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PROTEOMICS

DNA mRNA functional proteinprotein

transcription translation
post-translational
modification



Primary Secondary Tertiary Quaternary

Over 200 possible modifications possible to the primary sequence

Dramatic effects possible to structure and ultimately function



Proteomics: definitions

PROTEOME
The total PROTEin complement in a cell, tissue or biological
system that is expressed by a genOME

PROTEOMICS (= proteome analysis)
1) Structural proteome analysis: identification of proteins

2) Functional proteome analysis: determine biochemical and
biological characteristics of (a family of) proteins



Adapted from Nature AFCS 
Gateway



Complexity

whole cell lysate
~100 000 proteins  

tryptic whole cell digest
~1 000 000 peptides 

Not taking PTMs in account

cellular genome
~25 000 genes  

~~
~ ~~ ~~

Sample is of ridiculous complexity



Sensitivity and Dynamic Range

1
6.023.1023 = 1.66.10-24 moles

One copy/cell corresponds to:

Þ For a net Detection Limit of 1 femtomole (i.e. 10-15 moles)

6.108 cells are required to detect a single copy 

Analyte of interest is potentially of low abundance!



Dynamic range: 12 orders of magnitude



Dynamic range: 12 orders of magnitude



‘I want a camera that captures both in the same picture’

Albumin Interleukin 6
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Conventional proteomics approach: bottom-up
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In mass spec based proteomics trypsin is king



spot
excision

Reduction of disulfide
bonds and then
digestion 
with protease
e.g. trypsin

Peptide map 
fingerprinting

Sequence tagging

extract
peptides

identification of proteins of interestmass spectrometry

Processing of spots & analysis with mass 
spectrometry
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‘in situ’ digestion with trypsin
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MS spectrum
Shows precise 
and accurate
m/z values 
of peptides:
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Protein A:

trypsin cuts protein after
lysine (K) or arginine (R),
resulting in formation of
peptides ending at K or R:

Protein identification: 
Peptide mass fingerprinting



• digest all known proteins in silico with trypsin
• determine exact theoretical masses
• compare with detected masses of protein A

DB protein 1   

DB protein 2

DB protein 133

DB protein 500,000 R K R

R R K K R K

RK K K R R K

R KR K

R R K K R KProtein A

Database search
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Example: MALDI-TOF spectrum of 
peptides from protein spot



The peptide mass fingerprint program 
PROWL / PROFOUND



Input example for protein database search using ProFound



Protein candidates of peptide fingerprint spectrum



Search result details of hemoglobin beta



cells/tissue

fractionation/purification protein digestion

1D or 2D
chromatography

MSn analysis

Complexity – samples with more than 1 
protein 
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sm117501 1 (0.043) Cm (1:23) TOF MSMS 556.30ES+ 
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7.02e3
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%

sm117502 18 (0.781) Cm (6:19) TOF MSMS 556.30ES+ 
1.64e3

MS 1 Collision cell MS 2

Mixture

A mass spectrum of a mixture Isolation of an ion
In our case a protonated peptide

A mass spectrum of the fragments
Produced by the ion

Collision induced dissociation 



More than one configuration for Collision 
Induced Dissociation

Quad

Trap

Hybrid



General Peptide Fragments
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Only fragments that are charged are detected!

Fragmentation spectra: complicated and poorly predictable but some things are known



Peptide fragmentation

Any of the peptide bonds might break, hard to predict which ones will break

Peptide: S-G-F-L-E-E-D-E-L-K

MW ion ion MW
88 b1 S            GFLEEDELK y9 1080

145 b2 SG            FLEEDELK y8 1022

292 b3 SGF            LEEDELK y7 875

405 b4 SGFL            EEDELK y6 762

534 b5 SGFLE            EDELK y5 633

663 b6 SGFLEE            DELK y4 504

778 b7 SGFLEED            ELK y3 389

907 b8 SGFLEEDE            LK y2 260

1020 b9 SGFLEEDEL            K y1 147



b1 y1 b2 y2 b3 y3 b4 y4 b5 y5

S—G—F—L……………..D―E―L―K

Sequence can be read from distance between peaks

m/z

Peptide fragmentation



Protein identification from complex 
samples



Model Spectrum

b/y type ions (100%)

a type ions
b/y -NH3/-H2O
(20%)

Doubly charged b/y
(50%)



Spectrum Matching



Reverse phase microcapillary LC-MS
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organic 
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mobile phase

75 µm i.d.
nL/minute flow rateHPLC

pumps

Split

Mass
spectrometer

The 
pictur
e 
can't 
be …



Automated MS/MS

MS

MS/MS
•The mass spectrometer will first perform an MS scan (a survey scan)
•It will then perform MS/MS according to user instructions e.g. 20 most abundant ions
•Once MS/MS is performed it will repeat cycle

•Current technology allows over 100 MS/MS events per minute



Database search in Mascot with raw 
MS/MS data







Output details after search in Mascot



200 300 400 500 600 700 800 900 1000 1100 1200
m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
Ab

un
da

nc
e

Protein digestion Sample fractionation

Enrichment

TiO2
IMAC
Antibodies
…

nanoLC‐MSPeptide fragmentation

Database search, statistical analysis

Sample

Conventional proteomics approach: bottom-up



• Embryonic Stem Cells (ESCs) 
can give rise to more than 200 
cell types

• Theoretically potential source for 
regenerative medicine and tissue 
replacement after injury or 
disease

• After nearly ten years of 
research, there are no approved 
treatments or human trials using 
ESCs

• Research in ESC will enable us
to optimize cell cultures to 
specific fates

Embryonic Stem Cells



Undiff. hESC

30 min 60 min 240 min

Differentiated hESC

Experimental Workflow

7 days



SCX – TiO2

LC-MS/MS

Undiff. hESC

30 min 60 min 240 min

Differentiated hESC

COMBINE & 
DIGESTION 

COMBINE & 
DIGESTION 

COMBINE & 
DIGESTION 

SCX – TiO2

LC-MS/MS

SCX – TiO2

LC-MS/MS

[13C6,15N4]‐Arg
[13C6,15N2]‐Lys 

SILAC Undiff. hESC
0 min

SILAC MIXTURE 1 SILAC MIXTURE 2 SILAC MIXTURE 3

SSpSPAPQEDLR

SSpSPAPQEDLR

SSpSPAPQEDLR

SSpSPAPQEDLR

SSpSPAPQEDLR SSpSPAPQEDLR

Experimental Workflow
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Temporal Activation

Delayed Activation

Sustained Activation

Immediate Activation

Intermitted Activation

Progressive Activation
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Down-Regulated

Van Hoof D, Muñoz J, Braam SR, Pinkse MW, 
Linding R, Heck AJ, Mummery CL, Krijgsveld J.
Cell Stem Cell. 2009 Aug 7;5(2):214-26.

Phosphorylation Dynamics



Histone-lysine N-
methyltransferase (MLL2) Treacle protein (TCOF1)

Developmentally-regulated 
brain protein (DBN1)

Differentiation and neurogenesis
Nucleolar‐cytoplasmic transport. 
May play a fundamental role in early 
embryonic development

Histone methyltransferase. 
Methylates H3K4. Epigenetic 
control

Van Hoof D, Muñoz J, Braam SR, Pinkse MW, 
Linding R, Heck AJ, Mummery CL, Krijgsveld J.
Cell Stem Cell. 2009 Aug 7;5(2):214-26.

Site-Specific Regulation



• The epithelium of small 
intestine  is renewed every 5 
days

• Lgr5 marker is expressed at 
the crypt base in CBC cells

Lineage tracing experiments: cells expressing Lgr5 and 
its progeny were irreversibly labeled with LacZ reporter 
gene in small intestine (Barker et al. Nature 2007). 

Lgr5 and the intestine



Single Lgr5 stem cells build crypt–villus structures
without a mesenchymal niche (Sato et al. Nature 2009)

Crypt stem cells as the cells-of-origin of intestinal 
cancer (Barker et al. Nature 2009)

Hair follicles
(Jacks et al. Nat. Genetics 2008)

Stomach
(Jacks et al. Cell Stem Cell 2010)

Skin-Lgr6*
(Snippert et al. Science 2010)

Other Tissues, Cancer And Multipotency



Hunt for Lgr5 and its ligand

Page 46
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IPI00798136 Leucine‐rich repeat‐containing G protein‐coupled receptor 4 (LGR4) √ √ X X X X √ X √
IPI00795728 Leucine‐rich repeat‐containing G protein‐coupled receptor 5 (LGR5) X √ √ √ √ √ √ X X
IPI00744811 Low‐density lipoprotein receptor‐related protein 5 (LRP5) √ X X √ √ √ √ √ X
IPI00000203 Low‐density lipoprotein receptor‐related protein 6 precursor (LRP6) √ √ √ √ √ X √ √ X
IPI00298743 Frizzled‐5 precursor (Frzd5) X √ X X X X √ X X
IPI00020228 Frizzled‐6 precursor (Frzd6) X X √ √ √ √ X X X
IPI00024012 Frizzled‐7 precursor (Frzd7) √ √ X X X X X X X
IPI00016353 Dickkopf‐related protein 1 precursor (DKK1) X X X X X X X √ X
IPI00719160 Isoform 1 of R‐spondin‐1 precursor (RSpondin1) X X X X X X X X √
IPI00013178 Protein Wnt‐5a precursor (Wnt5a) √ X X X X X X X X
IPI00022223 Protein Wnt‐5b precursor (Wnt5b) √ X X X X X X X X

√ Proteins Identified in each IP experiment

X Proteins Not Identified

Lots of IPs with label free LCMS 

De Lau et al. Nature. 2011 Jul 4;476(7360):293-7.

Lgr5 homologues associate with Wnt receptors and 
mediate R-spondin signalling



Schuijers et al. EMBO J (2013)
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Lgr5 homologues associate with Wnt receptors and 
mediate R-spondin signalling


