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ABSTRACT 

Myelin consists of fatty molecules (lipids) which are located in the CNC (central nervous system) and as an insulator around nerve cell 

axons increases the velocities information to transit from one nerve cell to another tissue like an electrical wire (the axon) with insulating 

material (myelin) around it. Each axon contains multiple long myelinated parts separated from each other through short gaps called 

“Nodes of Ranvier” or myelin-sheath gaps. A computational model is presented for the simulation of propagated electromagnetic waves 

in a critical point between insulated myelin-sheath towards uninsulated node of Ranvier. The QM/MM calculation has been applied for 

generalizing the node of Ranvier results for computing action potentials and electro chemical behavior of membranes which agree with 

clusters of voltage-gated ion sodium and potassium channels. The node of Ranvier complexes is an accurate organization of membrane-

bound aqueous compartments, and the model presented here represents electrophysiological events with combined realistic structural and 

physiological data. The quantum   effects of different thicknesses in the mixed membranes of GalC/DPPC, have also been specifically 

investigated. It is shown that quantum effects can appear in a small region of free spaces within the membrane thickness due to the 

number and type of lipid’s layers. In addition, from the view point of quantum effects by Heisenberg rule, it is shown that quantum 

tunneling is allowed in some micro positions of membrane capacitor systems, while it is forbidden in other forms.  

Keywords: lipid bilayers; variable capacitors;  cell membrane capacitors; node of Ranvier; myelin-sheath.  

 

1. INTRODUCTION 

 A Node of Ranvier (NOR) is uninsulated and fully enriched 

in ion channels, permitting them to interfere in the ion exchanging 

to produce sufficient action potentials. Nerves conduction in the 

myelinated axons is a kind of jumping due to the high action 

potential from one node to the next node [1-3]. In other words, 

reducing axonal membrane capacitance through insulating the 

axon increases the action potential due to large  distances between  

the cations on the outside of the axon and Na⁺  that move through 

the axonal cytoplasm (axoplasm) [4]. Since the length neither of 

NOR (around one micron) compares to adjacent long myelinated 

internodes (around one millimeter) is too much shorter (1000 

times), suddenly an electrical signal in a critical point between 

insulated myelinated towards uninsulated of unmyelinated 

stimulates the release of a chemical message or neurotransmitter 

that binds to receptors on the adjacent post-synaptic cell at 

specified area called synapses [5, 6]. The insulating structure for 

myelin is important for hearing, seeing, feeling, sensation of pain 

and as well as perception, knowledge and memory. Therefore, 

multiple sclerosis which specifically affects the central nervous 

system, is related to disordering of myelin [7, 8]. The major 

operation of myelin is providing acceleration to electrical impulses 

propagate along the myelinated fiber [9]. Although in 

unmyelinated fibers, electrical impulses move as continuous 

waves, in myelinated fibers they are propagated via saltatory 

conduction which is faster than continues wave [1]. Myelin 

reduces the capacitor capacitance consequently enhances the 

electrical resistance across the axonal membrane [10]. Voltage-

gated sodium channels are highly abundant at the nodes of 

Ranvier, Na+ can enter the axon via these voltage-gated channels, 

leading to depolarization of the membrane potential at the node of 

Ranvier [11]. The resting membrane potential is then quickly 

repaired due to K+ ions leaving the axon through potassium 

channels. The Na+ inside the axon quickly diffuses via the 

axoplasm to the inter-node and then to the next node of Ranvier 

for opening channel and consequently entry Na+ at this site [12]. 

The action potential between two adjacent nodes of Ranvier as 

the membrane potential is around +35 millivolts [11]. During the 

myelinated internode, energies of sodium/potassium pumping 

system,   the Na+ come back out of the axon and K+ comes back 

into the axon for tuning the equilibrium of ions among the 

intracellular (Scheme 1). 

 
(A) 

 
(B) 

Volume 10, Issue 1, 2020, 4956 - 4965 ISSN 2069-5837 

Open Access Journal 
Received: 29.11.2019 / Revised: 18.01.2020 / Accepted: 20.01.2020 / Published on-line: 23.01.2020 

  Original Research Article 

Biointerface Research in Applied Chemistry 
www.BiointerfaceResearch.com 

https://doi.org/10.33263/BRIAC101.956965 
 

https://www.scopus.com/authid/detail.uri?authorId=6701810683
https://orcid.org/0000-0002-6665-837X
https://orcid.org/0000-0002-6896-336X
https://doi.org/10.33263/BRIAC101.956965


Bio-capacitor consist of insulated myelin-sheath and uninsulated node of Ranvier: A bio-nano-antenna 

Page | 4957  

 
(C) 

Scheme 1. (A) A part of Neuron; (B) schematic of sodium/potassium 

pumping System   in the node of Ranvier (C) myelin-sheath. 

 

The NOR includes the “Na+/K+ ATPases”, “Na+/Ca2+” 

exchangers and great densities of voltages-gated Na+ channels 

which produce enough potential action for any electrical pulses. 

Sodium channel combined to alpha and beta subunits which 

anchor the channel to both intra and extra-cellular components. 

The extra-cellular region of beta subunits can be associated with 

itself and some other proteins such as “Contactin” which causes to 

increase the surface expression of Na+ channels. Various 

extracellular proteins are located at nodes of Ranvier, including 

Versican, Tenascin-R, Phosphacan, and Bral-1, as well 

as proteoglycan [13].  

1.1. Theoretical background. 

1.1.1. Electromechanical pulses.  

 Neurons transmit information by an electrical impulse 

which works as action potential and has a velocity between 1 and 

100 m/s. Neurons receive the pulses from dendrites and propagate 

the pulses with axon and connect to other cells via synapses 

electrically or sometimes chemically, therefore there are various 

neurons in viewpoint of shapes, sizes, and electrochemical 

properties which generally contain a nucleus and organelles 

surrounded by membranes.  The membranes are a combination of 

a lipid bilayer whose proteins are embedded inside glycolipids. 

Axon membrane includes some kinds of proteins which 

selectively transfer sodium and potassium ions in a voltage-

dependent type. In other words, this model indicates that nerve 

axon is an electrical circuit in which the proteins are resistors and 

the membrane is a capacitor. Ions flow through the membrane 

along the nerve axon due to the voltage changes with the channel 

proteins. Obviously, nerves represent thickness and length 

variations under the influence of the action potential [14, 15]. In 

addition, the action potential can be excited through the heat 

during the nerve pulses, or even a mechanical stimulus. 

Interestingly, the integrated exchange of heat is zero, indicating of 

adiabatic systems for action potential. Therefore, a nerve pulse can 

also be stimulated through local cooling which indicates that heat 

changes take place during the action potential [16]. Briefly, the 

mechanical and the heat effects exhibit that the nerve pulse is an 

adiabatic and also reversible phenomenon as same as the 

propagation of the mechanical waves. 

 This means the propagating nerve pulse is an electro-

mechanical wave due to a breakdown of membrane resistance. 

This concept is an alternative interpretation of nerves pulses based 

on membrane thermodynamic including entropy, volume, 

pressure, and enthalpy changes. Consequently, the pulses can be 

moving the same as velocity of sound in the membrane. Hodgkin 

and coworkers [17] exhibited; action potential is not only a 

reduction of the membrane potential and overshooting action 

potential as a result of increased sodium permeability but also is 

important. They investigated a system of voltage-clamp circuit for 

facilitating quantitative measurement of ionic currents from squid 

axon. They also suggested that membranes through a selective 

mechanism can be permitting the transition of sodium or 

potassium in a suitable voltage [18]. 

 In an ionic exchange, the net current could be separated into 

1- fast inward current carried by Na+ ions, and 2- slow  activated 

outward current carried by K+ ions[19] which are results from 

independent permeation mechanisms for sodium  and potassium 

ions in the membrane. This approach is known as ionic hypothesis 

(Scheme 2) [20]. Various ion currents contribute to the voltage 

signal of a neuron in which 3 of them are major including sodium 

current, potassium current, leak current that consists (mostly 

chloride ions) that their flow is controlled via their respective 

voltage’s channels in a membrane. The semipermeable membrane 

segregates the interior section from the exterior cell. The 

glycolipids membranes are simulated as insulators which act as 

same as capacitor with capacitance        while each protein as a 

resistances has a specific conductance or    (i indicates a 

particular channel and ion). As soon as a changing of voltage 

(     , two kind currents might be produced, first a capacitive 

current charging the capacitor and second ohmic currents via the 

proteins resistances. And total current      is the sum of these 

two currents. 

 
 

Scheme 2. A circuit of membranes including capacitor and ligands, 

sodium and potassium channels as resistance. 

     , is given by:     (       
     

  
    (     

        (                (             (1) where 

                  are the Nernst potentials of different ions. It 

also is given by equation     
  

  
  

    

   
 where      and     are 

the concentrations of ions on the inner and outer side of the cell. 

This equation indicates that current flows due to diffusion along 

the gradients (even in the absence of other external voltages). 

Consequently, if the external voltage is equal to the Nernst 

potential, no current flows. Using Kirchhoff’s laws, “cable theory” 

explains the investigating of a voltage along a cylindrical 

membrane as a function of distance x. The propagating action 
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potential can be estimated by:
      

    
   

 
    where    is the 

specific inner resistance of the intracellular medium along the 

cable or through combining Eq. (1) with “cable theory”, the 

equation (2) is given  as follows [21,22]: 

      

    
     

 
(    

     

  
    (          

  (              (            (2) And       is the 

specific resistance of the membrane. If it supposes the pulse 

propagates with a constant speed "θ" which is independent of 

voltage, consequently, the time dependent wave equation can be 

rewritten as: 
      

            

     (3). Combining Eq. (2) with Eq. 

(3) yields the propagation of the electrical pulse equation[23,24]:  

      

           

 
(    

     

  
    (          

  (              (            (4). for the mathematical 

treatment of action potential propagation along GalC of 

myelinated axons, we simulated a hybrid system of active 

elements coupled by passively conducting cables.   

Mathematical equation is described as;      
  

  
 

 

  

   

    
 

    
 

      (     (5), here      and      are the (radial) capacitance and 

resistance of a myelinated fiber including Galactocerebroside, and 

   is its axial resistance. We choose these parameters in 

accordance with both experimental and simulation data. Although 

the currents generated via ion channels dynamics at the NOR are 

generally explained by a Hodgkin equations [17], there is a 

challenge for solving analytically for the mathematical 

mechanism.  

2.2. Membrane contains Galactocerebroside (GalC) as a 

capacitor. 

 Galactocerebroside is lipid molecules which occur in large 

amounts in mammalian brain tissues, especially myelin. The 

primary lipid of myelin is a glycolipid called galactocerebroside 

which is a kind of cerebroside including of a ceramide with a 

galactose residue at the 1-hydroxyl section [25] (Fig.1). Pascher 

and coworkers [26, 27] through X-ray diffraction of cerebroside 

have shown that the structure of cerebroside bilayers have been 

generated through the galactose and sphingosine moieties in which 

the polar region of the bilayer including galactosyl aligned almost 

parallels to the bilayer interface. Several hydrogen bonds 

including donor and acceptor groups (CO, NH, OH) permit the 

formation of numerous lateral hydrogen bond systems between 

sphingosine and galactose in the amide moieties and the 

galactosyl, respectively. Additionally, anhydrous indicate 

evidence of complex polymorphic treatment and inter conversions 

between stable and metastable structural shapes. In some studies, 

the manner and stability of mixtures of human spleen 

glucocerebroside and mixtures of bovine brain cerebrosides and 

dipalmitoylphosphatidylcholine (DPPC) have been reported [28, 

29]. 

 Correa and coworkers [28] suggest that glucocerebroside 

distribution is affected via the physical state of the lipid bilayer 

and by the glucocerebroside/ DPPC  molar ratio. Vibrational 

Raman spectra of the bovine brain kerosene mole fraction in 

mixtures with predict a disrupting of the cerebroside chain packing 

[30]. Although DPPC is a major constituent of myelin or other 

membranes, their mixture with GalC does permit a detailed 

structural analysis of their mutual interactions. Gal is presented in 

the myelin sheaths of Schwann cells in myelinating fibers of the 

ANS. GalC and sulfatide play major roles in the structure of 

Peripheral myelin. GalC and sulfatide are sphingolipids extremely 

enriched in myelin and the binding of reactive antibodies with 

either sulfatide or GalC to cultured oligodendrocytes causes a Ca2+ 

influx, followed by microtubule depolymerization. The cable 

equation of currents for potential propagation along GalC of 

myelinated axons yields a dynamics behavior. By this works, a 

small piece of cell membrane including pure GalC and DPPC with 

50% mol ratio of each have been simulated for our model of 

membrane capacitors (Fig.2) 

 

 
Figure 1. Optimized a molecule of Galactocerebroside (GalC) with cam-

b3lyp/cc-pvdz basis set. 

 

2.3. Membrane capacitor model. 

 During growth of a neuron, cell diameter can 

change considerably and neuronal elasticity may cause changes in 

the cell surface. Membrane electrical capacitance is a major 

cellular parameter for measuring cellular properties based on 

diameters or sizes changing.  For instance, occasionally 

conductance densities for removing potential effect any changing 

in neuronal size to predict the proper mechanism has been 

calculated. 

Various experimental ways exist to determine the total membrane 

surface that having a special membrane capacitance and are 

similar in most cells (commonly agreed with 0.5–1.0 F/cm2) [31]. 

Capacitance can be calculated from the rate and amplitude 

changes in the voltage responses based on voltage clamp. These 

ways are applied widely to determine the total capacitance of 

several neurons membrane. By this work, we simulated our 

systems based on several membrane thicknesses in viewpoint of 

capacitors. In detail, Glial cell wraps around axons a few times 

(30-150 times) this like adding 330 membranes in the series. 

Therefore, through myelination the diameter of axon increases and 

speed of conduction increased by diameter of axon. In addition, 

potential action is related to 
 

           
   (scheme 3).  

We compared the capacitance values of identified neurons cell 

membranes including  GalC, DPPC and also a mixing of 

GalC/DPPC, (Fig.3). It has been shown that these mixed systems 

yield considerably differences values for the total membrane 

capacitance in the same circuits. These results yield suitable 

exponential voltages that are fitted by DC current in total 

membrane capacitance over vast ranges of cell sizes hav been 

simulated. 

In an isovoltage cell, the results in a membrane potential change 

characterized by a single exponential (Eq. 6) with time constant  

              where             indicate the cell 

membrane resistance the total membrane capacitance, 

respectively. In such an isovoltage cell,      is equal to the cell’s 

input resistance         (        +∑   
 
   (   

 
 

     (6), the 
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maximum membrane potential change is given by        

                    (7) where      is injected current phase. 

In a non-isovoltage cell, an equalizing process based on current 

flows among electrical compartments is accomplished [32]. 

 

 

 
Figure 2. Monte Carlo calculation of DPPC membranes. 

 
Scheme 3. Voltages changing of Myelin along axon. 

 

Generally, only two or three terms adequately 

describe     (  , given by the equation (6) (Fig.4).  

 
 

Figure 3. DPPC, GaLC in a circuit related to their thickness and 

their voltages. 

Through dividing “Iext” to a series of the resistive terms as 

   
  

    
  steady state can be evaluated as the sum of these 

resistive terms      
     

    
 . The time constant of the slowest 

exponential (e-t/τ =0) corresponds to the membrane time constant 

        [34]   . For determining the values of    and     , the 

    (   might be fitted with 2 or 3 exponential terms using the 

Levenberg–Marquardt (LM) algorithm.  For obtaining the suitable 

fit in view point of both fast and slow components, the fitting has 

been done between t = 0 and a time at which the voltage had 

reached steady state (around 500-ms step). The capacitance, 

current and voltage of the membrane with total charge Q for 

related capacitor can be calculated by the following equations  

            ∫   
     

 
   . (8) Consequently,        can be 

calculated according to    
  

  
     

     

  
 (9) where 

     

  
 is 

slope of the voltage curve. 

 
Figure 4. Schematic diagrams representing the membrane potential 

change, voltage-clamp step and the charge deposited on the membrane for 

a given      . 

 

GalC/DPPC, Galc/ variable capacitance,    (  , defines the 

amount of charge (Q), which is stored on two electrodes at two 

sides of the membrane as a function of time     (   Fig.3. 

Obviously, because of Nano scale characteristics in the cell 

membrane, quantum electrical properties might be taken into 

consideration. In a thin-membrane cell, this indicates that the 

geometric capacitance of the mentioned membranes,     
   

, is 

related to the different voltages,               
   

 
 

     (  
 

    

    (  
   (10). Where      is the surface charge density from total 

charges in two side of those membranes,      is the permittivity 

from free spaces around “8.85 × 10−12 F.m−1 “and     (   is the 

thickness expectation filling by the alkyl chain as a dielectric of 

the membranes. It is also a function of time due to dynamic 

behavior. 

In this model, a tiny cell membrane capacitor is made by 

creating an insulating layer of alkyl between two galactose 

(“GalC”) and phosphate of DPPC, groups. Supposing that each 
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capacitor plates carry    charges from positive side to the 

negative side, the initial energies stored in an electrostatic field 

over the capacitor electrodes is given by     
  

     
 . And for 

those systems that the charge  (       resides on the top plate 

and (         resides on the bottom plate, the accumulated 

energy is equal to     
(      

  
 . Although the charge is 

quantized by itself, the charges on both plates of the 

membrane capacitor are polarized. Obviously, the energy cannot 

be accumulated on the capacitors before a single electron tunnels 

through the alkyl layers from the (-) to the (+) sides, as:     

      
  (  

  

 
 

 
  (11). In this situation, the maximum voltage 

occurs in the range of  
     

     
        

     

     
 where the 

tunneling current would only flow if the voltage is sufficiently 

large, i.e.          
    

     
 . This effect is known as the 

Coulomb blockade [35]. 

Obviously, the expectation distances between two galactose lipids 

or phospholipids layers of the capacitor      have to be 

extremely small such that the tunneling effect can take place with 

Acceptable sizes in the GalC/DPPC, membranes. In the 

macroscopic systems in the range of C 10-14 F, it can be shown 

that the voltages around            are needed for occurring 

the tunneling effect. For nano-scale capacitors with capacitances 

in the range of C   10-17 F, the amount of            and for 

the nanoscale capacitor with the range of C 10-18 F, and the 

amount of           are required for having a considerable 

tunneling effect. Thus, coulomb blockades cannot appear 

in macro-scaled circuits because of the low charging energies. 

However, it might occur in Nano-scales because of charge 

quantization [35]. For small items, the capacitances may be so 

trivial which the charging energy (
  

     
)  becomes larger and 

therefore the energies values for tunneling effect into the quantum 

system would then increase. The tunneling resistance can be 

estimated via      
     

    
which abnormal resistance is. 

However, it theoretically allows the electrons for crossing the 

insulating junctions as discrete occurrences which      is the 

resulting currents because of tunneling effects. Tunneling 

resistances are not usual resistances, but an imaginary one, 

allowing the electrons for crossing the insulating junction during 

          
   

 where     
   

 is the quantum capacitance during 

tunneling events lifetime (t) of the energy state. The    , might 

be finite and small, therefore the tunneling effect can practically 

occur. In this item, the charges are well quantized and so 

the capacitors are considered to be a tunnel junction in those 

mentioned membranes. In this work, RTun for those membranes as 

a function of thickness and potential energies barrier have been 

calculated:       
 

 
      

 

    
   (12). When the quantum 

well descends below the Fermi level, the electrons accommodate 

in the quantum well and the excess electrons in the membrane’s 

phospholipids become sensitive for charging spilling. In these 

kinds of simulations, the expectation interlayer distances vary 

from 53.0 Å to 55.0Å (Fig.3) which is the best-optimized 

interaction in our model for various membranes. The hybrid 

quantum capacitances are related to a net capacitance,    
   , and 

geometry capacitances     
   

 via  equation as : 
 

    
    

 

    
    

 

    
    (13) and the value of     

   
 is in several orders of magnitude 

greater than the     
 

. Hence, its effect would only appear in 

quantum systems.     

Based on the fluid mosaics model of lipids the dielectric constant 

for the above mentioned membrane change from time to time, 

while the changing in capacitances is not rapid. A quantum effect 

in the membrane implies that the capacitances of the membrane 

are larger than geometry of the membrane.  

  

 
Figure 5. Free space between two layers in a dynamic situation due to 

tunneling coulomb blockade effect  

 

Thus, any phenomenon in the bio-membrane related to 

the dynamic situation such as physiology temperature will 

influence their capacitances. It is also notable that the cellular 

electrical properties and electromagnetic fields on cells result in 

the electro biological mechanism and phenomena such as ligand 

receptor interactions in hormones, cell membrane activation and 

inhibition of cytoplasmic enzyme. Increasing the potentials and 

capacitances of those mentioned cell membranes alter the dipole 

orientation, activation of the DNA helix, increasing the codon 

transcription, increasing the codon translation in ribosome, and 

activating the cell membrane receptors that act as antennas for 

certain ranges of frequencies and amplitudes leading to the 

concepts of electromagnetic reception, transduction and 

attunement. It is also exhibited that the quantum effects are able to 

changing the membrane’s capacitances due to the external effects. 

In addition, it is also concluded that the electrical properties of the 

membranes are affected via the application of electron densities in 

the above mentioned membranes. In our previous works, it has 

been declared [36- 65] that the quantum components are a 

manifestation of the density of states (Dos) of the phosphate or 
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galactose groups and their Thomas-Fermi screening lengths. 

Hence, the hybrid capacitance of any Nano-capacitor architecture 

is as follows: 

     (
 

    
   

(         
 

 

    
    

 

    
   

(              
      (14) 

where     
   (          and     

   
(         ) are the quantum 

capacitances due to the finite Dos of the phosphate group’s 

electrodes, respectively, as illustrated in Fig.5.  

A change in voltage leads to a capacitive current due to the 

changes in the charge on the capacitor which is given by: 
  

  
 

 

  
 (         ]      

     

  
     

     

  
 and 

 
     

  
  (

     
   

  
  

     
   

  
     (15) 

Heimburg exhibited that the changing voltages during the 

nerves pulses are completely dependent on the capacitances 

changing. In addition, transition voltages are able to exchange the 

ions. They have also exhibited how the electrical properties of the 

membranes are affected through the application of lateral pressure 

or tension in a membrane. By supposing that the     
   

 of bio-cell 

membranes (in contrast of     
   

) is independent of voltage and 

depends on the geometry, the second term on the right side of 

eq.15 is a quantum effect (
     

   

  
       ]  

Consequently, It can be considered that any changing in 

the dimension of the membrane through electrical phenomenon 

depends on     
   

 (and independent to      
   

 ) which means 

tunneling effect changing due to the dynamic system in fluid 

mosaic model of membrane. 

2. MATERIALS AND METHODS 

 Major Part of the membrane systems including 

GalC/DPPC, has been modeled with OMIOM (QM/MM) and 

Monte Carlo method. Each system contains 60 DPPC, and 120 

GalC molecules (Figs 1&2). Each of systems, were accomplished 

with the lateral dimensions of the simulation cell {Lx}, consist of 

53/54 for GalC/DPPC and 54/55 for Å while {Ly} and {Lz} are 

fixed with 50 and 100 Å, respectively for all components of the 

membranes.  Three-dimensional periodic boundary situations were 

used, and the cell length normal to the various GalC/DPPC, 

membranes {Lz=100} were allowed to adjust during the 

simulation to maintain a constant pressure around one atmosphere. 

These pressures were maintained through the variant of advanced 

systems formalism and also the Langevin Piston algorithm, which 

decreases oscillations in those cells parameters. The temperatures 

were fixed among 300K to 310K where are the biological ranges 

and identical to the relevant experiments. Configurations of 

individual lipids consistent with a mean field were generated by 

Monte Carlo (MC) simulation, with field values adjusted for 

obtaining acceptable with experimental order data. In this work, 

several force fields are applied with AMBER and Charmm 

software and in addition the Hyper-Chem professional release 7.01 

programs are used for the drawing the graphs of simulation.  

The final parameterization of GalC/DPPC, were 

computed using self-consistent field calculations in order for 

finding the optimal pre-geometries, as well as the total and partial 

charges of each side of membranes. DFT or density functional 

theories with the van der Waals interaction were applied to model 

the exchange-correlation energies of DPPC monomers. All 

optimization of monomer molecules of each membrane were 

performed through Gaussian 09. The main focus in this study is to 

obtain the results from DFT methods such as m062x, m06-L, and 

m06 for the (Myelin’s lipids molecules) n {n=1-10}. The m062x, 

m06-L and m06-HF are advanced and novel functional with a 

suitable correspondence in non-bonded calculations between 

GalC/DPPC, and monomers and are useful for determining the 

voltages in viewpoint of distance differences  distance between 

two lateral in two sides of Myelin’s lipids. For non-covalent 

interactions between two layers of membranes, the B3LYP 

method is not suitable for describing van der Waals forces via 

medium-range interaction. Therefore, the QM/MM (ONIOM) 

methods including three sections of high (H), medium (M), and 

low (L) levels of calculations have been performed. For the first 

layer of ONIOM (QM/MM), DFT methods and for the second 

layer semi empirical pm6 (including pseudo=lanl2) and for the 

third layer Pm3MM are applied for the high, medium and low 

sections, respectively. The semi empirical methods have been 

accomplished in order to the non-bonded interactions between two 

parts of the upper lateral side (  ) and a lower lateral side (   ) of 

Myelin’s lipids. Some recent studies have exhibited an inaccuracy 

for the medium-range exchange energies leads to large systematic 

errors in the prediction of molecular properties. Geometries and 

electronic properties have been calculated using m06 (DFT) 

functional which is based on an iterative solution of the Kohn-

Sham equation [66] in a plane-wave set and the Perdew-Burke-

Ernzerhof (PBE) [67] exchange-correlation (XC) is also used. The 

charging transfers and electrostatic potentials were also estimated 

using the Merz-Kollman-Singh [68], chelp, or chelpG.  These 

methods based on molecular electrostatic potential (MESP) fitting 

are not well-suited for evaluating larger systems due to the 

innermost atoms which are located far away from the center 

points. Therefore, the atomic charges for membranes must be 

computed as average data over several distances of membrane 

thickness. The interaction energies for membrane capacitors were 

measured as follows: 

  (        (∑ (                          
 
    

∑ (                           
 
      +      (16) 

Where the “   ” is the stabilities energies of membrane capacitor. 

The electron densities, value of orbital wave-functions, electron 

spin densities, electrostatic potentials, electron localization 

functions (ELF), localized orbital locators (LOL) which defined 

by Becke & Tsirelson), total electrostatic potentials (ESP), as well 

as the Multifunctional Wave-function analyzing have been 

calculated with Multiwfn software [69]. The contour line map was 

also drawn using the Multiwfn software [69]. This is specifically 

useful to analyze distribution of electrostatic potential on VdW 

surfaces of each lateral side of                 . The relief maps 

were used to present the height value at every point of the 

capacitors. Shaded surface maps and shaded surface maps with 

projection are used in our representation of height value at each 

situation of voltages too [70]. In this work also, the interlayer 

attractions have been calculated through QM/MM with an 

ONIOM method including OPLS (CHARMM), force fields and 

Extended-Huckel for specific layers for describing their interlayer 

http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.factmonster.com%2Fcig%2Fbiology%2Ffluid-mosaic-model-membrane-structure-function.html&ei=5STnVO38EM75ar66gtgK&usg=AFQjCNGsoVsj40tm1rKns6RliNhhgxSQjQ&sig2=fZrdQp0WZv__44L_bxj4qg&bvm=bv.86475890,d.d2s
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.factmonster.com%2Fcig%2Fbiology%2Ffluid-mosaic-model-membrane-structure-function.html&ei=5STnVO38EM75ar66gtgK&usg=AFQjCNGsoVsj40tm1rKns6RliNhhgxSQjQ&sig2=fZrdQp0WZv__44L_bxj4qg&bvm=bv.86475890,d.d2s


Majid Monajjemi, Fatemeh Mollaamin 

Page | 4962  

interactions including inter-layer potentials, attractive components and the classical mono-polar electrostatic terms. 

 

3. RESULTS  

 We used model descriptive structures of several 

membranes including GalC/DPPC, with the simplest consisting of 

two spheres attached to the related ends of a cable, which denote 

neuritis (                    . We modeled variations in neuronal 

component size through changing                    (Table.1). In 

our model, the myelinated axon is a nearly circular profile 

surrounded by a spirally wound multi-lamellar sheath and has 

been wrapped with a medium number (n=100) of myelin sheath 

(Table.1). 

Table 1. Geometries of Node Ranvier, Myelin and Myelin-sheath based 

on Monte Carlo and QM/MM calculation 
membran
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Dielectr

ic 

Constan
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GalC/DP

PC 

0.10 0.55 54/53 0.6

5 

1.7

5 

2.0

* 

0.55 6.29 

* refer to reference 70 [70]  

 

The expectation of dielectric thickness of GalC/DPPC, is 

6.29 and 4.35 respectively for 60, 120 and 120 pieces of 

GalC/DPPC, of the membrane respectively (based on Gaussian’s 

curve distribution) (Fig.6). The electron densities profiles, 

displayed in Figure 7, have been plotted from the electron 

densities profile models via dividing the simulation cells and 

determining the time-averaged number of electrons in each slab. 

The peaks exhibit the situation of the electron-rich Galactose/ 

Phosphate section of the head groups and the peak-to-peak 

distances are often used to derive the molecular length changing in 

length from the experimental data. Head groups area and the 

lateral diffusion coefficients for motion parallel for the membranes 

can be estimated. For construction a model of the membrane 

layers of lipids molecules, it is assumed which the CH2 and 

terminal CH3 groups presented in the hydrocarbons fatty acids 

chains fill the spaces in the center of the bilayer that is also 

symmetrical. The groups are considered for having same volumes 

as they occupy in the liquid hydrocarbons. The head groups form 

the layers of electron densities higher than that of water, while the 

fatty acid’s chains from a layer with lower electron densities than 

that of water. The fatty acid’s chains layers give negative 

amplitude which decreases rapidly if the layers are uniform and 

less rapidly if the terminal methyl groups are localized near the 

center, in order to give a narrow area of lower electron densities.  

 

Table 2. Dielectric constant, capacitance and the stability energies of 

various modeled membrane capacitors in various thicknesses for 

GalC/DPPC capacitor. 
GalC/DPP

C & 

Number of 

atoms 

   (    

 

    

 (∑   

     

∑   

    )  

    

 (∑   

    

 ∑   

    )  

  (  

      

(N=50) 0.0  - - - 

(N=100) +0.30 3.5 1.12 2.1 

(N=200) +1.25 3.2 1.42 4.7 

(N=400) 0.95 4.9 1.63 1.2 

(N=500) +0.65 5.4 1.65 1.4 

(N=600) 0.45 5.6 1.85 1.3 

(N=3000) 1.45 5.75 1.90 1.3 

 

In this work, GalC/DPPC, were chosen as the mixed 

membranes capacitors since the alkyls groups are an excellent 

space filling, similar to that of biological system. Since the alkyl 

chains in those membranes have an ideal electrical insulator that 

might be polarized through applying the external electrical fields, 

the expected thickness of alkyl’s layers between those membranes 

plates have been estimated, optimized and applied as a excellent 

model of dielectric constant for those capacitances calculations 

(Table 2). 

Same as other capacitors, the an-isotropic attachment of 

alkyl groups allows the formation of several layered structures. 

Long-ranges interlayers interactions play a prevailing role in 

characterizing the electrical and mechanical properties of those 

systems and hence their efficiency in these model of capacitors. 

The ESP curve is drawn versus the number of lipids in Fig.7 

where the minimum values of the ESP correspond to the odd 

numbers of lipids. However, as for the even numbers, the ESP 

values are constant, indicating that the variable capacitances in 

those membranes are independent of number of lipids. This 

means, what makes the cell membranes for acting as a model of 

variable capacitors do not related to the internal structures, though; 

they depend on the external cellular effects the same as electrical 

situations and any other pulses. The interaction energy between 

two sides of membrane (P+30, P-30 ) of the electrodes) is also 

calculated based on (eq.16). The dielectric permittivity as a 

function of capacitor sizes was calculated using QM/MM methods 

(Table 2). The calculated values of the lipids structure such as 

distances between two layers, dielectric constants, (k), magnitude 

of the charges on each side of membranes, electrostatic properties 

using the SCF densities, fitting potential charges from ESP, 

stabilities energies of GalC/DPPC, as the capacitors, are listed in 

tables 2 & 3. The potential between two layers,     (∑   

    

∑   

   ) (a.u.) are listed in table 2 and vary between 3.5 and 5.75 

volts for various thicknesses and number of lipids.  

Table 3.The dielectric and capacitance CQ= quantum capacitance, Cg= 

geometry capacitance, and Cnet= net capacitance of modeled of 

GalC/DPPC capacitor in various thicknesses 
GalC/DPPC & 

Number of 

atoms 
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  (  
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ESP                  

Mulliken 

ESP                

Mulliken 

(N=500) 

 

1.45            1.55 1.30               

1.25 

(N=600) 

 

1.15                1.38 1.03               

0.97 

(N=2000) 

 

1.66                1.83 1.17                

1.20 

(N=3000 1.43                1.56 0.99                

0.99 

  

The nano-capacitances of   ,    and      for 

GalC/DPPC, in different thickness of dielectrics are listed in table 

3.  Although the dielectric strength can be deduced from the band 

gap of alkyl space filler, the dielectric constant is directly 

calculated from eq. 5 which is much more accurate than the other 

ways. For large dielectric thicknesses, the classical capacitances of 

the “   
 

 
” is conformable. This conformability is not valid for 
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short distances due to the quantum effect, therefore the dielectric 

permittivity as a function of dielectric size has been defined 

through,   (        
  (  

  

 
 

   
        (        

    

      
 . 

It is shown in this study that quantum effect has appeared in a 

small region of the membrane thickness due to number of lipid bi-

layers.  

 
Figure 6. The expectation of dielectric constant for three systems of a, b 

and c Based on Gaussian curves  

 

In the presence of any fields, Myelin’s protein including 

trance membrane or potassium or sodium channel ions, charges 

employ the forces which can influence the position of the 

membrane in the Myelin; thereby influencing the variable fields 

makes variable capacitances in the membrane systems of 

GalC/DPPC.  

This effect allows one to introduce a capacitive 

susceptibility that resonates with self-induction effect of helical 

coils in Myelin’s proteins. Table.4 exhibits the calculated helical 

proteins self-induction of Myelin’s proteins via resonance with 

capacitance of the GaLC/DPPC lipids or other Myelin 

membrane’s lipids (Fig.8). Coils have greater inductance than 

straight conductors, thus, in biological phenomena, a helical coil 

of trance myelin’s proteins resonate with a capacitive 

susceptibility of lipids capacitors of GalC/DPPC 

 
Table 4. The self-induction of GaLC/DPPC modeled capacitors (N=300) 

with some Myelin’s proteins. 

Myelin proteins Number of units Resonance 

frequency  

2WUT 1 65 GHZ 

6IGO 3 55 GHZ 

neuronal SNARE 2 45 GHZ 

 

 
Figure 7. Myelin’s Protein and Helical Extension of the neuronal SNARE complex into the Myelin membrane 

 

 

4. CONCLUSIONS 

 When a protein is coiled, the magnetic field produced by 

current flow expands across adjacent coil rings. Since the current 

changes, the created induced magnetic field also changes. These 

changes create a force (emf) that opposes the changes in those 

currents. These effects do not occur in the static conditions in 

GalC/DPPC, myelin’s membranes due to the steady currents. 

These impacts only appear and arise in the variable capacitors 

when the current experiences a changing in its value. When 

currents flow quickly, the magnetic field also collapses quickly 

and is capable to generate high induced electro motoric forces 

(emf) which at times can be several times the original amounts of 

the sources voltages. Higher induced voltages might be created in 

inductive circuits through increasing the rate of changes in the 

currents as well as increasing the number of coils in myelin’s 

helical proteins. Myelin’s membrane proteins as electrical 

inductors might enable the membrane cell to transiently produce 

very high electrical voltages such as Bio-Nano-Antenna.  
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