Determining Protein:Protein
Interactions in Biology.
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Biological systems are controlled by protein
complexes that associate into dynamic protein

|nteraction networks
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The protein-protein
interaction network of
yeast: a few proteins
interact with a large
number of other
proteins, while most
proteins have only
one or two links.

(from_H. Jeong et al
Nature 411, 41

(2001)).




Protein:Protan interactions

 to understand how proteins interact with
each other in adynamic cell system:

— Any modification can alter the ability of a
protein to interact with another

* Need to eliminate false positives

— atypical experiment showing protein:protein
Interactions must be confirmed by at least two
Independent means



Types of question

o \What proteins interact with my protein of
Interest?

— eg Platelet Integrin allbB3

 Can | develop auniversal protein interaction
discovery system?




Types of Answers

o Databases of protein:protein interactions
o http://www.himap.org/
o http://www.hprd.org/
 http://string.embl.de/
« Experimental evidence
— Affinity Chromatography
— Co-Immunoprecipitation
o Far-Western Blot
— Confoca microscopy with labelled antibodies

e FRET
« Many related imaging techniques
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http://string.embl .de/
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STRING - Search Tool for the Retrieval of Interacting Genes/Proteins

Enter your gene/protein of interest ...
identifier:
ITGAZD

you may also upload a list

alternatively, paste an aming-acid sequence:

e.q. 'trpB’, 'ANP1_YEAST', ...

interactors wanted:

GO ! Reset CoGs Proteins

References / Info ...

What it does ...

STRING is a database of known and predicted protein-
protein interactions.

The interactions include direct (physical) and indirect
(functional) associations; they are derived from four
SOUFCes:

High-
Genomic throughput (Conserved) Previous
Context Experiments Coexpression Knowledge

=s /27 B Qe

STRING guantitatively integrates interaction data from
these sources for a large number of organisms, and
transfers information between these organisms where
applicable. The database currently contains 736429
proteins in 179 species.

STRIMNG uses orthology information from the excellent COG database {(Ref).
Up-to-date genomes and proteins are maintained at SWISSPROT and ENSEMBL

STRING references: von Mering et.al. 2005 / wvon Mering et.al. 2003 / Snel et.al.

=EMBL

2000.

Miscellaneous: Access Statistics, Robot Access Guide, Medusa Network Viewer,
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Supported Browsers.
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Your Input:
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FGE Fipr TOB3: click to see sequence . poy o0 ne Fiprinopeptide B1 ¢491 aa) . o956
CIEL Calcium and integrin-binding protein 1 (Calmurin? (OMA-PKcs interactin [...] L] 0,935
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TLHL Talin 1 2541 aal . 0.565
ITGEL Integrin beta-1 precurzor (Fibronectin receptor beta subunit) (COZ9 an [...] L] 0,818
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CALRE Calreticulin precursor (CRP3S) (Calregulind C(HACERP) (ERpe0) (417 aan L] 0747
GREZ Grawth factor receptor-bound protein 2 (GREZ adapter protein) (SH2/5HS [...] L] 0,747
CO33 Myeloid cell surface antigen CO33 precursor (gpe?) (Siglec-3) (36d aal - 0,744
GYPA Glycophorin A precursor (PAS-2) (Sialoglycoprotein alphal (MN sialogly [...] L] .74z
HOXB& Homeohox protein Hox-BS (Hox-2B) (Hox-2.23 (HU-2) (224 aal L] 0.738
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Interaction Details

nteraction Detall

Gene 1 ITGAZE

Name Integrin, alpha 2b (platelet glycoproten ib
of iibfiia complex, antigen cd41b)
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Gene 2 CIB!
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Gene ID 10518
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Caution!

e Some predictions are incorrect

* Not all protein : protein interactions occur
In all tissues/ orgaisms

o Databases are still incomplete



Verifying protein:protein
Interactions in specific cells

— Affinity Chromatography
— Co-Immunoprecipitation
e Far-Western Blot

— Confoca microscopy with labelled antibodies
« FRET
* Many related imaging techniques



Affinity Chromatography
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FIG. 1. Protein affinity chromatography. Extract proteins are passed over a
column containing immaobilized protein. Proteins that do not bind flow throngh
the column, and ligand proteins that bind are retained. Strongly retained pro-
teins have more contacts with the immohilized protein than do those that are
weakly retained.



| mMmunoprecipitation

Add antibodies bound to insoluble
\ A\dd detergent to lyse cell membranes Beads which are specific for
cell proteins
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Co-Immunopreci pitation

e Differsfrom immuno-precipitation in that
the conditions of cell lysis and antibody
Interaction favour the co-association of
macromolecular complexes.

e Thus, aprotein Immunoprecipitated by its
specific antibody will co-precipitate its
functionally associated proteins



Co-Immunoprecipitation

— Immunoprecipitation
— Tagged protein pull-down
— Peptide pull-down

Matrix



Types of Answers

e 2Proteins, X and Y
— Co-Immunoprecipitation of 2 Y i
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Interaction of 2 known proteins
XandY

e Protein Overlay (Far Western Blot)

— Run cell lysate containing protein X on
SDS gdl;

— probe with tagged peptide/protein Y (or
protein Y followed by antibody detection)

 FRET- Fluorescent resonance energy
transfer

— Imaging technique to visualize protein
Interactions



What is FRET?

FRET is the non-radiative transfer of
photon energy from an excited fluorophore
(the donor) to another fluorophore (the
acceptor) when both are located within
close proximity (1-10 nm).

can resolve the relative proximity of
molecules beyond the optical limit of a
light microscope to reveal molecular
interactions between two protein partners,
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Excitation
458nm

FRET

Energy transfer

480-525nm

PFP \/\/\
Emission
525-575nm

Tremuth et al. Fluorescence Cell
Biology Approach to Map the
Second Integrin-binding Site of
Talin to a 130-Amino Acid
Sequence within the Rod Domain
J. Biol. Chem., Vol. 279,(21), 22258-
22266, May 21, 2004




Seven Images Required for FRET Data Process

Symbo Fluorophone Excitation Filter Emission Filter Meaning
| or Sample Excitation Emission
Wavelength Wavelength

a Donor Only Donor Donor Signal from a donor only
specimen using donor excitation
and donor emission filter set.

b Donor Only Donor Acceptor Signal from a donor only
specimen using donor excitation
and acceptor emission filter set.

C Acceptor Only Donor Acceptor Signal from an acceptor only
specimen using donor excitation
and acceptor emission filter set.

d Acceptor Only Acceptor Acceptor Signal from an acceptor only
specimen using acceptor
excitation and acceptor emission
filter set.

e Donor and Donor Donor Signal from donor-and-acceptor

Acceptor specimen using donor excitation
and donor emission filter set.

f Donor and Donor Acceptor Signal from donor-and-acceptor

Acceptor specimen using donor excitation
and acceptor emission filter set

g Donor and Acceptor Acceptor Signal from donor-and-acceptor

Acceptor specimen using acceptor

excitation and acceptor emission
filter set.




Caution!

« Many verification techniques need specific
antibodies for each interaction partner
— Not always available
» False positives and false negatives can
occur
— Need for good controls



Types of question

e \WWhat proteins interact with my protein of
Interest?
— eg Platelet Integrin ol 1bB3



Integrin cytoplasmic tails control activation state
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Conservation of KxGFFKR Motif in all
human alpha integrins (x=viALcwm)

|ITAL
|I1TA2
| ITA3 _
| I1TA4
| ITAS _
| ITAG6 _
| ITA7
| ITAS
| ITA9
| ITAB
| ITAD
| ITAE
| ITAG_
| ITAH
| ITAL
| ITAM
| ITAV
| ITAX

Consensus --KXGFFK R----=========- e .



Current hypothesis

 KVGFFKR sequence co-ordinates
signalling cascade that resultsin
cytoskeletal rearrangement

* Regulated by dynamic interactions with
cellular signalling proteins



Question: What is nature of the integrin
binding protein(s) in the platelet?
e Strategies.

— Literature review to identify potential integrin-associated proteins/
| nteractome web sites

— Immunoprecipitate platel et integrin and hope that co-associated proteins will
also precipitate. |dentify by Western Blot/ Mass-Spec

— Peptide-pull-down experiment with Biotin-KV GFFKR (+ control)
followed by Western Blot/ Mass-Spec identification soum

— Use FITC-tagged KVGFFKR peptide to identify platel et
Proteins

On western blot->

On protein array

MW PIt HEL CHRF




Which Detergent?

HO BT N C

s — . .S B = Brij-35

116 T =Tritonz 100
o =[BRS H = NP-40
¥ il ; _—— C=CHAPS
i .' —— O = Oty (lusoside
e WS - = control samples
in - - — e — L = Lyrsate +ve control
| H = Warkers

Platelets are lysed in Buffers containing 1% of the listed detergents.

Solubilized proteins are separated on SDS PAGE and coomassie
Stained.
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Stringent washing was necessary to remove non-specific binding.
Silver staining could still detect specifically-bound proteins.



u QuickTime™ and a
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r O e I n r r a y S are needed to see this picture.

RZPD Deutsches Ressourcenzentrum fur
Genomforschung GmbH

http://www.rzpd.de/products/protel narrays

RZPD -> world's largest collection of arrayed proteins. Each
Protein Array consists of up to 37,200 proteins, which are
printed in duplicate onto 22 cm x 22 cm PV DF membranes.

Individual expression verified cDNA clones are available for
In-depth follow-up experiments.
Similar available from Abnova

Prof Dolores Cahill, CHP RCSI/ Conway Inst UCD




Use Tagged KVGFFKR To ldentify Integrin

Binding Proteins From Protein Arrays

o Synthesized Biotin KVGFFKR and control
peptide Biotin KAAAAAR

e Optimized binding parameters on ‘known’
Integrin binding partners (peptide
concentration; time; blocking conditions,
temperature)

o Tested for biotin-peptide binding to Protein
arrays versus Biotin-control peptide.
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C No. Name No. Name
1. Developmentally regulated GTB-binding protein 1 11. Methyl-CpGhinding domain 3 (MBD3)

2. Chloride channel (CLNS1A), 14, 12. Myosin light chain 1 dow a (ML C1sa)
3. Ras-related GTP-binding protein 13. Myosin light chain 1 dow a (MLC1sa)
4. Ribosomal Protein S5 14. HMG domain protein HMGX1

5. Ferritin heavy polypeptide 1 15. Ribosomal protein L9

6. Hypothetical Protein MGC: 3402, HSPC238 16. Pyruvate carboxylase

7. Ferritin heavy polypeptide 1 17. Ribosomal Protein L9

8. Chloride channel (CLNS1A), I, 18. Ferritin heavy polypeptide 1

9. Mitochondrial Carrier Protein CGI-69 19. Ferritin heavy polypeptide 1

10. ADP-ribosylationfactor 1 (ARF-1)



|CIn Protein is present in platelets
but at low abundance

___ICIN

M PLTPLT CHOH,0

__ M) (F)




| CIn co-association with the platelet integrin is
confirmed by surface plasmon resonance and
peptide-pull-down assays

Figure 3

Larkin et a

ICnvs Ilblla

Time () ICIn Probe



Techniques to confirm novel
protein:protein interactions

« Surface Plasmon resonance
 |sothermal Calorimetry



Biacore
(Surface Plasmon Resonance)

e abiosensing technique in which receptor-ligand
Interactions are detected by first immobilizing one
biomolecule on one side of ametallic film.

e Therefractive index of light reflecting off this surfaceis
measured. When the immobilized biomolecules are bound
by their ligands, an alteration in surface plasmons on the
opposite side of the film is created that is directly
proportional to the change in bound, or absorbed, mass.
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Kinetic and steady-state equilibrium (inset) surface plasmon resonance (e.g. Biacore) experiment
of a peptide/MHC complex binding to a T cell receptor complex. In this experiment, the receptor is
immobilized on a sensor surface and the peptide/MHC is injected over it. As the peptide/MHC
binds, the accumulated mass on the sensor surface increases, resulting in a change in refractive
index detected by the instrument. (Biomedical biosciences University of Notre Dame)



| sothermal Calorimetrv

Yamniuk and Vogel
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Figure 2. Representative isothermal titration ealorimetry experiments for allb-L binding to Ca™*-CIB (4), Mg™*-CIB (B),
and apo-CIB () in 20 mM HEPES, 100 mM KCI (pH 7.3)at 37 C. The top panels display the baseline correcied calonmetric
titration data whik: the bottom panels display the derived binding isotherms for each experiment.



Caution!

* Need specialized equipment and trained
personel
o Often available in core facilities



Types of question

e Can| develop auniversal protein interaction
discovery system?



Existing strategies for exploring novel
protein: protein interactions on alarge
scale

Protein array
Y east two hybrid

Affinity chromatography (coupled to mass
spectrometry)

Tap-Tagging affinity methods (coupled to
Mass spectrometry)



Novel protein: protein interactions

Y east-2-hybrid

(http://www.bioteach.ubc.ca/MolecularBiology/AY eastTwoHybridAssay/)

A.

x
DMA-binding
domain

Binding sita Reparter gens
B Activation

Binding site Reporiar gene
C.

X
Binding sita Raporter gena

FIG. 6. The two-hybrid system. (A) The DNA-binding domain hybrid does
not activate transeription if protein X does not contain an activation domain. (B)
The activation domain hybrid does not activate transcription because it does not
localize to the DNA-binding site. (C) Interaction between X and Y brings the
activation domain into close proximity to the DNA-binding site and results in
Lranscriplion.



Two hybrids are better than one

(Fields and Song, 1989) The original two-hybrid underwent many technical modifications but
the original idea of reconstructing a functional factor (transcriptional, enzymatic, signal
transduction) from two pieces that come close together, being in "hybrids™ with proteins that
interact specifically, is always present (see figure below).

Transcription tactor

DNA binding Transcription activalion

Hybrid Il
Prey
If an interaction is established between the

two hybrid proteins the transcription of a

reporter gene is activated and one can select
Hybrid | Transeription the cells by testing the activity of the reporter
Bait

| protein

operator Reporter gene
DNA




| dentification of a Novel Calcium-binding Protein That
|nteracts with the Integrin 11b Cytoplasmic Domainuihasp.

Naik, UP, Patel M and PariseLV JBC Volume 272, Number 8, Issue of February 21, 1997 pp. 4651-4654

pGBTY

Lamin C

b
Ly
g
s
P4

3 : .
0 6 12

f-Galactosidase activity  [}-Galactosidase filter assay
(units)

Specificity of interaction of the clone 8 protein with theI1b cytoplasmic domain. Clone
8 plasmid DNA was co-transformed in yeast SFY 526 along with empty vector, plasmid
encoding the unrelated protein lamin C, or plasmids encoding various integrin cytoplasmic
domains as indicated, fused with the Gal4 DNA binding domain. The co-transformants were
assayed for -galactosidase activity in both filter and liquid assays.



Protein Array Technology

* Peptide screening can identify specific interactions
 Must berelatively high affinity to withstand assay process
e Morerobust than the yeast-2-hybrid assay
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Novel proten: protein interactions

TapTag

Knuesel et al. Identification of Novel Protein-Protein
Interactions Using A Versatile Mammalian Tandem Affinity
Purification Expression System. Molecular & Cellular
Proteomics 2:1225-1233, 2003.
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2. Purification

Tandem affinity purification (TAP)

TEV Protease
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Inity Chromatography
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FIG. 1. Protein affinity chromatography. Extract proteins are passed over a 29 » ——— g
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protein name Ensemble ID resting activated
lysate lysate

Bridging integrator-2 ENSP00000267012 X X
Calcium and integrin-binding protein 1 ENSP00000333873 X X
Integrin-linked protein kinase 1 ENSP00000299421 X X
Platelet glycoprotein Iba ENSP00000329380 X X
Platelet membrane glycoprotein llla ENSP00000262017 X X
Serine/Threonine protein phosphatase 1-y ENSP00000335084 X X
Talin-1 ENSP00000373366 X X
Gelsolin ENSP00000340888 X

Tripeptidyl-peptidase 1 ENSP00000299427 X

Ubiquitin carboxyl-terminal hydrolase 5 ENSP00000229268 X

Cell division control protein 42 homolog ENSP00000337669 X
Four and a half LIM domains protein 1 ENSP00000359724 X
Guanine nucleotide-binding protein ENSP00000367872 X
Platelet glycoprotein IX ENSP00000303942 X
RAS-related protein (Rab-27B) ENSP00000262094 X
Suppressor of T-cell receptor signaling 1 ENSP00000284273 X
Toll-interacting protein ENSP00000314733 X

Table 1. Summary of the most interesting proteins present in the peak
fractions of sonicated lysates of resting and/or activated platelets. Columns
three and four are ticked under the condition that the respective protein is
significantly enriched (enrichment ratio > 3.0) compared to whole lysate and
log(e) value for protein identification is < -3.5.



The protein-protein interaction network of‘yeast: a féw proteins interact with a

L |

large number of other proteins, while most proteins have only one or two

links.

(from_H. Jeong et al Nature 411, 41 (2001)).



Summary

Co-Immunoprecipitation
FRET
Surface Plasmon Resonance (Biacore)

Y east-2-hybrid

Protein arrays

TAP-tag co-precipitation
Affinity Chromatography

o Veify

e Discover



Hunting for function

Interesting gene

Position in protein
interaction maps

Functional analysis

Integration in functional
pathway
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