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A New Workflow for Small Tissue Sample Preparation:  
FREEzE, FRAcTuRE, AND ExTRAcT 

FIGuRE 2:  Overview of Adaptive Focused Acoustics

FIGuRE 5: Improved protein 
extraction and sample complexity 

Improved protein recovery and sample complexity from 
cardiac muscle processed in the t-PREP with AFA versus 
Dounce homogenizer.  Representative Coomassie stained 
2DGE; enlarged area highlights 4 proteins present in the 
t-PREP processed samples at significantly higher levels 
compared to Dounce processed samples (e.g., circled spots).

FIGuRE 6:  Improved preservation of 
phosphorylated proteins 

Improved preservation of phosphorylated proteins in cardiace muscle processed in 
the t-PREP with AFA versus Dounce homogenizer.  Representative ProQ Diamond 
(phosphorylated proteins) and SYPRO Ruby (Total Proteins) stained 2DGE.  The 
t-PREP processed samples demonstrate a higher level of phosphorylated proteins 
overall; 5 specific spots are indicated where staining is significantly higher in the 
phosphorylated protein stain, yet comparable in the total protein stain when 
comparing the t-PREP with the Dounce processed samples.
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FIGuRE 1

Improved 
Analysis

Covaris’ patented Adaptive Focused Acoustics (AFA) technology evolved from highly 
developed therapeutic lithotripsy (such as kidney stone treatment) and diagnostic imaging.

AFA works by sending high frequency acoustic energy waves from a dish-shaped transducer. 
These converge to a small localized area creating intense mixing (A). Also, the Covaris 
acoustic transducer operates at 500 khz with a wavelength of ~3 mm, unlike conventional 
sonicators which operate at a lower frequency (around 20 kHz), producing a wavelength of 
~100 mm (B). Combined, these features enable the AFA acoustic energy to be focused on 
samples in a vessel providing a non-contact and isothermal process, avoiding contamination 
and sample degradation caused by heat.

With these unique design features, a more precise and reproducible control is obtained with 
AFA than other technologies, such as probe and waterbath sonicators.
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FIGuRE 3: Improved protein 
extraction efficiency and total yield 
with detergent-free buffer in the 
t-PREP with AFA 

Total protein extraction from skeletal muscle in the t-PREP 
with a 4 min AFA treatment using detergent-free Protein 
Extraction Buffer DF is 2 times higher than samples 
cryofractured with the t-PREP, and passively extracted for 60 
min. Yield is also equal to the maximum exhibited by passive 
extraction in detergent containing Buffer TP.

FIGuRE 4: Improved reproducibility and yield 
of cardiac muscle proteins extracted with the 
t-PREP  

Comparison of the total Protein extracted from cardiac muscle using a t-PREP (n=5), 
with a Dounce homgenizer (n=5) using the indicated buffers. t-PREP extracted 
samples demonstrate higher yield and greater reproducibility. 
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1. OVERVIEW
• The t-PREP™, a new device with a simple and easy workflow for 
extracting proteins from small tissue samples, is described.

• The t-PREP integrates the entire extraction process, from point of 
collection flash-freezing to homogenized sample in a single device.

• The workflow is more efficient, provides better sample complexity and 
preserves labile molecules such as phosphorylated proteins better than 
comparative methods.

• Adaptive Focused Acoustics™ (AFA) facilitates protein extraction in 
detergent-free buffers, providing a significant advantage in the 
preparation of proteins for analysis by mass spectrometry.  

2. INTRODucTION
During the collection of tissue biospecimens, biological changes occur 
instantaneously upon loss of blood supply. Thermal stabilization by 
flash-freezing and rapid storage of samples is the critical first step to 
obtain reliable and repeatable proteome analysis.  Small tissue samples 
(e.g. < 10 mg) are especially prone to significant loss of mass in sample 
transfer steps. Another factor is that conventional methodologies for 
protein extraction typically utilize detergent-containing buffers that may 
perturb or eliminate typical protein analysis by mass spectrometry and 
immunoassays.  Herein a workflow is described which utilizes a new 
single-use device (t-PREP™) which eliminates transfer steps by 
integrating the entire process from point-of-collection flash-freezing, 
through cryofracture, and Adaptive Focused Acoustics (AFA)  mediated 
extraction enabling high yield and efficient extraction of proteins in 
detergent free buffers.

3. MATERIALS AND METHODS
3.1  Tissue Samples
Frozen skeletal muscle, brain, liver, or cardiac muscle samples are placed 
in Covaris t-PREP single-use devices pre-chilled to -80 °C. 

3.2   cryofracture and AFA extraction
Dry cryofracture is performed with a Covaris t-PREP Impactor delivering 
a controlled descending blow of 1.3 Joules to the piston plug of the 
t-PREP device.  Protein extraction buffer containing protease and 
phosphatase (Cell Signaling Technology, Danvers, MA) inhibitors is 
added to the t-PREP chamber containing the pulverized tissue.  Protein 
Extraction Buffers DF and TP are available from Covaris, Inc.

The t-PREPs are subjected to AFA through the Kapton window on the 
bottom of the t-PREP device.

Immediately following AFA, the homogenate is transferred to a 
microfuge tube and centrifuged at 10,000 RCF for 10 minutes at 4-5 °C.  
The aqueous material is transferred to a fresh microfuge tube before 
analysis, and protein concentration determined by Quick Start Bradford 
Reagent (Bio-Rad, Hercules, CA, USA).  

3.3  SDS PAGE, IEF and 2DGE
For IEF, samples were diluted to 1.2 mg/mL in Protein Extraction Buffer 
TP that was ion-exchanged prior to use.  ReadyStrip IPGs pH 3-10NL 
were each hydrated with 220 uL of the diluted sample and IEF was 
performed in the Bio-Rad PROTEAN® i12 IEF instrument for 60 kiloVolt 
hours.  Following SDS equilibration, the IPGs were separated in the 
second dimension by SDS PAGE with 8-16% Tris-HCl Criterion gels. 

Gels were sequentially stained for phosphoprotein and total protein 
using Pro-Q® Diamond and SYPRO® Ruby stains, respectively (Invitrogen, 
Carlsbad, CA, USA) or colloidal Coomassie stain.

4. RESuLTS
• AFA increases  the efficiency and yield 
of extracted protein from ~10 mg of 
cryofractured skeletal muscle in a 
detergent-free urea extraction buffer, 
doubling protein yield (Figure 3).  

• At 4 minutes, AFA extraction in 
detergent-free buffer compared 
similarly to the extraction achieved by 
60 minutes of passive extraction with a 
urea/thiourea and detergent containing 
buffer (Figure 3), representing total 
maximum yield.

• The yield of protein extracted with the 
t-PREP is highly reproducible as shown 
in Figure 4.

• The protein yield from cardiac muscle 
samples extracted in the t-PREP with 
AFA is 2 – 3 times higher than Dounce 
homogenized control samples  
(Figure 4). 

• Tissue samples processed with the 
t-PREP exhibit increased sample 
complexity (Figure 5) and preservation 
of phosphorylation sites (Figure 6) 
than Dounce homogenized control 
samples.

5. cONcLuSIONS
• The t-PREP workflow integrates the 
extraction process from thermal 
stabilization by flash-freezing, dry 
cryofracture, and AFA mediated 
extraction in a single-use device. 

• The t-PREP both properly preserves 
samples and alleviates sample loss and 
possible contamination by eliminating 
transfer steps during protein extraction.

• The t-PREP facilitates efficient and high 
yield extraction of proteins from very 
small (< 10 mg) tissue samples (e.g., 
core needle biopsies).

• The simple and easy workflow takes 
merely minutes to process samples.

• AFA mediated protein extraction 
facilitates the high-yield and efficient 
extraction of proteins in detergent-free 
buffers, providing a significant 
advantage in the preparation of 
proteins for analysis by mass 
spectrometry. 


