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DNA =2 RNA=>PROTEIN
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DNA =2 RNA=>PROTEIN
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DNA =2 RNA=>PROTEIN
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Data capture here
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Data capture here Missing information
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Solutions are coming that will completely change
databases

Multiple fields developing methods and technology
Extend read length

Measure intact molecules

Push towards single molecule measurements



Major challenges prevent complete proteome analysis

* Proteomics is sample limited
 Recombinant DNA polymerases revolutionized genome
sequencing by allowing for amplification of DNA samples

* Proteomics has no “polymerase” or amplification method
and must contend with natural abundancies

* Mass spectrometry has limitations
* No mass spectrometer, or method, can yet provide full
amino-acid resolution of a proteome



Proteomics

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



Proteomics & Protein-Protein Interactions

Overview

 Techniques & Technologies
- Mass Spectrometry

- Protein-Protein Interactions

- Quantitative Proteomics

« Applications
- Representative Studies

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



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

* A sample must be ionizable in order to be analyzed



Basic Components of a Mass Spectrometer

lonizer Mass Filter Detector




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

Electrospray lonization (ESI)
Fenn JB, *Mann M, Meng CK, Wong SF, Whitehouse CM. Science. 1989

Matrix Assisted Laser Desorption lonization (MALDI)
Tanaka K, Waki H, Ido Y, et al. Rapid Commun Mass Spectrom 1988

2002 Nobel Prize in Chemistry awarded to
John B. Fenn & Koichi Tanaka

- Enabled direct measurement and “sequencing” of intact
peptides & MS based Proteomics is born

Matthias Mann (Yale University; Ph.D.; 1988; Chemical Engineering) trained with John Fenn during some of the breakthrough work at Yale



Typical work-flow for LC-MS

“shotgun proteomics”

“LC” Reverse Phase “MS” Mass Spectrometer

Proteins Peptides Liquid Chromatography
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Typical work-flow for LC-MS

“shotgun proteomics”

“LC” Reverse Phase “MS” Mass Spectrometer

Proteins Peptides Liquid Chromatography
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Typical work-flow for LC-MS

“shotgun proteomics”

_ “LC” Reverse Phase “MS” Mass Spectrometer
Proteins Peptides Liquid Chromatography
B — .
BN
—
Trypsin )
Digest

Trypsin cuts after Lys (K ) & Arg (R)

Primary Secondary Tertiary Quaternary
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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 Bold Red Band 3 Anion Transporter

1
a1
101
151
201
251
301
351
401
451
a0
a5
601
651
T01
751
G601
851
a0

MEELQDDYED
HEGTHEVYVE
HLTFWSLLEL
EELLEALLLE
CEQGDGCOTEG
AELEAVELFV
AQSROELLHES
PARPDSSFYE
FSPQVLAAVI
FALLGRQPLL
VVLVVAFEGS
ETYNYNVLMYV
LEEVIGDFGV
HPLGLRSEFP
GFHLDLLLVV
AQTQEVEEQR
SGIQLFDRIL
ESTPASLALP
RDEYDEVAMEP

MMEENLEQEE
LOELVMDERN
REVFTEGTVL
HSHAGELEAL
HSPSGILERI
PIRFLFVLLG
LEGFLDCSLV
GLDLNGGPDD
FIYFAALSPA
VVGFSGPLLV
FLVRFISRYT
PEKPQGPLENT
PISILIMVLYV
IWMMFASALP
GMGGVALLFG
ISGLLVAVLY
LLFEPPEYHF
FVLILTVELR
v

YEDPDIPES(Q
QFLRWMEAAR.
LDLOETSLAG
GGVEPAVLTR
PPDSEATLVL
PEAPHIDYT(Q
LPPTDAPSEQ
PLOQTGQLFG
ITFGGLLGER
FEEAFFSFCE
QEIFSFLISL
ALLSLVLMAG
DFFIQDTYT(
ALLVFILIFL
MEWLSATTVE
GLSILMEPIL
DVPYVERVKT
RVLLPLIFRN

MEEPAAHDTE
WV LEENLGE
VANQLLDRFI
SGDPSQPLLE
VGRADFLEQPE
LGRAAATLMS
ALLSLVEVQR
GLVRDIRRRY
TRNQMGVSEL
TNGLEYIVGR
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ELSVEDGFREV
ESQITTLIVS
SVTHANALTV
SRIPLAVLFG
WRMHLFTGIQ
VELQCLDADD

ATATDYHTTS
HGAWGRPHLS
FEDQIRPQDE
QHSSLETQLF
VLGFVRLOQEA
ERVFRIDAYM
ELLERRY(QSS
PYYLSDITDA
LISTAVQGIL
VWIGFWLILL
IKIFQDHPLY
FENSSYFPGE
SHSSARCGWVI
FPEREMVEGS
MCEASTPGAA
IFLYMGVTSL
IICLAVLHVY
ARATFDEEEG

Spectrin
(tetramer)

Anion channel

protein

[ ]
Matched peptides shown in Bold Red B-aCtln

1
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351

MDDDIARTNVY
DEYVGDEAQS
HEFVLLTEAFL
IVMDSGDGVT
TTTAEREIVR
GHEEFERCFPEA
GGTTMYPGIA

TEQOMWISED
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DRMQREITAL
EYDESGPSIV

FAGDDAPRAW
IEHGIVTHWD
QIMFETFHNTE
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SCGIHETTFH
APSTMEIEII
HEFCF

FPSIVGRFEH
CMEEIWHHTF
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AGEDLTDY LM
ASSSSLEESY
SIMECDVDIR
APPEREYSVW

Band 4.1

Outer membrane surface

Ankyrin

Inner membrane surface

QOVMVGHMGOR
YHELEVAPEE
SLYASGRTTG
KILTERGYSF
ELPDGOVITI
EDLYANTVLS
IGGSILASLS

bilayer



The mass spectra of peptide mixtures are complex

_ “LC” Reverse Phase “MS” Mass Spectrometer
Proteins Peptides Liquid Chromatography ,
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Peptide ions are isolated, fragmented, and “sequenced”

“LC” Reverse Phase “MS” Mass Spectrometer

Proteins Peptides Liquid Chromatography
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Peptide sequencing
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Simplified concept of peptide fragmentation
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Peptide “ABCD” ‘ ‘ ‘ I
m/z
Fragment Spectra of
Peptide “ABCD”




Computational Steps:
* Massive amounts of MS and MS/MS data need interpretation

* Genome databases define proteome
* Proteome database used to “match” peptide sequence data

Database searching - at MS or MS/MS level

MS MS/MS
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DIA (Data-independent Acquisition) vs. DDA (Data-dependent Acquisition)

Rel i\iva Abundance

1000

Relative Abundance

1000

m/z

miz

\ 4

3000

DDA (Data-dependent Acquisition)

The most intense/“abundant” ions
are selected for MS/MS sequencing

DIA (Data-independent Acquisition)

mm Allions in small M/Z windows are
selected for MS/MS sequencing

Further Reading: PMID27092249; PMID30104418



The *pace of proteomics is set by a combination of techniques and technological advances.
*orders of magnitude behind genome technologies (sequencing)

75 : :
_ Fractionated Single-Shot &
Yeast proteome reported  _ 2013, Coon, Fusion “each one hour
in Washburn et al. E analysis achieved
Nature Biotech 2001: S ¥ detection of 3,977
° 4
st H ”
~82 hours* =1,484 3 30- proteins
. = \
proteins ~0.3 £ & o & Jonam, The one hour yeast
. . S 0] = Y oSS Q Exacti
proteins/ min = ©o° @\\*“é@s‘ ;@Q o proteome. Hebert et al
*estimates from paper: 3 mp (- . oo #2011, Mam, Velos Mol Cell Proteomics. 2014
flractuzr:cs @ 15th llg.mlnute 0‘2'5' 0‘51' & i "1 '8 1'6 : 32
runs tor eacn traction MS/MS Spectra/s

Fic. 5. Rate of protein identifications as a function of mass
spectrometer scan rate for selected large-scale yeast proteome
analyses over the past decade. Each data point is annotated with
the year, corresponding author, type of MS system used, and refer-
ence number.

The one hour yeast proteome. Hebert AS, et a, Coon JJ.
Mol Cell Proteomics. 2014 PMID: 24143002 & Nat Protoc. 2015. PMID: 25855955



Challenge Question:



Cell with a 4 protein proteome —) W Whole Proteome Tryptic Digest )

. COO0000  COOO000
Abundant \ mm%
Protein 1 COOC000 CCOCO00 o000

Scarce

protein 2 eo00000) [eo0000 0
eo0 0000
co0000 0 eo0 0000
Searce OOO0000
protein 4

One LC-MS run

(Hypothetical MS that can only
identify one peptide)

OCO0OoO

Protein 1
Identified

Challenge Question:

How would you detect all four

proteins in this cell using a mass

spectrometer that can only
identify one peptide?



Cell with a 4 protein proteome —) W Whole Proteome Tryptic Digest —) One LC-MS run

Scarce

protein 2 eo00000) [eo0000 0
co0000 0 eo0 0000
Searce OOO0000
protein 4

(Hypothetical MS that can only

OCO0000 OO0 identify one peptide)
Abundant coocooo SS90
. OOOOO00 (0000000
Protein 1 OCO0000 OO0 o000 .
000000 0 B o000 Protein 1
OCOC0O0  oooo000 Identified

) Chromatography + fractionation

l

|

l

4 separate LC-MS runs

ocoooooo Protein 1

|dentified
CO00000 Protein 2
Identified
oooooo0 Protein 3
Identified

©ooeee® Protein4
Identified



Cell with a 4 protein proteome —) W Whole Proteome Tryptic Digest )

One LC-MS run

(Hypothetical MS that can only

OCO0000 OO0 identify one peptide)
Abundant 0OCO000 °?§%5§53
. COOO000 OCO0000
Protein 1 OCO0000 COOOO00 00
co0o0000) (000000 o) Protein 1
Z OCOC0O0  oooo000 Identified
Scarce OOOO000 COOOOO00
protein 2 mm
o OOOOOO%OOC%.%JOOO
protein 4
Option #2: Proteome Fractionation (e.g. Immunoprecipitation)
. mmmm) Separate IP Tryptic Digest 4 separate LC-MS runs
= @ W e ( == ooooooo Proteinl
a5 = Identified
- N
W g ( == oOOOOOO |rotein2
|dentified
W .ﬂ( =) OOOOCOOO Protein 3
|dentified
Scarce - .
W protein 4 ’( =m) OOO000Q@ Protein4g

Identified



How do we learn more about the
organization of the human proteome?




A comprehensive analysis of protein-protein interactions in Saccharomyces cerevisiae.

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

«— GAL4 AD
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P
\ > FMFJ \ jl :
g
Yeast Two Hybrid Assay LTSI A DNAe AnA Pol
by jw # . R \}%’ 2 - .
Adva ntages: ﬁ}i}. AL Promoter _{:—,&‘é‘;}% -
- In vivo assay O S ' S—
- Simple M

. il A,
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



Protein-Protein interaction maps: Proteins are represented by nodes and interactions are
represented by edges between nodes.

node

edge

Human Two.

Hybrid Map "< =T 54
Disease BN i 4
LS 5 T ANER TP
wolgees ) N P T
(green)) ,. M “3 e

Rual et al. Nature 2005 Vol 437



Protein-Protein interactions:

@O

Some examples:

Physical and direct

Physical and indirect

- Multi-protein complexes
- Scaffolds
Transient

- Kinase & substrate@ié
Metabolic

A?Q@*




Adding common molecular handles to “tag” every protein

Tagged “bait” protein Multiple runs of “shot gun” LC-MS/MS

o ~o*t?i — ﬁ(/’

IP Bait + Interacting proteins
@




Adding common molecular handles to “tag” every protein

PCR product
— —_ HIS3MXE —_—

Homologous
recombination

—_— @

Chromosome

ORF — ORF —

‘v TAP bait + Interacting proteins

NH, == Protein = = COOH .

Collection of tagged “bait” expression strains

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.

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



Cellular proteins are organized into complexes

o

/ Interconnected complexes
195 proieasome . . ’ . .

Mitochondrial ribosome

* 4,562 tagged proteins

Frequency (%)

Frequency (%)

]

o 4 me
<0.0005 0.0008-0.0010 >0.0010
Betweenness

e 2,357 successful purifications

* Identified 4,087 interacting proteins *
~72 % proteome e
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* Majority of the yeast proteome is s
organized into complexes ,//

Y RNAPII
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RNAPII: RpbS, Rpb1, Rpb7, Rpb9, Rpb3, Rpbd

Rpb11, Rpb2, Rpb10, Rpb8, Rpo26, Rpc10
TFIIF: Tfg1, Thg2, Taf30

Unassigned: Rhk1, Ess1, YPL225W, IWR1
YBR259W, Fyv11, YBLOSOW, Sptd, Dst1

* Many complexes are conserved in
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Complexes with little or no interconnectivity

Krogan NJ, et al. Nature. 2006
PMID: 16554755



A SARS-CoV-2 Protein Int
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ARTICLES

Vol 466|1July 2010 |doi:10.1038/nature09204

Network organization of the human
autophagy system

Christian Behrends', Mathew E. Sowa', Steven P. Gygi® & J. Wade Harper'

Phagocytosis  Autophagy Receptor-mediated
Partide endocytosis

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

~65 bait proteins
LC-MS/MS identifies
2,553 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

WIPI2 HIF1A DDIT3

ATG2A
PDPK1 %

.

_ STKN N
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S
ATG4C\|
ik A\
AMBRA1 ‘
KIAA0831 (e
) =
2
PIK3C3 %}
Vg
UVRAG T\ S ¢ |
/0 RABEAPE s s WAPILG3C, \‘.
X % e TECPR,,»‘ 35
/ n -NEK9
@ ULK1 kinase network UBL conjugation system ) Vesicle trafficking components
[ ULK1, ULK2, RB1CCH1, KIAA0652, ATG3, ATG4B, ATG4C, ATG5, NSF, RAB24, GOSR1, CLN3
C12orf44 GBL, FOXO3A ?EEE,R/:TGW, ATG12, ATG16L1, ) AMP kinase network

PRKAA1, PRKAA2, PRKAB1, PRKAB2,
PRKAG1, PRKAG2, STK11, CAMKK2

@ PIK3C3-BECN{ network
O PIK3C3, BECN1, UVRAG, DDA1, @ Human ATG8s
AMBRA1, KIAA0831, NRBF2 MAP1LC3A, MAP1LC3B, MAP1LC3C,

T GABARAP, GABARAPL1, GABARAPL2 @ Miscellaneous
netwol . . : TRAF2, HIF1A, DDIT3, PDPK1
(O Human ATG8s interacting proteins 3 2 2
(O SH3GLB1, SH3GLB2, KLHDC10 SQSTM1, RASSF5, FYCO1, UBAS,

@ ATG2-WIPI network KBTBD?7, PIK3C2A, NSMAF, PIK3CG,
O ATG2A, WIPI1, WIPI2, WDR45 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.



BioPlex (Biophysical Interactions of ORFeome-derived complexes)

~25% of human genes used as baits

5,891 IP-MS experiments

56,553 interactions from 10,961 proteins :
http://wren.hms.harvard.edu/bioplex/

The BioPlex Network:
A Systematic Exploration of the Human Interactome

Edward L. Huttlin,? Lily Ting,' Raphael J. Bruckner,! Fana Gebreab,! Melanie P. Gygi,’ John Szpyt,' Stanley Tam,’

BioPlex 1.0 Huttlin et al, Cell. 2015, PMID: 26186194

Architecture of the human interactome defines
protein communities and disease networks

Edward L. Huttlin', Raphael I. Bruckner!, Joao A. Paulo', Joe R. Cannon', Lily Ting', Kurt Baltier', Greg Colby', Fana Gebreab!,

BioPlex 2.0 Huttlin et al, Nature. 2017 PMID: 28514442

BioPlex 3.0 Huttlin et al, Cell 2021 PMID: 33961781

This dataset contains ~120,000 interactions detected in HEK293T cells using 10128 baits.
https://bioplex.hms.harvard.edu/interactions.php.


http://wren.hms.harvard.edu/bioplex/

Cellular proteins are organized into complexes and this
proteome organization is conserved

Yeast: Interaction Network of Complexes Human: Protein Complex “Communities”
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IntAct Molecular Interaction Database
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2023 Data Content
°Interactors: 118,924
*|nteractions: 1,194,594

+ 39,393 interactions
+ 903 proteins

2022

eInteractors: 118,213
*|nteractions: 1,155,201



Single Cell Proteomics & Spatial Proteomics

Machine learning
__for cell phenotyping

Image segmentation

Archived patient
using deep learning

w samples

Unbiased systems-level
insights into cellular
processes
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Unbiased spatial proteomics
with single-cell resolution in tissues  PMID: 35714588
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Proteomics at single cell resolution in 2006 ?

nature Vol 44115 June 2006|doi:10.1038/nature04785

ARTICLES

Single-cell proteomic analysis of
S. cerevisiae reveals the architecture of
biological noise

John R. S. Newman'?, Sina Ghaemmaghami'~+, Jan lhmels'?, David K. Breslow'?, Matthew Noble',
Joseph L. DeRisi"* & Jonathan S. Weissman'~

A major goal of biology is to provide a quantitative description of cellular behaviour. This task, however, has been
hampered by the difficulty in measuring protein abundances and their variation. Here we present a strategy that pairs
high-throughput flow cytometry and a library of GFP-tagged yeast strains to monitor rapidly and precisely protein levels
at single-cell resolution. Bulk protein abundance measurements of >2,500 proteins in rich and minimal media provide a
detailed view of the cellular response to these conditions, and capture many changes not observed by DNA microarray
analyses. Our single-cell data argue that noise in protein expression is dominated by the stochastic production/
destruction of messenger RNAs. Beyond this global trend, there are dramatic protein-specific differences in noise that
are strongly correlated with a protein’s mode of transcription and its function. For example, proteins that respond to
environmental changes are noisy whereas those involved in protein synthesis are quiet. Thus, these studies reveal a
remarkable structure to biological noise and suggest that protein noise levels have been selected to reflect the costs and
potential benefits of this variation.



Major challenges prevent complete proteome analysis

* Proteomics is sample limited
 Recombinant DNA polymerases revolutionized genome
sequencing by allowing for amplification of DNA samples

* Proteomics has no “polymerase” or amplification method
and must contend with natural abundancies

* Mass spectrometry has limitations
* No mass spectrometer, or method, can yet provide full
amino-acid resolution of a proteome



Increasing sensitivity in MS analysis to reach single cell proteomes

a 1200 - - -
|} 10* copies / cell
w | . | Method | Open Access
1000 lSingle cells . .
Q ’ SCoPE-MS: mass spectrometry of single mammalian
O 800 I - - . .
= 10" cells cells quantifies proteome heterogeneity during cell
‘G 600 differentiation
a3
L0 400 Bogdan Budnik ¥4, Ezra Levy, Guillaume Harmange and Nikolai Slavov
E Genome Biology 2018 19:161
E 200 https://doi.org/10.1186/s13059-018-1547-5 = © The Author(s). 2018
t I Received: 20 February 2018 | Accepted: 19 September 2018 | Published: 22 October 2018
0 ..I.I. --I...II I.-...
6 7 8 9 10 11 12 PMID: 30343672

Protein abundance, |Og10

Importantly, for our purposes, there has been a dramatic boost Wolecular Cel

in sensitivity in just the last few years. In our own laboratory,

for instance, the amount of sample needed to identify thousands Unbiased spatial proteomics

of proteins in routine 1-h liquid chromatography-mass spec- with single-cell resolution in tissues
trometry (LC-MS) measurements has decreased more than Andreas Mund, - Andreas-David Brunner, > and Matthias Mann'2*

100-fold to the nanogram level (Beck et al., 2015; Meier

et al., 2020). PMID: 35714588



Proteomics & Protein-Protein Interactions

Quantitative Proteomics



Protein interaction networks:

Some of the many important aspects:
- Parts List
- Organization and assembly
- Biological function can be inferred
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However:
- Interaction data is largely static

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




Typical work flow for LC-MS

“shotgun proteomics”
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Multiple Techniques Enable Quantitative Proteomics

Label Free
-many, many replicates 1 J—‘L 1 UL 1 UL 1 ML 1 UL
-indirect quant 2L 2 24 2 L 2 IR

-fewer replicates

-multiplex l |

-direct quant § 1t mix § 11 mix

. KX
“Metabolic” Labeling @ 4

Barcoding N i g
-increased multiplex » ‘lll "
-direct quant A® o - o o . T



Barcoding: Heavy labels labels can be used for “barcoding” proteomes
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Proteomics & Protein-Protein Interactions

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



NA => RNA=>PROTEIN

2001

(). THEHUMAN

THERR -
HUMAN 7
GENOME

L'

The Sequence of the Human Genome

). Craig Venter,'™ Mark D. Adams," Eugene W. Myers,? Peter W. Li," Richard ]. Mural,’
Granger G. Sutton,” Hamilton O. Smith,” Mark Yandell,” Cheryl A. Evans,’ Robert A. Holt,’

articles
I

Initial sequencing and analysis of the
human genome

Human Genome

The Sequence of the Human Genome. PMID: 11181995

Initial sequencing and analysis of the human genome. PMID: 11237011
A draft map of the human proteome. PMID: 24870542
Mass-spectrometry-based draft of the human proteome. PMID: 24870543

2014

ARTICLE

d0i:10.1038/nature13319

Mass-spectrometry-based draft of the
human proteome

Mathias Wilhelm'*, Judith Schlegl**, Hannes Hahne!*, Amin Moghaddas Gholam™*, Marcus Lieberenz’, Mikhail M. Savitski’,
Emanuel uegle# Lars Butzmann®, Sleg‘med(e ssulat?, ‘Harald Marx’, Toby \hthxeson‘ Simone Lemeer Karsten Schnatbaum®,
Ulf Reimer*, Holger Wenschuht’, Martin Mollenhauer”, Julia Slotta-Huspenina, Joos- Hendrik Boese”, Marcus Bantscheff’,
Anja Gerstmair?, Franz Faerber? & Bernhard Kuster'

ARTICLE

d0i:10.1038/nature13302

A draft map of the human proteome

Min-Sik Kim'?, Sneha M. Pinto?, u net", Raja Sekhar Nirujog?, Srikanth 8. Manda’, Raghothama Chaerkady',
Anil K. Madugundu’, Dhas h Ruth Isserlin®, Shobhit Jain®, Joji K. Thomas”, Babylakshmi Muthusamy”,
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Santosh Renuse’, Lakshmi Dhevi N Selvan®, Arun H. Patil’, Vishalakshi Nanjappa®, Aneesha Radhakrishnan®, Samarjeet Prasad',




ARTICLE

A draft map of the human proteome

Min-Sik Kim'? Sneha M. Pinto?, Derese Getnet1 “, Raja Sekhar Nirujogi®, Srikanth . \1311(13 Raghothama Chaerkadv1 2

Anil K. \ladugundu Dhanashree S. Kelkar® Ruth Isserlin® , Shobhit Jain® JJoji K. Thomas® Babvlal(shml \hlthusamv

Pamela Leal- Rf)]as.1 ©, Praveen Kumar?, \Iandlm A. Sahasrabuddhe Lava.nva Balakrlshnan Jayshree Advani®, Bijesh George3,
Santosh Renuse’, Lal(shgnj Dhevi N. Sgl\ran‘ , Arun H. P_atil‘ R Vishalakshi Nanjappa‘ N Aneeshg Radhakrishnan®, Samarj_eet Prasad!,

doi:10.1038/nature13302

* New, large collection of . S " st D
proteomics data R oy _ i o
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A draft map of the human proteome; Kim & Akhilesh Pandey et al., PMID: 24870542



ARTICLE

doi:10.1038/nature13319

Mass-spectrometry-based draft of the
human proteome

Mathias Wilhelm"?*, Judith Schleglz* Hannes Hahne'*, Amin Moghaddas Gholami'*, Marcus Lieberenz?, Mikhail M. Savitski®,
Emanuel Z1egler Lars Butzmann®, Siegfried GessulatZ Harald Marx', Toby Mathleson , Simone Lemeer Karsten Schnatbaum
Ulf Reimer*, Holger Wenschuh*, Martin Mollenhauer Julia Slotta-Huspenina®, Joos- Hendrlk Boese?, Marcus Bantscheff®,
Anja Gerstmatr Franz Faerber” & Bernhard Kuster"®

e Large Assembly of new and existing data:
* ProteomicsDB, database designed for the real-time analysis of big data
https://www.proteomicsdb.org
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Mass-spectrometry-based draft of the human proteome; Wilhelm & Bernhard Kuster et al., PMID: 24870543

Number of
missing genes
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ARTICLE

doi:10.1038/nature13319

Mass-spectrometry-based draft of the
human proteome

Mathias Wilhelm"*, Judith 5cme§12*, Hannes Hahne'*, Amin Moghaddas Gholami'*, Marcus Lieberenz’, Mikhail M. Savitski®,
Emanuel Zieglerz, Lars Butzmann®, Siegfried Gessulat’, Harald Marx', Toby Mathieson®, Simone Lemeer', Karsten Schnatbaum®,
Ulf Reimer*, Holger Wenschuh*, Martin Mollenhauer®, Julia Slotta-Huspenina®, Joos-Hendrik Boese?, Marcus Bantscheff®,
Anja Gerstmair?, Franz Faerber? & Bernhard Kuster'-®

* Large Assembly of new and existing data:
* ProteomicsDB, database designed for the real-time analysis of big data
https://www.proteomicsdb.org

a Public raw 95%

data repositories In-house 96% 909 o

10,477 raw files [~ experiments R Aam % 94%
~\ ' __E | = - °__94% N
“ 16,380 raw files -—E* —r = am 81% o w— O
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Wilhelm et al. carried out 6,380 LC-MS experiments (or runs):
How long would it take to get the same data?
In 2001? ~61 years

In 2014? ~265 Days

Mass-spectrometry-based draft of the human proteome; Wilhelm & Bernhard Kuster et al., PMID: 24870543
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Proteomics Databases: Peptide depositories

% I1SB Home

eptide/\ thas
- = Ul . 1 1
‘PR L http://www.peptideatlas.org/builds/
PEFPTIDEATLAS
HoMmE . .
Seattle Proteome PeptideAtlas Builds — Bulk Downloads
Center
Number of .
Number Peptide Peptide- Number of Peptide F‘eptu:ln.:jCDS Datab
TaxlDd Date of Inclusion Spectrum Distinct Reference Database Peptide Sequences CDs ch Al | :ahlase
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Protein Identification Terminology used in PeptideAtlas
http://www.peptideatlas.org/docs/protein ident terms.php

* Each PeptideAtlas build is associated with a reference database usually a combination of several protein sequence
databases (Swiss-Prot, IPl, Ensembl ...)
* From the reference database, any protein that contains any observed peptide is considered to be a member of the
Atlas.
* ltiseasy to see that the entire list of proteins in an Atlas is going to be highly redundant. Thus, we label each Atlas
protein using the terminology below.
* The term '"observed peptides'' in this context refers to the set of peptides in the PeptideAtlas build.
* These peptides are selected using a PSM (peptide spectrum match)


http://www.peptideatlas.org/docs/protein_ident_terms.php

Proteomics Databases: Peptide depositories

A HUMANPROTEOME MAP

Home

o

( About Human Proteome Map }

The Human Proteome Map (HPM) portal is an interactive resource to the scientific community by integrating the
massive peptide sequencing result from the draft map of the human proteome project. The project was based on
LC-MS/MS by utilizing of high resolution and high accuracy Fourier transform mass spectrometry. All mass
spectrometry data including precursors and HCD-derived fragments were acquired on the Orbitrap mass
analyzers in the high-high mode. Currently, the HPM contains direct evidence of translation of a number of protein
products derived from over 17,000 human genes covering >=84% of the annotated protein-coding genes in humans
based on =290,000 non-redundant peptide identifications of multiple organs/tissues and cell types from individuals
with clinically defined healthy tissues. This includes 17 adult tissues, 6 primary hematopoietic cells and 7 fetal
tissues. The HPM portal provides an interactive web resource by reorganizing the label-free quantitative proteomic
data set in a simple graphical view. In addition, the portal provides selected reaction monitoring (SRM) information

for all peptides identified.

Statistics

Organs/cell types

Genes identified

Proteins identified
Peptide sequences
N-terminal peptides
Splice junctional peptides
Samples

Adult tissues

Fetal tissues

ARTICLE

A draft map of the human proteome

Min-Sik Kim'?, Sneha M. Pinto?, Derese Getnet"*, Raja Sekhar Nirujogi®, Srikanth S. Manda®, Raghothama Chaerkady'?,

Anil K. Madugundu®, Dhanashree S. Kelkar’, Ruth Isserlin®, Shobhit Jain®, Joji K. Thomas®, Babylakshmi Muthusamy”,

Pamela Leal-Rojas™®, Praveen Kumar®, Nandini A. Sahasrabuddhe®, Lavanya Balakrishnan®, Jayshree Advani®, Bijesh George®,
Santosh Renuse®, Lakshmi Dhevi N. Sg1v:1n3, Arun H. Pillil‘;, Vishalakshi Nanjappa®, Aneesha Radhakrishnan?, Samarjeet Prasad’,

Kim & Akhilesh Pandey et al., Nature , 2014. PMID: 24870542

doi:10.1038/nature 13302
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Proteomics Databases: Integrated Resources

http://www.proteomexchange.org/

Home Concept Data access

ProteomeXchange (PX) consortium

4 ~
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Raw Data —_—

Metadata /
Manuscript

- Researcher’s results l
- Reprocessed results .'na|5
Raw data

http://www.proteomexchange.org/

Metadata

Slide modified from "Computational Mass Spectrometry-Based Proteomics 6th Maxquant Summer School" 21-25 July 2014
Emanuele Alpi, UniProt and PRIDE Development
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Proteomics Databases: Integrated Resources Beyond Mass Spectrometry

http://www.proteinatlas.org/

HUMAN PROTEIN ATLAS ¢

=MENU HELP NEWS

SEARCH!

] ] Search Fields »

e.g. RBM3, insulin, CD36

CELL ATLAS

Recent news

Thu, 6 Dec 2018

Integration of transcriptomics and
antibody-based proteomics for
exploration of proteins

Mon, 26 Nov 2018
Movember: Prostate cancer
awareness month

Thu, 15 Nov 2018
A version 18.1 release today with
new Survival Scatter plots

all news articles
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Proteomics Databases: Integrated Resources Beyond Mass Spectrometry
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Proteomics Technology: Beyond Mass Spectrometry

Plasma or Serum SomaScan Assay SomaScan Eluate

f

Convert SOMAmers to
Eluted SOMAmers sequenceable barcode reporters

SOMAmer-based Technology

’

®TECAN.

nature medicine

Article https://dol.org/10.1038/s41591-024-03092-6

A unified metric of humanimmunehealth

Sparks R, et al. Nat Med. 2024. PMID: 38961223



Proteomics Technology: Beyond Mass Spectrometry
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Proteomics Technology: Beyond Mass Spectrometry

A Platinum and Next-Generation Protein Sequencing

PLATINUM SEQUENCE SINGLE PEPTIDES

Semiconductor chip

RESOLVE SINGLE AMINO ACIDS
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Protein Barcoding and Next-Generation Protein Sequencing for Multiplexed Protein

Selection, Analysis, and Tracking

Mathivanan Chinnaraj, et al

https://www.biorxiv.org/content/10.1101/2024.12.31.630920v1



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93



