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INTRODUCTION 
Previous studies on potential interactions of EMF with proteins have reported that EMFs 

affect protein structure and folding kinetics [1]. In this study the isolated thermosensor 
protein GrpE of the Hsp70 chaperone system of E. coli was exposed to EMFs at different 
frequencies and field strengths using the exposure system previously presented [2]. Potential 
structural changes were monitored with circular dichroism spectroscopy whilst 
simultaneously recording the temperature at the point of observation. 

MATERIALS AND METHODS 
The specific properties of the protein GrpE allow to distinguish between thermally and non-thermally 

induced conformational changes [3]. Since the transition is fully reversible, any direct effects of EMF on the 
conformation will results in a shift of this equilibrium. The overall uncertainty of the experimental system was 
evaluated (Fig. 1). Based on these results the number of experiments needed to achieve a certain detection limit 
was calculated. A potential influence of EMF on the protein conformation is evaluated by the difference 
between the CD signal integrated over a specific sequence of the on and the off period of the same duration. The 
data were tested for normal distribution using the Chi-square test and statistical analysis was performed with 
ANOVA method. All experiments were carried out around 48°C where one expects the largest shift of the 
conformational equilibrium of GrpE. In all experiments no measurable temperature increase of the solution 
occurred. The protocols for the experiments carried out are summarized as follows: 
 

 Hypothesis of Cycle no. On cyc. [s] Off cyc. [s] Freq. [GHz] Erms [V / m] 
1 Irreversible effect of EMF 1 300 300 0.1, 1.0, 1.9 100, 160 
2 Reversible immediate reaction on EMF 2000 0.1 2.9 1.0, 1.9 100 
3 Reversible delayed reaction on EMF various various various 0.1, 1.9 100, 160 
4 Rev. del. react. on GSM modul. EMF 30 5 25 GSM 900 201 
 

    
Figure 1: Left: Experimentally assessed uncertainty; Right: Number of experiments needed to detect a specific 
relative change of the CD signal of GrpE with 95% significance at 48°C 



 

  

 
Figure 2: statistical results of experiments regarding hypothesis 2 and 3. 

RESULTS 
In all experiments carried out until now no significant change in the conformation of GrpE 

corresponding to a temperature shift larger than 0.1 K was observed (Fig. 2). The conforma-
tional equilibrium of GrpE seems to be insensitive to electromagnetic fields strength lower 
than 100 V/m. Furthermore, also no significant changes were observed in the experiments 
using GSM signals with one occupied time slot. 
 
CONCLUSIONS 

The designed exposure chamber allows for controlled and reproducible EMF exposure of 
proteins at specified temperature and field strength whilst monitoring its CD signal in real-
time. The number of repetitions of exposure events necessary to identify significantly an 
effect with a predetermined detection limit was assessed. Thus, conditions and uncertainty 
are known in order to detect potential effects in long, medium or immediate reaction time. 
Shifts of the thermal equilibrium corresponding to a temperature increase of only 0.1 K can 
be detected in minimum. The results obtained so far suggest that the conformational 
equilibrium of GrpE is insensitive to weak electromagnetic fields. Future experiments will 
focus on the investigation of a potential influence of EMFs on protein dynamics by assessing 
shifts in the conformational equilibrium characteristics over an extended temperature range. 
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Exp. Int. time Freq. |E| |T| Cycles P
no [s] [MHz] [V/m] [°C] [1] [1]
1 0.02 1900 1500 47.05 504 0.971
2 0.1 1000 100 47.9 2103 0.609
3 0.1 1900 100 47.9 2114 0.402
4 0.1 1900 500 47.5 647 0.647

Exp. Int. time Freq. |E| |T| Cycles P
no [s] [MHz] [V/m] [°C] [1] [1]
1 30 1900 160 48.6 63 0.685
2 60 1900 160 48.9 250 0.183
3 90 100 100 47.15 131 0.468
4 150 1900 100 47.5 54 0.042


