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Rigorous Monte Carlo Must 
Preserve Detailed Balance

Analogous to to the 
Law of Mass Action:
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Metropolis 
Criterion

Mover Proposal 
Density
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Problem: Solution #1:

Solution #2:
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Movers Using Solution #1
• BackrubMover

• Problem: Branching atoms 
sampled nonuniformly

• Solution: 
Turn off branching atom sampling

• SmallMover and ShearMover

• Problem: Phi/Psi angles 
biased by Ramachandran plot

• Solution: 
Turn off Ramachandran biasing
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Rotamer Packing vs. SidechainMover
Rotamer Packing SidechainMover

high probability 
rotamer wells 

sampled uniformly

all rotamer wells 
sampled with 

PDB probability

discrete chi angles 
sampled within 
rotamer wells

chi angles sampled 
continuously from a 
Gaussian distribution

always selects 
a random rotamer 

configuration

can also sample within 
current rotamer well or 
all chi angles uniformly

you have to worry 
about library resolution 

(-ex1, -ex2, etc.)

all possible chi angle 
combinations 
are sampled



Valine chi 1 Sampling (phi=−80, psi=−30)
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Rotamer Packing
Discrete States Sampled (-ex1)

Biased by Rotamer Library (90%)

SidechainMover

Uniform Sampling (10%)
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Testing Detailed Balance

• Strategy: Run simulations and make sure 
movers generate expected populations.

• Easiest population to predict: Empty scoring 
function: 

• Use simplified systems for nightly testing:

• SidechainMover: Single residue poses

• Other movers: 8 residue polyalanine
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SidechainMover Example: 
Arginine Angle Histograms
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SmallMover Example:
Polyalanine Residue 4
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BackrubMover Example: 
Polyalanine Residue 4
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Backbone Biased Gaussian Mover

Monte Carlo Update for Chain Molecules: Biased Gaussian Steps in Torsional Space
G. Favrin, A. Irbäck and F. Sjunnesson, J.Chem. Phys. 114, 8154 (2001)
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Figure 1: Update of the chain defined in Sec. 2. Eight torsion angles φi are turned.
Turns such that the three atoms in the box are left unaffected are favored. Thick
lines represent peptide bonds and the peptide torsion angles are fixed.

In this model, we study a designed three-helix-bundle protein with 54 amino acids.
In Ref. [26], it was demonstrated that this sequence indeed forms a stable three-helix
bundle, except for a twofold topological degeneracy, and that it has a first-order-
like folding transition that coincides with the collapse transition. It should be noted
that these properties are found without resorting to the widely used but drastic Gō
approximation [27], where interactions that do not favor the desired structure are
ignored.

3 The Algorithm

We now turn to the algorithm, which we describe assuming the particular chain
geometry defined in Sec. 2. That this scheme can be easily generalized to other types
of chains will be evident.

Consider a segment of four adjacent amino acids k, k + 1, k + 2 and k + 3 along
the chain, and let the corresponding eight Ramachandran angles (see Fig. 1) form a
vector φ̄ = (φ1, . . . ,φn), where n = 8. A change δφ̄ of φ̄ will, by construction, leave
all amino acids k� < k, as well as the N, H and Cα atoms of amino acid k, unaffected.
For all amino acids k� > k +3 to remain unaffected too, it is sufficient to require that
the three atoms Cα, C� and O of amino acid k + 3 (see Fig. 1) do not move. If this
condition is fulfilled, the deformation of the chain is local.

Denote the position vectors of the Cα, C� and O atoms of amino acid k + 3 by r̄I ,
I = 1, 2, 3. A bias toward local deformations can be obtained by favoring changes δφ̄
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Cα, C’ and O are the 
first three atoms of 

downstream rigid body
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Figure 3: Distributions of ∆2 (see Eq. 9) for the b = bmax (thick line) and b = 0
(thin line) updates at kT = 0.6. The values used for the parameter a correspond to
maximum �S�.

which is much harder to simulate. Here, the b = bmax update is the best. The
maximum �S� is approximately three times higher for this method than for the other
two. This shows that the biasing probability Eq. 12 is indeed useful in the folded
phase.

The b = 0 update can be compared with the moves used by Shimada et al. [30] in a
recent all-atom study of kinetics and thermodynamics for the protein crambin with
46 amino acids. These authors updated sets of two, four or six backbone torsion
angles, using independent Gaussian steps with a standard deviation of 2◦. Our b = 0
update has maximum �S� at a ≈ 6400 (rad)−2 for kT = 0.6, which corresponds to
a standard deviation of 0.7◦. This value is in line with that used by Shimada et al.,
since we turn eight angles.

How local is the method for b = bmax? To get an idea of that, we calculated the
distribution of ∆2 (see Eq. 9) for accepted moves, for b = bmax and b = 0 at kT = 0.6.
As was previously the case, we restricted ourselves to angles in the middle helix.
The two distributions are shown in Fig. 3 and we see that the one corresponding to
b = bmax is sharply peaked near ∆2 = 0. This shows that the b = bmax update is much
more local than the unbiased b = 0 update, although the average step size, �S�, is
considerably larger for b = bmax.

So far, we have discussed static (one-step) properties of the updates. We also esti-
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Distribution of displacement of the downstream(thick 
line) is much more local than distribution of randomly 

perturbed dihedral angles(thin line)

Yuan Liu:



What kT to Approximate 
Room Temperature Flexibility?
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• Set an upper bound on Rosetta 

“room temperature” by running 
extended simulations of proteins

• Pick the temperature where none unfold



All 6 Proteins Unfold at 0.6 kT
kT = 0.3    kT = 0.4    kT = 0.5    kT = 0.6

1B72A 1CSP 1MFG

1SHFA 1TIG 2REB2



All 6 Proteins Are Stable at 0.3 kT
kT = 0.3    kT = 0.4    kT = 0.5    kT = 0.6

1B72A 1CSP 1MFG

1SHFA 1TIG 2REB2
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Model System: Cyclophilin A
• Catalyzes proline cis-trans isomerization

• Localized side chain/backbone flexibility 
near the active site has been observed 
crystallographically and shown to be 
temperature dependent

• Studies have shown correlations between 
the rate of protein motion and catalysis

• Even if there is no causation, this is still an 
interesting system because of the 
crystallographic motion



Crystallography shows alternate 
conformations at room temperature

Most of the alternate conformations occur
in the 2 beta sheets of the beta sandwich Fraser et al. Nature 2009



Crystallography shows alternate 
conformations at room temperature

Major Conformation (A)
Minor Conformation (B) Fraser et al. Nature 2009



Crystallography shows alternate 
conformations at room temperature

Major Conformation (A)
Minor Conformation (B) Fraser et al. Nature 2009
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• Restricted sampling to 8 angstroms around 
Ser 99 & Phe 113

• Raised temperature to 4.8 kT 
(tried 0.6-2.4 along the way)

• Added simultaneous backrub side chain 
sampling

• Increased inter-rotamer sampling 
from 45% to 70%

Cyclophilin Protocol Changes
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