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ñHere we tackle the [protein folding] problem differently.  

First, we simplify the representation of a protein by 

averaging over fine details.  This is done both to make the 

calculations much more efficient and also to avoid having to 

distinguish between many conformations that differ only in 

these finer details.  Second, we simulate the folding of this 

simple structure éò

ñOur method é is based on two assumptions: (1) that much 

of the proteinôs fine structure can be eliminated by 

averaging, and (2) that the overall chain folding can be 

obtained by considering only the most effective variables

(those that vary most slowly yet cause the greatest changes 

in conformation).ò
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CG Mapping
Atomistic CG

Mapping

Operator

The mapping operator transforms an atomistic configuration onto a CG 

configuration by defining the coordinates of each site as a linear combination

of the coordinates defining each site.
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Consistent CG Models

Atomistic Configuration Space CG Configuration Space

For a consistent CG model that reproduces the distribution of structures generated 

by the atomistic model, the appropriate CG potential is a many-body PMF.

Consistency

Noid, Chu, é, Voth, Andersen

J Chem Phys (2008)
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Mean Force Field

In a consistent model, the CG force field is the conditioned expectation 

value of the atomistic force field (I.e., the mean force field).  
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MS-CG Variational Principle for the PMF
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The MS-CG variational principle determines the many-body PMF 

through a geometric optimization problem in the space of CG force fields.  

Noid, Chu, é, Voth, Andersen

J Chem Phys (2008)
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Linear Least Squares Problem

FMS(RN )= FDGD(RN )
D

ä

FMS(RN )

FD

GD(RN )

MS-CG FF

FF parameters

FF basis fcns

c2 F()=
1

3N
FDGI ,D(MR

N(rn))-f I (r
n)

D

ä
2

I=1

N

ä

¡F

F

Space of CG FF

FMS

GD

G ¡D

Space of CG FF 

spanned by GD{}

The MS-CG variational principle determines          by projecting the 

PMF onto the space of CG force fields spanned by the given basis.
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Simple Liquid Analog
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For a simple liquid with central pair potentials, the basis function        describes 

the distribution of sites at a given distance,       , around a given site. RD
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Role of Three-Body Correlations

GDÖf =GDÖF= GDÖG ¡D( )F ¡D
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Projecting the atomistic FF onto the CG basis

-¡w (R)=F(R)+ d ¡R F( ¡R)r[3]( ¡R;R)ñ

pair MF 

CG pair force

direct indirect

conditioned 

3-particle density

Projecting the atomistic force field onto a central pair potential results in 

the Yvon-Born-Green equation.

Yvon-Born-Green Equation
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Noid, Chu, Ayton, Voth.  

J Phys Chem B (2007)



Role of 3-Body Correlations II

-¡w (R)=F(R)+ d ¡R F( ¡R) cosq( ¡R;R)ñ
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The optimal approximation to the many-body PMF is obtained by treating 

the non-orthogonality (3-particle correlations) among the basis functions.

Noid, Chu, Ayton, Voth.  J Phys Chem B (2007)



Results - Methanol

CG pair potential CG pair structure

Calculations by Pu Liu

Noid, Liu, Wang, é, Andersen, Voth.  J Chem Phys (2008)

The approximate decomposition of the many-body PMF into central pair 

potentials quantitatively reproduces the pair distribution function.


