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Structure to function relationship

Protein-ligand
< )Y interactions

&} adrenaline

&1, receptor adenylyl cyclase

Protein-protein
Interactions

cyclic AMP



Yeast two-hybrid system (Y2H)
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If two proteins (the “bait” and the “prey”) interact,
the DNA-binding domain and the activation domain
of atranscription factor are connected and the
transcription of a reporter gene occurs.



Co-immunoprecipitation (ColP)

Animal cell Protein A-agarose bead
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An antibody specific for the protein of interest is
Incubated with a cell extract and pelleted.:
associated proteins are analyzed.



Chromatin-immunoprecipitation (ChliP)

{row-Ink proten to A m Braak cpen cells s dhear DA by
Ieem, cells vach formaldely de Sonwation or Engymagic Shearmg

Transfor Df6 imito fresh ubes: Reverse proten,/ ik Caphure ant ibody-bound
[HHA, 1 ready lor arslyiis arowi-inks (el with protendTHA compleas and
Proteirena K wih wEing Magretic Beads

To identify which DNA sequences are bound
by the protein of interest

ChlIP-on-CHIP: applied on microarray
for genome-wide analyses



Structural Biology

* Cryo-EM

* NMR

e X-ray crystallography
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When a crystal is disordered, poor diffractio
results from destructive interference of pho

Interference is destructive because path lengths differ
by non-integral multiple of wavelength

crystal
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When a crystal Is ordered

Interference is constructive because path lengths differ

by integral multiple of wavelength
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Incident X-ray




X-ray data collection

Area Detectoris)

S0keV
Electrons

Focussing Mirrors
{or Monoc hromator)

Primary X-ray Beam

Rotating
Anode {Cu)

X-rays have the proper wavelength (1 A = 108 cm)
to be scattered by the electron cloud of the atoms

In the crystal



. Pretein crystal diffraction

DNA crystal diffraction



Fourier transform
p(xyz) = V1 ZXEZ|F, lexp[-2rn(hx+ky+lz-o, )]

o




Importance of resolution

2.8 A

1.7 A



The Protein Data Bank (PDB)
www.rcsb.org
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SPDB

PROTEIN DATA BANK

www.wwpdb.org
| | el !
“PDB BMRB . &F
PEOTEIN DATA BANK Mr_wmnk i III|I'I

Up to March 20009:

48516 X-ray
7762 NMR
230 cryo-EM



Yearly growth of deposited protein structures

Number
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In-house examples

1. Human Monoamine oxidase

2. Human Histone Demethylase



In-house story 1: Monoamine Oxidase

Motor Cortex

| /
Lk o <{Caudate Nucleus
Putamen

.

Substantia Nigra

Locus |

Substantia Nigra (detail) Ceruleus

Pars Reticulata

Raphe

Pars Compacta Nuclei ™

e
Brainstem




MAOQO:
a drug target in neurological disorders

Tyrosine

Sites of action

Tyrosine

of common
thera pl es for L-Dopa Increases L-Dopa levels
Parkinson’s '
. Dopamine
disease

Inhibits MAG-B

Release D
.-I.‘-'

Stimulates release of DA ————»  «% Reuptake
Inhibits reuptake .

Degradation
Binding _

Bind to DA receptors p \Va— V]

e L)
DA Receptors

Block degradation of
DA and L-Dopa
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MAQO substrates OH

Do AalS S Ry

Dopamine Norepinephrine
(noradrenaline)

NH,

“Ecstasy”
O

MPTP
Serotonin (heroin impurity)

NH



Human MAO A and MAO B

* Two isoforms with 71% sequence identity
 Partly overlapping substrate specificity

 Anchored to the outer mitochondrial membrane
through C-terminal extension

Integral membrane proteins
and phospholipid bilayer

~30% of all proteins are membrane-bound

RM MMH = r\ \M 1985: first structure of a membrane protein
UW WWU > xiecy | U WW < 150 unique known structures in the PDB

L mrimineres | (440 deposited out of the total 56508)

) Multiple
membrane-spanning \ mermbrang-spanning

¥



Crystallization of Human MAO B

Expressed in Pichia pastoris

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




Crystal Structure of Monoamine Oxidase B

FAD-binding
domain

domain Membrane anchor

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

nding domain

1.
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> Substrate

Entrance

Bilayer 2\

The active site Cavities



Inhibitor Binding to MAO B
A\
/ | 0
7N

indole-2,3-dione (isatin)
1,4-diphenylbutene

/NN A~

2-trans-phenylcyclopropylamine ¢
(tranylcypromine)

N-(2-aminoethyl)-p-chlorobenzamide



1,4-Diphenylbutene Complex

Entrance and Substrate
Cavities Merge into a
Single Cavity
Loop 99-112

Binda et al. (2003) PNAS 100, 9750



Induced Fit:
Phel03 and 1le199 move
away to allow inhibitor
binding




Exploring the Cavity with GRID

1316
_ A Probes:
s MUY R *sp2 carbon &

1199

Y60 ‘NHZ group -




Leul99

A model for substrate (benzylamine) binding

NH, TR 4
»> — + NH,"




~ entrance
- cavity

Loop 99-112

A passageway for the substrate
and a “druggable” cavity



Design of selective MAO B inhibitors:
RASAGILINE

.'II'I.I'FlHEIZ 1 mg

’ {' _ anti-Parkinson drug
.'E:.?_;E'

Q :" < J on the market since 2005

' (Teva Pharmaceuticals, Israel)
3 3

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

|




Structure-based optimization




MAO A vs MAO B: Active Site Mutations

ntrance
T3 O\

—

gl TY[326

Hubstrate

single caV|ty dipartite Cavity

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



In-house story 2: Histone Demethylase

Nuclear protein complex:
e chromatin remodelling
 regulation of neuronal genes

Disordered Region —.— Amine Oxidase Domain

1 210 300 886



roMmosome

y The Epigenetic Code

H2A C-term

LSD1 is a histone demethylase

| P @ &” histene-Told

domain

"
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The histone code

~ “meaning”
N cos—— | — gene silencing

H;;—t gene expression
H_ﬁ'—- m’”‘“‘“'@
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{ condonsation
H*;q geng



LSD1 removes an epigenetic mark
In areaction chemically similar
to that of MAO

Histone3-Lys¢|1 Histone3—LySL|1 Histone3-LyST
N—R > ‘N—R > N—R
| Reductive ||
CH; Half-reaction CH,

FAD FADH" H,0 HCHO

Oxidative
Half-reaction

H,O, < O,

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



LSD1 and CoREST

Yeast two-hybrid assay

LSDI1

HIS BGal CoREST
P ELM SANTI SANTII
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- | @ -

293 482

293




Structure of the human AT
LSD1-CoREST complex J‘,\‘ domain
‘\»_,.'

SWIRM
domain &

CoREST

amine oxidase
domain



Ternary complex with the
histone H3 N-terminal tail

-

Peptlde \ <

% @A _a CoRES
TSR
TS

V7%

b

AR
N
‘

>JU—|ZO—|>;UXU)—IG)OX>'U;UXO'_>—@

Forneris et al. (2007) J. Biol. Chem. 282, 20070



A network of inter- and intra-molecular interactions

Cavity
Entrance

Arg2
Pocket

Forneris et al. (2008) Trends Biochem. Sci. 33, 181
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Dipartimento di Genetica e Microbiologia
Laboratorio di Biocristallografia
http://www.unipv.it/biocry



