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Novel Aspect:  
The application of pressurized solvents allows complete trypsin digestion of proteins in just one minute.  
 
Introduction:  
Protein digestion for bottom-up proteomics has traditionally been performed using a relatively lengthy incubation 
period (6-12 h), making digestion one of the most time consuming steps in the analytical process. Recently, 
microwave and ultrasonic assisted digestions have been shown to accelerate enzymatic reaction rates and achieve 
complete proteolytic digestion of complex matrices within minutes or even seconds. In this study, we investigated the 
influence of pressure (up to 35,000 psi) on tryptic digestion of simple and complex mixture of proteins. We observed 
complete tryptic digestions could be obtained in 60 sec.  
 
Methods:  
The use of pressure assisted digestions for increased enzymatic reaction rates was demonstrated on-line and off-
line. The off-line application used a Barocycler(TM), which uses pressure cycling technology (PCT) in the range of 0 
to 35 kpsi. To further enhance the method for high-throughput applications, an on-line digestion system was 
developed. This on-line system utilized a modified high pressure liquid chromatography (LC) system with a 
pressurized sample loop where sample and trypsin are loaded. Following digestion, peptides were collected and 
infused into a 12 T FTICR-MS, analyzed on-line using electrospray ionization ion mobility spectrometry-orthogonal 
time-of-flight MS (ESI-IMS-oTOF-MS), or using a liquid chromatography (LC) system coupled to an ion trap mass 
spectrometer (ITMS).  
 
Preliminary Results:  
The effect of pressure on trypsin digestion was investigated off-line using BSA as the substrate and the 
Barocycler(TM) operated at different constant pressure (5, 10, 20 and 35 kpsi), as well as alternating pressures 
(cycling between ambient and high pressure,0 to 35 kpsi). The total digestion time was kept constant at 60 s. Protein 
digests were subsequently analyzed by LC-MS/MS. In all cases digestion was complete in 60 s contrary to control 
experiments performed with no pressure. These results indicate that enhanced enzyme activity is achievable at 
elevated pressure and that multiple high-low pressure cycles do not negatively influence trypsin activity. To enable 
rapid pressure assisted enzymatic protein digestion in conjunction with MS, we modified a high pressure LC system 
for on-line digestion. The sample loop was loaded with both sample and protease (i.e., trypsin) and then pressurized 
at 7 kpsi for 60 s, at which time the digested sample was directed to the mass spectrometer by way of valve 
switching. Standard proteins and a complex Shewanella oneidensis proteome were digested using both the new 
pressured solvent and the traditional tryptic digestion methods, and then analyzed using ESI-IMS-oTOF-MS or ITMS. 
Comparable results, in terms of number of peptide identifications at 1% false discovery rate (FDR), were obtained 
when pressure digestion and traditional overnight digestion were compared. However, for the pressure experiments 
there was a noticeable improvement in the number of identifications. We hypothesize that this elevated improvement 
is a combination of two effects: pressure enhanced enzyme kinetics and pressure denaturation of proteins allowing 
better access for enzymatic cleavage. This new pressurized solvent method looks promising for ultra-high-throughput 
applications, i.e., "proteomics on the fly".  

 


