Environmental Health: Science, Policy and Social Justice

Fall quarter 2008

Lab 2
Cell staining and imaging

The purpose of this lab is to refresh your memory if you have previously labeled cells or to demonstrate one of the most common methods of qualitative and sometimes quantitative determination of cellular components, most commonly proteins although other molecules can be visualized too with special reagents. In this particular procedure you will be using fluorescent probes to label cellular organelles (mitochondria and nucleus) and cellular structural component (cytoskeletal actin). 

· MitoTracker: The mitochondrial probe (MitoTracker® Red CMXRos) for visualizing mitochondria does not fluoresce until it enters live cells, where it is oxidized to the corresponding fluorescent mitochondrion-selective probe and then sequestered in the mitochondria. Other conventional fluorescent stains for mitochondria, such as tetramethylrosamine and rhodamine 123, work in the same way but these stains are easily washed out of cells once the mitochondria experience a loss in membrane potential. This fact makes them inappropriate for us because we need to fix the cells to proceed with the other two stains.
· Phalloidin: The filamentous actin (F-actin) probe (Alexa Fluor 568 phalloidin; excitation at 578nm and emission at 600nm) enters fixed permeabilized cells and binds to F-actin, a protein of the cytoskeleton. The probe is a phallotoxin, isolated from the deadly Amanita phalloides mushroom, are bicyclic peptides. They are toxic because they freez actin in the polymerized form preventing it from regenerating and thus the cell from controlling shape and movement. They shift the monomer/polymer equilibrium toward the polymer, lowering the critical concentration for polymerization up to 30-fold and they also stabilize F‑actin, inhibiting depolymerization by cytochalasins, potassium iodide, and elevated temperatures. Phalloidin binds actin in a stoichiometric ratio of about one phallotoxin molecule per actin subunit in muscle and nonmuscle cells from many different species of plants and animals.
Note: While the amount of toxin present in a vial could be lethal only to a mosquito (LD50 of phalloidin = 2 mg/kg), it should be handled with care.

· DAPI: The full name of the stain you will use is 4´,6-diamidino-2-phenylindole, dilactate, the water soluble form (dilactate as opposed to dihydrochloride) of this blue fluorescent nuclear and chromosome dye. DAPI binds onto AT regions of dsDNA and its fluorescence increases 20-fold. When bound to DNA the excitation/emission spectra is 358/461 nm.
Materials

· Cells: Each team of two will be given one coverslip with cells grown on them. You must handle the coverslips and cells very carefully and gently so that: a) they don’t break and b) the cells don’t lift off the surface. Neither of these can be corrected or the cells recovered and you will need to start over with fresh coverslips and cells.

· Air-buffered growth medium with serum

· Air-buffered serum-free growth medium 

· Phosphate Buffer Saline (PBS)

· PBS containing 0.1% BSA (BSA blocks non-specific antibody binding)

· Formaldehyde (3.7%) made in growth medium with serum, find and use in hood
· Mitotracker working solution: 100nM (see lab aid or instructor)

· Phalloidin working solution: 200 units/mL (~6.6mM) (see lab aid or instructor)

· DAPI working solution: 300nM (see lab aid or instructor)

· Mounting medium (antifade medium)

The “staining chamber”

Cells have grown on coverslips inside a Petri dish filled with 5ml of the appropriate culture medium, to adequately cover them with appropriate volume of liquid for the surface of the dish. When labeling the cells with pricy reagents we want to minimize the volume of solution applied to the coverlsip while ensuring the complete cover of the cells. To keep them moist you will need to prepare a “staining chamber”. 

Prepare a larger glass Petri dish with a wet piece of paper (a Kimwipe works fine) laid flat on the bottom, then layer a smaller square piece of parafilm on top of the wet paper so that there is wet area around it. The moisture of the wet paper will keep the environment moist and lower the evaporation of small volume of reagent. 

You will be transferring the coverslip to the staining chamber and cover with the dish cover when you will need to stain with the probes and then transfer it back to the plastic dish for washes and other buffer incubations. Avoid getting the parafilm wet and wipe off any excess liquid carefully.
Tips: 

Each time you handle the coverslip back and forth between the dish and the parafilm, handle it carefully with the help of a pair of forceps, taking care not to scrape the cells off the surface. 

Cells dry quickly if not covered in some type of buffered solution: NEVER leave cells without any liquid.

Mitochondria staining solution: A stock of 1 mM MitoTracker® solution has been diluted to the working solution with a final concentration of 100nM in buffered serum-free cell growth medium and is kept in the water bath set at 37°C.

Actin staining solution: The vial contents have been dissolved in 1.5 mL methanol to yield a working solution with final concentration of 200 units/mL in PBS/BSA (0.1%), which is equivalent to approximately 6.6 μM. One unit of phallotoxin is defined as the amount of material used to stain one microscope slide of fixed cells, according to the following protocol, and is equivalent to 5 μL of methanolic stock solution for the fluorescent phallotoxins. 

DAPI staining solution: The DAPI stock solution of 5mg/ml (10.9mM) is diluted to working solution with a concentration of 300 nM in PBS.

Procedure

1. Aspirate the growth medium from the dish that contains the coverslips, add 5ml of prewarmed PBS to wash away the remaining proteins from serum that interfere with the probe.

2. Carefully pick the coverslip out of the plastic petri dish with the forceps and transfer it onto the parafilm (cells face up) in the staining chamber. With a pipette carefully add 200ml prewarmed (37°C) staining solution containing MitoTracker® probe (prepared above) onto the coverslip.  The solution will cover the cells. It actually stays on the coverlip because the parafilm is hydrophobic, but make sure it does not leak off on the parafilm and leave the cells dry.

3. Incubate cells for 15–45 minutes in the warm room (optimum growth conditions!). Transfer the plate carefully so that you don’t spill the solution off the coverslip!
4. At the end of incubation, lift the coverslip off the parafilm, removing most of the staining solution and transfer back to plastic petri dish to continue with Fixation and Permeabilization.

Fixation and Permeabilization: After staining live cells with MitoTracker® dye, you will need to fix and permeabilize the cells for subsequent staining.
5. Wash off remaining dye: gently add 5ml of pre-warmed PBS (Phosphate Buffer Saline), wait for 2min and aspirate.

6. Fix cells: Gently add 4ml pre-warmed complete growth medium containing 3.7% formaldehyde. Perform this in the hood near the warm room (prep room area).
Note: Methanol can disrupt actin during the fixation process. Therefore, the preferred fixative is methanol-free formaldehyde.

7. Incubate at 37°C for 10 minutes (warm room)
8. Wash off fixative: remove fixative into the labeled container in the hood, add 5ml PBS, wait for 5min, remove and repeat three times, for 5min each (no need to have pre-warmed buffers after fixation)
9. Permeabilize the cells with 5ml of a solution of 0.1% Triton X-100 in PBS for 3 to 5 minutes, at room temperature.
9. Wash three times with 5ml PBS for 5min each.
10. Remove the coverslip from the dish carefully and place it back on the parafilm in the staining chamber.
11. Pre-incubate fixed cells with 200ml PBS containing 1% BSA for 20–30 minutes, at room temperature.

12. Continue with the phalloidin staining protocol: an eppendorf tube (covered in aluminum foil) has been prepared with 6 μL methanolic stock solution into 250 μL PBS/BSA for each coverslip to be stained. BSA is used to reduce nonspecific background staining. 
13. Remove the PBS/BSA from the coverslip carefully with a pipette or by touching the edge of the solution with a clean kimwipe.

14. Add 200ml of the phalloidin solution on the coverslip. 

15. Incubate for 20 minutes at room temperature. 

16. Transfer the coverslip back into the plastic dish

17. Wash three times with 5ml PBS for 5min each.

18. Remove the coverslip from the dish carefully and place it back on the parafilm in the staining chamber.
19. Counterstain with nuclear stain (DAPI): add 200ml of DAPI working solution (300nM) (prepared and covered with foil)

20. Incubate for 1-5 min.

21. Replace the coverslip back into the dish

22. Wash off DAPI stain with PBS three times as above
23. Mount the stained coverslip onto a clean histology slide using one drop of antifade mounting medium
You will visualize the localization of mitochondria (green), cytoskeleton (red) and nucleus (blue) in the cells under the microscope. 

Questions

1. What is the purpose of the fixative? 

2. Can cells grow more if you put them back in the incubator with fresh media after this step and why?

3. Why do we stain with Mitotracker before we add the fixative?

4. Can phalloidin and DAPI enter live cells (why yes, or why no)? What allows them to enter the cells you stained?
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