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ORFeome------- Proteome-------- Interactome

* the proteome can be viewed as constellations of interacting protein
modules organized into signal transduction networks, molecular
machines, and organelles

e our knowledge of proteome architecture is fragmentary, as is our
conception of how protein interconnectivity is influenced by genetic
and cellular variation



Challenges....

* Myriad genes, isoforms, and modification states encoded by the
human genome

e Low abundance of many proteins, which limits detection

 Many transient interactions that complicate signaling network
mapping

* Prevalence of membrane proteins, which often requires specialized
methods for purification ....



Main strategies to study mammalian
proteome structure

* Biochemical experiments reveal stable macromolecular complexes
o Affinity purification of tagged protein followed by MS (AP-MS)
* Immunoprecipitation followed by MS (IP-MS)

* Protein correlation profiling (Blue native electrophoresis +/- IP )
followed by MS

e Yeast 2Hybrid analysis

e Database archive protein interaction from literature (context
dependant)
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Protein correlation profiling---Non targeted
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Databases

e MINT: a Molecular INTeraction database (italian)
e GeneMania

 BioGRID

 STRING (Swiss)

* BioPixie

* IntAct

e CORUM



BioPlex 1.0 -————---- BioPlex 2.0
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High-Throughput Human Protein Interaction Mapping
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Figure 1. High-Throughput Interaction Mapping via AP-MS

(A) AP-MS platform: (1) a lentiviral library of 13,000 FLAG-HA-tagged ORFs was constructed from the Human ORFEOME; (2) 293T cells were infected and
expanded under puromycin selection; (3) baits and preys were immuno-purified; (4) tryptic digests were analyzed in technical duplicate by LC-MS; (5) proteins
were identified and specific interactors found; (6) and interactions were assembled to model the human interactome. Up to 600 AP-MS experiments may be

completed per month.

(B) CompPASS-Flus extracts 16 interactors for bait CDK1 from a background of nearly 500 proteins.

(C) Interaction maps for baits XRCC2, EIF4E, and SEPT1 (red). Nearly all interactions have been previously described. Interactors were identified from back-

grounds of 487, 778, and 749 proteins, respectively.
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Figure 3. Evaluation of AP-MS Protein Interactions

(A) AP-MS interactions superimposed onto CORUM complexes. The pie chart depicts the fraction of complexes achieving the indicated coverage in BioPlex.
Only complexes containing two or more baits were considered. Five representative CORUM complexes: baits are colored blue, whereas preys are red and
proteins not observed by AP-MS are gray. Interactions among CORUM complex members are gray, whereas interactions confirmed by AP-MS are red.

(B) Physical protein interactions reported in BioGrid, CORUM, GeneMania, STRING, and MINT were merged. Left overlap among databases. Right: overlap
among databases for interactions confirmed by AP-MS.

(C) Fraction of database interactions confirmed by AP-MS as a function of the number of supporting database reports. The composite interaction database was
fittered to include only interactions connecting one of 2,594 baits with proteins observed as baits or preys in the interaction network.

(D) 86% of AP-MS interactions have not been reported in the databases listed above.

(E) Pairwise comparisons of BioPlex with published interaction networks were performed, using graph assortativity to quantify preferential interaction in cases of
shared localization among proteins detected in both networks. Literature datasets included BioGRID, CORUM, GeneMania, STRING, and MINT, as well as
interactions recently reported via yeast-two-hybrid (Rolland et al., 2014) and LC-MS correlation profiling (Havugimana et al., 2012). Each analysis was repeated
with randomized localizations as a control.



Protein “communities” 356
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BioPlex 2.0: more proteins, more interactions
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Figure 1 | BioPlex 2.0 substantially increases depth and breadth of
interactome coverage. a, Bait proteins targeted for AP-MS analysis.

b, Protein-coding genes included in BioPlex 2.0 as baits or preys. ¢, The
BioPlex 2.0 network substantially exceeds previous experimentally derived
interaction networks with respect to protein and interaction counts. Circle
area is proportional to interaction counts, while shading denotes the
experimental strategy used for interaction mapping. d, BioPlex 2.0 doubles
the numbers of interactions revealed in BioPlex 1.0.



Better coverage vs. BioPlex 1.0

a CORUM b  Arp2/3 protein ¢ TFlH transcription d Checkpoint Rad e Nua4/Tip60-HAT
complex coverage complex factor complex complex complex B
40-50% MMNATA
ARPCS RFCS TRRAP
o  30-40% 50-60% AGTR PG CCNH %TFE H5 HUS1 @ RFC4  ACTLGA AUVEL2
: 60-70%
~ 20-30% CDK7 GTF2H4 o] ® Q
% 10-20% 70-80% &) RAD1 RFC3
T 0-10% o O
O B0_00% o DMAP1 RUVBL1
) -, ACTR3 ARPC3  ERCC2 & GTF2H3 ©
RADAT RFC2 EPC1 MORF4L1
90-100% ARPCIE  ARPC2 ERcC2 @ GTF2H2 ADOA KATS
GTF2H1
MNAT1
50-60% ARPCS RFC5
B60-70% TRRAP
40-50% HUS1 RFC4
o 30-40% 70-80% ACTR2 ARPC4 ACTLEA RUVBL2
o 20-30% B80-00% RAD1 RFC3
g 1020% 90-100%
o DMAP1 RUVBL1
5 ACTR3 ARPC3
m 100% RAD17 RFC2 EPC1 MORF4L1
ARPC1B  ARPC2 RAD9A KATS
Figure 2 | BioPlex 2.0 maps protein complexes with increased coverage achieved by BioPlex 1.0 (blue) and BioPlex 2.0 (red) for selected
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Figure 3 | BioPlex communities subdivide the interaction network
according to functional properties and fitness effects. a, Network of
communities revealed through MCL clustering of the BioPlex 2.0 network.
Nodes represent distinct communities and are scaled to reflect the
numbers of proteins in each (3-76 proteins). Nodes are connected by edges
when proteins within the respective communities interact with unusually
high frequency (see Methods). Filled nodes depict communities that were
also found to be interconnected by unusual numbers of interactions in
BioPlex 1.0; open circles represent communities of proteins that exhibited
only background numbers of interactions in BioPlex 1.0. Communities
containing two or more proteins associated with increased cellular fitness
are highlighted in light green; communities that are enriched with cellular
fitness proteins (1% false discovery rate (FDR)) are highlighted in dark
green. Communities circled and marked with red letters ¢’ and *f” refer
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BioPlex 1.0 reveals lower connectivity, with 45% of complexes showing no
significant enrichment of interactions above background levels (binomial
test; Benjamini-Hochberg-adjusted P < 0.05). ¢, Relative fractions of 1,320
communities that contain specified numbers of fitness proteins. d, When
BioPlex 2.0 clusters are ranked according to their eigenvector centrality
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observed in BioPlex 1.0. Filled nodes indicate proteins that were in BioPlex
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Figure 4 | Integration of BioPlex 2.0 and the DisGeNET network
associates protein complexes with disease processes. a, Network

of associations among protein interaction communities and disease
conditions (see Methods). The network depicts 4,292 associations between
442 protein complexes (grey) and 2,053 disease states (green). b, Ranking
of 2,053 disease states on the basis of eigenvalue centrality in the disease—
complex network (a). Scatter plots below highlight disease classes that

are non-randomly distributed (Kolmogorov—Smirnov test; Benjamini-

Hochberg P < 0.01). ¢, d, Sub-networks associated with selected disease
states: colorectal cancer (BRAF complex: P< 0.05) and hypertensive
disease. Nodes associated with the indicated disease are highlighted in
green, while other complex members are grey; thick, multi-coloured edges
connect proteins belonging to individual communities revealed through
MCL clustering; thin, dashed, grey edges connect proteins among adjacent
communities.



BiaPkx 2.0 A1
Enichad st

[ [
Signific:ant Prata
Asancialians

Wipchendrion ip = 2 &9

am ip = 1 B

R ST

L L]
LI R I LI LI TR ]

| | st

TR
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acquired via spinning disk confocal microscopy; maximum intensity
projections are shown. Scale bar, 20 pm.
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Immunopurification of the tagged protein and detection of associated
proteins by mass spectrometry are the building blocks of the network.
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every member of the collection. A first paper in Cell reports the first
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more than 5,000 human proteins as baits (~50,000 interactions) is
also now available.

- NHGRI: U41 HGO06673

Read more

Huttlin EL, Ting L, Bruckner RJ, Gebreab F, Gygi MP, Szpyt J, Tam S, Zarraga G, Colby G, Baltier K, Dong R, Guarani V, Vaites LP, Ordureau A, Rad R,
Erickson BK, Wihr M, Chick J, Zhai B, Kolippakkam D, Mintseris J, Obar RA, Harris T, Aravanis-Tsakonas S, Sowa ME, De Camilli P, Paulo JA, Harper JW,
Gygi SP. (2015) The BioPlex Network: A Systematic Exploration of the Human Interactome. Cell 162:425-440.




Databases

e MINT: a Molecular INTeraction database (italian)
e GeneMania

 BioGRID

 STRING (Swiss)

* BioPixie

* IntAct

e CORUM



PG

SMARCEHZ

@~

jEAPZE

Networks
» Physical Interactions

» Co-expression
[

» Predicted
[ |

» Co-localization
[ |

+ Pathway
|

» Genetic Interactions
I

» Shared protein domains




//thebiogrid.org/113216/summary/homo-sag L-ad @ Ashkar, Tarek Maurice -...

QO

2 Methods to analyse co...

= nchinlm.nib.goy *%% UMOD Result Summ...

W Lymphotoxin alpha - W...

* Norton-

@ Cards & Logins -

BioGRID ™

Result Summary

home help wiki tools contribute stats downloads partners aboutus | m

Gene / |dentifier Search

— ﬂ

All Organisms

Stats & Options

UMOD Homo sapiens
ADMCKDZ2, FJHN, HNFJ, HNFJ1, MCKD2, THGP, THP Current Statistics Publication: 1
i High Throughput Low Throughput
uromodulin 0 (0%) 1 Physical Interaction 1 (100%)
0 (0%o) 0 Genetic Interactions 0 (100%)
GO Process (5) GO Function (1) GO Component (T}
Search Filters Customize how your results are displayed...
EXTERNAL DATABASE LINKOUTS
OMIM | VEGA | HGNC | Entrez Gene | RefSeq | UniprotKB | Ensembl | HPRD No Filter: Show All Associations
X Downlead 1 Published Interactions For This Protein
MInmradurs (1) IInteradiuns (1) I Network
Displaying 1 total unique interactors
Sort By: [Evidence] [Alphabetical]
LTA | DAMA-25N12.13-004, LT, TNFB, TNFSF1 1
[details]

lymphotoxin alpha

Throughput Curated By

Experimental Evidence Code

Reconstituted Complex & BAIT

Fukushima K {1993) Low

BioGRID =

Copyright © 2017 TyersLab.com, All Rights Reserved.

Terms and Conditions | Privacy Policy | Osprey Metwork Visualization System | Yeast Kinome | TyersLab.com | SGD | GitHub | YouTube | Twitter




STRING

PKDREJ

Search Download

MUCH

B4GALNTZ

He

Nodes:

MNetwork nodes represent proteins Node Size Node Color

splice isoforms or postHiransiational modifications
are coffapsed fe each node represents alf ifre
proteins produced by a single protein-coding gene

protein of unknown 30 structfure

& smalf nodes: colored nodes:
— guery proteins and first shell of interactors

Others
PN
= -

o — ]

A @ large nodes: . - @ wihite nodes:
./ Ssome 3D struciure is known or predicled LW
Edges:
Edges represent protein-protein associations  Known Interactions Predicted Interactions
associations are meant to be specific and S—  from curated databases ™ gene neighborhood
i A £ pm_rems jy c'mmbm‘.e e Nt oxperimentally determined e gene fusions
shared function; this does not necessarily mearn : )
they are physically binding each other. &—8 gene cooccurrence

Your Input:

Uromodufing Uromodulin- Functions in biogenesis and organization of the apical membrane of epithelial celfs of the thick
ascending imb of Henle's foop (TALH), where it promotes formation of complex filamentous gel-ike structure that may

@ UMOD Dilay a rofe in the water barmer permeability (Probabie). May serve as a receptor for binding and endocytosis of cytokines
(IL-7, 1£-2) and TNF (PubMed-34982135). Facilitales netitrophil migration across renal epithelia (PubMed-20798515) (640
as)

Predicted Functional Partners:

@ BAGALNT2 beta-1 4-N-acetvi-galactosaminy transferase 2; nvolved in the synthesis of the Sd{a) amtigen (Siz- alpha2 3HGalNAc-betal,..
@ HNF1B HNFT hormeobox B, Transcription factos; probably binds fo tive inverted palindrome 5-GTTAATNATTAAC-3' (557 aa)

= MUCT Mucin 1, cell surface associated The alpha suburit has cell adhesive properties. Can act boih as an adhesion and an ant-a...
@ PKHD1 Polyeystic kidney and hepatic disease 1 (autosomal recessiva) May be required for correct bipolar cell division through the .
2 AQP2 Aquaporin 2 (colfecting duct) Forms a water-specific channel that provides the plasma membranes of renal collecting duct...
@ SLC12A1  Safude camier family 12 (sodiumy/polassiumy'chforide fransporters), member 1; Electiically silent fransporter system. Mediat .
@ KCNJ1 Potassium imwardly-rectifving channe], subfamily J member T, In the kidney, probably plays 8 major role in potassium hom..

@ PKDREJ Polycystic kidney disease (polycystin) and REJ homolog (sperm recepior for egy jelly hormolog, sea urchin) May have a cen...
& FABP1 Fatty acid binding protein 7, fiver, Flays a role in fipoprotain-mediated cholesterol uptake in hepatocytes (PubMed-2573285..

@

Your Current Organism:

SLC12A3  Salute carmier famidy 12 (sodivmy/chioride fransporters) member 3; Key mediator of sodium and chioride reabsorption in ..

Nt '

Neighborirood

Gene Fusion

Cooccurence

Coexpression

Experiments
a Dafabases

second shell of interactors

fexfmimning

CO-EXpression

protein hamology

Textmining

[Homology

0.917
0.723
0.703
0.663
0.620
0.551
0.495
0.491
0.487
0.480




Network Stats

number of nodes: 11 expected number of edges: 10
number of edges: 20 PPl enrichment p-value: 0.00428
average node degree: 3.64 your netwark has significantly more interactions
avg. local clustering coefficient: 0.811 than expected (what does that mean?)
Functional enrichments in your network Note: some enrichments may be expected here (why?)

pathway 0

G0:0007588
G0:0001822
G0:0072001
GO0:0007655

pathway 10

GO:0015377
G0:0022892
G0:002289

pathway 1D

GO:0045177
GO:0016324
G0:0044459
G0O:0070062
G0:0098805

Biological Process (GO)

pathway description count in gene set  false discovery rate
excretion 4 0.00011
kidney development 5 0.000503
renal system development 5 0.000503
urogenital system development 5 0.00069
Molecular Function (GO)
pathway description count in gene sef  false discovery rate
cation:chloride symporter activity 2 0.0101
substrate-specific transporter activity B 0.0101
substrate-specific transmembrane transporter activity 5 0.0279
Cellular Component (GO)
pathway description count in gene sef  false discovery rate
apical part of cell 7 1.33e-07
apical plasma membrane 6 1.39e-06
plasma membrane part 7 0.00989
extracellular exosome 7 0.02
whole membrane 6 0.02
(more _..)

Statistical background

For the above enrichment analysis,

the following statistical background Whole Genome V| m
is assumed:




STRING- Mouse UMOD

o @

@ Legend > - 2 Analysis »  BH Exports >

et
i

T

Clusters >

© More

Basic Settings

meaning of network edges:
|E| evidence (=8 line color indicates the type of interaction evidence )

I:‘ confidence (&= |ine thickness indicates the strength of data support )

active interaction sources:
|:| Textmining |:| Experiments Ei Databases |:| Co—expression

D Meighborhood |:| Gene Fusion D Co-occurrence

minimum required interaction score:

medium confidence (0.400)

max number of interactors to show:
s

1st shell: | no more than 10 interactors =

2nd shell: | - none - =




View page as tutorial

Tutorials My Predictions My Gene Sets
IMP In | Homo sapiens |, analyze the|gene V|,
| UMOD x | Go
Gene View
UMOD Homo sapiens . Query gene
uromodulin 28 known processes ® Other gene %Km
iases: FUT6 UMOD
[Aliases: HMFJ,MCKD2, THGP,HNFJ1,FJHN, THP, ADMCKDZ) . .
MIM: 191845 Entrez: 7369 HPRD: 11771 HGHC: 12559 Ensembl:
ENSGD0000169344 UniProtkE: PO7911 PRODHZ NCR2
. . CCL1
CRYBB3 o
Process Predictions Disease Predictions FUT6/UMOD * POM121L2
SECAAY MMP26
[ ACRV1
Evidence for gene pair FUT6 and UMOD e
MASP2
. Clorf27
- Dataset Title or Summary Description Weight . PLAZGZD
v - - v - PAXE
GSEA C2 CGP Chemical and genetic 0.0945 .
perturbations ) SIGLECSA
SLC10A1 .
Co-occurence of
Jaspar transcription factor 0.0052 KX2-1
binding sites [ ]
Analysis of primary breast
carcinoma tumors from
estrogen receptor 0.1 _ _1
positive or negative Relationship confidence
{ER+/-) patients. ER+
tumors tend to ( .
Estrogen receptor- metastasize to the bone ~ Network Filters
GDS4083 positive and -negative while ER- tumors tend to 0.0045
breast cancer tumors induce visceral
metastasis, Results - : . )
provide insight into Minimum relationship confidence:0.51
molecular basis of ( |
different metastatic -
phepotvpes in breast




uMOD

Examples: BRCAZ, QDE8809, dmeil, 10831611

I Interactions (2) | Interactors

IntAct View version: 4.2.6

EMBL-EBI

News

Our impact
Contact us
Intranet

EMBL-EBI, Wellcome Genome Campus, Hinxton, Cambridgeshire, CB10 15D, UK

Show more data from EMBL-EBI

What is this view?

PO7911 ycgG QB1SL8 two hybrid pooling approach EBI-2819658 IntAct
EBI-2819647 EBI-2819661 imex : IM-13779-2300
[+) Q UMoD PO7911 q81t34_bacan Q81T34 two hybrid pooling approach EBI-2819644 IntAct
o EBI-2819647 EBI-2814882 imex : IM-13779-2303
Services Research Training Industry About us
By topic Overview Overview Overview Overview
By name (A-Z) Publications Train at EBI Members Area Leadership
Help & Support Research groups Train outside EBL Workshops Funding
Postdocs & PhDs Train online SME Forum Background
Contact organisers Contact Industry programme Collaboration
Jobs
People & groups
News
Events
Visit us
Contact us

+44 (0)1223 49 44 44



om X | = The BioPlex Network < | E The BioPlex Networl > | 1-s2.0-5009286741500765 > | The BioPlex Networks A 1

:—j A human interactorr | E AHuman Interacton

 http:/fwww.ebiacu X https/fwww.ebiac.ul >
N.ac.uk/intact/interaction/EBI-2819658

E1 € Q Search
tting Started @ Suggested Sites @ Web Slice Gallery b VTEA_Software - Box

Interaction

Accession: EBI-2819658 Description: -

Name: g81sl8-umod Type: physical association

Find similar interactions
Cross References:

Annotations:

fiqure legend

Table 51

Interaction Confidences:

Participants (2)

Legend: |:| Annotation and Cross Reference |:| Experimental Parameter |:| Stoichiometry E Experimental Feature Participant Confidence

1 EBI-2819661

ycgG Bacillus anthracis -
BASH2_04220

BVB96_08510

EEE
[x1]

P07911 umMoD

_____________ unspecified role protein

2 EBI-2819647

Uromodulin -~ Homo sapiens -

prey unspecified role protein I:l |:|
Tamm-Horsfall urinary glycoprotein

HEEE

IntAct View version: 4.2.6

¢ yegl - Uncharacteri: | +

gl

EMBL-EB| Services Research Training Industry About us

News By topic Overview Overview Overview Overview

Cur impact By name (A-Z) Publications Train at EBI Members Area Leadership

Contact us Help & Support Research groups Train outside EBI Workshops Funding

Intranet Postdocs & PhDs Train online SME Forum Background
b b s ————

allabe i




Proteomics Standards Initiative Common

Query Interface (PSICQUIC)

MIQL PSI-MI PSI-MI
Interactions i




PSICQUIC

EMBL-EBI g Training = Ab

PSICQUIC View e S , ,
_ 5 clustered binary interactions found for search term id:P0797171
LU e Clustered query: 'id:P07911" from APID Ints t 12D, IntAct, React Fls, th
e
Cytoscape Graph

5 clustered binary interactions found for search term /id:P07971

Clustered query: 'id:P07911' from APID Interactomes, 12D, IntAct, Reactome-Fls, mentha

PO7911 Q81T34 urom_human q81t34_bacan Homo sapiens (9606) Bacillus anthracis (1392) Dyer, MD. et al.(2010) 20711500 author score:1
[+] [+] Dyer et al. (2010) IM-13779 intact-miscore:0.37
mentha-score:0.126
P07911 Q815L8 urom_human g81sl8_bacan Homo sapiens (9606) Bacillus anthracis (1392) Dyer, MD. et al.(2010) 20711500 author score:1
[+] [+] Dyer et al. (2010) IM-13779 intact-miscore:0.37

mentha-score:0.126

PO7911 P22894 UMOD MMP8 Homo sapiens (9606) Homo sapiens (9606)  Thomas, DB. et al.(1993) 8397318 -
P07911 P0O1374 UMOD LTA Homo sapiens (9606) Homo sapiens (9606)  Fukushima, K. et al.(1993)8323280 NBC:0.668138487226112
Wu et al.(2010) 20482850 mentha-score:0.309
PO7911 PO1584 Homeo sapiens (9606) Homo sapiens (9606) -
< >

version: 1.4.7

version: 1.4.7

Services Research Training Industry About us

By topic Overview Overview Overview Overview
oo i uhlimatinne Train =+ £RT Marmbor Arae | amrarchin
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