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Figure 2. Total ion chromatogram (TIC) of tryptic digest of 
BSA in the presence of 1X Invitrosol™ solubilizer. Peaks 
indicated by stars correspond to components of the Invitrosol™ 

solubilizer. 
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Column: 
Flow rate: 
Mobile phase: 

Gradient: 

Column temp.: 

Jupiter™ 005_C18 300Å, 250 x 4.6 mm 
0.3 ml/min 
A: 01% FA in ultrapure water 
B: 0.1% FA in acetonitrile 
A/B (95:5) to (35:65) in 45 minutes 
A/B (35:65) to (5:95) in 7.5 minutes 
24°C 

 
Contents and Storage 
The Invitrosol™ LC/MS Protein Solubilizer includes 5 ml of 5X Invitrosol™ LC/MS Protein Solubilizer and 50 μl of BSA standard tryptic 
digest (0.5 mg/ml in 1X Invitrosol™ solubilizer). Upon receipt, store the Invitrosol™ solubilizer at 4°C, and divide the BSA digest into 
smaller aliquots and store them at –20°C. 

Description 
Invitrosol™ LC/MS Protein Solubilizer is a proprietary surfactant blend that has unique binding and elution properties. This surfactant blend 
keeps a variety of hydrophobic proteins in solution, does not interfere with protease activity, and is also compatible with reverse-phase high- 
pressure liquid chromatography (RP-HPLC) separations of digested peptides and analysis via LC-coupled electrospray ionization/mass 
spectrometry (ESI/MS). The formulation includes surfactants that have been individually tested for suppression effects and factors that affect 
the resolution of peptide peaks eluted from reverse-phase chromatography. The Invitrosol™ LC/MS Protein Solubilizer is formulated to be 
directly compatible with LC/MS analysis at 1X concentration. The BSA tryptic digest in 1X Invitrosol™ solubilizer is provided for use as a 
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Figure 3. Total ion chromatogram (TIC) of tryptic digest of P450, 
buffer exchanged with 1X Invitrosol™ solubilizer. The peak 
indicated by the star corresponds to a component of the 
Invitrosol™ solubilizer. Components of the Invitrosol™ solubilizer 
that elute early were removed during a wash cycle applied to a 
C18 trap cartridge used in this configuration (compare to 
Invitrosol™ peaks shown in Figure 2). 

standard to set up and optimize LC/MS methods before analyzing your own samples. 

General Recommendations 
• Always use ultrapure chemicals and deionized, sodium-free water in all procedures. 
• All of these protocols are based on the use of trypsin as the protease for digestion. Other proteases will require buffers and reaction 

conditions other than those given here. Use empirical knowledge about the characteristics of your protein of interest to optimize 
procedures and yield. 

• We recommend that you check your HPLC column performance and consistency prior to analyzing protein samples. Always 
condition and equilibrate the column well, especially if it is a new column. Perform a pilot run using the Invitrosol™ LC/MS Protein 

Troubleshooting 
Most problems arise from the column or gradient. Ensure columns are well-conditioned and equilibrated. 

 

Problem Solution 
No peaks corresponding 
to proteins in 
chromatogram. 

• Proteins may have been lost during precipitation or buffer exchange. When performing acetone 
precipitation, be sure that you do not lose the protein pellet. When performing ultrafiltration or 
drop dialysis, do not tear the membrane or spill the sample. 

• Check protein recovery using 1D SDS-PAGE before and after the buffer exchange procedure. 
Extra peaks in 
chromatogram. 

• Some proteins are expressed or isolated with additional folding factors or chaperone proteins that 
improve solubility. Check for protein purity prior to buffer exchange using a simple 2D gel apparatus 
such as the ZOOM® IPGRunner™ system. 

• Follow the manufacturer’s recommendations for sequencing-grade protease digestion exactly. Not 
using sequencing-grade protease, digestion for a very long time, or addition of excess protease will 
cause autolysis. The peptides resulting from autolysis may appear in the LC/MS analysis. 

• Hydrophobic peptides may have been carried over from a previous run. If the column was previously used
for hydrophobic proteins, run one or more blanks until these contaminants are eliminated. 

Poorly resolved MS 
spectra. 

• Always check the instrument and method parameters by analyzing the provided BSA digest. 
• Be sure to remove MS-incompatible buffer components completely. The buffer exchange process 

may need to be repeated, or an alternative method selected. 
Detergent peaks observed 
near peptide peaks rather 
than in the void volume. 

• Check the HPLC instrument and method for correct setup, including flow and pressure. 
• Plumb a C18 trap cartridge in-line. 
• Check the column frits, sample loop, and plumbing for leaks or debris. 

Limited product warranty                                                                                                                                                                   
 Life Technologies Corporation and/or its affiliate(s) warrant their products as set forth in the Life Technologies' General Terms and Conditions   
of Sale found on Life Technologies' website at www.thermofisher.com/us/en/home/global/terms-and-conditions.html. If you have any   
questions, please contact Life Technologies at www.thermofisher.com/support.           

 
The information in this guide is subject to change without notice.                                                                                                                                                                                             
DISCLAIMER: TO THE EXTENT ALLOWED BY LAW, LIFE TECHNOLOGIES AND/OR ITS AFFILIATE(S) WILL NOT BE LIABLE FOR SPECIAL, INCIDENTAL, INDIRECT, PUNITIVE, 
MULTIPLE, OR CONSEQUENTIAL DAMAGES IN CONNECTION WITH OR ARISING FROM THIS DOCUMENT, INCLUDING YOUR USE OF IT.                                       
Important Licensing Information: These products may be covered by one or more Limited Use Label Licenses. By use of these products, you accept the terms and conditions of 
all applicable Limited Use Label Licenses.                                                                                                                                                                                                                
©2018 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher Scientific and its subsidiaries unless otherwise specified. 

Solubilizer alone and/or with the BSA tryptic digest as a positive control. 
• We strongly recommend the use of formic acid rather than trifluoroacetic acid (TFA) for all procedures. Formic acid is also 

recommended for the preparation of mobile phases for RP-HPLC (see Analysis of Digested Peptides), especially when directly 
coupled with ESI/MS instrumentation, as TFA has detrimental effects on ESI/MS. 

Materials Needed 
Several protocols are provided for the removal of incompatible buffer components and for digestion with trypsin. Since each protocol requires 
different materials, please read each protocol to ascertain the materials that you will need to have available before starting. 

Removal of Incompatible Buffer Components (for Proteolysis in Solution) 
These protocols are designed to remove buffer components that are often used for protein solubilization (especially hydrophobic proteins) but 
are incompatible with RP-HPLC and ESI/MS. These components, such as CHAPS, PEG, glycerol, SDS, and high salt concentrations, also may 
interfere with protease activity. If MS-incompatible reagents are present in your sample buffer, we suggest one of the following protocols to 
remove them. As noted in General Recommendations, these protocols are provided as a starting point. Use empirical knowledge about the 
characteristics of your protein of interest to optimize procedures and yield. 
Acetone Precipitation 
1. Add cold 80% (v/v) acetone to the protein sample and incubate on dry ice for at least 3 hours. 
2. Centrifuge the tube at 14,000 x g at 4°C for 10 minutes. 

3. Carefully remove the supernatant. Wash the pellet twice with cold acetone 100%, then air-dry the pellet. 
4. Resuspend the pellet in 5X Invitrosol™ LC/MS Protein Solubilizer, using a volume equal to 1/5 of the required final volume for LC 

column loading. Note: The final volume will be dependent on your LC column’s loading capacity. You may add 20% (w/v) freshly 
deionized urea (up to 10% w/v of the desired final volume in step 7) to facilitate dissolving the pellet. Urea will not interfere with any 
protease activity. 

5. Vortex for 1–2 minutes, then incubate at 60°C for 5 minutes. 
6. Vortex for 1–2 minutes, then incubate at 60°C for another 10 minutes or until the pellet is completely dissolved. If necessary, sonicate 

for 30 minutes to ensure complete dissolution. 
7. Add 25 mM ammonium bicarbonate to obtain the desired final volume and an Invitrosol™ concentration of 1X. 

8. Proceed to In-Solution Digestion with Trypsin. 
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