1. Object :
Patch-clamp and Mesophyll protoplasts isolation from Nicotiana benthamiana leaves 
2. Mailing list 
        BPMP, users of EHEV platform

3. Reference/contact persons

Alexis De Angeli

4. Health and safety
Use forceps to remove pipettes/capillaries from pullers.
Weigh harmful chemicals under a dedicated hood, wearing gloves

Physical risk:
- Pulling of capillaries = cuts, burns
	=> Wait for cooling down or use the forceps to remove them from pullers.
- voltage-clamp = postural and visual stress because of micromanipulation under the binocular magnifier => pause every hour
Chemical risks: 
Numerous chemical risks 
	=> weigh harmful chemicals under a dedicated hood, wearing gloves
	=> prepare the solutions under a fume cupboard, and wear gloves (nitrile) during handling
Check possible chemical risks with inhibitors !


5. Operating mode

· Plants are grown in chamber number 1: 6 – 22h, 150µm LED
· Leaves of Nicotiana benthamiana are transformed by agrobacterium infiltration. 3 days after agro-infiltration transformed leaves are used to obtain mesophyll protoplasts. 
· 4 – 5 weeks old tobacco plants are used for Agro-infiltration




1. Put 3 ml of the enzyme solution a small petri dish.

Enzymatic solution :

0.5 % Cellulase R-10
0.05 % Macerozyme R-10
1 mM CaCl2
10 mM MES
pH = 5.3 / KOH
π = 550 mOsm /D-Sorbitol

After preparation enzyme solution should be splitted into 1.5 ml aliquots and keep frozen at -20°C.
From the moment when enzymes are added to the solution, solution should be keep in ice.

2. Cut one, transformed leaf of tobacco plants 
3. Remove epidermis from the adaxial part the leaf using sand paper, carefully to avoid  damaging mesophyll cells
4. Place leaf in the petri dish in enzymatic solution – adaxial part of the leave need to be in contact with solution. For higher isolation efficiency leaf can be cut in pieces
5. Cover petri dish with parafilm and place it in the oven - 30, 30 min – 1 h, without shaking
6. After enzyme digestion gently shake the petri dish to release protoplasts
7. Gently Take all solution with pipette p1000 and place it in 2 mL Eppendorf – slowly and gently (the tip should be cutted)
8. Place Eppendorf in a holder on ice and let protoplasts precipitate for 15 – 30 min
9. After precipitation remove 1 ml of the solution and add 1ml of the wash solution to the Eppendorf. Do not mix eppendorf content via pipetting.

Wash solution:
1 mM CaCl2
10 mM MES
pH = 5.3 / KOH
π = 550 mOsm /D-Sorbitol

10. Place Eppendorf in ice (without any holder) and let protoplasts precipitate for 15 – 30 min
11. After precipitation remove 1 ml of the solution and add 1ml of the wash solution to the Eppendorf. Do not mix eppendorf content via pipetting. Keep protoplasts in ice untill they will be used for patch-clamp experiments.
12. To release vacuoles:
put 50 µl of the protoplasts to the patch-clamp chamber
Add 250 µl lysis buffer
Wait till you will see first vacuole 
Wash out lysis buffer with bath solution via perfusion system.

Lysis buffer:
5 mM EDTA
10 mM MES
pH = 5.3 / KOH
π = 500 mOsm

· Microscopic currents are record in outside – out configuration using patch clamp electrodes prepared from borosilicate thin-wall capillaries (30-0062, Harvard Apparatus). Internal side of the capillaries used for electrode preparation is cover with SigmaCote
· Tip of the patch-clamp electrode is covered with Sylgard
· Electrodes have resistance 4 – 6 MΩ, but actually electrode resistance depends from the ionic composition of bath and pipette solution, so you cannot take it as a stable value
· Currents are record with USB EPC10 patch clamp amplifier (HEKA Electronic; http://www.heka.com/) and digitized with an ITC‐16 computer interface (Instrutech Corp., Elmont, NY, USA). 
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· Data acquisition and offline analysis are perform using the software programs Patch Master (HEKA Electronik, Lambrecht, Germany) and IgorPro (Wave Metrics Inc., Lake Oswego, OR, USA)
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