Introduction to Mass
Spectrometry Based




What is Proteomics?

® A proteome is the set of all
proteins expressed by an
organism, organ, tissue, etc, at a
given time.
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Motivation

® Protein Biomarkers

® Proteins are most directly responsible
for biological function.

® RNA expression s Protein expression.

® Post Translational Modifications
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Motivation

® Protein Biomarkers

® Proteins are most directly responsible
for biological function.

® RNA expression z Protein expression.

® Post Translational Modifications
- (phosphorylation, glycoslyation) not
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What is a protein!?

* Proteins are hetero-polymers, meaning they are made of
repeating chemical units with different composition.
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Where might we look for
proteins?

“Proximal’” Fluids
Blood Bile Cerebrospinal Fluid

Serum Flasma Synovial Fluid
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Challenges of Blood

® Millions of molecular forms
® >|0'0 dynamic range

® Extremely diverse chemically
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Tissue Leakage

Classical Plasma Proteins
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Anderson and Anderson. MCP 2002, I.11, 845-867.




Detectability / Sampling

Abundance

' Dynamic Range

# of
Molecular
Species




“True” Plasma Genes:
~500 genes x 20 glycosylated 50,000

forms x 5 different “‘sizes’

Tissue leakage: ~35,000
genes x |0 variants (splicing, 350,000
PTMs, cleavage, etc.)

Immunoglobulins 10,000,000

25

20

15

Number of Proteins
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Anderson and Anderson. MCP 2002, |.11,845-867.



What can we do!

® Spread Proteins Out
® InTime (Time-of-Flight Mass Spec, Chromatography)
® |n Space (2D-Gel)
® |n Frequency (Fourier Transform Mass Spec)

® Throw Proteins Away

° Fllter (MolecularWelght Cut Off)
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Intact Proteins

Poly-Acrylamide Gel
Electrophoresis
(PAGE) separates
proteins by approx
molecular weight.

Iso-Electric Focusing
(IEF) separates
proteins by charge

(pl).

1,268 spots
(proteins)

Molecular Weight (kDa)

Gingival crevicular fluid




What is a Mass Spectrometer?

A mass spectrometer measures the mass-to-charge
ratios (m/z) of molecules.




What is a Mass Spectrometer?

Molecular Weight
m=100 Da m=1,000 Da
o @

m=750 Da




What is a Mass Spectrometer?
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What is a Mass Spectrometer?

Molecular Weight Mass-to-Charge
i 2— 10 m/z=751

i m/z=501
m=750 Da -
m/z

m=100 Da m=1,000 Da
. @




What is a Mass Spectrometer?
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lon Cyclotron Resonance

Basic Principle: B Important
lons rotate about a magnetic Relationships:
field with frequency ~ | / m/z. q

Calibration

m_A B

== |
2

PR
Cyclotron Frequency

R T R B it S a1 o e i e A Pl e o T
Chr i AL B R ra = s Pl TEHR R o Lt e i it el P A P
SRt S lp R o 4 R i N i, STt SN
) b et e P Gl e e e e e ]
¥ x X e i TR L o i ety S S T

|




Time of Flight

Basic Principle: ion flight time proportional to m/z.

Important Calibration Resolving Power
Relationships: m Leg
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trap #1 RT: 0.00
p MEIFull ms[-

A measure of an instrument’s
ability to discriminate or
“resolve” peaks adjacent in
mass.
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Importance of Resolving Power: Isotopes

Mr=828 Mr=1846 Mr=3680
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Chromatography

Chromatography separates molecules in time based on their
chemical properties.

100

%B

Gradient

g

0 Retention Time 60

e, LAF ) Sy s
¥ ""'r-.- L '|:| 11 Yl Vst - : T 2 Rt
o AR W A (1 TIL e R e, S e L g e 0 WE




; Rth i
¥ Ldd i 1..,_,"' [
Ll g et ST e LS

Chromatography

Chromatography separates molecules in time based on their

chemical properties.
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lonization

Electrospray lonization (ESI) I-loov

Analyte in

Solution ‘\ (Jet

Taylor Cone

® Hydrophobic
© Hydrophillic
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lonization

Electrospray lonization (ESI)

I_,oov *Multiply charged species
*Solution phase

Analyte in : " *Fenn et al: Nobel Prize
Solution .- NG

Jet |
Taylor Cone
® Hydrophobic
© Hydrophillic

Competltlon for Charge




Mass Spec Semi-quantitative




Relative Quantification
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Labeling

Unlabeled




Break proteins apart

* An endoprotease breaks proteins into

smaller peptides at specific residues.  Common endoproteases
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180 Labeling

Franl
414 416 418

m/z




Labeling

Alphabet soup

Separation

lonization

Mass
Analysis
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Experimental Overview
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Spectrum
100-1,000
peaks/spectrum




V Vo
retention time

abundance
abundance

Spectrum P RP Chromatogram
100-1,000 ~1,500
peaks/spectrum spectra/chromatogram
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VVV Vo
retention time

abundance
abundance

Spectrum P RP Chromatogram
100-1,000 ~1,500
peaks/spectrum spectra/chromatogram




abundance

I|.\| <

m/z

Spectrum P RP Chromatogram
100-1,000 ~1,500
peaks/spectrum spectra/chromatogram

|-2 sec/spectrum 60-90 min/chromatogram

abundance

“retention time




Data Size Per Patient Sample

LTQ-FT

Peaks ~9M

Spectra 57k / 228k




Data Set 1: LTQ-FT, 4 samples Data Set 2: LTQ-Orbitrap, 1 sample
(Scaffold 99% Protein Probability) (Scaffold 99% Protein Probability)

( 20 ppm precursor mass tolerance) ( 20 ppm precursor mass tolerance)
* 119800 MS/MS spectra « 270700 MS/MS spectra

» 164 Proteins with = 2 peptides « 437 Proteins with = 2 peptides

« 206 Proteins with = 1 peptide « 862 Proteins with = 1 peptide
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e HUPO: 3,020 total proteins with at least two
peptides from a consortium of |8 laboratories.

Distribution of protein identifications in function of peptides detected per protein

M all identifications - left axis @ confirmed identification

91% a5

=2 =3 =4 =5

number of peptides per protein detected across experiments and laboratories

G. S. Omenn et al. Proteomics 2005, 5, 3226—3245
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