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Influence of Fractional Electromagnetic Radiation Doses
on Biosensor Matrix Component Stability
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In the paper influence of electromagnetic field (200 MHz) on biosensor matrix component was shown. Specially
designed test bench containing the scanner 3D with the robot was used for electromagnetic field monitoring. The
scans of electromagnetic field distribution, before and behind sample were collected. Conformation change of
studied protein was monitored by UV spectra. It indicates that fragmentation and aggregation of studied protein
might occur with time. The stabilization effect caused by electromagnetic 200 MHz in protein solution was found.
The effect was dose dependent (cumulative effect of electromagnetic field) and the differences in the absorption
intensity between the control sample and samples after exposition were more visible with time.
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1. Introduction
Influence of electromagnetic field on biological systems

has been reported in many investigations [1–3]. Com-
monly, electromagnetic fields have been used in diagnos-
ing and treating medical therapies [4]. Effects of electro-
magnetic fields (EMF) application are use in radiother-
apy [5], magnetic therapy [6] or electrotherapy (electric
current) [7]. Both ionizing and non-ionizing radiation are
used.

In all therapies fractional doses are applied to achieve
a better, stronger, and more visible effect. Interaction
with the electromagnetic field depends on: intensity of
the applied field, frequency, duration of exposure, and
type of test substance [8].

Electromagnetic wave can be passed through the mate-
rial, reflected, diffracted, or absorbed. In the case of liv-
ing organisms (but not only), thermal and non-thermal
effects can be observed. In the first case, the energy
of the electromagnetic field is changed to heat energy.
This effect depends on the frequency and field power in-
fluenced on the system. In the second case, the effects
are more subtle, usually transient and occur at signifi-
cantly lower frequencies. Research mechanisms of influ-
ence non-ionizing radiation on biological substances are
just beginning to develop. It follows that the problem
of the impact of non-ionizing electromagnetic fields in
combination with chemical agents is important.

On the other hand, biosensors occupy a significant
place among the scientific trends. The growing popular-
ity of biosensors is due to the wide range of applications.
They are commonly used in environmental protection [9],
medicine [10], defense industry; further economic fore-
casts are very promising.

Based on an economic analysis by Transparency Mar-
ket Research, the value of the biosensor market in 2018
is estimated at $ 18.9 trillion [11].

Biosensor is a type of sensor based on a biochemical-
biological recognition process consisting of a selective re-
cept/or layer and a transducer layer. In the receptor

part, selective uptake of the analyzed molecule (analyte)
takes place and this process is possible thanks to the ma-
trix present in this layer. On the surface of the matrix
there are receptors that are usually unstable biological
molecules such as enzymes, nucleic acids, antigens, cel-
lular organelles, antibodies, whole cells, microorganism.
Receptor layer is a very important element of the biosen-
sor, decisive response time and time utility of the equip-
ment [12].

The commonly used substance in biosensor matrix con-
structions is bovine serum albumin (BSA) [13]. It is used
for cross-linking process. BSA is a protein with a molec-
ular weight of 66 kDa consisting of 550 residues. Its crys-
tallographic structure contains nine α-helix with cardiac
tertiary conformation.

BSA conformational changes caused by varying pH or
temperature were the subject of earlier research [14, 15].
Reports on the effect of non-ionizing electromagnetic ra-
diation at 200 MHz frequency applied in fractional doses
to protein were not found.

Combining these two areas of interest, in the presented
work, the following question is going to be answered.
How applying an electromagnetic field with a frequency
of 200 MHz in fractional doses, on the biosensor matrix
component (BSA) can affect its stability. The frequency
200 MHz has been chosen because of existing in literature
model, based on magnetization transfer in cross-linked
bovine serum albumin solutions [16].

Also 200 MHz was chosen because of the scientific re-
ports about treating the frequency with particular atten-
tion. There are reports of influence of the frequency on
people (WHO website), and molecular research, where
the 200 MHz frequency was used to study sound absorp-
tion [17].

2. Material and methods

In order to determine the characteristics of applied
electromagnetic field to BSA aqueous solution, a special
experimental setup was constructed.
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It contains: source of electromagnetic field (wave gen-
erator), BSA solutions, EMC-Scanner model RSE321
consisting a X–Y –Z robot, spectrum analyzer with near
field probe and a standard computer. Electromagnetic
field scans were collected at 200 MHz. Scans were made
in the Y Z plane before the sample (area 2 cm × 2 cm)
and behind the sample (2 cm× 2 cm).

The tests were done on BSA aqueous solutions, basis of
scientific reports [18] that such solution provides a better
understanding of the physicochemical properties of the
test substances. The solutions were exposed to the elec-
tromagnetic field applied fractionally in the subsequent
experiment days. On the first day of the experiment, a
solution of BSA (2 mg/ml) was made and divided into 4
equal samples.

The first one was the control sample (BSA), the others
were designated as:

(RFx1) — sample that was exposed to the 200 MHz
electromagnetic field only once in 60 min on the first day
of the experiment.

(RFx2) is a sample exposed to the electromagnetic field
fractionally twice: on the first day of the experiment
(60 min) and on the second day (60 min).

(RFx3) is a sample exposed to electromagnetic fields
fractionally triply: on the first day of the experiment
(60 min), on the second day (60 min) and on the third
day of the experiment (60 min).

Using the double beam U/Vis (Halo DB-20R) spec-
trophotometer by Dynamica, absorption spectra of the
solutions were examined in (1, 2, 3, 8, 10, 16) days.

3. Results

Figure 1 shows scans of the electromagnetic field before
the sample (immediately before the source) and behind
the sample (2 cm from the source); they were obtained by
a specially designed test bench containing the scanner 3D
with the robot. The illustration shows a change in elec-
tromagnetic field distribution for 200 MHz. This change
is visible in the image by changing the signal amplitude.

Surprisingly, a slight increase in the amplitude of
the signal after passing through the solution can be
seen. Contrary to expectations, the electromagnetic field
should be weakened with a distance like 1/r2, where r is
the distance from the source. The response of the biolog-
ical system to the variable electromagnetic field can be
explained by the interference effect of colloids and emul-
sions in radio frequencies (the Maxwell–Wagner effect), a
mechanism of dipolar relaxation in protein solution, and
the effect of Grosse [8]. These theories take into account
that the responses of biological systems to variable elec-
tromagnetic fields depend on dielectric properties: dielec-
tric constant ε and conductivity σ, which directly reflect
the bound charge and free charge, and which directly
have a fundamental contribution to interaction with the
field. The fluctuating and selective nature of the response
of the substance to the field may also be related to inter-
nal interference and to the β dispersion [8], which occurs
in radio frequencies. According to literature [19, 20], in-

Fig. 1. Electromagnetic field scans for 200 MHz: (a)
before sample, (b) behind sample. The white color
on the spectrum corresponds to the signal amplitude
(11.93–12.19 dBµV), yellow (10.51–11.92 dBµV), or-
ange (9.76–10.56 dBµV), red (8.14–9.75 dBµV), pink
(6.51–8.13 dBµV), blue (3.80–6.5 dBµV), green (0.54–
3.79 dBµV).

ternal reflections lead to the formation of inhomogeneous
internal fields and consequent changes in system energy.

It is also worth noting that the research was conducted
in a near field where the electromagnetic wave is just
beginning to form and the relationship between E and
H is complex and difficult to predict.

Figure 2 shows absorption spectra in the range 250–
310 nm BSA aqueous solutions, made in the following
days of the experiment.

The range of spectra was chosen to reflect changes in
the 277 nm peak from the presence of aromatic residuals
such as tyrosine (Tyr), phenylalanine (Phe), and tryp-
tophan (Trp). There is an increase in absorption over
time. This reflects conformational changes in the sec-
ondary structure of the protein, particularly changes in
the local environment of the ordered polypeptide chain.
This fact may provide decease in BSA stability occurring
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in the protein with time. The changes could reflect in in-
crease of the amount of helix conformation and decrease
in beta sheet structure which leads to loosing of the pro-
tein skeleton. It also indicates that fragmentation and
aggregation of studied protein might occur with time.
The protein fragmentation aqueous solution is affected
by the local conformation of particular amino-acid.

Fig. 2. UV-Vis spectra of aqueous solutions of BSA
(2 mg/ml) without exposure to external agent in the
following days: (a) 1 day, (b) 2 days, (c) 3 days, (d)
8 days, (e) 10 days, (f) 16 days.

Over time, denaturation of protein occurs. During this
process, a 3-fold structure of the protein is disrupted, re-
sulting in loss of biological activity of the protein. De-
pending on external factors, the tested component of the
biosensor matrix can be crushed in whole or in part only.
Takeda et al. [14] have discovered that secondary struc-
tural changes occur only after the reduction of disulfide
bones. Then the helix content drops from 66% to 25%,
the β structure content increases from 3% to 19%.

The albumin form may change over time and under the
influence of external factors such as pH and temperature.
Further conformational changes were labeled as follows:
E — expanded, F — fast-highly changed state, N — nor-
mal, 55% β-helix structure, B — basic and A — aged un-
folded state. The N–F conformational transition is char-
acterized by a sudden opening of the molecule. The pro-
cess is very violent and it means 100 ms and concerns the
spreading of the third domain. F form is characterized
by much lower solubility and decreased helix structure.
E form is a form of stretched protein, which decomposes
into a helix I domain that is joined to the helix II do-
main. Another known conformation is the conformation
B from which the next isomerization progresses to the
ageing forms A.

Figure 3 illustrates the effect of the electromagnetic
field put on the biosensor matrix component (BSA) frac-
tionally. The average absorption values with standard
deviation from samples exposed to the radio frequency
field are shown in the diagram. The values were taken
from UV-Vis spectra for samples exposed on RF field
only once (on the first day of the experiment, 60 min) –
(RFx1), twice (RFx2) (on the first day of the experiment
– 60 min, on the second day 60 min) (RFx3) (triple ex-
posure, 1 day – 60 min, 2 days 60 min, 3 days – 60 min).

The presented values were collected on the 10th day of
the experiment. They show a higher absorption value for
the control sample (without field exposure) than for sam-
ples treated with external agent. Therefore it is possible
to talk about slower conformational changes in radiated
samples. By comparing the values derived from the ex-
posure of the external factor in fractional doses, it can
be seen that the exposed samples x1 aged faster than the
x2-treated samples and the longest-stable sample of x3
exposed.

Fig. 3. Cumulative effect of electromagnetic field ob-
served on 10 day of experiment after single (RFx1), dou-
ble (RFx2), triple (RFx3) radiation.

Therefore we can talk about the cumulative radiofre-
quency effect [21].

The effect is proportional to cumulative field strength
and it is proportional to time average of field strength
(because the effect occurs only within field strength win-
dow(s) it is seen that 200 MHz is frequency window for
aqueous solution of BSA).

Fig. 4. Relative signal absorption in the following days
of experiment.

Changes in absorption intensity over time and under
the influence of fractional radiation are shown in Fig. 4.
Relative absorption was calculated by An/A1, where An

was absorption in the following days, A1 — absorption
in the first day of experiment.

Slower increase in absorption with time for samples ex-
posed on electromagnetic field was shown. It can easily
be seen that the difference in the absorption intensity
between the control samples and the irradiated samples
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are more visible with time. Studies have shown that ra-
diation of 200 MHz frequency slows denaturing process
occurrence with time in the test protein. It is therefore
possible to suggest the stabilizing effect of a 200 MHz
electromagnetic field on a biosensor matrix component.

Slower processes (in proteins subjected to electromag-
netic field) may be caused by a weak electrical field (com-
pared to control samples) over a longer period of time
(compared to control samples). The electric field re-
sulted from interaction of the solvent with the dissolved
molecules. In addition, when comparing the protein
solution radiated once and repeatedly, it appears that
changes occurring (after exposure) over time appear to
be less than for one-day samples. It is also possible to see
here the effect of the electromagnetic field accumulation
described in literature [22, 23].

4. Conclusion

In summary, the studies showed an increase in absorp-
tion associated with conformational changes in BSA with
time.

The impact of the 200 MHz electromagnetic field on
protein stability was observed. Therefore it could be
said that exposure to a factor slows the conformational
changes that occur in the protein over time and affects
its structural modification.

Comparing the effect of influence RF on protein in frac-
tions (single, double, triple), a greater effect on the stabi-
lization of BSA after multiple factor radiation than once
was observed.

The field cumulative effect of 200 MHz in aqueous al-
bumin solutions has been found.

Referring the obtained results for biosensors research,
it can be said that the 200 MHz electromagnetic field
has a stabilizing the receptor layer component (BSA)
and this effect is stronger after several fractional doses
application.
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