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Abstract 

Elec tromagnetic fields (EMF), in both ELF (ex1remely low frequency) and radio frequency (RF) ranges, ac1ivatc the cellular stress response, 
a protective mechanism that induces the expression of Slress response genes, e.g., HSP70, and increased levels of stress proteins, e.g .• hsp70. 
The 20 diffucnt stress protein families are evolutionarily conserved and act as 'chaperones' in the cell when they 'help' repair and refold 
damaged proteins and transport them across cell membranes. Induction of the stress response involves activation of DNA, and despite the 
large difference in energy between ELF and RF, the same cellular pathways respond in both frequency ranges. Specific DNA sequences on 
the promoter of the HSP70 stress gene are responsive to EMF, and studies with model biochemical systems suggest that EMF could in1erac1 
directly with electrons in DNA. While low energy EMF interacts with DNA to induce the stress response, increasing EMF energy in the RF 
range can lead to bre.>ks in DNA strands. It is clear that in order to protect living cells, EMF safety limits must be changed from 1he current 
thermal standard, based on energy, to one based on biological responses that occur long before the threshold for thermal changes. 
Cl 2009 Elsevier Ireland Ud. All rights reserved. 
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1. Electromagnetic fields (EMF) alter protein
synthesis 

Until recently, genetic information stored in DNA was 
considered essentially invulnerable to change as it was passed 
on from parent to progeny. Mutations, such as those caused 
by cosmic radiation at the most energetic end of the EM spec
trum, were thought to be relatively infrequent. The model of 
gene regulation was believed to be that the negatively charged 
DNA was tightly wrapped up in the nucleus with positively 
charged hi stones, and that most genes were ·wmed off' most 
of the time. Of course, different regions of the DNA code 
are being read more or less all the time to replenish essential 

�bbrtviarions: EMF. electromaj11clic fields; Hz. hcnz; ELF, exiremely 
low frequency; RF, radio frequency; MAPK, mitogen aCti\latcd protein 
kin=; ER!<.1\2. extroullular siinaJ regulaicd kinue; JNK, c-Jun-lemlinal 
kinue p38MAPK: SAPK, strc.ss activated protein kinase: NADH, nicoU· 
namide adenine dinucleolide dehydrogenase; ROS, reactive: o,;ygen species. 

• COlT'C$.,Onding author at; Dcpmmenl of PhyJioJoay, Columbia Univer
sity, 630 West 168 Strce� New York, NY 10032. 

USA. Tel.: +I 212 30S 3644; fax: +I 212 30S SnS. 

£-mail add�ss: mb32@columbia.edu (M. Blank). 

0928-4680,S - see front matter O 2009 Elsevier Ireland Ltd. All ri1h1S reserved. 
doi: I 0.10 I 6/j.p,thophys.2009.0 I .006 

proteins that have broken down and those needed during cell 
division. 

New insights into the structure and function of DNA have 
resulted from numerous, well-done laboratory studies. The 
demonstration that EMF induces gene expression and the 
synthesis of specific proteins [ 1,2] generated considerable 
controversy from power companies, government agencies, 
physicists, and ·most recently, cell phone companies. Physi
cists have insisted that the reported results were no1 possible 
because there was not enough energy in the power frequency 
range (ELF) to activate DNA. They were thinking solely of 
mechanical interaction with a large molecule and not of the 
large hydration energy tied up in protein and DNA structures 
that could be released by small changes in charge [3]. Of the 
biologists who accepied such results [4], most thought that 
Jhe EMF interaction originated at, and was amplified by, the 
cell membrane and not with DNA. 

It is now genually accepted that weak EMF in the power 
frequency range can activate DNA to synthesize proteins. 
An EMF reactive sequence in the DNA has been identified 
[5) and shown to be transferable to other gene promoters 
[6], This DNA sequence acts as an EMF sensitive antenna 
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