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Principles of Mass Spectrometry (MS)
* |n a mass spectrum we measure m/z (mass-to-charge)
* For proteins we measure peptide m/z

* A sample has to be ionizable in order to be analyzed



Basic Components of a Mass Spectrometer

lonizer



Two major ionization techniques enabled the
success of mass spectrometry in the life sciences.

- Electrospray lonization (ESI)

Fenn, J.B. et al, Science, 1989, 246, 64.

- Matrix Assisted Laser Desorption lonization (MALDI)

Karas, M.; Hillenkamp, F., Anal. Chem., 1995, 60, 2299

MS based Proteomics is born:

- MS to measure weight of large intact proteins
- Non-covalently bonded protein complexes can also be measured (ESI only)
- Intact peptides measured and “sequenced’
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Mass Spectrometry takes the
2002 Nobel Prize in Chemistry

Awarded to John B. Fenn & Koichi Tanaka

*Fenn - Discovered Electrospray lonization (ESI)

*Pioneering work at Yale University in the Department of Chemical Engineering

Tanaka - Discovered Matrix Assisted Laser Desorption lonization (MALDI)


http://www.nobel.se/chemistry/laureates/2002/index.html
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Typical work flow for LC-MS

“shotgun proteomics”
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Typical work flow for LC-MS

“shotgun proteomics”

Peptide Pool
s}{'\ 2 t ~ LC
Protein
mixture

n-UPLC

Trypsin cuts after Lys (K ) & Arg (R) LTQ-Orbitrap MS

Primary Secondary Tertiary Qualernary
F T P A .
V { \ ” ( 'l}
B & & M| g C 1 &8 j X
B ' \ % N
- v “ R }
K F L A . W\ ’ 7 N N
& [ 5 X o
‘“Y% b ] l‘", \I \l
VvV @ 8 ; N Y |
l Y);\’ 3 -
’ C
C

Proteins and Protein Structure

(Branden, C. and Tooze, J. Introduction to Protein Structure)




Trypsin digest followed by LC-MS: Examples of “Sequence Coverage”

Matched peptides shown in Beold Red Band 3 Anion Transporter
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%{ =4
Protein
mixture

Peptide ions have
a mass (m) and

a charge (z2).

100 Da peptide:

+1 =100 m/z
+2 =50 m/z
+3=33.3m/z

Enz.
Digest

LTQ-Orbitrap MS

Mass Spectrum

/ ® / [ ] /
r 2 r & f M
b & | 3050,526
S S e v
T v 2 =Y 3034533
= ® @ 3
g | £2 ¢ z ‘ v
A 25 3 H 3058 594 °
z TEog z T ey £ 3068 688
£ fe [ T B T |
E e ¥ E | = e ¢ |E |
© ‘ =N 2® ¥ » B oo & | |
£ i 28 g ||5 L ® 88 g i - I I
b g 3 @ |
& |5 8 2|2 I § = A 00T TR tE
Il [ A = o - 3030 3045 mz 3080 3075
! Lell A L L i B all
1o e nes| | 1570 mz 1575 ¥ TAIGMTTTLISSDVNPSMHLNLAQFISR (1 oxidized Met)
¥ TAIGMTTTLISSDVNPSMHLNLAGFISR (2 oxidized Met)
& VIGALKPGOAR @ ANENVTDLQHFGVK ¥ RLGSLPASAGSTTLINTPSEASSSTPDLLSK
¥ AFQSYEVSIR / ¥V IVDGLLOYILSPK @ LLPOSPILNPNKDLLPVVGNSFPPTGANR /
¥ .
v
= v v Alp3
@ e Apl
C |
@ o v Pma1
£ 2 * GFP
2 . o T Trypsin
©
7]
o
I i
A A
Y T Y ol o W
vy l!q T L o
IO A AL 0 O TR .. I (O
1000 1200 1400 1600 1800 2200 2400 2600 2800 3000 3200

2000
m/z



Protein
mixture

LTQ-Orbitrap MS
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Proteomics

The study of the expression, location, interaction,
function, and structure of all the proteins in a given
cell, organelle, tissue, organ, or whole organism.

[Study of post-translational modifications (protein phosphorylation,
acetylation, glycosylation ...) via MS has grown in recent years to
dramatically expand the field of Proteomics]



A tour of proteomics: Studies with the budding yeast Saccharomyces cerevisiae
2000 & 2001 020, Voo

Uetz et al, A comprehensive analysis of protein-protein interactions in Saccharomyces cerevisiae. Nature .
& lto et al, A comprehensive two-hybrid analysis to explore the yeast protein interactome . PNAS.

< Large scale yeast two hybrid screens to map proteome wide interactions.

2001

Washburn, et al. Large-scale analysis of the yeast proteome by multidimensional protein identification technology. Nature Biotechnol.

9 Established the ‘shotgun’ technology by showing that many proteins in a yeast-cell lysate could be identified in a
single experiment.

2002

Ho, Y. et al. Systematic identification of protein complexes in Saccharomyces cerevisiae by mass spectrometry. Nature.
& Gavin, A. C. et al. Functional organization of the yeast proteome by systematic analysis of protein complexes. Nature .

2 Protein—protein interaction maps can be obtained by MS; the yeast cell is organized into protein complexes.

2003

Ghaemmaghami, S. et al. Global analysis of protein expression in yeast. Nature. & Huh, W. K. et al. Global analysis of protein localization in
budding yeast. Nature.

2 TAP-Tag and expression studies & GFP-Tag and localization studies

2006

Krogan NJ, et al. Global landscape of protein complexes in the yeast Saccharomyces cerevisiae. Nature.
2 TAP-Tag and Protein-Protein Interaction

2008

de Godoy LM, et al. Comprehensive mass-spectrometry-based proteome quantification of haploid versus diploid yeast. Nature.
< SILAC based quantitation of an entire proteome.

2009

Picotti P, et al. Full dynamic range proteome analysis of S. cerevisiae by targeted proteomics. Cell.
<@ Towards proteome wide targeted proteomics.



The *pace of proteomics is set by a combination of techniques and technological advances.
*orders of magnitude behind genomics and transcriptomics

Yeast proteome reported in Washburn et al. Nature Biotech 2001

~82 hours* = 1,484 proteins

*estimates from paper: 3 fractions @ 15 X 110 minute “runs” for each fraction

Yeast proteome by Hunter, Colangelo, Rinehart, et al unpublished 2010:

One 60 minute run = 1,286 proteins
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A comprehensive analysis of protein-protein interactions in Saccharomyces cerevisiae.

Uetz et al, Nature 2000
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Ito et al, PNAS 2001 < GALAAD
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Uetz et al, Nature 2000
Ito et al, PNAS 2001
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A comprehensive analysis of protein-protein interactions in Saccharomyces cerevisiae.

Uetz et al, Nature 2000
Ito et al, PNAS 2001

< GAL4 AD
r
p
\ > rm?l“l' \ jl :
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Yeast Two Hybrid Assay f < GAL4 DNA-BD ANA Pol
AT STNGN NI AN e
Advantages: j:“j“'r AL Promoter {&.@% y,
- In vivo assay C} ' S
- Simple H

. mRMN&
Some Disadvantages

- Hard to execute on large scale

- False positives: a real interaction or “possible” interaction

- Interaction in nucleus (required for GAL system)

- Clones are fusion proteins and sometimes “partial” proteins
- Multiple protein complexes not “captured”



Human Two Hybrid Map

8,100 ORFs (~7,200 genes)
10,597 interactions

Rual et al. Nature 2005
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(green))

Rual et al. Nature 2005 Vol 437
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Protein-Protein interaction maps:

Proteins are represented by nodes and interactions are represented by edges between nodes.

node

edge

Human Interactome in 2010
(~100,000) '

ULK2 C12orfd4

PRKDC

K.ONO/UC SAN DIEGO/CYTOSCAPE

RPA1

RPA2

SAFB

PRKAB1 ULK1 RBiCCH
i

|
¥ 1 I
Y i~ 3AFB2
USP10  ATG4B  HSBP1 SMCRE
G3BP1 GABARAPLZ TBK1 YLPM1 HEMX

Bonetta, Nature 2010



Protein-Protein interactions:

@O

Some examples:

Physical and direct

Physical and indirect

- Multi-protein complexes
- Scaffolds
Transient

- Kinase & substrate@ié
Metabolic

A@Q§§




A tour of proteomics: Studies with the budding yeast Saccharomyces cerevisiae
2000 & 2001 N

Uetz et al, A comprehensive analysis of protein-protein interactions in Saccharomyces cerevisiae. Nature .
& lto et al, A comprehensive two-hybrid analysis to explore the yeast protein interactome . PNAS.

< Large scale yeast two hybrid screens to map proteome wide interactions.

2001

Washburn, et al. Large-scale analysis of the yeast proteome by multidimensional protein identification technology. Nature Biotechnol.

9 Established the ‘shotgun’ technology by showing that many proteins in a yeast-cell lysate could be identified in a
single experiment.

2002

Ho, Y. et al. Systematic identification of protein complexes in Saccharomyces cerevisiae by mass spectrometry. Nature.
& Gavin, A. C. et al. Functional organization of the yeast proteome by systematic analysis of protein complexes. Nature .

2 Protein—protein interaction maps can be obtained by MS; the yeast cell is organized into protein complexes.

2003

Ghaemmaghami, S. et al. Global analysis of protein expression in yeast. Nature. & Huh, W. K. et al. Global analysis of protein localization in
budding yeast. Nature.

2 TAP-Tag and expression studies & GFP-Tag and localization studies

2006

Krogan NJ, et al. Global landscape of protein complexes in the yeast Saccharomyces cerevisiae. Nature.
2 TAP-Tag and Protein-Protein Interaction

2008

de Godoy LM, et al. Comprehensive mass-spectrometry-based proteome quantification of haploid versus diploid yeast. Nature.
< SILAC based quantitation of an entire proteome.

2009

Picotti P, et al. Full dynamic range proteome analysis of S. cerevisiae by targeted proteomics. Cell.
<@ Towards proteome wide targeted proteomics.



IgG beads O O

TEV cleavage
Tandem Affinity Purification (TAP) v O O
Tagging
Cam-Binding Protein A
ORF Domain jTEV J(IgG Binding)
- o
\ Calmodulin Beads (Ca**)
/ Calcium chelation (EGTA)
“Bait” “Molecular Handles”

SDS-PAGE
Tryptic digest
Cannavo E et al. J. Biol. Chem. 2007 MS analysis



Global TAP Tagging in yeast

PCR product
— L — HIS3MX6 —_

Homologous
recombination

Chromosome

ORF S ORF —_—

NH, == Protein —m—cooH

2003

Ghaemmaghami, S. et al. Global analysis of protein expression in yeast. Nature. &
Huh, W. K. et al. Global analysis of protein localization in budding yeast. Nature.

o TAP-Tag and expression studies & GFP-Tag and localization studies



2002
Ho, Y. et al. Systematic identification of protein complexes in Saccharomyces cerevisiae by mass spectrometry. Nature.
& Gavin, A. C. et al. Functional organization of the yeast proteome by systematic analysis of protein complexes. Nature .

2 Protein—protein interaction maps can be obtained by MS; the yeast cell is organized into protein complexes.

2006

Krogan NJ, et al. Global landscape of protein complexes in the yeast Saccharomyces cerevisiae. Nature.
2 TAP-Tag and Protein-Protein Interaction

Multiple runs of “shot gun” MS

Collection of tagged “bait” & SDS-PAGE with MS on individual proteins
expression strains ,.
e '@ . s
4 TAP bait + Interacting proteins miz

NH,—  Protein —{ZI—CO0H I

Krogan et al. observed 7,123 protein—protein interactions:

Important aspects:
Tagged the native genes and did not overexpress the fusion proteins

Could immediately validate partners (reciprocal purification in data set)
Complementary MS techniques, deeper coverage of complexes
Authors state, “...rigorous computational procedures to assign confidence

values to our predictions...”




organized into complexes

Interconnected complexes

4,562 tagged proteins

Frequency (%)
E waaen

2,357 successful purifications

Identified 4,087 interacting proteins
~72 % proteome

3830 [Plants/Protisis/Prokarya |

Taxonomic splt of 6,368 S. cerevisiae ORFs

Majority of the yeast proteome is

Many complexes are conserved in 2"
other species elein s LRk e e e

.0 04 € 0 0 v 0 ¢ ¢ © 0 0 0 ¢ O €0 o

¢ v o t o0 9 ¢ ¢ t v & 0 0 0 €0 O ¢ OFC L O O
© o 00
CORNC- I T S T DU SRV e
N« 000 0\ 0 O

Krogan NJ, et al. Nature. 2006
Complexes with little or no interconnectivity
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ARTICLES

Vol 4661 July 2010|d0i:10.1038/nature09204

Network organization of the human
autophagy system

Christian Behrends!, Mathew E. Sowa!, Steven P. Gygi? & J. Wade Harper!

Phagocytosis  Autophagy Re:’ep;zr-lpediated
endocytosis

Particle

Cell or particle Damaged

Macromolecules
organelle

Early endosome

(fusing with

Lysosome Late vesicle from
endosome Golgi)

Pearson Prentice Hall, Inc. 2005
www.stolaf.edu/people/giannini/cell/lys.htm



Transfect tagged “bait” Multiple runs of “shot gun” LC-MS/MS
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miz

~65 bait proteins Autophagy Interaction Network
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Data analysis to sort out real
interaction from background

Authors use CompPASS
to identify High-Confidence
Interacting Proteins (HCIP)

KBTBD7
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@ ULK1 kinase network UBL conjugation system 0 Vesicle trafficking components
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The Autophagy Interaction Network ATGT, ATG10, ATGT2, ATG16L1, (3 s inasenetwor
@ PIK3C3-BECN1 network PRKAA1, PRKAA2, PRKAB1, PRKAB2,
O PIK3C3, BECN1, UVRAG, DDA1, @ Human ATG8s PRKAG1, PRKAG2, STK11, CAMKK2
AMBRA1, KIAA0831, NRBF2 MAP1LC3A, MAP1LC3B, MAP1LC3C,

GABARAP, GABARAPL1, GABARAPL2 @ Miscellaneous

@ SH3GLB1 network TRAF2, HIF1A, DDIT3, PDPK1

(O Human ATG8s interacting proteins
(O SH3GLB1, SH3GLB2, KLHDC10 SQSTMA, RASSF5, FYCO1, UBAS,

@ ATG2-WIPI network KBTBD?7, PIK3C2A, NSMAF, PIK3CG,
O ATG2A, WIPI1, WIPI2, WDR45 STK4, STK3, RABGAP1, NEK9, GBAS

Be h rea n d s et a I’ N at u re 20 10 Figure 1| Overview of the autophagy interaction network (AIN). HCIPs within the autophagy network are shown for 32 primary baits (filled squares) and 33

secondary baits (open squares). Subnetworks are colour-coded. Interacting proteins are indicated by grey circles.



Concatenating Data: Supplementing observed protein complexes with the
Protein-Protein Interaction Databases: MINT, BioGRID, STRING

Behreands et al, Nature 2010

Known
association

Raw

Total # of associations | 10

Teotal # of known complexes | 2
Novel

Tatal # of known bait-prey association
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in

Known
association

I

I
|
|
i

|
Collapse Network using known protein complexes \
|

\t

association

Adjusted

Total # of associations | 4
Total # of known complexes | 2

Total # of kmown bait-prey 3
associations
Novel
Total # of novel bait-prey 5
associations

= == = =PPI|database interaction
[MINT, BioGRID, STRING)

—_— = ME/MS association

. = MSE/MS bait

= HCIP for bait

} Raw Network

HCIPs 751

Known Protein Complexes (KPC) a4
Known Bait-KPC Interactions 40
Total Associations 497

Known Bait-HCIP/KPC Azsociations 68
Movel Bait-HCIP Associations 424

} Collapsed Network
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Protein-Protein Interaction Databases

http://www.ebi.ac.uk/intact/

B e | s s T oo | e [

IntAct provides a freely available, open source database system and analysis tools for molecular interaction data. All
interactions are derived from literature curation or direct user submissions and are freely available. To perform a search in
the IntAct database use the search box above.

Publications Experiments Interactions Interactors
12397 32135 439013 81209
Citing IntAct

+ The MintAct project--IntAct as a common curation platform for 11 molecular interaction databases. Orchard
S etal [PMID: 24234451]
Nucl. Acids Res. (2013) doi: 10.1093/nar/gkt1115 [Abstract] [Full Texi]

Dataset of the month: January

« Protein interaction network of the Mammalian hippo pathway reveals i of ki
interactions..
Couzens et al
N — ———

Manually curated content is added to
IntAct by curators at the EMBL-EBI and
the following organisations:

# MINT  UniProt ¢

MINT UniProt

nnate  pyrefyreETIVG
DB CONNECTIONS

Molecular
InnateDB Connections
MatrixDB  [ECEUCH
MatrixDB MBinfo

2013

2012

2011

oM h
h
| -
p.

100000 200000 300000 400000 500000

M proteins

M interactions

.. MINT Home

Statistics:

: 241458 interactions
: 35432 proteins

{ 5510 pmids

2013

EMBL-EBI

Interactions Interactors
439013 81209

+ 197,555 interactions
2014 + 45,777 proteins



Protein interaction networks:

Some of the many important aspects:
- Parts List
- Organization and assembly
- Biological function can be inferred

o e /-aew N il
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{0 g
However: | | —

- Interaction data is largely static

Next Step:
- How do protein interaction networks change over time?







Proteins: Proteomics & Protein-Protein Interactions

Overview

 Techniques & Technologies
- Mass Spectrometry

- Protein-Protein Interactions
- Genetic & Biochemical Strategies
- Protein Purification

- Quantitative Proteomics

« Applications
- Representative Studies

« Putting it all together....
- Databases & Pathways
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Database searching - at MS or MS/MS level
MS MS/MS
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Computational Steps: massive amounts of MS data are read &

interpreted. Databases searched to match peptide sequences.




Typical work flow for LC-MS

“shotgun proteomics”
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Typical work flow for LC-MRM

“targeted proteomics”

Protein
mixture

Peptide Pool
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MS Data is not inherently quantitative, but ...

Red Blood Cell -

|

RBC membrane: A .
. . . %meﬂ“}“m}mIEHHZI‘ZIIZ&ET?IHZIZ:?’}
a native multi-protein complex 4ﬂ;‘ﬂf9+” &l e

0,
any

RBC membrane proteome
Coomassie Stained
SDS-PAGE (250 ug Protein)

¥

glycophorin €

RBC membrane proteome

Shotgun Proteomics
lug Peptides (242 Proteins)

~16 bands # peptides (unique)

Spectrin o —» 352 (291)

. 291 (233)
‘ <Spectrln 3/1?2 (134)
- 57 (46)
Band3 — 52 (39)
| : 43 (34)
—‘ - - :Band 4.1 30 (20)
- — \ e (g)
— B-actin 26 (&)

-

68 (49)

Spectrin alpha chain, erythrocyte OS=Homo sapiens GN=SPTA1 PE=1 5V=35
Spectrin beta chain, erythrocyte OS=Homo sapiens GN=SPTE PE=1 S5V=5
Ankyrin-1 OS=Homo sapiens GN=ANK1 PE=1 SVv=3

Band 2 anion transport protein OS=Homo sapiens GN=SLC4Al PE=1 SV=2
Erythrocyte membrane protein band 4.2 O0S=Homo sapiens GN=EPBE4Z2 PE=1 S5V=3
Actin, cytoplasmic 1 OS=Homo sapiens GN=ACTE PE=1 5V=1

Actin, alpha cardiac muscle 1 OS=Homo sapiens GN=ACTC1 PE=1 SV=1
Beta-actin-like protein 2 OS=Home sapiens GN=ACTELZ PE=1 S¥=2

POTE ankyrin demain family member J 05=Homo sapiens GN=POTE] PE=2 SVv=1
Protein 4.1 O5=Homo sapiens GN=EPB41 PE=1 5V=4

Rinehart et al., unpublished



Quantitative Proteomics

S.I.L.A.C. - Stable isotope labeling with amino acids in cell culture

-Ong S.E. et al. Molecular & Cell Proteomics 2002

“Light” “Heavy”
« Stable isotopes are not radioactive, and they occur C,.-Lys C,.-Lys

naturally in nature. For example, 99% of all carbon in
the world is carbon-12 (*2C) and 1% is carbon-13 (13C). @ @
« SILAC reagents have enriched stable isotopes that NK NK
have been placed into compounds in abundances
much greater than their natural abundance. ‘ ‘
« Because a mass spectrometer separates ions by ¢ miz
mass, we use mass spectrometry to distinguish ‘ 1:1 mix

isotopes in compounds by their mass.

Intensity

« We can obtain labeled compounds with ~95-99% 13C.

« Simultaneous comparison in the same MS run is key

I !ln “I HH




A tour of proteomics: Studies with the budding yeast Saccharomyces cerevisiae
2000 & 2001 N

Uetz et al, A comprehensive analysis of protein-protein interactions in Saccharomyces cerevisiae. Nature .
& lto et al, A comprehensive two-hybrid analysis to explore the yeast protein interactome . PNAS.

< Large scale yeast two hybrid screens to map proteome wide interactions.

2001

Washburn, et al. Large-scale analysis of the yeast proteome by multidimensional protein identification technology. Nature Biotechnol.

9 Established the ‘shotgun’ technology by showing that many proteins in a yeast-cell lysate could be identified in a
single experiment.

2002

Ho, Y. et al. Systematic identification of protein complexes in Saccharomyces cerevisiae by mass spectrometry. Nature.
& Gavin, A. C. et al. Functional organization of the yeast proteome by systematic analysis of protein complexes. Nature .

2 Protein—protein interaction maps can be obtained by MS; the yeast cell is organized into protein complexes.

2003

Ghaemmaghami, S. et al. Global analysis of protein expression in yeast. Nature. & Huh, W. K. et al. Global analysis of protein localization in
budding yeast. Nature.

2 TAP-Tag and expression studies & GFP-Tag and localization studies

2006

Krogan NJ, et al. Global landscape of protein complexes in the yeast Saccharomyces cerevisiae. Nature.
2 TAP-Tag and Protein-Protein Interaction

2008

de Godoy LM, et al. Comprehensive mass-spectrometry-based proteome quantification of haploid versus diploid yeast. Nature.
< SILAC based quantitation of an entire proteome.

2009

Picotti P, et al. Full dynamic range proteome analysis of S. cerevisiae by targeted proteomics. Cell.
<@ Towards proteome wide targeted proteomics.




2008

de Godoy LM, et al. Comprehensive mass-spectrometry-based proteome quantification of haploid versus diploid yeast. Nature.
< SILAC based quantitation of an entire proteome.

IlLight” llHeavyl!
C.-Lys C,-Lys
oK ~K

S.I.LL.A.C. - Stable isotope labeling with amino acids in cell culture
-Ong SE et al. Molecular & Cell Proteomics 2002.

Intensity

i

—_—
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= ,',1:1 mix

ho bl

Picotti P, et al. Full dynamic range proteome analysis of S. cerevisiae by targeted proteomics. Cell.
< Towards proteome wide targeted proteomics.

Synthetic Peptide
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2008

de Godoy LM, et al. Comprehensive mass-spectrometry-based proteome quantification of haploid versus diploid yeast. Nature.
30;455(7217):1251-4.

< SILAC based quantitation of an entire proteome. Table 1| Yeast ORFs identified by SILAC-based quantitative proteomics
Number of ORFs TAP GFP nanolLC-MS

Total yeast ORFs 6,608 4,251 4,154 4,399
Characterized yeast 4,666 3,629 3,581 3,824
ORFs
Uncharacterized yeast 1,128 581 539 572
ORFs
Dubious yeast ORFs 814 26 (3%) 23(3%) 3(<1%)
Not present in ORF 15 11 0
database

Comparative sequencing shows that 814 of the 6,608 yeast ORFs are never expressed (dubious
ORFs, http://www.yeastgenome.org). Of these only six were identified in this experiment and
three were validated by SILAC-assisted de novo sequencing of several peptides (Supplementary
Table 5 and Supplementary Figs 2-4). Two of the three validated ones were reclassified as
genuine yeast genes during writing of this manuscript (YGLO4TW-A and YPR170W-B). This
leaves three potential false-positives (0.37% of 815) and suggests that our estimate of a false-
positive identification rate of maximally 1% is conservative.

2009

Picotti P, et al. Full dynamic range proteome analysis of S. cerevisiae by targeted proteomics. Cell.
< Towards proteome wide targeted proteomics.
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2008

de Godoy LM, et al. Comprehensive mass-spectrometry-based proteome quantification of haploid versus diploid yeast. Nature.
< SILAC based quantitation of an entire proteome.

Figure 3 | Quantitative differences
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2009

Picotti P, et al. Full dynamic range proteome analysis of S. cerevisiae by targeted proteomics. Cell.
< Towards proteome wide targeted proteomics.

B 3 A diauxic | post-diauxic C
, | shift phase a
. t f [0)]
Network expression “Stationery g
o exp v ©
dynamics 3 || prase prese 5
Y 2 3
C =)
s ] 3
-
-2A 8 pe ==
. . -.' E L
-3 4 : . . . 05+ 00
0 10 20 30 40 1 2 3 4 5 6 7 8 9 10

Time, hrs Timepoint



Identification of AneupIOidy' Cell 143, 71-83, October 1, 2010
Tolerating Mutations

Eduardo M. Torres,?-2 Noah Dephoure,® Amudha Panneerselvam,! Cheryl M. Tucker,* Charles A. Whittaker,’
Steven P. Gygi,? Maitreya J. Dunham,> and Angelika Amon1-2*
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Quantitative Interaction Proteomics

and Genome-wide Profiling of Epigenetic Protein
Histone Marks and Their Readers Regulators?
Kammath K Lo Tasper V. Orsan i ALthOny A Taymmans Hank G, Stmanbert o an Nottiiae et - rer “Readers”
“Tail”
Forward Experiment Reverse Experiment Lysme 4
Light Heavy Light Heavy
MNuclear extracts Muclear extracts HiStone 3
peptide pull-down peptide pull-down
e i e A e e Vermeulen et al., Cell 2010

l l

E g The major lysine methylation sites on the N terminus of histone
I—JI,LJ-“-“-IL‘[M I—JI,LJ—'”I-H-[ H3 and histone H4 with a clearly defined biological function are
H3K4me3, H3KOme3, H3K27me3, H3K36me3, and H4K20me3,

\ / which are associated with different functional states of
chromatin. H3K4me3 is almost exclusively found on promoter
regions of actively transcribed genes while H3K36me3 is
linked to transcription elongation. H3K9me3, H3K27me3, and
H4K20me3 are generally found on silent heterochromatic
regions of the genome. Part of the functional distinction between

' ackground binders these methylation sites relates to the proteins interacting with

Qutliers

- Ratio reverse

them. A number of these “chromatin readers” for various histone
methyl lysine sites have already been identified and character-
ized (Kouzarides, 2007; Shilatifard, 2006; Taverna et al., 2007),

Ratio forward



“Light” “Heavy”
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Vermeulen et al., Cell 2010
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A SILAC approach to study protein phosphorylation dynamics

Media + Light Media + Heavy
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Major technological advances in mass spectrometers and

phosphopeptide enrichment

G n TiO, Enrichment
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*Phosphopeptide signatures in MS

Phosphopeptide
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Sites of Regulated Phosphorylation that
Control K-Cl Cotransporter Activity

Jesse Rinehart,!-5 Yelena D. Maksimova,? Jessica E. Tanis,? Kathryn L. Stone,>® Caleb A. Hodson,! Junhui Zhang,!
Mary Risinger,” Weijun Pan,* Dianqing Wu,* Christopher M. Colangelo,5# Biff Forbush,? Clinton H. Joiner,”
Erol E. Gulcicek,5® Patrick G. Gallagher,? and Richard P. Lifton™5*
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Adapted from Rinehart, et al. Cell, 2009



Quantitative Proteomics Reveals Dynamics in Signaling Networks

SILAC approach enables dynamic analysis

Phosphorylation dynamics hrg 0" g 6" g 0"
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Olsen, et al. Cell, 2006



A (147)  Ssignal initiators
EGFr-pY, She-pY, SHIP2, PLCy,

R
Phosphorylation dynamics af;n-
after EGF stimulation 27
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Proteins: Proteomics & Protein-Protein Interactions

Overview

 Techniques & Technologies
- Mass Spectrometry

- Protein-Protein Interactions
- Genetic & Biochemical Strategies
- Protein Purification

- Quantitative Proteomics

* Applications
- Representative Studies

« Putting it all together....
- Databases & Pathways



