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Abstract: In this study we have shown that low natural
electromagnetic field (EMF) generated by the myoelectrical

after irradiation bacteria were plated on the LB plates to
estimate the number of colonies and the percent of survival.

activity of small intestine causes protection of Escherichia
coli cells against subsequent exposure to UV25a,^ gVC).
The fficts are: (i) observed only for dnaf dnal{ strain but
not for the AdnaJdnaK heat shock mutant; (ii) strictly
dependent on the temperature the bacteria are grown at;

(iii) the most obvious when bacteria are incubated at 37"C.
Moreover, the natural EMF and a higher temperature

(40'C) show

a

similar protective effect against

9:11:3i

UV-

l: Electromyography trace of the interdigestive
duodenal myoelectrical migrating complex (MMC) registered by bipolar electrode in the calf. RSA - regular
spiking activity; NSA - non-spike activity; ISA - irregular

irradiation. The obtained results point to the involvement of
heat shock response in the low EMF-induced protection of
bacterial cells against UVC-iruadiation.

Figure

INTRODUCTION

spiking activity; time (h:mm:ss); Arrows indicate one
MMC cycle which was extracted and saved as a text file for

It is thought that weak artificial magnetic field belongs
to the environmental stressors such as heat [1]. Low doses
of magnetic field seem to be a pre-conditioning factor and
induce cell protection against subsequent exposure to UV

an electromagnetic

or ionising radiation [2].
The aim of this study was to examine the influence of the
natural electromagnetic field (EMF) generated by the small

It has been shown that the natural EM field induces
temperature-dependent and heat shock proteins-dependent
protection of bacterial cells against UVC radiation.

intestinal myoelectrical activity on the UVC-sensitivity of
ichia col i strains.

field generator.
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The myoelectrical activity displays a regular

three-

phased pattern known as a myoelectrical migrating complex
(MMC) (Figure l). A digitized duodenal MMC signal (3-50
Hz, +0.5mV) obtained via serosal electrodes from a healthy
calf was converted (SGP generator, ESCO, Warsaw,
Poland) and appliedto Escherichia coll liquid culture [3].

The bacterial strains tested were Escherichia coli K-12
ABI157 t4l and its LdnaJdnaK heat shock mutant.
Overnight cultures of bacteria were diluted 1:20 and grown
for 120 min with the MMC signal influence generated by
SGP generator [3]. Bacteria grown without the MMC signal
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Figure 2: The influence of EMF-treatment on survival of
Escherichia coli AB1l57 strain after UV-irradiation.

served as control. The tubes were incubated at 30oC. 37"C

or 40oC with shaking. Then the bacteria were inadiated
with a uVzson. dose 40 J (Philips lamp, l5 W). Before and
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Exposure of the dna-l.dnaK strain (ABl157) incubated at

37oC to the EMF increases survival of UV-irradiated
bacteria from 39.2Yo to 64.5%. The significance of this
protection was found to be P<0.001 by t-Student test.
However, we do not observe significant differences for the
bacteria incubated with or without the EMF-influence at
30"C (Figure 2).

Surprisingly, for the AdnaJdnaK mutant at 37"C and 30"C
the EMF causes decrease in survival after UV-inadiation
from 38.0% + 3.0 to 14. loÄ + 0.4 and from 47 .0%o + 3.I to
l7 ,7yo + 1.4, respectively (Figure 3).
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DISCUSSION AND CONCLUSIONS
Our results are in agreement with the data obtained for

the chick embryos whose survival after UV or X-ray
inadiation was increased by the pre-exposure to 60Hz
magnetic field [2]. It seems the pre-conditioning is similar
in both Prokaryotic and Eukaryotic organisms. Our results

suggest that exposure

to EMF as well as increased

temperature have the same effect in protection of bacteria
against UV irradiation. This is in accordance with the data
showing that magnetic field induces heat shock response
[]. We propose that heat shock proteins DnaJ and DnaK
play an important role in the EMF-induced pre-conditioning
of bacteria against UV radiation.
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Figure 3: The influence of EMF-treatment on survival of
Escherichia coli ABll5TAdnaldnaK strain (heat shock
mutant) after UV-irradiation.
Incubation of bacteria at 40oC decreases UV sensitivity of
both dnaf dnal{ and A,dnaJdnaK strains. Survival of the
UV-irradiated bacteria incubated at 40oC (73.2% and 66.3Yo
for the dnaf dnaK and LdnaJdnaK strains, respectively) is
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with the EMF at37oC (64.5%) (Figures 2 and3).
There is no influence of EMF on the survival of the UVinadiated A,dnaJdnaK mutant incubated at 40oC whereas
for the dnal dna( strain the EMF decreases the survival
from73.2o/o to 55.9oÄ (Figures 2 and 3). The significance
this difference was found to be P<0.025 by t-Student test.
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treatment, respectively, directly before irradiation. Bacterial
cells protection is very similar regardless of the EMF-dose

(Table l).

Table l: The influence of EMF dose on Escherichia coli
ABl157 (dnaf dnal{) protection against UVC-inadiation.
Time

of

Survival after UV irradiation

the EMF-treatment

Control (no MMC signal)

39.2 %
6s.0 %
69.5 %
64.5 %

40 min
80 min
120

min
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