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The Mertini forcefield for proteins

Validation: partitioning of amino acid residues in lipid bilayers

Froo anargy (kJ/maoal)

CG I
All-atom
Lo l.iia.....l. (MacCallum & Tieleman,
18 0 Y o ‘Biophys. J.-2008.)
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Elastic Network
Moaei

(EINeDyn)



Marrints inz oirrze rasiz - The problems / deformation
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Marring: rnz oirrze tasiz - The solutions / EINeDyn

EINeDyn: Elastic Network in Dynamics

harmonic potentials between all Ca beads within a cut-of f

Villin headpiece
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Effect of kg, and Cg, on the structure and dynamics of the protein
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Effect of kg, and Cg, on the structure and dynamics of the protein
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Marring: rnz oirrze tasiz - The solutions / EINeDyn

EINeDyn: Cg and kg, parameterized against AA simulations
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Marrints inz ofrrze rasiz - The solutions / EINeDyn

EINeDyn: useful tool when single (native) state matters

both structure and internal dynamics well represented
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Marrints inz ofrrze rasiz - The problems / COM vs, Ca

COM vs. Ca
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extension of Martini force field
to carbohydrates




Sweet MARTINI

Choosing the mapping
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Choosing the mapping

Celobiose (C)

Laminarabiose (L) *= \

Kosbiosa () Sophorose (S




Sweet MARTINI

Parameterization of non-bonded interactions
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Sweet MARTINI

Parameterization of non-bonded interactions

H-z N'CZ =0) Acctamide
HOH  x 4} Water

HO-Co-OH Ethanedio]
HO-C»=0 Aceticacid
C-NH-C=0 Methyltormamide
Co-OH Ethanol
Cq3-OH I-Propanol
2-Propanol




Sweet MARTINI

Final particle types

molecule

glucose (G)
fructose (F)
sucrose (SUC)
maltose (M)
cellobiose (C)
kojibiose (K)
sophorose (S)
nigerose (N)
laminarabiose (L)
trehalose (T)
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Parameterization of bonded interactions

o Angles and dihedrals should account for rotameric states
o Bonded parameters fitted to mapped atomistic simulations
o Most distributions unimodal, except for 1-6 linked sugars
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Sweet MARTINI

Testing: partitioning free energy

All-atom (Gromos) Martini Exp

AAGow (AA) AAGow (CG)
molecule (kd mol-')  log Pow(AA) (kd mol-')  log Pow(CG) log Pgy (exp)

glucose (G) 15 —2.5 17 —2.9 —2.8
fructose (F) 11 2.0 16 —2.7
sucrose (SUC) 18 —-3.0 20 —34 —-3.3
maltose (M) 25 —4.2 24 —4.0
cellobiose (C) 24 4.0 24 —4.0
kojibiose (K) 28 —4.7 24 —4.0
sophorose (S) 32 —54 24 —4.0
nigerose (N) 30 —5.0 24 —4.0
laminarabiose (L) 29 —5.0 24 —4.0
trehalose (T) 28 =50 24 —4.0
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Overview of Martini force field
Key features of the MARTINI model

* Four-to-one mapping

- Explicit solvent Same particle type for
: similar building blocks

» Short range potentials &g O-C-C-OH arou

» Systematic building block approach 9 group

 Parameterization based on:

- Thermodynamic data (non-bonded)
- Atomistic simulations (bonded)
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Overview of Martini force field

Key features of the MARTINI model

* Four-to-one mapping

« Explicit solvent Human force field

» Short range potentials
» Systematic building block approach
« Parameterization based on:

- Thermodynamic data (non-bonded)
- Atomistic simulations (bonded)

& o
(Ij : \_\ | - . "

Lipid force field C‘; Protein force field

Marrink, Risselada, Yefimov, Monticelli, Kandasamy, Periole,
Tieleman, de Vries

Larson, Tieleman, Marrink

(not yet released ...)

Carbohydrate force field

Lopez, Rzepiela, de Vries,

Dijkhuizen, Huenenberger, Marrink
JCTC (2009)



