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OUTLINE

Protein-Protein interactions what is known experimentally

Methods to analyze large scale protein interaction dataset
(and assess their validity)

Inferring function using genomic information
(more by Mike Thompson Protein Pathways)

Protein interactions dataset and graph theory



PROTEIN INTERACTIONSIN A SIMPLE GENOME
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PROTEIN-PROTEIN INTERACTIONS

Protein-protein interactions are essential to every aspect of life:
From biochemical pathways, cell cycle,
cell signaling, cell maintenance

Signaling Pathways- APC
TCR/CD3-CD28-CTLA4

Calcineurin — T cell
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METHODSTO DETECT
PROTEIN-PROTEIN INTERACTIONS
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HOW TO REPRESENT PROTEIN-PROTEIN
INFORMATION IN DIP AND
HOW MUCH SHOULD WE TRUST THE DATA?

ATP Synthase ATP Synthase in DIP
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Paul D. Boyer Nature (1999) XRay structure Stock et al. Science (1999)

— e e TWO- hybrid assay
Moritani C et a. Biochim Biophys (1996)



PROTEIN-PROTEIN INTERACTION
QUERYING THE DIP

http://dip.doe-mbi.ucla.edu

DIF NODE

DIP LINK




LARGE SCALE
PROTEIN-PROTEIN
INTERACTIONS SCREENS



LARGE SCALE TWO HYBRID APPROACH TO DETECT
PROTEIN-PROTEIN INTERACTIONS

x DNA binding domain
l @ Activation domain

Y (AD
X DB

Problems:;

Over-expression not natural amount of each proteins
Transcription factor cannot be used (give false positives signals)
False localization (driven by the nuclear localization signal)
Wrong orientations or instability of the fused proteins
Membrane proteins are more complicated to detect



Lack of OVERLAP
In large scale
genomic protein interaction analysisin yeast

Newman et
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Fromont-Racine et al.
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Other experiments 1970




LARGE SCALE PURIFICATION AND MASS-SPECTROMETRIC
OF YEAST PROTEIN COMPLEXES

m —  Affinity purifications

Mass-spec sequencing

|

Assignment of each peptide
< Toagivenproten

Problems: Number of purifications steps (as well as fractionation)

Protein with high k;; cannot be detected

For some genes the level of homology is so high that the exact protein

can elude the analysis

Proteins can be found in different complexes (results will be an aggregation)
I nteractions complexes are not always reciprocal



LARGE SCALE PURIFICATION AND MASS-SPECTROMETRIC
OF YEAST PROTEIN COMPLEXES

DIP : 14497

Gavin et al.
(Cdlzome)
3222

255

NOT A LOT OF OVERLAP AGAIN
Not better than yeast two hybrid!



DIP: 14,497

Newman et d.
Yeast 2 Hybrid
154

Yeast 2 Hybrid

Gavin et 4.
IP-MS
3222

romont Racine et d.
Yeast 2 Hybrid

Overlap between any two genome-wide interactions screens
== == == (Qverlap among three genomewide interactions screens

Overlap between any genome-wide screen with non genome-wide interaction screen




LARGE SCALE PROTEIN
INTERACTIONS SCREENS
AND
VALIDATION METHODS



Relating gene expression data
and protein interaction data

Assumption protein that functions together have same
Patterns of expression throughout various conditions
e.g. heat-shock, low carbon, etc (for yeasts)

Can we use the microarrays analysis to determine the
Fraction of protein-protein interactions that are “correct”



USING EXPRESSION DATA TO ESTIMATE THE
ERROR RATE OF PROTEIN PROTEIN INTERACTIONS
DATASET(S)

expression level
log(e/e,¢)

Euclidean distance

d=4,(A- B

Protein B

Protein A



STABLE COMPLEXES

Proteasome

Ribosome (cytoplasmic)
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DIFFERENCE IN DISTANCE MEASURE BETWEEN
PROTEIN PROTEIN INTERACTION DETERMINED
BY STANDARD METHOD ASCOMPARED TO YEAST TWO
HYBRID METHOD
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SPLITTING THE YEAST TWO HYBRID
DATASET




DEPENDANCE ON THE NUMBER OF IST
AND THE QUALITY OF THE DATA ?




LARGE SCALE PURIFICATION AND MASS-SPEC ANALYSIS
OF YEAST PROTEIN COMPLEXES
TALE OF A GOOD - A BAD DATASET

Ho (MDS) 3869 Gausch (Cellzome) 3222

Fraction of 7.81 +3.7 89.5 +6.4

‘correct interaction’



Fraction of true positives in the different large scale screen

Experimental Number of EPR index
setup Interactions
observed
Genome-wide 6114 32.3% + 3.4%

yeast two hybrid

|to dataset 4366 19.5% + 3.6%
Uetz dataset 1406 48.7% + 6.9%
Mass spec 3595 7.8% + 3.7%

MDS
Mass spec 3222 89.5% + 6.6%

Cdlzome



PREDICTING
PROTEINS THAT
FUNCTION TOGETHER

Eisenberg et al. 2000
Nature



STANDARD HOMOLOGY BASED METHOD

SWISSPROT
PIR
GENPEP

—— PDB

- B

X issmilarto  [EEZN

|

X islikely to have asimilar function as Z




NON-HOMOLOGY BASED METHOD
(1) Rosetta Stone

X Database

Rosetta Stone in organism 1
Protein A in organism 2
Protein B in organism 2

Marcotte et al. Nature 1999
Enright et al. Nature 1999



EXAMPLE OF A ROSETTA STONE PROTEIN
worm NitFhit

Fhit: fragile Histidinetriad associated
with awide variety of cancer

No interacting partners known

Nit Fhit
Worm D
Human (I
Human _

Pace HC et al. Current. Biol. 2000



NON-HOMOLOGY BASED METHOD
(1) Phylogenetic profiles
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EXAMPLESOF PHYLOGENETIC PROFILES
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INTEGRATING FUNCTIONAL LINKAGESAND
EXPERIMENTAL PROTEIN INTERACTION DATA
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HOW GOOD ARE
THOSE METHODS
compared to
KNOWN
PROTEIN-PROTEIN
INTERACTIONS ?



COMPARING PROTEIN INTERACTIONS AND
FUNCTIONAL LINKAGES
OF THE YEAST PROTEOME




COMPARING PATH LENGTHS BETWEEN
TWO FUNCTIONALLY LINKED PROTEINS
USING THE EXPERIMENTAL INTERACTION NETWORK

1]/® rRs prediction

How many interaction steps
between
the blue and the green proteins



PATH LENGTH
FUNCTIONALLY LINKED PROTEINS vsRANDOM PAIRS

Randomly selected RS/PP/GN
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MAPK SIGNALING PATHWAYS:
FUNCTIONAL LINKAGE BETWEEN Fus3p-Hoglp
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OVER THE TIME THE NUMBERS OF
OVERLAPING INTERACTIONS FOUND
INCREASE

December 2000

December 2001 January 2002

Still the path distributions between predicted linkages
And randomly selected proteins shows a clear differences



Prediction methods and EPR index

Prediction method

Mar cotte 1999
Rosetta Stone (RS)
Phylogenetic profiles (PP)
RS+ PP
DelLis 2002
Fusion pairs De Lisi

Phylogenetic Profiles
Protein Pathways

(>0.5 pred accuracy)

Rosetta Stone, Phylogenetic
Profiles, Gene neighbors

Rosetta Stone
Phylogenetic profiles

Protein Pathways (PP,RSGN)
(0.2-0.2 prediction)

Number of functionally
linked proteins

1900
1963
680

11840
1306

63140

36883
17116

56443

EPR index

29.1% + 7.2%
0% + 5.9%
51.8% + 11.7%

31.0% + 3.1%
0% + 7.0%

29.0% + 1.8%

35.5% + 2.2%
16.8% + 2.2%

14.8% + 1.4%



PROTEIN-PROTEIN
INTERACTIONS
AND
GRAPH(S)



WHAT KIND OF PROPERTIES DOES THE
CONNECTED DIP NETWORK POSSESS?

N

Are some of these properties
guantifiable
and can they answer some
biologically relevant questions ?

Connectivity
Path length
Robustness
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HOW MANY INTERACTIONS PER
PROTEINS?

JSN1
SRP1
NUP116
ATP14

TF2BII
Vacuolar H+ ATPase
MEC3
. Rapl Interacting Factor 2
TEM1 GTPase

Number of interactions
per protein <k>



CLUSTERING COEFFICIENT (C,) SHOWS IF
A PROTEIN IS PART OF A COMPLEX

K = number of edges
K = Max number of possible edges
Koy = humber of edges in the 1st shell

k=3 k., =3(3-1)/2=3

kobs: 1=> Cv:kobs/ kmax:]'/ 3

kobs: 3=> Cv:kobs/ kmax:]'



DISTRIBUTION OF C, VALUES
IN DIP COMPARED TO A RANDOM NETWORK
WITH THE SAME NUMBER OF EDGES AND NODES

10 ;

B porP <C,>=0.10

random network <C > =0.0019

oo

Fraction of proteins
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PATH LENGTH
FUNCTIONALLY LINKED PROTEINS vsRANDOM PAIRS
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ARE CONNECTIVITY
AND FUNCTION RELATED ?

C,=0-0.1 C,=0.2-07 C,=0.81

SNP1 CAP ORC1 complex
Actin Steb ATP synthase
Karyopherin Kssl

MSL1 Fus3



