PRIMARY NEURONAL CULTURES FROM BRAINS OF LATE STAGE DROSOPHILA PUPAE

O’Dowd Lab, UC Irvine (dkodowd@uci.edu)
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Preparations before day of culturing:


Make sterile dissecting solution


Make sterile DMEM and keep in 10 ml aliquots at 4oC for 2 week


Make sterile DDM2 supplements and freeze in 50 or 100 µl aliquots for 1 month


Make ConA/laminin


Coat coverslips
Optional: Make sterile CNBM and store frozen for up to  4 months.

On day of culturing;
I.  Prepare Enzyme Solution  (ES) in laminar flow hood

1. Put 5 ml of dissecting solution (DS) in a 15 ml centrifuge tube.

2. Weigh 0.8 mg of L-Cysteine in a 0.6 ml eppendorf and add 150 µl of DS. Pipet up and down until crystals are gone.

3. Add 150 (l of DS/Cysteine to the 5 ml DS and mix well.

4. Add 50 U (units) of Papain.

5. Add 7 (l of 0.1 N Na OH and mix well. Solution will clear within 30 min. when activated. 

6. Filter enzyme solution with 0.2 (m syringe filter into a sterile 1.5 ml screw cap microfuge tube

   Papain: Want 50 U in 5 ml DS. Each batch is slightly different, so must calculate how much:

                                    37.3 mg/ml and 28.3 U/mg

                                     37.3 x 28.3 = 1055.59 U/ml   (1000 (l)

                                                                 50 U  = 47.4 (l

II. Make DDM2 media 

On day of culturing: add the following supplements to make DDM2

To 10 ml of DMEM add the supplements, just before culturing:

1. 100µl Transferrin

2. 100µl Putrescine

3. 100µl Selenium

4. 100µl Progesterone

5. 50µl  Insulin

6. 10µl 20-Hydroxyecdysone

Note: Make enough DDM2 for all cultures planned (each brain plated on a single coverslip in an individual 35 mm Petri dish,1.5 ms of media/culture)

Step III-VI can be done nonsterile lab bench and should be completed in 45 minutes or less.

III. Pupae Collection:

1. Select 10-15 pupae from sides of vial under a dissecting microscope. 

2. Place pupae in the lid of a dry 35 mm Petri dish. 

Note: We generally use brains from pupae between 55-78 hours after puparium formation (APF). It is slightly harder to dissect out the brain from the younger pupae since the head capsules tend to collapse, while the overall level of neurite outgrowth is slightly lower from the oldest pupae. In the Canton-S wildtype strain these stages are recognized by pigmented eyes that are light brown to slightly redish, with little pigment elsewhere. 

IV. Decapitation under dissecting microscope:
1. Place two drops of sterile dissecting solution in lid of Petri dish, next to pupae

2. Gently hold a single pupa with fine forceps in left hand and use a 27 gauge syringe needle attached to a 1 cc syringe in the right hand to remove the cuticle at the anterior end of pupa

3. Squeeze pupa slightly with forceps and as head emerges use 27 gauge needle to severe neck. 

4. With tip of the needle or the forceps, transfer head to drop of dissecting solution 

5. Repeat until you have 10-15 heads in a single drop

V. Removal of the brain from head under dissecting microscope:

1. In each hand hold a 1 cc syringe with a 27 gauge needle

2. Use these to position the fly head in the drop of dissecting solution so the proboscis is facing you and the dorsal surface of the head is north

3. Insert the left needle into the proboscis to pin the head down and use the right needle to make a slit in the right eye that goes from the ventral to the dorsal surface.

4. Insert the right needle near the left in the region of the proboscis and then use the left needle to gently depress the cuticle over the left eye, pushing the brain toward the slit in the right eye. The brain should emerge from the slit on the right, relatively intact, often with both optic lobes still attached and sometimes the pigmented eye tissue as well.

5. Push the brain onto the back of the needle and transfer to a drop of sterile dissecting saline in a new sterile, 35 mm Petri dish.

6. Collect 10-15 brains for each genotype

VI. Removal of optic lobes and enzyme treatment

1. In each hand hold a 1 cc syringe with a 27 gauge needle and use these to gather all brains in one small area of the drop of dissecting solution

2. Use syringes as cutting tools to remove the optic lobes from each brain so the tissue remaining for culture is the central brain region

3. Use a 20 µl pipetman, set at 5 µl, to transfer all the brains of a single genotype to an eppendorf tube containing 1 ml of sterile papain solution. 

4. Brains incubated in papain for 10-15 minutes on a rotator set at 60 rpm.

5. Centrifuge at 3000 rpm for 3 minutes

Inside sterile laminar flow hood – all steps where tissue is exposed to air should be done in laminar flow hood for the remaining steps.

VII. Washing:

1. Remove enzyme solution and replace with sterile dissecting solution.

2. Centrifuge at 3000 rpm for 3 minutes

3. Wash with sterile dissecting solution a total of 3 times.

4. Remove dissecting saline and replace with DDM2

5. Centrifuge and wash a total of 2 times with DDM2

6. Transfer brains and media to a sterile 35 mm Petri dish

VIII Trituration and Plating under dissecting microscope:

1. Place 5 (l of DDM2 in the center of a coverslip.

2. Transfer 1 brain to this drop of DDM2 with a yellow tip

3. Under the microscope use 27 gauge needles to dice up brain into small pieces (should take <1 minute)

4. Under visual guidance break the tip of a  glass pipet that has been pulled to a fine point so that the larger pieces can be gently sucked into the tip of the pipet and expelled back into the medium. We use mouth suction tubes that come standard with 100 µl hematocrit capillary glass.

Note: Take care not to get bubbles in the media and you will need to empirically determine the best size pipet to use. Good ones allow you to dissociate the brain with some individual cells and still some large clumps, in about 30 seconds/brain. When you look at these at higher power, approximately 10-20% of the neurons should still have some processes remaining and there will still be some large clumps. If you dissociate too much, then all the cells will be round and they will have sustained so much damage they will not survive. This step takes practice and must be done quickly since there is a large surface to volume ratio and the osmolality and pH of the drop of DDM2 can change quickly. Tissue needs to be placed in CO2 incubator as quickly as possible.

5. Write on the petri dish lid: Genotype, date and time.

6. Put the 35 mm petri dish in a 100 mm petri dish (with wet kimwipe) and let settle in the CO2 incubator for 30 min.

7. Flood the 35 mm dish with 1.5 ml of DDM2.

8. Keep cultures in the incubator at 5% CO2 incubator (23oC).

Note: If you don’t have access to a cooling CO2 incubator, use a standard mammalian tissue culture incubator and either put it in a cool room and heat to 23 or put in the lab, turn off temp, and use ice in a tray at bottom of incubator to regulate temp around ambient.

IX. Feeding Cells:

1. On Day 1 (next day), add 0.5 ml of CNBM/B27 (Conditioned Media) to make 3:1 DDM2:CNBM/B27

2. On Day 5 replace 1 ml of media for 3:1 DDM2:CNBM/B27.

3. Keep feeding cells with 3:1 DDM2:CNBM/B27 every 4-5 days.

Note: Cultures can be grown without the non-neuronal conditioned media but the neurons appear a bit more fragile and are more difficult for use in electrophysiology experiments.
Coating of coverslips for Drosophila pupal brain cultures

ConcanavalinA/Laminin coating for coverslips to grow Drosophila pupal brain cultures

Con A

1. To 2.5 ml DS, add 25 mg ConcanavalinA bottle (Sigma C-2010). This is 10 mg/ml concentration.

2. Make aliquots of 90 µl and store at -20(C, no longer than 3 months.

Laminin

1. Add 1ml DS to 1mg Laminin bottle (Sigma L-2020). This is 0.5 mg/ml concentration.

2. Make aliquots of 10 µl and store at -20(C, no longer than 3 months.

ConA + Laminin

3. Add in 5 ml DS, 83.5 µl of ConA  (167µg/ml) and 8.35 µl of Laminin (0.835 µg/ml). Mix.

4. Make aliquots of 100 µl and store at -20(C, not longer than a month.

Coating Coverslips (Bellco Biological Glassware cat# 1943-00012)

1. Put autoclaved coverslips in a 60 mm petri dish.

2. Pipet 5(l of Con A/Laminin mix onto center of each coverslip.

3. Place in 37(C incubator for 2 hours.

4. Rinse 3x coverslips with 100µl of autoclaved water each. Use vacuum attached to a                                           

5. sterile Pasteur pipet.

6. During the last rinse, pick up the coverslip with forceps and dry both sides.

7. Transfer the coverslip to a 35mm Petri dish.

8. Store at room temperature for up to a month.

Coverslips Vendor:   Bellco Biological Glassware     Phone 800-257-7043

                                  12mm glass coverslips #1

                                  Cat# 1943-00012

Dissecting solution (DS) for preparing Drosophila pupal brain cultures

1. Make Stock Solutions A and B

Solution A (Buffered Saline):

                                                                                                          Formula wt.     500 ml   Conc.

Sodium Chloride                              
NaCl (Sigma S-9625)    
58.45          
80.0g     137mM

Potassium Chloride                          
KCl  (Sigma P-4504)    
74.56          
4.0g     
5.4

Sodium Phosphate Dibasic anhydrous 
Na2HPO4  (Sigma S-0876)  142.0         
0.24g   
0.17

Potassium Phosphate Monobasic anhydrous  KH2PO4  (Sigma P-5379)   136.09    
0.3g     
0.22

Weigh out all ingredients and mix until dissolve with 400 ml ultra filtered water. Bring final volume to 500 ml. Place in a clean bottle and autoclave. Label "Solution A" and store at 4(C.

Solution B (Hepes)

                                 



Formula wt.       250 ml        Conc.
Hepes (Sigma H-3375)       


 283.3                20.97g      9.9mM

Add ultra filtered water up to 200 ml. Mix until dissolve and bring final volume to 250 ml. Place in a clean bottle and autoclave. Label "Solution B" and store at 4(C.

2. Make Dissecting Solution

                                                      500 ml     Conc.

Ultra filtered water                         400 ml

Stock Solution A                             25 ml

Stock Solution B                             14 ml

D (+)-Glucose  (Sigma G-8270)       3.0 g    33.3 mM

Sucrose  (Sigma S-0389)                  7.5 g    43.8  mM

Adjust pH to 7.4 with 1N NaOH (around 2 ml). Bring final volume to 500 ml with ultra filtered water. Decant into a clean glass bottle and autoclave. Label "Dissecting Solution" and store at 4˚C.

Defined medium (DDM2) for growing Drosophila pupal brain cultures

DMEM: To 100ml of Ham’s F12/DME Media (DMEM) (Irvine Scientific#9052).

1. Add 0.476g Hepes (20mM) (Sigma #H-3375). Mix.

2. Add 1.25 ml L-Glutamine 200 mM (Irvine Scientific #9317). Mix.

3. Filter in hood with 0.2µm acetate syringe filter (need 2 filters). 

4. The pH is 6.64 and Osm 288.

5. Make aliquots of 10ml in 15ml centrifuge tubes.

6. Store at 4(C for not more than 2 weeks.

Notes: Always use autoclaved filtered water and make in containers that are reserved for Media and Supplements only. Never put a pH electrode or stir bar used for other purposes in Media.

DDM2 SUPPLEMENTS: Make a stock in 50 or 100 µl aliquots frozen for up to 1 month

Transferrin (Sigma  T-1147)

Stock:  10 mg/ml in water

1. Put 0.06 g Transferrin in a 15 ml tube

2. Add 6ml of sterile water, Vortex

3. Filter through 0.2(m syringe filter (cellulose acetate)

4. Store in 220 (l aliquots (for 20 ml DMEM) at -20(C

5. Add 100 (l to 10 ml DMEM (before culturing)

Media concentration:  100 (g/ml.

Insulin (Sigma I-6634)

Stock:  10 mg/ml in 0.05N HCl

1. Put 0.06 g Insulin in 15 ml tube

2. Add 5.7 ml of sterile water

3. Add 300(l 1N Hcl, Vortex

4. Filter through 0.2(m syringe filter (cellulose acetate)

5. Store in 120 (l aliquots (for 20 ml DMEM) at -20(C

6. Add 50 (l stock to 10 ml DMEM (before culturing).

  Media concentration:  50 (g/ml.

Putrescine  (Sigma  P-5780)

Stock:  10 mM in ddH2O

1. Put 0.016 g in 15 ml tube

2. Add 10 ml of sterile water

3. Filter through 0.2 (m syringe filter (cellulose acetate)

4. Store in 220 (l aliquots (for 20 ml DMEM) at -20(C

5. Add 100 (l stock to 10 ml DMEM (before culturing)

Media concentration:  100 (M.

Selenium (Sodium selenite S-5261)

Stock: 3 (M in ddH2O

1. Put 0.0051 g Selenium in a 15 ml tube labeled A (3 mM stock)

2. Add 10 ml of sterile water

3. Take 10 (l from Tube A to Tube B with 10 ml ddH2O (3 (M stock)

4. Filter Tube B through 0.2 (m syringe filter (cellulose acetate)

5. Store in 220 (l aliquots (for 20 ml DMEM) at -20(C

6. Add 100 µl to 10 ml DMEM (before culturing)

   Media concentration: 30 nM.

Progesterone  (Sigma P-6149)

Stock: 2 µg/ml

1. Add 1ml of 100% EtOH to 0.001 g Progesterone bottle

2. Add 49 ml ddH2O

3. Transfer 1 ml of this to second tube with 9 ml ddH2O

4. Filter through 0.2 µm syringe filter (cellulose acetate)

5. Store in 220 µl aliquots  (for 20 ml DMEM) at -20(C

6. Add 100 µl to 10 ml DMEM (before culturing)

  Media concentration: 20 ng/ml.

20-Hydroxyecdysone  5mg  (Sigma H-5142)

Stock:  1 µg/µl 

1. Add 5 ml autoclaved ddH2O to 5 mg bottle

2. Sonicate for 5 min to dissolve completely

3. Store in 25 µl aliquots (for 20 ml DMEM) at -20(C

4. Add 10 µl to 10 ml DMEM (before culturing)

  Media concentration:  2.1 µM. 

PREPARE NON-NEURONAL CULTURE TO COLLECT CONDITIONED MEDIA (CNBM/B27)

MOUSE NON-NEURONAL CULTURE IN NUNC CULTURE BOTTLES

Update 11-21-06

1. PREPARE POLY-D-LYSINE  (Sigma P-7280)

a. Use entire 5mg vial of PDL.

b. Add 5ml  sterile ultrafiltered water to vial.

c. Mix until dissolve.

d. Divide into 5 x 1 ml aliquots (10X).

e. Store at -20°C.

2. COATING CULTURE BOTTLE  (4 Nunc bottles)

a. Add 9 mL sterile water to each of 3 aliquots of 10X PDL to make 1X PDL.

b. Transfer all the 30 mL 1X PDL in the first bottle.

c. Move slightly until all the three surfaces are covered. Let sit for 1 min.

d. Transfer to second bottle. Let sit for 1 min. 

e. Repeat with the third and fourth bottles.

f. Rinse all the four bottles 2X with 150 ml sterile water (SW).

3. PREPARE DISSECTING SOLUTION (DS)

   Same as Pupal Culture Protocol. 

4. PREPARE ENZIME SOLUTION (ES):

a. In a 0.6 mL centrifuge tube weight 0.8 mg L-Cysteine (Sigma C7755), add 150(l DS and vortex until crystals are dissolve.

b. In a 15 mL tube put 5 mL DS, then add 150(l L-Cysteine.

c. Add 50 units Papain. (Worthington LS 03126)

d. Add 7(l 0.1N NaOH.

e. The solution will be activate in 30 min.

5. PREPARE MEM (GIBCO # 11090-081)

a. Take out 65 mL from the 500 mL MEM bottle. Save 10 ml to prepare Glucose.

b. Add 5 mL Pen/Strep  (Gibco #15070-063).

c. Add 10 mL 1M Glucose (Sigma G-8270) (1.8 g/ 10 mL MEM)

d. Add 50 mL Fetal Bovine  Serum (Gibco # 16140-071) or Bovine Calf Serum

e. (Omega BC-04).

f. Mix well and store at 4°C.

6. NEUROBASAL MEDIUM/B-27 SUPPLEMENT (NBM/B27)

NBM,  500 ml (Gibco #21103-049)

B-27 (50X), 10 ml  (Gibco #17504-044

a. Add the entire B-27 vial to the NBM bottle and mix.

b. Store at 4(C.     

7. DISSECTION OF BRAIN TISSUE

a. Dry dissecting tools from 70% EtOH before dissection.

c. Put 10 mL DS in each of 3-15 mL tube.

d. Add cold DS to 35 mm petri dish.

e. Select a Mouse Pup (Wild type) from P0 to P3 (three pupae for 4 bottles). Anesthetize the pup in ice for 1 min. 

f. Clean pup with 70% EtOH, cut off head with scissors around the neck.

g. Cut the skin off the skull.

h. Cut the skull along the midline from the brain stem to the nose. Make a perpendicular cut above the olfactory bulb. Peel the skull back with the curved tweezers to reveal the cortex.

i. Remove both cortical hemispheres with the small spatula and place into the petri dish.

j. Chop it up into pieces small enough to pass through a glass pipette.

8. ENZYME DISSOCIATION

a. Remove as much DS possible from the dish with a Pasteur pipette.

b. Filter ES with a 0.2 (m filter and 5cc syringe.

c. Place ES in the dish with tissue.

d. Incubate tissue at 37(C incubator (CO2 free) for 30 min.

9. WASHING TISSUE

a. Transfer tissue with glass pipette to the first DS tube, making sure to get as little ES as possible.

b. Centrifuge for 30 sec at 1500 rpm.

c. Repeat procedure with the other two tubes. containing DS.

10. TRITURATION

a. Put 38ml of MEM/FBS in a 50ml centrifuge tube

b. Put 2mL of MEM/FBS in 35 mm petri dish.

c. Transfer tissue from DS to this MEM/FBS petri dish.

d. Dissociate the tissue up and down with a 1000(l tip and a P1000 micropipette.

e. Transfer cell suspension to the tube with the 38ml of MEM/FBS and mix well.

11. PLATING

a. Stand the culture bottles upright to get equal amounts of the cell suspension and media 

b. in each compartment of bottles.

c. Put 90 mL of MEM/FBS in each culture bottle.

d. Add 10 mL of cell suspension in each bottle.

e. Label:  Non-Neuronal, initials and date. Incubate at 37°C and 5% CO2.
12. FEEDING

a. On Day 3 or 4 feed cells with warm MEM/FBS  (decant all the media and replace it  with 100 ml of MEM/FBS). It may take 7-10 days to become confluent.

b. On Day 7-10 (when culture is confluent) change the media for NBM/B27.

c. Next day collect the media. Filter with 0.22µm 

d. Make aliquots of 40 ml and  feed culture with MEM/FBS.

e. Next 2 or 3 days change media for NBM/B27

f. Collect next day and repeat the procedure

g. Keep  collecting media for approx. 2 weeks.

h. Freeze and keep for up to 4 months

