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"5 The Integrative Modeling Platform (IMP)

http://www.integrativemodeling.org
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Russel et al, PLoS Biology, 2012



= The Integrative Modeling Platform (IMP)

http://www.integrativemodeling.org

Stage 1: Gathering information.
Stage 2: Choosing how to represent and evaluate models.
Stage 3: Finding models that score well.

Stage 4: Analyzing resulting models and information.
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== Scoring

« Proteomics
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» Density maps

- EM images
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» Chemical cross linking

» Homology-derived restraints

. SAXS

- Native mass spec

- Statistical potentials

» Molecular mechanics forcefields

» Bayesian scoring functions

+ Library of functional forms {ambiguity, .. ]
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Sampling

» Monte-Carlo

» Conjugate Gradients
» Quasi-Newton

+ Simplex

+ Divide and conqguer sampler




e Analysis
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e The NPC

Alber, F., Dokudovskaya, S., Veenhoff, L. M., Zhang, W., Kipper, J., Devos, D., Suprapto, A., et al. (2007). Nature, 450(7170), 695-701
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Representation
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Scoring

Data generation

Data interpretation

Method

Experiments

Restraint

Rc

Ro

Ra

Functional form of activated feature restraint

Bioinformatics and Membrane fractionation

30 nup
sequences

Protein excluded volume
restraint

1,864
1,863/2

Protein-protein:
Violated for f < f,. fis the distance between two beads, f, is the sum of the bead radii,
and ¢ is 0.01 nm.
Applied to all pairs of particles in representation x=1:

B = {37" (H,S,T,i)}

30 nup
sequences

30 Nup

sequences and
immuno-EM
(see below)

Surface localization restraint

48

Membrane-surface location:
Violated if f = f,. fis the distance between a protein particle and the closest point on the
NE surface (half-torus), f, = 0 nm, and o is 0.2 nm. Applied to particles:
B"™ = {B;”“ 0.s,7.0)| e(Ndcl,PomlSZ,PomM)}

64

Pore-side volume location:
Violated if f < f,. fis the distance between a protein particle and the closest point on the
NE surface (half-torus), f, = 0 nm, and o is 0.2 nm. Applied to particles:
B = {B;™* (6,5,7.1)| 7 <(Nde],Pom152,Pom34) }

80

Perinuclear volume location:
Violated if f> f,,, fis the distance between a protein particle and the closest point on
the NE surface (half-torus), f, = 0 nm, and o is 0.2 nm. Applied to particles:
B™ = {Bf’7 @.s.7.0)7 € (P0m152)}

Hydrodynamics
experiments

1 S-value

Complex shape restraint

164

Complex diameter
Violated if f < f,. fis the distance between two protein particles representing the largest
diameter of the largest complex, f, is the complex maximal diameter D=19.2-R, where
R is the sum of both particle radii, and c is 0.01 nm. Applied to particles of proteins in
composite Cys:
B" = {B/*:' @.s.7.i)| 7 eCﬂ}

30 S-values

Protein chain restraint

1,680

Protein chain
Violated if f = f,. fis the distance between two consecutive particles in a protein, f, is
the sum of the particle radii, and o is 0.01 nm. Applied to particles:

B={B (0,s.0.i)x=1}

Immuno-Electron microscopy

10,940 gold particles

Protein localization restraint

456

Z-axial position
Violated for f < f,. fis the absolute Cartesian Z-coordinate of a protein particle, f, is the
lower bound defined for protein type 7, and c is 0.1 nm. Applied to particles:

B={B;(0.s,7.i)|x=1,j=1}

456

Violated for f > f,. fis the absolute Cartesian Z-coordinate of a protein particle, f, is the
upper bound defined for protein type 7, and o is 0.1 nm. Applied to particles:

B={B(Os.2.0) k=1)=1}

456

Radial position
Violated for f < f,. fis the radial distance between a protein particle and the Z-axis in a
plane parallel to the X and Y axes, f, is its lower bound defined for protein type 7, and
cis 0.1 nm. Applied to particles:

B={B/(0s.m.i)[x=1j=1}

456

Violated for f> f,. fis the radial distance between a protein particle and the Z-axis in a
plane parallel to the X and Y axes, f, is its upper bound defined for protein type z, and
cis 0.1 nm. Applied to particles:

B={B(s.2.0)x=1)=1}

Overlay
assays

13 contacts

Protein interaction restraint
Z A

¢ T ¢

20

112

20

Protein contact
Violated for f > f,. fis the distance between two protein particles, f, is the sum of the
particle radii multiplied by a tolerance factor of 1.3, and o is 0.01 nm. Applied to
particle:

B={B} (0,5,7,i)| x € (2,4,9),0 € (1,2,3)}

Affinity purification

4 complexes

Competitive binding restraint
g

132

Protein contact
Violated for f > f,. fis the distance between two protein particles, f, is the sum of the
particle radii multiplied by a tolerance factor of 1.3, and o is 0.01 nm. Applied to :

B= {B;’ (0,5,7,i)| 0 €(1,2,3),x €(2,4,6), 7 = (Nup82, Nic96, Nup49, Nup57)}

64 complexes

692

25,348

692

Protein proximity
Violated for f > f,. fis the distance between two protein particles, f, is the maximal
diameter of a composite complex, and c is 0.01 nm. Applied to particles:
B={B; (05,7,)|0 € (1,2,3),x € (2,4,9)}
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Nuclear envelope
pore volume

Integrating data
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Immuno-EM Ultracentrifugation Overlay assays
Nucleoporin stoichiometry Affinity purifications
NPC symmetry



o The STRUCTURE of NP(
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IMP-based eff

Ribosomes,

HspQ0 landscape TRIC/CCC

RyR channel
Sali, Frank; Sali, Akey Sali, Agard Sali, Frydman, Chiu

Sali, Serysheva, Chiu

Nuclear Pore Complex, Nup84 complex, Nuclear Pore Complex transport,
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Spindle Pole Body
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Chromatin globin domain
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Who Is developing with IMP?




From proteins to genomes

Whale sperm myoglobin structure (1960) alpha-globin genomic domain structure (2011)
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Resolution Gap

Marti-Renom, M. A. & Mirny, L. A. PLoS Comput Biol 7 1002125 (2011)
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“Bridging” the Resolution Gap

Compartments

A compartments
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Hybrid Method

Bau, D. & Marti-Renom, M. A. Methods 58, 300-306 (2012).

Experiments
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7/ Hi-C technology

UMASS.
http://3dg.umassmed.edu
Crosslink DNA Cut with Fill ends Ligate Purify and shear DNA;  Sequence using
restriction and mark pull down biotin paired-ends
Hindlll enzyme with biotin
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http://my5c.umassmed.edu

Biomolecular structure determination

2D-NOESY data

Chromosome structure determination

3C-based data
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chrX , 99 Mb

102 Mb: 101 Mb. 100 Mb:

103 Mb.

3(like data

Nora, E. P, et al. (2012). Spatial partitioning of the regulatory landscape of the X-inactivation centre. Nature

, 100 Mb

101 Mb

102 Mb

,103 Mb TADs

%

1 Mb

Median count in 30-kb window

2

98% of max
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http://www.3Dgenomes.org
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On TADs and hormones
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Progesterone-requlated transcription in breast cancer

hormone

: PI3K/Akt pathway™ Cytoplasm

° \ JAK!S?&T hway ™

; > 2,000 genes Up-regulated
@

@D oo s > 2,000 genes Down-regulated
> through PR/ER complex.
l Cdk2 Pathway* NRic ot . .
- ' Regulation in 3D?
PR activated
mplex

Activated Erk A complex of p-PR, p-Erk and p-MSk

‘“ Hsps phospharylates PR. is formed.

Vicent et al 2011, Wright et al 2012, Ballare et al 2012
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Experimental design
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Are there TADs? how robust?
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Are TADs homogeneous?
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Do TADs respond differently to Pg treatment?
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Fold change per TAD (Logz)

Do TADs respond differently to Pg treatment?
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Modeling 3D TAD:s
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How TADs respond structurally to Pg?
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Model for TAD requlation
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STRUCTURE - FUNCTION
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