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ABSTRACT 

 

Over the past decades, the growing demand for electric power, 

electronic devices and radio frequency patterns has induced human 

beings to use low- and high-frequency electromagnetic fields. 

Nevertheless, previous research has shown that exposure to 

electromagnetic fields can induce health effects in living organisms. In 

particular, several epidemiological studies have reported a correlation 

between an increased risk of cancer and exposure to extremely low-

frequency electromagnetic fields. Also, in vitro tests have demonstrated 

that radio frequencies and microwaves emitted by mobile phones and 

other electronic devices can be carcinogenic and cause DNA damage and 

chromosome aberrations.  

In order to investigate accurately the alterations in living things 

induced by electromagnetic fields, the effects of exposure of typical 

proteins to low-frequency electromagnetic fields and to microwaves have 

been studied. Indeed, proteins are fundamental in the organic metabolism 

of living creatures and it has been clearly demonstrated that several types 

of environmental stress agents can alter the secondary structure of 

proteins. 

To this aim, Fourier Transform Infrared (FTIR) Spectroscopy was 

used to investigate the structure of proteins in a water solution, because it 

may be considered the most versatile spectroscopic technique for 

analyzing the secondary structure of a protein in various physiochemical 

environments. In fact, infrared spectroscopy detects transitions between 

rotational and vibration energy levels, yielding much more information 

on molecular structure, in particular on proteins. 

FTIR spectroscopy analysis showed that exposure to electromagnetic 

fields at intensities below the levels recommended by the International 

Commission on Non-Ionizing Radiation Protection, alters the secondary 

structure of typical proteins such as hemoglobin, myoglobin, bovine 

serum albumin and lysozyme. In particular, it was shown that exposure to 

electromagnetic fields induces the unfolding of proteins represented by 

transitions from the α-helix to the β-sheet structure, which may be 

responsible for the aggregation phenomena. Protein aggregation can lead 

to neurotoxic and neurodegenerative disorders that are the precursors of 

some pathologies. 
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1. INTRODUCTION 

 

Modern technology uses various energy forms, the most widely of 

which is electricity. Electric power is produced in power stations and 

transmitted to urban centers by high voltage transmission lines that 

generate extremely low-frequency electromagnetic fields (ELF-EMFs). 

Transport systems such as trams and electric trains, magnetic 

resonance imaging, industrial processes such as aluminum production or 

commonly used devices such as audio speaker components are generated 

by static magnetic fields (SMFs). Furthermore, radio stations and wireless 

home devices have considerably increased in the last three decades, 

producing high frequency electromagnetic fields (HF-EMFs) in the 

environment, represented by radio frequencies (RFs) and microwaves 

(MWs). 

A large scientific production has shown that exposure of organic 

systems to EMFs induces harmful effects. 

In particular, the World Health Organization (WHO) highlighted the 

potential health effects of ELF-EMFs and SMFs (WHO, 1984, 1987). The 

International Agency for Research on Cancer (IARC, 2002) evidenced in 

its study that ELF-EMF can be carcinogenic to humans.  

Furthermore, the large achievement of wireless technology has induced 

living organisms to be continuously exposed to HF-EMFs, and a 

correlation between increased cancer risk and exposure to HF-EMFs was 

evidenced (WHO, 1993). The European Commission Scientific Committee 

on Emerging and Newly Identified Health Risks (SCENIHR) published an 

assessment in 2007 in which it was demonstrated that more studies 

concerning health effects on children are needed (European Commission, 

2006). 

The amount of these results has induced the International Commission 

on Non-Ionizing Radiation Protection (ICNIRP) to publish international 

guidelines in order to establish field strength limits of EMFs that cannot be 

exceeded. In particular, ICNIRP recommends an exposure limit to ELF-

EMF of 1 mT (ICNIRP, 2010) and exposure limit to SMF of 400 mT 

(ICNIRP, 2009) for occupational exposure and general public exposure, 
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respectively. The ICNIRP published guidelines regarding exposure to HF-

EMFs that were reported (ICNIRP, 1998). For instance, the reference level 

of power density for general public exposure to HF-EMF in the range from 

400 to 2000 MHz can be obtained by the expression P = f / 200 (W/m2) 

(ICNIRP, 1998). Considering the frequencies of 900 and 1800 MHz 

generally used by GSM system for mobile phones, we obtained the 

exposure limits of 4.5 W/m2 and 9 W/m2, respectively. 

Nevertheless, recent studies carried out using Fourier Transform 

Infrared (FTIR) Spectroscopy have demonstrated that significant 

alterations in simple organic systems occurred after exposure to EMFs 

even below the limits recommended by ICNIRP. FTIR spectroscopy can 

provide accurate information above all on organic compounds and in 

particular on the secondary structure of proteins, such as it was largely 

demonstrated in literature up until now (Byler and Susi, 1986; Surewicz 

and Mantsch, 1988; Jung, 2000). 

Indeed, proteins generally exhibit α-helical and β-sheet components in 

the Amide I and II regions in the spectral range from 1700 to 1500 cm-1. In 

biophysics the interest regarding α-helix and β-sheet structures is related to 

several studies that have highlighted that transitions from α-helix to a β-

sheet component may be related to aggregation processes that can lead to 

neurotoxicity and neurodegenerative disorders. In this regard, FTIR 

spectroscopy can be successfully applied in biomedicine for detecting 

changes of molecular compositions and structures that can produce a 

transformation from a normal to damaged cell state. FTIR spectroscopy 

has given proof to be a powerful tool for studying tissues, biological fluids, 

cells and proteins, detecting changes in the chemical composition of 

organic systems (Rigas et al., 1990; Cohenford and Rigas, 1998; Diem et 

al., 1999). In particular, IR spectroscopy can provide information on the 

secondary structure of proteins, such as it was demonstrated in previous 

literature (Elliot and Ambrose, 1950; Ambrose and Elliot, 1951; Elliot, 

1954).  

In this chapter, the effects of typical protein exposure to EMFs have 

been accurately determined. 
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2. MATERIALS AND METHODS 

 

2.1. Hemoglobin Samples 

 

Hemoglobin (HB) was obtained from human blood samples by 

venipuncture from healthy human subjects (ages 18–30) living in southern 

Italy. Blood samples were treated by means of techniques accurately 

described in (Magazù et al., 2010) in order to obtain pure hemoglobin 

solutions separated by insoluble stroma. For each sample, four HB 

solutions were prepared at 150mg/ml concentration in bidistilled water. 

 

 

2.2. Bovine Serum Albumin, Myoglobin and Lysozime Samples 

 

Lyophilized bovine serum albumin (BSA), myoglobin (MB), and 

lysozime (LYS) were purchased from Sigma Chemical (St. Louis, MO). 

Prior to infrared spectroscopy, each protein was dissolved in D2O at 20°C 

at the concentration of 100 mg/ml, obtained by means of gentle agitation. 

After these treatments, proteins solutions were placed in sterile 

microcentrifuge tubes, polypropylene, 1.5 ml capacity (BR780400, Sigma–

Aldrich, Milan, Italy) and submitted to the following assays. 

 

 

2.3. Experimental Design 

 

The exposure system used to obtain a uniform 50 Hz magnetic field 

consisted of a couple of Helmholtz coils, with pole pieces of round parallel 

polar faces, to produce a uniform magnetic field at the center of the coils 

distance.  

This device was used to generate time-varying electromagnetic fields 

at the frequency of 50 Hz by means of a AC voltage regulating up to 230 

volt, which enabled us to change the magnetic flux density up to 1 mT 

between the polar faces of the coils. Samples were placed at the center of a 
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uniform field area between the coils. The magnetic field was continuously 

monitored by a magnetic field probe (GM07 Gaussmeter of HIRST-

Magnetic Instruments Ltd - UK). 

The exposure system used to generate MWs radiation consisted of an 

operational mobile phone, model Samsung GT-E1270. Signal provider was 

Vodafone and the microcell was placed close to the Department of 

Mathematical and Informatics Sciences, Physical Sciences and Earth 

Sciences of Messina University (Italy).  

Samples of 200 ml of each protein solution were placed at 4 cm from 

the mobile phone, and were exposed for 4 h to GSM signal at 1765 MHz. 

The EMF was monitored by a SRM-3000 instrument of Narda Safety 

Test Solutions. The device was linked through a cable to a Narda three axis 

antenna covering the frequency range 75MHz–3 GHz. Spectrum Analysis 

mode was chosen as preliminary analysis to detect MWs frequency value 

impinging the three axis antenna, transmitted by the local base station. 

Intensities of electromagnetic components of MWs were continuously 

monitored by Time Analysis mode. This operating mode allowed timer-

controlled measurements at a defined frequency, monitoring EMF level 

during exposure.  

 

 

2.4. Infrared Spectroscopy 

 

FTIR absorption spectra were recorded at room temperature by a 

spectrometer Vertex 80v of Bruker Optics. 

HB, MB, BSA, and LYS solutions samples of 200 μL, were placed 

between a pair of CaF2 windows separated with a 25 mm Teflon spacer. 

For each spectrum 128 interferograms were collected with a spectral 

resolution of 4 cm-1 in the mid-infrared range. Infrared (IR) spectra of the 

used solution were subtracted from spectra of each protein at the 

corresponding temperature. Smoothing correction for atmospheric water 

background was performed. In addition, IR spectra were baseline corrected 

and area normalized for exposed proteins solutions and control samples. In 

Complimentary Contributor Copy



Characterizing Alterations in the Secondary Structure … 211 

particular, vector normalization was used, calculating average value of 

spectrum and subtracting from the spectrum decreasing the mid-spectrum.  

Automatic baseline scattering correction function was used to subtract 

baselines from spectra. In addition, interactive baseline rubber band 

correction was used. This method uses a rubber band stretched from one 

spectrum end to the other, and the band is pressed onto the spectrum from 

the bottom up with varying intensity. This method performs iteratively, 

depending on the number of iterations. Result spectrum will be the original 

spectrum less baselines points manually set and a subsequent concave 

rubber band correction.  

Fourier self-deconvolution (FSD) analysis was also used to highlight 

features of the acquired spectra. This method is based on the assumption 

that a spectrum of single narrow bands is broadened in liquid or solid state 

and cannot be distinguished in the amide envelope. A curve fitting 

procedure can be applied to estimate quantitatively the area of each 

component representing a type of secondary structure. The aim of the 

curve-fitting approach to secondary structure analysis is to decompose the 

Amide I band into the various component bands that can then be assigned 

to different types of secondary structure. Hence, the Amide I band was 

deconvoluted with a Lorentzian line shape function and deconvoluted 

spectrum was fitted with Gaussian band shapes by an iterative curve fitting 

procedure. Finally, derivative techniques were used. In the second-

derivative spectrum, the intrinsic shape of an IR absorbance is 

approximated by a Lorentzian function (Surewicz and Mantsch, 1988), and 

the peak frequency is practically identical to the original peak frequency, 

but the half-bandwidth is reduced. The height of a second-derivative peak 

is proportional to the original peak height with an opposite sign, and the 

half-bandwidth of the second-derivative peak is proportional to the original 

half-bandwidth (Susi and Byler, 1986). The derivative analysis calculates 

the first to fifth derivative of a spectrum, using the Savitzky–Golay 

algorithm. 
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3. PROTEINS UNFOLDING INDUCED BY  

EXPOSURE TO EMFS 

 

FTIR spectroscopy analysis of typical proteins in H2O or in deuterated 

form evidenced α-helical components in the Amide I and Amide II regions 

in the spectral ranges from 1648 to 1657 cm-1 and from 1545 to 1555 cm-1, 

respectively. Otherwise, proteins with a predominantly β-sheet structure 

can exhibit similar absorptions in the ranges 1628 – 1635 cm-1 and 1520 – 

1530 cm-1 (Ismail et al., 1992; Lefevre and Subirade, 2000). 

The α-helix component is characterized by a structure in which the 

polypeptide main chain is tightly coiled and forms the inner part of the rod. 

Hydrogen bonds between NH and CO groups of the main chain stabilize 

the α-helix. In contrast, the β-sheet feature is almost fully extended rather 

than being tightly coiled as in the α-helix. Also the β-sheet structure is 

stabilized by hydrogen bonds between NH and CO groups in different 

polypeptides chains, whereas in proteins α-helices the hydrogen bonds are 

formed between NH and CO groups in the same polypeptide chain. The 

interest regarding proteins α-helix and β-sheet structures is mainly related 

to some research that evidenced that the transition from α-helix to β-sheet 

can be related to aggregation processes that can be correlated to 

neurotoxicity and neurodegenerative disorders (Bauer et al., 2000).  

Previous studies reported in (Calabrò et al., 2013) evidenced 

significant transitions from proteins α-helix component to β-sheet features 

and a shift to lower frequencies of the Amide I vibration, occurred in 

neuronal-like cells exposed to a SMF around 2 mT, such as represented in 

Figure 1, suggesting that aggregation mechanisms occurred after exposure.  

Transitions from α-helix component to β-sheet features were also 

observed in HB (see Figure 2), in BSA and in neuronal-like cells after 3 h 

exposure to ELF-EMF at 1 mT (Magazù, Calabrò and Campo, 2010; 

Magazù and Calabrò, 2011).  
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Figure 1. Second-derivative spectral analysis in the region of Amide I and Amide II 

vibrations after 15 hours of exposure of neuronal-like cells to a SMF at the intensity of 

2,2 mT (the clear line represents the exposed sample spectrum). The relative increase 

of the β-sheet content at 1635 cm-1 with respect to the α-helix component was 

evidenced by an arrow (Calabrò et al., 2013). 

 

Figure 2. Second-derivative spectra of Amide I and Amide II of hemoglobin in 

bidistilled water aqueous solutions after 3 h of exposure (the clear line represents the 

spectrum of exposed sample). The relative increase in β-sheet content at 1635 cm-1 

(indicated by an arrow) as to the α-helix component can be observed (Magazù et al., 

2010). 

Complimentary Contributor Copy



Emanuele Calabrò and Salvatore Magazù 214 

These findings confirmed that unfolding and aggregation occurs in 

proteins after exposure to EMFs at intensities below the limits 

recommended by ICNIRP (2009, 2010). 

Also exposure to HF-EMFs, at the intensity around 1 W/m2 (that is, 

below the limit recommended by ICNIRP for exposure to HF-EMF 

(ICNIRP, 1998), induced proteins unfolding and aggregation. In particular, 

this result was observed in typical proteins in aqueous solution, exposed 

for 3-6 h to mobile phone MWs at 900 or 1800 MHz (Calabrò and 

Magazù, 2010; Calabrò, Magazù and Campo, 2012; Calabrò and Magazù, 

2013; Calabrò and Magazù, 2015a; Calabrò and Magazù, 2015b; Calabrò 

and Magazù, 2016; Calabrò and Magazù, 2017c). Typical exposed and 

unexposed second-derivative spectra of BSA are represented in Figure 3.  

 

 

Figure 3. Second-derivative spectra of Amide I and Amide II of bovine serum albumin 

after exposure to MWs at 900 MHz at the intensity of 1 mT (the clear line represents 

exposed sample spectrum). The relative increase in intensity of the β-sheet content at 

1635 cm-1 as to the α-helix component is indicated by an arrow. (Calabrò and Magazù, 

2010). 
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This result suggested the hypothesis that exposure to HF-EMFs can be 

a cofactor for some diseases in humans. Indeed, in previous literature it 

was suggested that neurological disorders such as Alzheirmer, Parkinson 

and Huntington can be related to proteins aggregation in the fibrillar form 

(named ‘amyloid’) that can be associated with signs of neurodegeneration 

(Mattson, 1994; Offen, 2000; Dobson, 2001; Brzyska et al., 2001; Squier, 

2001; Pogocki, 2003). Also, some forms of anemia can be related to the 

formation of aggregated (Pauling et al., 1949; Pintado and Maldonado, 

1976; Chen et al., 2004; Tripette et al., 2009). In particular, aggregation 

can be found in cancer diseases and in childhood cancer (Neale et al., 

2013). 

 

 

4. INCREASING OF HYDROGEN BONDING IN PROTEINS 

INDUCED BY 50 HZ ELECTROMAGNETIC FIELDS 

 

FTIR spectroscopy was used to study structural changes of vibration 

bands in the secondary structure of HB and BSA, induced by 3 h exposure 

to 50 Hz EMF at 1 mT. To this aim, samples of 200 mL of HB and BSA in 

bidistilled water solution were exposed to ELF-EMF and unexposed 

samples were used as the control. The intensity of the magnetic flux 

density at 1 mT corresponds to the reference level recommended by the 

ICNIRP for occupational exposure (ICNIRP, 2010). 

Furthermore, exposure up to 3 h was carried out. Indeed, exposure 

longer than 3 or 4 hours cannot provide reliable results due to the relatively 

low surface tension of the investigated system (Jannelli et al., 1994; 

Magazù, 2000). 

Exposed and unexposed spectra exhibited mainly the Amide A band, 

centered at 3293 cm-1, an intense Amide I vibration, centered at 1654 cm-1, 

that is due to C=O stretching vibration and N-H bending mode in the α-

helix structure, and the Amide II vibration band at 1545 cm-1, that is due to 

the N-H bending and C-N stretching modes. 
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Typical exposed and unexposed spectra of HB and BSA in bidistilled 

water solution, obtained using Fourier Self-Deconvolution (FSD) analysis, 

were represented in Figure 4 and Figure 5, respectively. 

 

 

Figure 4. Fourier self-deconvolution analysis of hemoglobin in bidistilled water 

solution after 3 h of exposure to 50 Hz electromagnetic field at 1 mT (the clear line 

refers to exposed sample). The increasing in intensity of the absorbance signal of the 

Amide II band and of the β-sheet component (indicated by arrows) occurred after 

exposure (Calabrò and Magazù, 2017a). 

The FSD analysis of HB in water solution highlighted three bands in 

the Amide I region centered at 1654.7, 1633, and 1682.5 cm-1 that can be 

attributed to the α-helix, parallel β-sheet and β-turn structures, respectively 

(Ismail et al., 1992; Huang et al., 1995; Lefevre and Subirade, 2000). 

Moreover, the Amide II band was evidenced around 1545 cm-1. This 

analysis revealed an increase in intensity of the absorbance signal of the 

Amide II band with respect to the Amide I mode and a significant up-shift 

of 1.7 cm-1 of the Amide II (p < 0.05) comparing the spectra of exposed 

and unexposed samples (see Figure 4). 
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Figure 5. Fourier self-deconvolution analysis of bovine serum albumin in bidistilled 

water solution after 3 h of exposure to 50 Hz electromagnetic field at 1 mT (the clear 

line refers to exposed sample). The decrease in intensity of the absorbance signal of the 

Amide I band occurred after exposure (Calabrò and Magazù, 2015a). 

These results can be explained as follows. The application of the EMF 

induces an electronic density redistribution which produces an increasing 

in the oxygen and nitrogen negative charge and in the positive charge in 

the amide hydrogen, producing the Amide II frequency upshift. 

The structure of the amide bond is stabilized by the hydrogen bonding, 

inducing an increasing in the C–N bond and the C=O bond decreasing, to 

which C–N bond length decreasing and C=O bond length increasing 

should be related, respectively. In fact, hydrogen bond increasing should 

weaken the C=O bond because the decrease in the electron density of the 

bond. Otherwise, we know that the spectral contribution of the C=O 

hydrogen bonding in the Amide I band is much larger than is N–H 

hydrogen bonding. Nevertheless, the spectral contribution of N–H 

hydrogen bonding in the Amide II vibration is considerably larger than is 

C=O hydrogen bonding (Calabrò and Magazù, 2017a). 

As a result, the Amide I band frequency and its absorbance signal 

should decrease, whilst the Amide II band frequency and absorbance signal 

Complimentary Contributor Copy



Emanuele Calabrò and Salvatore Magazù 218 

are expected to increase with increasing of hydrogen bonding (Milner-

White, 1997; Mikhonin et al., 2004; Mikhonin et al., 2006). 

The increase of β-sheet content at 1635 cm-1 in the Amide I region of 

HB exposed spectrum, which can be observed in Figure 4, evidenced a 

mechanism of unfolding after exposure. Indeed, it was already shown that 

the increasing of hydrogen bonding can induce the stabilization of β-sheet 

structure and the regulation of protein unfolding (Fitzpatrick, 2011; 

Calabrò, 2016; Calabrò and Magazù, 2017a). 

Furthermore, the increase of hydrogen bonding can be related to a 

reduction of distances in proteins, because the shorter the distance the 

stronger the hydrogen bond. Hence, the increasing of hydrogen bonding 

significantly increases the packing density in proteins, inducing the 

reduction of the volumes occupied by the hydrogen bonded backbone 

groups (Schell et al., 2006; Moosavi and Gholizadeh, 2014). A reduction in 

volume in membrane proteins due to the increasing of hydrogen bonding 

after exposure to EMF should induce an enlargement of membrane 

channels. As a result, increasing of ion transport across cellular membrane 

should be induced by increasing of hydrogen bonding, changing the 

cellular functions in living things (Calabrò, 2016). 

 

 

5. ORIENTATION OF PROTEINS α-HELIX STRUCTURE 

UNDER EXPOSURE TO MICROWAVE RADIATION 

 

FTIR spectroscopy analysis was also used to study alterations in the 

secondary structure of HB, MB, BSA and LYS in bidistilled water 

solutions under exposure to MWs in the range 900-1800 MHz (i.e., the 

MWs range of GSM mobile phone working), focusing the attention on the 

orientation of the Amide I and Amide II bands.  

To this aim, samples of 200 ml of HB, MB, BSA and LYS in 

bidistilled water solution were exposed for 3 h to HF-EMFs at 1750 MHz 

at the average intensity of 1 W/m2. Interactive baseline rubber-band 

correction was applied to the acquired spectra in order to reduce 
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overlapping of water band shape in the Amide I region, as described in the 

section “Materials and Methods” 

Representative exposed and unexposed absorption spectra in the IR 

region from 1700 to 1500 cm-1 of HB, MB, BSA and LYS in bidistilled 

water solutions are represented in Figure 6-A,B,C,D, respectively, where 

the spectra of exposed samples are represented by clear line. 

 

 

Figure 6. Representative exposed and unexposed spectra of HB (A), MB (B), BSA (C) 

and LYS (D) samples in bidistilled water solutions in the range 1700-1500 cm-1 after 3 

h of exposure to 1750 MHz microwaves at the average power density of 1 W/m2 (clear 

lines refer to exposed samples). Significant increasing in intensity of the Amide I 

vibration band (p < 0.05), indicated by arrows, was observed in each protein in 

bidistilled water solution after exposure to microwaves (Calabrò and Magazù, 2017c). 

Two intense vibration bands can be observed in Figure 6-A,B,C,D at 

1654 cm-1 and 1545 cm-1. The first band corresponds to the Amide I band, 

whereas the second vibration corresponds to the Amide II mode (Surewicz 

et al., 1993). An increasing in intensity of the Amide I band can be 

observed for each protein after exposure. 

Student’s T-test analysis applied to the integrated areas of exposed and 

unexposed samples was carried out, comparing two groups of 18 exposed 
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and unexposed spectra, calculating the integrated areas of Amide I and 

Amide II bands in the ranges 1690-1610 and 1590-1510 cm-1, respectively.  

The first result is represented by a significant increasing in intensity of 

the Amide I mode, whereas the intensity of the Amide II band did not 

increase significantly. This finding can be explained considering the dipole 

moment of each ligand in the α-helix structure. Indeed, the C=O stretch 

has a large dipole moment which gives rise mainly to the Amide I and is 

oriented along the α-helix axis. In contrast, C−N stretching and N−H 

bending vibrations, that make up the Amide II band, are perpendicular to 

the α-helix axis (Parker, 1971; Stuart, 1997).  

These dipoles give rise to a net dipole moment from one end of the 

helix to the other. As a result, the observed significant increasing in 

intensity of the Amide I band can be easily explained assuming that the α-

helix axis aligns to the direction of the field, giving rise to the alignment of 

C=O stretching and N-H bending linkages. The dipole moment of this 

peptide unit, near-parallel to the α-helix axis, produces a large net dipole 

moment from one end of the helix to the other, that contributes to the total 

amount of dipole moment of the protein (Wada, 1976; Hol et al., 1981). 

Hence, the HF-EMF produces a torque on the proteins, induced by 

proteins α-helices dipole moment. The α-helix of each protein represents a 

macrodipole which aligns itself with the direction of the applied field by a 

rotation. Nevertheless, the high-frequency of the EMF and the inertia of 

molecules cause that the dipole cannot follow the oscillation of the field, so 

that the α-helices will place at an average position close to the direction of 

the field, inducing an increase in intensity of the Amide I band due to the 

increasing of total amount of dipole moment. This mechanism was 

schematized in Figure 7. 

This result is in agreement with previous studies that showed that 

biological particles in liquid media exposed to EMFs align themselves 

towards the applied EMF forming the so-called “pearl chains” (Hu and 

Barnes, 1975). Pearl chain formation is a phenomenon which has been 

largely studied up to now, represented by the experimental observation that 

living or non-living particles can form “pearl chains” in the direction of an 
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applied magnetic field (Sher, 1968; Schwan and Sher, 1969; Griffin and 

Ferris, 1970; Takashima and Schwan, 1985; Calabrò and Magazù, 2017b). 

 

 

Figure 7. Scheme of the alignment of protein’s α-helix structure in bidistilled water 

solution under an applied electromagnetic field. 

As proteins α-helices are present in all types of biological membranes 

channels (Becker et al., 2005; Villinger et al., 2010; Szabo and Zoratti, 

2014), the rotation of α-helices towards the direction of an applied EMF 

should induce an enlargement of membrane channels and an increase of 

ion transport across cells channels. This effect was previously suggested in 

(Calabrò, 2016).  

 

 

CONCLUSION 

 

The effects of EMFs in typical proteins have been studied by means of 

FTIR Spectroscopy. The results that were found can be summarized as 

follows:  

Exposure of proteins in bidistilled H2O or D2O solution to low- or 

high-frequency EMFs induces the unfolding of proteins, causing 
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transitions from the α-helix to the β-sheet structure that can be responsible 

for the aggregation phenomena, leading to neurotoxic and 

neurodegenerative disorders. Furthermore, an increasing of hydrogen 

bonding in typical proteins exposed to 50 Hz EMF was observed. Finally, 

an important effect of exposure of proteins in a bidistilled water solution to 

microwaves was represented by the α-helix alignment to the direction of 

the applied HF-EMF. In particular, this is a relevant result because the 

orientation of proteins that α-helices within the cell channels can produce a 

change in the movement of ions across cell membranes, inducing a 

significant alteration of the organic functions of living things.  

In conclusion, the results exposed in this chapter showed that 

alterations in secondary protein structures are induced by exposure to 

EMFs, even at levels below the limits recommended by ICNIRP.  
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