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[Abstract] One dimensional polyacrylamide gel electrophoresis has been successfully used to 

detect protein phosphorylation. This method is very simple and highly reproducible. 

Hyperhosphorylated proteins usually migrate slowlier than dephosphorylated proteins.  However, 

not all phosphorylated proteins can be readily detected, due to sub-optimal sample preparation 

and electrophoresis conditions. Here, an improved method is described that can detect 

phosphorylation of yeast proteins ranging from 15 kD to 200 kD. The improvement in gel 

electrophoresis should also be applicable to mammalian culture cells.  
 

Materials and Reagents 
 

1. Tris base (C4H11NO3) (Thermo Fisher Scientific, catalog number: 77-86-1) 

2. NaCl (Thermo Fisher Scientific, catalog number: 7647-14-5) 

3. EDTA (Na2EDTA·2H2O) (Sigma-Aldrich, catalog number: ED2SS) 

4. Triton X-100 (Thermo Fisher Scientific, catalog number: 9002-93-1) 

5. Phenylmethanesulfonyl fluoride (PMSF) (C7H7FO2S) (Sigma-Aldrich, catalog number: 

P7626) 

6. Complete protease inhibitor cocktail (F. Hoffmann-La Roche, catalog number: 

04693159001)  

7. PhosSTOP tablet (F. Hoffmann-La Roche, catalog number: 04906837001) 

8. SDS [CH3 (CH2)11OSO3Na] (Sigma-Aldrich, catalog number: L3771) 

9. Glycerol (Thermo Fisher Scientific, catalog number: 56-81-5) 

10. β-mercaptoethanol (Sigma-Aldrich, catalog number: M7154) 

11. Bromophenol blue (Sigma-Aldrich, catalog number: B0126) 

12. Synthetic complete (SC) medium  

13. Rapamycin 

14. Methanol 

15. 5x SDS loading buffer (see Recipes) 

16. Yeast cell lysis buffer (see Recipes) 
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Equipment 
 

1. Standard bench-top centrifuge  

2. Sterilized toothpick 

3. Incubator 

4. Shaker 

5. 1.5 ml eppendorf tubes 

6. 25G needle  

7. Western blot equipment 

8. Refrigerator 

 

Procedure 
 

1. Streak out yeast cells from -80 °C freezer stocks by using a sterilized toothpick, incubate 

at 30 °C incubator for around 2 days in standard yeast growth media plates. 

2. Inoculate single colony into YPD or synthetic complete (SC) medium overnight at 30 °C 

shaker. 

3. Subculture yeast cells from OD600=0.1, continue to incubate at 30 °C shaker for around 4-

6 h until OD600 =0.4.  

4. To treat with rapamycin, final concentration of 200 nM rapamycin or drug vehicle 

(methanol) was added to cell cultures for 1 h or as otherwise indicated.  

5. Collect yeast cells by spinning down at 3,000 x g for 15 sec without freezing on ice.  

Note: As long as yeast cells remain in YPD and room temperature, phosphorylation 

should be expected to be the same. Freezing on ice for 10 min tends to mitigate 

phosphorylation in my hands. Washing with water or PBS buffer also decreases 

phosphorylation. 

6. Discard most of the supernatant.  

7. Suspend yeast cells in the remaining medium and split into 1.5 ml eppendorf tubes. 

8. Spin down at room temperature at 3,000 x g 15 sec.  

9. Collect cell pellets, immediately add 100 μl (for 10 ml cells OD600=0.4) ice-cold cells lysis 

buffer and the same amount of ice-cold beads. Immediately breakdown cells by a beads 

beater at 4°C for 1 min.  

Note: Do not exceed 3 min, otherwise protein will begin to dephosphorylate due to 

overheating. 15 sec x5 beating with 45 sec in between also decreases phosphorylation. 

10. If used for western blot directly, add 25 μl 5x SDS loading buffer and vortex for a few 

seconds. 
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11. Pore the bottom of the tube with 25G needle (heating in flame) and place on the top of a 

new eppendorf tube.  

12. Spin down at 3,000 x g for 5 min (the mild spindown will retain some chromatin-

associated or strong membrane-bound proteins, which could be phosphorylated form). 

13. For assays such as phosphatase treatment (CIP assay), lysate should be used 

immediately without freezing-thawing. 

14. For western blot, collect 80 μl lysate and add 20 μl 5x SDS loading dye, place on 100 °C 

heat blot for 5 min. Samples may be stored at -20 °C for 2 months, -80 °C for up to 6 

months. 

15. Run suggested concentration of SDS polyacrylamide gel according to protein molecular 

weight. Try 50, 100, 150 and 200 volts to detect phosphorylated proteins by using a 

known phosphorylated protein as positive control. 

Note: Phosphorylation of Maf1 cannot be detected by varying acrylamide: bis-arylamide 

ratio, rather by increasing ruing voltage to 150 volts. 

 

Recipes 
 

1. Yeast cell lysis buffer 

50 mM Tris-HCl (pH 7.5) 

150 mM NaCl 

0.5 mM EDTA  

1% Triton X-100 

2mM PMSF 

Roche Complete protease inhibitor cocktail  

PhosSTOP tablet 

Put on ice before use. 

2. 5x SDS loading buffer  

60 mM Tris-HCl (pH 6.8) 

2% SDS 

10% glycerol 

5% β-mercaptoethanol 

0.01% bromophenol blue 
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