Organic and Medicinal Chemistry

International Journal
ISSN 2474-7610

Research Article
Volume 3 Issue 5 - September 2017
DOI: 10.19080/0MCIJ.2017.03.555623

L
Juniper
J key to the ReLs'EI;IrS:iEeRri

Organic & Medicinal Chem IJ

Copyright © All rights are reserved by Avat (Arman) Taherpour

Electron Transfer Process between C60
Fullerene and Memberane Cells of Salmonella

Typhimurium; a Theoretical Study

Narges Zolfaghar! and Avat (Arman) Taherpour?*

!Organic Chemistry Department, Chemistry Faculty, Razi University, [ran

2Medical Biology Research Center, Kermanshah University of Medical Sciences, Iran

Submission: September 16, 2017; Published: September 21, 2017

‘Corresponding author: Avat (Arman) Taherpour, Medical Biology Research Center, Kermanshah University of Medical Sciences, Kermanshah,

Iran; E-mail: avatarman.taherpour@gmail.com

Abstract

conditions in accordance with the Marcus theory.

equation; Plank’s formula; Marcus Theory

Quantum Molecular Dynamics

The relationship between the number of carbon atoms and the free energies of electron transfer (AGet) were investigated using the Marcus
Theory and Rehm-Weller equation for ET- (electron transfer) and PET-process (Photoelectron Transfer) between fullerenes and the cells wall
of Salmonella typhimurium. The calculations are presented for the oxidation potential (Ox.E1) of fullerene (C60). The results were used to
calculate the free-energies of electron transfer (AGet) of the ET-process for the fullerenes. The first free activation energies of electron transfer
and the maximum wave length of the electron transfers, AG#et(n) and Aet, respectively, were also calculated in this study for the selected
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Introduction

Salmonella typhimurium is a pathogenic Gram-negative
bacteria predominately found in the intestinal lumen. Its
toxicity is due to an outer membrane consisting largely of
Lipo Poly Saccharides (LPS) which protect the bacteria from
the environment [1]. The LPS is made up of an O-antigen,
a polysaccharide core, and lipid A, which connects it to the
outer membrane. Lipid A is made up of two phosphorylated
glucosamines which are attached to fatty acids. These phosphate
groups determine bacterial toxicity. Animals carry an enzyme
that specifically removes these phosphate groups in an attempt
to protect themselves from these pathogens. [1] The O-antigen,
being on the outermost part of the LPS complex is responsible
for the host immune response. S. typhimurium has the ability
to undergo acetylation of this O-antigen, which changes its
conformation, and makes it difficult for antibodies to recognize

(1]

The two basically forms of metabolic energy in microorganisms
have introduced as: a) the ions (such as proton) gradients provide

the electrochemical energy for cell of microorganisms, and b) the
energy-rich phosphate bonds such as ATP molecule. A cell of bacteria
includes an organized cytoplasm and the organization of the proteins
particularly for those intricate and important morphogenetic
processes is for the cell operations such as morphogenetic processes
[2] The ApH and the AW (trans-membrane chemical proton
gradient and trans-membrane electric potential, respectively) were
constructed by the producing Proton Motive Force (PMF) [3] .

The different empty fullerenes (Cn) with various number
of carbon atoms “n” such as C60, C70, C76, C82 and C86, have
been obtained [4-6]. Because of the different number of the
carbon atoms in their structures these molecules show different
chemical, physical and mechanical properties. The compressive
mechanical behaviors of the empty fullerenes Cn (n = 20, 60,
80, and 180) were investigated with using QMD (Quantum
Molecular Dynamics) technique by Shen [4] the interesting
stability of molecular allotropes C60 and C70 After the discovery
of C60 peapods [5] the aligned structure of encapsulated
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molecules has been studied as a new type of hybrid material due
to the molecule-molecule interactions. Since the early 1990s, the
electrochemical properties of the C60 were studied when these
materials first became available in macroscopic quantities.

In 2003, for the first time, the hypothesis of fullerenes acting
as electron drainer which can disrupt the respiratory chain with
electron leakage by Mashino et al. [6] The report was focused on
positively charged derivatives, however the behind mechanism
of interactions seems to have common points. [6] This study
elaborates on the electron transfer process between C60
fullerene and the membrane cells of Salmonella typhimurium.
The relationship of the free energies of electron transfer (AGet)
between the cell wall of Salmonella typhimurium bacteria with
C60 fullerene and AG#et(n) of the ET-process, on the basis of the
oxidation potentials (Ox. E1) of the C60 fullerene as assessed by
applying the Rehm-Weller equation and Marcus Theory. [6] In this
study, were also calculated the activate free energies of electron
transfer and the maximum wave length of the electron transfers
(AG#et(n) and 2Aet), applying Marcus theory on the basis of the
oxidation potentials of the fullerenes C60 to predict the data of
the ET-process between the membranes of the membrane cells
of Salmonella typhimurium and C60 fullerene.

Methods, Results and Discussion

The LUMO orbital of C60 can accept up to six electrons (6€) to
form C606-, but the position of the HOMO does not allow for hole-
doping under the usual reported electrochemical conditions.
Haufler et al. [7] have demonstrated the reduction C60 to C601-
and C602- electrochemically in CH2CI2 media. Echegoyen et
al. [8] electrochemically reduced C60 in six reversible steps
for -0.97V vs. Fc/Fc+. The irreversible electrochemical and
structural reorganization of solid fullerenes in acetonitrile
was reported by Bard et al. The experimental conditions by
investigating highly organized C60 films on HOPG in an aqueous
medium was improved by Dunsch et al. [9] the reduction of the
tin films induces a morphological change.

All of the mathematical operations have performed using
Microsoft Office Excel-2003 and MATLAB-7.4.0(R2007a)
programs. Equation 1 has applied to measure the values of Get
for the dipolar complexes that have yet to be reported in the
literature. The free energy changes between an electron donor
(D) and an acceptor (A) estimates by Rehm-Weller equation
estimates, as: [10].

AG® = e[ED°- EA°] - E* + wl (Eq--1)

In this equation “e” is the unit electrical charge, EDo and EAo
are the reduction potentials of the electron donor and acceptor,
respectively, AE* is the energy of the singlet or triplet excited
state and w1 is the work required to bring the donor and acceptor
to within the Electron Transfer (ET) distance. If an electrostatic
complex constructs before the ET process, the work term in this
expression is equal to zero [11-12].

The Marcus theory of ET-process implies rather weak
(<0.05eV) electronic coupling between the initial (Locally
Excited, LE) and final (Electron Transfer, CT) states and presumes
that the TS (Transition State) is close to the crossing point of the
LE and CT terms [13]. The value of the ET-rate constant ket is
controlled by AG#et, which is a function of the reorganization
energy (1/4) and electron transfer driving force AGet:

AG#et= (1/4)(1+AGet /)2 (Eq.-2)

The reorganization energy of organic molecules ranges from
0.1-0.3 eV. In this study, was utilized the minimum amount of the
reorganization energy [14].

The maximum wavelength (Aet) of the electromagnetic
photon for the electron transfer process in the dipolar complex
was calculated by Planck’s formula:

AG#etzAEzh.c/ﬂ(n) (Eq.-3)

In Figure 1 has shown the imaginary ET-process between the
cell wall of Salmonella typhimurium bacteria and C60 fullerene
to construct the dipolar complexes by electrostatic attraction
after ET and/or PET process. In Figure 2 has demonstrated the
imaginary surfaces of the free energies of the ET-process

Getand G#etbetween the cell wall of Salmonella typhimurium
and C60 fullerene. See Table 1 for the calculated data. On the basis
of the obtained results from literatures the Ox.E1lof C60 and Red
E of Salmonella typhimurium bacteria is 1.12 and 0.00154 Volt,
respectively [15-18].

The results of the calculations of the ET and/or PET-process
and applying the equations 1-4 show that the values of the
free-energies of electron transfer (AGet), first free activation
energies of electron transfer and the maximum wave length
of the electron transfers, AG#et(n) and Aet, respectively, were:
27.17,35.94 kcal mol-1 and 795nm, respectively. It was assumed
that the discussed ET-process has also stopped some phenomena
related to restriction in bacteria growth by perturbation on the
membrane charges of Salmonella typhimurium bacteria cell wall.
See equations 1-4, Figures 1 & 2 and Table 1. The calculated
data for ET- and/or PET-process between the other fullerenes
(C70, C76, C82 and C86) and cell wall of Salmonella typhimurium
bacteria were demonstrated in Table 1. In agree with the
obtained results the ET process has occurred in lower AG#et(n)
and bigger Aet by increasing the electron population in greater
fullerenes. The PET process from Salmonella typhimurium to C60
fullerene occurs at about 795nm, but, for greater fullerenes (like
C76 to C86) it will occur in near-IR region.

In this study, the values of the maximum wavelengths (AGet)
for the ET-process between the selected fullerenes and the
bacteria cell wall in the dipolar complexes by Planck’s formula
were demonstrated. The photonic energy of the ET-process was
also determined by the use of this formula. Most of the Values
were found in the range of Visible to near-IR (795-1640nm)
range of the electromagnetic spectrum. The Get depends on
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the G#et value in each state. The values of Get have increased medicinal and antibiotic activities for the selected fullerenes by
performing the complexes between fullerenes and the bacteria

by decreasing of the G#et value in each state. In this study,
the photo-electron transfer process was investigated to find membrane (figures 1 & 2) (Table 1).

Table 1: The calculated data (AG,, G#, and A,) of the ET- and/or PET-process between the cell wall of Salmonella typhimurium bacteria and

C, (n=60, 70, 76, 82 and 86) fullerenes.

Calculated data Lo . . Free calculated Free activation Maximum wave
. Oxidation Reduction potential . . .. . .
on the basis of e A energies -1 in kcal energies in kcal length in PET in
. potential in Volt in Volt 1 ‘. »
Equations 1-4 mol mol nm'
Fullerenes E,of C, Red E of Bacteria Get G*, et
¢60 1.21 1.54x1073 27.17 35.94 795
€70 1.19 1.54x1073 26.71 34.95 817
¢76 0.81 1.54x1073 17.95 20.04 1426
€82 0.72 1.54x10°% 15.88 17.07 1674
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Figure 1: The imaginary ET-process between the cell wall of Salmonella typhimurium bacteria and C fullerene.
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The results of this study may be applied in some medical
treatment operations, such as irradiation of the appropriate
Aet to destruct the membrane cells of Salmonella typhimurium
bacteria in presence of Cn (n=60,

70, 76, 82 and 86) fullerenes. The results discussed here
and the calculated values of Get, G#et and Aet corresponding
to the electron transfer process have neither predicted nor
reported before. It is supposed that the ET- and/or PET-process
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Figure 1: The imaginary surfaces of the free energies of the
ET-process G_ and G*_ between the cell wall of Salmonella
typhimurium and C,, fullerene.
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between the membrane of Salmonella typhimurium bacteria with
Cn (n=60, 70, 76, 82 and 86) fullerenes prepare the conditions
to restrict the bacteria (Salmonella typhimurium) growing by
perturbation in the cell wall charges of Salmonella typhimurium.
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