 minutes at room temperature.  [MED]

3.6.1. covering plate and starting a timer to count down 30 minutes
3.7. During the block incubation, transfer individual frozen insects [3.7.1-WID] to microfuge tubes loaded with 1 mL of TBS.  [3.7.2-CU]

3.7.1. loading tubes with TBS, frozen insects also on bench

3.7.2. [combined with 3.7.1] adding frozen insects to TBS-loaded tubes

3.8. Then, thoroughly homogenize each insect with a clean pestle. [ECU]

3.8.1. show technique as written on one tube

3.9. When the plate is ready, load each well with 100 µL of one homogenized insect sample. [3.9.1-MED]  Each 96 well plate accommodates 80 specimens.  [3.9.2-CU]

3.9.1. taking aliquot of insect and adding to well of plate, repeating

3.9.2. [combined with 3.9.1] loading wells of plate

3.10. Leave the first and last column of the plate empty for controls. [CU]

3.10.1. loading the last wells in the central part of the plate making it clear that the outer rows are empty

3.11. In the first column load seven 100 µL aliquots of TBS alone [3.11.1-MED] and load one well with 100 µL of TBS with egg white positive control.  [3.11.2-MED]

3.11.1. adding TBS to 7/8 of first column wells

3.11.2. adding egg white sample to one well in first column

3.12. In the last column load 100 µL of eight individual unmarked insect preparations. Allow the samples to incubate at room temperature [3.12.1- LM] for at least an hour. [3.12.2-MED]

3.12.1. Fig 1 – diagram on 96-well plate loading 

3.12.2. covering the fully loaded plate and starting a timer

3.13. After the incubation, carefully wash the wells 3 times with phosphate buffered saline-tween or PBS-tween. [MED/TEXT]

3.13.1. show one PBS-tween wash, TEXT: Wash 3X with PBS-Tween
3.14. Scott Machtley: Through our experience we have learned that most errors occur during the wash steps.  Splashing can lead to a high occurrence of false positive reactions, so be careful. [WID]

3.14.1. interview with Scott in front of washing station hood where plate is prepared
3.15. After the washes, add 50 µL of rabbit anti-chicken IgG/IgY [3.14.1-CU] conjugated to horseradish peroxidase and diluted one to ten thousand in one percent milk solution. [3.14.2-MED]

3.15.1. taking aliquot of rabbit anti-chicken IgG/IgY, show label

3.15.2. loading aliquots of rabbit anti-chicken IgG/IgY to the plate wells

3.16. Allow this solution to incubate in the wells for at least one hour, at room temperature. [MED]

3.16.1. finishes loading wells, covers plate, starts timer
3.17. Later, wash out the plate three times with PBS-tween, as before. [5.5.1] Then, load the wells with 50 µL of TMB substrate [3.17.1-CU].  You may start to see a color change right away [3.17.1b-CU]. Let the plate incubate for 10 minutes before reading it with a microplate spectrophotometer. [3.17.2-MED]

3.17.1. loading wells with taking aliquot(s) of tetramethylbenzidine substrate

3.17.1b  close up of the final plate showing positive reaction for the marked insects.
3.17.2. loading wells with tetramethylbenzidine substrate, then setting plate in orbital shaker them up to incubate for 10 min

3.18. Read the plate at 650 nm and record the values. [WID]

3.18.1. loading plate into plate-reader
4. External Marking
4.1. To externally mark insects, prepare one liter plastic bottles with access holes [4.1.1-WID/TEXT] and divide 100 insects into two bottles.  [4.1.2-MED]

4.1.1. setting up 1 L containers, punching holes, TEXT: 2.5-cm diameter holes

4.1.2. [combined with 4.1.1]  transferring insects into 1 L bottles

4.2. Next, attach a medical nebulizer to an air outlet and adjust the airflow so the nebulizer produces vapor. [MED]

4.2.1. film as written, show vapor being produced, talent can bring it into focus for camera

4.3. Then, spray the insects in one container with one mL of distilled water, which serves as negative control.  [MED]

4.3.1. attaching water to adding water to nebulizer and spraying it into one bottle [slated as take 2]
4.4. Spray the other insects with one mL of five percent chicken egg white solution. [4.4.1-MED] The spraying process should take between two and five minutes to complete. [4.4.2-CU]

4.4.1. attaching egg-white solution to nebulizer and spraying it into one bottle [mis-slated as 4.3]
4.4.2. detail of vapor being sprayed into bottle

4.5. Then, cork the holes and let the solution dry completely at room temperature. [MED]

4.5.1. corking holes of one container and testing tightness of cork in other

4.6. Once dried, transfer the insects back to their normal rearing containers [4.6.1-MED] with their standard diet and maintain them as usual.   [4.6.2-CU]

4.6.1. transferring one bottle of bugs to normal food

4.6.2. [combined with 4.6.1] transferring 2nd bottle of bugs to normal food, detail of normal food container filling up

4.7. Later, collect the insects at predetermined time intervals for testing. [MED]

4.7.1. collecting insects from container and transferring them into individual tubes of TBS solution, like Use 3.7.2
5. Checking External Mark Retention
5.1. To check the external mark retention [3.3.1], use a procedure identical [3.5.2] to the ELISA assay [3.7.2] for testing the internal mark retention [3.11.1] with minor modifications. [3.13.1]

5.2. After the insects are transferred to microfuge tubes with TBS, [4.7.1] let them soak on an orbital shaker at 120 rpm, for an hour, instead of homogenizing them. [5.1.1-MED]

5.2.1. transferring loaded insect tubes to orbital shaker and starting shaker

5.3. After soaking the insects, pipette 100 µL of the solution into the plate wells and let the plate incubate for at least an hour. [MED]

5.3.1. loading plate wells with aliquots of soaked insect samples, not homogenates use footage from 3.7.1 take 1
5.4. After washing out the insect samples, [3.13.1/TEXT] add 300 µL of PBS with 1% BSA to each well. [MED]

5.4.1. taking aliquot(s) of PBS+BSA and adding to well(s) of plate, be sure PBS+BSA is clearly labeled and label is legible

5.5. After 30 minutes at room temperature, wash the wells twice with PBS-tween. [MED/TEXT]

5.5.1. washing plate with PBS-Tween, like 3.13.1, TEXT: Wash 2X with PBS-tween

5.6. Then, to each well, add 50 µL of rabbit [5.6.1-CU] anti-egg albumin primary antibody diluted 1:8000 in PBS-BSA-Silwet.  [5.6.1-MED]

5.6.1. detail of primary antibody label, as aliquot is taken

5.6.2. [combined with 5.6.1] adding primary antibody to plate, as written

5.7. Incubate the plate for at least an hour [3.16.1] and wash out the wells, as before. [5.5.1]

5.8. Then, to each well, add 50 µL of goat anti-rabbit IgG [5.8.1-CU] conjugated to horseradish peroxidase and diluted 1:2000 in PBS-BSA-Silwet. Let the plate incubate for at least an hour [5.8.2-MED], at room temperature, and then [3.17.1] proceed with the protocol [3.17.2] as previously described   [3.18.1]

5.8.1. detail of secondary antibody label, as aliquot is taken

5.8.2. adding secondary antibody to plate, covering plate and starting timer Reuse 3.17.2
6. Results: ELISA Retention Test Values
6.1. Retention of the internal mark was tested at four time points.  Overall, the insects treated without protein yielded consistently low ELISA values, whereas all of the insects fed the protein enriched diet yielded consistently strong ELISA values.

6.1.1. Figure 2a

6.2. External marks were tested at four time points as well.  The insects that were topically marked with egg whites yielded consistently strong values.  Predictably, the water-spritzed negative controls registered very low ELISA values.

6.2.1. Fig 2b
7. Conclusion Interviews
7.1. Scott: After watching this video, you should have a good understanding of how to mark insects and analyze them for the presence of the mark. 
7.2. Scott: Once mastered, this technique can be done in four hours and thirty minutes if it is performed properly. Over the course of a day, sixteen assay plates with well over 1000 specimens, can be processed.
7.3. Scott: While attempting this procedure, it’s important to remember that the assay is extremely sensitive.  As such, it is imperative that all surfaces, containers, and equipment are clear of protein contamination.  
7.4. James: After its development, this technique paved the way for researchers in the field of entomology to explore local and area-wide dispersal patterns of insects in agricultural, urban, forest and other natural habitats. 
7.5. James: We demonstrated a small scale example here.  However, this technique has been used [7.5.1-MED] on a much larger scale to tag insects directly in their natural habitat [7.5.2-LM] using commercial spray equipment. We have been amazed on the creative applications of our collaborators. [7.5.3-LM]

7.5.1. 2/3 shot of James, collect all the audio

7.5.2. To be provided by authors - footage of collaborators using techniques in the field

I envision that during the closing statement that we go to stock video (two videos) footage of our colleagues spraying the marks directly in the field using conventional spray equipment (an airplane and a tractor).
7.5.3. To be provided by authors - footage of collaborators using techniques in the field
Authors, provide as much good video footage as you can for this shot and we'll put it together.
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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