Structure determination
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The importance of the 3D structure

The biochemical function of a molecule is defined by its DL »
interactions (15643 ML:'.'.'r--a.m OLGFLE GOIMEVTRIA .:-;-.-

The biological function is in large part a consequence of
these interactions
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The 3D structure is more informative than sequence alone

Evolution tends to conserve function and function depends
more directly on structure than on sequence
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Laws of physics
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Structure prediction vs determination
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Data integration







Advantages of integrative modeling

o It facilitates the use of new information

e [t maximizes accuracy, precision and completeness of the models

e |t facilitates assessing the input information and output models

* It helps in understanding and assessing experimental accuracy

Russel, D., Lasker, K., Webb, B., Velazquez-Muriel, J., Tjioe, E., Schneidman-Duhovny, D., Peterson, B., et al. (2012). PLoS Biology, 10(1), e1001244



The tour stages of integrative modeling

Data collection

Representation Analysis of the results
and scoring
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Optimization




Infegrative Modeling Plattorm

http://www.integrativemodeling.org

Experiments Computations Physics Evolution
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From: Russel, D. et al. PLOS Biology 10, 1001244 (2012).


http://www.integrativemodeling.org
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Toy" example...
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Rpbi10 Rpb11 and Rbpi2
comparative models EM density map

(from ModBase) (from EMDB) proteomics data

(from BioGRID)

Collection of experimental and

pairwise subcomplex
connectivity connectivity

geometric EM quality of fit
complementarity

Translation of data into
representation and scoring

Sampling of good scoring
configurations

density map fits partial configurations density map fits partial configurations

Analyze space of found
configurations

ensemble of configurations single configuration

Russel, D., Lasker, K., Webb, B., Velazquez-Muriel, J., Tjioe, E., Schneidman-Duhovny, D., Peterson, B., et al. (2012). PLoS Biology, 10(1), e1001244
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Real” examples

PROTEINS

COMPLEXES

GENOMES




Proteins

X-Ray;
NMR;
Modeling
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Complexes
Multiple data types




S. cerevisiae ribosome

Fitting of comparative models
iInto 15A cryo-electron
density map.

43 proteins could be modeled
on 20-56% seq.id. to a known
structure.

The modeled fraction of the
proteins ranges from
34-99%.

C. Spahn, R. Beckmann, N. Eswar, P. Penczek, A. Sali, G. Blobel, J. Frank. Cell 107, 361-372, 2001.



The nuclear pore complex

FG Nup Filaments

Cytoplasmic
Ring

Inner Spoke Outer (Lumenal)

Ring Ring
Nuclear Nuclear
Ring Envelope

Spoke

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



Data
generation

Data
translation
into spatial

restraints

Optimization

Ensemble
analysis

Integrative Modeling of the NPC

Ultracentrifugation
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Produce an ‘ensemble’ of solutions that
satisfy the input restraints, starting from
many different random configurations

Protein configuration
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Derive the structure from the ensemble

Assess the structure

F. Alber et al. Natute (2007) Vol 450



Representation
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F. Alber et al. Natute (2007) Vol 450



SCOring

Data generation

Data interpretation

Method Experiments Restraint Rc Ro Ra Functional form of activated feature restraint
g @ Protein-protein:
= g. Q Protein excluded volume Violated for f < f,. fis the distance between two beads, f, is the sum of the bead radii,
& co restraint . . 1,864 and o is 0.01 nm.
o) 8 g. " 1,863/2 Applied to all pairs of particles in representation x=1:
B o B" = {B" (0.5,7.1)}
©
S
o
(V]
S n
o o @ Membrane-surface location:
'g = 2 Violated if f = f,. fis the distance between a protein particle and the closest point on the
o g g - - 48 NE surface (half-torus), f, = 0 nm, and o is 0.2 nm. Applied to particles:
= @ g B™ = {B;’:6 (0,5, r,i)| T e(Ndcl,PomlSZ,Pom34)}
- "
c
(1]
) Pore-side volume location:
0o 2 - Violated if < f,. fis the distance between a protein particle and the closest point on the
© a © E S - - 64 NE surface (half-torus), f, = 0 nm, and o is 0.2 nm. Applied to particles:
£ 3 g é 2 B™ = {B"*(6.5,7.i)| 7 €(Ndc] Pom152,Pom34) }
Re) o 5 3 g Perinuclear volume location:
£ ™ 3 E 3 Violated if > f,,, fis the distance between a protein particle and the closest point on
o g = - - - 80 the NE surface (half-torus), f, = 0 nm, and o is 0.2 nm. Applied to particles:
o » B™ = {8;17 @.s,7.i)T € (P0m152)}
C . Complex diameter
g omplex shape restraint 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
8 3 1 164 1 R is the sum of both particle radii, and  is 0.01 nm. Applied to particles of proteins in
E i) (72] composite Cys:
< ‘q:, h B™ = {Bf:' 0,s,7,0)| 7 €C;,
S E
> =
2g " .
o X g Protein chain restraint Protein chain
:|>:* o © Violated if f= f,. fis the distance between two consecutive particles in a protein, f, is
2 - - 1,680 the sum of the particle radii, and o is 0.01 nm. Applied to particles:
U) K .
S ——-1 B:{B/. ((9,5,‘[,l)|l<‘=1}
Z-axial position
> Violated for f < f,. fis the absolute Cartesian Z-coordinate of a protein particle, f, is the
g— 456 lower bound defined for protein type 7, and o is 0.1 nm. Applied to particles:
S i i B:{B;(as,r,i)p«:l,j:l}
2 § Protein | lizati traint Violated for f > f,. fis the absolute Cartesian Z-coordinate of a protein particle, f, is the
02 L2 rotein localization restrain 456 upper bound defined for protein type 7, and o is 0.1 nm. Applied to particles:
€ E B={B (0.s.7.i)|x =1j=1}
S o 4 Radial position
s ©° i Violated for f < f,. fis the radial distance between a protein particle and the Z-axis in a
° o p plane parallel to the X and Y axes, f, is its lower bound defined for protein type z, and
(1] o r 456
w < i ois 0.1 nm. Applied to particles:
i 3 {
o pe ) . B={B (0.s.z.i)|x =1j=1}
c
= s 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 7, and
g 456 o is 0.1 nm. Applied to particles:
B={B (0.s.0.i)|x=1,j=1}
Protein interaction restraint
> 1] z Protein contact
© g 8 — Violated for f > f,. fis the distance between two protein particles, f, is the sum of the
= @® c i ' 20 112 20 particle radii multiplied by a tolerance factor of 1.3, and ¢ is 0.01 nm. Applied to
TR ° e
S 8 o | 4 particle:
o © ¢ R B={B! (6,5,7.i)| ¥ € (2,4,9),0 € (1,2,3)}
"'{ F .
w Competitive binding restraint Protein contact
§<J Violated for f > f,. fis the distance between two protein particles, f, is the sum of the
c K ¥ particle radii multiplied by a tolerance factor of 1.3, and o is 0.01 nm. Applied to :
o g— i 1 132 4
"S' 8 ‘{ 4 B= {Bf (H,S, r,i)| 0e(1,2,3),x €(2,4,6),7= (Nup82,Nic96,Nup49,Nup57)}
= <
= | A
g-
0
> )
x é Protein proximity
é - Violated for f > f,. fis the distance between two protein particles, f, is the maximal
< £ 692 25,348 692 diameter of a composite complex, and  is 0.01 nm. Applied to particles:
8 b B={B (0:5,7.i)|0 € (12,3).x € (2,4.9)}
< [
© ¢ A

F. Alber et al. Natute (2007) Vol 450
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The structure of the nuclear pore complex

FG nucleoporins
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Main approaches

Light microscopy (FISH)
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Cell/molecular biology (3C-based methods)
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Take home message

Data collection

Data interpretation
Representation
Scoring

Modeling
Sampling

Model analysis




