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A recent addition to the Pressure BioSciences product family,  Barocycler 2320EXT, subjects 1 to 16 samples per batch 
to pulses of hydrostatic pressure  up to 45,000 psi (~3100 bar). Instrument software offers more flexibility in pressure 
control  within an expanded range of temperatures and has GLP data logging and user management features highly 
desirable in a clinical research settings. PCT MicroTubes are manufactured from inert and thermostable fluorocarbon 
materials and accommodate a range of sample volumes from 30 to 150 microliters. The PCT MicroPestle fits into the 
same container acting as a disposable tissue homogenizer.  Tissue samples  up to 3 milligrams per tube can be 
automatically  homogenized under identical mechanical and thermodynamic conditions, ensuring convenient and 
highly reproducible preparation of tissue biopsy samples.  

Pressure Cycling Technology (PCT) 
 

Pressure cycling technology (PCT) is a unique methodology that offers programmed cycles oscillating between ultrahigh 
and ambient pressure, which has been previously shown to enhance activity of several proteolytic enzymes and 
facilitate efficient substrate protein denaturation [1 - 3]. Moreover, pressure acts in synergy with chaotropic denaturants, 
offering a potential to lower the amount of chemicals and streamline sample preparation steps. The utility and efficiency 
of the Pressure Cycling Technology (PCT) sample preparation approach for small tissue biopsies followed by SWATH data 
acquisition (PCT-SWATH, [4]) and employs PCT MicroPestle-based tissue homogenization and subsequent proteolysis in 
the same sample container, have been reported previously [5].  

Methods 
 

We optimized several critical steps of the previously reported tissue preparation protocol using rat liver lysate as a 
model system. Several permutations of the PCT-based homogenization and digestion protocol were tested to examine 
the influence of the order and the type of proteolytic enzymes, reduction/alkylation, pressure and the amount of 
chaotropes  on the number of identified proteins and quantitative recovery of proteotypic peptides, while minimizing 
sample handling time. These permutations included combining tissue homogenization with reduction/alkylation steps 
or with Lys-C digestion, as well as the optimization of pressure and chemical environment during digestion with Lys-C 
and/or trypsin.  Conditions for each experiment are indicated in figure legends. In order to minimize effects of tissue 
heterogeneity on the  number of identified proteins  in this study rat liver tissue was homogenized manually in a large 
batch and then aliquoted to represent approximately  1 mg of tissue homogenate per sample container. Trypsin 
(Sequencing Grade) and Lys-C were from Promega and Wako, respectively. Reduction/Alkylation was performed as 
previously reported [1, 2], except the order of experimental steps was varied as indicated below. Digests were cleaned 
up using a C18 SPE columns (Empore C18, Sigma) per manufacturer’s instructions.  
 
Samples were run on a Sciex 6600 equipped with a Turbo V source. Peptides were separated over a 90 min run time 
using an SGE C18G 250 mm x 300 um, 3um column after trapping on an SGE C18G trap column 10 mm x 300 um, at a 
flow rate of 5uL/min. The top 60 peptides were analysed using dynamic exclusion. The data was searched using 
ProteinPilot 5.0 (thorough search with FDR calculation) against all rat sequences extracted from UniProt (37596 
proteins) with Cys-CAM and urea denaturation specified in the search settings. The FDR was set at 1%. 
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Results and Discussion 
 

Our data strongly suggest that the use of pressure cycling technology (PCT), and an optimized sample preparation 
protocol, increases the quantitative recovery of observed peptides and significantly improves sequence coverage. 
Sample preparation time, as well as the operator hands-on time were also much reduced as a result of protocol 
optimization. The most effective protocol in our study took less than 3 hours to process 16 samples from start to finish, 
with approximately 30 minutes of hands-on time, and resulted in the identification of an equivalent number of proteins 
as an earlier-published 4-hour protocol that required over an hour of operator involvement. 
 

Initial PCT-HD workflow  optimization and streamlining  
 
In order to minimize the number of steps on the PCT-HD workflow, multiple combinations were tested.  The effect of 
combining Lys-C digestion with other steps in the workflow is shown in Figure 2. The timing of the reduction/alkylation 
step, before, between, or after enzyme digestion, (Figure 3), was also tested.  Based on this preliminary testing, the best 
conditions (Figure 4), were  used as a starting point for further, more detailed , optimization. Data in Figures 2-4 are 
pooled MS results from 3 biological replicates and 2 technical replicates (6 MS runs per sample). 

Figure 2 . Sequential digestion with Lys-C followed by 
trypsin results in more protein IDs and a slightly lower 
miscleavage rate, compared to combined digestion 
with both enzymes simultaneously. Combining the 
PCT-homogenization with the Lys-C digestion into a 
single step, followed by sequential digestion with 
trypsin, saves time and gives the best results. 
Interestingly, digesting with Lys-C alone (no trypsin), 
resulted in only a slight reduction in the total number 
of protein IDs.  

Figure 3. Performing the reduction and alkylation 
after PCT-HD makes the workflow more convenient, 
without sacrifices in the number of protein IDs or 
alkylation rate. This suggests that pressure-
enhanced digestion can be carried out efficiently 
using non-reduced proteins. This approach can also 
be of significant benefit in those application where 
disulfide reduction is not desirable.  
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Figure 4. Homogenization step combined with Lys-C 
digestion using the MicroPestle at 45kpsi followed 
by trypsin digestion and post-digestion reduction 
and alkylation protects trypsin activity and manual 
sample handling step. This streamlines the workflow 
and increases the peptide yield and number of 
protein IDs. 
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Figure 5. PCT-HD. Optimization of streamlined protocol. Standard method as described in Figure 6, Workflow A. Streamlined method as described in Figure 6, workflow B (Lys-C digestion combined with homogenization using 
PCT MicroPestle at 45kpsi. Peptide reduction and alkylation after digestion). Trypsin digestion at 20kpsi, 35kpsi or 45kpsi, with or without 5% N-propanol. Each bar represents the average (± std dev) of 3 biological replicates 
and 2 technical replicates (6 MS runs per sample). 

Figure 1. Comparison of Standard (original) and final, streamlined PCT workflows.  Optimized Workflow B reduces total 
experimental time by more than 2 hours, while eliminating two manual steps involving capping and de-capping 
MicroTubes, thus saving operator hands-on time.  Reduction/alkylation can also be performed after completion of all 
steps of the protocol in a high pressure instrument without any significant impact on the number of identified proteins 
and data quality. As a result, these steps can be combined with peptide clean-up and performed on a standard liquid 
handling equipment.  Moreover, reduction and alkylation appears to be more efficient if it is performed after removal 
of chaotropes during peptide clean-up.      

Further Optimization of Streamlined PCT-HD workflow.  
 

Based on the results of the preliminary testing (Figures 2-4), the short protocol that combined tissue homogenization with Lys-C  digestion has been chosen for subsequent optimization using three pressure levels and addition of organic modifier, 
5% n-propanol. Data in Figure 5 are averages from 3 biological replicates (2 pooled technical replicates each) with standard deviations plotted as error bars.  Digestion at pressure of 45kpsi showed best results, while addition of n-propanol appeared 
to further improve peptide recovery, while slightly increasing  miscleavage rates, but not significantly affecting methionine oxidation and  deamidation throughout rat liver proteome.  
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Conclusions 
 

• PCT can significantly improve throughput, reproducibility, and quantitative recovery of peptides for proteomic analysis.   

• Disposable MicroPestle  offers automated batch homogenization of tissue biopsy samples in sealed individual containers. 

• Combining sample homogenization with enzymatic digestion further improves peptide recovery and saves sample preparation time 

• The application  of pressure denaturation offers a  possibility  of  performing reduction and alkylation at the end  of the sample preparation workflow.  

Workflow A. Standard PCT-HD protocol.  Total time: ~3hrs in MicroTube. Operator time >1 hr. Total MicroTube capping steps: 4. 

Workflow B. Streamlined protocol.  Total time: ~2hrs in MicroTube. Operator time: 30 min. Total MicroTube capping steps: 2. 
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Introduction and Objectives 
 

Two decades of proteomics research have culminated in development of high resolution, high speed, and high sensitivity LC-MS instruments.  Sample preparation methods have experienced less attention and 
often rely on traditional approaches developed for proteomes of biological fluids.  However, a recent paradigm shift to precision medicine requires emphasizing tissue proteomics as one of the cornerstones of 
understanding cancer and development of personalized approaches to treatment. Modern proteomics techniques, such as DIA and SWATH-MS, require high quality sample preparation methods that minimize 
sample losses to maximize proteome coverage. High–throughput proteomic analysis of tissue biopsies presents particular challenges with respect to complete protein extraction, solubilization and digestion. 
Traditional methods of tissue sample preparation typically involve manual sample handling and multi-step procedures that inevitably lead to loss of analytes due to sample transfer steps. The goal of the current 
study was to further optimize this protocol in order to minimize manual sample handling and sample preparation time, while maximizing quantitative recovery of proteotypic peptides. 


