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Fig. 1. Neuron and microtubules.
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Fig. 2. (a) Charge distribution of tubulin alpha-beta dimer;
(b) charge distribution of GDP-microtubule (PDB:6EWO0).
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Fig. 3. Schematic diagram of microtubule vibrations modes:
(a) Axial vibration; (b) bending vibration; (c) twisting vi-

bration; (d) flexing vibration.
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Fig. 4. Vibrating potential transferring performance in dif-

ferent length of microtubule at A = 0.1 nm, e, = 80.
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Fig. 5. Permittivity of intracellular fluid of neuron as a

function of frequency.

i Ry
(! |
. 10 . 15 20

0 5

50

4

[}

3

(<=}

o

2

1

[=)

(e}

f/THz

K6 s B 5 R RO 2% IR 2 AR
Fig. 6. Frequency modes of tubulin alpha-beta dimer.
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Fig. 7. Electromagnetic potential of four modes of microtubule vibration at L = 100 nm, A = 0.1 nm: (a) Axial vibration; (b) bend-

ing vibration; (c) twisting vibration; (d) flexing vibration.
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Fig. 9. Electric field distribution at &r =80 and A = 0.1 nm: (a) Axial vibration; (b) bending vibration; (c) twisting vibration;

(d) flexing vibration.
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Abstract

Neurons collect information from different parts of the biological body, generate signals and control their
functions and activities. There are electromagnetic communication channels between neurons apart from the
action potentials. Microtubules are the largest cytoskeletal filaments in neurons, with a diameter of about 25 nm.
Microtubule is composed of alpha- and beta-tubulin subunits assembled into hollow cylindrical polymers
supporting dynamical growth, and facilitate transport of proteins. In axons, dendrites, growth cones, and
migratory neurons, microtubules are generally tightly organized in array and uniformly oriented. Because of the
polarity and charge distribution of tubulins, the vibrations of microtubules generate electromagnetic fields. In
this paper, electromagnetic fields induced by different vibrational modes of microtubules are studied. The
vibrational mode of tubulins calculated using the normal mode analysis shows that there are abundant
vibrational modes in the terahertz range. The electric fields of different vibration modes show distinct
distribution features. The induced electromagnetic fields of microtubules can be stronger than thermal noise
because of reduced permittivity of intracellular fluid for higher frequencies in a nanometric confined region.
Since water exhibits layered structuring near all surfaces independent of their hydrophilicity, the permittivity of
water surrounding tubulins between microtubules is expected to decrease significantly because of surface-
induced alignment of water molecular dipoles. While the permittivity of surrounding medium decreases to 5, the
electromagnetic potential energy between two 100-nm-long microtubules can be stronger than the thermal
energy within a 30-nm-long distance. As high frequency vibrations are generally localized in the microtubule,
terahertz electromagnetic interactions can be present between tubulins and short microtubules. Because the
separation between microtubule arrays in neurons is in a range from 20 nm to 100 nm, electromagnetic
interactions between microtubules can dominate the thermal motions, and affect the biological functions.
Simulation results show that the electromagnetic potential energy increases over one order of magnitude when
the vibration amplitude is changed from 0.1 nm to 0.4 nm. The results indicate that the electromagnetic
interaction between microtubules is important for a better understanding of neural functions and
communication. Terahertz stimulations can be used to detect and modulate the neural signals. The microtubule

vibration generated magnetic field can be applied to disease diagnosis and brain-machine interface.
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