
Experimental design, sample 
collection and preparation 



Overview 

ÅSteps in a Proteomics workflow 

ÅExperimental design 
ïMinimizing variation and bias 

ïSources of variation 

ÅSample collection  

ÅSample preparation 
ïProtein extraction 

ïSample clean-up 

ïTackling complexity 
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Study design 

ÅExperimental design beyond the analytical lab 

ü Formulation of hypothesis 

ü Define population of interest 

ü Determine procedure for sample collection 

ü Determine sample size / number of replicates 

ü Arrange experimental material 
Å Allocate time for sample processing and data acquisition 

ü Choose appropriate methodology and design experiments 

ü Design pilot study to test: 
Å Efficiency & 

Å Variability (& sample size) 

 

Unbiased & 
Accurate 

representation 
of population 
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Study design (Considerations) 

ÅStudy design should have two goals to ensure 
valid statistical inference: 

1. Minimize random variation 

2. Avoid bias 

Determine true biological changes rather than reporting measurements 
of noise  



2. Bias: accounted by Randomization and Blocking 
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Study design (Considerations)  

1. Variation: accounted by replication  
 

Oberg and Vitek, Journal of Proteome Research, 2009 

More variation = 
more replicates 

Smaller differences 
= more replicates 

 



1. Systematic: bias in processing (instrument, reagents, settings)  

3. Biological: Natural variation i.e. differences due to environmental factors 

2. Technical: variability inherent to the technique / method 
Å More steps = more variability 

Å Technical variation is cumulative 

Å Determine technical variation in pilot study (has to be less than true differences) 
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Study design (sources of variability) 

Å3 sources of variability: determined individually for EACH study 



Number of measurements Number of sample preparations 

Number of individuals 
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Sample collection (minimize bias) 

üStandardize collection variables 

VSample processing and Storage 

VTime and frequency of collection 

 



Better ionization 

Better fragmentation 

Added complexity 

Additional clean-up 

Inefficient + slow 
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Sample preparation 

Protein Extraction Sample Clean - up 

Maximum number of proteins  

extracted in least number of  

steps with minimum protein  

loss ,  degradation and  

modification .  

Must be compatible with:  

Ultimate aim of experiment & 

downstream processes 

Tackling Sample  

Complexity 

Methods for elimination of  

interfering substances  
Methodologies used to  

reduce sample complexity  

and compact dynamic range  

Buffered, Neutral 
pH, Salts, 

Detergents, Polar 
environment 

Acidic pH,  No 
Salts, No 

Detergents, Non-
polar environment 

SPE, Ultra-filtration, 
Dialysis, Centrifugation, 

Precipitation Digestion 

Integrate 
with 

minimal 
sample loss 

and 
variation 



1. PROTEIN EXTRACTION 

ÅExtraction / Isolation of specific analyte/s 
ÅChoose methods based on physiochemical properties of 

organism, analyte as well ultimate goal of your project 
ÅCell disruption (toughness of cells): 
ïTissue samples (mechanical disruption):  
ÅBlender / juicer,  
ÅPastel and mortar,  
ÅSonication,  
ÅFrench press,  
ÅGlass beads 

ïCells in culture (chemical disruption):  
ÅEnzymatic lysis (Lysozyme, Cellulase, Lysostaphin, Zymolase), 
ÅFreeze thaw,  
ÅDetergents,  
ÅOsmotic lysis 

ïMechanical / Chemical combination often is best 

 
 



1. PROTEIN EXTRACTION 

ÅConsider protein: 
ïStability: avoid or minimize sample heating 
ïSolubility: 
ÅRelease from complexes:  

ïDetergents (down-stream application / aim of experiment): 
» SDS: ionic (disrupts function / interactions) 
» Tween / Triton X: non-ionic (maintains function) 
» CHAPS: zwitterionic (maintains function + interactions) 
» Remove prior MS analysis! 
» Degradable surfactants: PPS, Rapigest, ProteaseMAX (mostly used to 

aid digestion, expensive) 

ÅMinimize aggregation:  
ïChaotropes (Urea / thiourea – avoid heating; GuHCl) 
ïBuffer composition & pH to mimic natural environment  
ïAmpholytes 
ïReduce S-S bonds & block free SH groups 

 



1. PROTEIN EXTRACTION 

ÅMinimize proteolysis: 
ïProteases are often released and/or activated during extraction processes 
ïKeep samples cold, use pre-chilled buffers & work quickly 
ïConsider protease inhibitors:  
ÅAprotinin: serine protease inhibitor 
ÅPepstatin A: acid protease inhibitor 
ÅLeupeptin: serine and thiol proteases inhibitor 
ÅBestain: leucine amino peptidase inhibitor 
ÅPMSF / AEBSF: serine and some cysteine protease inhibitor 
ÅEDTA: metalloproteases 
Åcocktails preferred since complex lysates contain multiple protease 

ïDenaturing methods can alleviate proteolysis. e.g., some proteases are 
inactive in high urea, detergent and/or solvent concentrations 

 
 



2. SAMPLE CLEAN-UP 

ÅRemoval of chemicals and other contaminants that 
are incompatible with MS instruments. 
ïSignificant particulate or insoluble material  

ïNon-volatile salts: NaCl, KCl, Phosphates, etc. 

ïDetergents: SDS, NP-40, Triton, Tween, etc.  

ïPEG, and other polymers (plastics, soaps, hand creams and 
some detergents) 

ïCryoprotectants: DMSO, Glycerol, etc.  

ïCell debris: nucleic acids, mono- & polysaccharides, lipids, 
etc.  

ïRadioactive or Biohazardous substances  

 

 
http://www.uoguelph.ca/~bmsf/Surfactants Buffers Salts.pdf 



2. SAMPLE CLEAN-UP 

 
1. Protein precipitation 

 
2. Membrane-based clean-up 

 
3. Gel Filtration (Size exclusion) 

 
4. Liquid-liquid extraction 

 
5. Solid phase extraction 

 
6. Centrifugation 

 
7. SDS-PAGE 

 

Å Common misconception: Vacuum or Freeze-drying can be used for sample cleanup  
ï Only volatiles are removed – everything else is concentrated! 
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Sample preparation (Complexity & Dynamic range) 
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Sample preparation (Dynamic range in proteomics) 
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Sample preparation (Tackling complexity & dynamic range) 

1. Burn the haystack 

Å Depletion / Enrichment 

Å Specificity / availability / cost 

2. Divide and Conquer 

Å Fractionation 

Å Charge / size / polarity / combination 

Å Depth of cover VS time/cost 

3. Target 

 

 

 

 
 

 

 


