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Budding	  yeast	  6,000	  genes	  

Nematode	  15,000	  genes	  

Human	  25,000	  genes	  

Human	  Genome	  Project	  
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Why	  to	  map	  PTM	  sites:	  a	  systems	  
biology	  view	  

All Panther GO terms

Panther GO terms associated with non-phosphoproteins only (1%)

Figure 1. Panther Gene Ontology terms of Biological Processes and Molecular Functions. 
Out of 412 Panther GO terms, 406 are associated with phosphoproteins. 

Panther	  GO	  terms	  associated	  with	  non-‐phosphoproteins	  only	  
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Why	  to	  map	  PTM	  sites:	  a	  single	  
proteins	  view,	  HSF4b	  	  

Hietakangas	  et	  al.	  PNAS,	  2006	  
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A	  targeted	  phosphoproteomics	  
approach	  	  
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A	  targeted	  phosphoproteomics	  
approach	  	  

•  Advantages	  
– SensiEve	  approach	  especially	  for	  proteins	  that	  are	  
expressed	  at	  low	  level	  like	  transcripEon	  factors	  	  

•  Disadvantages 	  	  
– Low	  throughput	  
– Detect	  only	  things	  that	  are	  looked	  at	  



Global	  phosphoproteomics	  approach	  	  
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A	  global	  approach	  

•  Advantages	  
– high	  number	  of	  phosphorylaEon	  sites	  idenEfied	  

•  Disadvantages	  
–  low-‐abundant	  proteins	  not	  detected	  



The	  phosphoproteome	  is	  dynamic	  
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The	  phosphoproteome	  is	  dynamic	  

State	  1	   State	  2	  

Physiological	  change	  Healthy	  cell	   Cancer	  cell	  

a)  Understand	  
b)  Design	  therapies	  



Why	  to	  quanEtate,	  a	  single	  proteins	  
view	  

•  Biological	  funcEon	  is	  difficult	  to	  find	  
– Many	  phosphorylaEon	  sites	  are	  background	  

– Many	  biological	  funcEons	  	  

•  QuanEtaEve	  proteomics	  is	  a	  good	  starEng	  
point	  



Why	  to	  quanEtate,	  a	  global	  view	  

Olsen	  et	  al.	  Cell	  2006	  

Global	  quanEtaEon	  of	  phosphorylaEon	  sites	  aaer	  growth	  factor	  sEmulaEon	  
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ClassificaEon	  by	  temporal	  profiles	  

Why	  to	  quanEtate,	  a	  global	  view	  

Olsen	  et	  al.	  Cell	  2006	  

Global	  quanEtaEon	  of	  phosphorylaEon	  sites	  aaer	  growth	  factor	  sEmulaEon	  



Site	  stoichiometry	  distribuEon	  for	  5,033	  events	  
from	  wild-‐type	  yeast	  undergoing	  exponenEal	  
growth	  	  

Wu	  et	  al.	  Nature	  Methods,	  2011	  



Witze	  et	  al.	  Nature	  Methods	  2007	  



Witze	  et	  al.	  Nature	  Methods	  2007	  



Wu	  et	  al.	  Nature	  Methods,	  2011	  
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Summary	  of	  Part	  I	  

•  Importance	  of	  PTM’s	  
•  Why	  to	  map	  PTM	  sites	  
–  targeted	  approach	  
– global	  approach	  

•  How	  to	  map	  PTM	  sites	  
–  targeted	  approach	  
– global	  approach	  



How	  to	  map	  phosphorylaEon	  sites	  
with	  mass	  spectrometry	  
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Strong	  caEon	  exchange,	  SCX	  separates	  pepEdes	  by	  charge.	  Phosphate	  groups	  	  
add	  negaEve	  charge	  and	  phosphopepEdes	  are	  expected	  to	  elute	  earlier	  

Villen	  and	  Gygi,	  Nature	  Protocols,	  2008	  



IMAC	  and	  TiO2	  enrichment	  

Phosphopeptide

Non-Phosphopeptide

TiO2
Fe3+
Ga3+

Conditioning Adsorption Wash Elution

Immobilised	  metal	  ion	  chromatography	  (IMAC)	  makes	  use	  of	  	  
matrix-‐bound	  metals	  to	  affinity	  purify	  phosphopepEdes.	  (posiEve	  metal,	  negaEve	  phosphate)	  

Titanium	  dioxide	  affinity	  purificaEon	  makes	  use	  of	  	  
matrix-‐bound	  TiO2	  to	  affinity	  purify	  phosphopepEdes.	  

Engholm-‐Keller	  et	  al.	  Journal	  of	  Proteomics,	  2011	  



Phosphotyrosine	  signalling	  

Olsen	  et	  al.	  Cell	  2006	  



Phosphotyrosine	  signalling	  
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Electron	  transfer	  dissociaEon	  ETD	  

ETD,	  no	  neutral	  loss	  of	  H3PO4	  	  



Collision	  induced	  dissociaEon	  CID	  

He2	  
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Collision	  induced	  dissociaEon	  CID	  

He2	  

PepEde	  

MS/MS	  using	  CID	  usually	  generates	  the	  
dominant	  neutral	  loss	  of	  H3PO4	  (-‐97.98Da)	  
from	  Serine	  and	  threonine,	  absorbs	  energy	  



Chesnik	  et	  al.	  Analy:cal	  Biochemistry,	  2011	  
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Chesnik	  et	  al.	  Analy:cal	  Biochemistry,	  2011	  
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Thermo	  ScienEfic	  
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Mapping	  of	  PTMs	  with	  MS	  

Witze	  et	  al.	  Nature	  Methods	  2007	  



Imanishi S Y et al. Mol Cell Proteomics 2007;6:1380-1391 
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