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e Scalable (a) CYANA. (b) Ramachandran plot. (c) Proposed method. (d) Ramachandran plot.
e Work with large data sets with inade- Figure 1: Comparison of structures determined by CYANA and our method (only one conformation shown).
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Valine e Aspartic acid e Phenylalanine

Figure: Small fragment of a protein structure.

@ NMR NOESY experiments: sparse set of bounds on inter-atomic
distances.

@ J coupling: bound on torsional angles.

@ Derive 3-D protein structure(s) respecting the constraints.
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Brief pipeline (NMR)

NMR NOESY experiment

J

Peak picking

l

Chemical shift assignment (spectral assignment)

I

NOE assignment (inter-atomic distance bounds)

Figure: Pipeline for obtaining protein conformation from NMR.
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Problem Definition

@ Protein sequence.

@ o ¢&: Equality bounds (covalently bonded atoms).
e U: NOESY and J coupling experimental data.
o L: NOESY, J coupling experimental data; van der Waals radii.

Problem
Find X = [x4, . .., xn] € R3*" such that:

Ixi — xll2 = dj  V(i,j) €€,
Ixi —xjll2 < dij  V(i,j) €U,
% —xill2 > dy, V(i Jj) € L.
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Contemporary approaches

o Distance geometry.
@ Molecular dynamics.

@ Energy minimization coupled with simulated annealing.

Challenges

@ Sparse distance constraints.

@ Objective function: Non convex.
© Conformations satisfying distance bounds are exponential.
@ Distance geometric approaches do not scale.

© Molecular conformation problem is NP-hard.

A\
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Stable and free regions

(a) PDB ID: 1A7M. (b) PDB ID: 2KUL. (c) PDB ID: 2YTO.

@ Protein molecules contain

o stable core regions (e.g. helices and (-sheets, buried regions).
e regions which are free to move (e.g. loops).

@ Formulate a divide and conquer approach.
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Our method

Get the input files
Model as graph

‘ Extract dense subgraphs ‘ Divide

Calculate Calculate
structure structure Conquer
for dense for dense q
subgraphs subgraphs

Globally register in one step Consolidate

J

Find additional constraints.
Do anchored localization.

Complete 3D structure

Derive ensemble of
protein conformations
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Graph: G(V, E) such that
@ V : the residues in the amino
acid sequence of the protein.
e E:(vi,v) if any
atom in residue v; shares an upper
or lower bound with residue v;.

Graph density 7
Let S C V.

_E)
15) = S8 = 1)
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Localization

m S
CEORO

(1) Residue graph. (2) Structures for subgraphs.
e Extract dense subgraph from the residue graph [2]

@ Solve structure for each of the subgraph
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Localization...

@ o Find X ={x1,...,x,} € R¥*": 3D satisfying
o dj; distance bounds between x; and x;.

@ Least square minimization of violations: Non-convex.

@ Graph embedding in d dimension: known NP complete problem.

Gram matrix
G=X"X
Rank(G) = Rank(x). G € S", it is of low rank (d < n).

Low rank approximation

Localization problem: low-rank G satisfying the distance constraints[3][4].
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Global registration

(2) Structures for subgraphs.  (5) Structure after global registration.

@ Associate rigid transformation with each structure.
@ Register the structures globally in a single step.
© Use semidefinite relaxation [5].
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(2)egistered structure. (5)Homology and loop modeling.

Fill “gaps”

Structures for “dense” regions already calculated (anchors).
Fill “gaps’ (homology and loop modeling).
Get additional distance bounds.

Used as initial point for optimization.
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Ensemble of conformations

(4) Initialization for next stage. (5) Ensemble of protein structures

@ Each structure is an initial point for optimization. J

@ Do anchored localization to derive ensemble of structure.
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Results |

Psi (Dogroes)

(b) Calculated structure (in e e
green) aligned with original
(a) CYANA. data (in cyan). (c) Ramachandran map.

Figure: Struture determined by CYANA (ver 2.1).
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Results ||

Psi (Degroes)

(b) Calculated structure (in s I )
magenta) aligned with
(a) CYANA. original data (in cyan). (c) Ramachandran map.

Figure: Structure determined by proposed method.
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Thank You
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