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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



Mass Spectrometry



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

* Asample 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”

- Peptide Pool
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Typical work flow for LC-MS

“shotgun proteomics”

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

. Secondary Tertiary Quaternary

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

1
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351
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451
a01
551
601
651
701
751
&01
851
s01
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Matched peptides shown in Bold Red
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mixture

Peptide ions have
a mass (m) and

a charge (z).

100 Da peptide:

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

LTQ-Orbitrap MS

- Peptide sequencin
f\\\ ‘ p q g
==X
Peptide ions H \
are isolated and / \ C/\/\/ \ /
“sequenced”

Simplified concept of peptide fragmentation

AR, C D
A/J[B/J[C/J[D A AB ABC ABCD
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Database searching - at MS or MS/MS level
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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 . A

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, V. 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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- Protein-protein interactions
- Genetic & biochemical strategies
- Protein purification



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
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e o
Yeast Two Hybrid Assay , < GAL4 DNA-BD ANA Pol
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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



Human Two.
Hybrid Map - -
Disease A

Genes
(121 genes

(green))

Rual et al. Nature 2005 Vol 437



Protein-Protein interaction maps:

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

node

edge

Human Interactome in 2010
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Protein-Protein interactions:

@O

Some examples:
- Physical and direct
- Physical and indirect
- Multi-protein complexes

- Scaffolds
- Transient “nase

- Kinase & substrate s";
- Metabolic
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A tour of proteomics: Studies with the budding yeast Saccharomyces cerevisiae
2000 & 2001 10805V

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, V. 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.
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Tandem Affinity Purification (TAP)
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Cam-Binding Protein A
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/ \ Calmodulin Beads (Ca**)
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“Bait” “Molecular Handles”
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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.

< 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 TS . . = .
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
2,357 successful purifications

Identified 4,087 interacting proteins
~72 % proteome

Majority of the yeast proteome is

Many complexes are conserved in 2" , _
OtherspeCieS Ch © @ 0 0 © r»oooo-«o.:x ooooo'e":oon

. 0 04 € 0 0 v 0 ¢ « e v o € 0 ( »\ € O o &
t »v o t. 0o 0 9 ¢ ¢ { DK 0 € 6 0 ¢t 0 0 ( 06 0 € L € 0 ar
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Krogan NJ, et al. Nature. 2006
Complexes with little or no interconnectivity



nature

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 Regep;:.r-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”

ot — Y

IP Bait + Interacting proteins

Multiple runs of “shot gun” LC-MS/MS

Intensity

miz

~65 bait proteins
LC-MS/MS identifies
2553 proteins

Data analysis to sort out real
interaction from background

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

763 HCIPs identified that compose
The Autophagy Interaction Network

Behreands et al, Nature 2010
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AMBRA1, KIAA0831, NRBF2
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O ATG2A, WIPI1, WIPI2, WDR45
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TECPR1

@ Human ATG8s
MAP1LC3A, MAP1LC3B, MAP1LC3C,
GABARAP, GABARAPL1, GABARAPL2 @ Miscellaneous

(O Human ATG8s interacting proteins TRAF2, HIF1A, DDIT3, PDPK1
SQSTM1, RASSF5, FYCO1, UBAS5,

0 Vesicle trafficking components
NSF, RAB24, GOSR1, CLN3

(O AMP kinase network
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PRKAG1, PRKAG2, STK11, CAMKK2

KBTBD?7, PIK3C2A, NSMAF, PIK3CG,
STK4, STK3, RABGAP1, NEK9, GBAS

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
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|

\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



A Functional Organization of the Network
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Protein-Protein Interaction Databases
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= A non-redundant set of protein-protein interaction data from a broad taxonomic range s T T MTE

of organisms

MatrixDB MPIDB
= Expertly curated from direct submissions or peer-reviewed journals to a consistent high
standard. nnat
» Available in standard formats MITAB or PSI-MI XML 2.5 BioGRID gDB
» Provided by a network of participating major public domain databases.

BioGRID InnateDB
. MINT T MINT, the Molecular INTeraction database.
ome

http://mint.bio.uniroma2.it/mint

2011 Statistics: 2012 Statistics:

90537 interactions | 239215 interactions + 148,678 interactions
31816 proteins : 34656 proteins + 2,840 proteins
| 4475 pmids : 5100 pmids



Protein interaction networks:

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

@ a‘*‘;oe 8 # & . =
L O gl W )
, * e g‘% : (st
However: ‘ ' <

- Interaction data is largely static

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




- Quantitative Proteomics

« Applications
- Representative studies



Typical work flow for LC-MS

“shotgun proteomics”
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Typical work flow for LC-MRM
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Protein
mixture

Q1

“targeted proteomics”
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MS Data is not inherently quantitative, but ...

Red Blood Cell - )

|

RBC membrane:
a native multi-protein complex

N
0,
any

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

mﬁ{fy?
TPINET i“‘(‘ﬁﬁ?ﬁ’
gy [T sy

ankyrin - .‘ - 4.2

¥

N glycophorin €
v‘rr?zﬁi?‘r‘rm??rrm i\
hubiritasdadaatyy [ITITorzp,

(.) LY

RBC membrane proteome

Shotgun Proteomics
1ug Peptides (242 Proteins)

~16 bands # peptides (unique)

Spectrin o —» 352 (291)

. 291 (233)
. -< Spectrin pB—" 172 (134)

57 (46
Band 3 — 52 §39§
7 . 43 (34)
e . Band 4.1 30 (20)
- <= \ 22 (9)
B-actin 28 (6)

-

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 SE 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.

Intensity

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

« Because a mass spectrometer separates ions by © miz

1
mass, we use mass spectrometry to distinguish 1:1 mix
iIsotopes in compounds by their mass.

* Simultaneous comparison in the same MS run is key

[ !lh “l H" "




A tour of proteomics: Studies with the budding yeast Saccharomyces cerevisiae
2000 & 2001 10805V

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, V. 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.

“Light” “Heavy”
C.-Lys C,-Lys
oK ~vK
z
S.I.LL.A.C. - Stable isotope labeling with amino acids in cell culture 2 ‘ “ ”
-Ong SE et al. Molecular & Cell Proteomics 2002. = [ I
Y omiz

,',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
Standard Curve

Multiple Reaction Monitoring (MRM) Synthetic peptide _—
Q1 Q2 Q3 (‘_"‘" peptide | =
z Native
O I ° Ll | _» E”: peptide / Concentration
.o -" = P ' LCMRM E e
o s ° A phosphorylatlon
® I > | 05 7 8 1 13 15 17
LC Retention Time
Select Peptide Fragment Select Fragment ‘ l

.
peptide
5 7T 9 11 13 15 17 5 7T 9 1 13 15 17



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.

Pheromone signaling
is required for mating
of haploid cells and is
absent from diploid cells.

2009

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

Network expression
dynamics

Haploid/diploid ratio

Figure 3 | Quantitative differences
between the haploid and diploid
yeast proteome. a, Overall fold
change for the yeast proteome.

b, Members of the yeast pheromone
response are colour-coded
according to fold change. The
diploid to haploid ratio as
determined by SILAC is indicated
for each protein. Figure is adapted
from ref. 13.
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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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A SILAC approach to study protein phosphorylation dynamics

Media + Light Media + Heavy
Arg & Lys Arg & Lys

G @ A phosphorylation
treated untreated 1.4 Ti0,8 no yes
2 : mix |LC-MS M v
I W == [ih Ll
: A L[l

m/z

shift



Major technological advances in mass spectrometers and

phosphopeptide enrichment

TiO, Enrichment

Protein Rinehart, 9 FT 10.00000000 Flow Through
. Ic06-2080 1856 (52.294) Cm (1855:1860) 1 TOF M3 ES+
mixture Jog, SO0B1. 801 32 3043
‘ 495.79.,
90045
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- S P 01 01.45 1000.67
Digest 99059 |.1001.68
~
D_
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* \_\“’mf—.\"\ Peptides 100- 539,97 ; 979
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. . \ / 70995
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*Phosphopeptide signatures in MS

Phosphopeptide

ii MS
—

isolate
& frW

Intensity
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ﬁ? +80 Da
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S? MS/MS > ciu le %
] ASp j«—> Thr
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P : \
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= I I
—_— m/z

-98 Da loss of phosphoric acid H;PO,,
during fragmentation
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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 arg 0" pish Pk
1 1 Exp.1 == —] —
after EGF stimulation S =
o2
EGF, TGF-alpha, etc 1 min EGF 5 min EGF 20 min EGF

wikimedia.org o
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g
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Quantitation and identification of phosphopeptides
by nanoscale HPLC Ms3 on LTQ-FT
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Olsen, et al. Cell, 2006



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



