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IntroductionIntroduction

•• ThermolysinThermolysin
•• Experimental Techniques:Experimental Techniques:

–– XX--ray ray crstallographycrstallography, NMR, , NMR, cryocryo--EM etcEM etc

•• ComuterComuter Simulations: Molecular DynamicsSimulations: Molecular Dynamics
–– Covariance MatrixCovariance Matrix
–– Eigen Value fluctuationsEigen Value fluctuations

•• Hinge FormationHinge Formation
•• ResultsResults
•• Recent Applications Recent Applications 



ThermolysinThermolysin (TLN)(TLN)
•• ThermostableThermostable ExtracellularExtracellular Metalloendopeptidase Metalloendopeptidase 

(Neutral Proteases(Neutral Proteases-- NP) NP) 

•• 300300--319 residues319 residues

•• Structure: Structure: 
N N –– α−helix –– C C 

•• Active site Active site 
–– Between N and C Between N and C 
domainsdomains
–– Catalytically essential Catalytically essential 
Zinc Zinc 



Hinge FormationHinge Formation

•• TLNTLN-- Bacillus and NPBacillus and NP--cerruscerrus crystal crystal 
structure comparisonstructure comparison

•• Opens and closes the NP active siteOpens and closes the NP active site
•• Static comparisonsStatic comparisons
•• Essential dynamicsEssential dynamics



Molecular Dynamics (MD)Molecular Dynamics (MD)

• Theoretical studies of biological 
molecules permit the study of 
relationship between structure, 
function and dynamics on atomic level. 

• MD calculates “real” dynamics of the 
system, from which time average properties can be 
calculated.

Inputs: 
1) coordinate of atoms, pdb file from protein data bank.
2) potential energy function, determine atomic interaction 

forces.



MD contMD cont’’dd……

•• Force Fields: Force Fields: 
–– Four component picture of the intra and inter Four component picture of the intra and inter 

molecular forces with in the systemmolecular forces with in the system
–– Provides a function to describe energy changeProvides a function to describe energy change
–– As opposed to quantum mechanical methods,As opposed to quantum mechanical methods,

•• Ignore the electronic motionsIgnore the electronic motions
•• calculations are not time consumingcalculations are not time consuming

–– TransferabilityTransferability



MD contMD cont’’d d …… matrix matrix 



MD contMD cont’’d d ……

•• Covariance MatrixCovariance Matrix
–– Build covariance matrix of positional Build covariance matrix of positional 

fluctuations.fluctuations.

–– DiagonalizeDiagonalize this matrixthis matrix

–– Sort in descending orderSort in descending order



MD contMD cont’’d d ……

• Proteins have only few large Eigen values 
and corresponding eigenvectors - essential 
subspace of motion

• All others –
small high
frequency and small 
amplitude motions 
can be neglected



MD contMD cont’’d d ……
• Essential motions determine low 

energy modes of protein 
movement

• Atom components of these 
modes are presented by arrows 
that show the relative amplitude 
and direction of the 
displacement of the atoms from 
the averaged over MD trajectory 
structure



MD contMD cont’’d d ……

NewtonNewton’’s laws     s laws     F= MaF= Ma



MD contMD cont’’d d ……

Potential EnergyPotential Energy
• Bonded forces (bonds angles, dihedrals, impropers)
• Non-bonded forces (coulomb, Van der Waals)



Results: Components of the First Results: Components of the First 
Four EigenvectorsFour Eigenvectors



First Four Eigenvector TrajectoriesFirst Four Eigenvector Trajectories



Superposition Superposition 



Solvent and Vacuum Simulations Solvent and Vacuum Simulations 



ConclusionsConclusions

•• Hinge formationHinge formation
•• Solvent and vacuum simulationsSolvent and vacuum simulations



Recent Applications Recent Applications 

•• Role of platelets in Atherosclerosis and Role of platelets in Atherosclerosis and 
InflamationInflamation -- SiegelSiegel

•• Mouse model simulation under shear stressMouse model simulation under shear stress

•• Combining docking and molecular dynamic Combining docking and molecular dynamic 
simulations in drug design simulations in drug design -- AlonsoAlonso

•• MD simulations combined to dock small molecules into MD simulations combined to dock small molecules into 
protein receptorsprotein receptors

•• Effects of osmotic pressure in the Effects of osmotic pressure in the extracellularextracellular
matrix on tissue deformation matrix on tissue deformation -- LuLu

•• Solute distribution in the ECM (constant vs. dynamic)Solute distribution in the ECM (constant vs. dynamic)
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