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Authors, general notes to you are provided in these grey boxes.  Notes specific to your protocol will appear as highlighted text.  Please begin by filling out this brief questionnaire below.   Type your answers below each question.
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  
Y. Steps 2.7, 2.8, 4.2, 4.3, 5.7. 
B. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) 
2.4-2.8, 4.2, 4.3, 5.6, 5.7.

C. What is the single most difficult aspect of this procedure and what do you do to ensure success?  
1. Hippocampal dissection needs practice. 2. Keep all reagents and procedures consistent to achieve reproducibility in transfection efficiency.

Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to introduce genes and short hairpin RNAs into cultured neurons. (Intro)  
This is accomplished by first establishing astro-glial cultures from neonatal rats to support the neuronal growth. (P1)  
Hippocampal neurons from E18 rats are then co-cultured with the glial cells. (P2) 
The next step is to transfect the hippocampal neurons using a calcium phosphate precipitation method. (P3)  
The transfected neurons are then visualized by fluorescence microscopy.  Using these methods, the transfection efficiency can be up to 50%. (P4)
[image: image1.png]CaCl,+DNA 2xHBS

(@Y > '.::- Astrocytes W (\U
[ A
Cortex /

PO-P2

E18

Hippocampus

— G —




Video editor:

The image above is supplied in a PPT file in the project folder.

P1 – Here show first, the P0-P2 rat fetus, then animate the brain (labeled cortex) fading out of its’ head.  Then animate little circles coming out of the brain (labeled astrocytes) and drop them into the dish with 3 circles and dots in each circle.

P2 – Keep the dish in the corner of the screen, introduce the “E18”-labeled rat and from the circles in the loop (these are the E18 embryonic rat).  Have the pink banana-shaped structures fade out each of the five circles in the loop, beginning as dots and growing to the banana-shape, then have the bananas fade into the “neurons”.  Finish with the neurons entering the dish in the corner of the screen.

P3 – Now flip the dish to a 90-degree top view and center it on the screen, fade to the circle with all the spindle-shapes (nothing green).  Then show the labeled test tubes, blend them into a single tube, fade that tube onto the spindly-shapes and switch to the shapes where some are green, on the right.

P4 – Show figure 1 followed by figure 2, spaced out evenly with the two sentences of narrative.
1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Huaye Zhang: The main advantage of this technique over existing methods is that it is relatively simple, economical and very efficient.   

1.2. Laura Bernard: Though our protocol focuses on the transfection of cultured hippocampal neurons, it can also be applied to other difficult-to-transfect cell lines.

Protocol Chapters (read by a voice talent at JoVE):
2. Preparing Rat Astrocyte Cultures
2.1. For this protocol, have prepared BSS dissection buffer at 4°C, ready for use. 
2.1.1. WID: talent arriving to bench with dissection buffer and placing it on ice.
2.2. Begin by anesthetizing the neonatal rat pups, at P0 to P2, with isoflurane in a 500-ml beaker. 
2.2.1. MED: talent at bench, removing anesthetized pups from 500-ml beaker and setting them up to be sprayed
2.3. When the pups are immobile, spray them with 70% ethanol.
2.3.1. CU: small pups, being sprayed with ethanol, 
2.4. After decapitating a pup, hold the head firmly with a pair of #5 forceps, and use fine scissors to make a midline incision through the skin and skull.  
2.4.1. ECU: gripping head with forceps and then cutting the skin/skull open
2.5. Expose the brain by reflecting the skull to the sides.
2.5.1. ECU: exposing the brain, moving skull to sides
2.6. Then, remove the brain into a dish containing cold BSS.
2.6.1. ECU: scooping out the brain (shot combined with 2.5.1)
2.6.2. CU: placing brain in dish of cold BSS (shot combined with 2.5.1)
2.7. Under a dissecting scope, separate the cerebral hemispheres from the diencephalon and the brain stem.
2.7.1. SCOPE: brains in dish, talent separates one brain into parts
2.8. Carefully remove all the meninges by stabilizing the tissue with one pair of forceps and gently pulling away the meninges with another pair of forceps. 
2.8.1. SCOPE: removing the meninges from the cerebral hemisphere {This shot was not very successful. Perhaps can reuse 3.1.3, which shows the technique of meninges removal much better.}
2.9. Collect all hemispheres into one 60 mm dish.
2.9.1. SCOPE: setting a hemisphere into a dish with other hemispheres {Comment: This shot was not filmed as one cannot see this step under the scope.}
2.10. Using small scissors, mince tissue as finely as possible.
2.10.1. ECU: scissors cut up the hemispheres, show final stage of cut-up tissue and process
2.11. Then transfer the minced tissue to a 50-ml conical tube. 
2.11.1. CU: sucking up minced tissue and ejecting into conical tube
2.12. Add BSS to the dish with the remaining tissue, then transfer the mixture to a conical tube. Add DNaseI and trypsin to a total volume of 15 milliliters.  (TEXT: 1.5 ml 1% DNaseI, 1.5 ml 2.5% trypsin, BSS to 15 ml).
2.12.1. MED: talent adds BSS to dish, then transfers mixture of tissue and BSS to conical
2.12.2. CU: Talent add DNasI solution to conical
2.12.3. MED: Talent adds trypsin solution to conical
2.13. Incubate the tissues in a shaking water bath for 15 minutes at 37°C.  
2.13.1. MED: loads the conical into the water bath and turns on the shaking
2.14. To ensure good mixing, swirl the tube by hand every 5 minutes.
2.14.1. MED: interrupts the water bath, remove tube and shakes it by hand, then returns it to shaking in the water bath
2.15. Allow the tissue to settle, then pass the supernatant through a 70-micron cell strainer into a 50-milliliter conical tube containing 3 ml of FBS. 
2.15.1. CU: sucking the solution out of the tube leaving the chunks behind
2.15.2. MED: Talent adding the collected solution to a filter with a 50-ml conical tube below {This shot combined with 2.15.1}
2.16. To the remaining pieces, add more BSS and trypsin.  Then incubate them for 15 more minutes.  (TEXT: 13.5 ml BSS, 1.5 ml 2.5% trypsin).
2.16.1. MED: returning to the vial with the remaining chunks, talent adds BSS and trypsin solution aliquots to it (show stock bottle names in shot)
2.16.2. Reuse 2.13.1
2.17. Transfer the remaining supernatant through the cell strainer and combine it with the other supernatant.
2.17.1. MED>CU: sucks up all the solution from conical tube and adds it to the filter with the other conical below to collect filtrate – show some of the dripping with a zoom in
2.18. Now, centrifuge the combined collection at 1,000 RPM for 5 minutes. 
2.18.1. MED: talent takes the collection conical from under the filter and loads it into the centrifuge
2.19. Re-suspend the cell pellet in 5 ml of glial media.  (TEXT: Supernatant can be re-centrifuged for more cells.)
2.19.1. CU: cells at bottom of tube, no solution above, to which 5ml of solution is added
2.20. After counting the cells, plate 10 million cells for each 150 square-centimeter flask and begin the incubation.
2.20.1. MED: talent taking aliquot of cells and adding them to a 75 ml flasks, repeats the process at least 2 times
2.21. The next day, replace the media with fresh glial media.  Thereafter, feed the cells twice a week with glial media. 
2.21.1. WID: removing the flasks from the incubator, talent should look as though it is the “next day”
2.21.2. MED: arrives at hood with flasks, replaces media in a flask
2.22. The cells will reach more than 80% confluency after about 10 days.  At this time, freeze the cells in serum with DMSO at two million cells per vial.  Freeze the aliquots in a Styrofoam rack at -80°C before moving them to liquid nitrogen for long term storage.  (TEXT: 90% bovine calf or horse serum / 10% DMSO, 2 x 106 cells / vial ). 
2.22.1. WID: (many days later) talent arrives to bench with flasks
2.22.2. MED: making aliquots of cells with BCS and DMSO 
2.22.3. MED: Talent places Styrofoam rack into -80 freezer
2.22.4. MED: loading vials of cells to the liquid nitrogen storage tank
2.23. Ten to 14 days before setting up the hippocampal culture, plate the glial cells from the frozen stocks.  Five 6-well plates are enough to support the growth of 90 coverslips of hippocampal neurons.  (TEXT: 3 15-mm round coverslips / well)
2.23.1. WID: talent (again, days later) removes vial from nitrogen storage tank and sets it to thaw
2.23.2. MED: setting up the five 6-well dishes to load with cells
2.23.3. CU: loading some wells with glial cells from pipette {This shot combined with 2.23.2}
2.24. Plate an additional eight to ten 60-mm dishes of glial cells to condition the N2.1 media for transfection.
2.24.1. MED: setting up 10 60mm dishes to plate
2.24.2. CU: loading a 60 mm dish with cells from pipette {Shot not filmed as it was redundant}
2.25. The day before neuronal culture, feed the cells NB27 media. The astrocytes should be about 90% confluent at this point. 
2.25.1. MED: talent (with another appearance) loading pipette from clearly labeled bottle of NB27, then loading solution onto cell cultures
2.25.2. ECU: adding solution to another culture, showing as much detail of the cellular layer as possible
2.25.2 SCOPE: showing an ~90% confluent glial cell layer.
3. Neuronal Culture

3.1. After euthanizing a pregnant rat at stage E18 by isoflurane anesthesia followed by pneumothorax, dissect out an embryonic rat. Then remove the embryonic brain into BSS, isolate the cerebral hemispheres, and remove the meninges from the cerebral hemispheres.
3.1.1. CU: Removing an embryonic rat from the uterus.

3.1.2. ECU: Remove brain into BSS. 
Important! Added shot (1st videotaped 3.2.1) SCOPE: isolate cerebral hemispheres from the brain. 

3.1.3. SCOPE: Remove meninges from one hemisphere. 

3.2. Next, dissect out the hippocampi from the cerebral hemispheres.
3.2.1. {David Allen said “Real 3.2.1 here”} SCOPE: dissection technique to isolate the hippocampus from one hemisphere
3.3. Transfer all the hippocampi to a single 15-ml conical tube, and digest them in 0.25% trypsin in BSS at 37 ºC for 15 minutes. (TEXT: 0.5 ml 2.5% Trypsin, 4.5 ml BSS)
3.3.1. CU: setting a hippocampus into a tube with others already collected within tube, solution may also be in tube
3.3.2. MED: talent sets the tube up in a warm water bath and starts a timer
3.4. Next, wash the digested hippocampi in BSS, three times for five minutes per wash. (TEXT: Rinse 3X, 5 minute / rinse)
3.4.1. MED: performing one rinse with BSS, show stock BSS bottle, clearly labeled
3.5. Then, triturate the hippocampi with a flame-polished glass Pasteur pipette.
3.5.1. ECU: pipette in tube, triturating the tissue until sufficiently homogenized
3.6. After counting the neurons, plate out two hundred thousand cells per 60-mm dish. 
3.6.1. MED: talent adding neurons to dishes with coverslips, have talent demonstrate that many dishes can be plated from one preparation by having them laid out, but they do not all need to be filled
3.7. Two to four hours after plating, transfer the coverslips with the attached neurons to the astroglial cultures.  Place the neurons facing down towards the glia.  
3.7.1. CU: picking a coverslip with attached neurons from plate
3.7.2. CU: setting the coverslip back onto an astroglial culture dish, show how many slips fit in one dish and orientation/side of coverslip placement {Combined with 3.7.1}
3.8. At DIV3, stop the glia proliferation by adding cytosine arabinoside (TEXT: 5 µM cytosine arabinoside in media).
3.8.1.   MED: talent takes aluiquot of cytosine arabinoside from clearly labled tube and then adding it to the culture dish (or replaces the culture media of dish with media from bottle labeled 5 µM cytosine arabinoside)
4. Calcium Transfection 
4.1. As described earlier, on the day before the transfection, aspirate the media from the glial dish and add conditioned N2.1 media.
4.1.1. MED: Talent aspirates media off of glial dish and adds N2.1 media to dish.
4.2. The next day, harvest the media from the glia and transfer the media to a new dish. 
4.2.1. MED: talent (looking like it is the next day) at hood, transfers media from glial dish to new dish, then repeats with next glial dish
4.3. Then, transfer the coverslips with neurons into the conditioned N2.1 media.  Let them equilibrate in an incubator for ten to thirty minutes.
4.3.1. CU: setting neuron cover slip into media in new dish, repeats
4.3.2. MED: loading the neuron dishes into the incubator
4.4. In a set of sterile tubes, combine one to four micrograms of DNA, twelve point five microliters of two molar calcium chloride, and sterile water, for a total volume of one hundred microliters. 
4.4.1. MED: talking aliquots of DNA, calcium chloride and water and adding them to a master mix tube – all stock containers clearly labeled and visible in shot
4.4.2. MED: from master mix tube, taking 100 µL aliquots and adding them to first set of tubes {There is no master mix tube}
4.5. Load a second set of tubes, each with one hundred microliters of 2X HBS. 
4.5.1. MED: taking aliquots of 2X HBS and loading them into 2nd set of tubes
4.6. Then, gradually add 2X HBS from one tube to one DNA mixture tube in one-eighth volumes.  Vortex the mixture for a few seconds between each addition.  After the last addition, allow the tubes to sit for 15 minutes.
4.6.1. MED: taking 1/8 of HBS volume and adding it to a DNA mix tube, then vortexing.  Repeats this process until all of HBS is added to the DNA mix tube.
4.6.2. CU: vortexing the DNA tube – videographer: interject this shot at appropriate point in 4.6.1 sequence
4.6.3. MED: finishing the additions and setting the tube aside {Not filmed, redundant}
4.7. After 15 minutes, add each prepared transfection mixture dropwise to a plate of cells.
4.7.1.  CU: talent adds mixture from prepared tube to a dish of cells, drop by drop, show scattering pattern of drops and a one complete addition of drops to cells
4.8. Incubate the cells for one to one and a half hours. A layer of sand-like precipitates should form – it is visible using a 10 X or 20 X objective.  
4.8.1. Reuse 4.3.2
4.8.2. SCOPE: 20 X objective view of sand-like precipitate on culture {Hard to see precipitate on camera using 10 X, even though it was visible to the naked eye. So filmed using 20 X}
4.9. After the incubation, rinse the coverslips twice with warm HBS wash buffer. Then, return the coverslips to the original dishes containing glia.  (TEXT: Rinse 2 X)
4.9.1. MED: rinsing technique of neuron coverslips using warm HBS, show that the HBS is being warmed by a water bath; glia dishes present in the shot
4.9.2. CU: rinsing technique of neuron coverslips using warm HBS, setting neuron coverslips into a glia dish, glia dishes present in the shot
4.10. Now, add kynurenic acid to the coverslips to a final concentration of one-half micromolar.  The transfected neurons can be imaged live or further processed on the next day, however, they will survive on the coverslips for up to three more weeks.  
4.10.1. MED: takes an aliquot of kynurenic acid and adds it to the cultured neurons
4.10.2. ECU: acid being added to the neurons, show details of placement of drops {Combined with 4.10.1}
4.10.3. MED: talent swirling dishes to spread the acid {Combined with 4.10.1}
5. Transfection Efficiency and Neuronal Health
5.1. When the different parameters of transfection are optimized, it is possible to obtain efficiencies of up to 50%.  These neurons were transfected with GFP on DIV4 and a transfection efficiency of over 50% was typical for any view of the culture.
5.1.1. LAB MEDIA: Figure 1

5.2. Neurons in the culture remained healthy for a fair length of time.  At DIV15, 10 days after transfection with a PSD-95-GFP construct, hippocampal neurons showed numerous mature mushroom-shaped dendritic spines - a strong indication of healthy neurons.    
5.2.1. LABMEDIA: Figure 2
6. Conclusion Interview (spoken by you on camera)

6.1. Laura Bernard: While attempting this procedure, it’s important to remember to keep all procedures and reagents as consistent as possible to achieve reproducibility.

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.

( 2013, Journal of Visualized Experiments


