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3'Y Generation Proteomics
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Disease

Include appropriate controls
e Different disease states MS-based discovery of
¢ Disease side-effects biomarker candidates
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Carry out
appropriate
stringent statistics

Disease

Validate in large patient
cohorts using alternative

Biomarker or biomarker approaches

signatures related to
disease biology

Control

Patients

Nature Reviews | Genetics
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Genome Transcriptome Proteome
~20-25,000 genes - - - - - - = - - - »  ~100,000 transcripts = === =——=—3%  >1000,000 proteins
Alternative promoters Post-translational
Alternative splicing modifications
mRNA editing

http://www.piercenet.com/browse.cfm?fldID=7CE3FCF5-0DA0-4378-A513-2E35E5E3B49B



Workflow to identify new cytotoxicity targets with quantitative proteomics

Purified complexes,
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Protein and Peptide
Sample Separation



Separation of complex samples

* Immobilized: gel electrophoresis, isoelectric
focusing

* Liquid chromatography: Strong cation
exchange (SCX), Reversed phase (RP), HILIC,
WCX, Affinity chromatography

Methods combined for 2D separation: MudPIT

(SCX-RPLC of peptides), 2DGE, GelLC (1D gel

protein RPLC peptides)



@ Types of Chromatography
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olecular Exclusion Chromatography |on-Pairing Chromatography

( gel filtration, gel permeation, (liquid cation or anion resins )
molecular sieve )

Partition Chromatography
(reversed phase )

From Nina Salamah, Column Chromatography, http://image2.slideserve.com/5076567/types-
of-chromatography-n.jpg




ldentify binding partners to determine protein function

Affinity support

, Affinity support

Protease cleavage

Affinity support

Tag

Polyacrylamide gel electrophoresis

Protein identification by mass spectrometry

Pandey and Mann, Nature 405 6788 837 - 846 (2000)



Huibregtse lab develops UBAIT method

UBAITs: UBiquitin-Activated Interaction Traps

linker
e Y

TAG{_HECT orRINGE3 ~{ Ub "'C"NH Trapped

Target

LC-MS/MS identifies known and novel E3 ligase
interacting proteins from transient interactions

EMBO Rep. 2015 Dec;16(12):1699-712. doi: 10.15252/embr.201540620. Epub 2015 Oct 27.




Co-Immunoprecipitation: Protein specific antibodies

Animal u.ll Protein A-agarose bead
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Cell lysis 1 Antibody hmdnm. o
protein A-agarose bead
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Washing and analysis (1D-2D gel, western)
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’ IgG TEV-protease cleavage ‘Streptavidin Elution: biotin

Courtesy of Mark Bedford



Courtesy of Mark Bedford

Most common epitope tags are:
His-tag

Flag-tag

V5-tag

Myc-tag

HA-tag

FLAG Immunoprecipitation Strategies

Contaminants Associated
~ / Proteins FLAG Antibody Coupled

C YT Y to Sepharose beads

)
! .
1 Target Protein DYKDDDDK>-‘

':‘\_/‘I'
Excess FLAG Peptide FLAG Peptide
or Acid Elution
./—\.1_/—\1
| Target Protein | DYKDDDDK
(g/']

Problems — antibody cross-reactivity.



Video of RPLC

Reverse Phase Gradient Elution
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By Nategm (Own work) [CC BY-SA 4.0 (http://creativecommons.org/licenses/by-sa/
4.0)], via Wikimedia Commons



Proteomics Sample Preparation

Mass spectrometry requires buffer free samples:

 Run a gel, then can use in-gel digest to remove
unwanted buffer components

« TCA or acetone precipitation and wash lysate

« Ziptip / membrane centrifugation / dialysis / Sep
Pack to remove salts, esp. Na or K or phosphate

« Avoid use of polymers and detergents, i.e. Triton-
X, NP-40, SDS, glycerol; use urea and mass
spec friendly detergents instead or remove with
Pierce detergent removal kit

« separate and purify components—HPLC



Mass Spectrometry
Based Protein Identification



Basic Components of a Mass Spectrometer
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Peptide mass spectrum

Monoisotopic peak has C12,H1, N14, 016

Carbon is 99% C12, 1% C13
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By Kkmurray - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?

curid=2680573



Mass measurement accuracy depends on resolution

High resolution means better mass accuracy

8000 Resolution =18100
B 15 ppm error

6000 —

Resolution = 14200
24 ppm error
4000 —

Counts

Resolution = 4500

2000 — Ey a8
55 ppm error ' VA

U S ooy

1 I | I
2840 2845 2850 2855
Mass (m/z)

High mass accuracy improves selectivity in database searches
High resolution separates peptides by mass better in complex samples
Orbitrap Fusion operates at 10 ppm and 120,000 resolution routinely



nanoflowUPLC-Orbitrap Fusion

UPLC—up to 800 bar for better separation of peptides
using reversed phase liquid chromatography at low flow

FT-MS—resolution max 450,000 and low ppm mass
accuracy improves peptide ID confidence

Sensitivity—1 fmol digest BSA standard protein ID, ~10
fmol for spiked in proteins in cell lysate

Complexity— 103 proteins and 10% peptides identified in
LC-MS/MS runs on lysates

Quantitation—Ilabel (TMT, SILAC) and label free methods

(peak area and intensity, spectral counting); linear
dynamic range 3-4 orders of magnitude

CID, HCD and ETD fragmentation choices for PTMs
Orbitrap Fusion ion path




Protein Peptide

mixture mixture
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1D or MDLC separation of peptide mixture
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' ‘a l

(repeated)
N N

2nd Dimension

1“41
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Select a peptide




Impart energy in collision cell
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Measure mass of product ions

Intensity




Nomenclature for MS Sequencing of Peptides

subscript denotes the number of
residues contained in product ion

N-terminal fragments /

b i

R10 R20 Rso R4

I I I I I I I
HN-C-Ci1N-C-CEN-C-C+N-C-COOH

I I I I I I I

H H H H H H H

Y3 Y2 Y1 ‘

C-terminal fragments
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Intensity

B-type lons

AE-A | AEP | AEPT | AEPTI| AEPTIR




Y-type lons
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Scaffold 4 MS/MS

Open Scaffold 4 program

If asked about database access, cancel

Run Demo

Select Tutorial 1

Click on any protein

Go to Proteins tab

Lower panel Click on Spectrum

Click on Fragmentation Table for theoretical ions
Change peptides by selecting in upper right pane



Sequencing Explosion

« 1977 Shotgun sequencing invented,

bacteriophage X174 sequenced.

Eng, J. K.; McCormack, A. L.; Yates, J. R. llI
J. Am. Soc. Mass Spectrom. 1994, 5, 976-989.

* 1989 Yeast Genome project announced
* 1990 Human Genome project announgéd
* 1992 F; e (Yeast) seq

ced
9\,:(‘ g2
00 "7
S A
> Tz, %

1996 Yeast Ge
« 2000 Human Genome draft




SEQUEST
2*10'4 -- All possible 11mers
(ELVISLIVESK)
2*101% -- All possible peptides in NR
1*108 -- All tryptic peptides in NR
4*10° -- All Human tryptic peptides in NR




Peptide ID by Spectral Matching Process
(o] ) (Pomion) ) [ppset

experimental

o L

highest ion score

Library

Best match has ‘ ‘
A

/ \\; n \

" theoretical ) in silico " Database of )
spectral library <Il: trypsin digest <:: protein
built of tryptic and MS/MS sequences

\peptide MS/MS/ \_fragmentation ) \_(i.e. UniProt) )




Proteomic Databases:

o UniProt—SwissProt + TrEMBL
 NCBI

MS/MS Search Engines:

« MASCOT (Matrix Science)

« SEQUEST (J. Eng & J. Yates, Scripps)

« SEQUEST HT (Thermo)

* ProteinProphet (R. Aebersold, ISB)

« OMSSA (NCBI)

« XlTandem (thegpm)

 MS-Amanda (K. Mechtler, IMP, IMBA & GMI)
* Andromeda (M. Mann, Max Planck Institute)
» Scaffold (Proteome Software) validation only
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Relative Intensity
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Relative Intensity

Relative Intensity
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Relative Intensity
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Correlation Score

ES

SEQUEST XCorr

Cross Correlation
(direct comparison)

Auto Correlation
(background)

20 10 0 10 20

Offset (AMU)

Gentzel M. et al
Proteomics 3 (2003) 1597-1610



Correlation Score
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-
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XCorr =

e

SEQUEST XCorr

Cross Correlation
(direct comparison)

Auto Correlation
(background)
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Offset (AMU)

CrossCorr

avg ( AutoCorr offset=-75 to 75)



10 Protein Control Sample (Q-ToF)
Peptide Prophet approach

“Best” Matches

ALL Other

# of Matches

S
o
o

w
o
o

Possibly
Correct?

Mascot: lon-lIdentity Serre. etal
Anal. Chem. 74, 5383-5392



10 Protein Control Sample (Q-ToF)
Peptide Prophet approach

“Best” Matches

ALL Other

# of Matches
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)

Possibly
Correct?

Mascot: lon-lIdentity Serre. etal
Anal. Chem. 74, 5383-5392



10 Protein Control Sample (Q-ToF)
Peptide Prophet approach

“Incorrect”

Possibly
Correct?

Mascot: lon-Identity Score



10 Protein Control Sample (Q-ToF)
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10 Protein Control Sample (Q-ToF)
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10 Protein Control Sample (Q-ToF)
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Scaffold 4 Database Search

Run Demo, Select Tutorial 1
_eft Pane select Proteins

Jpper right pane shows SEQUEST scores
Compare Sequest scores and MS/MS

Left pane Statistics OR Menu Bar Window
Statistics

Lower right pane Prophet distribution of
correct and incorrect hits



LC-MS/MS Peptide Identification

®§> Peptide 2
Pepudé1x”¥£ff-

A

Proteins digested into peptides
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Peptide Mass Spectra (MS)
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Peptides separated by
Liquid Chromatagraphy

Peptides fragmented by MS/MS
— =
Peptide 1 Sequence

EE—
Peptide 2 Sequence

MS/MS matched to
peptide sequences
from database
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Protein Inference

General approach is to create a minimal list of
proteins.

“Principal of parsimony” or “Occam’s razor”

proteinA |1 peptided | eptdea’ peptides |
ProteinB | Peptided | Peptide3 [ |
Protein C _

International Proteomics Tutorial Programme: Protein Identification using MS/MS Data



Protein Inference

Peptides identified:

1 TIGGGDDSFNTFFSETGAGE 5 ITHFPLATYAPVISAEK 9 VGINYQPPTVVPGGDLAK
2 AVFVDLEPTVIDEVR 6 AYHEQLSVAEITNACFEPANQMVE 10  AVCMLSNTTAIAEAWAR
3 OLFHPEQLITGKEDAANNYAR i YMACCLLYR 11 LDHKFDLMYAK
4 NLDIERFTYTNLNR 2 SIQFVOWCPTGFK
Assignment of peptides tec proteins:
peptides
1 2 3 4 o] 5] ! 8 9 10 11
P05208 alpha-1 —EE N EE O EE O EE O EE WS O O EE O O
D13748-1 alpha-2 (1) —__ouu  aam aan  as as  aas  am
m
o Ql13748-2 alpha-2 (2) - - - - - - -
e
L]
"; NP 006000 alpha-3 EE B EE B B B B 0O O
]
2 PO5215 alpha-4 e  mm s s s s s
Q9BQE3 alpha-6 R e e e | - - -
QINYES alpha-8 e m mm - s .

Fic. 3. An example of a protein family. Eleven tryptic peptides are identified that are shared between the members of the a-tubulin family.
MNone of the proteins is identified by a peptide that is unique to it, thus making it impossible to determine which particular member(s) of the
family is present in the sample.

» Nesvizhskii, A. I. and Aebersold, R. (2005). Interpretation of shotgun proteomic data - The
protein inference problem. Mol. & Cellular Proteomics, 4, 1419-1440.

International Proteomics Tutorial Programme: Protein Identification using MS/MS Data




Distribution of search engine matches between MS/MS spectra
and peptide sequences using true and decoy databases

Total matches

Incorrect matches

Correct matches

Frequency

Score

International Proteomics Tutorial Programme: Protein Identification using MS/MS Data



False Discovery Rate calculated by searching the
data with a decoy DB to provide statistical
confidence measure for peptide identifications

The MS/MS spectrum
comes from a peptide

sequence in the
database False Discovery Rate

= FP / (FP + TP)

True False

© T FI True Positive Rate
£2 o True | HE o [arAme = TP / (TP + FN)
Q7B Q i positive | positive:

8‘3 Q qc, RSP PR EY RN LS S PSP RSP

c5532 False Positive Rate
5583 - Faise | True - FP / (FP + TN)
® £ False SRR T LI FEEE RS SS P SR

3 i Negativa . negative:




One Hit Wonders

e Huge MudPIT data set

e Search Swiss-Prot using
drosophila taxonomy filter (5268
entries)

e 75,000 matches with 1% FDR
e j.e. 750 false matches

International Proteomics Tutorial Programme: Protein
Identification using MS/MS Data

5000 -
4500 -
4000 -
3500 -
3000 -

T 2500
2000 -
1500 A
1000 A

500 -

4569




Scaffold 4 Protein Inference and FDR

Run Demo Select Label-Free
Samples
Similarity View

Change Protein and Peptide Thresholds and
Minimum Number of Peptides

View Pink Box lower left changes in FDR and
number of identifications

Scroll down to find decoy hits if FDR >0



Quantitative Proteomics



Quantifiable Proteins Are Subset of Proteome

=
>

Proteins
in sample

Number of proteins

Proteins
identified

Proteins
quantified

>
Protein concentration

Spectral Counting—relatively quick and inexpensive, excellent
choice for pilot experiment requiring no special sample prep
TMT/iTRAQ, labeling—good precision, minimize sampling
differences by combining samples into one LC-MS/MS run



PRINCIPLE |: REPLICATION

(1) carries out the inference and (2) minimizes inefficiencies

>

(a) No replication

YH——

|

Y

Log(feature abundance)

| f
Healthy  Disease

3>

(b) A significant difference

-

Log(feature abundance)

Healthy  Disease

Y

Log(feature abundance)

(c) Not a significant difference

Healthy  Disease

Two levels of randomness imply two types of replication:
¢ Biological replicates: selecting multiple subjects from the population

¢ Technical replicates: multiple runs per subject

Oberg and Vitek, J. Proteome Research, 8, 2009

From Olga Vitek, US HUPO 2016, “Statistics for (Targeted, Label-Free) Proteomics”



PRINCIPLE 2: RANDOMIZATION
Prevents bias

(a) Sequential acquisition

(b) Complete randomization

—~ o
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™y mas, ~ } I > I i >
/Chdrg %"‘7’99
Healthy  Disease Healthy  Disease

No randomization
= confounding
= bias

Complete randomization
= no bias

Two levels of randomness imply two types of randomization:

¢ Biological replicates: random selection of subjects from the population

¢ Technical replicates: random allocation of samples to all processing steps

Ober‘é and Vitek, J. Proteome Research, 8, 2009

From Olga Vitek, US HUPO 2016, “Statistics for (Targeted, Label-Free) Proteomics”



PRINCIPLE 3: BLOCKING

Helps reduce both bias and inefficiency

(b) Complete randomization (c) Day = block

-
-
>

od3
o d.
Od4 val

€
Z )
&
Log(feature abundance)
=
[¢)
Q.
]
N
S
Log(feature abundance)
O\
<

Healthy  Disease Healthy  Disease

Complete randomization Block-randomization
= 1inflated variance = restriction on randomization
= systematic allocation

Two levels of randomness imply two types of blocks:

¢ Biological replicates: subjects having similar characteristics (e.g. age)

¢ Technical replicates: samples processed together (e.g. in a same day)

ObeHé and Vitek, J. Proteome Research, 8, 2009

From Olga Vitek, US HUPO 2016, “Statistics for (Targeted, Label-Free) Proteomics”



FINAL THOUGHT: SIMPLICITY IS GOOD

Complicated methods fail for complicated reasons

* A combination of a complicated algorithm and small sample size
* Problems hard to detect

* The paper eventually retracted

http://simplystatistics.org/
2016/02/01/a-menagerie-

of-messed-up-data-

analyses-and-how-to-
avoid-them/

natre

medicine

Nature Medicine 12, 1294 - 1300 (2006)
Published online: 22 October 2006 | Corrected online: 27 October 2006 | Corrected online: 21 July 2008 |
Retracted: 07 January 2011 | doi:10.1038/nm1491

There is a Corrigendum (November 2007) associated with this Article.
There is a Corrigendum (August 2008) associated with this Article.

There is a Retraction (January 2011) associated with this Article.

Genomic signatures to guide the use of I ————
chemotherapeutics

» Supplementary info

Anil PottiZ, Holly K Dressman-2, Andrea Bild13, Richard F Riedel}2, Gina

. ) —
Chan?, Robyn Sayer?, Janiel Cragun?, Hope Cottrill¥, Michael J KelleyZ,

- - . ARTICLE TOOLS
Rebecca Petersen2, David Harpole, Jeffrey Marks2, Andrew Berchuck&,

Geoffrey S GinsburgL2, Phillip Febbol-22, Johnathan Lancaster? & Joseph 8 send to a friend

R NevinsiZ:2 & export citation
M et ombmommmnn

From Olga Vitek, US HUPO 2016, “Statistics for (Targeted, Label-Free) Proteomics”



Label Free Spectral Counting

Relative quantitation: Normalized PSMs used
to compare samples

Absolute quantitation: Approximate effect of
protein length using APEX, NSAF, emPAl

emPAIl PAI= I\]observed/l\lobservable
emPAl = 10PA - 1



Scaffold 4 Spectral Counting

Run Demo Select Label-Free

Left pane Samples

View Menu Uncheck Show GO Annotations
Display Options Total Spectral Count

Note proteins 4 and 5 have similar counts
Experiment Quantitative Analysis
Quantitative Method emPAl

Select Compare Categories

Fisher’s exact test



Quantitation Methods

Tissues/Cells Proteins Peptides LC-MS or Data Analysis
LC-MS/MS

Lg% <5 Wgs

Label-free
Quantitation

Metabolic
Labeling

Isotopic
Tags

Isobaric
Tags

Spiked
Heavy
Peptides

http://www.piercenet.com/method/quantitative-proteomics



Spike-in SILAC standard Super SILAC for Tissue quantitation

= Cell-line

- non-labeled
/ l \ 1 6(0"\"0'
—__ Exp A
SILAC Human tissues e Exp B
-labeled = b
Non-labeled samples labeling ronene Super-SILAC mix /%'
State A State B State C v & @ N
= e ew-— 2o fl" % 7 N s

Mouse tissues
T T d lf ‘ SILAC-mouse /
SILAC —
standard >

non-labeled
‘ I Yeast SILAC-yeast SILAC-bacteria Bacteria

miz m/z - m/z
‘Spike-in” SILAC-ratios :

_heavy (SILAC STANDARD)

Intersity
Intersity
Intensity

Y

Y

3 . @&
a0 = ght Grate A) ratio, _ light (State B) SILAC-protein
ratio, <MY (SILAC STANDARD) ratio  alight ( ) ecombinant B, @
2= light (State B) X light (State C) protein expression - 9 ~
oy <neavY (SILAC STANDARD) ratiop _ “gnt(tate = ;
ratlos= —ight Gate 0) ratios  Jight (State B)

Matthias Mann, Max Planck Institute for Biochemistry
http://www.biochem.mpg.de/mann/SILAC/index.html



Isobaric Tagging: iTRAQ/TMT

Sample 1 ﬂﬁ Label TMT#-126 >__;..;
Sample 2 ﬁ% Label TMT®-127 >'<
Sample 3 ﬂ% Label TM1 -
Sample 4 ﬂ% Label .
Sample 5 ﬁ% Label 5

Sample 6 ﬂ% Label TMT* 131 %
Relative Quantitation

2 §
V@ '
= H
=) :
= 5

m,-‘zé

k\ﬂ “\\:\5

# Intensity

LC-MS/MS

A

X

............................................ Sequence Assignment
SO PR SO p and
Protein Identification

http://www.piercenet.com/method/quantitative-proteomics



Scaffold 4 iTRAQ

Run Demo iTRAQ

Q+ menu button opens new program Q+
Select #1 protein Apolipophorins

Switch to Proteins on left sidebar

Jpper pane shows peptides

_ower pane shows quantitation

_.ower pane select Spectrum and compare
peptides



QQQ

1 precursor ion
1-5 product ions

Orbitrap
1 precursor ion
All product ions

Orbitrap

5-20 m/z
precursor window
All product ions

E. Nouri-Nigjeh et al., Chapter 5: Targeted Proteomics in Translational and Clinical Studies, in
Biochemistry, Genetics and Molecular Biology » "Recent Advances in Proteomics Research"

Selected reaction monitoring (SRM)

N

(

4 Q1 CID chamber Q3 )
' ) | )
Jo, E—) ixl‘ ** * e— *
| ) 1/
Parallel reaction monitoring (PRM)
4 Q1 CID chamber Orbitrap "\
" * )

-—-——*—J
i;v'“::t ** # |§*ift
— j/

Data independentacquisition (DIA)

/

|

Ql

CID chamber \

Iﬁ ;;v"j;g,i;**% |§ *

Orbitrap
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DIA compared to SRM/PRM

Targeted Extraction |$

k Isolation Window

Targeted Acquisition

l J- 7 m/z Isolation
N 2 ;

Jarrett Egertson, from Skyline page Slides Explaining Data Independent Acquisition




Targeted Quant using PRM with Skyline
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Lydia Contreras Quantitation Workflow

radiodurans were

(OD =1) or stationary
(OD = 3) phase in 30
degree shaker.

J

ltured to exponential E> /f

Cells were diluted 4-5
fold to OD ~1 and
recovered in fresh
culture (TGY) medium
for 2 hours at 30° C.

Total RNA and protein
were prepared from
recovered cells. Cells
were sonicated and
treated with lysozyme
to obtain the protein
lysate.

=

=

—
= =

Cells were kept cold on
ice and irradiated
under 0, 2, 5 & 15 kGy
(250Gy/s) with a 10
MeV, 18 kW LINAC f3
ray source.

Cells were plated on
TGY plates and
incubated at 30
degree to measure
survival rate (CFU).

The protein
lysates were
digested with
trypsin and
analyzed with
UPLC-MS/MS on
the Orbitrap Elite.



Differential protein ID

High fold change proteins under 15 kGy irradiation

in log phase
. Fold
Protein change
Serine esterase, GN=DR _0657 162
Succinate-semialdehyde dehydrogenase [NADP(+)], 99
GN=ssdA

Fibronectin/fibrinogen-binding protein, GN=DR_0559 33
Alkaline shock protein-related protein, GN=DR_2068 14
N utilization substance protein B homolog, GN=nusB 14

Response regulator, GN=DR_0743 12
D-3-phosphoglycerate dehydrogenase, GN=DR_1291 10



Quant with Synthetic Peptides

4 - W 2/Controll W 5/Controld

OI|I|II|||||1I|i.

p4
(U]

o =
v = U
| | |

VDGDYG
EFVLEPL
AR
VTLEGLG
LTTR
AYTLPQL
PYAYDAL
EPHIDAR |
FGSGWA
WLVVK
EVIHALG
LSPAEFG
TAQFITSS
DK
IELMQVI
TQLVEM
VADQTG
K
SVGLPGL
GTLSVK

Samples were treated with low (2) and high (5) kGy

Peak area from the targeted peptide is normalized against synthetic peptide
Ratios obtained by comparing to non-irradiated controls




Post-Translational Modifications



Examples of Multiple PTMs per Protein

RPB1 [ }(é? r(? (?)

| 00600000 © 0
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Modifications determine protein function, signaling, and localization

Xiang-Jiao Yang, Multisite protein modification and intramolecular signaling Oncogene (2005) 24, 1653-62



Dynamic perturbation of biological system

Acetylation

Sequential Mutually exclusive Antagonistic

Chromodomain

Chromodomain ‘Z

HF X
K292 1
) Kg B N

Phosphorylation-dependent Acetylation prevents degradation Phosphorylation disrupts H3
SUMO modification of p53 by MDM2 interaction with chromodomain

Nature Reviews | Genetics

Altelaar et al. Nat Rev Genet. 2013 Jan;14(1):35-48



Detecting Modifications by MS

Start with microgram levels of single protein
or mg of lysate

Use modification enrichment: affinity
chromatography, antibody pulldown,
biotinylation, click chemistry

Purify protein/protein complex/organelle

Use multiple proteases to increase coverage
Try targeted MS/MS on modified peptide
Use Ascore to asses site localization

Validate with synthetic modified peptide
standard or antibody



Phosphopeptide enrichment with TiO2
increases phosphopeptide identifications

100000
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TiO2 Enriched ETD or
100

HCD
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= — e -
1 Unenriched cell lysate
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Serial Enrichment of PTMs with Basic RP Fractionation

d
Supernatant Supernatant
Phospho-
proteome Ubiquitinome Acetylome
po;- &V
o &£ GG-K’\ Ac-K’\
\ psTY \ Kk(@Ga) \  KAq)
peptides peptides peptides
Phosphoproteome UbquItlnome ACth'Ome
b 6,000 -
5,000 -
]
S 4,000 -
a
()]
S 3,000 A
(&)
£
E 2)000-
a
1,000 A
I
0- ] 1 | .
Fractionno. A 1 2 3 4 5 6 7 8 9 101112 A 1 2 3 4 5 6 A1 2 3 4 5 6

B Modified peptides

B Unmodified peptides

Mertins P et al.. Nat Methods. 2013 10(7):634-7.



A Score for Localization of Modification

a b 100 [MH, — H,0]2*
NH, - QSSVTQVTEQpSPK-COOH

or ?
NH2 - QSSVTQVpTEQSPK-COOH

50

Yo
b, Y7 Yo
0 Y2 bd.iysu ny4-iy?ju 1 bkgl J Y10 Y11 Y12

300 500 700 900 1,100 1,300 1,500

Relative
abundance

C Identify site-determining ions miz
Ys Y4 Y3 \1'
—> n=11t010 <——
Ql 8| s| vl T| Q| Vv TJ—E_l_Q_l_“ P K Process @ n peaks/100 m/z
g s | i
Determine peak depth from peptide 200 éoo 400 500 600 700 800 900 S
score for maximal difference T miz I
n=6 (panel b) 'ﬁ 3
: .

Overlay b- & y-type ions for each possibility
Calculate cumulative binomial probability using only

site-determining ions at highest-scoring peak depth QSSVTQVTEQpSPK QSSVTQVOTEQSPK
N I
PX) =Y N | pk (1-pyN-k Compute binomial Compute binomial
o probability probability
Phosphopeptide QSSVTQVTE QpSPK QSSVTQ VpTEQSPK __I \ / I_
: 140 7
Trials (N) 6 (Y3, V4. ¥5. by, bg, Do) | 6 (y3, ¥4, Y5, g, by, Dyg) s ~=- QSSVTQUTEQpSPK
s (n) 5( b, by} |0 . / T~ T SesvprayTase
uccesses (n) » Y4 Y5 Dg. d ~—. = QSSVpTQVTEQSP
Y3: ¥4 ¥s5: Pg. Dy g 100 o - QSpSVTQVTEQSPK
p (6 peaks /100 m/z) 0.06 0.06 b . * QpSSVTQVTEQSPK
P 0.0000044 1.0 g 60 ;__/\—"”\\
) R /“\‘___» R
Score [ -10 x log(P) 57 o S = i
! og(P) ] 53.5 0 o]~ .
Ascore = ambiguity score 53.57 -0=53.57 o B T R e R e
(difference of the top two candidates) 1 2 3 4 5 6 7 8 9 10

No. peaks/100 m/z

Beausoleil SA, Nat Biotechnol. 2006 Oct;24(10):1285-92



Scaffold PTM

Open Scaffold PTM program
If asked about database access, cancel
Run Demo Tutorial 1 Single MS Sample

Select PTM List on left sidebar, scroll through
results

Select BC11B Go to Proteins View
Lower right pane is Spectrum+A score
Go to Motif View
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