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Abstract—We are using molecular dynamics computer simulation 
to understand the structure of layered double hydroxides and 
intercalated DNA strands. The conformational changes of 
layered double hydroxides depends greatly on the nature of 
counterions, for example the interlayer spacing can increase from 
8.1Å to 19.1Å. We also compare these deformations to previous 
experimental structures. We observed important modifications of 
the crystal structure on a and b cell parameters.  
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Layered double hydroxides (LDH) are anionic clay 

materials[1]. Their importance in areas such as catalysis, 
medicine and oil-field-technology has greatly increased in the 
last two decades. Indeed, a variety of organic structures can be 
intercalated into layered double hydroxides (LDH) 
structures[2], making LDH nanoparticles highly promising 
vehicles for drug delivery and gene therapy applications. The 
nature of the interactions between DNA strands (or other 
target molecules) and the LDH nanoparticles is, however, 
poorly understood. 

To understand and to be able to predict the properties of 
LDHs and the interlayer interactions of different intercalates 
demands an understanding of the structure of the metallic 
hydroxide layers; the intercalation process and the subsequent 
reorganization / relaxation. It is difficult experimentally to 
gain insight into the detailed LDH organization because of 
structural disorder in the crystalline structures and because of 
the small size of the particles. The interlayer arrangement of 
the water and anionic molecules is not fully understood and 
the structure of hydroxide layers is still under debate. Accurate 
determination of water molecule positions and geometries is 
problematic because adsorbed water molecules are not 
distinguishable from interlayer water in thermal analysis. 

The main objective of our work is to develop MD 
simulations which would help us to define the nature of 
interactions between the DNA-containing nanoparticles and 
cell membranes, leading ultimately to a joint computational 
and experimental attack on questions as to the mechanism [3] 
of transfection of these particles through the cell membrane. 

Even though MD simulation techniques, at this stage, do not 
describe completely the succession of these complex bio-
mechanisms, they do provide accurately and, in a very short 
amount of time, snapshots of model-interactions that 
contribute insights into interactions and mechanism. These 
hybrid models combine existing forcefield parameters 
obtained from mineral and biomolecule databases. The 
“realistic” MD model will not only support experimental 
kinetic studies of the transfection process but will also be a 
key utility for the elaboration of potential new hybrid systems. 

Computational techniques have been extremely 
valuable tools in understanding the structures[4] of bio-
organic and polymeric systems. The crystal structure of LDH 
nanoparticles has not been characterized[5] yet, the closest 
solved structure for this family of LDH being the original 
crystalline brucite, MgOH2, which consists of M2+ metallic 
cations coordinated octahedrally by hydroxyl groups. 
Isomorphic substitution of M2+ metal ions by a metallic cation 
of higher positive charges, M3+, will induce permanent 
positive charges in the crystal layers. The charge density of the 
hydroxide layers is hence directly linked to the M2+/M3+ ratio 
of the cationic metallic matrix. Overall charge neutrality is 
maintained by the intercalation of interlayer anions which are 
very often labile. DNA is typically negatively charged, which 
makes it a possible intercalating species. Our present work 
seeks to characterized the detailed structure and dynamics of a 
bio-nanohybrid complex structure of the LDH with DNA and 
RNA strands. Mixed forcefield parameters (Amber and 
Dreiding) are being used for this nanohybrid complex in order 
to study the interactions of DNA with the LDH nanoparticles 
in water. Predicting guest orientation in Layered Double 
Hydroxide intercalates is very important and will help us to 
determine and explain the shape of the resulting bio-
nanohybrid complex.  

 

I. METHODOLOGY 

The structures and energies of the systems considered in 
this work were calculated using molecular dynamics 
simulation. This method requires parameters for intra-atomic 
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potentials and for all inter-atomic interactions between LDH 
and DNA. 

A. Construction of the models 

 

 

 

 

 

 

 

 

 

 

Figure 2. Schematic representation of LDH interlayer along 
the Z and X axis (Black: Mg2+; Blue: Al3+) 
 

The crystal  model structure of LDH is constructed using 
the brucite crystal structure[1]. A P3M1 super lattice system was 
constructed with the brucite cell parameters: a=b=3.148 Å, 
c=4.779 Å, α=β=90 and γ=120. To obtain the original LDH 
system, one substitutes a fraction of Mg2+ ions with Al3+ ions 
and then allows negatively charged bio-system to intercalate 
between the gallery layers in order to balance the charge. The 
model systems typically contains about 450 atoms for the LDH 
structures and the appropriate DNA anion is then introduced 
between Mg-Al, also Cl- counterions are added into LDH 
layers such that overall charge neutrality is maintained. For 
each case, the bio-intercalate molecules were placed in the 
galleries with their longest axis oriented approximatively 
parallel to the normal interlayer in a bilayer-like 
arrangement[6]. The geometries of the DNA strain at the start 
of the simulation were obtained by molecular mechanics 
energy minimization using AMBER forcefield. The total 
nonbonded potential interaction energy of the simulated bio-
nanocomplex consisted of long-range Coulombic interactions 
between partial atomic charges and van der Waals interactions, 
computed using the Ewald summation technique. A direct 
cutoff  radius of 8 Å was used to treat short-range, repulsive 
van der Waals interactions. 

B . Forcefield and MD conditions 

 

The intercalated molecules can be anionic structures such 
as Cl-, NO3

- or DNA strands as counterions. The simulations of 

the modified clay model were carried out using molecular 
dynamics software AMBER 7. This pioneering calibration 
study compares favorably with a previous experimental study 
from Xu et al.[7] of the LDH containing NO3

- and serves as a 
guide for forcefield parameters for the bio-nanohybrid complex 
structure. The MD models are inserted into cubic boxes for 
periodic boundary conditions. We are using  parameters 
described in Table 1 for LDH and AMBER forcefield 
parameters for the DNA. We only take into account the long 
range electrostatic interaction for the interatomic interactions. 

TABLE 1. PARAMETERS USED TO DESCRIBE INTERATOMIC INTERACTIONS 
BETWEEN LAYERED DOUBLE HYDROXIDES AND THE GUEST INTERCALATES[8] 

 

 
 
 
 
 
 
 
 
 
 

Equation (1) 

A. ANALYSIS and PRELIMINARY RESULTS 

The first trend we have observed from previous results 
containing respectively Cl- and NO3

- counterions was an 
increase of cell parameters, a and b. The second important 
observation concerning NO3

- is that it seems to prefer a planar 
conformation rather than a “tilted” conformation as it was 
suggested. NO3

- undergoes successive rotations without really 
being “tilted”. Early results on DNA strands suggest a huge 
deformation of the LDH layer with cationic metals being 
displaced. This is believed to be induced by high-energy states 
associated with the ordered starting conformation of the 
Brucite structure coupled with random insertion of DNA within 
the layer galleries. More refinement of the starting structures is 
needed in order to approach closer to a minimum energy state. 

   
D

O,i
(kcal/mol)

 
 R

O,I
(Å) q

i
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Mg  9.03E-07  5.91  1.36  

Al  1.33E-06  4.79  1.5752  

O  0.1554  3.55  -1.0069 

H  -  -  0.425  

Figure 1: LDH-DNA nanocomplex model 
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