Protocol for photosynthetic labeling with [14C]-CO2 for carbon metabolism and transport 

Objective: To label sugars synthesized in photosynthetic leaves with [14C]-CO2 and quantify transport to roots by scintillation counting or autoradiography.
Note:  this should procedure should be demonstrated by a more experienced user.  Labeling efficiency can vary greatly from plate to plate and between experiments: Each labeling chamber must be treated as a separate experiment and thus must contain both experimental and control plants.  Consideration must be given to how the data will be reported (e.g., % of cpm per plant per cm of root between experimental and control plants).

Procedure:

1. Germinate seeds on 0.5 MS + 1% SUC with 5 g/L gel rite (double gel rite makes a stiffer medium and helps prevent roots from growing into the media).  Stratify the seeds for 72 hrs at 4 °C to help ensure synchronous germination and transfer the plates to the growth chamber.

2. Four to five days post germination, when roots are less than 1 cm long, transfer the young plantlets to square plate with 0.5 MS+ 0% SUC+ 5 g/L of gel rite.  Use Dumont fine point style #5 forceps (or similar) to gently lift the plant under the cotyledons without squeezing the hypocotyl (like lifting a baby under the arms – you do not squeeze the body).  Lay the root down 3-4 cm below the desired position and drag the seedling up (by the cotyledons) to straighten the roots along the surface of the medium and the rosettes are in a line ~1 cm from the top of the plate. The roots should be straight along the medium and the hypocotyl and cotyledons should be up off the medium.  
3. Seal the square plates carefully using parafilm; make sure a single stretch of parafilm is over the top of the plate so as not to limit seedling illumination.  Arrange the plates near to vertical (~15° off vertical) to keep the roots growing down, but also adhered to the media surface.  Depending on the experiment, labeling will be done 4 days to 1 week later (10 days maximum); the roots should be ~1/2 to ~3/4 down the plate.
4. On labeling day: photograph as necessary for analysis of root growth, etc (put black construction paper or black (or red) velvet behind the plate to increase contrast.  Make sure the photographs are publication quality.  Turn on the 400 W metal halide lamp in the fumehood of the isotope room ~1 hour before labeling.  Make sure your work area is clean and free of clutter.  Prepare a waste receptacle, make sure labeling syringe (see below) is functional, or prepare a new one.  Prepare pipettes, scissors, scintillation vials, etc., prior to initiating the labeling (conduct a complete practice run to make sure you have not forgotten anything).  Thaw an aliquot of [14C)-Na-bicarbonate on ice.  Use diligent isotope handling techniques.
5. Prepare labeling chambers:  Puncture square Petri dish covers with 2 small holes on the opposite sides (i.e., one near leaves and the other on the bottom, towards the end of roots; a straightened paper clip, heated with a Bunsen burner, works well). Cover the holes with a small amount of modeling clay and replace the lid of the vertical plates with these modified lids.  Seal the labeling chambers with parafilm.
6. Place the labeling chambers under the metal halide lamp for 20 mins before the start of the experiment for acclimation.  Before opening the tube containing 14C-HCO3, centrifuge for 30 seconds to collect all the liquid down at the bottom of the tube (carefully: there is a good chance the rim and cap of the microcentrifuge tube have traces of isotope on them.
7. For Labeling, [14C]-CO2 gas is generated in the barrel of a syringe by acidification of [14C]-HCO3, and injected into the sealed labeling chamber in the presence of photosynthetically active radiation.  Use a 1cc syringe with monoject 200 needle. Cut the syringe barrel in half and retain the bottom portion of about 3 cm. The needle can be bent in the front at angle of ~45°. Place 5 µl (5 µCi; increase or decrease depending on the experiment) of [14C]-HCO3 in the barrel near the syringe-needle junction. Next, place 15 µl of lactic acid (LA) in a second droplet, making sure that the two drops are not touching each other.  Gently put the plunger into the cut end of the barrel so it moves smoothly, but do not push it in so far as to touch the lactic acid drop.  Keeping the droplets separate, insert the tip of the needle into the upper outlet of the labeling chamber (remove the clay plug or push to the side).  Push the clay back over the hole and around the needle to create a seal.  Cover the outlet with a small piece of clay making sure that it is not blocking the light reaching the plants. Use the plunger to push the lactic acid into the [14C]-HCO3 and mix the two liquids by moving the plunger back and forth a few times while simultaneous mixing the air in the barrel with the air in the chamber. Quickly remove the needle and secure the outlet with clay. Avoid injecting the solution into the chamber since the lactic acid can damage the plants.  Allow plants to photosynthesize for 20 mins (pulse). 
8. To remove the remaining [14C]-CO2 from the chamber, turn on the air pump and connect the CO2 scrub (column packed with soda lime) to the outlet near the bottom of the plate after removing the clay from both outlets (3 mins/plate) and then open the for a few seconds before closing the lid again (do not seal). Leave plates for 20 mins under the halide lamp (chase).  In this time, prepare vials for scintillation counting. Vials can be placed in the racks used for scintillation counting.  Pre-fill each scintillation vial with 500 μL 80% methanol.
9. Cut root and shoot tissue as required by the experiment and submerse in the methanol to terminate metabolism and extract the metabolites; pool samples if appropiate. Cap the tube and incubate with gentle shaking for 30 min.  Add an equal volume of commercial bleach to destroy pigments that may impede scintillation.  Add 5 mL of scintillation fluid (use the pump attached to the scintillation fluid container) and mix thoroughly (note that aqueous solutions and viscous scintillation fluids do not mix readily).  Include a negative control (blank) that has methanol, bleach and scintillation fluid.  The first rack needs the “User 1” code placed in front for 3H and 14C counting; the following sample racks do not need a code, and after all sample racks, the final red rack needs the Stop code to stop counting.  Be sure to keep a record of rack and vial numbers corresponding to the sample numbers.  Make sure the scintillation counter and printer are working properly before you walk away.
10. Clean your work area and perform swipes as appropriate.
