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IDPs in Disease
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Protein Dynamics

Protein Structures Sample a 
Conformational Landscape
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IDPs are an Essential Component of the 
Structure -> Function Paradigm

Keith Dunker, Indiana University



Multi-Pronged and Multi-Targeted 
Interactions are Key for Efficient Inhibition 

of IDP aS Aggregation
Jean Baum – Rutgers University

• The IDP b-synuclein interacts with the IDP a-synuclein at 
multiple points along its disease associated aggregation 
pathway.

• Simultaneous interactions of multiple b-synuclein domains with a-
synuclein are beneficial to slow down aggregation.

• b-synuclein interferes with the seeding ability of a-synuclein fibrils to 
template the aggregation of endogenous a-synuclein monomers.

• The multi-pronged and multi-targeting ability of an IDP to 
delay/inhibit amyloid formation at the earliest and latest stages 
of aggregation represent a powerful platform for future 
therapeutic design.



Characterizing IDPs

How do you know your protein is an 
IDP or has IDRs?



X-ray Crystallography



X-ray Crystallography



Crystallography Provides Extensive 
Information about IDRs
Stephen Burley - Rutgers University



Single Particle Image Reconstruction 
from cryoEM Data
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NMR is Particularly Powerful for 
Studying Protein Dynamics



www.omicsgroup.org

NMR Dynamic Time Scales



IDP’s: The BMRB Perspective
Pedro Romero – Univ of Wisconsin

• BMRB is the primary database for experimental NMR data. 

• BMRB carries most kinds of NMR data, and supports many NMR 
experiments.

• NMR is an important experimental technique for the study of the 
many aspects of IDPs.

• Most IDP NMR experiments are not deposited to BMRB.

• BMRB works with IDP researchers to ensure IDP NMR studies are 
archived, and asks for researchers’ collaboration.
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Ordered:  Those parts of the biomolecular structure which, in 
nature  are sampling a narrow distribution of conformations

Disordered: Those parts of the biomolecular structure which, 
in nature, are sampling a wide distribution of conformations

Well-defined: Those parts of the biomolecular structure for 
which the ensemble of coordinates represent a well-
converged structure.  High precision.

Not-well-defined: Those parts of the biomolecular structure 
for which the ensemble of coordinates do not represent a 
well-converged structure.  Low precision.

Ordered / Disordered vs.
Well-Defined / Not-Well-Defined



Ordered / Disordered
- nuclear relaxation measurements
- RDC measurements
- chemical shift data

Well-Defined / Not-Well-Defined
- rmsd (local vs global)
- Dihedral Circular Variance 

(Dihedral Angle Order Parameters)
- Distance Variance Matrix

Ordered / Disordered vs.
Well-Defined / Not-Well-Defined

Non-structural Data

Based on Atomic Coordinates



wwPDB NMR Structure Validation Report

Blue – Not well defined



Amide Proton Exchange
NH + H* -> NH* + H

Hydrogen Bonds
Ligand-binding Sites
Ligand-induced Conformational Changes

- Allosteric Changes

Conformational Breathing
Energy Landscape
Identify Flexible Regions of Proteins
Protein Folding Mechanisms / Intermediates
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Deuterated

Peptide Mass shift based on D2O exposure duration

Amide H/D Exchange MS (HDX-MS) 

Quench
(pH ~2.5, -80�C)

(on ice)
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www-nmr.cabm.rutgers.edu/bioinformatics/disorder

Disorder Prediction
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Removal of N-terminal IDR does not affect the 
structure of the rest of the protein

SyR11



DisMeta Disorder Prediction Server
For Domain “Parsing”

Yuanpeng Huang



Jean Baum
Stephen Burley





Biomolecular Structure 
Visualization Methods

Source: www.thefullwiki.org


