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Huge success of Martini 2 during

10 years, but there are some problems

1) Fundamental problems |
related with CG approach

2) Problems that could be
solved buy polarizable
models and new
bonded parameters

—

1A) Missing entropy,
compensated by
reduced enthalpy

1C) Driving forces wrong

1D) Time scale
1B) Temperature

dependence off

2B) Electrostatic screening of

2A) Protein and DNA/ . e
water is only implicit

RNA structures are

fixed. 2C) Directionality of H-bonds



Huge success of Martini 2 during
10 years, but there are some problems

3) Problems that (potentially) could be solved by softer non-bonded
potentials .

4- water-water
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3B) Pores are difficult to

3A) Solvents are too structured ..
be formed in bilayers.

and water freezing.



Huge success of Martini 2 during
10 years, but there are some problems

4) “Sticky” problems: Excessive aggregation of some compounds.

4A- Phase separation of 4D- proteins |
systems that should mix

(ex: benzene+cyclohexane)

4B- Wrong partitions

4C- Big barriers
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Current solutions for some problems
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Zavadlav et al, JCP, 2014

@ New bead combinations and

bonded parameters.



Current solutions for some problems

2) Improve your sampling:

@ Enhanced sampling methods

@ Ensemble simulations (ex: Daft)

Wassenaar et al, JCTC, 2015

@ New MD code implementations
(ex: gromacs/namd/amber + GPUs)



Current solutions for sticky problems

Improved model and Enhanced Sampling

Wassenaar et al, JCTC, 2015
Zavadlav et al, JCP, 2014

Both are computationally expensive and/or
mentally demanding!



How could we improve the
standard MARTINI 2 ?

Goals of the presentation

-Try to understand the reasons why some problems are happening with
the current version of Martini 2 (specially the sticky problems).

- Show some new improvements that will result in a new Martini
(version 3.0).



Reasons for problems in Martini 2

Hypothesis 1: Lack of cross interactions in between
normal and small (S)/tiny (T) beads

What are S- an T-beads?

T R
@ Lennard-Jones interactions k

T-T € =1%€, o= 0.32 nm (nucleotides).

S-S/T €=075"€, o0.=0.43 nm (general rings and some polymers).
N -N/S/T € o, .= 0.47 nm (everything else).

@ Special Martini beads types used to model rings.

@ Mapping: 2-to-1 (some cases 3-to-1) |



Reasons for problems in Martini 2

Hypothesis 1: Lack of cross interactions in between
normal and small (S)/tiny (T) beads

0.36 nm
O Tiny : cytosine-guanine
O Normal ol - AMBER
E | — CHARMM
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-
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N-N distance (nm)

Uusitalo, JCTC, 2015



Reasons for problems in Martini 2

Hypothesis 1: Lack of cross interactions in between
normal and small (S)/tiny (T) beads

0.48 nm
O small
O Normal
53 nm
0.96 nm
.- . dissociation
—

Free energy (kJ mol)

pyrene -pyrene PMF
in chloroform
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Take-home message 1

No free lunch with S-/T-beads

@ Advantage: In relation to the normal bead sizes,
they improve the interactions and packing of rings.

@ Disavantage: can create artifical barriers that could
promote aggregation in situations where rings should
be soluble.



Reasons for problems in Martini 2
Hypothesis 2: Problems with short bond lengths

How we parametrize bond lenghts in Martini?

20

18 )

16 - 3
."v,b,‘i.
14

12

X,=0.415, k=1250.0
X,=0.415, k=2500.0 |
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& Bond parameters can be obtained from atomistic simulation.



Reasons for problems in Martini 2
Hypothesis 2: Problems with short bond lengths

When can | have short bond lengths (< 0.40nm) ?
1) Bead with less than 4 heavy atoms

4-heavy atoms o
/ 2) Bead with different geometry

’
’

linear

S\

3-heavy atoms

2-heavy atoms @

Branched




Reasons for problems in Martini 2
Hypothesis 2: Problems with short bond lengths

4-heavy atoms How properties should change as we reduce the

bond lengths?
Same chemical group, different number of
aliphatic carbons

3-heavy atoms

- reduce the solvent accessible area
' - more hydrophilic ( | AG oil/water)
-3.0 to -3.5 kj/mol - hydrophobic molecules
-2.0 to -2.5 kj/mol = hydrophilic molecules

2-heavy atoms - interact less with the environment

\@ \V/ - | AG solvation



Reasons for problems in Martini 2
Hypothesis 2: Short bond lengths

O O
HoN /k/YU\DH
NH-

neutral free glutamine

o

NH, NH,

OH

neutral free asparagine

AG. _ (kJ/mol)

WiHD
Gromos Mart22 Eln22

51 51

P4 PS5 | 516

0.40 nim; E=5000 (M2Z2)
0.30 nm ; E=2400 (E22)

41 515
' ps( b5 -52.3

0.32 nm, E=5000 (22
025 nm, const (22)

Too hydrophilic !




Reasons for problems in Martini 2
Hypothesis 2: Short bond lengths

AG. _ (kJ/mol)

WrHD
Gromos Mart22 Eln22

o o _5'1' . 51x

H?NWD” P4 P5 | 516 -526  -546

NH2 - )
- 0.40 nm; K=5000 (M22)
neutral free glutamine - R 2400 (E22)

7 4y st

_ 0.32 nm, K=5000 (M2 2)
neutral free asparagine 25 nm const (22)

P3 is not used for amide group!



Reasons for problems in Martini 2
Hypothesis 2: Problems with short bond lengths

How properties should change as we reduce the
bond lengths?

Same chemical group, same number of heavy
atoms but different connectivity

- reduce the solvent accessible area

Branched - more hydrophilic ( | AG oil/water)

or part of _a ring -3.0 kj/mol = branched/ring
- interact less with the environment

- | AG solvation

\'4



Reasons for problems in Martini 2
Hypothesis 2: Short bond lengths

n-octane

7Y

2,2 4-trimethyl-pentane

~-

1.4-dimethyl-cyclohexane

AG.  (kJ/mol)

W/HD
experim

41 41

Y \ 333
\ C1 | Cl
04? nm; K=1250
41 41
fal ) 303
0.3-1 .nm', 15;1250
41— 41
- CL ;;1 | 203

CI .29: Inm. ',- céﬁst
3-1 2-1 3-1 293
SC18C15CT

0.24nm 0.24 nm

Too hydrophobic!




Reasons for problems in Martini 2
Hypothesis 2: Short bond lengths

P

n-octane

7Y

2,2 4-trimethyl-pentane

~-

1.4-dimethyl-cyclohexane

41 1

| €1 (] Cc1L |

047 fitm K=1250
41 41
j cx\):z 'j:

0.3-] -nm; I;:;]25E]
410 i1
Q2 }:2 )

029 .nr;l. ;I céﬁ st

3-1 2-1 3-1

SC3/SC43C3

024 nm 0.24 nm

AG. _ (kJ/mol)

W/MHD
experim Martini
33.3 36.6
30.3 31.2
29.3 31.3
29.3 29.9

Actually, C3 and C4 are not good!
Used for unsaturated compounds



Reasons for problems in Martini 2

HD/W partitions of 2-beads

AG H/W simulation AG H/W additive
[
|

=0.5 nm
bond

bond =0.4 nm

hond =0.3 nm

=(0.2 nm

—

—_

]

=

bond

-60 -40 -20 0O 20 40
AGyw agditive = A0mw w T AG 4w )
P N C

More hydrophobic

More hydrophilic

Hypothesis 2: Short bond lengths

- Bond lenghts affect the HD/W
partition

-P region: too hydrophilic
-C region: too hydrophobic

- Still can partiallycorrect the effect if
you change the bead type.

- problem increase with the number of
beads and ring geometries.

- Not intuitive



ﬂGB_ﬂq__ cG - ﬂGB—:.-Ju".I'__ add Per bead

Reasons for problems in Martini 2
Hypothesis 2: Short bond lengths

Benzenel/water partitions of 2-beads

5 | I I I 1 I I I A .2
5 _M_ _g
4 H
- 3 - Shorter bond lenghts
, o make the molecule
1 = more hydrophobic.
0 2
1 E“ -Cavity cost higher in
2 v 2 benzene than water!
5
AGgw, additive =

P N C



Reasons for problems in Martini 2
Hypothesis 2: Short bond lengths

Why these problems are happening?
Higher interaction energy !

P3-Water P3-HD P3-Benzene
3.07 = 0.20 1m
257 == 0.47m
e 207 ‘ i
=) i
=2 150\ Vv
1.0_‘
0.5r
'J\.|.|. [ ¢ T & [ | L ¢ T 8 0 @
06091.21.5 06091.21.5 06091.21.5
r/ nm r/ nm r/ nm
AE0.20-0.50 nm (KJ/mOI)
H20 HD BENZ
solute-solvent -5,5 -3,3 -7.3
solvent-solvent -14.5 -13,6 | -25,4
total -20 -16,9 | -32,7




Take-home message 2

No free lunch with short-bond lenghts

@ Advantages: for branched and ring molecule, you can get
the best match between the bond distance distributions
of atomistic and CG simulations.

@ Disavantages: change the partition of your molecules and
can also promote aggregation via higher interaction energies.



Reasons for problems in Martini

INg Wrong or missing in

Someth

Hypothesis 3

the interaction table

Nd Na NO C5 C4 C3 C2 cC1

P1 Nda

Q0 P5 P4 P3 P2

Qa

Qda Qd

Qda

0

Qd

Qa

2
0

Qo0
P5

P4
P3

P2

P1
Nda

Nd

Na

NO

C5

Cc3

C2

Ci

9
2.0

8
2.0

7
2.3

6
2.7

1 2 3 4 5
50 45 40 35 31

0
5.6

Levels
Epsilon - kJ/mol

0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 047 0.62

Sigma - nm

>

super
repulsive

intermediate

super

attractive



Reasons for problems in Martini 2

Hypothesis 3: Something wrong or missing in
the interaction table

NO

Example 1: Solubility of NO bead Qda 4

Qd 4

Qa 4

SC5 SNO SNd Qo 4
AG o = 5 Ki/mol AGHDAN— -2 kj/mol AG,,,, = -7 kj/mol

P5 4

P4 4

P3 4

P2 3

P1 3

Nda 4

Nd 4

/ \ Na 4

NO 4

C5 4

Solubilit insoluble  slightly  miscible 4 .

soluble c3 4

y C2 5

/ C1 6

H-bond strength AE=10kJ/mol 0 . .

with water? >

super it Z’qpter
attractive Intermeadlate repulsive




Reasons for problems in Martini 2

Hypothesis 3: Something wrong or missing in
the interaction table
Example 1: Solubility of NO bead

SNO model “SP0” model
Simulations of PEG chain R=1.9+03nm  R,=24+03nm

PEG

n

HO OH

-Size: 100 monomers

- Experimental data:
Gyration radius (R.)= 2.4 nm

- Rossi el al, JPCB, 2012: develop a new “PO” to model PEG



Reasons for problems in Martini 2

Hypothesis 3: Something wrong or missing in

the interaction table

Example 2: Lack of lon - 1T interactions
—_— T
s f \l @ How should they be?
(X
\ > Attractive or Intermediate
< _\__ J (at least for cations)

Repulsive

_—

—
< / \|_> @ How are the
,/ |>//\< in MARTINI 2 ? !
\_ = /7 3
« NGV
— —

Qda[Qd | Qa | QO

Qda 0 0 0 2
Qd 0 1 0 2

Qa 0 0 1 2

Qo0 2 2 2 4

P5 0 0 0 1

P4 0 0 0 0

P3 0 0 0 1

P2 1 1 1 2

P1 1 1 1 3

Nda 1 1 1 3
Nd 1 3 1 3

Na 1 1 3 3

NO 4 4 4 4

C5 5 5 5 5

C4 6 6 6 6

7 7 7 7

C2 9 9 9 9

C1 9 9 9 9

0 4

9

super
attractive

. super
intermediate

repulsive

>



Take-home message 3

@ No free lunch with fixed bead types and interaction matrix

Advantage: Each bead type represents a group of
molecules/chemical groups (“fuzzy” nature of martini), with their
average interaction levels defined in the interaction matrix.

Disavantage 1: some chemical group could be a bit to far from the
average behavior described by the bead (NO example).

Disavantage 2: some interactions were not considered when the
interaction matrix were created (ion-pi interactions example).



Reasons for problems in Martini 2

Hypothesis 4: Problems with Q-beads.

Two main problems to
parametrize Q-beads:

@ lack or complicated
experimental data.

@ disagreement between
all atomistic force fields.

Example:

POPC

number density (nm‘3)

08

06
041
02r

0.0
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00

N
Orange
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Lipic14
1000 mi

CHARMM36 "
950 mM

690 mM
350 mM

Ulmschneiders
1000 mi

0 1 2 3 4

distance to bilayer center (nm)

08
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02

0.0
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04r
02

0.0
0.6

04 r
02

0.0

06
04 r
02

00

. Berger-OPLS
1000 mM *

- Slipids |
850 mM *

|

7
- Berger

1000 mM *
340 mM

distance to bilayer center (nm)

Catte, et al , Molecular electrometer and binding of cations to phospholipid
bilayers. Phys. Chem. Chem. Phys. 18(47):32560-32569, 2016.



Reasons for problems in Martini 2

Hypothesis 4: Problems with Q-beads.

What are Q-beads ?

@ Special bead types designed to model ions and charged

groups in MARTINI.

@ Four chemical type

H-donor
positive

H-acceptor
negative

H-donor and acceptor
positive or negative

None H-bonds
positive or negative



Reasons for problems in Martini 2

Hypothesis 4: Problems with Q-beads.

@ Huge diversity of ions represented by the same beads.
Example: Qa

carboxilate

phosphate

chloride ion



Reasons for problems in Martini 2
Hypothesis 4: Problems with Q-beads.

Parametrization of charged beads in Martini 2

L
--------------
- -
a® ..
- e
- -
..

.

@ qualitative agreement for partition AG, , and
other AAG. .

@ Interactions levels were choosen
based in the expected trends.

@ Balance consider only +1 and -1 ions.

properties.



Reasons for problems in Martini 2

Hypothesis 4: Problems with Q-beads.

Interaction matrix @ Q- Qinteractions: Lennard-Jones + Coulomb Potentials
Qda Qd Qa | QO 1% f
Qdal [ o[ o[ o2 [ Tij Tij ] 1 qi qj
| o[ 1]0]2 b’(rl...r,,)=24£[ o e J+qus
i i i 0 J'"
Qa 0|0 1]2 Uy /
Qo 2 |22 4 \ Y
- 5.6 to -3.5 kJ/mol + 7 kJ/mol

P5 0 0 0 1
P4 0 {01010 @ Q - Other beads interactions: Only Lennard-Jones potential
P3 0 0 0 1
P2 1 1 [1]2 6
P1 1 1 1 3
Nda 1 1 1 3
Nd| | 1 [ 3] 1]3 ° 1 YT AT
Na 1 1 3 3 ol P4 (water)
NO 4 | 4] 4] 4 s e
C5 5 5 5 5 ~
c4 6 6 6 6 i‘ 4 >;v Super-repulsive leve
c3 7 7 7 7 w for Q-beads
c2 91919159 od e N 7
c1 9ol 999 C1 (“oil”)

0 4 >9 ! |P§|Pi|PélPi|P'1|Néa|N'o|c'5|(§4|(':3|52|(':1|'

super super

intermediate

attractive repulsive



Potential / kJ.mol-

Reasons for problems in Martini 2

Hypothesis 4: Problems with Q-beads.

Hypothesis 4A: Lack of repulsive interactions,
specially between Qd-Qd and Qa-Qa (+1/-1)

8.0

4.0
0.0
-4.0

-8.0
-12.0

Attraction
i (Qa- --- Qd+)

C 1 | 4 |

04 0.6 0.8 1.0

distance / nm

Repulsion

(Qq+ - Qd+)

C 1 I | | | | |
0.4 0.6 0.8 1.0

distance / nm

o
(Y]

Qda

Qd

Qa

Qo0

NOOOQ_
3]

o
N[O~ oy
N[ oo

o)
SN IN NS

PS5

P4

P3

P2

P1

Nda

Nd

Na

NO

C5

c4

C3

C2

Nl RN NN Ko N 6, | Wogy g I SR TN TN T (el (e (@)

(el RN NN Fo 4 6, |} Mig g [ R ITN I E I (o) (o] ()
V|(Vv[N|nun|dhlW|RL[PR|R[R|IO|O|O

OV [(V[N|ONUn|DR|WIW[W|W[IN|R[O|-

C1

0

4

super
attractive

. super
intermediate

repulsive



Reasons for problems in Martini 2

Hypothesis 4: Problems with Q-beads.

Hypothesis 4A: Lack of repulsive interactions,
specially between Qd-Qd and Qa-Qa

@ How Q-beads with
same charge interact?
Almost zero kJ/mol !

_____

So, they can be together
depending of the
enviroment.

@ How should they be?
Repulsive

- - o

~~ -

o
(Y]

Qda

Qd

Qa

Qo0

NOOOQ_
3]

o
N[O~ oy
N[ oo

o)
SN IN NS

PS5

P4

P3

P2

P1

Nda

Nd

Na

NO

C5

c4

C3

C2

C1

Nl RN NN Ko N 6, | Wogy g I SR TN TN T (el (e (@)

V(vo[N[vnjn|d|kr[WFR[R[R[O|O|O
V|(Vv[N|nun|dhlW|RL[PR|R[R|IO|O|O

OV [(V[N|ONUn|DR|WIW[W|W[IN|R[O|-

0

4

super
attractive

. super
intermediate

repulsive



Reasons for problems in Martini 2

Hypothesis 4: Problems with Q-beads.

Hypothesis 4B: Small and
normal Q-beads in MARTINI 2.0

8.0
4.0

0.0
-4.0

-8.0
-12.0

-16.0
-20.0
-24.0

Total potential / kJ.mol*

LI I VRN O o .

: Qa- Qa-

Q-beads are more sticky than

o Current
interaction table was

> balanced for normal

Q-beads.

@ For now, no
application for SQ and
TQ in MARTINI 2

0.4 0.6 08 1.0
distance / nm

Qda[Qd | Qa | QO
Qda 0 0 0 2
Qd 0 1 0 2
Qa 0 0 1 2
Qo0 2 2 2 4
P5 0 0 0 1
P4 0 0 0 0
P3 0 0 0 1
P2 1 1 1 2
P1 1 1 1 3
Nda 1 1 1 3
Nd 1 3 1 3
Na 1 1 3 3
NO 4 4 4 4
C5 5 5 5 5
C4 6 6 6 6
C3 7 7 7 7
C2 9 9 9 9
C1 9 9 9 9

0 4

9

super
attractive

. uper
intermediate

repulsive

>



Reasons for problems in Martini 2

Hypothesis 4: Problems with Q-beads.

4-heavy atoms How Q-beads of different sizes should
work in a CG model ?

Same charged group, different
number of aliphatic carbons

3-heavy atoms

” S - more hydrophilic ( | AG oil/water)

1

- more soluble in water.

2-heavy atoms -Interact more with water and polar beads.

'I
d
td

/ v



Reasons for problems in Martini 2

Hypothesis 4: Problems with Q-beads.

4-waters

How Q-beads of different sizes should
work in a CG model ?

Same charged group, different number of
water molecules

3-waters < \
- lon more exposed
- Higher interactions with water
- Probably interact more with water and
other polar beads
2-waters



Reasons for problems in Martini 2

Hypothesis 4: Problems with Q-beads.

How Q-beads of different sizes should
work in a CG model ?

Same number of water molecules, but ion
group with different sizes

- Lower hydration AG
(More hydrophilic)

- More soluble in water.

r\..=0.12 nm - Probably interact more with water and polar
beads as well.



Take-home message 4

@ Never expect quantitative aggrements for AAG
calculations involving Q-beads. We have only
qualitative trends here.

@ Electrostatic repulsive interactions in Martini 2 are
weak. Only good for some applications (specially
situations where Q-beads are in contact with water)

@ Martini 2 is not balanced to use SQ/TQ-beads or
charged groups with net charge different than +1/-1.



Break Time!




MARTINI 3: what do we want
to keep from version 2?7 —

@ Chemical specificity
@ Build block approach (“Lego”)
@ Fast (10° speed-up)

@ Compatibility

—

@ Versatility TOP DOWN .
Thermodynamic data

° TSN iy - i
Parameterization: BOTTOM UP

Atomistic simulations

~—




MARTINI 3: what will be new?_

@ Improvements in the interaction matrix
@ New parametrization of S/T beads

@ Reformulation of Q-beads

@ New water models

@ New bead chemical types (including
polymer/ material science)

@ H-donor and H-acceptor choices for all N- and P-
beads (not implemented yet).

@ Quality control tests.



New interaction table

Q2 Q1 Qa Qd Qo P5 P4 P3 P2 Pl Nda Na Nd NO C6 C5 C4 C3 C2 C1 w
Q2 12 11 11 11 11 0 il 2 3 4 4 4 4 6 11 13 15 16 19 19 | 0
Q1 Al il 2 2 10 1 2 2 3 4 4 4 4 6 11 13 15 16 19 19 i
Qa dlil 2 9 2 10 2 3 S 4 5 5 6 5 7 11 13 15 16 18 18 2
Qd 1l 2 2 9 10 2 S 3 4 5 5 5 6 7 10 11 12 14 18 18 2
Q | 11 10 10 10 8 3 4 4 6 i 7 8 8 9 9 611 11 13 11 11 5 3
P5 0 1 2 2 & 2 & 4 4 5 6 9 9 11 11 12 14 15 16 17 3
P4 1 2 3 3 4 3 4 5 6 7 7 8 8 11 11 12 14 15 16 17 4
P3 2 2 & 3 4 4 5 5 6 7 7 i 7 10 10 11 12 14 15 16 5
P2 3 & 4 4 6 4 6 6 6 7 7 7 7 10 10 11 12 14 14 15 6
P1 4 4 5 5 7 5 7 7 7 7 7 i 7 9 10 11 112 13 14 15 7
Nda 4 4 5 5 7 6 7 7 7 7 7 i 7 9 10 11 11 12 13 14 7
Na 4 4 6 5 8 9 8 7 7 7 i 9 7 10 10 10 11 11 13 14 8
Nd 4 4 5 6 8 9 8 7 7 7 7 7 9 10 10 10 ikl Al 13 14 8
NO 6 6 7 7 9 Akl 11 10 10 9 9 10 10 10 10 10 1L alil 12 12 8
C6 11 11 11 10 9 4L 11 10 10 10 10 10 10 10 9 9 10 10 12 12 10
C5 13 13 13 11 10 12 12 11 11 11 11 10 10 10 9 9 10 10 12 12 12
Cc4 15 15 15 12 11 14 14 12 12 12 ikl ikl 11 11 10 10 10 10 12 12 14
C3 16 16 16 14 13 15 15 14 14 13 12 11 11 ikt 10 10 10 10 11 11 15
C2 19 19 18 18 18 16 16 15 14 14 115 15 13 12 12 12 12 11 10 10 16

C1 19 19 18 18 18 iL7/ 17 16 15 15 14 14 14 12 12 12 12 11 10 10 7

w i | B et [ 4]

original levels 0 1 2 3 4 5 6 7 8 9
new_levels 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
attlglt):?izl e attsrgg:i":l e attractive atatll‘:lcotisvte attf:é‘:ilv e intermediae intea rInT: cslitate re ;L?Ir:ilv e rea;:}gis\; e repulsive re;ﬂrseirl e
Blocks with different balance when we reduce the bead size: organic ion

water ion-others



Difference in relation to Martini
2

Q2 Q1 Qa Qd QO P5 P4 P3 P2 P1 Nda Na Nd NO C6 C5 C4 C3 C2 cC1 \
Q2 12 11 11 11 11 0 1 2 3 4 4 4 4 6 11 13 15 16 19 19 0
Q1 11 1 2 2 10 | 1 2 2 3 4 4 4 4 6 11 13 15 16 19 19 ik
Qa 11 2 9 2 10 | 2 3 3 4 5 5 6 5 7 11 13 15 16 18 18 2
Qd 11 2 2 9 10 | 2 3 8 4 5 5 5 6 7 10 11 12 14 18 18 2
Qo 11 10 10 10 8 3 4 4 6 7 I 8 8 9 9 10 11 13 18 18 3
P5 0 1 2 2 3 2 3 4 4 5 6 9 9 11 Akl 12 14 15 16 17 3 \
P4 1 2 3 3 4 | 3 4 5 6 7 7 8 8 11 11 12 14 15 16 17 4
P3 2 2 3 3 4 4 5 5 6 7 7 7 7 10 10 11 12 14 15 16 5 ‘
P2 3 3 4 4 6 4 6 6 6 4 I 7 i 10 10 11 12 14 14 15 6
P1 4 4 5 5 7 5 7 7 7 7 7 7 i/ 9 10 4L, 12 13 14 15 7
Nda 4 4 5 5 7 6 7 7 7 7 7 7 i 9 10 AL 11 12 13 14 7
Na 4 4 6 5 8 9 8 7 7 7 7 9 i 10 10 10 Al 11 13 14 8
Nd 4 4 5 6 8 9 8 7 7 7 7 7 9 10 10 10 11 11 13 14 8
NO 6 6 7 7 9 11 11 10 10 9 9 10 10 10 10 10 11 11 12 12 ‘ 8
C6 11 11 11 10 9 11 11 10 10 10 10 10 10 10 9 9 10 10 12 12 10
C5 13 13 13 11 10 12 12 11 Akl 11 11 10 10 10 9 9 10 10 12 12 12
C4 15 15 15 12 11 14 14 12 12 12 Akl 11 11 11 10 10 10 10 12 12 14
C3 16 16 16 14 i3 15 15 14 14 13 12 gl 11 11 10 10 10 10 11 11 15 ‘
C2 19 19 18 18 18 16 16 15 14 14 18 i3 13 12 12 12 12 11 10 10 16
C1 19 19 18 18 18 17 17 16 15 15 14 14 14 12 12 12 12 11 10 10 17
w o 1 2 2 3 3 4 5 6 7 i 8 8 8 10 12 14 15 16 17 4
original levels | 0 1 2 3 4 5 6 7 8 | 9
new_levels 0 1 2 3 4 ) 6 7 8 9 10 11 12 13 14 15 16 17 18 19
att?gg‘teil\’l e attsr:ziil e atiractive atat\tl':qc(iis\} e att?:(?:ilv e intermediate int: rlrr::gjitate re::Il:ilv e reapllr::gisvt e repulsive re:ltjlf:irv e

decrease interactions New beads
increase interactions PS: Q1 bead replaced Qda




New S and T beads

How are S and T beads now ?

@ Bead size ? number of heavy atoms
geometry/shape

@ Different sizes (sigma) for SS, TT, NS, ST and NT interactions.
@ S- and T- beads are well-balanced with N-beads.

@ Chemical types and size types change the properties.

How the beads behave when we reduce their size?
Block Interactions with Interactions with Hydrophobicity
themselves solvents
Qrganic reduce reduce more hydrophilic
Water reduce reduce more hydrophobic
lon increase Increase with polar more hydrophylic
beads




Bead sizes: number of heavy
~tams and geometry

- - Maximize 4-1 mapping
' Symmetry, shape, chemical group

J? Aliphatic rings: S-beads
. Aromatic rings: T-beads

‘ What is the number of

| ‘ | heavy atoms?

W % W W

5-1 4-1 — 3-1 N 2-1

I\ .«/;I linear )(k//l

Ring or fully

Branched ? Ring or fully What is the geometry?
linear Branched ?

Fully
Branched ? Y W

/ I,\ - What is the

W I i ¥
.\ /, NA SA — " | TA flavour” ?
N

N-size S-size T-size




How are sigma and epsilon ot
Lennard-Jones potentials ? —

| | v
o 12 o~ 6
V =4¢ [(—) — (—) } @ Arithmetic averages of o,, and o,
| r r
A\
N 0.47 nm
@ Same interaction matrix of N-N
Interations (£, ) S 0.44 nm [0.40 nm
@ N-S, N-T, S-S, S-T and T-T are
function of €, T |0.40 nm [0.36 nm |0.32 nm
N S T
Eij = f‘:EJ"-"J"-"} = a+ Peyy + pfé‘iﬂj @ For some repulsive interactions
s / )
additive factor  scale factor Polarization induced by T;: = ._-'..—z.}. + 55}.

Q- bead in O- bead.



Pertecting Epsilon for S- and T-
‘Si1zes —

Solvents:
1) Constructions of system in V V N Water

different resolutions Hexadecane

3 N-beads 3 S-beads 6 T-beads and others
Check if bead type works with
VvV sym. and asym. molecules

i N-S

2) Refine solute-solvent Reference:
interactions

\|, Error < 10% ] N-N systems

Balance with
(]

3) Refine the AG ..., 06 07 08 09 1 11 12 13 N-beads!

| - B

v Error <5 kJ/mol

4) Refine the AG ...,
Error < 3 kJ/mol

{ Reference: Experimental data !




Hexadecane/water partitions
of 1-bead solutes —

30 | | | | | | I | | | | I | ] | I | | | | |
L 20
g 10
f—
M 0 \ _
S~
| [mm—— s
s O E s i
< B = B
=2 —a
30
N R T T T

Cl C2 C3 C4 C5 NO Nda Pl P2 P3 P4 PS5

Bead type



J .mol™*

AG,, /K

AG,, / KJ .mol"!

Solvation and Vaporization
of 1-bead

o 1 1 1 1 1 1 1 1 1 1 1
“Cl C2 C3 C4 C5 NO Nda Pl P2 P3 P4 P5

hexadecane

Bead type
water

L L O L FOVL A LA WO AL OO A
25 -
D
e e 2
1 [ -

s ]

ok .
5 .
10g—% pa
s _
e e e e e e e e

Cl C2 C3 C4 C5 NO Nda P1 P2 P3 P4 PS5

Bead type

Vaporization

- Z

AG,,, / KJ .mol"!

v Lol ol s Talolilalsds
5
Cl C2 C3 C4 C5 NO Nda Pl P2 P3 P4 PS

Bead type
* Maybe these beads are gases

@ Correct trends for solvation and
vaporization free energies.



Partitions of 2-bead molecules

Martini 2.2 Martini 3.0

—r =0.5 nm
bond

C | | | = S =
l | | | | s I B R I = Ipong = 04 nm

- rbond =0.3 nm

— fond = 0.2 nm

AG H/W simulation ~ AG H/W additive
]

| |l @D
[ S S T B [ S N S S AT B

160 40 20 0 20 40 -60 -40 -20 0 20 40

— AG .. =AG + AG
AGyw adaitive = 20w a T AG w (B) H/W additive H/W (A) H/W (B)

@ Correct trends when reduce the size of the
molecule.



AG H/W simulation AG H/W additive
]

Partitions of 2-bead molecules

Martini 2.2 Martini 3.0

C | T | T - . [ T [ " 1 ! - _T =0.4 nm
ond

-15 T IR II IR B 15 T T I I S
60 40 20 0 20 40 60 40 20 0 20 40

AG v additive = 20w a T AG L (B) AGyw aaditive = A8y @y T AG g (B)

@ Correct trends when reduce the size of the
molecule.



How balance are the beads?

@ Test 1: Build 1 N-bead with 2 T-beads

20 HD/W Partition @

AR

<Error>= 1.5 KJ/mol

AG,, / KJ .mol"

0 10 20
AG,,/ KJ .mol*!



How balance are the beads?

@ Test 2: Multi-resolution Dodecane 3xCl 4xSC2 6xTC2
W= p E

Partition DD/W of 1 N-bead

- 30 m N
e = S
g 20 - T
H. 0 mixture
~ ) . N,
% .
a 10 =
a 10_
@)
Q 20 —

Y0} AN N N NI (PO RN NI AR O O A

Cl C2 C3 C4 C5 C6 NO NaNda Pl P2 P3 P4 PS5

Bead type



AG CG simulation / k‘] 'mOI-l

Water/Oil Partitions

HD/W Partition

30
[ ]
" |
"
10
--....'
g
gt P
L]
L]
»
-10 -.'-' .
. . .'
»
| ] o 4
30
-30.00 -10.00 10.00
-1
AG experimental/ kJ 'mOI

<Error>= 1.5 KJ/mol

30.00

AG CG simulation / kJ ’mOI-l

OCO/W Partition
30.00
L ] ﬂ ?
] Ill'. -
10.00 -".,':l
g
s *°
-10.00 '.
-30.00
-30.00 -10.00 10.00
-1
AG experimental/ k‘] 'mOI

<Error>= 1.9 KJ/mol

30.00

Results include linear and cyclic molecules (aromatic and aliphatic)



Quality control tests

@ quick simulation tests (0.5 to 1 us) in
small systems.

@ Yes/No answers.

@ Check qualitative improvements

@ Avoid share itp files with clear
problems

UALITY}

@ Continuos optmization of the beads
after release the force field.



Examples of tests

System Goal Status
*Standard Lipids Check bilayer properties
*Villin Protein Solubility in water

*Polyleucines in POPC  Solubility in bilayers

*Barnase-Barstar dimer Protein-protein interactions
*Glycoporin A homodimer

*Peripheral membrane Anchoring PC head

proteins in POPC Cation-pi interactions

*Rhodopsin in POPC Transmebrane protein
Protein-lipid interaction



1) Standard Lipids

: @ :
@ Good structural properties Small changes in head

organization.
DI PC o . atomistic
) PO4- MARTINI 2.0 POPC
“T‘ﬁ '4 \l Na+ ) ERREEY | EEFRPPPre MART'N' 3.0
S 1.5 CL-
= '
£1.0- CF . )
;
E 0,5_ 2 .....
=
Z B 1 .....
0,0
1 |

. L o e 1
%,0 05 1,0 1,5 20 25 30
distance / nm

- 2 0 2
Position from the center



2) Villin: Soluble Proteins

\ , Why soluble now ?
| Sy
sﬁ%‘m. @ t‘;ﬁ%jl W
@ new S/T beads in the
side chains
Feint . G B i
LI *5%3 e da

@ New Q-beads

@ New water

@ Backbone based in the
partition (P2 bead)

~§-} &;‘F ‘?’ “Qi \%r 3

@ Solubility is dependent
of ion concentration



3) Polyleucines in POPC

o n o @ Dimerizarion/aggregation
P controlled by:

; ;? | -Mutations in the middle of
-4 L the chain

T, ™ -Lipid composition

y, -Solubility of the
j? 3? | domains/motifs in water

@ Example: KL (K,



3) Protein dimers in
water and bilayer —

CG Simulations ~ NMR experiment
POPC Bilayer Detergent micelle
I

Barnase-Barstar Glycoporin A homodimer



4)Peripheral membrane
protein
cation- 11 interactions

.......... martini 3.0
all-atom

(=)}

(o8} o w
T T g T

[§]
: T

Depth of anchoring / nm

0 50 100 150 200 250 300
Residue number (#)

@ Example: phospholipase C (BtPI-PLC))



5) Rhodopsin in POPC:
Protein-lipid interactions —

backbone

MARTINI 2.2 + EN MARTINI 3.0 + EN 5.0 side chain

4.0 +

3.0 1

RMSD /A

2.0 1

1.0

0.0-

v2.2 v3.0 v3.0 v3.0
+ret +ret
+Zn

EN = Elastic Network; SC: Side chain dihedrals corrections; cof: cofactors



5) Rhodopsin in POPC:
Protein-lipid interactions —

MARTINI 2.2 MARTINI 3.0

MARTINI 3.0 MARTINI 3.0
(with retinal) (with retinal and zinc)

@ Water @ PC head @ Retinal @ Zinc



6) Aquaporin: proper
hydration
of proteins




7) Ionic Liquids

TQO

At |
._-'l‘}_- il

s
0 & gVIR'C SN S

. AT,
r,::'::,. _p_ﬁ b th .A“-h_t.-h;;#’
ﬁ"»f R

TC4



Current state of Martini 3.0

“Ready”

@ Improvements in the interaction matrix
@ Some new beads (C6 and Q2)

@ New parametrization of S/T beads.

@ New water models

“Final“ refinement in the parameters

@ Reformulation of Q-beads

(special Q-X interactions)

@ Other new beads (X-beads and new N-beads)

Not implemented yet
@ H-donor and H-acceptor choices for all N- and P-beads.

@ Improvements in bonded parameters for the most important classes of
molecules (lipids, proteins, rings, sugars, dna/rna, etc)

@ “Pore taskforce”: add new improvements/beads to facilitate pore
formation.
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