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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



3'Y Generation Proteomics
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Absolute & Relative
Abundance

Protein-Protein
Complexes &
Interactions

Protein Isoforms

Multidimensional Data Analysis & Modelling @

Lamond A | et al. Mol Cell Proteomics 2012;11:0112.017731

©2012 by American Society for Biochemistry and Molecular Biology



Include appropriate controls
» Different disease states MS-based discovery of
* Disease side-effects biomarker candidates

Phenotype Model systems

Validate in large patient
cohorts using alternative

Biomarker or biomarker approaches

signatures related to

Disease

‘ Control

L

disease biology

Patients

m/z

Carry out
appropriate
stringent statistics

Disease

Control

Nature Reviews | Genetics

Altelaar et al. Nat Rev Genet. 2013 Jan;14(1):35-48. doi: 10.1038/nrg3356.



Workflow to identify new cytotoxicity targets with quantitative proteomics
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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



Separation of proteins and peptides

* Immobilized: gel electrophoresis, isoelectric
focusing

* Ultra High Pressure Liquid chromatography:
better/faster separation achieved at high P

» Gelfiltration/Size Exclusion (SEC), lon exchange
Chromatography (IEX) Reversed phase (RP), HILIC

e Affinity chromatography

Methods combined for 2D separation: MudPIT
(SCX-RPLC of peptides) high pH/low pH RP/RP,
2DGE, GeLC (1D gel protein RPLC peptides)




Mass Spectrometry

* Mass spectrometry is a widely used analytical tool for measuring the
mass/charge (m/z) ratio of ions in the gas phase

 The mass spectrometer consists of an ionization source, mass filter and
ion detector

* While MS originated 100 years ago, development of MALDI and ESI
ionization sources made it possible to detect peptides and proteins
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https://nationalmaglab.org/user-facilities/icr/techniques/maldi



Common Types of Mass Filters
Quadrupole Time-of-Flight
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A Short Overview of the Components in Mass Spectrometry Instrumentation for
Proteomics Analyses By Diogo Ribeiro Demartini DOI: 10.5772/54484



Tandem Mass Spectrometry

MS1 Spectra

L

Sample E ’,” ’ MS2 Spectra
Y |
Fragmentation Ll | ‘ | I
MS1 MS2
Proteomics Facility has two high sensitivity, high
resolution Orbitrap Fusion mass spectrometers




Protein Identification Process

Protein Peptide

&.
Digestion vsg

|

(repeated)
NN

mixture mixture 1D or MDLC separation of peptide mixture
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Peptide fragmentation
by tandem MS MS

MS

(repeated)
MS and MS/MS
data acquisition

MS/MS
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Computational translation
of tandem mass spectra to Database search

amino acid sequences using
genomic sequences

Collected MS/MS spectra

Identification of proteins

| Correlatlon anaIyS|s

Predicted spectra from
genomic database sequences

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




Start with a protein
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Brian Searle, Proteome Software, “Interpreting M m proteomics results”



Brian Searle, Proteome Software, ”Interpreti proteomics results”



Brian Searle, Proteome Software, ”Interpreti proteomics results”



Impart energy in collision cell

e M A (e

Brian Searle, Proteome Software, “Interpreting MS/MS proteomics results”



Measure mass of product ions

Intensity

Brian Searle, Proteome Software, “MS/MS based peptide identification by database searching”
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Nomenclature for MS Sequencing of Peptides

subscript denotes the number of
residues contained in product ion

N-terminal fragments /

Y3 Y2 Y1

C-terminal fragments

Joseph A. Loo, “Mass Spectrometry for Protein Quantification and Identification of Posttranslational Modifications”



Amino Acid Residue Masses.

Amino Acid 3 Letter Code 1 Letter Code Residue Mass
Monoisotopic Average

Glycine Gly G 57.02147 57.052
Alanine Ala A 71.03712 71.079
Serine Ser S 87.03203 87.078
Proline Pro P 97.05277 97.117
Valine Val \ 99.06842 99.133
Threonine Thr T 101.04768 101.105
Cysteine Cys C 103.00919 103.144
Isoleucine lle I 113.08407 113.160
Leucine Leu L 113.08407 113.160
Asparagine Asn N 114.04293 114.104
Aspartic Acid Asp D 115.02695 115.089
Glutamine GIn Q 128.05858 128.131
Lysine Lys K 128.09497 128.174
Glutamic Acid Glu E 129.04260 129.116
Methionine Met M 131.04049 131.198
Histidine His H 137.05891 137.142
Phenylalanine Phe F 147.06842 147177
Arginine Arg R 156.10112 156.188
Tyrosine Tyr Y 163.06333 163.170
Tryptophan Try W 186.07932 186.213
Homoserine Lactone 83.03712 83.090
Homoserine 101.04768 101.105
Pyroglutamic acid 111.03203 111.100
Carboxyamidomethyl Cysteine 160.03065 160.197
Carboxymethylcysteine 161.01466 161.181
Pyridylethylcysteine 208.06703 208.284

http://www.its.caltech.edu/~ppmal/sample_prep/work3.html
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Brian Searle, Proteome Software, “Interpreting MS/MS proteomics results”
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Brian Searle, Proteome Software, “MS/MS based peptide identification by database searching”
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Brian Searle, Proteome Software, “Interpreting MS/MS proteomics results”



Peptide ID by Spectral Matching Process
Spot d Digested usi LC-MS/MS of
PRreoret | (> | Diteiena [ | KO

experimental

Best match has
H” highest ion score ‘ ‘ ‘
- l

Library

" theoretical ) ~ “insilico” ) " Database of )
spectral library <Il: trypsin digest <:: protein
built of tryptic and MS/MS sequences

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

Robert Britton, Tom Schmidt, Pat Venta www.msu.edu/course/mmgq/433/lecturesS2005/



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



Relative Intensity

Relative Intensity

SEQUEST search engine measures overlap between
library spectrum and experimental spectrum
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SEQUEST XCorr

Cross Correlation

40- “/(direct comparison)
S 20 Auto Correlation
: (background)
) 10-’\_&*/\/\;

20 ¢ 0 10 20
Offset (AMU)

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

Brian Searle, Proteome Software, “Interpreting MS/MS proteomics results”



SEQUEST XCorr

Cross Correlation

l"/(direct comparison)

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

“Best” Matches

ALL Other
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Keller, A. et alAnal. Chem. 74, 5383-5392
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Brian Searle, Proteome Software, “Interpreting MS/MS proteomics results”



# of Matches

“Incorrect”

Possibly
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Brian Searle, Proteome Software, “Interpreting MS/MS proteomics results”




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:




Decoy DB for False Discovery Rate:

possibly
correct

clearly
wrong

Elias JE, Gygi SP. Nat Methods. 2007 Mar;4(3):207-14.

Brian Searle, Proteome Software, “Reporting protein identifications with MS/MS results”



# Spectrum Accession Peptide Score

1 scan 3632 [P35908 GFSSGSAVVSGGSR 4.6
2 scan 3609 [POAFYS8 FSAASQPAAPVTK 3.7
3 scan 3629 [POA940 GFQSNTIGPK 3.0
4 scan 3635 [POA6F9 STRGEVLAVGNGR 2.2
5 scan 3636 [POA870 ELAESEGAIER 2.1
6 scan 3607 [POA799 ADLNVPVKDGK 1.9
7 scan 3626 |[POABC7 EAEAYTNEVQPR 1.6
8 scan 3602 [POA853 IRVIEPVKR 1.4
9 scan 3623 [P38489 KLTPEQAEQIK 0.9
10 scan 3616 |P00448 GTTLOGDLK 0.8
11 scan 3621 |P09546 LLPGPTGER 0.4
12 scan 3615 |POAFGS8 AFLEGR 0.2
13 scan 3624 |P14565 SAADVAIMK 0.0
14 scan 3613 |rev_P06864 |EGSLAVNVQGDAAIR -0.4
15 scan 3604 [P36562 DPEEVVGIGANLPTDK -0.7
16 scan 3606 |POA9CS IPVVSSPK -0.7
17 scan 3611 [POABBO ASTISNVVR -0.7
18 scan 3614 |rev_Q2EEU2 |KFVALTCDTLLLGER -0.8
19 scan 3620 |rev_ POACLS NNESAALMKEYCR -0.9
20 scan 3633 |rev_P37309 SDGSCNQRALNR -0.9
21 scan 3627 |P32132 VEETEDADAFRVSGR -1.0
22 scan 3618 |P37342 ILTQDEIDVR -1.0
23 scan 3610 |rev. POADKO |TANVSDVVPR -1.2
24 scan 3601 [POAG93 LGMKREHMLQQK -1.3

Brian Searle, Proteome Software, “Reporting protein identifications with MS/MS results”




FDR=2x decoy/tota

PSMs above threshold

# Spectrum Accession Peptide Score
1 scan 3632 [P35908 GFSSGSAVVSGGSR 4.6
2 scan 3609 [POAFYS8 FSAASQPAAPVTK 3.7
3 scan 3629 [POA940 GFQSNTIGPK 3.0
4 scan 3635 [POA6F9 STRGEVLAVGNGR 2.2
5 scan 3636 [POA870 ELAESEGAIER 2.1
6 scan 3607 [POA799 ADLNVPVKDGK 1.9
7 scan 3626 |[POABC7 EAEAYTNEVQPR 1.6
8 scan 3602 [POA853 IRVIEPVKR 1.4
9 scan 3623 [P38489 KLTPEQAEQIK 0.9
10 scan 3616 |P00448 GTTLOGDLK 0.8
11 scan 3621 |P09546 LLPGPTGER 0.4
12 scan 3615 |POAFGS8 AFLEGR 0.2
13 scan 3624 |P14565 SAADVAIMK 0.0
14 scan 3613 |rev_P06864 |EGSLAVNVQGDAAIR -0.4
15 scan 3604 [P36562 DPEEVVGIGANLPTDK -0.7
16 scan 3606 |POA9CS IPVVSSPK -0.7
17 scan 3611 [POABBO ASTISNVVR -0.7
18 scan 3614 |rev_Q2EEU2 |KFVALTCDTLLLGER -0.8
3620 |rev_POACL5 [NNESAALMKEYCR .

20 scan 36 SDGSCNQRA -0.9
21 scan 3627 |P32132 AFRVSGR -1.0
22 scan 3618 |P37 ILTQDEID -1.0
23 rev_POADKO [IANVSDVVPR

scan 3601 [POAG93

LGMKREHMLQQK

Brian Searle, Proteome Software, “Reporting protein identifications with MS/MS results”




LC-MS/MS Protein Identification

Peptide Mass Spectra (MS) Peptides fragmented by MS/MS

@ B —_

@/] Peptide 2 f‘ ‘ Peptide 1 Sequence
-t i g

Pephdé-f‘“'%- i ’ |

D

[E——
Peptide 2 Sequence

),

MS/MS matched to
peptide sequences
from database

A CI
Proteins digested into peptides

Peptides separated by
Liquid Chromatagraphy

39533

KVGDNMPWDOHVGHK

http://www.piercenet.com/browse.cfm?fldID=754E41C1-8B46-444E-AEES-E33E5D37A1DE



Protein Inference

General approach is to create a minimal list of
proteins.

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

proteinA |1 peptided " eptidea’ " peptides [
ProteinB | Peptidel " Peptide3 [ |
Protein C _

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



Protein Inference

Peptides identified:
1 TIGGGDDSFNTFFSETGAGE 5 ITHFPLATYAPVISAEK 9 VGINYQPPTVVPGGDLAK
z AVFVDLEPTVIDEVR 6 AYHEQLSVAEITNACFEPANQMVEK 10 AVCMLSNTTAIAEAWAR
3 OLFHPEQLITGKEDAANNYAR i YMACCLLYR 11 LDHKFDLMYAK
4 NLDIERPTYTNLNR a SIQFVDWCPTGFK
Assignment of peptides tec proteins:
peptides
1 2 3 4 iz} 6 T 8 9 10 11
P05208 alpha-1 —EE N EE O EE O EE O EE WS O O EE O O
013748-1 alpha-2 (1) - s as  oas oms o e oa
m
g Ql3748-2 alpha-2 (2) - PR — - mm
o
Q
"; NP 006000 alpha-3 EE B EE B B B B 0O O
H
2 PO5215 alpha-4 — == as = s e ms s e
Q9BQE3 alpha-6 R e e e | - - -
QONY65 alpha-8 — == == - .
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




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
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Quantitative Proteomics

Mass spectrometry

Data analysis and
interpretation
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lon
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Nature 537, 347-355 (15 September 2016) doi:10.1038/nature19949
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Quantifiable Proteins Are Subset of Proteome

|

&

[ Proteins
° in sample
2

o
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Proteins
identified

Proteins
quantified

Protein concentration

Marcus Bantscheff et al., Anal Bioanal Chem (2012) 404:939-965



Quantitation uses peptide peak intensity or
counts number of MS/MS

XIC-based Quantitation  Spectral Counting
Unlabelled Digested ~ MS-based quantitation with MS?-based quantitation and
Peptide Mixture MS? -based identification identification

Intensity

4 |.1'.l!1

LC-MS analysis — miz

JAR '
]
Elution Time l
1

https://www.bioanalysis-zone.com/2016/02/08/chapter-5-modern-techniques-in-quantitative-
proteomics/ Smith and Macklin from the series Advanced LC-MS applications for proteomics




OD@600

Systems study of E. coli glucose starvation
Wilke, Marcotte, Barrick and Trent labs

Quantitative proteomics by spectral counting
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LC/MS detection
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Isolation of **P labeled Lipid A

lMALDI-TOF MS l
Isolation of Phospholipids
ESIMS

PLoS Comput Biol. 2015 Aug 14;11(8):e1004400

Growth in 20% U-*C labeled
glucose

Hydrolysis and Derivatization
GC-MS detection of labeled
amino acids
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Experimental stages for initiating
guantitation protocol

)
’ Cell Lysis Protein Protease HPLC MS and/or
Separation Digestion Separation | MS/MS Analysis
Metabolic Spiking: Enzymatic: Isobaric Tagging: Label-free:
Labelling: - AQUA 180 Labeling - iTRAQ - Spectral Counting
- SILAC - QconCAT - TMT - MSE
- SILAM - Super-SILAC Chemical Labeling - MRM
- Dimethylation - SWATH
- TrEnDi - XIC-Based Quantitation

Smith and Macklin, https://www.bioanalysis-zone.com/2016/02/08/chapter-5-modern-techniques-in-quantitative-proteomics/



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



Targeted Quantitation

(Do Acqsicon |

iRT Library

[ Spectrum Matching ]
Chromatogram Spectral Library
Extractlon Building

Building

|

Quantitative “ Product lon
Analysis Targeting

Skyline



Targeted Quantitation using Skyline

BSA
50 amol 100 amol 200 amol 400 amol

43.9 33.2
a 43.4 - :
120 + €00 + e 10 1 -
- 1 |
: 3 H 1
100 + 500 i
= =) © 08 >
- - - -
2 s0 + 2 400 ¥ e e
= z Z 06 + Z 101
- -~ - -
.s' 60 g 300 + g g
= 0 s s 04 + =
nah ] § e 0os +
20 § 100 + 02 ¢+
o oo 0 M . 00 Lt y - 00 — ——
420 430 440 42 43 44 42 43 44 420 425 430 435 440 445
Retention Time Retention Time Retention Time Retention Time
[— g irgor - JA0 40 Tae W C(RC30r e 1] - J40 G0Lee S pCrsof Mes|- 141 d0dgee |
10 r
5 600 y =0.6398x+ 15,812
09 4+ = R*=0,9594
$ 400
os + £
S
o7t ¥ 200
- <
= 5
= 064 ©O i
E 0
2 05 1 0 200 400
a: Theoretical
x 04 concentration (amol)
2
o
03 4
02
01
0.0

1 2 3 1 2 3 1 2 3 1 2 3
50 amol 100 amol 200 amol 400 amol

Replicate peak areas




/ \

gy Ty

D.
cu

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
Serine esterase, GN=DR_0657 chia&qe
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_07/43 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.

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

o =
v = U
| | |

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

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




Temporal proteomics used to measure
time dependent protein expression

Protein regulator

Normalized number of peptides

16 -

[}

-10 30 60

180
Time (minutes post stress)

300

Putative ABC transporter
periplasmic-binding protein YdcS

Normalized number of peptides

100

80

60

40

20

b

|

(0] =) 1

-10 30 60

180 300
Time (minutes post stress)

Sowa et al. Nucleic Acids Res. 2017 Feb 28;45(4):1673-1686. doi: 10.1093/nar/gkx048.




Luminex xMAP
technology

Systems using xXMAP technology perform a
variety of bioassays including immunoassays
on the surface of fluorescent-coded beads
known as microspheres, which are then read
in a compact analyzer. Using two lasers and
high-speed digital-signal processors, the
analyzer reads signals on each individual
microsphere particle. The capability of
adding multiple conjugated beads to each
sample results in the ability to obtain
multiple results from each sample. Open-
architecture xMAP technology enables
multiplexing of many types of bioassays
reducing time, labor and costs over
traditional methods.

XMAP Technology Process Flow

100 xMAP microsphere sets

Qe

. TNF-a

Cytokines

@ vy

1. Microspheres are
dyed to create 100
distinct colors

2.Microspheres are
coated with capture
antibody

3. Sample is added to
microspheres and
analyte is captured

4.Fluorescent tagged
detection antibody
is added

S.Lasers detect both
bead dyes and tagged
detection antibody



Protein interactions

* Yeast-2 hybrid
* Bait protein capture and MS identification

Affinity support ’2 Affinity support
D — e
, L

Protease cleavage

Affinity support
- s (O
00

Protein ldentification by LC-MS/MS
Protein identification by

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

N



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 cell Protein A-agarose bead
<o 2\
| ® 09/
- .\nubud_\'y
Cell Ivsis 1 2 | Antibody binding to
) protein A-agarose bead

% Antigen isolation on

\;lnuw) hc;ul/

N\

Washing and analysis (1D-2D gel, western)

N ©

Tandem Affinity Purification TAP tag

‘ IgG TEV-protease cleavage

‘ Streptavidin Elution: biotin



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>-‘

Excess FLAG Peptide FLAG Peptide
or Acid Elution
./‘_\:_/_\;‘
| Target Protein | DYKDDDDK
(\_/']

Problems — antibody cross-reactivity.



Different Types of Affinity Binders

Antibodies

“49 .

Nonlmmunoglobulln binders
Small molecules

Alternatlve DNA or RNA
protein scaffolds aptamers Peptldes Organlcs
I Recombinant ’
lmmunoglobulln fragments

Fab scFv

Nature Methods - 4, 13 - 17 (2007)
Systematic generation of proteome binders by EU consortium



Forward Phase Protein Microarray Spots Antibody and Probes with Multiple Samplesc

Analytes

Capture Signal generation

Reversed Phase Protein Microarray Spots Many Lysates and Probes with an Antibody

Capture Signal generation

http://what-when-how.com/proteomics/basic-techniques-for-the-use-of-reverse-phase-protein-microarrays-for-signal-pathway-profiling-proteomics/



Clustered Heatmap of Human Cancerl Cell Lines
Based on RPPA Protein Expression Data

Lineage

A Lung/ M bladder - thyroid
Pancreas/ Lung/ Lung/  Sarcoma/ u g'un: Wuterus
EMT Ovary Skin Ovary Colon M brain

M breast

H cervix

M colon

M head and neck

M kidney

W liver

H lung

Movary
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" e '
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I
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I
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— \\\ /] B e
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Li et al., Cancer Cell, 31: 225-239 2017. DOI: 10.1016/j.ccell.2017.01.005



Modifications Determine Protein Interactions, Localization & Function

a ? 99

RPB1 ——{-Y-$-P-T-3-P-S-)n

o
@9’9@@@@ PR2999%

56 59 515718 520 533 537 546 155 181 K305 5315 K320 K373 5376 K382 5392

p53 TA2 DBD I REG 393
4 K386

&; &

C —
®® ® W C
M . M (M| K36 K79
H3 ARTKQTAR KSTG(iISAPRiKaﬂLATgMRKS- Histone fold 135

['Ll d’) l!i l(‘b

P in oval, phosphorylation; A in hexagon, acetylation; U in pentagon,
ubiquitination; S in pentagon, sumoylation; M in square, methylation

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



Detecting Modifications by MS

Start with microgram levels of single protein
or mg of complex sample

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

Purify protein/protein complex

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



Single Protein: PTM controls activation of Sae2

LC-MS/MS using multiple proteases map modifications of Sae2

Central domain: C-terminal domain:

-t N-terminal domain:
Self-interaction DNA binding, endonuclease activity, = Mec1/Tel1 phosphorylation
| protein stability | |
Sae2| S STS S S S Y K S SS SKS| ST
1 TTT T 1 I I I I [ 11 [ 345
21 7137576 84 134 149151 179 229 |244 249 252 265)267278 279 279
* *
239 266

CDK phosphorylation, acetylation, DNA damage-induced, *SQ/TQ sites, _ :S267 phosphorylation-dependent

[euonouny

acetylation
® CDK phosphorylation
® SQ/TQ phosphorylation

degradation 3

Fu et al. Mol Cell Biol. 2014 Mar;34(5):778-93. doi: 10.1128/MCB.00963-13.



Proteome wide: phosphopeptide enrichment

100000
10000
1000 — _ SEE
“ TiO2 Enriched ETD or
100 HCD
10 “ TiO2 Enriched HCD
1

Unenriched cell lysate




Phosphoproteomics

RO/KO R10/K8
SILAC > 12 SCX fracti
@ 6 abeling | | ractions |
Sample 1 Sample 2 v l l \ l [ l l J l \ l
\L J, Desalting on SepPak C18
Cell lysis {(8Murea, 75mM NaCl, 50mM Tris 1 l [ 1 1 [ \ l J l l l

pHB8.0, protease+phosphatase inhibitors)

\ / IMAC enrichment

Combine 5 mg protein of each label SCX _ _ ,

VWLLLLLLLL

Reduction and Alkylation Desalting on StageTips (C18)
VWLLLLLLLLY

Tryptic digest {in 2M urea) 12x 120min LC-MS/MS runs

— {LTQ Orbitrap Velos, CID-Top16)
_ pS/pT/pY-
Desalting on SepPak €18 analysis

cartridge {(500mg column)

>/= s
N .. Desalting on N 1x 120min LC-MS/MS runs

pY-analysis StageTips{C18) {LTQ Orbitrap Velos, CID-Top16)

pY-immunoprecipitation

http://www.broadinstitute.org/scientificccommunity/science/platforms/proteomics/phosphoproteomics



Proteomic and phosphoproteomic subtypes of
breast cancer identified

a Basal-like HER2-enriched Luminal A Luminal B Method of cluster assignment
e o PAMI0: original TCGA RNA-based assignment
N 0 I N O N RNA clustering with 50 genes

RNA clustering with 35 genes

Proteome clustering with 35 proteins

b d
Basal-enriched Luminal-enriched Stromal-enriched
I  Proteome PhosphoPathway
I | /] Heoo THEEI B /DS NEEE B oo
Ol MENMEm  eeea M D N N0 ORDE 0 reea
LRl U ORRRIIRENIINE | WIRI | | R RIUE NN BERIREN BB BIRAE
G protein
W mRNA :
Data type m phosphoproteome G-protein-coupled
M Proteome receptor
10 T PATHWAYS PAM50  Proteome Inositol phosphate
I M Basal [ B metabolism
08 Oestrogen receptor W HER2 H?
06 Mums W3 ERBB/HER
Ll B LumB o
0.4 Phospho VEGF signalling
m Integrin signallin
Io.z RPPA - grin sig g
0 g:" C:Ck? : MBasad g3
DN?\C dra)?r:;t :;)rr:rc;i E I HER2 Qestrogen receptor
ge/rep M LumA  Phospho signalling
M LumaB  Pathway
W Reacl | R Transcriptional
Reacll M 2 regulation 2
Immune response A us
Inflammation e Cell cycle

regulation 0

Checkpoint I_ q
-2

Basal-enriched  Luminal-enriched
(cluster 1) (cluster 2)

regulation

P Mertins et al. Nature 1-8 (2016) doi:10.1038/nature18003



Structural Proteomics
Crosslinking MS

Cross- [k,
linkin TR L e
:g> g o 5 % -«\-‘
L o ..'.
Moty .

Protein complex

e O PN LC-MS/MS

» Map of cross-links
* Set of distance restraints C\

&’ﬁ?@ﬁ&

*Intra and inter-chain
. Selecﬂon of structural models cross-links

http://daltonlab.igm.unicamp.br/research.html Fabio Gozo Dalton Mass Spectrometry Lab




DSSO is a MS2 cleavable crosslinker

A EH 0 CID labile 0,
J\/\ /\)J\ \(j )j\/\ /\)J\ _ McPBA ‘N /ﬁ\/f\ “/‘\/ﬁ\ -N
" Dioxane CHCI3 0 c ! 2 * ﬁ * o
70% o o o
3,3"-thiodipropionic acid Disuccinimidyl Sulfoxide (DSSO)
B | O (o] |
CH HO
i P Lo o~ I by o
JK/\ /\)'\ MS/MS | a, BS ‘ A S A 3
—NH S NH—K
i = - |
a-p K—NHJ\AS/OH + HZC\Q‘\NH—K
Type 2 (Inter-link) | o B, | m/z
c (o] (0] 3
| JI\/\ /\)I\ / ’ 7 ’ 7 b i
K—NH S oH MS/MS CH OH
| I —_— KN NP2 K—NHJK/\S/ -
uo ap | as
DN p m/z
Type 0 (Dead-end)
|D [e] o | o o) h
Qpys
K—NHMSAANH—K MS/MS }|(—NH _~CH2 HO\S/\)kNH—J(
| [ | —_— ‘ ’ >
aintra o
Type 1 (Intra-link) Ars ” m/z
E| o 8 F' Ma-B)=M(a,) + M(B) = M(ag) + M(B,) eq.1
M(a-B) = M(a,) + M(B,) + H,0 = M(a,;) + M(B,) + H,0 eq.2
OH A 2 T A 2
T—NHJI\/\S/ ‘ : T—NHJK/\SH M(apy) = M(at,) + 122 = M(a) + 72 = M(a;) + 90 eq.3
M(0tpera) = M(aty,s) = M(aty,7) + H,0 eq.4
as or Bs H,0 @y or By M) - M(a) = 32 €q.5




Relative Abundance

High Resolution Protein Analysis ]
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[ Top-Down Protein MS/MS: Myoglobin ]

Selected protein m/z fragmented with HCD for MS/MS in Orbitrap

)
S

§ * HCD 13+ Charge deconvoluted mass spectrum
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Hydrogen Deuterium Exchange

H <> D Exchange Freeze Reaction 5
D,0 incubation Proteolysis k\'

Protein Target Amide hydrogens in disordered LC-MS
regions exchange fast

e [, z
£ 2 o1 Several Time Points =
5% |° ” = g
§ 2 TR - £
g :o: 1+ R = -
o = . ' '
—_— ALl " AL Cews Camae
H/D exchange is measured as
Log (Time) m/z shift by MS
N Sequence . C Exchange Time Deuteration
e Level
e~ e —— —_— 30 sec 10%
100sec S 10%
300sec S 205
g% sec >30%
sec >40%
10000 sec >50%
N 20000 <ec >60%

Hamuro http://www.slideshare.net/Chrom Solutions/biopharmfocusonhdxappswebinar



Cellular Maps using Tissue Array and Omics
Human Protein Atlases: Tissue, Cell and Pathology

v16 with more than 25,000 antibodies, targeting proteins from 17,000 human genes

HUMAN PROTEIN ATLAS**

GENE: KLK3

SUMMARY

INFO
GENE/PROTEIN

ANTIBODY/ANTIGEN

EXPRESSION
SUBCELLULAR LOCATION

NORMAL TISSUE
CANCER TISSUE
CELL LINE

RNA

I prostate specific antigen

Search Clear

/|

|Fields »

|

GENE AND PROTEIN SUMMARY

Gene name
Description

Protein class

Protein evidence

Entrez gene summary

External links

No of splice variants

Show image »

KLK3
kallikrein-related peptidase 3

Candidate cancer biomarkers, Enzymes, Mapped to UniProt SWISS-PROT, Peptidases, Plasma proteins,
Potential transmembrane proteins, Potentially secreted proteins

High

Kallikreins are a subgroup of serine proteases having diverse physiological functions. Growing evidence
suggests that many kallikreins are implicated in carcinogenesis and some have potential as novel cancer and
other disease biomarkers. This gene is one of the fifteen kallikrein subfamily members located in a cluster on
chromosome 19. Its protein product is a protease present in seminal plasma. It is thought to function
normally in the liquefaction of seminal coagulum, presumably by hydrolysis of the high molecular mass
seminal vesicle protein. Serum level of this protein, called PSA in the clinical setting, is useful in the diagnosis
and monitoring of prostatic carcinoma. Alternate splicing of this gene generates several transcript variants
encoding different isoforms. [provided by RefSeq, Jul 2008]

Ensembl, UniProt, Entrez gene, neXtProt, Antibodypedia

4 in total
0 with predicted TM region
4 with predicted signal peptide

MORE GENE DATA

SUBCELLULAR LOCATION SUMMAI

Main location(s) Cytoplasm
Additional location(s) Nucleus but not nucleoli

Staining of nuclei and cytoplasm in U-251MG. Staining of cytoplasm in A-431.

®

HPAQ00764

Staining summary
Reliability (Single)

4 Antibodies in assay

MORE SUBCELL DATA

http://www.proteinatlas.org/



PSA localized in prostate tissue and expressed in prostate cancer

- Cytoplasmic expression exclusively in prostate. Caution: Based on antibodies
Expression summary . joting proteins from multiple genes.

Tissue specificity Expressed in 1 out of 82 cell types
Reliability (APE) @ High
Antibodies in assay CAB000070, HPA000764

< No of
Organ cell Protein expression Level of annotated
EVEes protein expression
CNS (brain) 11
High
Hematopoietic (blood) 8 [
Medi
Liver and pancreas | 5 [ ] edum
| Low

Digestive (GI-tract) 13
Respiratory (lung) 4 l:| None
Cardiovascular 1 |:|

Show image » Female tissues 13 |

Placenta 2 :]
Male tissues s
Urinary tract (kidney) 3 [ |

Skin and soft tissues | 14 | [ |

Endocrine tissues 3 \:|
MORE TISSUE DATA
CANCER TISSUE SUMMARY

Staining summary Antibody staining in 5% of the cancers
Antibodies in assay CAB000070, HPA000764

Protein Protein
Tissue Cancer staining expression of Tissue Cancer staining expression of
normal tissue normal tissue
Breast cancer [ 11O Melanoma [ 1 O Level of antibody
staining
Carcinoid [ 1 [ Ovarian cancer | | |
Strong
Cervical cancer [ 1 OO Pancreatic cancer | | 1 O
Moderate
Colorectal cancer [ ] 0O Prostate cancer | [N |
Weak
Endometrial cancer [ 1 OO Renal cancer [ |
Negative

Glioma [ 1 O Skin cancer [ |

L]
]
Head and neck cancer | | 1 OO Stomach cancer | | 1 O
]
U
L]

Liver cancer [ 1 OO Testis cancer [ |

Lung cancer [ | Oog Thyroid cancer | |

Lymphoma [ | O Urothelial cancer | | |




Imaging Mass Spectrometry (IMS)

Laser (MALDI) or
electrospray (DESI) To mass

lonisation spectrometer

 MS from tissue sections generate multiple images
based on m/z from selected biomolecules

http://blog.waters.com/do-you-see-what-we-see-mass-spectrometry-imaging-is-
revealing-insights-in-biomedical-research



Applications of IMS

% Cancer Grading Tumor Diagnostics
il V00 T \ /

WHO grade Il

QJA'.;';“,-‘\
“ 3D Molecular Chemical _
Images Fingerprint

/ \ \

Cd

Drug Mapping Analysis of Inks

* Eberlin lab develops MasSpecPen for
cancer diagnosis

Chem. Commun., 2011, 47, 2741-2746



Genotype External perturbations Phenotype

* Alleles  Physical stimuli
« Somatic mutation « Chemical stimuli
* Cell-cell interactions
» Microbiota
(=R TR B
p: \fwy\;m VT , Proteotype Association
P - ~ studies
F; % I—i--l —
il pQTL o :
= s | '

Healthy

> e
I pQTL Association
= m studies

Disease
Nature 537, 347-355 (15 September 2016) doi:10.1038/nature19949 state



