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Hands on: how to prepare a Martini

“gin and vermouth are combined at a ratio of 2:1, 
stirred in a mixing glass with ice cubes, 

then strained into a chilled cocktail glass and garnished with an olive”

“Martini Basics”

• A Dry Martini is made with dry gin and white vermouth
• Martini Rosso uses red vermouth (caramel flavor)

• Vodka Martini uses vodka instead of gin
• A Perfect Martini uses equal amounts of sweet and dry vermouth

• Zen Martini: Martini with no gin at all, and no vermouth either

“Martini should be made by filling a glass with gin, then waving it in the 
general direction of Italy”



Bridging the all-atom to the continuum scale
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Mapping of atoms to building blocks

lipid

peptide

alkane

The Martini model reduces complexity of real molecules by considering 
groups of atoms as building blocks – the “Lego” principle

On average 4 heavy atoms (and associated hydrogens) are considered as 
building block and mapped to a coarse-grain bead



The building block principle
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Lipids self-assemble
 into a bilayer,
reproducing

known membrane 
properties

Building block types

Bonded interactions parameterized to 
match conformations of all-atom simulations 

(or structural databases)

Non-bonded interactions of building blocks 
parameterized based on reproducing 
experimental thermodynamic data



Parameterization:

TOP DOWN
  Thermodynamic data
BOTTOM UP 
  Atomistic simulations

Key features:
 
• Chemical specificity
• Fast (103 speed-up)
• Compatibility
• Versatility

water lipids sugars

nucleotides

nanoparticles

polymers

proteins

SJ Marrink & DP Tieleman, Chem. Soc. Rev. (2013)

Welcome to the Martinidome

“TOP UP” 



What’s in a name?

The Martini force field is developed in Groningen 
and named after Saint Martin, patron saint of Groningen

(any association with cocktails is entirely coincidental)

Martini tower
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Ø Non-bonded interactions described by
standard LJ and Coulombic energy functions

Ø Potentials are short-ranged by use of cut-off (1.1 nm, 2-3 neighbors)

Ø Cut-off artefacts prevented by using potential/force modifiers 
    (so potentials/forces vanish at cut-off)

Non-bonded interactions: LJ & Coulomb
effectively 

distant-dependent 
screening, 

εR=∞ at cut-off Limitation:
change in 

environment not 
felt by charges



LJ interaction matrix for Martini beads

       charged (Q)                  polar (P)               intermediate (N)          apolar (C)
                da    d     a      0      5      4       3      2      1     da    d    a     0    5      4     3      2     1

Ø LJ interactions depend on type of CG bead

Ø Beads have fixed size (Regular, Small, Tiny)
    
Ø LJ cross interactions explicitly parameterized (no combination rule!) 
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octanolwater

Ø LJ interactions are mainly parameterized based on reproducing 
experimental partitioning free energies 

Ø Free energies obtained from “direct counting”: 

Top-down: reproducing experimental partitioning data

Polar (P)  Intermediate (N)       Apolar (C)

ΔGwat/oct =
1
kT
ln ρwat
ρoct



The Martini bible: mapping CG bead types to chemical building blocks
EXP     CG



Bonds   Angles     Dihedrals

Simple harmonic forms for bonded interactions



angle

Ø Bonded interactions are parameterized by 
mapping to all-atom simulations

Bottom-up approach for bonded interactions
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Ø Elastic network approach (ElNeDyn) required to 
maintain 2ndary structure of proteins 

(directional H-bonds are missing in Martini !)

Proteins require elastic network

Periole et al., JCTC 5:2531-2543, 2009

However: 
GoMartini offers 
some flexibility

ElNeDyn: harmonic potentials 
between all Ca beads within a cut-off

Limitation:
Folding/unfolding 
not possible with 

Martini



Ø Less particles, so less interactions to compute
Ø Short range potentials only
Ø Less friction, so faster sampling
Ø Time steps of 20-30 fs can be used
(accurate sampling is less critical)

Reality

AA

CG

Why is Martini so fast (1000 x speedup)

Limitation:
Timescale should 

be interpreted 
with care



Martini 3

Lego in ~1980 Lego todayFirst Lego ~1949

Martini 1: for lipids
Marrink et al. JPCB, 2004

Martini 2: for biomolecules
Marrink et al. JPCB, 2007

Martini 3: for general purpose
Souza et al. Nature Methods, 2021

1) Improved interactions and packing
Reparametrized all bead-bead interactions and bonds using center-of-geometry

2) Better coverage of chemical space
New beads and ways to modify them

4) Embracing Gō models for proteins
Allowing allostery and folding/unfolding transitions

3) Reformulation of charged beads
Including bare ions and double charged ions, Hoffmeister series



Martini 3: Just bead it …

C = non-polar

N = intermediate

P = polar

D (+2/-2)
Q (+1/-1)

X = halo compounds
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28 Bead Chemical Types 3 Bead Sizes

Regular
0.47 nm

Small 
0.41 nm

Tiny
0.34 nm

-    +
9 Bead Labels

W = water

Specific bead 
for water

Examples:
H-donor (d) / H-acceptor (a)

Electron rich (e) / Electron poor (v)

R-S
0.43 nm

R-T
0.395 nm

S-T
0.365 nm

d      a

From M2 to M3: 

54 → 843 beads
1,485 →  355,746 pairs
60 → 1,301 parameters

3-12-1

4-1

= charged

Souza et al., Nature Methods 2022



Martini 3.0 bead sizes well balanced

Mixing different resolutions
of liquid dodecane with: 

3 N beads (orange),
4 S beads (red), and
6 T beads (magenta) 



High-throughput tools

TS2CG

Martini-Maker 
(Charmm-GUI)

ATB

Insane

Pezeshkian et al., Nature Comm (2020)

Wassenaar et al., JCTC (2015)

Qi et al., JCTC (2015)

Bereau & Kremer, JCTC (2015)

Backward
Wassenaar et al., JCTC (2014)



More high-throughput tools 

Polyply
Grünewald et al., Nat. Comm. (2022)

Martinize2
Kroon et al., eLife (2023)

Bentopy
Stevens, Westendorp et al., in prep (2025)



Open science 

mad.ens-lyon.fr
cgmartini.nl

bluesky



The schedule 

Day 1: Lipids
Morning lectures
Afernoon tutorial

Day 2: Proteins
Morning lectures
Afernoon tutorial

Evening poster session
Day 3: Parameterization

Morning lectures
Afernoon tutorial

Day 4: Complex Systems
Morning lectures
Afernoon tutorial

Evening conference dinner
Day 5: Your Own
Morning tutorial

Note: tutorials available at both 
beginner and advanced levels
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…

Lecturers
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Support
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Jannet Nijhuis

Supervision
Me



“A man must defend his home, his wife, his children, and his martini." - Jackie Gleason


