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CHAPTER
ONE

PYTHON BASED LIPID BILAYER MOLECULAR SIMULATION
ANALYSIS TOOLKIT

1.1 PyBILT is a Python toolkit developed to analyze molecular simu-
lation trajectories of lipid bilayers systems. The toolkit includes
a variety of analyses from various lipid bilayer molecular simula-
tion publications.

The analyses include:
* Mean Squared Displacement (MSD)

¢ Diffusion coefficent estimators (from MSD curves) - includes Einstein relation, linear fit, and anomalous diffu-
sion fit.

* Area per lipid estimators

* Bilayer thickness

* Displacement Vector (flow) maps and correlations
* Deuterium order parameter

* Orientation parameters

* Mass and Electron Density Estimators

¢ and more!
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CHAPTER
TWO

INSTALL

2.1 Core dependencies

PyBILT has the following core dependencies:
e MDAnalysis
e NumPy
* SciPy
* Matplotlib
» Seaborn
* six

e future

2.2 Python version support
The pybilt package has been tested using Anaconda Python 2.7, 3.6, and 3.7.

2.2.1 Sunsetting of Python 2

Please be aware that Python 2 is scheduled to be sunset on January 1 2020. You can read about it here: https:
/lwww.python.org/doc/sunset-python-2/ Parallel to the sunsetting of Python 2 many open source packages are also
dropping support for Python 2 (https://python3statement.org/), including some of PyBILT s core dependencies. As
such, after January 1, 2020, PyBILT will also likely sunset its support for Python 2.7.

2.3 pip install

You can install the latest version of the pybilt package using pip sourced from the GitHub repo:

’pip install -e git+https://github.com/LoLab-VU/PyBILT@v0.2.0#egg=pybilt

However, this will not automatically install the core dependencies. You will have to do that separately:

’pip install MDAnalysis numpy scipy matplotlib seaborn six future



https://www.mdanalysis.org/
http://www.numpy.org/
https://www.scipy.org/
https://matplotlib.org/
https://seaborn.pydata.org/
https://pypi.org/project/six/
http://python-future.org/
https://www.anaconda.com/
https://www.python.org/doc/sunset-python-2/
https://www.python.org/doc/sunset-python-2/
https://python3statement.org/
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2.4 conda install

First make sure you have the conda—-forge channel in your channel list; that is the channel from which MDAnalysis
is installed. You can use the following command to add it to the bottom of your channel list:

’conda config ——append channels conda-forge

Then you can install the pybilt package from the blakeaw Anaconda Cloud channel,

conda install -c blakeaw pybilt

The core dependencies will be automatically installed.

2.5 Recommended additional software

The following software is not required for the basic operation of PyBILT, but provides extra capabilities and features
when installed.

2.5.1 pytest

The pybilt test suite is designed to be run with pytest, so if you want to run the tests then you will need to install
pytest.

2.5.2 Jupyter

PyBILT comes with a set of Jupyter [Python notebooks which supplement the doc pages. If you want to run these
notebooks locally then you will need to intall Jupyter (or at least the IPython kernel).

Note that the notebooks have not been updated for Python 3 yet.

2.5.3 sphinx, sphinx_rtd_theme, and recommonmark

If you want to build local versions of doc pages install the following additional packages:
* sphinx
e sphinx_rtd_theme

e recommonmark

6 Chapter 2. Install


https://docs.pytest.org/en/latest/
https://jupyter.org/
http://www.sphinx-doc.org/en/master/
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CHAPTER
THREE

DOCUMENTATION AND USAGE

3.1 Quick overview of PyBILT

PyBILT is composed of 2 primary analysis packages:

* bilayer_analyzer — The bilayer_analyzer is an analysis package that is designed to analyze (quasi) planar lipid bi-
layer systems. It is accessed through the BilayerAnalyzer object, which can be imported via: from pybilt.
bilayer_analyzer import BilayerAnalyzer. The BilayerAnalyzer features automatic dynamic
unwrapping of coordinates and leaflet detection. The bilayer_analyzer works on a multiple-representation
model, whereby the various analyses are conducted using different representations of the bilayer lipids. Bi-
layer lipids can be represented using the following four representations:

All atom
Centers-of-mass — Each lipid (or selection of atoms from each lipid) is reduced to a center-of-mass.

Grid (or lipid grid) — The lipids are mapped to two-dimensional grids (one for each leaflet) in the style of
the GridMAT-MD method

Vectors - Each lipid is converted to a vector representation using select reference atoms (or sets of reference
atoms) that are used to compute the head and tail of the vector; e.g., a lipid tail atom to lipid head atom, or
P-N vectors.

The bilayer_analyzer features various types of analyses and the use of different representations is handled internally
based the requirements and design of each analysis type. See the documentation for list of analyses that can be added
to intances of the BilayerAnalyzer.

» mda_tools — This package includes various modules and functions for directly analyzing and operating on MD-
Analysis trajectories and objects. e.g. functions to compute density profiles.

Additional packages include:

e lipid_grid — The lipid grid module can be used construct “lipid grid” grid representations of lipid bilayers, which
can be used to accurately estimate quantities such as area per lipid.

e com_trajectory — This module can be used to construct a center of mass trajectory (COMTraj) out of an MD-
Analysis trajectory, which is useful for computing quantities like mean squared displacement. The COMTraj is
designed to work with bilayers.

* plot_generation — This module has several pre-written plotting functions (using matplotlib and seaborn) for some
of the properties that can be computed from functions in the other modules. e.g. mean squared displacement
and area per lipid.



http://pybilt.readthedocs.io/en/latest/pybilt.bilayer_analyzer.html#module-pybilt.bilayer_analyzer.bilayer_analyzer
http://www.bevanlab.biochem.vt.edu/GridMAT-MD/
https://pybilt.readthedocs.io/en/latest/ba_analyses.html
http://pybilt.readthedocs.io/en/latest/pybilt.mda_tools.html
http://pybilt.readthedocs.io/en/latest/pybilt.lipid_grid.html
http://pybilt.readthedocs.io/en/latest/pybilt.com_trajectory.html
http://pybilt.readthedocs.io/en/latest/pybilt.plot_generation.html
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3.2 Docs

Visit the PyBILT docs on Read the Docs. Docs can also be viewed offline/locally by opening the Py-
BILT/docs/build/html/index.html file from the repo in a web browser; however, this build of the docs is not updated
often.

3.3 Jupyter IPython notebooks

In addition to the Docs, there are currently a few Jupyter IPython notebooks that provide some examples and show
some basic usage (these have not been updated/tested for/with python 3 yet); updates and more of these are in the
pipeline.

8 Chapter 3. Documentation and Usage
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CHAPTER
FOUR

CONTACT

To report problems or bugs please open a GitHub Issue. Additionally, any comments, suggestions, or feature requests
for PyBILT can also be submitted as a GitHub Issue.



https://github.com/LoLab-VU/PyBILT/issues
https://github.com/LoLab-VU/PyBILT/issues
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CHAPTER
FIVE

CONTRIBUTING

If you would like to contribute directly to PyBILT’ s development please

1.

NS R wN

Fork the repo (https://github.com/LoLab-VU/PyBILT/fork)

Create a new branch for your feature (git checkout -b feature/foo_bar)

Create test code for your feature

Once your feature passes its own test, run all the tests using pytest (python -m pytest)

Once your feature passes all the tests, commit your changes (git commit -am ‘Add the foo_bar feature.”)
Push to the branch (git push origin feature/foo_bar)

Create a new Pull Request

11
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CHAPTER
SIX

LICENSE

This project is licensed under the MIT License - see the LICENSE file for details

13
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CHAPTER
SEVEN
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CHAPTER
EIGHT

CITING

If you use the PyBILT software as a part of your research, please cite the its use. You can export the PyBILT software
citation in your preferred format from its Zenodo DOI entry.

Also, please cite the following references as appropriate for scientific/research software used with/via PyBILT:

8.1 MDAnalysis

See: https://www.mdanalysis.org/pages/citations/

8.2 Packages from the SciPy ecosystem

These include NumPy, SciPy, and Matplotlib for which references can be obtained from:
https://www.scipy.org/citing.html

8.3 seaborn

Reference can be exported from the seaborn Zeondo DOI entry

8.4 Jupyter

See: https://github.com/jupyter/jupyter/issues/190

8.5 IPython

See: https://ipython.org/citing.html

17


https://doi.org/10.5281/zenodo.3426128
https://doi.org/10.5281/zenodo.592845

PyBILT Documentation, Release 0.1.0

18 Chapter 8. Citing



CHAPTER
NINE

ANALYSES AVAILABLE TO THE BILAYERANALYZER

9.1 ac - Isothermal area compressibility.

9.1.1 BilayerAnalyzer analysis: ac - Isothermal area compressibility.

9.1.2 Description

Estimate the isothermal area compressibility.

This protocol is used to estimate the area compressibility modulus, K_A*-1 = [(kT) / var(A)]*-1 , where
A is the area in the lateal dimension of the bilayer.

This protocol is identified by the analysis key: ‘ac’

Initiated by instance of:

<class 'pybilt.bilayer_analyzer.analysis_protocols.
—AreaCompressibilityProtocol'>

9.1.3 Syntax

ac analysis—-ID keyword value

¢ ac = analysis-Key - keyword/name for this analysis.
¢ analysis-ID = The unique name/ID being assigned to this analysis.
» keyword value = settings keyword value pairs

— temperature (float): The absolute temperature that the simulation was run at (i.e. in Kelvin).
Default: 298.15 K

Examples

Construct analyzer:

analyzer = BilayerAnalyzer (structure='name_of_ structure_ file',
trajectory='name_of_traj_file',
selection="resname POPC DOPC'")

19
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Add by string - use default settings:

’analyzer.add_analysis('ac ac_1l") ‘

Add by string - adjust a setting:

’analyzer.add_analysis('ac ac_1l temperature 298.15") ‘

Add by list:

’analyzer.add_analysis(list([’ac', 'ac_1', dict({'temperature':298.15})1)) ‘

Add by dict:

analyzer.add_analysis(dict ({'analysis_key': 'ac', 'analysis_id': 'ac_1'",
—'analysis_settings':dict ({'temperature':298.15})1}))

To remove from analyzer:

analyzer.remove_analysis('ac_1")

Output Info:

Retrieve output after running analyses:

output = analyzer.get_analysis_data('ac_1")

The output is type <type 'numpy.ndarray'>

9.1.4 Related analyses
e acm
e vem
9.1.5 References
1. Yoshimichi Andoha, Susumu Okazakia, Ryuichi Ueokab, “Molecular dynamics study of lipid bi-
layers modeling the plasma membranes of normal murine thymocytes and leukemic GRSL cells”,

Biochimica et Biophysica Acta (BBA) - Biomembranes, Volume 1828, Issue 4, April 2013, Pages
1259-1270. https://doi.org/10.1016/j.bbamem.2013.01.005

9.2 acm - Area compressibility modulus.

9.2.1 BilayerAnalyzer analysis: acm - Area compressibility modulus.

9.2.2 Description

Estimate the isothermal area compressibility modulus.

This protocol is used to estimate the area compressibility modulus, K_A = (kT) / var(A), where A is the
area in the lateal dimension of the bilayer.

20 Chapter 9. Analyses available to the BilayerAnalyzer
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This protocol is identified by the analysis key: ‘acm’

Initiated by instance of:

<class 'pybilt.bilayer_analyzer.analysis_protocols.
—AreaCompressibilityModulusProtocol'>

9.2.3 Syntax

acm analysis-ID keyword value

e acm = analysis-Key - keyword/name for this analysis.
¢ analysis-ID = The unique name/ID being assigned to this analysis.
* keyword value = settings keyword value pairs

— temperature (float): The absolute temperature that the simulation was run at (i.e. in Kelvin).
Default: 298.15 K

Examples

Construct analyzer:

analyzer = BilayerAnalyzer (structure='name_ of structure file',
trajectory='name_of_traj_file',
selection="resname POPC DOPC')

Add by string - use default settings:

’analyzer.add_analysis('acm acm_1") ‘

Add by string - adjust a setting:

’analyzer.add_analysis('acm acm_1 temperature 298.15") ‘

Add by list:

’analyzer.add_analysis(list([’acm', 'acm_1', dict({'temperature':298.15})1))

Add by dict:

analyzer.add_analysis(dict ({'analysis_key': 'acm', 'analysis_id': 'acm_ 1',
—'analysis_settings':dict ({'temperature':298.15})1}))

To remove from analyzer:

analyzer.remove_analysis('acm_1")

Output Info:

Retrieve output after running analyses:

9.2. acm - Area compressibility modulus. 21
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output = analyzer.get_analysis_data('acm 1")

The output is type <type 'numpy.ndarray'>

9.2.4 Related analyses
® ac
* vem

9.2.5 References

1. Christofer Hofsab, Erik Lindahl, and Olle Edholm, “Molecular Dynamics Simulations of Phospho-
lipid Bilayers with Cholesterol”, Biophys J. 2003 Apr; 84(4): 2192-2206. doi: 10.1016/S0006-
3495(03)75025-5

2. L. Janosi and A. A. Gorfe, J. Chem. Theory Comput. 2010, 6, 3267-3273
3. D. Aguayo, F. D. Gonzalez-Nilo, and C. Chipot, J. Chem. Theory Comput. 2012, 8, 1765-1773

9.3 ald - Average lateral displacement.

9.3.1 BilayerAnalyzer analysis: ald - Average lateral displacement.
9.3.2 Description

Estimate the average lateral displacement of lipids.

This protocol is identified by the analysis key: ‘ald’

Initiated by instance of:

’<class 'pybilt.bilayer_analyzer.analysis_protocols.ALDProtocol'> ‘

9.3.3 Syntax

’ald analysis—ID keyword value

¢ ald = analysis-Key - keyword/name for this analysis.
¢ analysis-ID = The unique name/ID being assigned to this analysis.
* keyword value = settings keyword value pairs

— leaflet (str: ‘both’, ‘upper’, or ‘lower’): Specifies the bilayer leaflet to include in the estimate.
Default: ‘both’

— resname (str): Specify the resname of the lipid type to include in this analysis. Default: ‘all’,
includes all lipid types.

22 Chapter 9. Analyses available to the BilayerAnalyzer
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Examples

Construct analyzer:

analyzer = BilayerAnalyzer (structure='name_of_structure_file',
trajectory='name_of_traj file',
selection="resname POPC DOPC')

Add by string - use default settings:

’analyzer.addﬁanalysis('ald ald_1") ‘

Add by string - adjust a setting:

’analyzer.add_analysis('ald ald_1 leaflet both'") ‘

Add by list:

’analyzer.add_analysis(list([’ald', 'ald_1'", dict ({'leaflet':'both'})])) ‘

Add by dict:

analyzer.add_analysis(dict ({'analysis_key': 'ald', 'analysis_id': 'ald 1',
—'analysis_settings':dict ({'leaflet':'both'})}))

To remove from analyzer:

analyzer.remove_analysis('ald_1")

Output Info:

Retrieve output after running analyses:

output = analyzer.get_analysis_data('ald 1")

The output is type <type 'numpy.ndarray'>

9.3.4 Related analyses

e msd

9.3.5 References

1. Kenichiro Koshiyama, Tetsuya Kodama, Takeru Yano, Shigeo Fujikawa, “Molecular dynamics sim-
ulation of structural changes of lipid bilayers induced by shock waves: Effects of incident angles”,
Biochimica et Biophysica Acta (BBA) - Biomembranes, Volume 1778, Issue 6, June 2008, Pages
1423-1428

9.3. ald - Average lateral displacement. 23
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9.4 apl_box - Area per lipid using box dimensions.

9.4.1 BilayerAnalyzer analysis: apl_box - Area per lipid using box dimen-
sions.

9.4.2 Description

Estimate the area per lipid using the lateral area.

This analysis is used to estimate the area per lipid (APL) using the lateral box dimensions, A_l =
2<A_xy>/N_l, where A_Xy is area of the lateral box dimensions (used to approximate the surface area
of the bilayer) and N_I is the number of lipids in the bilayer. As a molar quantity this approach is only
accurate for homogenous lipid bilayers. If the bilayer is inhomogenous then this estimate represents a
composite average of the area per lipid.

This protocol is identified by the analysis key: ‘apl_box’

Initiated by instance of:

’<class 'pybilt.bilayer_analyzer.analysis_protocols.APLBoxProtocol'> ‘

9.4.3 Syntax

’apl_box analysis—1ID ‘

* apl_box = analysis-Key - keyword/name for this analysis.

¢ analysis-ID = The unique name/ID being assigned to this analysis.

Examples

Construct analyzer:

analyzer = BilayerAnalyzer (structure='name_ of_ structure file',
trajectory='name_of_ traj_file',
selection="resname POPC DOPC')

Add by string - use default settings:

’analyzer.add_analysis('apl_box apl_box_1")

Add by string - adjust a setting:

’analyzer.add_analysis('apl_box apl_box_1 none None') ‘

Add by list:

’analyzer.add_analysis(list(['apl_box', 'apl _box_1"', dict ({'none':None})])) ‘

Add by dict:

24 Chapter 9. Analyses available to the BilayerAnalyzer
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analyzer.add_analysis(dict ({'analysis_key': 'apl box', 'analysis_id': 'apl__
—box_1"',"analysis_settings':dict ({'none':None})}))

To remove from analyzer:

analyzer.remove_analysis ('apl box_ 1")

Output Info:

Retrieve output after running analyses:

output = analyzer.get_analysis_data('apl box_1")

The output is type <type 'numpy.ndarray'>

9.4.4 Related analyses

e apl_grid

9.4.5 References
1. Preston B. Moore, Carlos F. Lopez, Michael L. Klein, Dynamical Properties of a Hydrated Lipid
Bilayer from a Multinanosecond Molecular Dynamics Simulation, Biophysical Journal, Volume 81,

Issue 5, 2001, Pages 2484-2494, ISSN 0006-3495, http://dx.doi.org/10.1016/S0006-3495(01)75894-
8. (http://www.sciencedirect.com/science/article/pii/S0006349501758948)

9.5 apl_grid - Area per lipid using 2D lipid grids.

9.5.1 BilayerAnalyzer analysis: apl_grid - Area per lipid using 2D lipid
grids.

9.5.2 Description

Estimate the indvidual area per lipid for each lipid type using a gridding procedure.

This protocol is identified by the analysis key: ‘apl_grid’

Initiated by instance of:

’<class 'pybilt.bilayer_analyzer.analysis_protocols.APLGridProtocol'> ‘

9.5.3 Syntax

’apligrid analysis—ID ‘

* apl_grid = analysis-Key - keyword/name for this analysis.

* analysis-ID = The unique name/ID being assigned to this analysis.

9.5. apl_grid - Area per lipid using 2D lipid grids. 25
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Examples

Construct analyzer:

analyzer = BilayerAnalyzer (structure='name_of_structure_file',
trajectory='name_of_traj file',
selection="resname POPC DOPC')

Add by string - use default settings:

’analyzer.addﬁanalysis('apligrid apl_grid_1")

Add by string - adjust a setting:

’analyzer.add_analysis('apligrid apl_grid_1 none None') ‘

Add by list:

’analyzer.add_analysis(list([’apliqrid', 'apl_grid_1"', dict ({'none':None})])) ‘

Add by dict:

analyzer.add_analysis(dict ({'analysis_key': 'apl grid', 'analysis_id': 'apl
—grid_1"', 'analysis_settings':dict ({'none':None})}))

To remove from analyzer:

analyzer.remove_analysis('apl_grid_1")

Output Info:

Retrieve output after running analyses:

output = analyzer.get_analysis_data('apl grid 1"')

The output is type <type 'dict'>

9.5.4 Related analyses

e apl_box

9.5.5 References

1. Allen et al. Vol. 30, No. 12 Journal of Computational Chemistry
2. Gapsys et al. ] Comput Aided Mol Des (2013) 27:845-858

26 Chapter 9. Analyses available to the BilayerAnalyzer
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9.6 area_fluctuation - Bilayer lateral box area fluctuation.

9.6.1 BilayerAnalyzer analysis: area_fluctuation - Bilayer lateral box

area fluctuation.

9.6.2 Description

Estimate the area fluctuation in the box along the bilayer laterals.

This protocol is identified by the analysis key: ‘area_fluctuation’

Initiated by instance of:

’<class 'pybilt.bilayer_analyzer.analysis_protocols.AreaFluctuationProtocol'>

9.6.3 Syntax

’area_fluctuation analysis—ID

* area_fluctuation = analysis-Key - keyword/name for this analysis.

¢ analysis-ID = The unique name/ID being assigned to this analysis.

Examples

Construct analyzer:

analyzer = BilayerAnalyzer (structure='name_of_ structure_file',
trajectory='name_of_ traj_file',
selection="resname POPC DOPC')

Add by string - use default settings:

’analyzer.add_analysis('area_fluctuation area_fluctuation_1")

Add by string - adjust a setting:

’analyzer.add_analysis('area_fluctuation area_fluctuation_1 none None')

Add by list:

analyzer.add_analysis(list (['area_fluctuation', 'area_fluctuation_1",
—'none':None}l)]l))

Add by dict:

analyzer.add_analysis(dict ({'analysis_key': 'area_fluctuation', 'analysis_id
—': 'area_fluctuation_1"', 'analysis_settings':dict ({'none':None}) }))

To remove from analyzer:

9.6. area_fluctuation - Bilayer lateral box area fluctuation.

27
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analyzer.remove_analysis('area_ fluctuation_1")

Output Info:

Retrieve output after running analyses:

output = analyzer.get_analysis_data('area_fluctuation_1")

The output is type <type 'numpy.ndarray'>

9.6.4 Related analyses

¢ acm

¢ ac

9.6.5 References

None

9.7 com_lateral_rdf - Lipid-lipid RDF in the bilayer lateral plane.

9.7.1 BilayerAnalyzer analysis: com_lateral_rdf - Lipid-lipid RDF in the
bilayer lateral plane.

9.7.2 Description

Estimate the 2-d radial pair distribution function in the bilayer lateral plane using the lipid centers of mass.
This analysis protocol uses the ‘com_frame’ representation.

This protocol is identified by the analysis key: ‘com_lateral_rdf’

Initiated by instance of:

<class 'pybilt.bilayer_analyzer.analysis_protocols.COMLateralRDFProtocol'>

9.7.3 Syntax

com_lateral_rdf analysis-ID keyword value

» com_lateral_rdf = analysis-Key - keyword/name for this analysis.
e analysis-ID = The unique name/ID being assigned to this analysis.
* keyword value = settings keyword value pairs

— n_bins (int): Specifies the number of bins to use when estimating the RDF. Default: 25

28 Chapter 9. Analyses available to the BilayerAnalyzer
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— range_outer (float): Specify the outer distance cutoff for the RDF. Default: 25.0

— leaflet (str: ‘both’, ‘upper’, or ‘lower’): Specifies the bilayer leaflet to include in the estimate.
Default: ‘both’

— range_inner (float): Specify the inner distance cutoff for the RDF. Default: 0.0

— resname_2 (str): Specify the resname of the target lipid type to include in this analysis. Default:
“first’, the first lipid in the list pulled from the com_frame representation.

— resname_1 (str): Specify the resname of the reference lipid type to include in this analysis.
Default: ‘“first’, the first lipid in the list pulled from the com_frame representation.

Examples

Construct analyzer:

analyzer = BilayerAnalyzer (structure='name_ of structure file',
trajectory='name_of_traj_file',
selection="resname POPC DOPC')

Add by string - use default settings:

’analyzer.add_analysis('comﬁlateralirdf com_lateral rdf 1") ‘

Add by string - adjust a setting:

’analyzer.add_analysis('comﬁlateralirdf com_lateral rdf 1 n_bins 25'") ‘

Add by list:

analyzer.add_analysis(list (['com_lateral rdf', 'com_ lateral rdf 1', dict({'n_
—bins':25})1))

Add by dict:

analyzer.add_analysis(dict ({'analysis_key': 'com_lateral_rdf', 'analysis_id
—': 'com_lateral_rdf_1"','analysis_settings':dict({'n_bins':25})1}))

To remove from analyzer:

analyzer.remove_analysis('com_lateral rdf 1")

Output Info:

Retrieve output after running analyses:

output = analyzer.get_analysis_data('com lateral rdf 1")

The output is type <type 'tuple'>

9.7.4 Related analyses

e nnf

9.7. com_lateral_rdf - Lipid-lipid RDF in the bilayer lateral plane. 29
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9.7.5 References
1. Microsecond Molecular Dynamics Simulations of Lipid Mixing Chunkit Hong, D. Peter

Tieleman, and Yi Wang Langmuir 2014 30 (40), 11993-12001 DOI: 10.1021/1a502363b
http://pubs.acs.org/doi/abs/10.1021/1a502363b

9.8 dc_cluster - Hiearchical clustering of lipids based on distance.

9.8.1 BilayerAnalyzer analysis: dc_cluster - Hiearchical clustering of
lipids based on distance.

9.8.2 Description

Compute lipid clusters using a hiearchical distance based method.

This analysis uses a type of hiearchical clustering where points (lipid centers of mass) are are added to a
cluster if they are within a specified distance of any other point within the cluster.

This protocol is identified by the analysis key: ‘dc_cluster’

Initiated by instance of:

’<class 'pybilt.bilayer_analyzer.analysis_protocols.DCClusterProtocol'>

9.8.3 Syntax

’dc_cluster analysis—ID keyword value ‘

¢ dc_cluster = analysis-Key - keyword/name for this analysis.
e analysis-ID = The unique name/ID being assigned to this analysis.
* keyword value = settings keyword value pairs

— leaflet (str: ‘both’, ‘upper’, or ‘lower’): Specifies the bilayer leaflet to include in the estimate.
Default: ‘both’

— resname (str): Specify the resname of the lipid type to include in this analysis. Default: ‘all’,
includes all lipid types.

— cutoff (float): The cutoff distance to use for the clustering. Default: 12.0

Examples

Construct analyzer:

analyzer = BilayerAnalyzer (structure='name_of_structure_file',
trajectory='name_of_traj file',
selection="resname POPC DOPC')

Add by string - use default settings:
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’analyzer.add_analysis('dcicluster dc_cluster_1") ‘

Add by string - adjust a setting:

’analyzer.add_analysis('dcicluster dc_cluster_1 resname POPC') ‘

Add by list:

analyzer.add_analysis(list (['dc_cluster', 'dc_cluster_1', dict({'resname':
—'POPC'}) 1))

Add by dict:

analyzer.add_analysis(dict ({'analysis_key': 'dc_cluster', 'analysis_id': 'dc_
—cluster_1"', 'analysis_settings':dict ({'resname':'POPC'}) }))

To remove from analyzer:

analyzer.remove_analysis('dc_cluster_1")

Output Info:

Retrieve output after running analyses:

output = analyzer.get_analysis_data('dc_cluster_1")

The output is type <type 'dict'>

9.8.4 Related analyses

¢ None

9.8.5 References

None

9.9 disp_vec_corr_avg - Weighted average of displacement vector
correlations.

9.9.1 BilayerAnalyzer analysis: disp_vec_corr_avg - Weighted average
of displacement vector correlations.

9.9.2 Description
Compute the pair-wise cross correlation between pairs of the displacement vectors for each lipid in the
specified leaflet(s) of bilayer and do a inverse-distance weighted averaging.

This analysis computes the displacement vectors as in DispVecProtocol, but then continues to compute
the pair-wise cross correlations between each vector (i.e. the cos(theta) for the angle theta between the

9.9. disp_vec_corr_avg - Weighted average of displacement vector correlations. 31



PyBILT Documentation, Release 0.1.0

vectors) and averages the values using the inverse of the distance between the vector starting points as a
weight.

This protocol is identified by the analysis key: ‘disp_vec_corr_avg’

Initiated by instance of:

<class 'pybilt.bilayer_analyzer.analysis_protocols.
—DispVecCorrelationAverageProtocol'>

9.9.3 Syntax

disp_vec_corr_avg analysis—-ID keyword value

 disp_vec_corr_avg = analysis-Key - keyword/name for this analysis.
¢ analysis-ID = The unique name/ID being assigned to this analysis.
» keyword value = settings keyword value pairs

— leaflet (str: ‘both’, ‘upper’, or ‘lower’): Specifies the bilayer leaflet to include in the estimate.
Default: ‘both’

— resname (str): Specify the resname of the lipid type to include in this analysis. Default: ‘all’,
includes all lipid types.

— interval (int): Sets the frame interval over which to compute the displacement vectors.

— wrapped (bool): Specify whether to use the wrapped (‘True’) or un-wrapped (‘False’) co-
ordintes for the base of the vectors. Default: False

Examples

Construct analyzer:

analyzer = BilayerAnalyzer (structure='name_of_structure_file',
trajectory='name_of_traj file',
selection="resname POPC DOPC')

Add by string - use default settings:

’analyzer.add_analysis('dispivecicorrfavg disp_vec_corr_avg_1l") ‘

Add by string - adjust a setting:

’analyzer.add_analysis('disp_vec_corr_avg disp_vec_corr_avg_1l leaflet both')

Add by list:

analyzer.add_analysis(list (['disp_vec_corr_avg', 'disp_vec_corr_avg 1', dict(
—~{'"leaflet':'both'})]1))

Add by dict:
analyzer.add_analysis(dict ({'analysis_key': 'disp_vec_corr_avg', 'analysis_id
—': 'disp_vec_corr_avg_1l"','analysis_settings':dict ({'leaflet':'both'})}))
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To remove from analyzer:

analyzer.remove_analysis('disp_vec_corr_avg_1")

Output Info:

Retrieve output after running analyses:

output = analyzer.get_analysis_data('disp_vec_ corr_avg 1")

The output is type <type 'numpy.ndarray'>

9.9.4 Related analyses

* disp_vec
 disp_vec_corr

e disp_vec_nncorr

9.9.5 References

None

9.10 disp_vec_corr - Displacement vector correlation matrix.

9.10.1 BilayerAnalyzer analysis: disp_vec_corr - Displacement vector
correlation matrix.

9.10.2 Description
Comute the pair-wise cross correlation matrix for the displacement vectors for each lipid in the specified
leaflet(s) of bilayer.

This analysis computes the displacement vectors as in ‘disp_vec’ analysis (DispVecProtocol), but then
continues to compute the pair-wise cross correlation matrix between each vector. i.e. the cos(theta) for
the angle theta between the vectors.

This protocol is identified by the analysis key: ‘disp_vec_corr’

Initiated by instance of:

<class 'pybilt.bilayer_analyzer.analysis_protocols.DispVecCorrelationProtocol

">
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9.10.3 Syntax

disp_vec_corr analysis-ID keyword value

 disp_vec_corr = analysis-Key - keyword/name for this analysis.
¢ analysis-ID = The unique name/ID being assigned to this analysis.
» keyword value = settings keyword value pairs

— leaflet (str: ‘both’, ‘upper’, or ‘lower’): Specifies the bilayer leaflet to include in the estimate.
Default: ‘both’

— resname (str): Specify the resname of the lipid type to include in this analysis. Default: ‘all’,
includes all lipid types.

— interval (int): Sets the frame interval over which to compute the displacement vectors. f

— wrapped (bool): Specify whether to use the wrapped (‘True’) or un-wrapped (‘False’) co-
ordintes for the base of the vectors. Default: False

Examples

Construct analyzer:

analyzer = BilayerAnalyzer (structure='name_of_ structure_ file',
trajectory='name_of traj_file',
selection="resname POPC DOPC'")

Add by string - use default settings:

’analyzer.add_analysis('disp_vec_corr disp_vec_corr_1") ‘

Add by string - adjust a setting:

’analyzer.add_analysis('dispivecicorr disp_vec_corr_1 leaflet both') ‘

Add by list:

analyzer.add_analysis(list (['disp_vec_corr', 'disp_vec_corr_1', dict ({
—'leaflet':'both'})1))

Add by dict:
analyzer.add_analysis(dict ({'analysis_key': 'disp_vec_corr', 'analysis_id':
—'disp_vec_corr_1','analysis_settings':dict ({'leaflet':"'both'})}))

To remove from analyzer:

analyzer.remove_analysis('disp_vec_corr_1")

Output Info:

Retrieve output after running analyses:

output = analyzer.get_analysis_data('disp_vec_corr_1")

The output is type <type 'list'>
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9.10.4 Related analyses

e disp_vec
e disp_vec_nncorr
e disp_vec_corr_avg

* spatial_velocity_corr

9.10.5 References

None

9.11 disp_vec_nncorr - Displacement vector nearest neigbor correla-
tions.

9.11.1 BilayerAnalyzer analysis: disp_vec_nncorr - Displacement vec-
tor nearest neigbor correlations.

9.11.2 Description
Comute the pair-wise cross correlations for the displacement vectors for each lipid in the specified
leaflet(s) of bilayer and its nearest neighbor.

This analysis computes the displacement vectors as in the ‘disp_vec’ analysis (DispVecProtocol), but then
continues to compute the pair-wise cross correlation between each vector and its nearest neighbor. i.e. the
cos(theta) for the angle theta between the vectors.

This protocol is identified by the analysis key: ‘disp_vec_nncorr’

Initiated by instance of:

<class 'pybilt.bilayer_analyzer.analysis_protocols.
—DispVecNNCorrelationProtocol'>

9.11.3 Syntax

disp_vec_nncorr analysis-ID keyword value

* disp_vec_nncorr = analysis-Key - keyword/name for this analysis.
e analysis-ID = The unique name/ID being assigned to this analysis.
* keyword value = settings keyword value pairs

— leaflet (str: ‘both’, ‘upper’, or ‘lower’): Specifies the bilayer leaflet to include in the estimate.
Default: ‘both’

— resname (str): Specify the resname of the lipid type to include in this analysis. Default: ‘all’,
includes all lipid types.

— interval (int): Sets the frame interval over which to compute the displacement vectors. f
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— wrapped (bool): Specify whether to use the wrapped (“True’) or un-wrapped (‘False’) co-
ordintes for the base of the vectors. Default: False

Examples

Construct analyzer:

analyzer = BilayerAnalyzer (structure='name_of_ structure_file',
trajectory='name_of_ traj_file',
selection="resname POPC DOPC'")

Add by string - use default settings:

’analyzer.add_analysis('disp_vec_nncorr disp_vec_nncorr_1") ‘

Add by string - adjust a setting:

’analyzer.add_analysis('disp_vec_nncorr disp_vec_nncorr_1 leaflet both'") ‘

Add by list:

analyzer.add_analysis (list (['disp_vec_nncorr', 'disp_vec_nncorr_1"', dict ({
—'leaflet':'both'})1))

Add by dict:
analyzer.add_analysis(dict ({'analysis_key': 'disp_vec_nncorr', 'analysis_id
—': 'disp_vec_nncorr_1"','analysis_settings':dict ({'leaflet':"'both'})}))

To remove from analyzer:

analyzer.remove_analysis('disp_vec_nncorr_1")

Output Info:

Retrieve output after running analyses:

output = analyzer.get_analysis_data('disp_vec_nncorr_1")

The output is type <type 'list'>

9.11.4 Related analyses

* disp_vec
 disp_vec_corr
e disp_vec_corr_avg

e spatial_velocity_corr

9.11.5 References

None
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9.12 disp_vec - Displacement vectors.

9.12.1 BilayerAnalyzer analysis: disp_vec - Displacement vectors.
9.12.2 Description

Comute displacement vectors for each lipid in the specified leaflet(s) of bilayer.

This protocol is identified by the analysis key: ‘disp_vec’

Initiated by instance of:

’<class 'pybilt.bilayer_analyzer.analysis_protocols.DispVecProtocol'> ‘

9.12.3 Syntax

’disp_vec analysis—ID keyword value

 disp_vec = analysis-Key - keyword/name for this analysis.
¢ analysis-ID = The unique name/ID being assigned to this analysis.

» keyword value = settings keyword value pairs

scale (bool): Specify whether to scale the coordinates by the box dimensions of the reference
frame. Default: False

— interval (int): Sets the frame interval over which to compute the displacement vectors.

— leaflet (str: ‘both’, ‘upper’, or ‘lower’): Specifies the bilayer leaflet to include in the estimate.
Default: ‘both’

— wrapped (bool): Specify whether to use the wrapped (“True’) or un-wrapped (‘False’) co-
ordintes for the base of the vectors. Default: False

— resname (str): Specify the resname of the lipid type to include in this analysis. Default: ‘all’,
includes all lipid types.

— scale_to_max (bool): Specify whether to scale the coordinates by the box dimensions of the
maximum box size in the anlysis. Default: False.

Examples

Construct analyzer:

analyzer = BilayerAnalyzer (structure='name_of_ structure_file',
trajectory='name_of_ traj_file',
selection="resname POPC DOPC')

Add by string - use default settings:

analyzer.add_analysis ('disp_vec disp_vec_1")

Add by string - adjust a setting:
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analyzer.add_analysis('disp_vec disp_vec_1 scale False')

Add by list:

analyzer.add_analysis(list (['disp_vec', 'disp_vec_1', dict({'scale':False}
—)1))

Add by dict:

analyzer.add_analysis(dict ({'analysis_key': 'disp_vec', 'analysis_id': 'disp_
—vec_1"',"analysis_settings':dict ({'scale':False})}))

To remove from analyzer:

analyzer.remove_analysis('disp_vec_1")

Output Info:

Retrieve output after running analyses:

output = analyzer.get_analysis_data('disp_vec_1")

The output is type <type 'list'>

9.12.4 Related analyses

e disp_vec_corr
 disp_vec_nncorr
e disp_vec_corr_avg

* spatial_velocity_corr

9.12.5 References

1. Emma Falck, Tomasz Rog, Mikko Karttunen, and Ilpo Vattulainen, Lateral Diffusion in Lipid Mem-
branes through Collective Flows, Journal of the American Chemical Society, 2008 130 (1), 44-45
DOI: 10.1021/ja7103558

9.13 flip_flop - Count lipid flip flops.

9.13.1 BilayerAnalyzer analysis: £1ip_f£flop - Count lipid flip flops.
9.13.2 Description

Count any lipid flips flops between the leaflets.
This protocol is identified by the analysis key: “flip_flop’
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Initiated by instance of:

’<class 'pybilt.bilayer_analyzer.analysis_protocols.FlipFlopProtocol'>

9.13.3 Syntax

’flip_flop analysis—ID

* flip_flop = analysis-Key - keyword/name for this analysis.

¢ analysis-ID = The unique name/ID being assigned to this analysis.

Examples

Construct analyzer:

analyzer = BilayerAnalyzer (structure='name_ of structure file',
trajectory='name_of_traj_file',
selection="resname POPC DOPC")

Add by string - use default settings:

’analyzer.add_analysis('flipfflop flip_flop_1")

Add by string - adjust a setting:

’analyzer.add_analysis('flip_flop flip_flop_1 none None')

Add by list:

analyzer.add_analysis(list (['flip_flop', 'flip_ flop_1', dict ({'none':None}
=)1))

Add by dict:

analyzer.add_analysis(dict ({'analysis_key': "flip_flop', 'analysis_id':
—'flip_flop_1', 'analysis_settings':dict ({'none':None})}))

To remove from analyzer:

analyzer.remove_analysis('flip_flop_1")

Output Info:

Retrieve output after running analyses:

output = analyzer.get_analysis_data('flip_flop_1")

The output is type <type 'dict'>

9.13.4 Related analyses

¢ None
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9.13.5 References

1. Andrey A. Gurtovenko, and Ilpo Vattulainen, Molecular Mechanism for Lipid Flip-Flops,
The Journal of Physical Chemistry B, 2007 111 (48), 13554-13559, DOI: 10.1021/jp077094k
http://pubs.acs.org/doi/abs/10.1021/jp077094k ?jour