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NANOPARTICLES

1-100 nm

APLICATIONS in biomedical fields:
-antibacterial agents

-cancer therapy 

-drug delivery

-biosensing

-bioimaging

-etc.

Wet-lab experiments: interaction of NPs with cells and biomolecules

NPs modeling

Predictions: the interaction of 

NPs with biomolecules / 

biological structures

Investigations: atomic-level 

understanding on the interaction 

of NPs with biological structures

Potential TOXICITY!

DIFFICULTIES:
-large size – large simulation system – extensive calculations

-simulation parameters



U = Ubonded + Unon − bonded

Ubonded = Ubond + Uangle + Udihedral + Uimproper

Unon − bonded = ULJ + Uelec

https://bionanostructures.com/interface-md/

Parameters for:

-clay / cement minerals

-metals (Ag, Al, Au, Cu, Ni, Pb, Pd, Pt)

-silica

etc.

https://bionanostructures.com/interface-md/


Size of NP

bacteriostatic/

bactericidal 

effect 

Vs.
Cytotoxicity to 

human  cells

5 nm Disruption of cell membranes

Here we used molecular dynamics to study the disruption of Gram-

negative bacteria and eukaryotic cell membranes by 5 nm size Ag NPs.

-currently added to many commercial products due to their proven

antimicrobial properties

-disrupt bacterial cell membranes

-also toxic for eukaryotic cells



NP modeling:

CHARMM-

METAL 

4302 atoms

30 Å

118 LPS

E. coli

356 DPPC

50582 atoms

39348 atoms



Steered Molecular Dynamics (SMD)

- Calculations with NAMD

- Velocity: 0.0002 Å / 2 fs

- 2 ns

- Implicit solvent with 

ionic concentration 150 mM

+ control simulations: LPS and DPPC monolayers (2 ns MD) 



Control simulations

LPS DPPC

Simulations with NP

LPS DPPC





 Simulations reveal that the LPS monolayer is 

more “sensitive” to the action of the NP 

 Future work will focus on interpreting the 

data 

 Perspectives: 

 the simulation of NP – bilayers interactions,

 Simulations with explicit solvent

 Modeling other NP and applying the methods 

developed here



 Simulations were performed at the Computing Centre at the 

Horia Hulubei National Institute for R&D in Physics and Nuclear 

Engineering (IFIN-HH), Magurele, Romania.
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