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IDP

• Intrinsically disordered proteins (IDPs)

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.

• High structural heterogeneity.
• High dynamics.
• Long Timescales of IDP conformational 

fluctuations.

Challenges in Experiments:

→  Unique opportunity for Molecular 
Dynamics (MD) simulations! 

Binding

v Atomistic MD

v Rational of REST

v Enhanced Sampling 
• Replica Exchange Method (REX)

• The transition probability:

𝑵𝒓𝒆𝒑 ∝ 𝑶(𝒇𝟏/𝟐)

𝑬𝟎(𝑿) =	𝑬𝒑(𝑿) + 𝑬𝒑𝒘(𝑿) + 𝑬𝒘𝒘(𝑿)

𝑬𝒎𝑹𝑬𝑺𝑻𝟏 𝑿 = 𝜷𝒎𝑬𝒑𝒑 +
(𝟏 + 𝜷𝒎)

𝟐
𝑬𝒑𝒘 + 𝑬𝒘𝒘(𝑿)

𝑬𝒎𝑹𝑬𝑺𝑻𝟐 𝑿 =𝜷𝒎𝑬𝒑𝒑 + 𝜷𝒎𝑬𝒑𝒘 + 𝑬𝒘𝒘(𝑿)

Target Temp:

REST1:

REST2:

• Only scale the selected “solute” portion of the original Hamiltonian.
• Requires much fewer numbers of replicas for covering the same 

temperature range compared to the traditional REX.

v Unfavorable Collapse of REST2 under High 
Temperature.

• To accelerate temperature diffusions 
between High T and Low T reps in 
REST1, p-w is manually scaled down. 
The unbalanced p-p/p-w interactions 
renders unexpected conformation 
distributions of IDPs.

• Unbalanced p-p/p-w interactions result 
unexpected collapse for IDP 
simulations under the high 
temperatures. (Even for different FFs).

• MD and Enhanced Sampling

v Physics-based, detailed, atomic-level characterizations on IDP 
conformational space.

• Time-consuming, are always confined to exploring the large, 
complex biosystems. 
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• Exchange a pair of replicas from m to n: 

• The acceptance rate (A):

A =	min	{1,	exp(	- ∆	)}

• Limitation:
Replicas needed with the degrees of 
freedom of the target system.

• Replica Exchange Solute Tempering and REST2

Extended Partially folded Folded

→ Efficiency:  
|𝜷𝒎𝑬𝒑𝒑 + 𝜷𝒎 Ep𝒘| < |𝜷𝒎𝑬𝒑𝒑 +

(𝟏/𝜷𝒎)
𝟐 𝑬𝒑𝒘| << |𝜷𝒎𝑬𝒑𝒑 + 𝜷𝒎Ep𝒘 + 𝜷𝒎𝑬𝒘𝒘| 

• Develop REST3 protocol for IDP samplings

v Rational of REST3
• 𝜷𝒎

𝒑𝒘 is independent from 𝜷𝒎
𝒑𝒑. 

• 𝜷𝒎
𝒑𝒘/𝜷𝒎

𝒑𝒘 is important for IDP samplings.

REST2 REST3

reps Temp (K) 𝜷𝒎
𝒑𝒑 REST2 𝜷𝒎

𝒑𝒘 REST2 𝜷𝒎
𝒑𝒘$ REST3 Scaling (𝝀)

0 298 1 1 1 -
1 308 0.966 0.983 0.983 -
2 319 0.933 0.966 0.966 -
3 330 0.902 0.950 0.950 -
4 342 0.871 0.933 0.938 1.005 x
5 354 0.841 0.917 0.926 1.010 x
6 366 0.813 0.902 0.915 1.015 x
7 379 0.785 0.886 0.904 1.020 x
8 392 0.759 0.871 0.823 1.025 x
9 406 0.733 0.856 0.882 1.030 x

10 420 0.708 0.841 0.871 1.035 x
11 435 0.684 0.827 0.860 1.040 x
12 450 0.661 0.813 0.850 1.045 x
13 466 0.639 0.799 0.839 1.050 x
14 483 0.617 0.785 0.829 1.055 x
15 500 0.596 0.772 0.818 1.060 x

• Adjusting 𝜷𝒎
𝒑𝒘

can help 
approximately 
sample IDP 
conformations 
in REST 
protocol, 
compared to 
samplings 
under  unscaled 
high 
temperatures. 

𝑬𝒎𝑹𝑬𝑺𝑻𝟑 𝑿 =𝜷𝒎𝑬𝒑𝒑 + 𝜷𝒎4 𝑬𝒑𝒘 + 𝑬𝒘𝒘(𝑿)

𝜷𝒎
𝒑𝒘4=	𝝀 𝜷𝒎

𝒑𝒘

• REST3 vs. REST2 (Preliminary Data) 

v Conformational propensity (Rg and secondary structure) distributions over all replicas.
Rg  under 298 K Rg vs. TimeRg vs. Temperature

a. REST2 simulate 
unexpected collapse 
conformations under 
high temperatures.

b. REST3 successfully 
samples more 
extended 
conformations,
avoiding the high 
temperature collapses.

c. REST3 shows better 
convergence than 
REST2. Both from 
self-convergence and 
fold/ctrl comparisons.

v Local structure analysis (Evolution of partial-helicity).

Helicity under 298 K 

a. REST3 has 
smaller 
differences 
between helicity 
profiles. 

b. REST3 folding 
simulation can 
sample 2nd
structures more 
efficiently.

c. REST3 shows 
better 
convergence than 
REST2. 

KID p53

v High T collapse hinders the efficiency.
a. The unexpected collapse is especially severe for larger systems, i.e., 

p53-NTAD, where the extended conformations are missing.
b. Replicas under high temperatures rarely exchanged back to low temp.

REST3

REST2 Temperature trapping

v Test case: KID, 300-400 K, REST2 with 8 replicas
Ø Overall performances over all replicas.

a. 8 reps cannot 
converge in 1000 ns 
even for KID.

b. High temperature 
conditions are very 
important for 
control simulations. 
REST protocol 
needs balanced high 
temperature 
conditions.

c. The 300-400 K, 8 
rep simulations have 
slower 
conformational 
diffusion rate.

Rg vs. TemperatureHelicity under 298 K Rg vs. Time
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