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Standardized Sample Preparation Workflows 
for Clinical Proteomics
Nicolas Autret - Covaris Inc., Woburn, MA, USA

Adaptive Focused Acoustics® (AFA®) in Pre-analytical
Sample Prep: Extraction with Precision

Key Takeaways

Covaris promotes robust, easy, and scalable sample
preparation through:
	 •	 Standardized tissue/cell disruption 
			   -	 Improved consistency and reproducibility
			   -	 Hands-free, automated
			   -	 Processing in different formats, from single tube up to 96-well plate,  
				    with same sample-to-sample quality
	 •	 Fast, non-contact, easy, cold, and reproducible extraction for all soft and  
		  hard tissue samples*
			   -	 Use your buffer of choice
			   -	 Scale up from single tube to 96 well format and beyond
	 •	 Active deparaffinization and improved rehydration of FFPE tissue
			   -	 Enables “fresh frozen like” protein extraction from FFPE samples,  
				    without any organic solvent

*Includes non-mammalian samples like plants, yeast and bacteria

Improved Data Consistency with Automated Extraction from Low Input Samples
A. Hands-free, High-throughput Proteomics from FFPE* and Fresh Tissues or Cells B. Automated Sample Preparation with SP3 for Low-input Clinical Proteomics

96 FFPE/
Fresh Tissues/Cells

*includes Laser Captured Microdissection (LCM) samples

96-plex Sonication 
for Lysis & Protein Extraction

96-plex SP3 for 
Protein Clean-up & Digestion

Label-free LC-MS

Standardized Sample Preparation Workflows 
for Clinical Proteomics Applications

A fast and simple workflow (<2.5h)

Flash-frozen quality protein extraction from old archived FFPE samples
Total solubilization of FFPE samples for high 
recovery of proteins

HYPERsol yields proteomic data that closely 
resemble matched flash-frozen tissue
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Biopsy

Yeast

AAddaappttiivvee  FFooccuusseedd  AAccoouussttiiccss ®® ((AAFFAA®®)) iinn  PPrree--AAnnaallyyttiiccaall  
SSaammppllee  PPrreepp  ::  eexxttrraaccttiioonn  wwiitthh  pprreecciissiioonn

AFA enables active paraffin removal
Fast and non-toxic deparaffinization and tissue rehydration 

A B C

KKeeyy  TTaakkee--AAwwaayyss

A C

Standardized protein sample preparation from large tissue

B

Liang et al., Methods Mol Biol., 2019
„optimal preservation of precious material, fast, enable multiOMICs“

Tabb et al., Journal of proteome research, 2015
„high consitency, high quality, non-contact, improves extraction efficiency“

Wylezich et al., Scientific Reports, 2017
„highly reliable, most efficient method“

Schultz et al., Metabolites, 2019
„uncovers more biomolecules, cold, fast, reproducible“

Wang et al., Sci Signal, 2017.

Protein solubilization with 
Covaris S220

Xenografts tTissue pulverization with 
Covaris CP02

LC-MS analysis

cryoPREP: contact-free tissue pulverization Optimal biomolecule preservation cryoPREP combined with AFA enables high reproducibility

COVARIS ENABLES
- Standardized tissue/cell disruption 
→ Improved consistency and reproducibility
→Hands-free, automated
→Processing in different formats, from single tube up to 96-well plate, 

with same sample-to- sample quality

- Fast, non-contact, easy, cold and reproducible extraction for all 
soft and hard tissue samples for proteomics*

- Active deparaffinization and improved rehydration of FFPE tissue
→Enables “fresh frozen like” protein extraction from FFPE samples, 

without any solvent
*Includes non-mammalian samples like plants, yeast and bacteria     

Improving data consistency with automated extraction from low input samples

96 FFPE*/fresh
tissues/cells

96-plex sonication 
for lysis & protein extraction

96-plex
protein clean-up & 

digestion
LC-MS

Hands-free, high throughput proteomics from FFPE* 
and fresh tissues or cells  A

RRoobbuusstt,,  eeaassyy  aanndd  ssccaallaabbllee  
ssaammppllee  pprreeppaarraattiioonn

✓ Hands off

✓ Use your buffer of choice 

✓ Work in small volumes (<15ul)

✓ Scale up to 96 sample format 
and beyond

COVARIS

T Mueller, J Krijgsveld et al. Molecular Systems Biology 16:e9111 | 2020 – DOI: 10.15252/msb.20199111

“Relative protein abundance in process replicates was highly correlated with 
an average R2 of 0.75 (fig. S3A), indicating high technical reproducibility in the 
proteomic workflow.”

• >200% protein of “standard” 
protocol

• Near identical ID 
rates to fresh frozen

• Correlations 
between 
fresh frozen 
and FFPE 
(direct) are 
very good -> 
more uniform 
and complete 
extraction

• Old samples 
can be 
processed 
with the 
same quality

Wilson, Wojcik et al. - US HUPO 2019 poster Marchione, Wojcik et al. – J Prot Research 2020

SCHEMATIC OF RELATIVE  SONICATION ZONES 
BASED ON OPERATING FREQUENCY

Covaris system:
• Less energy
• More control
• Maintain isothermal process

“multiplexed ultrasonication combined with autoSP3 constitutes a highly standardized pipeline that 
should contribute to the identification of biological or clinical determinants in cohorts of dozens or 
hundreds of samples”

Automated sample preparation with SP3 for
low-input clinical proteomicsB

Sample in SDS 
based buffer : 
paraffin
emulsification
under AFA

Sample
reverse 
crosslinked

Tissue 
rehydrated
and proteins
extracted
under AFA

Proteins
captured on 
S-Trap

Proteins
digested on 
S-Trap and 
then
peptides 
eluted

with
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*includes Laser Captured Microdissection (LCM) samples

“multiplexed ultrasonication 
combined with autoSP3 
constitutes a highly standardized 
pipeline that should contribute 
to the identification of biological 
or clinical determinants in 
cohorts of dozens or hundreds of 
samples”

T Mueller, J Krijgsveld et al.  
Molecular Systems Biology  
16:e9111 | 2020

Flash-frozen Quality Protein Extraction from Old Archived FFPE Samples with ProtiFi
A. A Fast and Simple Workflow (< 2.5 h) C. HYPERsol Yields Proteomic Data that Closely 

Resemble Matched Flash-frozen Tissue

Standardized Sample Preparation Workflows 
for Clinical Proteomics Applications

A fast and simple workflow (<2.5h)

Flash-frozen quality protein extraction from old archived FFPE samples
Total solubilization of FFPE samples for high 
recovery of proteins
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Covaris S220

Xenografts tTissue pulverization with 
Covaris CP02

LC-MS analysis

cryoPREP: contact-free tissue pulverization Optimal biomolecule preservation cryoPREP combined with AFA enables high reproducibility

COVARIS ENABLES
- Standardized tissue/cell disruption 
→ Improved consistency and reproducibility
→Hands-free, automated
→Processing in different formats, from single tube up to 96-well plate, 

with same sample-to- sample quality

- Fast, non-contact, easy, cold and reproducible extraction for all 
soft and hard tissue samples for proteomics*

- Active deparaffinization and improved rehydration of FFPE tissue
→Enables “fresh frozen like” protein extraction from FFPE samples, 

without any solvent
*Includes non-mammalian samples like plants, yeast and bacteria     

Improving data consistency with automated extraction from low input samples

96 FFPE*/fresh
tissues/cells

96-plex sonication 
for lysis & protein extraction

96-plex
protein clean-up & 

digestion
LC-MS

Hands-free, high throughput proteomics from FFPE* 
and fresh tissues or cells  A

RRoobbuusstt,,  eeaassyy  aanndd  ssccaallaabbllee  
ssaammppllee  pprreeppaarraattiioonn

✓ Hands off

✓ Use your buffer of choice 

✓ Work in small volumes (<15ul)

✓ Scale up to 96 sample format 
and beyond

COVARIS
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an average R2 of 0.75 (fig. S3A), indicating high technical reproducibility in the 
proteomic workflow.”

• >200% protein of “standard” 
protocol

• Near identical ID 
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and complete 
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• Old samples 
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processed 
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SCHEMATIC OF RELATIVE  SONICATION ZONES 
BASED ON OPERATING FREQUENCY

Covaris system:
• Less energy
• More control
• Maintain isothermal process

“multiplexed ultrasonication combined with autoSP3 constitutes a highly standardized pipeline that 
should contribute to the identification of biological or clinical determinants in cohorts of dozens or 
hundreds of samples”
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*includes Laser Captured Microdissection (LCM) samples

• Correlations between fresh frozen and FFPE (direct) are very          
   good -> more uniform and complete extraction
• Old samples (up to 17 years old) can be processed with the same  
   quality

Marchione, Wojcik et al. – J Prot Research 2020

B. Complete Solubilization of FFPE Samples
for High Recovery of Proteins

Standardized Sample Preparation Workflows 
for Clinical Proteomics Applications

A fast and simple workflow (<2.5h)

Flash-frozen quality protein extraction from old archived FFPE samples
Total solubilization of FFPE samples for high 
recovery of proteins

HYPERsol yields proteomic data that closely 
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„highly reliable, most efficient method“
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Xenografts tTissue pulverization with 
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cryoPREP: contact-free tissue pulverization Optimal biomolecule preservation cryoPREP combined with AFA enables high reproducibility

COVARIS ENABLES
- Standardized tissue/cell disruption 
→ Improved consistency and reproducibility
→Hands-free, automated
→Processing in different formats, from single tube up to 96-well plate, 

with same sample-to- sample quality

- Fast, non-contact, easy, cold and reproducible extraction for all 
soft and hard tissue samples for proteomics*

- Active deparaffinization and improved rehydration of FFPE tissue
→Enables “fresh frozen like” protein extraction from FFPE samples, 

without any solvent
*Includes non-mammalian samples like plants, yeast and bacteria     

Improving data consistency with automated extraction from low input samples
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for lysis & protein extraction

96-plex
protein clean-up & 

digestion
LC-MS

Hands-free, high throughput proteomics from FFPE* 
and fresh tissues or cells  A
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✓ Hands off

✓ Use your buffer of choice 

✓ Work in small volumes (<15ul)

✓ Scale up to 96 sample format 
and beyond

COVARIS
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• More control
• Maintain isothermal process

“multiplexed ultrasonication combined with autoSP3 constitutes a highly standardized pipeline that 
should contribute to the identification of biological or clinical determinants in cohorts of dozens or 
hundreds of samples”
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*includes Laser Captured Microdissection (LCM) samples

AFA improves protein yield by 
>200% versus  “standard” protocol

Standardized Sample Preparation Workflows 
for Clinical Proteomics Applications

A fast and simple workflow (<2.5h)

Flash-frozen quality protein extraction from old archived FFPE samples
Total solubilization of FFPE samples for high 
recovery of proteins
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→ Improved consistency and reproducibility
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→Processing in different formats, from single tube up to 96-well plate, 

with same sample-to- sample quality

- Fast, non-contact, easy, cold and reproducible extraction for all 
soft and hard tissue samples for proteomics*

- Active deparaffinization and improved rehydration of FFPE tissue
→Enables “fresh frozen like” protein extraction from FFPE samples, 

without any solvent
*Includes non-mammalian samples like plants, yeast and bacteria     

Improving data consistency with automated extraction from low input samples
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SCHEMATIC OF RELATIVE  SONICATION ZONES 
BASED ON OPERATING FREQUENCY

Covaris system:
• Less energy
• More control
• Maintain isothermal process

“multiplexed ultrasonication combined with autoSP3 constitutes a highly standardized pipeline that 
should contribute to the identification of biological or clinical determinants in cohorts of dozens or 
hundreds of samples”
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*includes Laser Captured Microdissection (LCM) samples

AFA enables ID rates from FFPE samples comparable 
to fresh frozen
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AFA enables active paraffin removal
Fast and non-toxic deparaffinization and tissue rehydration

Covaris technology:
	 • Less energy
	 • More control
	 • Maintain isothermal process
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Bath Sonicator
Not focused 130 watt

Larger sonication zone = higher energy required = heat
Energy required to reach cavitation threshold (1MPa)
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~40 kHz
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Sample contact 4.6 watt

Covaris AFA
0.5 to 1 MHz

AFA non-contact
0.8 watt

Schematic representation of the sonication zone

Standardized Protein Sample Preparation from Fresh Frozen Tissue
A. cryoPREP: Contact-free Tissue Pulverization B. Optimal Biomolecule Preservation C. cryoPREP Combined with AFA Enables High Reproducibility
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„highly reliable, most efficient method“
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„uncovers more biomolecules, cold, fast, reproducible“
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Standardized Sample Preparation Workflows 
for Clinical Proteomics Applications

A fast and simple workflow (<2.5h)
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Total solubilization of FFPE samples for high 
recovery of proteins
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cryoPREP: contact-free tissue pulverization Optimal biomolecule preservation cryoPREP combined with AFA enables high reproducibility

COVARIS ENABLES
- Standardized tissue/cell disruption 
→ Improved consistency and reproducibility
→Hands-free, automated
→Processing in different formats, from single tube up to 96-well plate, 

with same sample-to- sample quality

- Fast, non-contact, easy, cold and reproducible extraction for all 
soft and hard tissue samples for proteomics*

- Active deparaffinization and improved rehydration of FFPE tissue
→Enables “fresh frozen like” protein extraction from FFPE samples, 

without any solvent
*Includes non-mammalian samples like plants, yeast and bacteria     

Improving data consistency with automated extraction from low input samples
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Hands-free, high throughput proteomics from FFPE* 
and fresh tissues or cells  A

RRoobbuusstt,,  eeaassyy  aanndd  ssccaallaabbllee  
ssaammppllee  pprreeppaarraattiioonn

✓ Hands off

✓ Use your buffer of choice 

✓ Work in small volumes (<15ul)

✓ Scale up to 96 sample format 
and beyond

COVARIS

T Mueller, J Krijgsveld et al. Molecular Systems Biology 16:e9111 | 2020 – DOI: 10.15252/msb.20199111

“Relative protein abundance in process replicates was highly correlated with 
an average R2 of 0.75 (fig. S3A), indicating high technical reproducibility in the 
proteomic workflow.”
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protocol
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rates to fresh frozen
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SCHEMATIC OF RELATIVE  SONICATION ZONES 
BASED ON OPERATING FREQUENCY

Covaris system:
• Less energy
• More control
• Maintain isothermal process

“multiplexed ultrasonication combined with autoSP3 constitutes a highly standardized pipeline that 
should contribute to the identification of biological or clinical determinants in cohorts of dozens or 
hundreds of samples”

Automated sample preparation with SP3 for
low-input clinical proteomicsB
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under AFA
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reverse 
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*includes Laser Captured Microdissection (LCM) samples

“Relative protein abundance in process replicates was highly 
correlated with an average R2 of 0.75 (fig. S3A), indicating 
high technical reproducibility in the proteomic workflow.”

Wang et al., Sci Signal, 2017.
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