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ABSTRACT 
 
Low frequency electromagnetic (EM) fields stimulate biological processes from enzyme reactions to gene expression. 
EM fields interact with moving charges, and it appears that they affect electron transfer in cytochrome oxidase and 
Na,K-ATPase enzyme reactions, and the oxidation of malonic acid. In all three reactions, there is competition between 
the applied field and intrinsic chemical forces, the threshold is below 5mG, and there is a dependence on frequency. Our 
results suggest that EM stimulation of gene expression is due to electrons moving within DNA, since a 900 base pair 
segment in DNA is needed for the response.  
 
INTRODUCTION  
 
Weak low frequency electromagnetic (EM) fields stimulate a wide range of biological processes from simple enzyme 
reactions to the far more complex gene expression and protein synthesis, as in the cellular stress response [1]. We have 
been investigating the possibility that the same mechanism may be involved in all of these processes. Our hypothesis is 
that one would expect EM fields to initiate these processes by interacting with moving charges [2, 3], and that the 
moving charge interaction (MCI) mechanism is most apt to apply to electron transfer reactions because of their high 
charge/mass ratio. We have therefore studied the effects of EM fields on several well defined chemical reactions, and 
have also studied properties of the DNA associated with stimulation of the major stress protein, hsp70. 
 
REACTION KINETICS 
 
Low frequency EM fields accelerate the cytochrome oxidase reaction [4, 5], which clearly involves electron transfer, 
and the Na,K-ATPase reaction [6, 7], where estimates of the charge velocity suggest that they too are electrons. To test 
the applicability of the MCI mechanism in a chemical system, we have studied the Belousov-Zhabotinski (BZ) reaction 
[8], the oxidation of malonic acid in Br-, BrO3

- and Fe+2/Fe+3 catalyst. The classic, oscillating BZ reaction is accelerated 
in the absence of enzymes, membranes or calcium ions, components that are frequently considered essential for EM 
field interaction [9]. EM fields accelerate all three reactions similarly, and in ways that are compatible with the MCI 
mechanism:  
· % acceleration varies inversely with intrinsic reaction rate, showing competition between the applied magnetic 

field and intrinsic chemical forces.  
· % acceleration rises steeply at the onset of the effect, followed by a much slower decline at higher amplitudes, 

suggesting a threshold event. 
· the thresholds appear to be well below 5mG. 
· variation of % acceleration with frequency shows a broad maximum that is different for each reaction, and that 

appears to be related to the kinetics of the specific electron transfer rate.  
 
GENE EXPRESSION 
 
EM fields initiate gene expression, as in the stress response [1], and there is reason to believe that they do so by 
interacting with electrons moving within DNA [10, 11]. The velocity of charge movement in Na,K-ATPase is similar to 
the rate of electron transfer in DNA [3], so the forces that affect enzyme reactions may be large enough to cause changes 
in DNA. A 900 base pair segment in the promoter of the stress protein hsp70 is essential for the response to EM fields 
[12]. Removal of the segment eliminates the response, and transfection into a promoter construct renders the construct 
EM field responsive [13]. This means that the 900 base pair segment can respond to EM fields even when present in 
other DNA’s. Assuming that EM fields initiate transcription by generating repulsive forces within DNA that cause chain 
separation, it can be shown that repulsive forces are greatest near the particular sequences needed for transcription by 
EM fields [14]. 
 



CONCLUSION 
 
The moving charge interaction mechanism appears to account for the effects of low frequency EM fields on electron 
transfer reactions in the three reaction systems studied in detail, and may very well be the mechanism for interaction of 
these fields with DNA to stimulate gene expression. 
 
REFERENCES 
 
[1] R Goodman and M Blank. “Magnetic field stress induces expression of hsp70.” Cell Stress & Chaperones 3:79-88, 

1998.  
[2] M Blank and R Goodman. “Electromagnetic Fields May Act Directly on DNA.” J Cell Biochem 75:369-374, 1999. 
[3] M Blank and R Goodman. “Stimulation of the Cellular Stress Response by Low Frequency Electromagnetic Fields: 

Possibility of Direct Interaction with DNA.” IEEE Trans Plasma Sci 28:168-172, 2000. 
[4] M Blank and L Soo. “Enhancement of cytochrome oxidase activity in 60Hz magnetic fields.” Bioelectrochem 

Bioenerg 45:253-259, 1998. 
[5] M Blank and L Soo. “Frequency dependence of cytochrome oxidase activity in magnetic fields.” Bioelectrochem 

Bioenerg 46:139-143, 1998. 
[6] M Blank and L Soo. “The threshold for alternating current inhibition of the Na,K-ATPase.” Bioelectromagnetics 

13:329-333, 1992. 
[7] M Blank and L Soo. “Threshold for Na,K-ATPase stimulation by EM fields.” Bioelectrochem Bioenerg 40:63-65, 

1996. 
[8] RJ Field, E Koros and RM Noyes. “Oscillations in chemical systems. II Thorough analysis of temporal oscillation in 

the bromate-cerium-malonic acid system.” J Amer Chem Soc 94: 8649-8864, 1972. 
[9] M Blank and L Soo. “Electromagnetic acceleration of electron transfer reactions.” J Cell Biochem 81:278-283, 2001. 
[10] MR Arkin, EDA Stemp, RE Holmlin, JK Barton, A Hormann, EJC Olson, PF Barbara. “Rates of DNA-mediated 

transfer between metallointercalators”. Science 273:475-480, 1996. 
[11] C Wan, T Fiebig, SO Kelley, CR Treadway, JK Barton. “Femtosecond dynamics of DNA-mediated electron 

transfer.” Proc Nat Acad Sci USA 96:6014-6019, 1999. 
[12] H Lin, M Blank and R Goodman. “Magnetic Field-Responsive Domain in the Human HSP70 Promoter.” J Cell 

Biochem 75:170-176, 1999. 
[13] H Lin, M Blank and R Goodman. “Regulating Genes with Electromagnetic Response Elements.” J Cell Biochem 

81:143-148, 2001. 
[14] M Blank and R Goodman. “Electromagnetic Initiation of Transcription at Specific DNA Sites.” J Cell Biochem 

81:689-692, 2001. 
 
 


