Absolute Protein Quantification in
Yeast: pitfalls and potential

Simon Hubbard
Faculty of Life Sciences
University of Manchester

95 BBSRC

blosmence for the future

IIIIIIIIIIII

LIVERPOOL

The University of Manchester



Ee.ck COPY ?

Life is:@ﬁ"‘f"é?

Protein

DNA ~ R
4 222724 22977
e 22177
RNA
Genome transcriptome proteome

MANCHESTER
1824

The University of Manchester




1024 - Label-free (MSE/Hi3) quantification
512 - *Silva et al., (2006) MCP 5, 144
% 256
§ 128 Good reproducibility
_g 64 at medium/high
E 32 abundance ...
:‘, 16
% 8 ... but not “deep”,
b 4 struggling beyond
é , 100K cpc in Hela Cells
o.a{_ 2 8 32 128 512
Turbidostat 1 (fmol on column) . .......... ..

The University of Manchester



Gold standards in quantification??
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Quant is highly method dependent

‘ Census of the Proteome of Yeas?
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‘ Census of the Proteome of Yeas?

Targeted proteomics: QconCAT Strategy
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Target proteins < [ 1 )
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Met Sacrl.f(ljaal
(sacrificial peptide
peptide) \_ Y,
~50 Q-peptides
N-terminal C-terminal C-purification
guantification guantification His-tag
peptide (Qn) peptide (Qc)

Beynon et al., Nature Methods. (2005) 2:587,
Pratt et al., Nature Protocols (2006) 1:1029
Rivers et al., MCP (2007) 6:1416
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Choosing a good surrogate

 Reasons to be cheerful ...
— Growing databases (e.g. PeptideAtlas)
— Sequence unique
— Proteotypic
* Flyability
— Quantotypic
» Stoichiometric with protein of interest

* Flyin the ointment ...
— Amino acid composition
— PTMs
— Missed cleavage
— |Isoforms & Paralogues
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‘ Census of the Proteome of Yeas?

Isoformal proteomics is significant

8 P. Blakeley et al. Proteomics 2010, 10, 1-14

Table 3. Relative fractions of gene sets with associated peptide evidence

Species Total Genes with Genes annotated AS genes with AS genes with proteotypic
number of genes peptide with multiple peptide evidence peptides predicted for
evidence® non-redundant for specific specific alternative
protein isoforms alternative isoforms®
isoforms®

Human 22839 7868 (34%) 9343 3,059 (33%) 8376 (90%)
Mouse 23429 3096 (13%) 7280 747 (10%) 6874 (94%)
Chicken 16736 3023 (18%) 3776 628 (17%) 3710 (98%)
D. melanogaster 14039 907 (6%) 2079 211 (10%) 2020 (97%)
C. elegans 20140 8256 (41%) 2337 1,216 (52%) 2130 (91%)

BIG GAP !

* Fully tryptic peptides only, up to and including 1 missed cleavage
* Non-conservative definition: any PSM which is not constitutive

Blakeley et al, Proteomics 2010, 10, 1127- MANCHESTER
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COPYCAT design pipeline: chaperones example

-

4,600 proteins Are the peptides
Filtered by functional group mass unique in

proteome?

63 Chaperonins

Trypsin fragmentation
3,135 peptides Protein Detectability

Composition filters [-Met, -Q(n)]

1,026 peptides

DB predictor

Sequence or mass similarity?
: Have the
819 peptides peptides
Mis-cleavage potential?
been seen
641 peptides in other
~ 10:1, 3 proteins with 2 peptides only studies?

Rank by Detectability
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‘ Census of the Proteome of Yeas?

High performance prediction

Consensus Method (PeptideAtlas mc dataset) vs PeptideSieve & ESP

B ! PPV =80% X CONS binary
0.9 .. -.S_N >45% «CONS rank
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Eyers et al Mol Cell. Proteom. 2011, 10: M110.003384 T
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‘ Census of the Proteome of Yeas?

Algorithm generalises to other species

B D. melanogaster X CONS binary

PPV

0 01 02 03 04 05 06 07 08 05 1

Sensitivity
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Candidate Peptides

* CONSeQuence

* http://king.smith.man.ac.uk/CONSeQuence

or paste protein sequence(s) in fasta format:
>sp|P49954 | YEAST NIT

VPLTRKQRRFDVYSDVNAH

Select number of internal miscleavages: |0 [~ |
Rank score E

Select protein fasta file (max 2MB): No file chosen

Select prf

Eyers, C.E., et al., CONSeQuence: Prediction of Reference Peptides for Absolute Quantitative Proteomics

HSASKILSQKIKVALVELSGSSPDKHANLQRAATFIERAMKEQPDTKLVVLPECFNSPYSTDQFRKYSEVINPKEPSTSVQFLSNLANKFK
IILVGGTIPELDPKIDKIYNTSIIFNEDGKLIDKHRRKVHLFDVDIPNGISFHESETLSPGEKSTTIDTKYGKFGVGICYDMRFPELAMLSA

REGAFAMIYPSAFNTVIGPLEWHLLARSRAVDNQVYVMLCSPARNLOSSYHAYGHSIVVDPRGKIVAEAGEGEEIIYAELDPEVIESFR!

‘ Census of the Proteome of Yeas?

CONSeQuence...

A total of 19 peptides available from protein.

Download here

This results page will be available for 72 hours

Protein

SP|P49954|YEAST_NIT
SP|P49954|YEAST_NIT
SP|P49954|YEAST_NIT
SP|P49954|YEAST_NIT
SP|P49954|YEAST_NIT
SP|P49954|YEAST_NIT
SP|P49954]YEAST_NIT
SP|P49954|YEAST_NIT
SP|P49954|YEAST_NIT

Peptide
VALVQLSGSSPDK
MANLQR

AATFIER

EQPDTK
LVVLPECFNSPYSTDQFR
YSEVINPK
EPSTSVQFLSNLANK
ILVGGTIPELDPK
IYNTSIFNEDGK

=
o

[=NelelNe NN NN N

Score
0.746
0.210
0.251
0.209
0.780
0.258
0.761
0.753
0643

Using Consensus Machine Learning Approaches. Mol Cell Proteomics, 2011. 10(11): p. M110 003384

MANCHESTER
1824

The University of Manchester



‘ Census of the Proteome of Yeas?

Properties of proteotypic “flyers”
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Census of the Proteome of Yeas?

Do we have enough quantotypic peptides?

3 Consensus predictors
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Missed Cleavages

e Dibasics are a problem

— ~25% of available peptides in S. cerevisiae

e Internal missed cleavages™

Census of the Proteome of Yeasi

S. cerevisiae C. elegans D. melanogaster

Proteins 5124 8547 9673
Proteins with mc peptides 4088 4799 5337
Peptides 111119 57652 71574
Peptides withnomc 77505 41644 53349 -
Peptides with1 mc 27417 13704 15412 | mischief
Peptides with 2 mc 5365 2300 2722
Peptides with 3-6 mc 832 4 91 -

*Peptide Atlas TPP>=0.7

MANCHESTER
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Missed cleavage problem

0% cleaved
? % missed

11 11 N

>

? % cleaved

0% missed
100% cleaved
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‘ Census of the Proteome of Yeasi

Missed cleavages are also important

76 non-ICAT experiments from
PeptideAtlas (Yeast/Worm/Fly)

l P>=0.7

Missed 240345 Peptides (229784 nr)

C|eavage Sites/ 23344 prOteinS \dﬂg%
T T T EEEEEEEEEEEEEEE= rCT === %; __________ \
: Extract all peptides that contain missed : in silico digest :
I cleavages l —,E |
1 __________ L _________ \
I

- = -

I' 4+ observations
67847 Peptides (65436 nr) B ) ofpeptidesboth !

|

|

14244 Proteins side of cleavage :

S e e e site _ _ _/

+
rFr T EEEEEE= _——-smssmEsmEsmEEmEs=s= e N
| Cleavagesite |
I 2 never observed |

Find all missed cleavage positions within
| allmissed cleavage containing peptides

- - -

N T N e e = asmissed _,
61607 unique missed 18081 unique
cleavagesites cleavagesites

Lawless, C. and S.J. Hubbard, Prediction of missed proteolytic cleavages for the selection of surrogate
peptides for quantitative proteomics. OMICS: A Journal of Integrative Biology, 2012 [submitted]
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P2

Lawless, C. and S.J. Hubbard, Prediction of missed proteolytic cleavages for the selection of surrogate

logo(Prmc/Pre) 10810(Prmc/Pr) logso(Primc/Prc)

IOglO( Prm(/Prr)

Predicting Missed Cleavages

‘ Census of the Proteome of Yeasi

P5-P4-P3—-P2- P1//P1‘ -P2'-P3'-P4°

peptides for quantitative proteomics. OMICS: A Journal of Integrative Biology, 2012 [submitted]
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< Census of the Proteome of Yeastj

Peptide Filtering

in-silico trypsin
digestion (length > 5)

Sequence unique
within proteome

Composition, PTMs
and terminal filters

Poor cleavage
contexts

Relax filters for required
peptides per protein

The University of Manchester



SRM Strategy

Pre-Cursor lons Product lons

Ql Q2 Q3
[ - ) ) )
v MRM
- v ve
v e ¢l @ ¢ ¢ J Z| signal
LC_'“ ) 'ﬁ'ﬁﬁ - ¢ ww e ﬁg
e_ o o v ¥ =
¢ o | N e
( ] | ] | - J Tim:e
Peptide Fragmentation Fragment
Selection Selection

* High Sensitivity
* Absolute quantification achieved via XICs from SRMs

e Selecting best of 3 loadings of QconCAT

MANCHESTER
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*figure taken from SRM atlas (www.srmatlas.org)
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Census of the Proteome of Yea:

Typical Copycat quantification (Proteolysis)
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Census of the Proteome of Yea:

CoPY

Type A peptides only
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Census of the Proteome of Yea:

CoPY

Chaperones COPYcat
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‘ Census of the Proteome of Yeas?

Reproducibility for 37 chaperone proteins

y=X
1,000,000 —

Copies per cell (mean +/- SD, n=4), peptide 2

10

I | | | |
10 100 1,000 10,000 100,000 1,000,000

Copies per cell (mean +/- SD, n=4), peptide 1

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

| want to be straight!

Sibling peptides
compared over 4
biological replicates

Missed cleavage
explains many
“problem” cases

k&4 UNIVERSITY OF MANCHEER
&/ LIVERPOOL
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GSH1 (Proteolysis)

1004
@opies per cell
% RSD = 30% (4 biological replicates)

TPETDDSIYDR

1004

‘ Census of the Proteome of Yeas?

SLFLPDEVINR °°P_ies per cell
% RSD = IZ% (4 biological replicates)

#
Al R L L Ly R S R L R s R L R Ll L L R s O B B L e B B B B A B R B R R LR RN RN
B2 340 3360 380 3400 ) u40 3460 380 3.0 46,00 462 4640 46.60 4680 4700 a2 440 4760
1007 1007
1 fmol 1 fmol
PETDDSIYD13CR SLFLPDEVIN®3¢R
§
c\\\I‘\\Il‘HI\‘\IH‘WI\\‘If\wl\\\'\H][\HI‘\\lf‘HI\‘\If\‘WI\\‘I\H]lH\|\HIMHI‘HI!‘\\I\‘\IH‘!IHTimo\\I[\\I\‘\I\\‘I\\1[\\I\‘\I\\‘I\\![\\I\‘\I\\‘I\\\[\\I\‘\I\\‘I\\1[\\I\‘\I\\‘I\\\[\\I\‘\I\\nme
B2 340 3360 380 3400 ) B4 3460 380 300 46.00 4620 4640 46.60 4680 4700 a2 440 4760
. . 26 MANCHE;}EER
Stephen Holman, Paul Sims, Claire Eyers
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Census of the Proteome of Yea:

Lots of peptides
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‘ Census of the Proteome of Yeas?

FLH1 (Transcription factor)

100 100
SPENADIAESEINTR

X 'copies per cell

% RSD = 5a% (4 biological replicates)| ESITNSPTSEVPIETK X' copies per cell

% RSD = 55 (4 biological replicates)

T me B 6R 6% B0 A0 A® A% a4 A% am A x® A% e A% am Am
1004 1004
100 amol 100 amol
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#
c\HlHHlH\I‘\\I\‘HI\‘\IH‘\l\\‘l\\w\\\\l\HI‘H\I‘HI\‘HH‘\IH‘I\H‘IH\'\H\l\\\l‘\\I\‘\\I\‘\I\\‘Tima\]\\\I‘\I\\‘\\\I‘\!\\‘I\\I‘\\\\I\\!‘\\I\‘I\\\‘\\I\1\\\'\\|\\\\\l\\l\ \I\\l\\Time
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Census of the Proteome of Yeas?

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 M

 Targetted quant via SRM approaches is preferred
solution

— Able to cope with biological real world (isoforms, low
abundance, PTMs)

— Sub 100 cpc achievable

The University of Manchester



( Census of the Proteome of Yeas?
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