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Berger model did not give a correct structure for POPC
lipid headgroup and glycerol backbone
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FIG. 2: Order parameteres from simulations and
experiments for glycerol and choline groups of POPC.
Experimental values taken from [7].
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Molecular electrometer concept
(Seelig et al. Biochemistry, 26 (1987) 7535):

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

1]
Electric dipole tilt: oi‘uu,:-!-mm,.,

L —

kHz

negative interfacial charge

[Seelig et al. Biochemistry (1987)] ar

———

"./' )

[CTC IH
Fls ST P

o - r-iy:u,;,,*""{m, .‘+' :
.‘E Wk | “’Ith?r"":'hvln J
E ./ I ‘"!'{"1'11'{ \“'@
2 20 | 1
SCH — %(:SCOS 0 — 1) % / |

E 1) o I 4
L I .
.‘ - -

| - 1 i L | k L 1 L

b .2 o z A

—ry— O
mele frection of charged ligid




B 1Scul

@ |Scwl

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

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)
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CONCLUSION: Nat* and Ca?* 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



NMRIipids open collaboration project

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

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

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


http://nmrlipids.blogspot.fi/

NMRIipids open collaboration project

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


http://nmrlipids.blogspot.fi/

The NMRlipids project

Open Collaboration to understand lipid systems in atomistic resolution

Home About Workflow Publications GitHub Authors

Current status of the project

30.1.2018 Database of the NMRlipids simulations and experiments post was
published.

22.12.2017 NMRlipids IV: Current status and reorganization of the manuscript
post was published

8.12.2017 Results from CHARMM36 simulation with cationic surfactants was
added to Quantifying the effect of bound charge on headgroup order
parameters post.

27.7.2017 Quantifying the effect of bound charge on headgroup order
parameters post was published.

31.3.2017 NMRLipids IlI: Preliminary version of the manuscript post is
published.

9.3.2017 NMRlipids IV: Headgroup & glycerol backbone structures, and cation
binding in bilayers with PE, PG and PS lipids post is published. Almost any kind
of simulations of these lipids in bilayers would be useful at this stage.

15.2.2017 My activity in NMRlipids project has been low during the last months
due to other commitments. However, | have now again possibility to advance
NMRLipids Ill and IV projects (updates will follow soon). We have also published
a blog post about the future of NMRlipids project.

29.11.2016 NMRlipids project will be presented in PHOS16 Conference
(Philosophy and History of Open Science) held in Helsinki on 31.11.-1.12.2016.
There should be also live stream available.

12.11.2016 NMRLlipids Il manuscript Molecular electrometer and binding of
cations to phospholipid bilayers accepted for publication in Physical Chemistry
Chemical Physics, and the preprint is available on the journal web page.

16.10.2016 Zenodo has been updated as described in their news page. There
are a lot of improvements but this one is probably the most important for us:
"The current 2GB per file limit is removed, in favour of a 50GB per dataset
limit". This means that we do not have to split the trajectories in 2GB pieces
anymore.

7.10.2016 The final version of NMRlipids Il manuscript (lipid-ion interactions)
submitted to Physical Chemistry Chemical Physics.

To Do List

Data contributions

Latest comments on blog

When collecting the data and
composing the manuscr... - Samuli
Ollila

It would also be interesting to plot
the oleoyl ta... - Thomas Piggot

For POPC, there are impropers
around the double bo... - Thomas
Piggot

No, the APL wasn&#39;t used for
any sort of parame... - Thomas
Piggot

Thanks for tha data! | now merged
also the second... - Samuli Ollila ;

Latest events on GitHub

ohsOllila pushed to master in
NMRLipids/NMRlipidsIVotherHGs

ohsOllila pushed to master in
NMRLipids/MATCH

ohsOllila pushed to master in
NMRLipids/NMRlipids|VotherHGs
ohsOllila pushed to master in
NMRLipids/MATCH

ohsOllila pushed to master in
NMRLipids/NMRlipidsIVotherHGs

Chronological list of all posts

35. Database of the NMRlipids
simulations and experiments

34. NMRlipids IV: Current status
and reorganization of the
manuscript

33. Quantifying the effect of bound
charge on headgroup order
parameters

32. NMRlipids IlI: Preliminary version
of the manuscript

31. NMRlipids IV: Headgroup &
glycerol backbone structures,
and cation binding in bilayers
with PE, PG and PS lipids

Open Co

Scientific progress is accelerated by making all
the content publicly available. Open invitation
is presented to fellow scientists to participate in
the project. Participants are credited by offering
authorship in published articles.

e Scientific discussion in nmrlipids.blogspot.fi
and in https://github.com/NMRLipids/

e Data, figures, codes and manuscripts in https:
//github.com/NMRLipids/

¢ Simulation files including trajectories in http://
zenodo.org/collection/user-nmrlipids

# Final decision about authorship will be based on
self-assessment

- Started in 2013
- 42 contributors
- 3 publications, 3 manuscripts,

more than 600 small contributions,
~1500 visits monthly



NMRilipids I

Toward Atomistic Resolution Structure of Phosphatidylcholine
Headgroup and Glycerol Backbone at Different Ambient Conditions’
Alexandru Botan, Fernando hwela Rosaleq,“ [’atml\ F.J. buc,hq,” attlJavanamt‘:n,l

Matej Kandut,” W\Jdemar Kullg, Antti Lamberg, C Lure Loison,” Alexander Lyubartsev

Markus S. Mlettmen Luca Monticelli ® Jukka Miitts T 0. H Samuli Ollila,** Marius Retegm
Tomasz Rog, Hubert §1ntuz,A Y and Joona 1y11LLynen

DOI: 10.1021/acs.jpcb.5b04878
J. Phys. Chem. B 2015, 119, 15075—15088

NMRlipids IlI:

Molecular electrometer and binding of cations
to phospholipid bilayers¥
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0. H. Samuli Olila* Joona Tynkkynen™ and Sergey Vilow®
NMRIipids V.

Atomistic resolution structure and dynamics of lipid bilayers in
simulations and experimentss %
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Bioc himica et Biophysica Acta 1858 [ 2016) 2512-2528
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Force field quality of lipid headgroups against order
parameters from NMR experlments

POPC

Il
o#f““o\/\ N"',
— S

/\/\/\/\_/\/\/\/\"/0 H
o]
iz
L B a 93 92 | O
o
.
o
F s
- ol
. .
T
0.3 |
i g - ‘:IJ
=
L - »
=] -
0.1 }’ |
T i L
(& f
L] .
§28 vy S
m
ad om0 R e i
W .
]
P 4 |y wEE
Pl ] t_ ''''' L]
T it
o
ot "
ot e
| |
=]
o ]
Py
- - - -
1
----- DMPE 3038 “C-HMR —= POPE 296K H-NMR
— 314K SC-HMR© - 00K MM
s 323K Berger & 298K Barger
* 303K Hégherghi e - Ehiu
¥ DLPC 323K CHARMM3G-UA = Kukal
— DFPC 323K H.HMR * 310K Ulmschreiders
— = 33k —& % 303K CHARMMIG
- 3236 Berger ¢ 318K Slipid
o Tigsrihammarld 203K Highergoa
- Foger = GAFFlpi
o CHARMSIE-LIA ¢ 28EK Liokiid
- CHARMSIE — ° 310K Machog
Sl

s .t.FFIl[ur

UDOROSS @ APM-CP

Botan et al. JPCB 119, (2015) 15075

n-FILF

0:] B a 93 | 92 | 9

|y

8 N
od
0.1 - | — }
0.2
0.3
&
= DOFS experiment T=303K = FOFPS5 experiment T=23BK

== DOFS CHARMMIE T=303K =8~ FOFS CHARMMIG T=293K
—8— POPS CHARMMIE K+ T=238K
—#— DOFS CHARMMIE-UA T=303#48— POPS CHARMMIE-UA T=258K
DOFS SUFIDS T=302K FOFS SLPIDS T=238K
—4— DOFS CEF T=303K —8— POPS CKP T=253K
DOPS CXPM T=303K POPS CKPM T=238K
=8~ FOFS MecRog T=258K
O POPS MacRog K¥ T=298K
== DOFS Berger T=303K =8~ FOFS Barger T=2538K
DOFS Ligid17 T=302K FOFS Lipid17 T=233K
DOPS Lipid17 JC T=303K POPS Lipid17 |C T=258K

https://github.com/NMRLipids/NMRIipidsIVotherHGs/blob/master/M
anuscrint/manuscriptPS.pdf



Force field quality of lipid headgroups against order

parameters from NMR experlments
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NMRlipids II:

Choline order parameter changes as a function of ion concentration
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. lon density distributions with CaCl
NMRIlipids II: 2

Choline order parameter changes as a function of ion concentration
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Tay . Cromsbark Molecular electrometer and binding of cations
N M Rl | p | d S I I ) @ to phospholipid bilayers
Chee this: Frys. Cham. Cham. Phys,,

2016,18, 32580 Andrea Catte,$* Mykhailo Girgch,” Matti Javanainen,™ Claire Loison,” Josef Melcr,'s
Markus 5. Miettinen,™ Luca Monticell! Jukka MaattE,” Vasily 5. Oganesyan,”
0. H. Samuli Olila* Joona Tynkkyrnen™ and Sergey Wilow®

CONCLUSIONS:

- Na™ binding is negligible
- Most models overestimate Na™ binding

- Details of Ca** binding are not reproduced by any
of the models



How to correctly describe cation binding
to PC lipid membranes?

Only non-tail atoms Include electronic polarizability

scaled Applylng electronic co.ntllnuum |
Correction to Amber Lipid14 force field
Leontyev and Stuchebrukhov, Phys. Chem. Chem. Phys., 2011, 13, 2613-2626
Charges
fq=0.80

Lennard-Jones
f =0.89

Keep €

ECC-lipids

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

Experimental POPC, T=300K —a—
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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
EXAMPLE: Area per lipid in GAFFlipid publication ran with AMBER vs. Gromacs

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

It should be noted that the area per molecule with these settings for the GAFFlipid
model was 61.6 A2, while the original publication®' reported 63.9 A2. Notably, however,
the same parameters and Amber-to-Gromacs conversion procedure reproduced the area per
molecule from the original publication®* for the Lipid14 model (see the Subsec. Lipid14).

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

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

The area per molecule with these settings was 65.4 A%, which is in agreement with the

value 65.6+0.5 A2 reported in the original publication. 2

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




Three typical reproducibility problems

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

EXAMPLE: OPLS lipid parameters (MacRogQ)

Thomas Piggot December 21, 2017 at 10:14 PM
Hi,

| did plan on running some pure MacRog PS simulations and even
converted the CHARMM POPS starting structure into the necessary
ordering (they are pretty similar) as per the rest of my pure POPS
and DOPS membrane simulations. However when | did this | noticed
that the available MacRog POPS topology (obtained from
http:/iwww.sciencedirect.com/science/article/pii/52352340916301755
} had some problems with it. From looking at some notes | made at
the time of doing this, and from having another brief look at the
topologies this evening, the things I've spotied are:

1. The sn-1 chain is oleoyl and the sn-2 chain palmitoyl (so OPPS
not POPS)

Thomas Piggot March 28, 2018 at 1:09 PM

Fair enough with regards to not looking at the tail. | will download the
sims and do this myself.

| will setup POPS simulations with the tails from OPPS switched
around and everything else the same and run these asap.

Thomas Piggot Aprl 3, 2018 at 1:14 PM

Ok, good. | will setup the POPS simulations today. | have also been

o POPS

3

2
/\/\/\/\/\/\/\)\ /\(\0, fp-..o
. (o
/\/\/\/\_/\//\/\/\n/ Na*

0

samuli Ollila @ August 13, 2018 at 2:04 PM

Thanks again. Now | am comparing the new and previous versions of
the figS8.png.

The orientation of the headgroup snapshots from MacRog in the
previous version seems to be somehow different than in other
models:
https:/igithub.com/NMRLipids/NMRIlipidsIVotherHGs/blob/master/Fig
s/figS8.png

CHARMM36

MacRog GROMOS-CKP1

Samuli Ollila Q August 14, 2018 at 2:41 PM

This suggested that the problem would be in the initial conformations,
as also indicated by Tom Piggot above. Therefore, we took a look to
initial configurations with Matti Javanainen and noticed that the
starting configuration shared by the MacRog developers has the
serine in D-stereoisomer,

while other models have the L-stereocisomer. The latter is present in
biological systems.



Three typical reproducibility problems

3. Parameters shared online are changed without notice

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

0 This repository Pull requests Issues Gist ‘. + -
NMRLipids / nmrlipids.blogspot.fi ©unwatch- 5 %star 3 YFork 10
<* Code Issues 2 Pull requests 0 Wiki Pulse Graphs Settings
Files related to the nmrlipids.blogspot.fi — Edit
Derlved data {0 402 commits ¥ 1 branch "> 3 releases 9 contributors
. Branch: master - New pull request New file  Upload files = Find file HTTPS » https://github.com/NMRLip E‘ Download ZIP
Figures
ohsOllila Merge pull request #69 from Hublotref | Latest commit b747f92 an Jan 16
Manuscnpt M paTAreportedilNblog Small updates to the cholesterol and dehydration figure 4 months ago
\- Fig Update new BERGER POPC full hydration numbers into the figures. Fixin... 4 months ago
Sou rce M HGmodelMANUSCRIPT Minor changes in the proof stage 3 months ago
flles \ ] MD_files Fix typo 10 months ago
8 scratch README for the folders inside the scratch one 10 months ago
Codes for
. scripts Add data files asked in issue #55 5 months ago
derived ~
Bl LICENSE Initial commit a year ago
data

i)

El README.md Add the reference of the publication a month ago



Data listed in tables in manuscripts

Table 1. Fully Hydrated Single Component Lipid Bilayer Systems Simulated for Figure 2: 1,2-Dimyristoyl-sn-glycero-3-
phosphocholine (DMPC), Dilauroylphosphatidylcholine (DLPC), Dipalmitoylphosphatidylcholine (DPPC), and
1-Palmitoyl-2-oleoylphosphatidylcholine (POPC)”

force field lipid N, N, T (K) tu” (ms) tual’ (m5) files*
Berger-DMPC-04"" DMPC 128 5097 323 130 100 819
Berger-DPPC-98% DPPC 72 2864 323 &0 30 BT
Berger-POPCoH7™ FOPC 128 7290 298 270 240 B5*
CHARMM36™ DFPC T2 2189 323 30 25 B6*
CHARMM36™ DFPC T2 2189 313 130
CHARMM36™ POPC 72 142 303 30 20 i
CHARMM 367 POPC 128 5120 303 200 100 Hee
MacRog™” POPC 288 12 600 310 100 80 90*
MacRog™ POPC 128 6400 310 400 200 91*
MacRog"” POPC 288 14 400 310 a0 40 92
GAFFlipid™ DPPC 72 2197 33 90 50 93+
GAFFlipid™ DPPC 72 2167 323 250 250
GAFHipid™ POPC 126 3948 303 137 32 o4*
Lipid14™* POPC 72 1334 305 100 50 G6*
Foger DPPC 125 5841 323 2% 100 2% 50 98, 49*
Slipids""” DFPC 125 3840 323 150 100 101*
Slipids'™* FOPC 128 5120 3 200 150 103*
Kukal'™ POPC 512 20 564 298 50 30 105*
Chin"™ FOPC 128 3552 298 56 50 107*
Hogbergos™ DMPC 98 3840 303 75 50 108%
Hagbergos'™ POPC 128 3840 303 100 80 110*
Ulmschneiders'" POPC 128 3324 310 100 50 112#
Tjornhammar14'™ DPFPC 144 7056 323 200 100 114*
Botan-CHARMM36-UAMS DLPC 128 3840 323 30 20 116
Lee-CHARMM36-UA" "7 DPFPC 72 2189 323 70 50 114%

(81) Miettinen, M. S. Molecular dynamics simulation trajectory of a fully
hydrated DMPC lipid bilayer 2013, DO1: 10,6084,/ m9.figshare 829642,
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Largest publicly available database of MD simulation
data at www.nmrlipids.fi

Database of NMRIipids’ simulations and experiments

This is abeta version of the database collected in the NMRIipids project. The database is essentially just a search engine for the MATCH repository of the NMRIipids GitHub
organization, thus indexing follows the folder structure of MATCH, and links to the corresponding MATCH folders are given. The experimental data are available through
the links in the Temperature column and the molecular dynamics simulation data through the links in Modelfiles column.

The database is currently useful mostly for searching the molecular dynamics simulation data of lipid bilayers made available in the NMRIipids project; however, all those
data are not yet included (work in progress). Future goal is to deliver for each model an automatically generated quality assessment report, as exemplified for the Berger
POPC model, which would be useful for selecting the best-suited simulation model for a given application as well as for improving the force fields.

If you use this database or its contents in your publications, please cite the appropriate NMRIlipids project publication(s). That said, all the content is provided as is: There
is no guarantee that the content is correct or suitable for any purpose — you should check it yourself (and please let us know once you find bugs).

NMRlipids / Proudly powered by WordPress

show 50 [ entries

Search:
Type Molecule Temperature Modelfiles
MODEL__SLIPIDS
MODEL_ Berger
MODEL__CHARMM?36
MODEL__CHARMM36UA
Lipid_ Bilayers DOPS T303K
— MODEL__ GROMOS-CKP1
MODEL__ GROMOS-CKP2
MODEL_ LIPID17
MODEL_ SLIPIDS2
- . MODEL__CHARMM36__ GROMACS
Lipid_ Bilayers DPPC T323K
- . MODEL__SLIPIDS
Lipid_ Bilayers DPPE T336K —_—
e MODEL_ SLIPIDS
Lipid_ Bilayers DPPG T298K —_—
MODEL_ SLIPIDS
Lipid_ Bilayers DPPG T314K —_—
Lipid_ Bilayers E.coliPE T310K

Lipid_ Bilayers E.coliPG T310K



Short description of current data sharing system in
the NMRIipids project

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 NMRIipids 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 “NMRIipids” 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.



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



First annual NMRIipids workshop

Save the date
May 15th to 17th 2019

For current and future participants of the NMRIipids Project

Discussing the future direction of the project
Workshops (doing, not talking) to advance the project

In Berlin, Germany

No participation fees

Planning to join? Please email us now (non-binding)
so we know to reserve big enough space:
Markus — miettinen@mpikg.mpg.de
Samuli — samuli.ollila@helsinki.fi
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The character of molecular modeling

Anthony Nicholls J Comput Aided Mol Des (2012) 26:103-105

“ My real thesis, the one I want to end with, 1s that unless
simulations, or model building built on data dredging, do
one simple thing there won’t be much progress in the next
25 years. That one simple thing? Science. What amazes me
about molecular modeling is how fundamentally un-sci-
entific 1t 1s. Galileo had a very simple definition of science, *



Bilayer structure without ions in ECC-lipid POPC model

& experiment e Lipidi4 e ECC-POPC
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Melcr, Martinez-Seara, Nencini, Kolafa, Jungwirth, O. H. S. Ollila, J. Phys. Chem. B 122 (2018) 4546
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