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The Martini forcefield for proteins
 Validation: partitioning of amino acid residues in lipid bilayers
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Martini: the bitter taste – The problems / deformation

Three test proteins:

all α

all β

α/β

Villin headpiece

SH3 domain

protein G



ElNeDyn: Elastic Network in Dynamics

harmonic potentials between all Cα beads within a cut-off

Villin headpiece
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Martini: the bitter taste – The solutions / ElNeDyn

ElNeDyn: useful tool when single (native) state matters

        both structure and internal dynamics well represented
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COM vs. Cα

Martini



 Coarse-graining  
new molecules: 

  Sweet 
MARTINI 

extension of Martini force field 
to carbohydrates
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Sweet MARTINI 
Testing: partitioning free energy

All-atom (Gromos) Martini     Exp
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I Decompose molecule into building 
 blocks

II Assign particle types

III Assign standard bonded potentials
 or derive them from AA simulations

IV Compare behavior as much as 
  possible to either 
experimental   data or AA 
simulations

V Optimize model going back to step 
 I, II or III

Sweet MARTINI 
General recipe for CGing your own molecule



 Key features of the MARTINI model

Overview of Martini force field



 Key features of the MARTINI model

• Four-to-one mapping

Overview of Martini force field



 Key features of the MARTINI model

• Four-to-one mapping
• Explicit solvent

Overview of Martini force field



 Key features of the MARTINI model

• Four-to-one mapping
• Explicit solvent
• Short range potentials

Overview of Martini force field



 Key features of the MARTINI model

• Four-to-one mapping
• Explicit solvent
• Short range potentials
• Systematic building block approach

Overview of Martini force field



 Key features of the MARTINI model

• Four-to-one mapping
• Explicit solvent
• Short range potentials
• Systematic building block approach
• Parameterization based on:
  - Thermodynamic data (non-bonded)
  - Atomistic simulations (bonded)

Overview of Martini force field



 Key features of the MARTINI model

Lipid force field
 Marrink, Risselada, Yefimov, 

Tieleman, de Vries 
JPC-B (2007)

• Four-to-one mapping
• Explicit solvent
• Short range potentials
• Systematic building block approach
• Parameterization based on:
  - Thermodynamic data (non-bonded)
  - Atomistic simulations (bonded)

Overview of Martini force field



 Key features of the MARTINI model

Protein force field
 Monticelli, Kandasamy, Periole, 

Larson, Tieleman, Marrink 
JCTC (2008)

Lipid force field
 Marrink, Risselada, Yefimov, 

Tieleman, de Vries 
JPC-B (2007)

• Four-to-one mapping
• Explicit solvent
• Short range potentials
• Systematic building block approach
• Parameterization based on:
  - Thermodynamic data (non-bonded)
  - Atomistic simulations (bonded)

Overview of Martini force field



 Key features of the MARTINI model

Protein force field
 Monticelli, Kandasamy, Periole, 

Larson, Tieleman, Marrink 
JCTC (2008)

Lipid force field
 Marrink, Risselada, Yefimov, 

Tieleman, de Vries 
JPC-B (2007)

Carbohydrate force field
 Lopez, Rzepiela, de Vries, 

Dijkhuizen, Huenenberger, Marrink 
JCTC (2009)

• Four-to-one mapping
• Explicit solvent
• Short range potentials
• Systematic building block approach
• Parameterization based on:
  - Thermodynamic data (non-bonded)
  - Atomistic simulations (bonded)

Overview of Martini force field



 Key features of the MARTINI model

Protein force field
 Monticelli, Kandasamy, Periole, 

Larson, Tieleman, Marrink 
JCTC (2008)

Lipid force field
 Marrink, Risselada, Yefimov, 

Tieleman, de Vries 
JPC-B (2007)

Carbohydrate force field
 Lopez, Rzepiela, de Vries, 

Dijkhuizen, Huenenberger, Marrink 
JCTC (2009)

• Four-to-one mapping
• Explicit solvent
• Short range potentials
• Systematic building block approach
• Parameterization based on:
  - Thermodynamic data (non-bonded)
  - Atomistic simulations (bonded)

Overview of Martini force field

Same particle type for
similar building blocks 
e.g. O-C-C-OH group
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