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 Exchange based on Metropolis  criterion

 Ideal sampling with 20~30% acceptance

 REX calculations using the Multiscale Modeling Tools in 
  Structural Biology (MMTSB) tool set (http://mmtsb.scripps.edu).

   Replica Exchange Simulations

room-temperature
ensemble
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   Replica Exchange Simulations

Is the simulation converged?
  - look at the energy profile at the lowest temperature
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   Replica Exchange Simulations

Is the REX-MD better than a single-temperature MD? 

280 K 380 K 490 K

REX-MD
Single-temperature MD
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   Replica Exchange Simulations
Why the temperature gaps increase?
  - look at the energy distribution
  - in MMTSB (rexserver.cond), 
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Clustering/Clustering/
Energy Energy 

MinimizationMinimization

Initial StructuresInitial Structures

Replica ExchangeReplica Exchange
MD Simulation in GBMD Simulation in GB

Implicit SolventImplicit Solvent

••  from experiment or predictionfrom experiment or prediction

•• in present of restraints, derived either  in present of restraints, derived either 
  from experiments or prediction  from experiments or prediction
•• weakly imposed for stability and flexibility weakly imposed for stability and flexibility

•• hierarchical clustering hierarchical clustering
•• rank by population of clusters rank by population of clusters

•• repeat for recursive restraint assignments repeat for recursive restraint assignments
  or for convergence   or for convergence 

   A Simple REX/GB Protocol

Chen, Im, and Brooks (2004) J. Am. Chem. Soc. 126:16038
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   Refinement of Maltose-Binding Protein

• 370 residues, 42 kDa
• 1943 NOE
• 45 hydrogen bonding
• 555 dihedral angle restraints.
• Average backbone RMSD to
  X-ray structure is 5.5 Å (a).
• Improved to 3.3 Å with
  940 additional dipolar coupling (b)

Mueller et al. (2000) J. Mol. Biol. 300:197
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a Backbone RMSD with respect to PDB:1dmb shown. 
  Global: residues 6-235 and 241-370; 
  N-domain: 6-109 and 264:309; 
  C-domain: 114-235, 241-258 and 316-370.

• All NOE and dihedral angle
restraints were used.

• 48 replicas were simulated at 300 to
800 K until converged.

• Total of 1.0 ns REX/GB simulation.

Initial Final
RMSD to X-ray (Å) a
    Global 4.3±4.1 2.3±2.6
    N-domain 2.5±2.1 2.2±1.4
    C-domain 3.0±3.2 2.0±1.9
φ/ψ space: residues (%)
     Most favored 72.2 84.3
     Additionally allowed 22.8 13.3
     Generously allowed 3.8 1.6
     Disallowed 1.2 0.8
Violation statistics
     RMSD of NOEs (Å) 0.0047 0.014
     NOE violations ( > 0.2Å) 2.85 4.42
     RMSD of angles (in degrees) 0.53 6.25

   REX/GB Refinement Results
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5.8 Å    2.9 Å

5.7 Å   3.5 Å

RMSD values: from X-ray (PDB:1dm);  backbone atoms of residues 6-235 and 241-370

(52%)

(28%)

   Representative Structures: MBP
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Cost: ~12h wall time using 16 Intel 2.4GHz CPUs

   REX/GB Refinement for Native-like
Models from Limited NMR Data
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Membrane Proteins
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• 5 monomer targets
– CA RMSD ~ 2-4 Å;  GDT_TS ~ 60-80

• Topological Restraints
– Long secondary structures:

helices and strands

– Tertiary fold: as defined by residue
contacts

DistanceDistance
 Matrix Matrix

PotentialPotential

   CASPR Refinement Experiment
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90.0    85.776.1GDT_TS
   1.57 (0.98)   1.88 (1.26)2.18 (2.04)RMSD (Å)

   A Positive Example: TMR04
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   Where It Fails: Long Loops
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Red: PDB:2H33Red: PDB:2H33              Blue: PROTINFO_TS2Blue: PROTINFO_TS2                  Green: Refined Model 1Green: Refined Model 1
  RMSD=2.53Å, GDT_TS=72.4RMSD=2.53Å, GDT_TS=72.4      RMSD=1.93Å, GDT_TS=81.1RMSD=1.93Å, GDT_TS=81.1

   A Blind Test: T0302


