
Protease Profiler Kit

Catalog Number PP0500
Storage Temperature –20 °C

TECHNICAL BULLETIN
Product Description
Proteolytic digestion of an unknown sample protein is 
often used to determine or confirm the identity of the 
protein of interest. Use of proteolytic enzymes with 
specific cleavage sites results is a limited number of 
peptide products, which may be further analyzed to 
characterize the unknown protein.  

A double enzymatic digestion may be necessary to 
produce peptide fragments for analysis. The initial 
digestion may result in long peptide fragments 
(>5,000 Da) that are often not detected by mass 
spectrometry (MS). A second digestion using a 
protease with a different specificity results in cleavage 
of the larger peptides, producing small peptides suitable 
to MS analysis. For example, trypsin, Asp-N, and Glu-C 
can be used for double digests as they have different 
specificities.1,2

The Protease Profiler Kit contains 5 proteolytic 
enzymes, an Enzyme Solubilization Reagent, and an 
Enzyme Reaction Buffer. It allows customers to try 
different enzymatic digestions on their proteins of 
interest. In-solution digestion procedures are provided 
for the proteolytic enzymes. An in-gel procedure is also 
provided (see Appendix).

Components
The Protease Profiler Kit contains the following seven 
components:

• Asp-N (Catalog Number P3303) 2 µg
• Glu-C (Catalog Number P6181) 50 µg
• Lys-C (Catalog Number P3428) 5 µg
• Arg-C (Catalog Number P6056) 5 µg
• Trypsin (Catalog Number T6567) 20 µg
• Trypsin Solubilization Reagent 1 ml

(Catalog Number T2073) – Reagent for 
reconstitution and stabilization trypsin 
and Arg-C enzymes.

• Enzyme Reaction Buffer 25 ml
(Catalog Number E0530)

Precautions and Disclaimer
This product is for R&D use only, not for drug, 
household, or other uses. Please consult the Material 
Safety Data Sheet for information regarding hazards 
and safe handling practices.  

Storage/Stability
The entire Protease Profiler Kit retains activity for at 
least 1 year when stored at –20 °C. Alternatively, some 
of the components (Trypsin, Lys-C, Asp-N, Trypsin 
Solubilization Reagent, and Enzyme Reaction Buffer) 
may be stored at 2–8 °C. The storage temperature 
indicated on the labels of these products is 2–8 °C. 
Storage at –20 °C will not compromise the performance 
of these products.

Preparation Instructions
Trypsin Solubilization Reagent (Catalog Number 
T2073) - The reagent is a 1 mM HCl solution and is 
ready to use. No change in the performance of the 
solution is observed for 1 year when stored at 2–8 °C or 
–20 °C. 

Enzyme Reaction Buffer (Catalog Number E0530) –
The Enzyme Reaction Buffer is prepared by adding 
25 ml of water to the contents of the bottle. This results 
in a solution of 100 mM ammonium bicarbonate with a 
pH of ∼8.0. The reconstituted Enzyme Reaction Buffer 
may be stored for up to 2 weeks at 2–8 °C or may be 
stored at –20 °C for up to one year. Freeze-thaw cycles 
do not affect the performance of this buffer. 

Sample Protein  
For an in-solution digestion, reconstitute a solid or 
lyophilized purified protein preparation in the Enzyme 
Reaction Buffer. A protein preparation in solution 
should be dialyzed overnight against 100 mM 
ammonium bicarbonate. This is especially important for 
protein solutions with large volumes at extreme pH.  
Such solution samples may shift the pH of the digestion 
buffer resulting in less enzyme activity. 
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High concentrations (>5 mM) of Tris-HCl buffer in 
samples are incompatible with MALDI-MS analysis and 
the Enzyme Reaction Buffer should be used when 
using MALDI-MS analysis. A sample protein 
concentration of 1 mg/ml is typically used, but other 
concentrations are also acceptable.  

Note: Effective digestion of the sample protein may 
require relaxation of the secondary structure or partial 
denaturation of the sample protein prior to proteolytic 
digestion. Several methods may be used to increase 
the effectiveness of a digestion. These methods may be 
combined to increase effectiveness of digestion.
 

1. It is recommended to reduce and alkylate the 
sample protein prior to enzyme digestion.  
Reduction and alkylation disrupt the disulfide bonds 
relaxing the secondary protein structure, making 
the cleavage sites more accessible. The 
ProteoPrep Reduction and Alkylation Kit (Catalog 
Number PROTRA) contains reagents and 
procedures for reduction and alkylation of the 
sample protein.

2. Heat denaturation of the sample protein may result 
in a more effective enzymatic digestion.50 It is 
suggested to heat the sample protein (not the 
proteolytic enzyme) for 10 minutes at 100 °C prior 
to the digestion. After heating, transfer the sample 
protein immediately to ice, cool, then add the 
enzyme, and continue with digestion. 

3. For sample proteins having dense secondary 
structure, the use of an organic solvent may result 
in a more effective enzymatic digestion. Digestions 
may be performed with 30% acetonitrile in the 
reaction buffer for trypsin, Lys-C, and Asp-N. The 
acetonitrile relaxes the secondary structure of the 
sample protein and allows the proteolytic enzyme 
better access to the cleavage sites. The addition of 
acetonitrile to the above enzymatic digestions 
greatly enhances the rate of the digestion. With 
30% acetonitrile in the reaction buffer, a 30 minute 
trypsin reaction resulted in ∼95% digestion of 
reduced and alkylated carbonic anhydrase II. 

Procedures for In-solution Digestions
Asp-N (Catalog Number P3303)
EC 3.4.24.33
CAS RN 9001-92-7

Endoproteinase Asp-N is a metallo-endoprotease, 
isolated from a mutant strain of Pseudomonas fragi, 
which hydrolyzes peptide bonds on the N-terminal side 
of aspartic and cysteic acid residues.3-5 It has an 
average molecular mass of 24.5 kDa and a pH optimum 
between 6.0–8.5.3

This product is HPLC purified and is suitable for 
proteomic work. In either reaction buffer, the Enzyme 
Reaction Buffer or 100 mM Tris-HCl, pH 8.5, Asp-N 
specifically cleaves peptide bonds on the N-terminal 
side of aspartic and cysteic acid residues.3-5  

Asp-N is used in proteomics for peptide mapping and 
protein sequence work due to its highly specific 
cleavage of peptides resulting in a limited number of 
peptide fragments.3-8

The product is supplied in a vial containing 2 µg of 
lyophilized Asp-N with Tris-HCl. The lyophilized product 
is reconstituted with 50 µl of water, resulting in a 
protease solution containing 10 mM Tris-HCl, pH 8.0. 
The lyophilized powder retains activity for at least one 
year if stored desiccated at 2–8 °C. After reconstitution 
with water, frozen aliquots can be stored for several 
weeks.3,5  

Solution Digestion Procedure
Self-digestion may occur if digestion temperatures 
above 37 °C are used. Asp-N retains most of its activity 
in 2.0 M urea, 1.0 M guanidine HCl, or 0.1% SDS.3,8 A 
known peptide such as glucagon should be run as a 
control for all experiments.
1. Add the prepared Asp-N enzyme solution to the 

sample protein solution. A ratio between 1:50 and 
1:200 (w/w) of Asp-N enzyme to protein substrate is 
recommended.

2. Incubate the reaction at 37 °C for 2 hours to 
overnight depending on the enzyme to substrate 
ratio.  

3. Digest is ready to be analyzed by HPLC-MS or 
MALDI-MS (see Figure 1).
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Figure 1.
Asp-N digestion of glucagon (Catalog Number G7774)  

The sequence of glucagon is:

HSQGTFTSDYSKYLDSRRAQDFVQWLMNT

Glucagon (40 µg) was digested with 2 µg of Asp-N for 
18 hours at 37 °C in Enzyme Reaction Buffer. A 20 µg 
aliquot was separated on a Supelco Discovery C18 
column (25 cm × 4.6 mm, 5 micron, Catalog Number 
504971) using a 20 minute linear gradient from 5–50% 
B at 0.7 ml/min with UV detection at 214 nm followed by 
mass spectrometry.  
Solvent A: 0.1% (v/v) TFA in water.  
Solvent B: 0.08% (v/v) TFA in acetonitrile.  

The Asp-N proteolytic fragments were identified as 
follows:

Retention Time (min) Mass (Da) Fragment
7.63 731.3 Asp15-Gln20

12.04 863.3 His1-Ser8

15.65 787.3 Asp9-Leu14

22.92 1152.3 Asp21-Thr29

During the 18 hour digestion only the expected peptide 
fragments were generated with no indication of other 
major proteolytic activity.

Lys-C (Catalog Number P3428)
EC 3.4.21.50
CAS RN 72561-05-8

Endoproteinase Lys-C from Lysobacter enzymogenes
is a serine endoprotease, which hydrolyzes peptide 
bonds on the carboxyl side of lysyl residues.8-13  
Lys-Pro and Lys-Glu bonds are also cleaved.12 Some 
minor non-specific cleavage has been reported.8,12 The 
protease readily cleaves at aminoethylcysteine 
residues.13 It has an average molecular mass of 
27.96 kDa and a pH optimum of ∼8.5.9

This product is HPLC purified and is suitable for 
proteomic work. In either reaction buffer, the Enzyme 
Reaction Buffer or 100 mM Tris-HCl, pH 8.5, Lys-C 
specifically cleaves peptide bonds on the carboxyl side 
of lysine. It is widely used in proteomics for peptide 
mapping and protein sequence work due to this highly 
specific cleavage of peptides resulting in a limited 
number of fragments.8-13

The product is supplied in a vial containing 5 µg of 
lyophilized Lys-C with Tricine and EDTA. The 
lyophilized product is reconstituted with 50 µl of water, 
resulting in a protease solution containing 50 mM 
Tricine, pH 8.0, with 10 mM EDTA. The lyophilized 
powder retains activity for at least one year if stored 
desiccated at 2–8 °C. The hygroscopic nature of the 
lyophilized powder may make it appear wet. The 
stability and suitability of the enzyme is not affected. 
After reconstitution in water, frozen aliquots can be 
stored for several weeks.11

Solution Digestion Procedure
Self-digestion may occur if digestion temperatures 
above 37 °C are used. Lys-C retains most of its activity 
in 2.0 M urea or 0.1% SDS.8,10,13 A known peptide such 
as melittin or the oxidized B chain of insulin should be 
run as a control for all experiments. 
1. Add the prepared Lys-C enzyme solution to the 

sample protein solution. A ratio between 1:20 and 
1:100 (w/w) of Lys-C enzyme to protein substrate is 
recommended.

2. Incubate the reaction at 37 °C for 2 hours to 
overnight depending on the enzyme to substrate 
ratio.  

3. Digest is ready to be analyzed by HPLC-MS or 
MALDI-MS (see Figure 2).
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Figure 2.
Lys-C digestion of melittin (Catalog Number M4171)   

The sequence of melittin is:

GIGAVLKVLTTGLPALISWIKRKRQQ 

Melittin (100 µg) was digested with 5 µg of Lys-C for 
18 hours at 37 °C in 100 µl of Enzyme Reaction Buffer. 
A 20 µg aliquot was separated on a Supelco Discovery 
C18 column (25 cm × 4.6 mm, 5 micron, Catalog 
Number 504971) using a 20 minute linear gradient from 
5–50% B at 0.7 ml/min with UV detection at 214 nm 
followed by mass spectrometry. 
Solvent A: 0.1% (v/v) TFA in water.  
Solvent B: 0.08% (v/v) TFA in acetonitrile. 

The Lys-C peptide fragments were identified as follows:

Retention Time (min) Mass (Da) Fragment
5.79 429.3 Arg24-Gln26

6.08 302.3 Arg22-Lys23

15.36 656.4 Gly1-Lys7

22.71 1512.0  Val8-Lys21

The two short hydrophilic peptides (retention times of 
5.79 and 6.08) co-elute with the unbound buffer salts in 
the injection peak. The retention times for these two 
peptides were determined by searching for their 
expected masses.

During the 18 hour digestion only the expected peptide 
fragments were generated with no indication of other 
major proteolytic activity. Under the experimental 
conditions the cleavage of the test peptide was 
complete in less than one hour.

Glu-C (Catalog Number P6181)
EC 3.4.21.19
CAS RN 66676-43-5

Endoproteinase Glu-C from Staphylococcus aureus
strain V8 is a serine endoprotease, which hydrolyzes 
peptide bonds on the carboxyl side of glutamyl and 
aspartyl residues. The specificity of Glu-C is dependent 
upon the buffer and pH employed as well as the 
structure around the potential cleavage site.8-11,14-16 In 
the Enzyme Reaction Buffer or ammonium acetate 
buffer, pH 4.0, the enzyme preferentially cleaves 
glutamyl bonds; whereas, in phosphate buffer, pH 7.8, 
Glu-C will cleave at either site. No cleavage will occur if 
a proline residue is on the carboxyl side.14 The enzyme 
also exhibits esterase activity.14,15  It has an average 
molecular mass of 29.02 kDa.17,18 The protease is 
active in the pH range of 3.5–9.5 and exhibits a double 
maximum of activity at pH 4.0 and 7.8 with hemoglobin 
as the substrate.14,15

This product is suitable for proteomic work. Glu-C is 
widely used in proteomics for peptide mapping and 
protein sequence work due to its highly specific 
cleavage of peptides resulting in a limited number of 
fragments.8-11,14-16

The product is supplied in a vial containing 25 µg of 
lyophilized Glu-C. The lyophilized product is 
reconstituted with 250 µl water. The lyophilized 
preparation, which may appear as a clear film, retains 
activity for at least one year if stored at –20 °C. The 
frozen solution can be thawed and frozen repeatedly 
without loss of activity.14

Solution Digestion Procedure
The specificity and activity of Glu-C is retained in 20% 
organic solvents.26 Glu-C is reported to be fully active in 
the presence of 0.2% SDS and retains 50% of its 
activity in 4.0 M urea.9-11,15,16 A known peptide such as 
the oxidized B chain of insulin should be run as a 
control for all experiments. 
1. Add the prepared Glu-C enzyme solution to the 

sample protein solution. A ratio between 1:20 and 
1:100 (w/w) of Glu-C enzyme to protein substrate is 
recommended.
Note: To increase the digestion rate of Glu-C, the 
enzyme:substrate ratio can be changed to 1:1 and 
the digestion extended to 40 hours. This may be 
helpful with sample proteins that are difficult to 
cleave.1

2. Incubate the reaction at 37 °C for 2 hours to 
overnight depending on the enzyme to substrate 
ratio.  
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3. Digest is ready to be analyzed by HPLC-MS or 
MALDI-MS (see Figure 3).

Figure 3.
Glu-C digestion of the oxidized B chain of insulin 
(Catalog Number I1764) 

The sequence of the oxidized B chain of insulin is:

FVNQHLCoxGSHLVEALYLVCoxGERGFFYTPKA

The oxidized B chain of insulin (100 µg) was digested 
with 5 µg of Glu-C for 18 hours at 37 °C in 100 µl of 
Enzyme Reaction Buffer. A 20 µg aliquot was 
separated on a Supelco Discovery C18 column 
(25 cm × 4.6 mm, 5 micron, Catalog Number 504971) 
using a 20 minute linear gradient from 5–50% B at 
0.7 ml/min with UV detection at 214 nm followed by 
mass spectrometry.  
Solvent A: 0.1% (v/v) TFA in water.  
Solvent B: 0.08% (v/v) TFA in acetonitrile.

The Glu-C peptide fragments were identified as follows:

Retention Time (min) Mass (Da) Fragment
15.09 1529.4 Phe1-Glu13

16.41 914.3 Ala14-Glu21

16.73 1086.0 Arg22-Ala30

During the 18 hour digestion only the expected peptide 
fragments were generated with no indication of other 
major proteolytic activity.

Arg-C (Catalog Number P6056)
EC 3.4.21.40
CAS RN 82047-85-6 

Endoproteinase Arg-C is a serine endoprotease from 
the mouse submaxillary gland, which hydrolyzes 
peptide bonds on the carboxyl side of arginyl residues 
and also exhibits esterase and amidase activities.19,20  
The enzyme has been shown to cleave Lys-Lys and 
Lys-Arg bonds, and all Arg-X bonds may not be 
hydrolyzed.8,10,21-22  It has an average molecular mass of 
26.5 kDa and a pH optimum between 7.5–8.5.19,20

This product is HPLC purified and is suitable for 
proteomic work. In either reaction buffer, the Enzyme 
Reaction Buffer or 100 mM Tris-HCl, pH 8.5, Arg-C 
specifically cleaves peptide bonds on the carboxyl side 
of arginine. Arg-C is used in proteomics for peptide
mapping and protein sequence work due to its highly 
specific cleavage of peptides resulting in a limited 
number of fragments.8,10,19-22

The product is supplied in a vial containing 5 µg of 
lyophilized Arg-C. The lyophilized product is 
reconstituted with the Trypsin Solubilization Reagent 
(1 mM HCl). The lyophilized powder retains activity for 
at least one year if stored at –20 °C. After reconstitution 
in 1 mM HCl, frozen aliquots lose 50% activity after one 
week.
Note: Alternately, Arg-C may be reconstituted with a 
solution of 50 mM ammonium bicarbonate, pH 8.0, with 
1 mM calcium acetate and 7.5 mM DTT. Another 
suggestion is to raise the pH of the digestion reaction 
buffer to 8.5 by adding ammonium hydroxide.

Solution Digestion Procedure
Self digestion may occur during the alkaline incubation 
period. The specificity and activity of Arg-C is retained 
in 20% organic solvents.26 Endoproteinase Arg-C loses 
specificity during long incubations. A known peptide 
such as α-melanocyte stimulating hormone should be
run as a control for all experiments.
1. Add the prepared Arg-C enzyme solution to the 

sample protein solution. A ratio between 1:20 and 
1:100 (w/w) of Arg-C enzyme to protein substrate is 
recommended.

2. Incubate the reaction at 37 °C for 2 hours to 
overnight depending on the enzyme to substrate 
ratio.  

3. Digest is ready to be analyzed by HPLC-MS or 
MALDI-MS (see Figure 4).
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Figure 4.
Arg-C digestion of α-melanocyte stimulating hormone 
Catalog Number M4135) 

The sequence of α-melanocyte stimulating hormone is:

Acetyl-SYSMEHFRWGKPV

α-Melanocyte stimulating hormone (100 µg) was 
digested with 5 µg of Arg-C for 18 hours at 37 °C in 
100 µl of Enzyme Reaction Buffer.  A 20 µg aliquot was 
separated on a Supelco Discovery C18 column 
(25 cm × 4.6 mm, 5 micron, Catalog Number 504971) 
using a 20 minute linear gradient from 5–50% B at 
0.7 ml/min with UV detection at 214 nm followed by 
mass spectrometry.  
Solvent A: 0.1% (v/v) TFA in water.  
Solvent B: 0.08% (v/v) TFA in acetonitrile.  

The Arg-C proteolytic fragments were identified as 
follows:

Retention Time (min) Mass (Da) Fragment
13.59 584.3 Trp9-Val13

15.62 1098.0 Acetyl-Ser1-Arg8

During the 18 hour digestion only the expected peptide 
fragments were generated with no indication of other 
major proteolytic activity.

Trypsin (Catalog Number T6567)
EC 3.4.21.4
CAS RN 9002-07-7

Trypsin is routinely used in proteomics for peptide 
mapping and protein sequence work, due to its highly 
specific cleavage resulting in a limited number of 
peptide fragments.8-11,23 Trypsin is a pancreatic serine 
endoprotease, which hydrolyzes peptide bonds 
specifically on the carboxyl side of arginine and lysine 
residues. The rate of hydrolysis is slower if an acidic 
residue is on either side of the cleavage site and 
cleavage may not occur if a proline residue is on the 
carboxyl side.8-11,23 The enzyme also exhibits esterase 
and amidase activities.23 Trypsin has an average 
molecular mass of 23.29 kDa and a pH optimum near 
8.0.23

This product has been extensively purified from porcine 
pancreas. The porcine enzyme contains fewer lysine 
residues, sites for autolysis, than the bovine enzyme. 
The lysine residues have been reductively methylated, 
producing a product that is resistant to autolysis.24 It 
has also been TPCK treated to remove chymotryptic 
activity. The product is further purified by affinity 
chromatography and lyophilized from dilute acetic acid. 
This process yields a highly purified trypsin product that 
is suitable for proteomics work. This highly purified and 
chemically stabilized trypsin gives excellent 
performance in either in-solution or in-gel tryptic 
digestions. Protein content is based on E1% = 14.4 at 
280 nm.25 The specific activity is ≥10,000 BAEE units 
per mg protein.

The product is supplied in a vial containing 20 µg of 
lyophilized trypsin. The lyophilized product is 
reconstituted with the Trypsin Solubilization Reagent 
(1 mM HCl) at the appropriate concentration. 

For in-solution digests, prepare the trypsin in the 
Trypsin Solubilization Reagent at a concentration of 
1 mg/ml (20 µl of reagent for the 20 µg vial). This 
results in a solution containing 1 mg/ml of trypsin in a 
pH 3.0 solution.

The lyophilized powder retains activity for at least one 
year if stored unopened at 2–8 °C. The acidic 
reconstituted solution (pH 3.0) can be stored at 2–8 °C 
for 2 weeks or at –20 °C for up to 4 weeks. The trypsin 
solution remains active for at least 3 freeze-thaw 
cycles.
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Solution Digestion Procedure
Trypsin activity is retained in systems containing up to
95% organic solvent.27 Organic solvents suitable for 
enzymes are acetonitrile, ethanol, and 1,4-dioxane.27

Enzymes in an organic solvent often have a higher 
activity than in aqueous conditions.28,29,49 In addition, 
trypsin retains most of its activity in 2.0 M urea, 2.0 M 
guanidine HCl, or 0.1% SDS.8-11 The digestion pattern 
may be influenced by the buffer composition.30 A 
peptide such as the oxidized B chain of insulin should 
be run as a control for all experiments.
1. Add the prepared trypsin enzyme solution to the 

sample protein solution. A ratio between 1:20 and 
1:100 (w/w) of trypsin to protein substrate is 
recommended.

2. Incubate the reaction at 37 °C for 2 hours to 
overnight depending on the enzyme to substrate 
ratio.  

3. Digest is ready to be analyzed by HPLC-MS or 
MALDI-MS (see Figure 5).

Figure 5.
Trypsin digestion of the oxidized B chain of insulin 
(Catalog Number I1764) 

The sequence of the oxidized B chain of insulin is:

FVNQHLCoxGSHLVEALYLVCoxGER  GFFYTPK A
 

 Tryptic Cleavage Sites

The oxidized B chain of insulin (100 µg) was digested 
with 2 µg of trypsin for 18 hours at 37 °C in 100 µl of 
100 mM Tris-HCl, pH 8.5. A 10 µg aliquot was 
separated on a Supelco Discovery C18 column 
(15 cm x 4.6 mm, 5 micron, Catalog Number 504955), 
using a 20 minute linear gradient from 5–50% B at 
1 ml/min with UV detection at 214 nm followed by mass 
spectrometry.  
Solvent A: 0.1% (v/v) TFA in water.  
Solvent B: 0.08% (v/v) TFA in acetonitrile.

Retention Time (min) Mass (Da) Fragment
14.37 858.4 Gly23-Lys29

16.26 2583.0 Phe1-Arg22

The hydrophilic amino acid Ala30 co-elutes with the 
buffer salts in the injection peak.

During the extensive 18 hour digestion only the 
expected peptide fragments were generated with no 
indication of other proteolytic activity.  The actual 
digestion time used can be determined by the user, as 
under the conditions used for the 18 hour digestion, the 
cleavage of the substrate peptide is complete in less 
than 5 minutes.
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Appendix
Procedure for In-Gel Digestion 

The proteolytic enzymes may also be used for in-gel 
protein digestions with subsequent identification by 
mass spectrometry. There are many published 
procedures for digestions (Asp-N,31-34 Lys-C,34-38 and 
Glu-C,34,39-41) in gels or on membranes.42-48  

Prepare the proteolytic enzyme solution for in-gel 
digestion (see Table 1). Add the indicated volume of the 
reconstitution solution (Trypsin Solubilization Reagent 
for trypsin and Arg-C, and water for Glu-C, Lys-C, and 
Asp-N). Mix the vial briefly to ensure the enzyme is 
dissolved. Then add the indicated volume of the 40 mM 
ammonium bicarbonate with 9% acetonitrile for a 
20 µg/ml solution.    

Table 1.
Reconstitution of enzymes for in-gel digestion 

Enzyme Amount 
in vial

Reconstitution 
solution 
(volume)

Volume of 40 mM 
ammonium bicarbonate 

and 9% acetonitrile 
Final 

Volume Final Concentration

Trypsin 20 µg
Trypsin Solubilization 

Reagent (100 µl) 900 µl 1 ml 20 µg/ml

Asp-N 2 µg water (10 µl) 90 µl 100 µl 20 µg/ml
Glu-C 25 µg water (125 µl) 1.125 ml 1.25 ml 20 µg/ml
Lys-C 5 µg water (25 µl) 225 µl 250 µl 20 µg/ml

Arg-C 5 µg
Trypsin Solubilization 

Reagent (25 µl) 225 µl 250 µl 20 µg/ml

For in-gel digests, prepare a solution by adding 100 µl 
of Trypsin Solubilization Reagent to one vial of trypsin.  
Mix the vial briefly to ensure the trypsin is dissolved.  
Add 900 µl of 40 mM ammonium bicarbonate with 9% 
acetonitrile solution to the vial and mix. The final 
concentration of trypsin is 20 µg/ml.  

The acidic reconstituted trypsin solution (pH 3.0) can be 
stored at 2–8 °C for 2 weeks or at –20 °C for up to 
4 weeks. The ammonium bicarbonate trypsin solution 
may be stored either at 2–8 °C for up to 2 weeks or as 
frozen aliquots for up to 4 weeks. Either trypsin solution 
retains activity for at least 3 freeze-thaw cycles.

This procedure starts with a Coomassie Brilliant Blue, 
SYPRO Orange, or SYPRO Ruby stained 1D or 2D 
polyacrylamide gel. For silver stained gels, a gel 
destaining step different than that used for dye stained 
gels is required. The ProteoSilver Plus Silver Staining 
Kit (Catalog Number PROTSIL2) is recommended for 
silver staining prior to enzymatic digestion and MS 
analysis. It contains destaining solutions for silver 
stained gels and a procedure for preparing gel slices for 
enzymatic digestion.

1. Carefully cut the band of interest from a 1D gel or 
the protein spot from a 2D gel, using a scalpel or 
razor blade, taking care to include only stained gel.  
Lift out the gel piece using clean flat nosed 
tweezers.

2. Place the gel piece in a siliconized Eppendorf tube 
or equivalent. A siliconized tube reduces binding of 
the peptides to the tube surface. If unsure of 
chemicals leaching from the tube, which could 
interfere or suppress the MALDI-MS signal, 
prewash the tube with 100 µl of a 0.1% 
trifluoroacetic acid in 50% acetonitrile solution and 
then allow it to dry before use.
Note: The gel piece may be cut into equal sections 
of 1 to 1.5 mm in size and the sections may be 
used in place of the intact piece.

3. Cover the gel piece with 200 µl of 200 mM 
ammonium bicarbonate with 40% acetonitrile and 
incubate at 37 °C for 30 minutes. Remove and 
discard the solution from the tube. 

4. Repeat step 3 one more time.
5. Dry the gel piece in a Speed Vac for 

15–30 minutes.
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6. Add 20 µl of the enzyme solution (0.4 µg of 
enzyme) prepared for in-gel digests to the gel 
sample. 

7. Add 50 µl of 40 mM ammonium bicarbonate in 9% 
acetonitrile solution to the gel sample.  

8. Confirm that the gel piece is at the bottom of the 
tube and covered with liquid.

9. Incubate for 4 hours to overnight at 37 °C.
Note: A shorter digestion time may be sufficient, but 
may yield slightly lower sequence coverage.

10. After the incubation, remove the liquid from the gel 
piece and transfer the liquid to a new labeled tube. 
This solution contains the extracted digest peptide 
fragments. If MALDI analysis is to be performed at 
this step, acidification with TFA prior to matrix 
addition may be needed.

11. Add 50 µl of a 0.1% trifluoroacetic acid in 50% 
acetonitrile solution to the gel piece and incubate 
for 30 minutes at 37 °C.
Note: This extraction step only increases the 
peptide yield by about 5%.48 If the extra 5% is not 
required for your system, the extraction step can be 
eliminated and the digest solution from step 10 may 
then be analyzed.

12. Remove the 0.1% trifluoroacetic acid in 50% 
acetonitrile solution and combine with the liquid 
from step 10.

13. The combined digest solution from step 12 is ready 
for MALDI-MS analysis (see Figure 6).  
Note: If digesting low levels of protein, the sample 
mixture may need to be concentrated with a 
ZipTip before spotting on the MALDI target.

Figure 6.
MALDI analysis of a trypsin in-gel digest of carbonic 
anhydrase II

The substrate protein, carbonic anhydrase II (0.5 µg), was separated 
on a 4-20% Tris-Glycine gel.  The spot was removed and digested 
with trypsin using the protocol for in-gel digestion.  The matrix (α-

A matrix solution of cyano-4-hydroxycinnamic acid was 
prepared at 10 mg/ml in 70% acetonitrile with 0.1% 
TFA. The digest solution was desalted using a C18

ZipTip and 1.5 µl of the matrix solution was used to 
directly elute the peptides onto the MALDI target. Data 
was acquired in linear positive ion mode with a Kratos 
compact discovery SEQ. The resultant mass spectrum 
is shown. A database search of the mass list was done 
using the Mascot database at a tolerance of 300 ppm.  
The protein was identified as carbonic anhydrase II with 
a MOWSE score of 102 and a sequence coverage of 
42%. The tryptic peptides that were identified by the 
database are shown above.

Note: A common autolytic fragment observed from a 
trypsin digest is 842.51 (A7) m/z produced by arginine 
cleavage. Other autolytic peptides occasionally 
detected include the 2239.14 (A4) and 1045.56 (A6) 
m/z. The cited peptide at 2211.10 (A4) m/z containing 
an unmodified Lys69 is not observed with the 
Proteomics Grade Trypsin, as it is fully converted to the 
dimethylated 2239.14 m/z peptide.

References
1. Hara, S. et al., Anal. Biochem., 243, 74-79 (1996).
2. Mann, M. et al., Nature Biotech., 21, 255-261 

(2003).
3. Drapeau, G.R., J. Biol. Chem., 255, 839-40 (1980).
4. Wilson, K.J. et al., Methods in Protein Sequence 

Analysis: Proceedings of the 7th International 
Conference, Berlin, July 3-8, 1988, Wittmann-
Liebold, B., (ed.), Springer-Verlag, (New York, NY: 
1989) p 310.

5. Ponstingl, H. et al., Advanced Methods in Protein 
Microsequencing Analysis, Wittmann-Liebold, B. et 
al., (eds.), Springer-Verlag, (New York, NY: 1986) 
p 316.

6. Cooper, J.A. et al., J. Biol. Chem., 259, 7835-41 
(1984).

7. Guild, B.C., and Strominger, J.L., J. Biol. Chem., 
259, 9235-40 (1984).

8. Aitken, A. et al., Protein Sequencing: A Practical 
Approach, Findlay, J.B.C., and Geisow, M.J., 
(eds.), IRL Press, (Oxford, UK: 1989) p 43.

9. Smith, B.J., Methods in Molecular Biology, Volume 
3, New Protein Techniques, Humana Press, (New 
Jersey: 1988) p 57.

10. Burdon, R.H., and Knippenberg, P.H., (eds.), 
Laboratory Techniques in Biochemistry and 
Molecular Biology: Sequencing of Proteins and 
Peptides, Volume 9, Elsevier, (New York, NY: 
1989) p 73.

11. Stone, K.L. et al., A Practical Guide to Protein and 
Peptide Purification for Microsequencing, Academic 
Press, Inc. (New York, NY: 1989) p 31.



10

12. Jekel, P.A. et al., Anal. Biochem., 134, 347-354 
(1983).

13. Tarr, G.E. Methods of Protein 
Microcharacterization: A  Practical Approach, 
Humana Press, (New Jersey: 1986) p 168.

14. Drapeau, G.R., Methods Enzymol., 45, 469-475 
(1976).

15. Drapeau, G.R., Methods Enzymol., 47, 189-191 
(1977).

16. Tarr, G.E. Methods of Protein 
Microcharacterization: A  Practical Approach, 
Humana Press, (New Jersey: 1986) p 167.

17. Drapeau, G.R., Can. J. Biochem., 56, 534-544 
(1978).

18. Carmona, C. et al., Nucleic Acids Res., 15, 6757 
(1987).

19. Levy, M. et al., Meth. Enzymol., 19, 672-681 
(1970).

20. Taylor, J.M. et al., J. Biol. Chem., 249, 2188-94 
(1974).

21. Chartier, F. et al., J. Biol. Chem., 264, 17006-15 
(1989).

22. Bousfield, G.L., and Ward, D.N., J. Biol. Chem., 
263, 12602-7 (1988).

23. Walsh, K.A., Meth. Enzymol., 19, 41 (1970).
24. Rice, R., Biochimica Biophysica Acta, 492, 316-321 

(1977).
25. Davie, E.W., and Neurath, H., J. Biol. Chem., 212, 

507 (1955).
26. Welinder, K.G., Anal. Biochem., 174, 54-64 (1988).
27. Simon, L.M. et al., Biochem. Biophy. Res. 

Commun., 280, 1367-1371 (2001).
28. Gupta, M.N. et al., Proteins, 39, 226-234 (2000).
29. Gupta, M.N., Eur. J. Biochem., 203, 25-32 (1992).
30. Minotti, A.M. et al., Anal. Biochem., 184, 28-34 

(1990).
31. Eckerskorn, C., and Grimm, R., Electrophoresis, 

17, 899-906 (1996).
32. Scheler, C. et al., Electrophoresis, 19, 918-27 

(1998).
33. Jimenez-Asensio, J., et al., J. Biol. Chem., 274, 

32287-94 (1999).
34. Jeno, P., et al., Anal. Biochem., 224, 75-82 (1995).
35. Xu, S-Q et al., J. Biol. Chem., 273, 20078-20083 

(1998).

36. O’Connell, K.L., and Stults, J.T., Electrophoresis, 
18, 349-359 (1997).

37. Patterson, S.D., Electrophoresis, 16, 1104-1114 
(1995).

38. Fountoulakis, M. et al., Electrophoresis, 19, 1819-
1827 (1998).

39. Bensal, M.P., et al., J. Biol. Chem., 264, 13780-
13784 (1989).

40. Scheler, C., et al., Electrophoresis, 19, 918-927 
(1998).

41. Lech, J.J., et al., Fundam. Appl. Toxicol., 29, 260-
266 (1996). 

42. Shevchenko, A. et al., Anal. Chem., 68, 850-858 
(1996).

43. Rosenfled, J. et al., Anal. Biochem., 203, 173-179 
(1992).

44. Stone, K.L. et al., Electrophoresis, 19, 1046-1052 
(1998).

45. Suzuki, T. et al., J. Biol. Chem., 265, 1274-1281 
(1990).

46. Schleuder, D. et al., Anal. Chem., 71, 3238-3247 
(1999).

47. Chen, Y. et al., Rapid Commun. Mass Spectrom., 
13, 1907-1916 (1999).

48. Speicher, K. et al., J. Biomolecular Techniques, 11, 
74-86 (2000).

49. Russell, W.K. et al., Anal. Chem, 73, 2682-2685 
(2001).

50. Park, Zee-Yong et al., Anal. Chem., 72, 2667-2670 
(2000).

ProteoPrep and Discovery are registered trademarks of 
Sigma-Aldrich Biotechnology LP and Sigma-Aldrich 
Co.
Protease Profiler and ProteoSilver are trademarks of 
Sigma-Aldrich Biotechnology LP and Sigma-Aldrich 
Co.
Coomassie is a registered trademark of ICI PLC.
SYPRO is a registered trademark of Molecular Probes.
Eppendorf is a registered trademark of Eppendorf-
Netheler-Hinz GmbH.
SpeedVac is a registered trademark of Savant.
ZipTip is a registered trademark of Millipore.

CS,MKS,RJM,MAM 10/10-1

Sigma brand products are sold through Sigma-Aldrich, Inc.
Sigma-Aldrich, Inc. warrants that its products conform to the information contained in this and other Sigma-Aldrich publications.  Purchaser 

must determine the suitability of the product(s) for their particular use.  Additional terms and conditions may apply.  Please see reverse side of 
the invoice or packing slip.


