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https://www.livingoceansfoundation.org/education/portal/course/ecology/#biological-hierarchy-of-life

https://www.livingoceansfoundation.org/education/portal/course/ecology/#biological-hierarchy-of-life


https://www.rcsb.org/stats/growth/overall

https://www.rcsb.org/stats/growth/overall






Molecular dynamicssimulation (MD)

“Everything that living thingsdo can be understood in termsof the 

jiggling and wiggling of atoms.” — Richard Feynman*

https://www.cup.uni-freiburg.de/de/aktuelles/nachrichten/nobelpreise/2013

https://www.cup.uni-freiburg.de/de/aktuelles/nachrichten/nobelpreise/2013




Case of study: Water Channels in Cell Membranes

-starting point: aquaporin tetramer

(PDB)

- careful setup of the system

(lipid bilayer membrane and 

hydrated by slabs of water on 

both sides)

- system of 106,000 atoms. 

- Full atomic simulation: use of 

supercomputer

- Multinanosecond trajectory

https://www.ks.uiuc.edu/Highlights/supplement/2003-10a.html

https://www.ks.uiuc.edu/Highlights/supplement/2003-10a.html
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MDAnalysis: A Python Package for the Rapid Analysis of Molecular Dynamics Simulations | SciPy 2016



• standard analysis functionality (RMSD, RMSF, distances, density, 

hydrogen bonds, native contacts…)

Analysis module: MDAnalysis.analysis

MDAnalysis: A Python Package for the Rapid Analysis of Molecular Dynamics Simulations | SciPy 2016



MD simulations allow studying:

• Ion transport in biological systems (case study)

• Protein stability

• Conformational changes

• Protein folding 

http://www.ks.uiuc.edu/Research/folding/

http://www.ks.uiuc.edu/Research/folding/


• The difference beetwen native and mutant proteins 

Role of Elongation Factor-like 1 (EFL1) 

in Shwachmann-Diamond Syndrome 

pathogenesis: insights from MD 

simulations
Pietro Delre, Domenico Alberga, Abril S, Nuria Sanchez, 

Orazio Nicolotti, Michele Saviano, Dritan Siliqui, Giuseppe 

Felice Mangiatordi*



Stepensky P, Chacón-Flores M, Kim KH, et al Mutations in EFL1, an SBDS partner, are associated with infantile pancytopenia, exocrine pancreatic insufficiency

and skeletal anomalies in aShwachman-Diamond like syndrome Journal of Medical Genetics 2017;54:558-566.
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- Starting point: EFL1 WT (pdb code: 5ANC)

- mutant creation starting from the EFL1 WT

- Simulation of all systems (about 105,000 

atoms per system)

- obtaining the trajectory for each system (time 

= 200ns, frame = 10000, Δt= 2fs)

- Trajectories analysis





max (2016) typical (2016)

atoms N ~107 ~105

simulated time τ ~10 µs 0.1–1 µs

trajectory frames ~109 ~105

trajectory size < 10 TiB 150 GiB

trajectory

r1(t), . . . , rN (t)

0 t ⌧

see also: T. Cheatham and D. Roe. Computing in Science Engineering, 17:30–39, 2015. 

MD t rajectories can be big- ishXSEDE SUs 2016

source: xsede.org



MD limitations

• Limited size of the system under investigation due to the high 

computational time required

• MD simulations are computationally costly, they require hundreds or 

even millions of CPU years….. 

• Supercomputers needed
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