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🔖 Intrinsically disordered proteins (IDPs)

🖥 HyRes II: accurate description of IDP dynamics  

🖥 HyRes Simulations on IDPs: semi-quantitative 2nd and qualitative geo descriptions 

• Optimizations on HyRes CG model

vLack a fixed or ordered three-dimensional structures.
vRange from totally unstructured to partially structured.
vRich in polar and charged residues.
vLarge and functionally important class of proteins.

• IDP high structural heterogeneity.
• IDP high dynamics.
• Timescales of IDP conformational 

fluctuations.

Challenges for EXP:

→  Unique opportunity for MD! 

🔖Multiscale MD simulations

v SASA implementation

Parametrization
Results

Cooperative binding

• Conformational space exploration & structural ensembles 

• Dynamic interactions: long-range and transient

v Atomistic MD

v Coarse-grained MD

• Physics-based.
• Detailed, atomic-level characterizations on 

IDP conformational space.
• Time-consuming, are always confined to 

exploring the large, complex biosystems. 

• Knowledge-based, physics-
based or topology-based.

• Pseudo-beads replace some 
atoms.

• Selectively omit some 
degrees of  freedom to speed 
up the simulations.
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v HyRes coarse-grained model
(LYS, ARG)(HIS, PHE, TYR)

(TRP)

v Mapping CypD/p53-NTAD to HyRes

CG

(Example: 1-40 residues
on CypD)

v p53-TAD & CypD
• P53-NTAD: N-terminal domain of  tumor-suppressor protein p53, 

70 residues, IDP.
• CypD: Cyclophilin D, is critical in regulating the mitochondrial 

permeability transition pore.
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Final (equilibrated) state

p53-NTAD 2nd structures

Ø In bound state, p53-NTAD is more structured.
Ø P53-NTAD will find and bind to CypD ‘potential 

binding surface’ quickly and precisely. 

Hot-spot binding sites on CypD 

Time required for p53-NTAD bind to CypD

Conclusions:
ü The CG simulation results 

are reliable and highly 
consistent with EXPM.

ü The interactions are 
electrostatic driven. 

• Acknowledgments

v Problem to address:
The over-compaction in HyRes model.

v Approaches:
Ø Down-scale the sidechain vdW interactions.
Ø Introduce SASA implicit solvent model to make 

up the lack of solvent screening effect.
Ø Re-adjust the H-Bond strength to accurately 

describe the 2nd structure of IDPs. 

v Final Goal:
ü Develop a CG model for IDPs especially.
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p53-NTAD
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v Re-scale sidechain vdW v Refine hydrogen bond.
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v p53 TAD dynamics v p53 TAD/DBD dynamics
Conclusions:
a. HyRes II can sample more conformational space, 

no longer collapse IDP in compact conformations.

b. HyRes II can still re-capitulate the 2nd structure 
profiles of IDPs.

c. HyRes II can quantitively capture IDP inter/intra-
chain dynamics.  

d. HyRes II re-represents short/long range dynamics 
in a balance way. 


