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Overview

A Steps in a Proteomics workflow
A Experimental design

I Minimizing variation and bias

I Sources of variation
A Sample collection

A Sample preparation
I Protein extraction
I Sample cleap
I Tackling complexity
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Study design

Study Sample Sample Data Data veftfication
/ Design // collection //preparation//acquisition//processinq/ = /
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A Experimental design beyond the analy
Formulation of hypothesis

Define population of interest
Determine procedure fosamplecolle
Determine sample size / number of repl

Arrange experimental material
A Allocate time for sample processing and data acquisition

Choose appropriate methodology and design experiments

Design pilot study to test:
A Efficiency & i

A Variability (& sample size) GIR
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Study designconsiderations)

Study Sample Sample Data Data Verification
/ Design // collection //preparation//acquisition//processing// /

A Study 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

GSIR
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Study designconsiderations)

2. B ()

" (b) A significant ¢

>

Feature intensity

\

Feature intensity

|
I

Healthy |

Healthy  Diset

Oberg and Vitek, Journal of P

www.csir.co.za

Randomization

Randomization

“.T‘“W“"ﬁﬁ

Vg Ve /

Randomizaton @
VIV,

Randomization @

BLOCK 2

Greenhouse position

LV W

Protein isolation

o

SDS-PAGE

ng
Biological

stage  nificant difference

E—VD
8

l .
[ -
Technical thy  Disease
stage o

GSIR

our future through science



Study designsources of variability)

> / collection / / preparation / / processing / // veniication

A 3 sources of variability: determined individually for EACH study
1. Systematic: bias in processing (instrument, reagents, settings)

2. Technicalvariability inherent to the technique / method
A More steps = more variability
A Technical variation is cumulative
A Determine technical variation in pilot study (has to be less than true differences)

3. BiologicalNatural variation i.e. differences due to environmental factors

The problem of
biological
variation unrelated
to disease

Although human genome > 99.9% identical ...

... considerable differences in proteome
. unrelated to disease biomarkers = “noise* & "
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Which type(s) of replicate to include?

Without technical replicates

Number of individuals

Var(vg —yp) = 20%/1

With technical replicates

2 2 2
. 0%indiv . 9 prep , 0 meas
V — =2 + +
ar(Yg — ¥p) ( 7 1] 11K )

\

Number of sample preparations Number of measurements

Biological replicates (I) matter most!

From: Oberg and Vitek, Journal of Proteome Research, 2009



Sample collectiomminimize bias)

Study Sample Sample Data Data Verification
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U Standardize collectionariables
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Sample preparation

Study Sample Sample Data Data
Design collection /preparation AV gronisiion processing
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1. PROTEIN EXTRACTION

A Extraction / Isolation of specifanalyte's

A Choose methods based on physiochemical properties of
organismanalyteas well ultimate goal of your project

A Cell disruption (toughness of cells):

I Tissue samples (mechanical disruption):
A Blender / juicer
A Pastel and mortar
A Sonication,
A French press,
A Glass beads
I Cells in culture (chemical disruption):
A Enzymatic lysis (Lysozyn@sllulaseLysostaphinZymolass,
A Freeze thaw
A Detergents
A Osmotic lysis
I Mechanical / Chemical combination often is best
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1. PROTEIN EXTRACTION

A Consider protein:
| Stability: avoid or minimize sample heating
I Solubllity:

A Release from complexes:

Detergents (dowrstream application / aim of experiment):

» SDS: ionic (disrupts function / interactions)

» Tween / Triton X: nofonic (maintains function)

» CHAPS: zwitterionic (maintains function + interactions)
Remove prior MS analysis!

Degradable surfactants: PPS, Rapigest, ProteaseMAX (mostly used
aid digestion, expensive)
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A Minimize aggregation:
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" Chaotropes (Urea / thioureaavoid heating; GUHCI)

|
I Buffer composition & pH to mimic natural environment
.

|

Ampholytes

' Reduce & bonds & block free SH groups
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1. PROTEIN EXTRACTION

A Minimize proteolysis:
I Proteases are often released and/or activated during extraction processe
I Keep samples cold, use pehilled buffers & work quickly
I Consider protease inhibitors:
A Aprotinin: serine protease inhibitor
A PepstatinA: acid protease inhibitor
A Leupeptin serine andhiol proteases inhibitor
A Bestain leucineamino peptidase inhibitor
A PMSF / AEBSF: serine @adnecysteineprotease inhibitor
A EDTAmetalloproteases
A cocktails preferred since complégsatescontain multiple protease

I Denaturing methods can alleviate proteolysis. esgmeproteases are
Inactive in high urea, detergent and/or solvent concentrations

GSIR
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2. SAMPLE CLEANP

A Removal of chemicals and other contaminants that
are incompatible with MS instruments.
I Significant particulate or insoluble material
I Nonvolatile salts: NaCl, KCI, Phosphates, etc.
I Detergents: SDS, NP, Triton, Tween, efc.
|

" PEG, and other polymers (plastics, soaps, hand creams ar
some detergents)

I Cryoprotectants: DMSO, Glycerol, etc.

I Cell debris: nucleic acids, mor® polysaccharides, lipids,
etc.

| Radioactive or Biohazardous substances
http://www.uoguelph.ca/~bmsf/Surfactants Buffers Salts.pdf GIR
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. SAMPLE CLEANP

1. Protein precipitation

2. Membrane-based clearup

3. Gel Filtration (Size exclusion)
4. Liquidliquid extraction

5. Solid phase extraction

6. Centrifugation

7. SDSPAGE

A Common misconceptiorVacuum or Freezdryingcan be used for sampldeanup

i Only volatiles are removedeverything else isoncentrated!
8
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Sample preparatiorfComplexity & Dynamic range)

sample N\ I BEIE] Data Verification

collection / preparation / acquisition " processing /

Dynamic range of protein concentrations in human plasma
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Sample preparation{Dynamic range in proteomics)
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Sample preparatiOl’(Tackling complexity & dynamic range)

..-----':::::::::::::::::::_.____.- collection / / preparation /

1. Burn the haystack
A Depletion / Enrichment
A Specificity / availability / cost
2. Divide and Conquer
A Fractionation
A Charge/3|ze/polarlty/comblnatlon l.
A Depth of ¢ VS time/cost -

3. Target
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