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CONTROL OF STAPHYLOCOCCUS AUREUS GROWTH
BY ELECTROMAGNETIC THERAPY

The present work aimed to study the biological effects of Extremely Low Frequency Electromagnetic
Field (ELF-EMF) on the growth rate, morphology and antibiotic sensitivity patterns of the Gram-positive
bacterium Staphylococcus aureus to determine any morphological and metabolic changes that might have
been caused by ELF-EMF. In order to compare cell viability, number of colony-forming units (CFU) and
growth rate (optical density at 600nm) was determined. The results showed that a highly significant inhibition
effect occurred when S.aureus was exposed to resonance of 0.8 Hz QAMW for a single exposure (120min).
Moreover, exposed cells became more sensitive to the tested antibiotics compared to control. Significant
ultra structural changes occurred as observed by Transmission Electron Microscope (TEM). Random
Amplified Polymorphic DNA-Polymerase Chain Reaction (RAPD-PCR) revealed genetic fingerprinting
variation as observed in the electrophoresis patterns between exposed and unexposed cells of S.aureus.

Key words: Staphylococcus aureus, ELF-EMF, bacterial growth rate, antibiotic sensitivity,

morphological changes, TEM, RAPD- PCR.

[I] NTRODUCTION

In the modern society, greater use of technolo-
gies leads to increasing exposure to extremely low
frequency electromagnetic fields (ELF-EMFs)
generated by structures and appliances such as
power lines and ordinary devices used inside house
and work places. As a consequence, the effect of
ELF-EMFs on the biological functions of living
organisms represent an emerging area of interest
with respect to environmental influences on hu-
man health.In latest years, several studies have been
performed to study the variety of cell responses ob-
served due to exposure to ELF-EMFs involving
proliferation and differentiation [1, 2],gene expres-
sion[3, 4],modulation of the membrane receptors
functionality][ 5, 6], apoptosis| 78], alteration in ion
homeostasis|1,9, 10, 11, 12], and free radical gener-
ation [13, 14, 15]. Fadel et al.,2003 [16] reported
that the main damaging role of 50 Hz magnetic
field may be on the cellular membrane that strong-
ly affects, not only the cellular physiological func-
tions, but also the cell-to-cell communications.

Effects of ELF-EMFs on bacterial cells have
been also studied [17, 18].In particular, it has been
demonstrated that ELF-EMFs can negatively [ 18,
19,20, 21, 22], or positively [21, 22, 23, 24, 25] affect
functional parameters (cell growth and viability).
Inhan-Garip et al., 2011[ 18] studied the effect of
extremely low frequency (<300 Hz) electromagnet-
icfields (ELF-EMF) on the growth rate of Gram-
positive and Gram-negative bacteria and deter-
mined morphological changes that might have been

caused by ELF-EMFs. Over the last few years, bac-
teria were subjected to many experimental proce-
dures to evaluate how such unicellular systems may
respond to EMFs [ 16, 20, 26, 27, 28, 29, 30, 31, 32].

Studying the effects of ELF-EMFs on bacte-
riais essential not only for investigation the envi-
ronmental stress, but also to explore the possibility
of controlling the sensitivity of bacteria at resonance
frequency. Therefore, considerable efforts have been
made towards the development of alternative meth-
od for the treatment of bacterial infections. Recent-
ly, efforts were devoted to control cellular activities
by using electromagnetic waves of very low field
intensity and frequencies which resonates the bioe-
lectric signals generated during a particular meta-
bolic activity. These trials succeeded to control the
growth of Erlich tumors [33], bacterial cells [34],
and fungi [35]. Some studies showed that electro-
magnetic waves may affect microbial growth which
may be used to control the growth of bacteria [ 36,
37].0bermeier et al., 2009] 38] studied the effect of
different electric and electromagnetic fields on the
growth of S.aureus. The results indicated that no
significant difference between colony-forming units
of exposed samples and non-exposed.

This study is focused on investigating the possi-
ble influence of ELF-EMF on a strain of Staphyloco-
ccus aureus (S.aureus) (ATCC# 25923). This bacteri-
um was chosen as example of well-characterized
Gram-positive widely distributed in the environment
and clinically relevant in nosocomial infections.
Therefore, in particular, this work evaluated the in
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vitro effect of ELF-EMF on the growth rate and anti-
biotic sensitivity of this strain, as well as the cellular
and molecular changes that might have occurred.

[1I] MATERIALS AND METHODS

2.1. Exposure Facility System

Fig.1 indicates sketch diagram for synthesized
function generators of the exposure facility of the
bacterial culture, the modulating waveform was
square and the carrier frequency was 30 MHz sine
wave. The carrier and modulating wave carrier was
generated by synthesized arbitrary function gener-
ator type DS345manufactured by Stanford Re-
search System. The samples in autoclaving tube
were exposed to the QAMW through two parallel
cupper disk electrodes, each of diameter 8 cm and
the distance between two electrodes 1.5 cm. During
our trials to find out the resonance frequency of the
modulated waves, samples were exposed different
frequenciesintherange 0.1 to 1 Hzinstepsof 0.1 Hz
for 60 min in order to determine the resonance fre-
quency of growth inhibition. After finding the res-
onance frequency an experiment was carried out to
determine the most effective exposure time. The
unexposed bacteria cells were left to grow in similar
conditions, but without electric field.

2.2. Microorganism Growth Conditions

The bacterium used in this work is a strain of
S.aureus (ATCC# 25923) provided from the micro-
biological Lab, Faculty of Science, Alexandria Uni-
versity. A broth subculture was prepared by inoculat-
ingatest tube containing 5ml of sterile nutrient broth
of pH 7.1 with two single colonies of bacteria from
nutrient agar Plate, followed by incubation at 37°C
for 24 h. After mixing (time t=0 h) the new culture
was divided into eleven groups, one control, the oth-

ers were exposed to QAMW for different frequencies
intherange 0.1 to 1 Hzinsteps of 0.1 Hzfor 60 min in
order todetermine the resonance frequency of growth
inhibition. The cultures were then incubated at
37°C.The number of colony forming units (CFU) was
used to quantify our results and was determined by
plate counting technique [39]. Appropriate dilutions
of the bacterial cells were used to inoculate nutrient
agar plates. Fresh bacterial cultures were used
throughout the experiments. Control cultures were
kept in the same conditions as the exposed ones.Each
experiment was made in triplicates and the average
was considered.

2.3. Effect of Exposure Time

Fresh bacterial cultures were used and exposed
to 0.8 Hz QAMW for different times (15, 30, 45, 60,
75,90, 105 and 120 min).After exposure, 100 uL of
each culture was used to inoculate agar plates of
the same medium. Plates were then incubated aer-
obically for 24h at37°C, and then numbers of via-
ble cells were expressed as colony-forming units
(CFU/mL). Each experiment was repeated three
times alongside control groups, which were kept
under identical conditions.

2.4. Antibiotic Susceptibility Test

S.aureus cells were tested for their in vitro sus-
ceptibility to various antibiotics using the agar dif-
fusion method.The antibiotics used in this study
were chosen to represent different modes of action.
These discs were Amicacin [AK (30ug)], Gen-
tamicin [CN (10pg) ], Streptomycin [S (10pg) |,
Kanamycin [K (30ug)], Penicillin [P (10ug)],
Ampicillin [AM (10pg)] and chloromphenicol
[C (30pug)] which inhibit protein synthesis. Also,
Ciprofloxacin [CIP (5ug)], trimethoprim—sulfam-

DS 345 Synthesized

arbitrary function generator

( modulator )

Output oscilloscope
square

signal

two parallel electrodes

Fig: 1. Synthesized function generator for the exposure facility of the bacterial culture
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ethoxazole [SXT (25pg)], Levofloxacin
[LEV(5pg)] and Norfloxacin [NOR (10ug)] which
are inhibitors for bacterial DNA. In addition to
ceftazidime [ CAZ (30pg) ], Amoxicillin/Clavulanic
acid [AMC (30pg)], Nitrofuran [F (300ug)] and
Rifampin [RA (5pg)] which are inhibitors for the
bacterial cell wall. After plate inoculation and in-
cubation at 37 C for 24 h, the diameters of the inhi-
bition or stimulation zone of exposed and unex-
posed cells were measured in mm.

2.5. Transmission Electron Microscopy

The morphological changes of control group
and group exposed to 0.8 Hz have been determined
using Transmission Electron Microscope (TEM).
TEM investigation was done in TEM Unit, Med-
ical Research Institute, Alexandria University. Bac-
terial cells (10—100ml) were fixed in 300ml of glu-
taraldehyde (Merck, Darmstadt, Germany) and 3%
0.1 M phosphate buffer saline (PBS) (Sigma,
Steinheim, Germany), pH 6 in a micro-centrifuge
(Hettich Universal 30 RF, Hettich, Tuttlingen,
Germany), so that pellets no larger than 0.5 mm
thick were obtained. The supernatant fluid was
decanted and aspirated with a Pasteur pipette. The
pellet was resuspended in same fixative and allowed
to stand for 4 h. The fixative was replaced with a
phosphate buffer solution (0.1 M PBS, pH 7.2).
Centrifugation was followed by three washes in
phosphate buffer; each involved gentle suspension
of the bacterial cells with a Pasteur pipette and then
prompts sedimentation in the centrifuge. For post-
fixation the pellet was then suspended in the mi-
crofuge tubes with 2% Os0,(Merck, Darmstadt,
Germany) in 0.1 M PBS,pH 7.2, for 2 h and then
progressively dehydrated with ethyl alcohol. After
dehydration, intact pellets were easily removed from
the microfuge tubes for embedding in Epon 812
(FlukaChemie, Buchs, Switzerland). Thin sections
from Eponblocks were cut with anultramicrotom
(Leica UltracutR,Vienna, Austria) stained with 2%
uranyl acetate (SPI-CHEM, West Chester, PA,
USA) for 15 min at 60°C, then washed, and stained
for 10 min at room temperature with saturated lead
citrate (FlukaChemie, Buchs, Switzerland). The
sections were examined by TEM [40].

2.6. Isolation of DNA

DNA was extracted from 50 mg of fresh cul-
tures of bacteria (either control or exposed cultures)
according to this method which is an improved
method of the standard phenol /chloroform meth-
od [41].To extract the DNA from Gram-positive

bacteria, 1 ml cell suspension was centrifuged at
8000 g for 2 min, to pellet cells. After removing the
supernatant, the cells were washed with 400 ul STE
Buffer (100 mM NaCl, 10 mM Tris/ HCI, 1 mM
EDTA, pH 8.0) twice. Then the cells were centri-
fuged at 8000g for 2 min. The pellets were resus-
pended in 200pl TE buffer (10 mM Tris/HCI,
1 mM EDTA, pH 8.0). Then 100ul Tris-saturated
phenol (pH 8.0) was added to these tubes, followed
by a vortex-mixing step of 60 second to lyse cells.
The samples were subsequently centrifuged at
13000 g for 5 min at 4°C to separate the aqueous
phase from the organic phase. 160 ul upper aque-
ous phases was transferred to a clean 1.5 ml tube.
40 pl TE buffer was added to make 200 pl and mixed
with 100ul chloroform and centrifuged for 5 min at
13000 g at 4°C Lysate was purified by chloroform
extraction until a white interface was no longer
present; this procedure might have to be repeated
two to three times. 160 pl upper aqueous phases
was transferred toa clean 1.5 ml tube. 40 pl TE and
25ul Proteinase K (modified instead of 5ul RNAs)
were added and incubated at 37°C for 10 min to
digest RNA. Then 100ul Chloroform was added to
the tube, mixed well and centrifuged for 5 min at
13000 g at 4°C. 150ul upper aqueous phase was
transferred to a clean 1.5 ml tube. The aqueous
phase contained purified DNA and was directly
used for the subsequent experiments or stored at)
20°C. The purity and yield of the DNA were as-
sessed spectrophotometrically by calculating the
A, /A ratiosand the A, /A, valuestodetermine

260 280
protein impuritiesand DNA concentrations [42].

2.7. Random Amplified Polymorphic DNA
Technique (RAPD-PCR)

Eight primers were tested.Codes, nucleotide
sequences and G+C percentages of tested primers
used in the RAPD reaction are shown in table (1).
The reaction was carried out ina DNA Thermocy-
cler (M]J Research Inc.USA). Reactions without
DNA were used as negative controls. A stock buff-
ered solution containing 250 pl of 10xPCR buffer,
12.5 plat a concentration of 125 milimole (Mm)
for each dATP, dTTP,dGTP, Dctp and 100ul of
25 Mm MgCl, was prepared in 1.5 ml eppendorf
tube. The primers were used at a concentration of
20 icogram, and double distilled water was added
to pring the volume of the stock buffer solution to
1.5 ml. A volume of 5plof the target DNA was add-
ed to 44l of the stock solution in PCR tubes and
mixed by vortexing. A volume of 1l of Tag DNA
polymerase (Perkin Elmer, Amersham, USA) was
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Table: 1. Code, nucleotide sequence and G+C (%) of arbitrary
primers used in the random amplified polymorphic DNA

(RAPD) reactions

wave should have the same frequency of the
bioelectric signal.
Based on the Metabolic Bio-magnetic

Resonance Model (BMRM) suggested by

primer Sequence 5-3' ?{;? An?oeé;ing Fadel (1998) [47], an external applied elec-
B ATGCCC CTG T %0 5 tromagnetic signal can interfere with a bio-
P2 GGTGACGCAGGGGTAACGCC 70 28 electrlc Slgnal When bOth at resonance. The
P3 AGGAGG TGA TCC AAC CGC | 60 30 resultant of the interference is the algebraic
P4 GAG CCA GTG TCT GCT TTG | 56 30 summation of the two waves which may be
P5 TGAAGGGGGGAACCCCTGTG | 65 62 instructive or destructive, i.e. enhancement
P6 CGC TGT CGC € 80 28 or inhibition, respectively, for the running
P7 GGY GGY TGG AAT GAR GG_| 53 30 process. Based on these bases the present
P8 GAYTTAGATTGGGAATAYCC 35 30

used at a concentration of 5.0 units. To avoid evap-
oration of the PCR mixture during the high tem-
perature of the thermal cycling profiles. A drop of
mineral oil was added to cover the reaction mix-
ture. All PCR amplification reactions were carried
out in a final volume of 50pl. The thermal cycling
profiles were as follow: a 2-min incubation at 95°C,
followed by 40 cycles of 94°C for 1 min, 55°C for
30 sec and72°C for 45 sec, and a final incubation at
72°C for 10 min. Thermal profiles were performed
on a Techne PHC-2 thermal cycler (Techne, Princ-
eton, N.J.U.S.A) FOLLOWING AMPLIFICA-
TION, 20 uL from each PCR reaction containing
amplified product were loaded onto gels of 1.5%
Seakem agarose (FMC Bioproduct, Rockland
ME.,U.S.A) and electrophoresed. The gels were
stained with ethidium bromide and the PCR prod-
ucts were identified following visualization under
UV light [43, 44, 45, 46].

2.8. Statistical Analysis

All experiments were replicated at least three
times and the statistical significance of each differ-
ence observed among the mean values was deter-
mined by standard error analysis. Data from bacte-
rial growth studies were compared for statistical
significance using Student t-test and ANOVA anal-
ysis, the level of significance was set at p < 0.05.

[III] RESULTS AND DISCUSSION

The main objective of this work was to find
out the frequency of the (ELF-EMFs) that reso-
nates the bioelectric signals generated from S.aureus
during cell division and studying the changes that
may occur in its nuclear DNA and cell membrane
structure. The bioelectric signals generated during
metabolic activities of cells are known to be in the
extremely low frequency range, therefore, to inter-
fere with this signals; the applied electromagnetic

172  BECTHUVK OrYNe6(155)/mioHb"2013

work was planed, [48].

The bioelectric signals generated during
metabolic activities of cells are known to be in the
extremely low frequency range, therefore, to inter-
fere with these signals; the applied electromagnetic
wave should have the same frequency of the bioe-
lectric signal. Since the impedance of tissue (Z) is
equal to 1/2rfc, where (f) is the applied frequency
(C)isthe capacitance of the electrodes with tissue,
so «(Z)isinversely frequency (f) dependent, and
will be of very high values for extremely low fre-
quency (ELF) waves and equal to infinity for D.C.
To allow ELF waves to penetrate biological tissue
it was necessary to use amplitude modulated waves
which carry (ELF-EM) waves by wave carrier of
medium frequency through a biological system to
render electrical impendence of the treated biolog-
ical tissue to the minimum. In this work a wave
carrier of 30MHz was used. The growth curve for
S.aureus was measured for different samples after
the exposure to square amplitude modulated waves
(QAMW) for a period of 60 min different ampli-
tude modulating frequencies. This experiment start-
ed with a pilot study where the frequency of the
applied electric field was changed to cover the fre-
quency ranges from 1.0 to 50 HZ in steps of 5 Hz.
There was no change in the growth curve for the
samples exposed to QAMW in the frequency range
from 1.0 to 50 Hz as shown in fig 2. The study was
then directed towards frequencies lower than
1.0 Hzinstep of 0.1 Hz. It was noticed that exposure
for 120 min of the samples to 0.8 Hz inhibited cellu-
lar division of the microorganism. The change of ab-
sorbance at 11 hr incubation time with respect to
control as a function of QAMW frequency in the
range 0 Hzup to 1.0 Hzis shown in figure (3).

3.1. Standard calibration curve

Figure (4) illustrates the variation of sample op-
tical density measured at 600nm[38] as a function of
S.aureus concentration (CFU /ml) in nutrient broth
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medium. The plot shows a linear dependence of the
absorbance on the microorganism concentration.

3.2. Effect of 0.8 Hz QAMW on Growth of
S.aureus

Abroth of bacteria was subjected to the reso-
nance frequency 0.8 Hz QAMW for one hour. Broth
was then placed in the incubator at 37C° and sam-
ples were then taken every hour to measure optical
density at 600nm and inoculate plates to determine
viable count. ELF-EMF was seen to cause a statis-
tically significant (»p<0.05) decrease in growth rate
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Fig 2. Bacterial count (CFU/ml) of S.aureus as a
function of frequency (Hz) from 1 -50 Hz with step 5 Hz.
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Fig: 3. Changes in the absorbance post 11 hour
incubation with respected to control as a function
of frequency
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Fig: 4. Count —Absorbance calibration curve
for S.aureus

of S.aureus that persisted until the stationary phase
was reached as shown in Fig (5-a). The decrease
was exponential. Our results are in accordance with
the results of previous studies [Strasak et al.,
2002[19], Fojt et al., 2004[20], El-Sayed et al.,
2006[22]. Strasak et al. (2002) [19] applied ELF-
EMF up to 120 min. They concluded that the field
effect increased with exposure time. El-Sayed et al.
(2006)[22] applied ELF-EMF for 6 and 16 h to
E. coli and their results are comparable to ours. This
suggests that the field effect is maximal in the first
hours and then decreases, implying an adaptive
response of the exposed cells to field stress. Such an
adaptive response can be due to an increase of heat
shock, Obermeier et al., 2009 38] study the effects
of EMF(5mT, 20Hz)+ maximum a.c electric field
(470mV /cm) on staphylococcus aureus, the results
show decreased in CFU shown in fig (5-B).
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Fig:5.(A) Growth curve of S. aureus exposed to 0.8 HZ
QAMW for a period of one hour as compared with
control.(B) Growth curve of S. aureus exposed to
EMF(5mT, 20Hz)+ maximum a.c electric field
(470mV /cm) (Obermeier et al., 2009)
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3.3. Growth Curve Dependence on Exposure
Time

Asthe bacteria cells exposed on the agar plates
t0 0.8 QAMW. One found that the number of CFU
decreases with the exposure time and this decrease
was exponential.

The significant decrease in growth rate of ex-
posed bacterialet us to study whether the effect of
ELF-EMF persist following the exposure. In order
to determine the post exposure effect of ELF-EMEF,
bacterial strain was exposed at resonance frequen-
cy collected at mid-log phase, transferred to fresh
nutrient broth and growth rates at 37°C. Figure(6)
indicates the concentration of S.aureus measured
in CFU /mL as a function of exposure time (min)
to find out the most effective time for irradiation. It
was found that as the exposure time increased the
concentration of microorganism will be decreased.
There was inhibition of about 87% when the bac-
teria exposed to 120 min single continuous expo-
sure at 0.8 Hz QAMW. There are several parame-
ters involved and can affect in the cellular division
of the microorganism such as cell membrane struc-
tural properties and DNA.

3.4. Effect of 0.8 Hz QAMW exposure on
Antimicrobial Sensitivity

Figs (7&8) illustrate an increase in the sensi-
tivity of bacteria to the antibiotics used
specially Ciprofloxacin,Streptomycin,trimethoprim—
sulfamethoxazole, LevofloxacinNorfloxacin, Kan-
amycin and Amoxicillin as revealed in the increase
of the zone diameter of the microorganism. These

30

25
20

CFU = 26.98e0-01T
15 LN

R? = 0.997
10
5

0

Bacterial count (millions)
(CFU/mL)

0 20 40 60 80 100 120 140
Duration of exposure T (min)

Fig: 6. Viable count of S.aureus as a function
of exposure time

results indicate that the exposure to 0.8 Hz
QAMW affect the sensitivity of the bacterial cells
to the used antibiotics this is obvious through in-
hibition of, cell wall synthesis, protein synthesis,
nucleic acids, essential enzymes and change in
membrane permeability [49]. Moreover, Stansell et
al. (2001)[50] stated that exposing the bacteria
to medium strength magnetic field could signifi-
cantly alter antibiotic sensitivity. Similar results
were obtained with E.coli[22].

3.5. Effect of ELF-EMF on Morphology of
S.aureus

Fig.(9.A).The dark area show where the sam-
ple had a high electron density. The morphologi-
cal investigation of the samples treated with 0.8
Hz QAMW were greatly different to those of the
un treated cells revealed a disintegration of the
cell wall, Fig (9.B), the light area show where the
sample had a low electron density, extrusion of

Fig:7. Inhibitory zone diameter for bacterial sample un exposed (A)
and exposed to 0.8 HZ QAMW for 120min (B)
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the cytoplasmic contents, Fig(9.C),retraction of
the cytoplasmic membrane (Fig9D&E)resemble
the results reported by Yenugu et al.,(2004)
[51]who applied cationic HE2 protein (human
epididymis 2protein) isoforms to E. coli. They
suggested that the cationic peptides disrupted

a0 -
35 H control
30 - M exposed
25
20 -
15 -

10 -

Inhibition zone diameter
(mm)

AK CN S K

P AM C CIP SXT LEV NOR CAZAMC F RA

Antibiotic code

Fig: 8. Histohraph for inhibitory zone diameter
for bacterial sample unexposed (control) and exposed
to 0.8 HZ QAMW for 120 min

Table (2) Antibiotic sensitivity of Staphylococcus aureus
before and after exposure to 0.8 HzQAMW
(mean inhibition zone diameter in mm)

Antibiotics Inhibition Zone diameter (mm)
Before treated | After treated
Protein inhibitors
AK 14091 2840,71
CN 15£0 28+0,14
S 11+0,35 30+0,49
K 23+0,7 35+0,7
P No inhibition zone 15+0.48
AM No inhibition zone 12+0,4
C 16+0 23+0,34
DNA inhibitors
CIP 19+0,32 36+0,12
SXT 15+0,6 28+0,18
LEV 20+0,45 3240,12
NOR 16+0,13 3140
Cell wall inhibitors
CAZ 14+0,18 17+0,04
AMC 9+0 23+0,08
F 15+0,5 18+0,4
RA No inhibition zone 6+0,3

A B

anionic target membranes. In case of gram-posi-
tive bacteria, the structural changes in E. faeca-
lis— heterogeneous appearance of the cytoplasm,
condensed spots resemble morphological chang-
es produced by cationic peptides on S. epider-
midis and S. aureus(Friedrich et al. 2000) [52].
The enlarged and less dense electron space in-
dicative of dissolution of the cell wall which
caused by a weaken association of cytoplasmic
membrane and cell wall. Previously, Rodriguez
et al. (2004) [53] observed abnormal septation
in S. aureus when a cationic preservative was ap-
plied which is similar to our observation. Elec-
tric field has altered the electrostatic balance of
the membrane components such morphological
changes caused by ELF-EMF are in accordance
with the observations of Fang et al. (2006) and
Cellini et al.(2008). Fang et al. (2006) demon-
strated that application of a high voltage pulsed
electric field to Pseudomonas— aeruginosa result-
ed in disintegration of the cell wall and leakage
of cell material, Ayse Inhan et al.(2011) [54].

Since the biological cellular membrane is com-
posed of phospholipids bilayer molecules in addi-
tion to the protein molecules (intrinsic and extrin-
sic) imbedded on the surface of the membrane, one
may illustrate that the increase in the electric charge
is due to changes in the charge distribution upon
the protein molecules of the cellular membrane as a
result of exposure to 0.8 Hz QAMW. This analysis
is supported by the data obtained from antibiotic
sensitivity test.

3.6. RAPD Analysis

Genetic fingerprinting between the control
cells of S,aureus and those exposed to 0.8 Hz
QAMW were determined. A noticeable variation
was observed depending on the primer used
(Fig.10).Genomic variability in the S. aureus
strain became evident in the RAPD-PCR analy-
sis. The results indicated the appearance of new
bandsin the amplified DNA for primers, P2, P4and

Fig: 9.transmission electron microscope images for s.aureus cells Control (unexposed A) and (B, C, D and E)
exposed to 0.8 HZ QAMW (magnification x 20000)
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P5, after exposure to 0.8 Hz

QAMW for 120 min. Upon using Pb
primer 6 a band at 80pb disap-
peared in exposed cells. This could
be considered as a marker for genet-
ic alterations in the DNA asa result
of exposure to 0.8 Hz QAMW. Prim-
ers 7 and 8 didn’t show any differ-
entiation between exposed and un-
exposed cells. This means primer1
of sequence 5~ ATGCCCCTGT- 40/

3/1is the most efficient in differenti- P1

Fig: 10 electrophoretic RAPD patternes for the nuclear DNA extracted
from s.aureus before and after exposure to 0.8 HZ QAMW for
120min.M=DNAladder (DNA marker). C=DNA
of control sample. T=treated sample exposed to 0.8 HZ QAMW.

ation between exposed and unex-
posed samples (60% of bands are
monomorphic to each other and
40% are polymorphic). These re-
sults are supported by the highly
significant increase in the sensitivi-
ty of S.aureus to all antibiotics which are inhibi-
tors for DNA, proteins and cell. Most of the exper-
imental work found in the literature used electro-
magnetic fields of high field intensity in the range
from 10Kv/cm up to several Mv/m the aid of very
high temperature for inactivation of bacterial
growth [30, 31, 32, 34, 55-56]. These conditions
hampered the application of this experimental
work in practice either for the treatment of hu-
man infections or pasteurization and sterilization
of food products.

[IV] CONCLUSION

In conclusion, our study has shown that ELF-
EMF application to cells of S.aureus resulted in a
decrease in growth rate, increase in antibiotic sen-
sitivity, in addition to morphological alterations.
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