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Solid state NMR and MD simulations
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Order parameter:

Lipid membrane systems 
(solid state NMR)

T. M. Ferreira, F. Coreta-Gomes, O. H. Samuli Ollila, M. J. Moreno, W. L. C. Vaz and D. Topgaard, PCCP, 15, 1976 (2013)
Ollila and Pabst, BBA, 1858, 2512-2528 (2016) 



  

Berger model did not give a correct structure for POPC 
lipid headgroup and glycerol backbone

How about other models?
How to fix this?



  

Molecular electrometer concept  
(Seelig et al. Biochemistry, 26 (1987) 7535):

Negative molecules bound → choline order parameters increase
Positive molecules bound → choline order parameters decrease



  

O.H.S. Ollila,  Response of the hydrophilic part of lipid membranes to changing 
conditions - a critical comparison of simulations to experiments 
http://arxiv.org/abs/1309.2131 (2013)

Ion binding to PC lipid membrane in 
Berger model vs. experiments   

CONCLUSION: Na+ and Ca2+ binding is too strong in the most used model

QUESTIONS: How about other models? How to fix this?

http://arxiv.org/abs/1309.2131


  

OPTIONS IN TRADITIONAL SCIENTIFIC 
DISCOURSE

Publish results and hope that the field reacts 
+ Doable 

- Only negative result, not real progress 

Test all the models and/or improve the existing 

- Too much work 



  

http://nmrlipids.blogspot.fi/
https://github.com/NMRLipids/

- The projected is progressed and discussed as an open 
project through the blog anf GitHub repositories
- People who have contributed through the blog format will 
be offered an authorship in produced publications
- The authorship final is based on self-assesment
- Author contributions are fully documented

ORIGINAL STUDY:
O.H.S. Ollila,  Response of the hydrophilic part of lipid membranes to changing 
conditions - a critical comparison of simulations to experiments 
http://arxiv.org/abs/1309.2131

NMRlipids open collaboration project

The original work has been improved and extended with Open Collaboration 
running at:

http://nmrlipids.blogspot.fi/


  

http://nmrlipids.blogspot.fi/
www.github.com/nmrlipids/

www.nmrlipids.fi

Goal is to find MD simulation models of lipids correctly 
describing biologically relevant membrane properties

Contributors are offered an authorship in the produced 
publications. The decision of the authorship is based on self-

assesment. Authors are alphaphetical order.

All the data, methods and contributions are publicly available all 
the time

NMRlipids open collaboration project

http://nmrlipids.blogspot.fi/


  

- Started in 2013

- 42 contributors

 - 3 publications, 3 manuscripts, 
more than 600 small contributions,
~1500 visits monthly

 



  

NMRlipids I:

NMRlipids II:

NMRlipids V:



  

Force field quality of lipid headgroups against order 
parameters from NMR experiments

POPSPOPC

Botan et al. JPCB, 119, (2015) 15075
https://github.com/NMRLipids/NMRlipidsIVotherHGs/blob/master/M
anuscript/manuscriptPS.pdf



  

Force field quality of lipid headgroups against order 
parameters from NMR experiments

POPC

POPS

Botan et al. JPCB, 119, (2015) 15075
https://github.com/NMRLipids/NMRlipidsIVotherHGs/blob/master/M
anuscript/manuscriptPS.pdf



  

NMRlipids II:

Catte et al. PCCP, 18, (2016) 32560

Ion density distributions with NaCl

Choline order parameter changes as a function of ion concentration



  

NMRlipids II:
Ion density distributions with CaCl

2

Choline order parameter changes as a function of ion concentration

Catte et al. PCCP, 18, (2016) 32560



  

NMRlipids II:

CONCLUSIONS:

- Na+ binding is negligible
- Most models overestimate Na+ binding
- Details of Ca2+ binding are not reproduced by any 
of the models



  

How to correctly describe cation binding 
to PC lipid membranes?

POPC

Include electronic polarizability 
Applying electronic continuum 
Correction to Amber Lipid14 force field
Leontyev and Stuchebrukhov, Phys. Chem. Chem. Phys., 2011, 13, 2613–2626

Melcr, Martinez-Seara, Nencini, Kolafa, Jungwirth, O. H. S. Ollila, J. Phys. Chem. B 122 (2018) 4546



  

Ion binding affinity in 
ECC-lipid POPC model

Melcr, Martinez-Seara, Nencini, Kolafa, Jungwirth, O. H. S. Ollila, 
J. Phys. Chem. B 122 (2018) 4546



  

Three typical reproducibility problems

1. Results ran with one simulation package (e.g. AMBER or CHARMM) cannot 
be reproduced with other simulation package (e.g. Gromacs or NAMD)

2. Authors share different parameters online than used in the published article

3. Parameters shared online are changed without notice



  

Three typical reproducibility problems
1. Results ran with one simulation package (e.g. AMBER or CHARMM) cannot 
be reproduced with other simulation package (e.g. Gromacs or NAMD)

EXAMPLE: Original CHARMM36 publication 
Reports good agreement with experimental 
acyl chain order parameters

We always get overestimation of order parameters

https://github.com/NMRLipids/NmrLipidsCholXray/issues/4



  

Three typical reproducibility problems

EXAMPLE: Area per lipid in GAFFlipid publication ran with AMBER vs. Gromacs

1. Results ran with one simulation package (e.g. AMBER or CHARMM) cannot 
be reproduced with other simulation package (e.g. Gromacs or NAMD)

2. Authors share different parameters online than used in the published article

NMRlipids I: Botan et al. JPCB, 119, (2015) 15075

GAFFlipids: Dickson et al. Sof Matter, 8, (2012) 9617

Lipid14: Dickson et al. JCTC, 10, (2014) 865

NMRlipids I: Botan et al. JPCB, 119, (2015) 15075



  

Three typical reproducibility problems

EXAMPLE: OPLS lipid parameters (MacRog)
2. Authors share different parameters online than used in the published article

POPS



  

Three typical reproducibility problems
3. Parameters shared online are changed without notice

EXAMPLE OF 3: Nbfix for calcium added into the CHARMM-GUI

CHARMM-GUI 2015
CHARMM-GUI 2018



  

NMRlipids solution

- All the data and steps from raw data to the manuscript should be publicly 
available 

-Raw data used in the manuscript should be published with unique identifier



  

Derived data, methods and more in GitHub
https://github.com/NMRLipids/nmrlipids.blogspot.fi

Derived data

Figures

Manuscript

Source 
files

Codes for 
derived 
data



  

Data listed in tables in manuscripts



  

Largest publicly available database of MD simulation 
data at www.nmrlipids.fi



  

For example, see https://doi.org/10.5281/zenodo.1250974 where raw simulation data for a simulations of 
POPC:POPS lipid bilayer ran with Amber simulation package is available. This data is then used by a GitHub 
repository (https://github.com/NMRLipids/MATCH/tree/master/Data/Lipid_Bilayers%2FPOPS%2B83%25popc
%2FT298K%2F/MODEL_LIPID17) containing a script that downloads the data and performs analysis. The results 
of this analysis are then used in the manuscripts. Each manuscript published by the NMRlipids project contains a 
list of used trajectories with a citation to the Zenodo repository, for example, see tables 1-3 in 
http://dx.doi.org/10.1021/acs.jpcb.5b04878. 

The shared data is also indexed in the GitHub repository https://github.com/NMRLipids/MATCH, which is also 
searchable using the SQL databank available at http://www.nmrlipids.fi/. Currently, searching “NMRlipids” from 
Zenodo gives 209 results and many of the entries contain trajectories for more than one systems. Thus, we have 
already shared trajectories for hundreds of simulated systems. The databank at http://www.nmrlipids.fi/ is a beta 
version and is not fully up to date yet, currently containing only 63 entries. In addition, the content and format of 
Zenodo entries is not yet uniform. For example, the above linked entry for a POPC:POPS system describes very 
well the simulation details, while some other entries have less descriptions, but more files for the reproduction of 
the simulations, see for example http://doi.org/10.5281/zenodo.13283. We are currently trying to recruit people to 
update and further develop the databank.

Short description of current data sharing system in 
the NMRlipids project



  

CONCLUSIONS 

Open collaboration is more effective than traditional 
scientific discourse

It is possible to publish the whole progess of 
producing publications which improves 

“reproducibility”

We have collected a database of MD simulation 
trajectories of lipid bilayers which is indexed in 

www.nmrlipids.fi
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Bilayer structure without ions in ECC-lipid POPC model

Melcr, Martinez-Seara, Nencini, Kolafa, Jungwirth, O. H. S. Ollila, J. Phys. Chem. B 122 (2018) 4546
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