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Abstract 

The comprehension of aqueous structure is very 

important to the improvement of the biosensing devices. 

In this study, we simulated the oxide/electrolytes 

bio-interfacial properties by a classical molecular dy-

namics method. As a result of the simulation, we could 

propose a novel bio-interface structure with DNA mol-

ecule in a concentrated salt solution. 

 

1. Introduction 

In recent years, various kinds of biosensors have been 

developed and utilized in the field of biology, clinical di-

agnosis, and pharmaceutical development. Most biosensing 

devices are generally used in the aqueous environment, 

forming the bio-interface structure which consists of a solid 

state for detection, a liquid state for sustenance of living 

environment, and a bio-molecule as a target. Therefore, the 

comprehension of the bio-interface structure is very im-

portant to the improvement of the performance of biosen-

sors. 

In particular, since the mechanism of semiconduc-

tor-based field effect transistor (FET) biosensors is based 

on the potentiometric detection of the bio-molecular charg-

es at the sensing surface [1], the importance of the aqueous 

structure near the solid/liquid interface is tremendously 

high. The FET biosensors were applied to the detection of 

various targets such as enzymes [2], antigen-antibody reac-

tions [3], DNA [4], and living cells [5]. 

The biggest problem of biosensors is whether their de-

tection abilities have the selectivity and the specificity for 

the biological targets or not. The measurement of FET bio-

sensor is often performed including a lot of ions in the 

aqueous solution besides the bio-molecules as a target. 

Therefore the elucidation of the ionic behaviors gives a 

guide for the elimination of the influence of the unwanted 

charge in the electrical detection. However, it is difficult to 

investigate experimentally the aqueous structure of inter-

face, especially under the existence of the bio-molecules. 

Our purpose of this study is to develop a pseu-

do-experimental system of FET biosensors and investigate 

the effect of the bio-molecules on the ionic behaviors 

around the device/solution interface by use of the molecular 

dynamics (MD) simulations. 

 

2. Methodology 

Simulation cells 

To compare the influence of the existence of the 

bio-molecules on the aqueous structure around the sol-

id/liquid interface, we prepared the simple ox-

ide/electrolytes interfacial simulation cells (solid/liquid 

model) and the bio-interfacial simulation cells tethering 

ds-DNA on the oxide surface (bio-interface model). The 

(100) SiO2 (alpha-quartz) was chosen for the oxide solid 

surface. The SiO2 is used broadly for the material of the 

insulator of FET devices. The SiO2 surface was protonated 

in a solution depending on the pH, and adjusted to the ratio 

of NSiO-/NSiOH = 1/5 in the simulations [6]. The electrolytes 

were 1.0M NaCl solutions. In case of the bio-interface cells, 

the 19 Na
+
 was inserted additionally for the neutralization 

of the charge of the DNA. The initial DNA strand was the 

B chain consisted of the dodecamer d(AAAAAAAAAA) 

and the complementary strand of base-T. The SiO2 and 

DNA were bonded by the DNA linker comprised of opened 

epoxide and amine. 

Molecular dynamics simulation 

The geometry optimization was carried out for each cell 

in advance of the main MD calculations by way of a com-

plex calculation of the steepest descent and the conjugate 

gradient method with a total of 5000 steps. All cells were 

relaxed by MD in the NVT ensemble at 100 K, 200 K, and 

300 K for 0.5 ns, respectively after geometry optimizations. 

The main MD calculations were performed at 300 K for 3.0 

ns in the NVT ensemble. The last 0.5 ns were used for var-

ious analyses. All simulations were carried out using Mate-

rials Studio simulation package [7] including Condensed 

Phase Optimized Molecular Potentials for Atomic Simula-

tion Studies (COMPASS) [8,9]. 

 

3. Results and Discussions 

Fig. 1 shows the snapshot of the tethered DNA for the 

temporal change of the dynamics. The double strand struc-

ture was also remained and the DNA seemed to swing in 

the solution. The DNA was rigid due to the structure of the 

double strand, however the DNA linker was inflected be-

cause of the carbon chain, resulting in leaning of the teth-

ered DNA. 

The comparison of the aqueous structure around the 

SiO2 interface between the solid/liquid model and 

bio-interface model is shown in Fig.2. In both the sol-

id/liquid model and bio-interface model, the Na
+
 adsorbed 

at around the SiO2 interface, forming two layered structure, 

and the oxygen and hydrogen of water molecules took three 
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or four layer structure. There were no significant differ-

ences between those two models for the configuration of 

ions and water molecules. Although the DNA has many 

negative charges derived from the phosphate ester, why did 

not the tethered DNA affect the aqueous structure? 

Fig.3 shows the Na
+
 behavior around the tethered DNA. 

The Na
+
 played an important role in remaining the double 

strand structure. In fact, if there were much fewer ions in 

the solution, the DNA cleaved immediately. In this MD 

simulation, the Na
+
 adsorbed strongly at the site of the 

phosphate of the DNA and stayed nearby the double strand. 

These Na
+
 prevented the DNA from cleaving and screened 

the negative charge of the phosphate. Therefore the aque-

ous structure around the interface could take less affect 

from the DNA. 

From the above simulated results by the MD,, it could 

be predicted that the bio-molecules did not affect the aque-

ous structure around the solid/liquid interface in the con-

centrated solution. This suggestion would give a novel in-

spiration to obtain the detection selectivity of the FET bio-

sensors. 

 

4. Conclusions 

   In this study, we investigated the difference in the sur-

face aqueous structure between the solid/liquid model and 

bio-interface model. The MD simulations resulted in that 

the large difference in the configuration profile was not 

found between two models. There may be some possibili-

ties of measuring selectively the specific ions such as hy-

drogen ion in the concentrated solution in spite of the ex-

istence of the bio-molecules. We will examine the effect of 

bio-molecules in the dilute solution on the surface aqueous 

properties in the next research. 
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Fig. 3 Na+ location around the DNA. 

Fig. 2 Density profiles of (a) water molecules and (b) ions. 

Fig. 1 Snapshot of the dynamics of the tethered DNA at (a) 0 ns, 

(b) 1.0 ns, (c) 2.0 ns, and (d) 3.0 ns. 
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