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The The InteractomeInteractome networknetwork

“Life “Life isis a a relationshiprelationship amongamong moleculesmolecules,,
notnot aa propertyproperty ofof anyany oneone moleculemoleculenotnot a a propertyproperty ofof anyany oneone moleculemolecule..

So So isis thereforetherefore diseasedisease,,
whichwhich endangersendangers life”life”

(Linus (Linus PaulingPauling, 1962), 1962)



StructureStructure toto functionfunction relationshiprelationship

Protein-ligand 
i t tiinteractions

Protein-protein 
i t tiinteractions



YeastYeast twotwo--hybridhybrid system (Y2H)system (Y2H)yy y ( )y ( )

IfIf twotwo proteinsproteins (the “(the “baitbait” and the “” and the “preyprey”)”) interactinteract,,IfIf twotwo proteinsproteins (the (the baitbait  and the  and the preyprey ) ) interactinteract, , 
the the DNADNA--bindingbinding domain and the domain and the activationactivation domain domain 

ofof aa transcriptiontranscription factorfactor areare connectedconnected and theand theofof a a transcriptiontranscription factorfactor are are connectedconnected and the and the 
transcriptiontranscription ofof a reporter gene a reporter gene occursoccurs..



CoCo--immunoprecipitationimmunoprecipitation ((CoIPCoIP))p pp p (( ))

An antibodyAn antibody specificspecific forfor thethe proteinprotein ofof interestinterest isisAn antibody An antibody specificspecific forfor the the proteinprotein ofof interest interest isis
incubatedincubated withwith a a cellcell extractextract and and pelletedpelleted: : 

associatedassociated proteinsproteins areare analyzedanalyzed..associatedassociated proteinsproteins are are analyzedanalyzed..



ChromatinChromatin--immunoprecipitationimmunoprecipitation ((ChIPChIP))p pp p (( ))

To identify which DNA sequences are boundy q
by the protein of interest

ChIP on CHIP: applied on microarrayChIP-on-CHIP: applied on microarray
for genome-wide analyses



StructuralStructural BiologyBiologygygy

•• cryocryo--EMEMcryocryo EMEM

•• NMRNMR

•• XX--rayray crystallographycrystallographyyy y g p yy g p y



ProteinProtein crystalscrystalsyy

supersaturated
protein solution

One 
dimensional 
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DISORDERED ORDEREDDISORDERED ORDERED



When a crystal is disordered, poor diffraction 
results from destructive interference of photonsresults from destructive interference of photons.
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When a crystal is ordered, strong diffraction 
results from constructive interference of photonsresults from constructive interference of photons.

Interference is constructive because path lengths differ

detector

Interference is constructive because path lengths differ
by integral multiple of wavelength
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XX--rayray data data collectioncollectionyy

X h h l h (1 Å 10 8 )X-rays have the proper wavelength (1 Å = 10-8 cm)
to be scattered by the electron cloud of the atoms
i th t lin the crystal



ProteinProtein crystalcrystal diffractiondiffraction

DNA DNA crystalcrystal diffractiondiffraction



ProteinProtein structurestructure determinationdetermination
byby interpretationinterpretation ofof electron densityelectron density mapsmapsbyby interpretationinterpretation ofof electron density electron density mapsmaps

Fourier transform
ρ(xyz) = V-1 ΣΣΣ|Fhkl|exp[-2π(hx+ky+lz-αhkl)]



ImportanceImportance ofof resolutionresolutionImportanceImportance ofof resolutionresolution

1.7 Å 2.8 Å



The The ProteinProtein Data Data BankBank (PDB)(PDB)( )( )
www.rcsb.orgwww.rcsb.org

Up to March 2009:

48516 X-ray
7762 NMR7762 NMR
230 cryo-EM



YearlyYearly growthgrowth ofof depositeddeposited proteinprotein structuresstructures

totaltotal

per year



InIn--househouse examplesexamplesInIn househouse examplesexamples

1 Human Monoamine oxidase1. Human Monoamine oxidase

2. Human Histone Demethylase



InIn--househouse story 1: story 1: MonoamineMonoamine OxidaseOxidase



MAO:MAO:
dd t t it t i l i ll i l di ddi da a drugdrug target in target in neurologicalneurological disordersdisorders



TheThe reactionreaction catalyzedcatalyzed byby MAOMAOThe The reactionreaction catalyzedcatalyzed byby MAOMAO

NH2 NH2
+ O

+ 
NH4

+

SUBSTRATE IMINE ALDEHYDE
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HumanHuman MAO A and MAO BMAO A and MAO B

• Two isoforms with 71% sequence identity

• Partly overlapping substrate specificity

• Anchored to the outer mitochondrial membrane 
th h C t i l t ithrough C-terminal extension

∼30% of all proteins are membrane-bound

1985: first structure of a  membrane proteinp

< 150 unique known structures in the PDB
(445 deposited out of the total 56508)(445 deposited out of the total 56508)



C t lli tiC t lli ti ff HH MAO BMAO BCrystallizationCrystallization ofof HumanHuman MAO BMAO B

• Expressed in Pichia pastoris

• Two crystal forms using different detergents:
1) Lauryldimethylamine oxide, triclinic) y y ,
2) Zwittergent 3-12, orthorombic



Crystal Crystal StructureStructure ofof MonoMonoamine amine OxidaseOxidase BB

FAD-binding
N-ter

domain

Substrate-bindingg
domain Membrane anchor

C-ter
Binda et al. (2002) Nat. Struct. Biol. 9, 22



FAD bi diFAD-binding
domain

Substrate-
binding domainbinding domain

MembraneMembrane
anchor

Th MAO BTh MAO B didiThe MAO B The MAO B dimerdimer
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Substrate

Entrance

Bilayer

The The activeactive site site cavitiescavities



InhibitorInhibitor BindingBinding toto MAO BMAO B

O

InhibitorInhibitor BindingBinding toto MAO BMAO B
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1,41,4--Diphenylbutene Diphenylbutene ComplexComplex

Entrance and Substrate 
Cavities Merge into a 

Single Cavity
Loop 99-112p

Binda et al. (2003) PNAS 100, 9750



Induced Fit:
Phe103 and Ile199 move 

away to allow inhibitor 
bindingg



ExploringExploring the the CavityCavity withwith GRIDGRIDp gp g yy

Probes:

•sp2 carbon

•NH2 group



Tyr326

Tyr60

Leu199

Tyr60

FAD
Leu198

FAD

TyrTyr188
Tyr
435

Tyr
398

Tyr188

A model for substrate (benzylamine) binding
NH2 NH2

+ O
+ NH4

+

SUBSTRATE IMINE ALDEHYDE



entrance
it

Loop 99-112

cavity

p

Bilayer

A passageway for the substrateA passageway for the substrate
and a “druggable” cavity



Design Design ofof selectiveselective MAO B MAO B inhibitorsinhibitors: : 
RASAGILINERASAGILINERASAGILINERASAGILINE

anti-Parkinson drug
on the market since 2005
(Teva Pharmaceuticals, Israel)

Binda et al. (2004) J. Med. Chem. 47, 1760



StructureStructure--basedbased optimizationoptimization
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MAO A MAO A vsvs MAO BMAO B: : ActiveActive Site Site MutationsMutations

Entrance

Shaping
Ile335 Tyr326

Phe208
Ile199

loop

Substrate
Shaping
loop

Substrate

MAO A:                    MAO B:
single cavity dipartite cavitysingle cavity dipartite cavity

De Colibus et al. (2005) PNAS 102, 12684



InIn--househouse story 2: story 2: HistoneHistone DemethylaseDemethylase

Nuclear protein complex:Nuclear protein complex:
• chromatin remodelling
• regulation of neuronal genesHDAC

CoREST

KIAA0601
LSD1

regulation of neuronal genes
RESTHDAC

1
Amine Oxidase DomainDisordered Region

210 300 886
SWIRM

20% sequence identity to MAO 



LSD1 LSD1 isis a a histonehistone demethylasedemethylase

The histone code



LSD1 removes an epigenetic markLSD1 removes an epigenetic mark
in a reaction chemically similar

to that of MAOto that of MAO

Histone3-Lys4

N R

Histone3-Lys4

N R
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R d ti
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Reductive
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O2H2O2

Oxidative
Half-reaction

Shi et al. (2004) Cell 119, 941
Forneris et al. (2005) FEBS Lett. 579, 2203



CoREST
LSD1 LSD1 and LSD1 and CoRESTCoREST

RESTHDAC
CoREST

Yeast two hybrid assayYeast two-hybrid assay



StructureStructure ofof the the humanhuman
LSD1LSD1 C RESTC REST ll

SANT2
LSD1LSD1--CoREST CoREST complexcomplex domain
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domain



H3 TernaryTernary complexcomplex withwith thethe
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A network A network ofof interinter-- and and intraintra--molecularmolecular interactionsinteractions

Forneris et al. (2008) Trends Biochem. Sci. 33, 181



DipartimentoDipartimento didi GeneticaGenetica e e MicrobiologiaMicrobiologiapp gg
LaboratorioLaboratorio didi BiocristallografiaBiocristallografia

http://www.unipv.it/biocryhttp://www.unipv.it/biocry


