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Electromagnetic Fields Accelerate Electron Transfer Reactions
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Abstract: Acceleration of enzyme reactions by EM fields
supports the idea that the fields act by accelerating moving
charges, i.e., the moving charge interaction (MCD model.

In the cytochrome

oxidase reaction the charges are

electrons, and estimates of the speed of the charges in the
Na,K-ATPase reaction suggest that they are electrons as
well. We are now studying the Belousov-Zhabotinski (BZ)
reaction, an oscillating reaction system involving redox
reactions, andfind that EMfields affect electron transfer in
this reaction, as suggested by the MCI model.

INTRODUCTION
Weak low frequency electromagnetic (EM) fields have
been shown to stimulate transcription in cells, including
activation of the stress response [1]. The mechanism of
these reactions is not well defined, and various suggestions
have been made. Since acceleration of moving charges is a
fundamental property of all magnetic field interactions, the
moving charge interaction (MCI) model suggests that DNA
activation and stress protein synthesis are initiated by
interaction of the EM field with moving electrons within

DNA [2,3,

41. Since the

MCI model was based on reactions

with enzymes having specialized protein structures, it would
be important to demonstrate the interaction of EM fields
with a non-enzymatic electron transfer reaction. We have
chosen the Belousov-Zhabotinski (BZ) reaction [5], an
oscillating reaction involving malonic acid, Bf, BrO3- and a
Ce*3/Ce*4 redox catalyst, where the concentrations of Ce*3
and Ce*a change in a periodic manner due to electron
transfer reactions. Although there are l0 steps in this
complex reaction, we can follow the electron transfer by
changes in the inorganic catalyst, and we have chosen to use
Fe*2/Fe*3 as the redox catalvst for our measurements.

RESULTS
After an initial induction period following mixing of the
reagents in the Belousov-Zhabotinski (BZ) reaction [5],
oscillations in redox potential provide a convenient measure
of the reaction rate. We have set reagent concentrations and
temperature so the BZ reaction oscillates at 0.03H2, and
have measured the reaction rate by the oscillations of the
Fe*2/Fe*3 redox potential using a platinum electrode. Unless
otherwise stated, experiments were done at 25"C, with an

applied 60Hz 30pT field. Studies were also done to
determine the effects of temperature and field strength.

o

The results of our studies of the BZ reaction show:

Under standard conditions, EM fields accelerate the
reactions by about 5%o, causing the redox potential

oscillation peaks to recur more rapidly. The acceleration

is similar to the EM field effect on the two

o

is in the normal

o

enzyme

reactions previously studied. In all cases, the overall
effect is an acceleration.
The temperature dependence of the overall BZ reaction

range

for chemical reactions. The

temperature coefficient is about Ilyo per oC, i.e., a
doubling of the rate over 10 degrees, corresponding to
an activation energy of about l0kcaVmol.
An increase in the overall BZ reaction rate results in a
decreased acceleration due to EM fields. This is similar
to our results with the Na,K-ATPase and cytochrome
oxidase, where we noted earlier, there appears to be a

competition between the applied EM field and the
intrinsic chemical driving forces. Electron transfer in the
BZ reaction [5] is probably affected by EM fields at all
the redox steps, even though there are many feedback
loops and no single rate limiting electron transfer step,
as in the

enrpe

reactions studied earlier.

DISCUSSION
In comparing the BZ reaction to our earlier results with
the two enzymes, we have assumed that the effects of EM
fields are on charge transfer reactions. In the cytochrome
oxidase reaction, the charges are electrons. Estimates of the
speed of the moving charges in studies of the Na,K-ATPase
reaction suggest that they are electrons as well. In those
experiments, the magnetic force (newtons), F : Q v B,
where a unit charge, q: 1.6x10-le coulombs, v: velocity
(in m/s) and B : l0pT. Velocity can be estimated from the
electric and magnetic thresholds [6, 7], assuming equal
threshold forces in the two fields. If F : qE : q v B, then
E : v B and v : ElB. The measured thresholds are 5x10'a
volts/m and 5xl0-7T for E and B, respectively, so v : 103
m/s. The high value of v suggests that the moving charge
accelerated by the EM field in the Na,K-ATPase is an
electron.

From our studies of the Na,K-ATPase [6,

71,

cytochrome oxidase [8, 9] andBZ reactions, it appears that:
o the result of EM field interaction is an acceleration in all
three reactions. Apparently, once release of an electron
has occurred, the field cannot reverse the direction.

. in all three

reactions,

EM fields

increased charge

transfer rates inversely with the reaction rate, showing
that the chemical driving force of the reaction competes
with the applied EM field. This appears to apply equally
to the enzymes, where each reaction sfudied was rate
limiting, as well as to the BZ reaction with its many
reaction steps and feedback loops.
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o

there are frequency optima, 60Hz (ATPase) and 800H2
(oxidase), in the ranges of the turnover numbers of the
two enzyme reactions, suggesting the possibility of a
'tuning' interaction mechanism in the BZ reaction that
would depend on the overall reaction rate.

Returning to the question of initiation of biosynthesis by
EM fields, two recent observations support direct
interaction of EM fields with DNA:
. very rapid electron movement in DNA, and
. specific DNA sequences needed to respond to EM
fields.

It

has been shown that DNA conducts electrons along
[0], and we know that

the stacked bases of the double helix

EM fields can

accelerate these electrons P:al. The
estimated charge velocity in Na,K-ATPase, l0' m/s, is
similar to the recently measured electron transfer in DNA of
400 m/s I l], so forces that affect enzyme reactions at low
field strengths may also cause changes in DNA when
electrons move at comparable velocities. The magnetic
force of a lOpT field, 10-22 newtons, causes an acceleration
of l08m/s2 on an electron or 107 times gravity, comparable
to the force produced by an electric field of l0-2 volts/m.
This may be sufficient to change electron transfer in the
DNA at sites where electric fields are weak.
Recent research by Lin et al [2] identi$ing a specific
DNA segment associated with the response to EM fields,
suggests that EM field interaction may be optimized by
particular groupings of bases in DNA. Removal of an EMassociated segment eliminates the response, and transfection
into a promoter construct renders it EM field responsive.
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