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Results Continued 
Protease Determination: 

Methods Continued 
Phosphatase Inhibition Determination Assay: 

The amount of phosphatases are proportional to the amount of pNP produced. Samples with 
MSSAFE and Halt Protease and Phosphatase Inhibitor Cocktail (Thermo Scientific Catalog # 
78443) were compared to an uninhibited sample. 

Protease Inhibition Determination Assay:  

 

SensoLyte® Red Protease Assay Kit *Fluorimetric* (Anaspec Catalog # 71140) was used to 
determine protease inhibition. In this assay Casein is liberally labeled with the fluorescent dye 
TAMRA, which is self-quenching in such close proximity. Proteases in the sample cut the TAMRA-
Casein into short TAMRA-peptide chains which, no longer quenched, give a fluorescent signal 
proportional to the amount of proteases present. Samples with MSSAFE, Halt, SigmaFast 
Protease Inhibitor Cocktail Tablets, EDTA-Free (Sigma-AldrichCatalog # S8830), and Protease 
Inhibitor Cocktail for Plant Cell and Tissue Extracts (Sigma-Aldrich Catalog # P9599) were 
compared to an uninhibited sample to determine percent inhibition of protease activity.  
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Abstract 
The goal of this project is to determine if MS-SAFETM Protease and Phosphatase Inhibitor 

Cocktail (Sigma-Aldrich Catalog # MSSAFE) can be used for plant extracts, and how effective it is 
in comparison to other inhibitor cocktails.  

Proteases and phosphatases are enzymes in cells and tissues that can change proteins. 
Proteases cut peptide bonds in protein to form small peptide chains and degrade protein structure. 
Phosphatases remove phosphate groups which are post-translational modifications that are 
important for cell signaling. 

Inhibiting proteases and phosphatases is useful when trying to study protein samples. 
Without inhibitors, protein sampling would be problematic because differences in samples could be 
due to enzyme activity rather than actual sample differences.  

Currently there are products on the market to inhibit these enzymes, however most of these 
cocktails contain compounds that are either not compatible with liquid chromatography/mass 
spectrometry (LC-MS) or they covalently modify proteins. Sigma’s new product MS-SAFE was 
developed using mammalian cell extracts and is compatible with LC-MS. 
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Conclusion 
 The effectiveness of MS-SAFE in plant extracts depends on the plant tissue type.

 For phosphatase inhibition, the greatest inhibition was seen in arabidopsis leaves and the lowest 
was seen in corn kernels. This matches the report from the external testers. 

 MS-SAFE and Pierce-Halt were comparable for phosphatase inhibition.

 For protease inhibition, MS-SAFE was equivalent or better than SigmaFast and  Sigma’s plant 
specific inhibitor cocktail P9599, and always better than Halt. 

Methods 
Protein Extraction: 
P-PER Plant Protein Extraction Kit (Thermo Scientific Catalog # 89803)
Uses a HEPES-based buffer and an organic extraction solution. 

 

Place tissue in the mesh pouch, homogenize the cells by rubbing the pouch with a pen cap, 
centrifuge the solution, extract the aqueous layer. This method leaves some chlorophyll in the 
sample, which can interfere with some protease assays. 

Quantification of Protein Concentration:  
Bicinchoninic Acid Kit for Protein Determination (Sigma-Aldrich 
Catalog # BCA1) uses Cu 2+ reduction  and compares protein  
solutions of unknown concentrations with  
a BSA standard curve 

Results 
Quantification: 

Phosphatase Determination: 

Introduction 
Cells and tissues contain a wide variety of phosphatases and proteases. Proteases 

are divided into four classes: serine, cysteine, aspartate, and metallo proteases. These 
classes are further divided into families and eventually individual proteases. 
Phosphatases are similar in number to proteases and are also divided into many 
classifications. 

Due to the numerous and vast variation of proteases and phosphatases, a mixture 
of inhibitors is needed to preserve the state of a protein sample. The choice of individual 
inhibitors to include in a cocktail along with the concentration of these inhibitors is crucial 
for the effectiveness of a cocktail.  

MS-SAFE was developed and optimized using mammalian extracts, and though it 
was not marketed as an inhibitor cocktail for plant extracts, two external testers reported 
their experience with MS-SAFE and plants. Both testers were from the University of 
Florida, one worked with tobacco plant leaves and noted that MS-SAFE was effective as 
both a protease and phosphatase inhibitor. However, the other worked with the lower 
third of maize kernels and reported that MS-SAFE was not an effective protease or 
phosphatase inhibitor.  

These two mixed results showed the need for an in-house study of MS-SAFE with 
plant extracts, so future customers will have a better idea if MS-SAFE is a good option 
for their plant studies.  
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Dye Labeled 
Substrate Incubate 

Tissue Type Conc (mg/mL)

Arabidopsis Leaves* 2.4

Lower Third of Corn Kernel 3.3

String Bean Seed** 12.2

String Bean Pod 2.1

*n=5             **diluted by factor of four for assays

Total Protein Concentration

Percent inhibition of phosphatases in samples containing either MS-SAFE or Halt. Comparable 
results were obtained with both inhibitor cocktails. However, the inhibitors effectiveness varies 
widely from one plant tissue type to another.  

Percent inhibition in each sample type. As for the phosphatase inhibition, the 
effectiveness of the protease inhibitors depends on the tissue type. However, 
the overall trend shows that MS-SAFE is equivalent to or better than the other 
inhibitors tested. 

Incubate 

Different plant tissue types need different incubation times to reach optimal assay 
conditions. The corn kernel samples (blue) level off at hour 7, whereas even after 
24 hours the arabidopsis leaves (green) still have not reached optimal assay time. 
This further emphasizes that each plant tissue type needs to be optimized 
individually. 
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Protease Assay Optimization 
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