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Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to assess the effects of amyloid-β toxicity on neuronal function and survival. (Intro)  This is accomplished by first constructing transgenic C. elegans worms expressing an amyloid-β peptide with a GFP reporter, in ASE sensory neurons. (P1)  Next, the behavioral consequence of expressing amyloid-β in ASE neurons is assessed by a chemotaxis assay. (P2)  The third step is to obtain primary cultures of ASE neurons (P3) and then, treat cultured neurons with pharmacological agents, such as Q-VD-Oph, to suppress the toxic effect of amyloid-β. (P4)  Ultimately, results can show the effects of amyloid-β toxicity on ASE neurons function and survival through behavioral and pharmacological assays. (P5)
Video editor:

Use the provided graphics, as follows:

P1 – begin with just the worm, then add the text and two lines, then zoom in quickly to where the two lines point in the worm and fade to the image with the black background. 
P2 – Start with just the plate, side view, then slide the worms onto the center spot on the plate from above (not all scattered as in the graphic), then flip the plate to the top view and have the worms scatter from the center to the positions on the provided graphic.

P3 – show the plate, then zoom in on one of the 24 pink cicrles and fade to the blow up.

P4 – begin with the fork-like thing, each prong enters a liquid, which is labeleld with the chemical formula provided.  The prongs individually suck up a little of the liquid, changing their color.   Then the whole fork-thing moves over the plate and drips some liquid into each of the 24 circles, six at a time.  The sizes don’t currently match, fix them so 6 prongs line up over 6 pink circles.

P5 – Just show what is provided, except show the animation animation you made for P2 again in place of the before/after for the behavioral assay.  This way the two assays should fit side-by-side on the screen.
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1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Sesti: This method can help answer key questions about neurodegeneration, such as elucidating specific cellular and molecular mechanisms underlying the neurotoxic effects of amyloid-beta oligomers.

1.2. Sesti: Demonstrating the procedure will be Dr Zhibing Duan a post doc from my laboratory. 

Protocol Chapters (read by a voice talent at JoVE):

2. Transformation of Transgenic Worms
2.1. For the transformation, 2% agarose injection pads are required. Place a drop of hot, agarose dissolved in water, onto a glass coverslip and quickly place a second coverslip on the drop and lightly tap it. 

2.1.1. WID: talent with cooling agarose container, loading pipette/dropper
2.1.2. CU: dropping agarose onto coverslip
2.1.3. ECU: 2nd coverslip covers and talent taps it lightly
2.2. When making the injection mix, be sure to centrifuge it and transfer the top 5 μl, free of debris and other contaminants, to a fresh tube for injection.
2.2.1. MED: talent loading centrifuge with injection mix and balancer, starting
2.2.2. ECU: side view of tube of centrifuged mix - pipette enter to remove top layer 
2.3. Load injection mix and empty plasmid into an injection pipette by capillary action; half a microliter is usually enough to inject 100 worms. 

2.3.1. CU: loading an injection pipette with mix by capillary action

2.3.2. ECU: the solution climbing into pipette

2.4. To widen the opening on the injection pipette, rub its tip against the edge of a cover slip mounted on a glass slide in halocarbon 700 oil.

2.4.1. MED: talent loading the pipette into a the manipulator

2.4.2. ECU: pipette tip lowered to the slide

2.5. The quality of the opening is critical: it is judged by the tip shape and most importantly by the flow rate, assessed by the flow and by the size of the bubbles forming at the pipette tip in response to injection pressure.

2.5.1. SCOPE: talent breaks the pipette tip then checks that the flow is good by forcing bubbles to escape

2.6. Now, place a drop of 700-halocarbon oil on an injection pad and transfer several worms to the pad - a beginner only needs one or two.

2.6.1. MED: placing drop of oil on agar pad

2.6.2. ECU: two worms are set into the oil on the slide

2.7. Use a worm pick to push the worms down onto the pad until they adhere to the agarose. The worms should be oriented in rows with their ventral sides aligned. Avoid touching their heads.

2.7.1. SCOPE:  worms are pushed down to agar and positioned

2.8. If after several attempts the worms fail to adhere to the pad, try a fresh pad or increase the agarose thickness or concentration of the pad
2.8.1. MED: talent removes slide from under scope and disposes of it

2.8.2. Reuse 2.1.1

2.9. Now, insert the pipette into the worm. First, move the stage to position the worm under the pipette. 

2.9.1. SCOPE: the worm is positioned beneath the pipette 

2.10. Second, position the pipette next to the central core of the gonad because its cytoplasm is shared by many germ cell nuclei. This improves the likelihood of the injected DNA being passed to the progeny. 

2.10.1. SCOPE: pipette is positioned at central core of gonad, have that anatomical feature very clearly pointed out

2.11. The pipette should lie almost parallel to the worm (~15°-25° angle). 

2.11.1. ECU: show the angle of the pipette relative to the stage of the microscope, the angle should be seen as between 15-25 degrees, which will only be accurate with a perfect side view of the pipette

2.12. Third, move the tip vertically towards the body until the skin is depressed. 

2.12.1. SCOPE: pressing the pipette into the worm

2.13. Lastly, gently tap the manipulator to induce the tip’s insertion.  

2.13.1. CU: tapping the manipulator

2.14. Now, inject the DNA solution. Apply pressure to the pipette until the gonad swells. 

2.14.1. SCOPE: DNA enters worm with tap, gonads swell

2.15. Then, stop the flow and pull the worm off the pipette. 

2.15.1. SCOPE: pipette removed from gonads

2.16. Test the needle’s flow and then inject the other gonads before moving on to the next worm. 

2.16.1. SCOPE: bubbles form on the pipette, they are cleared, and then the next gonad is injected

2.17. After the injections, add about 10 µL of recovery buffer to the worms wait for them to begin swimming.  Once swimming, add an equal volume of M9 buffer. When the worms resume swimming, continue adding M9 until the solution is mostly M9.  
2.17.1. ECU: adding recovery buffer to the slide

2.17.2. SCOPE: injected worm starts swimming

2.17.3. ECU: more buffer solution added to the slide a couple of times

2.18. Now, transfer each worm to a seeded plate.  (TEXT: See the manuscript for details on tracking the DNA integration and completing the line.)

2.18.1. MED: talent moving worm from slide to plate

3. Age-synchronization 

3.1. Collect gravid adult worms in one ml of M9 buffer in a 50 ml Falcon tube.

3.1.1. WID: talent moving worms from plates to 50-ml tube
3.2. Then, using M9 buffer wash the worms by repeated centrifugation (TEXT: 450 X G, 3 min) and solution replacement, until the M9 is clear after the wash.
3.2.1. MED:  loading the centrifuge with tube and starting the spin (this shot gets reused like 5-6 times, so get a couple of alt takes)
3.2.2. ECU: side view of tube with worm pellet (visible as possible) - replacing buffer in tube
3.3. Next, add 10 volumes of basic hypochlorite solution to lyse the pelleted worms. (TEXT: 0.5 M NaOH, 1% hypochlorite freshly mixed)

3.3.1. ECU: like 3.2.2, but adding 10 ml of solution to clean the worms, then mixing the worms into the solution

3.4. Incubate the worms at room temperature until about four-fifth of them are broken, which typically takes 10 minutes.  Monitor the reaction by taking aliquots to view with a microscope.

3.4.1. MED: talent puts a drop of the solution with worms on a slide

3.4.2. SCOPE: slide of worms, about 4/5 broken

3.5. Stop the reaction by adding an equal volume of sterile egg buffer.  

3.5.1. CU: adding 10 ml of different solution to tube with worms and solution

3.6. Then, collect the eggs and carcasses by centrifugation at 450 G for 5 minutes.

3.6.1. Reuse 3.2.1 – loading the centrifuge…

3.7. Gently remove the supernatant, add back an equal volume of egg buffer and centrifuge the tube again at 450 G for 5 minutes. Repeat the procedure until the buffer is clear.
3.7.1. ECU: side view of tube with worm pellet and plenty of solution, which looks dirty, the solution is removed and replaced with fresh buffer

3.7.2. Reuse 3.2.1 – loading the centrifuge…

3.7.3. ECU: like 3.7.1, however the buffer is clean

3.8. Now, incubate the eggs overnight in M9 buffer and, on the next day, seed them on standard NGM plates.

3.8.1. MED: placing worms in M9 into the incubator

3.8.2. WID: removing worms from incubator, follow, and show plating of the worms 

4. Chemotaxis Assay

4.1. Prepare several cubes of agar roughly half a centimeter on a side.  
4.1.1. WID: talent manipulating agar in small 10-cm dish
4.2. Soak the agar chunks in a solution containing the desired attractant for 2 hours. 

4.2.1. MED: adding agar chunks to a vial labeled 0.2 M BIOTIN
4.3. Deposit an agar chunk in a 10-cm test plate in which the location of a test spot and a control spot have been marked.  Prepare 5 such plates per experiment.
4.3.1. CU: placing chunks on a test plate
LAB MEDIA: Fig 1A.eps – use this and the shot, this is a map and the other is the action utilizing this map, ideally they would be shown in conjunction

4.4. Allow the plates to form a chemical gradient by leaving them overnight at 20 ºC.
4.4.1. MED: setting test plates in 20 C incubator to sit overnight
LAB MEDIA: Fig 1B.eps – use this and the shot, this is shows the invisible effect of the action in the shot, ideally they would be shown in conjunction
4.5. The next day, prior the experiment, add 10 µl of 20 mM sodium azide to each spot on the plates.  This acts as an anesthetic.
4.5.1. WID: talent, looking “next day”, takes plates from overnight location, opens one and adds drops of sodium azide
4.5.2. CU: adding drops to another plate
4.6. Start the experiment by placing 20 age-synchronized worms at the center of the plate and then placing the plate in a 20 ºC incubator for an hour.
4.6.1. CU: transfering pile of worms to the center of the plate
4.6.2. WID: placing plate in 20 C incubator and starting a timer
4.7. After an hour, count the animals on the test/control spots and calculate the CI index.  (TEXT: Consult the manuscript for the index formula)
4.7.1. MED: talent removes the plates from the incubator and starts marking the location of the worms with a pen on the plate
5. Primary embryonic cell culture

5.1. After lysing gravid worms and cleaning the eggs and carcasses, as described earlier, resuspend them in 2 ml sterile egg buffer and add 2 ml of sterile 60% sucrose in egg buffer.  

5.1.1. Reuse shot 3.4.2

5.1.2. Ruse shot 3.7.1

5.1.3. MED: talent adding egg buffer and sucrose to tube 

5.2. Then, mix the tube by hand or by vortex until the eggs are completely re-suspended.

5.2.1. MED: vortexing the worm filled tube

5.3. Centrifuge the re-suspended eggs at 450 X G for 15 minutes.

5.3.1. Reuse shot 3.2.1

5.4. Then, carefully collect the egg-filled supernatant and discard the pellet.

5.4.1. ECU: side view of tube, eggs in supernatant are sucked up

5.5. To remove the residual sucrose, resuspend the eggs in egg buffer and centrifuge them at 450 G for 5 minutes. 

5.5.1. CU: ejecting the eggs into a new tube and disposing of the pellet tube

5.5.2. Reuse shot 3.2.1 again

5.6. Gently collect and discard the supernatant and then, repeat the cleaning process three times. 
5.6.1. MED: removing supernatant from tube and discarding, then adding more solution to the tube

5.6.2. Reuse 3.2.1 briefly

5.6.3. Reuse 5.6.1 briefly

5.7. At the hood, use sterile egg buffer containing 1 U per ml of chitinase to resuspend the pelleted eggs.  Allow the eggs to digest at room temperature for 30 minutes and, then, start to monitor the reaction under an inverted cell culture microscope. 

5.7.1. MED: at the hood, loading pipette with chitinase solution and adding to buffer, then adding mix to the vial of eggs, sets tube aside and starts timer for half an hour

5.7.2. MED: timer is stopped (imagine it is beeping) then talent takes a small aliquot from tube and transfers it to a microscope slide

5.8. When 70 to 80 percent of the eggshells are digested, add 5 ml of complete L-15 culture media, or CM-15. (TEXT: CM-15 = L-15 + 10% FBS + 50 U / ml pen. + 50 µg / ml strep.) 

5.8.1. SCOPE: 70-80% of eggshells are digested, show many eggs and details of digested versus undigested egg shell
5.9. To isolate the cells, pass the solution through a syringe with a 5-micron filter.

5.9.1. MED: CM-15 solution bottle at hood - adding CM-15 solution to the tube and then filtering the tube content with a syringe, isolating the cells in solution in a new tube

5.10. Pellet the dissociated cell suspension by centrifugation at 450 G for 15 minutes. 

5.10.1. Reuse shot 3.2.1 again

5.11. Then, remove the supernatant and resuspend the pelleted cells in CM-15.

5.11.1. MED: talent removes supernatant from tube, then loads pipette with CM-15 (bottle should be clearly labeled) and adds this back to tube, then resuspends cells in solution

5.12. Now, dissociate the cells so they do not clumps by flowing them through a 27 gauge needle a few times. 
5.12.1. MED: talent uses a syringe to dissociate the cells
5.13. To be sure the cells are dissociated, check the suspension under a microscope.
5.13.1. SCOPE: cells after they are dissociated, there are no clumps
5.14. Finally, plate the dissociated cells on glass cover slips previously coated with peanut lectin (TEXT: 0.1 mg peanut lectin / 1 ml water).  The cells can be maintained at room temperature with normal air for more than two weeks. (TEXT: 16-20 °C)

5.14.1. ECU: plating some of the mixture on a peanut lectin coated glass cover slip

5.14.2. MED: talent finishes plating last cover slip and sets it in container where it will be safe
6. The Effects of Human Aβ42 Oligomer on Neuronal Function 
6.1. Using the transformation techniques described, a transgenic worm was constructed to expresses human Aβ42 in the ASE neurons - neurons that detect water-soluble attractants such as biotin.  Using the chemotaxis assay, seven-day-old transgenic worms were tested.  Controls had no trouble finding biotin.

LAB MEDIA: Fig 1C.eps
6.2. By contrast, only a few worms expressing Aβ42 could find the attractant spot.  The chemotaxis index for biotin was 0.68 versus 0.12 for control and experiment worms, respectively.  At 3 to 4 days, there was also a small, but detectable drop in the index.

LAB MEDIA: Fig 1C-D.eps
6.3. A cultured ASER neuron at four days, still expressing GFP.  After nine days of life, however, GFP fluorescence disappeared and apoptosis was suspected.

LAB MEDIA: Fig 2B-C.eps
6.4. To test this theory, primary ASER neurons were prepared, as described, and supplemented with a broad-spectrum caspase inhibitor.  As expected, the treatment stopped the loss of fluorescence, confirming that the expression of human A-beta-42 triggers apoptosis in ASER neurons.  (TEXT: 0.3 μg/ml Q-VD-OPh daily)

LAB MEDIA: Fig 2D.eps
7. Conclusion Interview (spoken by you on camera)

7.1. Duan: After watching this video, you should have a good understanding of how to construct C. elegans transgenic worms, study them in behavioral assays and how to obtain primary cultures from embrios.

List of Provided Media Filenames and Descriptions (fill this in)

Schematic - Procedural narrative for Jove revised-1.pptx
4.2 - Fig 1A.eps - 11.811 MB
4.3 - Fig 1B.eps - 11.818 MB



6.2 - Fig 1C-D.eps - 11.718 MB



6.1 - Fig 1C.eps - 11.868 MB


6.4 - Fig 2D.eps - 682.787 KB



6.3 - Fig2B-C.eps - 44.414 MB
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.
( 2012, Journal of Visualized Experiments


