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Molecular Dynamics (MD) SimulationsMolecular Dynamics (MD) Simulations

… the virtualization of  the concept of  time
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Why we need Why we need timetime virtualization?virtualization?

1.1. Several molecular properties are timeSeveral molecular properties are time--dependentdependent

22.. ConformationalConformational spacespace isis naturallynaturally exploredexplored

followingfollowing timetime coordinatecoordinate

3. Any recognition process is time3. Any recognition process is time--dependentdependent
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3. Any recognition process is time3. Any recognition process is time--dependentdependent

4. Dynamics controls equilibrium position4. Dynamics controls equilibrium position

5. …5. …



Molecular energy also fall under these categories:

BackBack againagain toto stabilitystability conceptconcept::BackBack againagain toto stabilitystability conceptconcept::

POTENTIALPOTENTIAL
stored energystored energy

KINETICKINETIC
energy of  motionenergy of  motion
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stored energystored energy energy of  motionenergy of  motion

Ep = Ep = ff (x, y, z)(x, y, z)
kTEi 2
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HowHow longlong wewe havehave followedfollowed MDMD

simulation?simulation?

Bond vibrations: 1 fsBond vibrations: 1 fs

Collective  vibrations: 1 psCollective  vibrations: 1 ps

Conformational transitions: several ps Conformational transitions: several ps or longeror longer
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Conformational transitions: several ps Conformational transitions: several ps or longeror longer

Enzyme catalysis: microsecond/millisecondEnzyme catalysis: microsecond/millisecond

Ligand Binding: micro/millisecondLigand Binding: micro/millisecond

Protein Folding: millisecond/secondProtein Folding: millisecond/second



MDMD simulationssimulations:: wherewhere theorytheory

needsneeds technologytechnology..

RememberRemember:: forfor thethe explorationexploration ofof aa veryvery

littlelittle ““molecularmolecular”” timetime wewe stillstill needneed aa hugehuge
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amountamount ofof ““computationalcomputational”” time!time!

OurOur unitunit ofof measurementmeasurement isis stillstill...... nsns//dayday



Adenosiland – Bridging docking with MD

My favorite C/G mutation
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in collaboration with:



MDMD simulationssimulations:: howhow doesdoes itit work?work?

Atomic coordinates

Solvation

Adding ions

M
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EquilibrationEquilibration……

kTEi 2
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EquilibrationEquilibration……
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MDMD simulationssimulations:: howhow doesdoes itit work?work?

Atomic coordinates

Solvation

Adding ions

M
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Equilibration

MD trajectory



MDMD trajectorytrajectory……
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HowHow toto analyzeanalyze aa MDMD trajectorytrajectory::
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HowHow toto analyzeanalyze aa MDMD trajectorytrajectory::
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HowHow toto analyzeanalyze aa MDMD trajectorytrajectory::
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Bridging Docking and Molecular Dynamics
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Salmaso V., Sturlese M.; Cuzzolin A.;Moro S. Structure 25, 655-662 (2017)

M. Sturlese A. CuzzolinV. Salmaso



pepSupervised Molecular Dynamics (SuMD) – from small molecule to peptide…
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Salmaso V., Sturlese M.; Cuzzolin A.;Moro S. Structure 25, 655-662 (2017)



pepSupervised Molecular Dynamics (SuMD) – from small molecule to peptide…
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Salmaso V., Sturlese M.; Cuzzolin A.;Moro S. Structure 25, 655-662 (2017)



SupervisedSupervised MDMD::

LL
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LL

LL

L    +    R      L-R      
∆E     



GRAZIE

PER LA PAZIENZA
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