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How to study cellular functional modules
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The Nuclear Pore Complex (NPC)
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NPC pas NPC:
: ' -50 MDa

-480 proteins
of ~30 different types

Ribosome:
-2 MDa

-80 proteins

-3 RNAs

Kiseleva, Nat. Cell. Biol. 6, 497, 2004.




Working Out the

Structure of the
NPC - We Need:

What the Whole NPC Looks Like

An NPC Component List

Amount of Each Component in the NPC
Where the Components Go in the NPC
What Each Component Looks Like

How the Components Fit Together
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Yeast FG Nucleoporins (

Consensus sequence of FG repeat region of Nsp1p:

FG Repeat Nups in Yeast

. . . PSFSI'CAKSDENKAGATSK

PAFS CAKPEEKKDDNSSK
R ————— Nup159 PAFS CAKSNEDKQDGTAK

IO Nupa2 PAFS  CAKPAEKNNNETSK. ..

Pl Ha A .
=pRF4  @Hydrophilicity Plot -Kyte-Doolittle

FG NUP Characteristics:

=pisordered Filaments
=Found at NPC Filaments
=Karyopherin Docking Sites




Working Out the

Structure of the
NPC - We Need:

What the Whole NPC Looks Like

An NPC Component List

Amount of Each Component in the NPC
Where the Components Go in the NPC
What Each Component Looks Like

How the Components Fit Together
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Determining Shape of the Nups:
Sedimentation Analysis
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Quantitation of NUPs b O O O o L - DU s 2o o v S LA PP

Experimental Data - Spatial Restrains
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Structure Determination by Satisfaction of Spatial Restraints -
the NMR Concept

Our Method
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General Strategy of
Structure Determination

Structure

interpretation

ensemble precision,
accuracy

Data generation
collection of
experimental data

Experiment Computation

Data interpretation Modeling

translation into spatial by satisfaction of
restraints spatial restraints




Determining the 3D Structure of the

NPC using the MODELLER Program
(Frank Alber, Andrej Sali)

3% Represent proteins as spheres
= Radius of sphere correlates with
number of residues

# Define spatial restraints
= From NUP-NUP interaction
data (also from localizations,
copy numbers....)

3% Randomize protein positions
= Allow model to reform, fulfilling

all of the restraints, if possible
= Do this 1000s of times




Protein Localization Probability

Given volume is occupied by a given protein.
Calculated from the structural superposition of the ensemble of
models that satisfy all input restraints

’ 4"

Can See Position of Every NPC Protein



More Experimental Data
- Better Localization
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Score Distribution
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Molecular Architecture of the NPC -

Satial Confiuration of Nucleoorins

Dictyostelium NPC ~80A
Outer Ring

cytoplasmic side
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DENSITY PROJECTION DENSITY CONTOUR Dictyostelium NPC ~50A

Alber et al., Nature 2007




NPC Structure at the Molecular Level
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Working Out the

Structure of the
NPC - We Need:

An NPC Component List

Amount of Each Component in the NPC
Where the Components Go in the NPC
What the Whole NPC Looks Like

What Each Component Looks Like

How the Components Fit Together




Comparative Protein Structure Modeling
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Protease Accessibility Laddering (PAL)
& Fold Prediction

Proteolysis Washing SDS-PAGE & Analysis

Dokudovskaya et al, Structure 2006




Fold Types in the NPC

%ﬁ% « Alpha-Solenoid ~38%

@; - Beta-Propeller ~16%
5\5\5\ - FG Repeats ~29%
%  Coiled-Coil <5%

9 « Transmembrane <5%

 Cadherin-like <5%

“LEGO-like”:

Small number of repetitive motifs

Sl  Beta-Prism <5%
Ly « RRM-like <5%

Devos et al., PNAS 2006



Modular Duplication in the NPC
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Nup84 Complex: Structure & Origin

Clathrin coatg
Recycling endosome /
7 8 ,':

Early endosome

Clathrin / Adaptin
Homologs found in
Different
Coated Vesicles

Early Eukaryote? Modern Eukaryote

Coated
Cytoplasm Vesicle

Early Coating

Endomembrane

Chromatin

Plasma
Membrane

Protocoatomer
Hyp0theSiS Coated

Vesicle

Coated Vesicles and NPCs

Originated in a Common Precursor

Devos et al, PLoS 2004




The Core Scaffold as a
Membrane Coating Complex

B3- propeller o-solenoid

Core Scaffold




“Take Home™~ Messages

Molecular Architecture of the Nuclear Pore Complex is:

Simple
Modular

Contains coating complex

v

Formed by duplications and divergence
of simple ancestral module




Molecular Architecture of the NPC -
Welcome to the Legoland!

Nup133  seql3s Nups4
Nup145C 8




Integrative Approaches to Study Protein Complexes

 Tagged macromolecular
complexes

« Complexes preserved by
freezing & cryolysis

* Rapid isolation preserves
complexes

* Determine complex:
COMPOSITION
*STOICHIOMETRY
‘MODIFICATIONS
INTERACTIONS
‘MORPHOLOGY
‘DYNAMICS

* Integration of data in
spatial & temporal
models
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