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[Abstract] Post-translational modifications play important roles in controlling protein function and can 

lead to altered protein stability. Protein stability can be determined after treatment with the protein 

synthesis inhibitor Cycloheximide. Cycloheximide is a translational inhibitor that inhibits protein 

synthesis via cytoplasmic ribosomes. Here we describe how to measure the stability of MYC2 in the 

context of regulation by FERONIA receptor kinase. First, we describe how to measure MYC2 stability in 

wild-type and feronia mutant; then we describe similar assays in transgenic plants expressing 

MYC2-FLAG and MYC2A12-FLAG (12 FERONIA phosphorylation sites are mutated to Alanine and the 

mutant protein is stabilized). MYC2 can be induced by mechanical touch, which can be a confounding 

factor in protein level measurement. In this protocol, we take that into consideration and try to achieve 

more accurate measurement. 
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[Background] We have shown that FERONIA receptor kinase can phosphorylate and destabilize 

MYC2, a major transcription factor in Jasmonic Acid (JA) signaling, which positively contributes to plant 

immunity (Guo et al., 2018). Under normal growth conditions, MYC2 is present at very low levels. 

Overnight treatment with MG132 allows MYC2 to accumulate to a higher level before Cycloheximide 

treatment (Jung et al., 2015; Jeong et al., 2017), which proves to be important for detection of such 

unstable proteins. Additionally, MYC2 can be induced by mechanical touch, which can lead to 

inconsistency in the protein level measurement. Here we provide a detailed protocol to help determine 

the half-life of proteins like MYC2. We illustrate how this approach can be used with both the 

endogenous protein and epitope-tagged proteins in transgenic plants. This protocol provides some 

general guidelines for determining the levels of proteins that exist at low levels and are sensitive to 

handling (e.g., mechanical touch).  

Materials and Reagents 

Note: For a complete list of reagents, please refer to Guo et al. (2018). 

1. Pipette tips (MidSci, catalog number: AVR96 for 200 μl tips, AVR96-12 for 1.2 ml tips)

2. Micropore tape (3M, catalog number: 1530-0)

3. Kimwipes (Fisher Scientific, catalog number: 06-666A)

4. Plastic blue pestle (Fisher Scientific, catalog number: 12-141-368)
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5. 24-well culture plate (Fisher Scientific, catalog number: 07-200-686)

6. Nitrocellulose membrane (Bio-Rad, catalog number: 1620112)

7. Cycloheximide (Sigma-Aldrich, catalog number: C4859)

8. MG132 (Sigma-Aldrich, catalog number: M7449)

9. Rabbit polyclonal anti-MYC2 (Guo et al., 2018)

10. Rabbit polyclonal anti-FLAG (Sigma-Aldrich, catalog number: F7425; RRID: AB_439687)

11. Goat anti-rabbit IgG-HRP secondary antibody (Thermo Fisher, catalog number: 31460)

12. Ponceau S (Sigma-Aldrich, catalog number: P7170-1L)

13. Liquid nitrogen (Chemstore on campus)

14. DMSO (Fisher Scientific, catalog number: D159-4)

15. Linsmaier and Skoog packet (CaissonLabs, catalog number: LSP03-1LT)

16. Sucrose (Fisher Scientific, catalog number: BP220-10)

17. Tris base (Fisher Scientific, catalog number: BP152-10)

18. SDS (Fisher Scientific, catalog number: BP166-5)

19. Glycerol (Fisher Scientific, catalog number: BP229-1)

20. Bromophenol blue (Fisher Scientific, catalog number: BP115-25)

21. 2-Mercaptoethanol (Fisher Scientific, catalog number: BP176-100)

22. ½ MS liquid medium (see Recipes)

23. 2x SDS sample buffer (see Recipes)

Equipment 

1. Sterilized forceps

2. Sartorius Entris Analytical Balance

3. P1000 pipettor

4. Black & Decker Electric drill

5. Sterile culture hood

6. Microcentrifuge

7. Mini-Protein Tetra Cell (Bio-Rad, catalog number: 1658001EDU)

8. Trans-Blot Turbo system (Bio-Rad, catalog number: 1704155)

Software 

1. ImageJ (https://imagej.net/Fiji), a friendly tutorial provided on the website for new users

Procedure 

A. For MYC2 half-life measurement in WT and fer mutant

Note: Steps A1 to A4 are carried out in a sterile culture hood.
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1. Sterilize and germinate seeds on ½ MS plates for 7 days, vertically with constant light at 100

μmol m-2 s-1, 22 °C.

2. Add 1 ml of liquid ½ MS medium to each well of a 24-well plate, 5 wells for each genotype.

3. With a pair of sterilized forceps, gently transfer 50 mg of whole seedlings to the wells.

Note: The number of seedlings for 50 mg can be predetermined by weighing the seedlings.

4. Add 5 μl of 10 mM MG132 to each well. The final concentration of MG132 is 50 μM.

5. Seal the plate with Micropore tape and incubate at room temperature with gentle rocking at 40

RPM, for 16 h.

6. Gently remove the liquid from the well with a P1000 pipettor and wash the seedlings with 1 ml

fresh ½ MS liquid medium. Repeat the process for a total of 5 washes.

7. Gently add 1 ml fresh ½ MS liquid medium to each well, add Cycloheximide to 4 wells, and add

the same volume of 100% DMSO to 1 well as control for each genotype, the final concentration

of Cycloheximide is 200 μM.

8. Collect the seedlings at 30-min intervals by gently picking out the seedlings with a pair of

forceps. Dab dry on Kimwipes. Gently put the seedlings into a microtube and freeze in liquid

nitrogen.

9. For Western blotting to estimate the amount of MYC2 protein, add 150 μl of 2x SDS sample

buffer to 50 mg of frozen seedlings and grind the tissue for about 30 s with a brief stop every 10

s, with a blue pestle mounted to an electric drill machine.

10. Vortex and boil the ground samples for 5 min and cool down on ice for 1 min.

11. Spin the cooled samples for 5 min at full speed in a microcentrifuge and load 20 μl to

SDS-PAGE gel. The Mini-Protein Tetra Cell and Trans-Blot Turbo system are used for protein

gel electrophoresis and transfer.

12. Conduct Western blotting with proper primary and secondary antibodies to detect protein

levels.

B. For the MYC2-FLAG and MYC2A12-FLAG half-life in transgenic plants

1. Sterilize and germinate seeds on Gentamycin containing plates (75 μg/ml) for 7 days.

2. Add 1 ml fresh ½ MS liquid medium to each well of a 24-well plate, 5 wells per genotype.

3. With a pair of forceps, gently transfer 50 mg of seedlings to the wells. Leave the plate for 2 h to

minimize the effect of mechanical touch.

4. Add 1 ml ½ MS liquid containing 400 μM Cycloheximide to 4 wells and 1 ml ½ MS liquid

containing the same volume of DMSO to 1 well. Gently rock the plate a few times to mix. The

final concentration of Cycloheximide is 200 μM.

5. Then follow Steps A8-A12 described above.

For a comprehensive read on Western blotting, please refer to the manufacturer’s instructions

(bulletin#2895 at https://www.bio-rad.com).
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Data analysis 

After Western blotting, scan the film using a flat-bed scanner. Stain the membrane using Ponceau 

S and scan the stained membrane (Alternatively, this step can be done right after transfer. The 

membrane is then washed with distilled water before blotting). Use ImageJ to measure the intensity 

of the protein bands of interest and the intensity of Rubisco from the staining. Calculate the ratios of 

the protein of interest over the corresponding Rubisco. The protein half-life is the time when the 

ratio decreases by half. For an example, see Figures 3C and 3D in Guo et al. (2018). Alternatively, 

a housekeeping protein whose level doesn’t change dramatically due to Cycloheximide treatment 

can be monitored by western blotting and used as a reference instead of Rubisco.  

Recipes 

1. ½ MS liquid medium

In 2 L of Millipore water, dissolve one Linsmaier and Skoog packet, then add 20 g of sucrose till

it dissolves completely; autoclave at 121 °C and 15 psi for 15 min. Cool it down before use

2. 2x SDS sample buffer

To make 50 ml of 2x SDS buffer, mix 10 ml of 0.5 M Tris pH 6.8, 10 ml of 100% glycerol, 10 ml

of 20% SDS, 0.02% (w/v) Bromophenol blue, and 700 μl of 2-Mercaptoethanol, bring the

volume up to 50 ml with water
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