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Protein Sample Preparation 2: Use of Protease  
Inhibitors and other Reagents 

 
 
Do Not use protease inhibitors in solutions that 
will be submitted directly for protein digestion and 
protein ID.  We will not be able to digest the 
proteins with trypsin (due to the protease 
inhibitor). 
 
Protein solutions that will be run on gels can be 
treated with protease inhibitor, since the protease 
inhibitors will not impact the in-gel digestion and 
LC/MS/MS analysis. 
 
There are several issues associated with use of 
protease inhibitors and phosphatase inhibitors 
during protein preparations. Some protease 
inhibitors will affect mass spectrometry analyses 
and results and should be used with caution.  
See examples of protease inhibitors below. 
 
AEBSF - 
Probably the most commonly used protease 
inhibitors contain AEBSF (4-(2-aminoethyl)-
benzenesulfonylfluoride. This reagent is found, 
for example, in Roche Complete Mini tablets and 
Roche Pefabloc. It is not recommended using 
AEBSF as a protease inhibitor for most protein 
preparations, but depends on the protein 
information being requested and how the protein 
is to be analyzed. 
 
AEBSF is a serine-protease inhibitor and, as 
such, will affect the ability for us to digest the 
protein sample in solution using trypsin, 
chymotrypsin, and other enzymes, and the 
subsequent affect the ability for us to obtain good 
MS results on the proteins in the sample. 
 
AEBSF functions by modifying or derivatizing 
proteins, preferentially on Tyr, and to a lesser 
extent on Lys, and His residues, and the amino-

terminus. These modifications result in a net 
mass addition of 183 Da per AEBS-group and 
affect the outcome of peptide identification, 
sequence coverage, and protein ID. The extent of 
derivitization depends on the time and conditions 
of exposure to the AEBSF reagent. AEBSF can 
be mostly removed from solutions by Ziptip 
purification (or by running the protein on a gel), 
prior to protein digestion and LC/MS/MS analysis, 
however, any AEBS derivatizations will remain 
intact and can potentially impact protein 
digestions and identification of peptides and 
proteins in database searches (by shifting the 
mass of the derivatized peptides). 
 
PMSF - 
Protease cocktails with PMSF apparently do not 
derivatize proteins, or there is minimal 
derivatization. If a protease inhibitor is an 
essential part of your protein isolation, we 
recommend using PMSF. For example, the 
following cocktail has been successfully used 
with protein ID and identification of 
phosphorylations: 
 
Cocktail: PMSF (100 mM), phenanthroline (1 
mg/ml), benzamidine HCl (100 mM), pepstatin A 
(1mg/ml).  This stock is used at 1/500-1/1000 
dilution in all the buffers, then removed by 
dialysis (into ammonium bicarbonate) just 
immediately prior to submitting the protein for 
mass spec analysis. No phosphatase inhibitors 
were used. 
 
Other Protease Inhibitors - 
There are many other protease cocktails and 
inhibitors, such as NaF, TLCK and TPCK. Before 
using these reagents you should investigate the 
functionality of the inhibitor and discuss 
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the potential impact on protein ID and 
identification of post-translational modification 
with the MS Facility personnel prior to using. 
TLCK and TPCK are also serine-protease 
inhibitors which will inhibit the activity of trypsin, 
chymotrypsin, and other enzymes. 
 
EDTA – 
EDTA and phosphate buffers should not be used 
in protein solutions that will be analyzed directly 
for phosphate modifications with IMAC 
purification. 
 
Derivatization Reagents – 
Be aware that cocktails or commercial kits for 
protein preparations sometimes contain reagents 
that derivatize proteins. For instance, NEM or 
alkylation reagents are sometimes part of protein 
protocols. These reagents derivatize cysteine 
and other residues and can impact protein ID by 
altering digestion efficiency and changing the 
mass and ionization of peptides, and thereby 
affecting the identification of peptides and 
proteins in nanoLC/MS/MS analysis and 
database searches. 
 
Reducing Agents – 
Proteins preparations in solution are commonly 
stored with reducing agents DTT (dithiothreitol) 
and BME (beta-mercapto ethanol). These 
reducing agents degrade after a short time (i.e. 
within a few days, even stored cold or frozen) 
and will oxidize and derivatize cysteine residues, 
such that proteins become modified (mostly at 
cysteines). These unwanted derivatizations 
impact analysis of proteins, but can be removed 
prior to gel electrophoresis and/or mass 
spectrometry analysis of the sample, with 
addition of freshly-made (same day) reducing 
reagent immediately before analysis of the 
sample (e.g. 20 mM DTT for 30 min). 

 
Affinity purifications - 
Reagents used to displace proteins from affinity 
columns can greatly impact the mass 
spectrometry analysis of proteins. 
(Please discuss details of your affinity purification 
method with the MS Facility personnel). 
 
For instance, high concentrations of flag-tag 
peptide from flag-tag affinity isolations will affect 
the analysis of proteins in solution, affect 
chromatography during nanoLC/MS/MS, and 
analysis of phosphorylations (with IMAC 
purification). The flag-tag peptide will have to be 
removed if proteins will be analyzed from 
solution. This is not an issue for proteins 
analyzed from a gel. 
 
High concentrations of glutathione from GST 
affinity purifications will derivatize your proteins 
in a short time in solution. Cysteine residues 
become derivatized with glutathione (a net mass 
change of 305 Da per derivative), which will 
greatly impact the analysis of the protein. These 
derivatives can be removed, however, with 
exposure to fresh reducing reagent (i.e. DTT at 
20 mM for 30 min) prior to analysis. 
 
Denaturants – 
If denaturants are necessary for isolation of your 
proteins, guanidine HCl is preferred over urea. 
Urea can modify proteins by forming a 
carbamoylate derivative of lysine and other 
residues. This can happen from cyanates formed 
from urea at temperatures above 30C, from 
degraded or old urea, or from exposure to urea 
for an extend time. 
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