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Introduction
The	choice	of	sample-preparation	method	is	a	critical	first	step	in	proteomic	and	metabolomic	studies	because	it	is	an	essential	

part	of	chromatographic	and	spectroscopic	analyses.		It	affects	both	the	observed	molecule	content	and	the	downstream	biological	

interpretation.

An	ideal	sample-preparation	method	should:

	 •	 Be	as	non-selective	as	possible

	 •	 Prevent	loss	and/or	degradation	during	the	preparation	procedure	

	 •	 Avoid	contamination

	 •	 Enable	high-throughput	processing

	 •	 Ensure	reproducibility

	 •	 Be	compatible	with	the	downstream	analytical	method

The	importance	of	these	aspects	emerged	in	the	last	decade	with	more	sophisticated	techniques	like	FASP	(Filter	Assisted	Sample	

Preparation),	and	the	use	of	high	grade	reagents	in	order	to	reduce	the	possible	interference	with	the	intended	analysis	techniques,	

like	Liquid	Chromatography-Mass	Spectrometry	(LC-MS).		In	most	cases,	sample	preparation	remains	inconsistent	and	time	consuming.	

Covaris	Adaptive	Focused	Acoustics®	(AFA®)	can	substantially	reduce	sample	variability	and	overall	turn-around-time	to	simplify	the	

workflow	for	MS.	

AFA Benefits: 

In	addition	to	sample	preparation	improvements,	there	is	a	desire	to	reduce	the	sample	size	and	increase	the	throughput	while	

maintaining	or	achieving	higher	reproducibility,	even	when	working	with	difficult	to	process	samples	(plants,	yeast,	hard	mammalian	

tissues,	FFPE	blocks).	

A	huge	variety	of	workflows	exist	to	obtain	the	highest	yield	and	purity	dependent	on	the	species/organisms,	the	sample	type	and	the	

targeted	molecules.		Biomolecule	diversity	presents	another	challenge,	for	example,	proteins	with	post	translational	modification	can	be	

very	fragile,	or	membrane	proteins	very	insoluble.		This	can	lead	to	great	variability	in	recovery	and	quality,	especially	in	core	labs	which	

require	a	standardized	workflow	suitable	for	a	wide	range	of	biological	samples.	

This	document	highlights	the	recent	developments	of	Adaptive	Focused	Acoustics	for	isolating	proteins	and	other	biomarkers	from	

difficult-to-treat	samples	for	a	variety	of	inputs	including	complex	tissue	to	single	cell	analysis,	for	high	total	protein	yields	as	well	as	

native	proteins	preservation,	focused	ultrasounds	ensure	a	reproducible,	non-contact	and	isothermal	treatment	of	each	sample,	leading	

to	higher	quality	extraction	and	biomarker	preservation.

AnalysisSample
Collection Cell Lysis ProcessingExtraction

	 •	 Standardize	sample	preparation	

	 •	 Preserve	sample	heterogeneity

	 •	 High-throughput,	automation	ready	

	 •	 Reproducible

•	 Compatible	with	downstream	analysis	methods

•	 Versatile:	most	sample	types

•	 Streamline	workflow



4

References
	 •	 Proteomic	Challenges:	Sample	Preparation	Techniques	for	Microgram-Quantity	Protein	Analysis	from	Biological	Samples.	P	Feist	 

	 	 et	al.,	Int.	J.	Mol.	Sci.	2015,	16,	3537-3563;	DOI:	10.3390/ijms16023537

	 •	 Challenges	in	biomarker	discovery	with	MALDI-TOF	MS.	J	Hajduk	et	al.,	Clinica	Chimica	Acta	Volume	458,	1	July	2016,	Pages	 

	 	 84-98,	DOI:	10.1016/j.cca.2016.04.033

	 •	 Integral	membrane	proteins	in	proteomics.	How	to	break	open	the	black	box?	O.	Vit	et	al.,	Journal	of	Proteomics	153	(2017)	 

	 	 8–20,	DOI:	10.1016/j.jprot.2016.08.006

	 •	 Modern	Proteomics	–Sample	Preparation,Analysis	and	Practical	Applications	Advances	in	Experimental	Medicine	and	Biology	-	 

	 	 pp23-62	–	2017	DOI:	10.1007/978-3-319-41448-5_4  

	 •	 Selecting	Sample	Preparation	Workflows	for	Mass	Spectrometry-Based	Proteomic	and	Phosphoproteomic	Analysis	of	Patient	 

	 	 Samples	with	Acute	Myeloid	Leukemia.	Hernandez-Vallares	et	al.,	Proteomes	2016,	4,	24,	DOI:	10.3390/proteomes4030024

https://www.ncbi.nlm.nih.gov/pubmed/?term=25664860
https://www.ncbi.nlm.nih.gov/pubmed/27134187
http://europepmc.org/article/med/27975213
https://www.mdpi.com/2227-7382/4/3/24


5

High-throughput Clinical Proteomics from Cells, Fresh Frozen Tissue, and FFPE Samples
High-throughput	and	streamlined	workflows	are	essential	in	clinical	proteomics	for	robust,	reliable,	and	comprehensive	proteome	

profiling.		Researchers	are	looking	for	standardized	protocols	to	process	various	samples	including	fresh-frozen	tissue,	FFPE	tissue,	or	

blood.		The	two	papers	below	exemplify	how	Covaris	AFA	can	set	new	standards	in	sample	preparation	for	proteomics.

Clinical	practice	requires	reduced	human	intervention,	and	the	ability	to	process	small	inputs	with	sufficient	throughput.		However,	

protein	extraction	is	still	largely	a	manual	process	with	many	steps,	including	lysis	and	homogenization	of	the	sample	for	proper	protein	

solubilization	and	stabilization.		AFA-energetics	simplifies	the	workflow	and	harmonizes	protocol	while	enabling	full	automation,	

including	integration	laboratory	robotics,	of	the	process.

Automated	sample	preparation	with	SP3	for	low-input	clinical	proteomics

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

This	paper	is	the	first	published	automated	method	for	protein	sample	preparation	using	Covaris.		The	authors	demonstrated	1)	the	

ability	to	work	with	low	volumes,	2)	the	possibility	to	work	on	both	cells	and	tissues,	and	3)	the	efficiency	of	a	single	pot	workflow	to	

extract	and	identify	proteins	reproducibly	and	consistently.

In	clinical	proteomics,	FFPE	blocks	represent	one	of	the	largest	sources	of	archived	samples.		Traditionally,	due	to	inefficient	or	

incomplete	deparaffinization	and	decrosslinking,	FFPE	analysis	has	suffered	from	poor	protein	recovery,	lack	of	reproducibility,	and	lack	

of	speed.		The	unique	combination	of	Covaris	AFA	and	ProtiFi™	S-Traps™	allows	for	a	rapid,	streamlined	approach	using	one	tube	and	

one	column.		This	novel	workflow	affords	the	highest	yields	of	proteins,	number	of	identifications,	and	the	most	reproducible	FFPE	

sample	processing.		In	addition,	it	is	well	suited	for	high-throughput	workflows.

Keywords : FFPE, oncology, cancer research, paraffin
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Preserving Protein Integrity: Extraction of Native Proteins
When	considering	extraction,	it	is	important	to	define	what	population	of	proteins	is	of	interest,	as	it	is	nearly	impossible	to	find	

conditions	that	will	accommodate	all	classes	of	proteins	with	comparable	efficiency.		Here	we	focus	on	scientific	publications/

communications	describing	methods	that	maintain	the	native	state	of	the	proteins.		This	will	allow	the	study	of	their	post	translational	

modifications	(PTMs)	like	phosphorylation	or	ubiquitination,	or	more	complex	downstream	applications	such	as	activity	assays,	as	

examples.	

Keywords : post translational modifications (PTM), native protein, phosphoprotein, ubiquitination, glycosylation
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	 	 	 	 Chlamydomonas	reinhardtii	with	subsequent	phosphopeptide	analysis	to	determine	the	extent	of	phosphorylation	in	the	redox	thiol		 	

    proteome.   
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	 	 known	homologs	to	new	targets.	E	werth	et	al.,	New	Phytologist	(2018)	221:	247–260,	DOI:	10.1111/nph.15339
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Low Input Extraction
Recently,	more	and	more	studies	have	been	conducted	on	low	number	of	cells,	<10,000.		The	ability	to	reach	the	individual	cell	level	

can	yield	essential	details	to	distinguish	between	cell	types	and	decipher	their	signaling	activities.		It	is	also	a	requirement	to	be	able	

to	work	with	high-throughputs.		Those	low	input	samples	must	be	processed	in	small	volumes,	10	to	200	µL	or	less,	to	maintain	a	

sufficient	concentration,	while	minimizing	the	loss	between	each	step	of	the	workflow.		Another	constraint	is	ensuring	that	every	tube	

will	be	treated	identically,	and	if	possible,	simultaneously	or	within	a	short	timeframe.		To	ensure	these	parameters	are	met,	researchers	

have	developed	high-throughput	protocols	using	96	well	plates.		Furthermore,	in	certain	protocols,	the	combination	of	steps	in	so	

called	“one	pot”	reactions	reduced	the	complexity	of	the	workflows	and	allows	for	better	standardization.

Keywords : low cell extraction, low input cell lysis, single cell
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Hard-to-lyse Samples
Sample	preparation	is	always	about	optimization;	there	is	a	significant	number	of	parameters	that	can	affect	the	efficiency	of	biomarker	

recovery.		Some	organisms	have	very	rigid	membrane	constituents	while	others	can	have	a	cell	wall	on	top	of	their	membrane,	and	

the	insolubility	of	some	components	can	drastically	decrease	the	quantity	of	desired	biomolecules.		AFA	has	shown	to	be	efficient	in	

processing	a	wide	variety	of	starting	materials	including	plants,	bacteria,	yeast,	or	hard	mammalian	tissue	like	muscle.	
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	 	 	 -	 The	authors	efficiently	extracted	several	types	of	biomarkers	from	difficult	tissue	(atherosclerotic	plaque	and	tumor	tissue)	using	cryoPREP	 

	 	 	 	 for	tissue	pulverization	and	AFA	method	for	successful	protein	extraction.

	 •	 A	rapid,	standardized	protein	extraction	method	using	adaptive	focused	acoustics	for	identification	of	mycobacteria	by	MALDI- 

	 	 ToF	MS.	LT	Adams	et	al.,	Diagnostic	Microbiology	and	Infectious	Disease	86	(2016)	284–288

	 	 DOI:	10.1016/j.diagmicrobio.2016.06.001

	 	 	 -	 This	paper	evaluates	AFA	to	rapidly	extract	mycobacterial	peptides	and	also	for	its	ability	to	inactivate	quickly	all	species	of	mycobacteria.

	 •	 Plasma	membrane	proteome	in	Arabidopsis	and	rice.	S.	Komatsu,	Proteomics	2008,	8,	4137–4145	DOI:	10.1002/ 

  pmic.200800088

	 	 	 -	 A	review	highlighting	the	advantages	of	acoustic	techniques	to	homogenize	protein	pellets	from	various	plant	tissues.

	 •	 A	Microscale	Yeast	Cell	Disruption	Technique	for	Integrated	Process	Development	Strategies.	MD	Wenger	et	al.,	Biotechnol.	 

	 	 Prog.	2008,	24,	606−614,	DOI:	10.1021/bp070359s

	 	 	 -	 In	this	yeast	study,	AFA	non-contact	approach	was	key	to	lyse	efficiently	high	quantities	of	cells	despite	a	very	rigid	cell	wall.

	 •	 Peptidomics	analysis	of	transient	regeneration	in	the	neonatal	mouse	heart.	Y	Fan	et	al.,	J	Cell	Biochem.	2017	Sep;118(9):2828- 

	 	 2840,	DOI:	10.1002/jcb.25933

	 	 	 -	 Use	of	AFA	for	peptidomics	(the	bridge	between	proteome	and	metabolome)	on	mouse	heart	tissue.

	 •	 Development	of	a	high-throughput	microscale	cell	disruption	platform	for	Pichia pastoris	in	rapid	bioprocess	design.	Blaha	et	al.,	 

	 	 Biotechnol	Prog.	2018	Jan;34(1):130-140	DOI:	10.1002/btpr.255

	 	 	 -	 Objective	was	to	develop	an	automated,	miniaturized,	high-throughput,	non-contact,	scalable	platform	based	on	Adaptive	Focused		  

	 	 	 	 Acoustics	(AFA)	to	disrupt	P. pastoris	and	recover	intracellular	heterologous	protein.		Conclusion	shows	that	AFA	can	be	used	very	 

	 	 	 	 efficiently	in	a	wide	range	of	applications.

	 •	 Acoustic	Technology	for	High-Performance	Disruption	and	Extraction	of	Plant	Proteins.	M	Toorchi	et	al.,	Journal	of	Proteome	 

	 	 Research	2008,	7,	3035–3041,	DOI:	10.1021/pr800012c

	 	 	 -	 Authors	describe	how	AFA	performs	far	better	on	plant	samples	than	water	bath	sonication	by	producing	high-quality	2D	gels	and	 

	 	 	 	 minimizing	the	processing	time	required	for	high-throughput	proteomics	research.

	 •	 Soybean	Proteomics	for	Unraveling	Abiotic	Stress	Response	Mechanism.	Z	Hossain	et	al.,	J.	Proteome	Res.	2013,		12,	11,	4670- 

	 	 4684,	DOI:	10.1021/pr400604b

	 	 	 -	 Analyzing	different	preparation	methods,	the	authors	describe	Covaris	processing	as	resulting,	“In	a	clearer	protein	pattern	than	the	other	 

	 	 	 	 conventional	methods”.

https://www.ncbi.nlm.nih.gov/pubmed/?term=25576851
http://clinchem.aaccjnls.org/content/57/11/1545
https://www.ncbi.nlm.nih.gov/pubmed/?term=27575460
https://www.ncbi.nlm.nih.gov/pubmed/?term=18763705
https://www.ncbi.nlm.nih.gov/pubmed/?term=18763705
https://www.ncbi.nlm.nih.gov/pubmed/?term=18410155
https://www.ncbi.nlm.nih.gov/pubmed/?term=28198139
https://onlinelibrary.wiley.com/doi/abs/10.1002/btpr.2555
https://pubs.acs.org/doi/abs/10.1021/pr800012c
https://pubs.acs.org/doi/10.1021/pr400604b
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Cell Lysis of Patient Derived Xenografts (PDXs)
AFA	is	very	efficient	for	xenografts.		Along	with	the	paper	from	Mundt	et	al.		To	study	phosphoproteins,	other	teams	have	used	it	for	

this	purpose.

	 •	 Breast	tumors	educate	the	proteome	of	stromal	tissue	in	an	individualized	but	coordinated	manner.	X	Wang	et	al.,	Sci	Signal.	 

	 	 2017	Aug	8;10(491),	DOI:	10.1126/scisignal.aam8065

	 	 	 -	 Studying	heterogeneity	between	tumors	requires	a	high	degree	of	sensitivity	and	good	quality	protein	extraction,	as	shown	here	on	breast	 

	 	 	 	 xenografts.

	 •	 Integrated	Bottom-Up	and	Top-Down	Proteomics	of	Patient-Derived	Breast	Tumor	Xenografts.	I	Ntai,	Molecular	&	Cellular	 

	 	 Proteomics	15:	10.1074,	DOI:	10.1074/mcp.M114.047480

	 	 	 -	 Authors	describe	the	first	large-scale	integration	of	genomic,	bottom-up	and	top-down	proteomic,	measuring	differential	expression	of	 

	 	 	 	 proteins	and	proteoforms.

Cell Lysis in Prokaryotes
	 •	 The	Role	of	Cadaverine	Synthesis	on	Pneumococcal	Capsule	and	Protein	Expression.	MF	Nakamya	et	al.,	Med	Sci	(Basel).	2018	 

	 	 Jan	19;6(1),	DOI:	10.3390/medsci6010008

	 	 	 -	 Use	of	AFA	to	disrupt	S. pneumoniae	capsule.

	 •	 Use	of	Focused	Acoustics	for	Cell	Disruption	to	Provide	Ultra	Scale-Down	Insights	of	Microbial	Homogenization	and	its	 

	 	 Bioprocess	Impact—	Recovery	of	Antibody	Fragments	from	rec	E. coli.	Q	Li	et	al.,	Biotechnology	and	Bioengineering,	Vol.	109,	 

	 	 No.	8,	August,	2012	DOI:	10.1002/bit.24484

	 	 	 -	 This	study	demonstrates	superior	efficiency	of	AFA	over	classical	sonication.

	 •	 An	ultra	scaled-down	approach	to	study	the	interaction	of	fermentation,	homogenization	and	centrifugation	for	antibody	 

	 	 fragment	recovery	from	rec	E. coli.	Q	Li	et	al.,	Biotechnology	and	Bioengineering,	2013	Aug;110(8):2150-60 

	 	 DOI:	10.1002/bit.24891

	 	 	 -	 In	this	study,	authors	apply	AFA	(defined	as	their	method	of	choice	in	the	upper	paper)	to	E. coli	for	homogenization	and	disruption	purpose	 

	 	 	 	 in	the	context	of	ultra	scaled	down	optimization.

	 •	 Assessment	of	the	Manufacturability	of	Escherichia	coli	High	Cell	Density	Fermentations.	MA	Perez-Pardo	et	al.,	Biotechnol.	 

	 	 Prog.,	27:	1488–1496,	2011,	DOI:	10.1002/btpr.644

	 	 	 -	 AFA	helped	in	assessing	the	best	physiological	and	biological	conditions	for	fermentation,	starting	from	ultra	scaled	down	quantities.

https://www.ncbi.nlm.nih.gov/pubmed/28790197
https://www.ncbi.nlm.nih.gov/pubmed/?term=26503891
https://www.ncbi.nlm.nih.gov/pubmed/?term=29351189
https://www.ncbi.nlm.nih.gov/pubmed/?term=22383367
https://www.ncbi.nlm.nih.gov/pubmed/?term=23475508
https://www.ncbi.nlm.nih.gov/pubmed/?term=21608144
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Versatility of AFA
Covaris	AFA	has	demonstrated	its	efficiency	to	disrupt	cells	of	great	diversity	and	for	many	different	objectives	in	the	recovery	of	

intracellular	biomolecules	including	metabolites,	antibody	fragments,	proteins	and	protein	subunits,	membrane	proteins,	and	lipids.		

All	of	these	have	been	isolated	with	high	efficiency	and	excellent	preservation	with	AFA.	This	proved	to	be	of	particular	interest	for	

proteogenomics	studies.		AFA	also	provides	valuable	advantages	as	compared	to	other	applications	as	it	can	enhance	the	speed	and	

quality	of	tryptic	digestion	and	for	hydrogels	solubilization.	

Keywords: high throughput, label free, trypsin digestion, stem cells, western blotting, proteogenomics, cross linked MS (XL-MS)
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