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• A 20 kpsi enzymatic digester was developed 

and performance demonstrated using a 4-

protein standard and hydrophobic membrane 

proteins.

• The digester was shown to be robust and 

compatible with nano-flow LC-MS/MS, 

enabling online enzymatic lysis of 

hydrophobic membrane proteins.

• For the S. oneidensis insoluble fraction, the 

sample digested for 20 min in the PCT 

reactor showed more protein identifications 

than the sample digested overnight.

• The ultra-high pressure PCT reactor 

facilitates proteomics research demanding 

high throughput technology, especially 

membrane protein analysis.   

• Incorporation of protein digestion into a fully 

automated online LC-MS platform reduces 

sample handling errors and losses 

associated with offline processing methods.

• Digesting proteins into peptides is an 

essential step in bottom-up proteomics.  

Recently, pressure assisted digestion using 

pressure cycling technology (PCT) was 

demonstrated to significantly speed time 

needed for digestions from hours to 

minutes.  

• In this work, we developed a novel ultra-high 

pressure PCT reactor that couples to an LC-

MS platform.  The reactor consists of a 

pressure generator, a temperature 

controlled flow-through pressure cell, 

isolated from the flow path by high pressure 

valves. 

• The system was tested initially with a pool of 

standard proteins and later with a set of 

digestion resistant proteins, including the 

hydrophobic membrane-spanning protein 

bacteriorhodopsin (Halobacterium halobium) 

and a water-insoluble fraction of Shewanella 

oneidensis proteins.    

Results

Overview

Methods

• BSA

• Beta-casein

• Cytochrome c

• Myoglobin

• Insoluble fraction

4-protein standard Shewanella oneidensis Bacteriorhodopsin

All samples were dissolved in 25 mM NH4HCO3. The 4-protein standard was treated with 

5 mM TCEP and 50 mM IAA, followed by sonication for 5 min at 50% power. S. oneidensis 

and bacteriorhodopsin were processed without any chemical treatment. Trypsin was added 

with the ratio of 1:20, weight-to-weight.  
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20 kpsi Enzymatic Digester (XStream) configured 

with a custom LC system and a ThermoScientific 

LTQ-FT mass spectrometer.
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Figure 1. Base peak chromatograms for three technical 

replicates (PCT 1, 2, 3) of the 4-protein standard following 

digestion in the PCT reactor.
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Figure 2. Number of peptide identifications (FDR<1%) 

for each of the three technical replicates.
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Figure 4. Base peak chromatograms for three technical 

replicates (PCT 1, 2, 3) of the S. oneidensis insoluble 

fraction following digestion in the PCT reactor, and one 

following overnight digestion for comparison.
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Figure 5. Number of peptide (FDR<1%) and protein 

identifications for each of the three technical replicates.

LC-MS/MS – ThermoScientific LTQ-FT

Sample amounts injected into C18 trap column for LC-MS/MS:

• 4-protein standard: 4.5 μg total protein

• Insoluble S. oneidensis fraction: 5 μg total protein

• Bacteriorhodopsin : 1 μg total protein
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Figure 3. Number of unique peptide identifications for 

each technical replicate.
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Figure 6. Number of unique peptide and protein 

identifications for the three PCT technical replicates and 

overnight digested sample.
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Figure 7. Base peak chromatograms for three technical 

replicates (PCT 1, 2, 3) of the bacteriorhodopsin standard 

following digestion in the PCT reactor.

Figure 8. Number of peptide identifications (FDR<1%) 

for each of the three technical replicates.

>gi|15790468|ref|NP_280292.1| bacteriorhodopsin; Bop [Halobacterium sp. NRC-1]

MLELLPTAVEGVSQAQITGRPEWIWLALGTALMGLGTLYFLVKGMGVSDPDAKKFYAITTLVPAIA

FTMYLSMLLGYGLTMVPFGGEQNPIYWARYADWLFTTPLLLLDLALLVDADQGTILALVGADGI

MIGTGLVGALTKVYSYRFVWWAISTAAMLYILYVLFFGFTSKAESMRPEVASTFKVLRNVTVVLWS

AYPVVWLIGSEGAGIVPLNIETLLFMVLDVSAKVGFGLILLRSRAIFGEAEAPEPSAGDGAAATSD

TransmembraneCytoplasmic

Figure 9. Identified peptide sequences of bacteriorhodopsin  

and their annotation.  

PCT Digestion

(20 kpsi)

• 4-protein standard :  5 min

• S. oneidensis insoluble fraction 

and bacteriorhodopsin:  20 min 

Overnight Digestion

(37C, 12 h)

• S. oneidensis insoluble fraction

http://www.google.com/imgres?imgurl=http://www.mobilewhack.com/images/dell_precision_m65_notebook.jpg&imgrefurl=http://www.mobilewhack.com/reviews/dell_precision_m65_notebook.html&usg=__uxldDJISeXfaTFmTzUKDMfpqzF8=&h=314&w=314&sz=12&hl=en&start=7&sig2=pZzcEJr3ePIzG9D4fp8v1Q&zoom=1&um=1&itbs=1&tbnid=RmJxNaapBASU-M:&tbnh=117&tbnw=117&prev=/images?q=Dell+M65&um=1&hl=en&sa=N&tbs=isch:1&ei=aXiSTKrVOIeosQPfkoDACg
http://www.mobilewhack.com/images/dell_precision_m65_notebook.jpg
http://www.google.com/imgres?imgurl=http://www.data-acquisition.us/Pressure-Transducer-Sensotec-0-5000-psi.jpg&imgrefurl=http://www.data-acquisition.us/industrial_electronics/input_devices_sensors_transducers_transmitters_measurement/sensors/Pressure-Transducers-and-Transmitters.html&usg=__Pndgc-LF5nO3hCYWO6M5gR7XKwU=&h=189&w=275&sz=20&hl=en&start=34&sig2=apUBk_6rK7zcA-xhuqnHLQ&zoom=0&um=1&itbs=1&tbnid=G0RWymo1pVuD4M:&tbnh=78&tbnw=114&prev=/images?q=sensotec&start=20&um=1&hl=en&sa=N&ndsp=20&tbs=isch:1&ei=jHqSTMiQKouisAPryPDkCQ
http://www.google.com/imgres?imgurl=http://cdn.sigma.octopart.com/311078/image/Honeywell-AP121DV.jpg&imgrefurl=http://octopart.com/ap121dv-honeywell-2156935&usg=__dZNYGAXRMA7QE5YjYtpJbJOOsGE=&h=118&w=320&sz=7&hl=en&start=20&sig2=IXvLtrp3ti1A6XuvjEcQzQ&zoom=1&um=1&itbs=1&tbnid=zJeud7_Pf1ejeM:&tbnh=44&tbnw=118&prev=/images?q=sensotec+pressure&um=1&hl=en&tbs=isch:1&ei=p3qSTIDtMYq8sAOb3YTBCg
http://cdn.sigma.octopart.com/311078/image/Honeywell-AP121DV.jpg
http://www.wellgainelectronics.com/ProductImages/ics/SENSOTEC MODEL GM 060-3147-01 + PRESSURE TRANSDUCER TJE_743-03.JPG
http://www.gehealthcare.com/

