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all-atom peptide model coarse-grained models of varying detail




mapping function

R = M(r) o m’
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What to match?

structure
gaa(R) = gcg(R)

energies
(Uga(R)) = Ugg(R)

forces

(f (R))aa = fec(R)




configs. i pCG (l)

PA(1) atomistic ensemble probability for
configuration I, determined by U,,(r)

Pcc(l) coarse-grained ensemble probability
for configuration I, determined by U-¢(R)

S, =0

rel

Shell, JCP (2008); Chaimovich and Shell, PRE (2010); Chaimovich and Shell, JCP (2011)
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map
configs. i pCG (M (I) \
M = mapping function for turning entropy due to loss

atomistic configurations into CG ones of degrees of freedom




Srel :lB<UCG _UA>A_IB(ACG - AA)+Smap




What to match?

structure
0S rel

o [uCG,pair (R)] )

- 9aa(R) = gce(R)

energies
Sre]l = ln(eA_(A)AA)AA ~ varga(BUsa — BUcc)

forces

051l B _ _
=0 - U =PMFyy - (flaa = fec
SU.c




Constraints

Lagrange multiplier

re] A((X)AA (X)CG)



atomistic coarse-grained
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parameter residual error
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25 chains of (ALA),¢

number of molecules = 25
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number density =

T

300K
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The search for the hydrophobic force law

Malte U. Hammer, Travers H. Anderson, Aviel Chaimovich,
M. Scott Shell and Jacob Israelachvili*
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detailed, all-atom picture two length scale picture

accessibility of hydrogen bonding open, tetrahedral structure in
interactions competition with close-packing
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Conclusions

macroscopic or
continuum

T

mesoscale
time L
scale coarse-grained
molecular _ 0, (i)
SreI = z pA(I)In A—
configs. i pCG (I)

quantum
mechanics

» length scale

The relative entropy provides a systematic strategy for moving to
coarse-grained models and large-scale behavior.






Canonical ensemble

e—ﬂU(i) . pA(l)
SreI = pA(I) In .
cor?gs. i pCG (I)
)
e = IN <eA_<A>A>A A=plU,-Uge)
W,




Srel :IB<UCG _UA>A_IB(ACG - AA)

optimize U (R;4,,4,....)

rel :O




Variational mean field theorx from SIEEI

Canonical ensemble:

S e =ﬂ<UCG _UA>A_IB(ACG - AA)

Positivity property:

SreI Z 0

Therefore:

A == A, +(U -U,),

CG



Unconstrained Sl;al minimization gives true PMFs

Canonical ensemble:

S e =ﬂ<UCG _UA>A_IB(ACG - AA)

Minimization with unconstrained U:
58 rel

sU

CG

Result:

e—ﬂUCG(R) _ J'e—ﬂUA(r)g[R ~ M (r)]dr

_ o FPMFL(R)



Connections of Sl;al to other CG methods

Ilterative Boltzmann inversion:

P g R®) =g,(R)
Slucs (Ry)] - ’

Force matching:

iu (r):iPMF (r) = f (r)=<f (r)>
o G ar A CG A A

Energy matching:
— A_<A>A _ 2 2 i
Sy =1In <e >A = <A >A = <A>A + higher  order term s

AE:B(UA_UCG)



