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Life is simple? 
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Quant is needed, but how to do it: Label free?  
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Label-‐free	  (MSE/Hi3)	  quanEficaEon	  

Good	  reproducibility	  
at	  medium/high	  
abundance	  …	  
	  
…	  but	  not	  “deep”,	  
struggling	  beyond	  
100K	  cpc	  in	  Hela	  Cells	  

*Silva	  et	  al.,	  (2006)	  MCP	  5,	  144	  
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PFG) (Ghaemeghanni) 

Yeast	  proteins,	  PaxDB	  and	  
our	  Label-‐Free	  data	  



Quant is highly method dependent 

posi:ve	  correla:ons,	  but	  ...	  



QconCAT	  workflow	  
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Targeted proteomics: QconCAT Strategy 

~50	  Q-‐pepEdes	  
N-‐terminal	  

quanEficaEon	  
pepEde	  (Qn)	  

C-‐terminal	  
quanEficaEon	  
pepEde	  (Qc)	  

C-‐purificaEon	  
His-‐tag	  

Target	  proteins	  

Beynon	  et	  al.,	  Nature	  Methods.	  (2005)	  2:587,	  
PraA	  et	  al.,	  Nature	  Protocols	  (2006)	  1:1029	  
Rivers	  et	  al.,	  MCP	  (2007)	  6:1416	  

Met	  
(sacrificial	  
pepEde)	  
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Choosing a good surrogate 

•  Reasons	  to	  be	  cheerful	  ...	  
–  Growing	  databases	  (e.g.	  PepEdeAtlas)	  
–  Sequence	  unique	  
–  Proteotypic	  

•  Flyability	  
–  Quantotypic	  

•  Stoichiometric	  with	  protein	  of	  interest	  

•  Fly	  in	  the	  ointment	  ...	  
–  Amino	  acid	  composiEon	  
–  PTMs	  
–  Missed	  cleavage	  
–  Isoforms	  &	  Paralogues	  



Isoformal proteomics is significant 

Blakeley	  et	  al,	  Proteomics	  2010,	  10,	  1127-‐	  

•  Fully	  trypEc	  pepEdes	  only,	  up	  to	  and	  including	  1	  missed	  cleavage	  
•  Non-‐conservaEve	  definiEon:	  any	  PSM	  which	  is	  not	  consEtuEve	  

BIG	  GAP	  !	  



COPYCAT design pipeline: chaperones example  

641	  pepEdes	  
~	  10:1,	  3	  proteins	  with	  2	  pepEdes	  only	  

819	  pepEdes	  
Mis-‐cleavage	  potenEal?	  

1,026	  pepEdes	  
Sequence	  or	  mass	  similarity?	  

3,186	  pepEdes	  
ComposiEon	  filters	  [-‐Met,	  -‐Q(n)]	  

63	  Chaperonins	  
Trypsin	  fragmentaEon	  

4,600	  proteins	  
Filtered	  by	  funcEonal	  group	  

MRM	  
Atlas	  

PepEde	  
Atlas	  

Protein	  
DB	  

Are	  the	  pepEdes	  
mass	  unique	  in	  
proteome?	  
	  

Have	  the	  
pepEdes	  
been	  seen	  
in	  other	  
studies?	  

Rank	  by	  Detectability	  

Detectability	  
predictor	  



Consensus	  Method	  (PepIdeAtlas	  mc	  dataset)	  vs	  PepIdeSieve	  &	  ESP	  

High performance prediction 

PPV	  	  =	  80%	  
SN	  >	  45%	  

ESP	  

PepEdeSieve	  

Eyers	  et	  al	  Mol	  Cell.	  Proteom.	  2011,	  10:	  M110.003384	  	  
Craig	  Lawless,	  David	  Wedge,	  Claire	  Eyers	  



Algorithm generalises to other species 

D.	  melanogaster	  



Candidate Peptides 

•  CONSeQuence	  	  
•  hkp://king.smith.man.ac.uk/CONSeQuence	  	  

Eyers,	  C.E.,	  et	  al.,	  CONSeQuence:	  Predic:on	  of	  Reference	  Pep:des	  for	  Absolute	  Quan:ta:ve	  Proteomics	  
Using	  Consensus	  Machine	  Learning	  Approaches.	  Mol	  Cell	  Proteomics,	  2011.	  10(11):	  p.	  M110	  003384	  



Flyers Non -‐ Flyers 

Properties of proteotypic “flyers” 

Asp/Glu	  over-‐
represented	  in	  flyers	  

23	  of	  top	  50	  features	  
relate	  to	  secondary	  

structure	  

Burial	  linked	  with	  
hydrophobicity	  

Also	  linked	  with	  
charge	  



Do we have enough quantotypic peptides? 

3	  Consensus	  predictors	  

Q-‐pepEdes	  

Non-‐Q-‐pepEdes	  

PepEdes	  Per	  Protein	  Predicted	  to	  Fly	  



Missed Cleavages 

•  Dibasics	  are	  a	  problem	  
–  ~25%	  of	  available	  pepEdes	  in	  S.	  cerevisiae	  

•  Internal	  missed	  cleavages*	  
	  

	   S.	  cerevisiae	   C.	  elegans	   D.	  melanogaster	  
Proteins	   5124	   8547	   9673	  

Proteins	  with	  mc	  peptides	   4088	   4799	   5337	  
Peptides	   111119	  	   57652	   71574	  

Peptides	  with	  no	  mc	   77505	   41644	   53349	  
Peptides	  with	  1	  mc	   27417	  	   13704	   15412	  
Peptides	  with	  2	  mc	   5365	   2300	   2722	  

Peptides	  with	  3-‐6	  mc	   832	   4	   91	  
	  

*PepEde	  Atlas	  TPP>=0.7	  

mischief	  



Missed cleavage problem 

100%	  missed	  
0%	  cleaved	  

0%	  missed	  
100%	  cleaved	  

P 

P 

?	  %	  missed	  

?	  %	  cleaved	  



Missed cleavages are also important 

Lawless,	  C.	  and	  S.J.	  Hubbard,	  Predic:on	  of	  missed	  proteoly:c	  cleavages	  for	  the	  selec:on	  of	  surrogate	  
pep:des	  for	  quan:ta:ve	  proteomics.	  OMICS:	  A	  Journal	  of	  IntegraEve	  Biology,	  2012	  [submimed]	  
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P5	  -‐	  P4	  -‐	  P3	  –	  P2	  -‐	  P1	  	  	  P1`	  -‐	  P2`	  -‐	  P3`	  -‐	  P4`	  

AUC=	  0.88	  

hkp://king.smith.man.ac.uk/mcpred	  

Predicting Missed Cleavages 

Lawless,	  C.	  and	  S.J.	  Hubbard,	  Predic:on	  of	  missed	  proteoly:c	  cleavages	  for	  the	  selec:on	  of	  surrogate	  
pep:des	  for	  quan:ta:ve	  proteomics.	  OMICS:	  A	  Journal	  of	  IntegraEve	  Biology,	  2012	  [submimed]	  



Peptide Filtering 

Heat	  Stress	  subset:	  
109	  Proteins	  

2680	  
pepEdes	  

2466	  
pepEdes	  

1343	  
	  pepEdes	  

455	  
pepEdes	  

	  in-‐silico	  trypsin	  
digesEon	  (length	  >	  5)	  

Sequence	  unique	  
within	  	  proteome	  

ComposiEon,	  PTMs	  
and	  terminal	  filters	  

Poor	  cleavage	  
contexts	  

~4	  pepEdes	  per	  protein	  	  
(14	  proteins	  with	  	  no	  pepEdes	  and	  
14	  proteins	  with	  only	  1	  pepEde)	  

Rank	  by	  Suitability	  score	  
(PepEdeAtlas)	  

Or	  	  
Rank	  by	  detectability	  score	  

(CONSeQuence)	  
Relax	  filters	  for	  required	  
pepEdes	  per	  protein	  

Subset	  of	  sub-‐opEmal	  pepEdes	  



SRM Strategy 

•  High	  SensiEvity	  
•  Absolute	  quanEficaEon	  achieved	  via	  XICs	  from	  SRMs	  
•  SelecEng	  best	  of	  3	  loadings	  of	  QconCAT	  

LC	  

Pre-‐Cursor	  Ions	   Product	  Ions	  

*figure	  taken	  from	  SRM	  atlas	  (www.srmatlas.org)	  



Typical	  Copycat	  quanEficaEon	  (Proteolysis)	  

22	  



Type	  A	  pepEdes	  only	  



Chaperones COPYcat 
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Reproducibility for 37 chaperone proteins 

Sibling	  pepEdes	  
compared	  over	  4	  
biological	  replicates	  
	  
Missed	  cleavage	  
explains	  many	  
“problem”	  cases	  

Brownridge	  et	  al.	  Proteomics.	  2011,	  11,	  2957-‐	  	  

I	  want	  to	  be	  straight!	  



GSH1 (Proteolysis) 

26	  

DIATPETDDSIYDR	  	  

1	  fmol	  
DIATPETDDSIYD13CR	  

SLFLPDEVINR	  	  

1	  fmol	  
SLFLPDEVIN13CR	  	  

718	  copies	  per	  cell	  
%	  RSD	  =	  30%	  (4	  biological	  replicates)	   3292	  copies	  per	  cell	  

%	  RSD	  =	  12%	  (4	  biological	  replicates)	  

Stephen	  Holman,	  Paul	  Sims,	  Claire	  Eyers	  

X	  
5X	  



Transcription factor Copycat 

Stephen	  Holman,	  Paul	  Sims,	  Claire	  Eyers	  

Lots	  of	  pepEdes	  
are	  quiet	  



FLH1 (Transcription factor) 

SPENADIAESEINTR	  

100	  amol	  
SPENADIAESEINT13CR	  

ESITNSPTSEVPIETK	  

100	  amol	  
ESITNSPTSEVPIET13CK	  

99	  copies	  per	  cell	  
%	  RSD	  =	  54%	  (4	  biological	  replicates)	   95	  copies	  per	  cell	  

%	  RSD	  =	  58%	  (4	  biological	  replicates)	  

Stephen	  Holman,	  Paul	  Sims,	  Claire	  Eyers	  

X x



Summary 

•  Absolute	  quant	  by	  direct	  means	  is	  within	  our	  grasp	  
–  Pipeline	  is	  “up	  and	  running”,	  1000	  protein	  mark	  soon	  
–  But	  whole	  proteome	  by	  direct	  means	  looks	  tough	  

•  Methods	  do	  not	  agree	  100%	  and	  have	  pros	  and	  cons	  
–  The	  “jury	  is	  out”	  on	  best	  approach	  

•  Targemed	  quant	  via	  SRM	  approaches	  is	  preferred	  
soluEon	  
–  Able	  to	  cope	  with	  biological	  real	  world	  (isoforms,	  low	  
abundance,	  PTMs)	  

–  Sub	  100	  cpc	  achievable	  
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