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Abstract

Recent development in the field of quantum biology highlights that the intracellular electromag-
netic field (EMF) of microtubules plays an important role in many fundamental cellular processes
such as mitosis. Here I propose an intriguing hypothesis that centrosome functions as molecular
dynamo to generate electric flow over the microtubules, leading to the electric excitation of mi-
crotubule EMF that is required for spindle body microtubule self-assembly. With the help of mo-
tors proteins within the centrosome, centrosome transforms the energy from ATP into intracellu-
lar EMF in the living cell that shapes the functions of microtubules. There will be a general impact
for the cell biology field to understand the mechanistic function of centrosome for the first time in
correlation with its structural features. This hypothesis can be tested with technics such as super
resolution live cell microscope.
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1. Introduction

Centrosome was first discovered by Theodor Boveri in the 1880°s [1], it is the key organelle that is responsible
for mitosis and meiosis in metazoan lineage of eukaryotic cells [2]. In animal cells, centrosome regulates the
nucleation and spatial organization of microtubules, functioning as the primary microtubule-organizing center
(MTOC) [3]. The centrosome is comprised of two centrioles that are surrounded by pericentriolar material
(PCM). The two centrioles are perpendicularly arranged, one centriole has additional appendages at the end far-
thest from the other centriole (distal) and is called the mother or maternal centriole, the subdistal appendages of
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the maternal centriole also act like microtubule-anchoring sites [4] [5]. Pelletier et al. reported that subdiffrac-
tion imaging of centrosomes revealed pericentriolar material which had higher-order organizational features.
Centrosome components adopt a toroidal pattern with progressively larger, overlapping diameters around the
proximal end of the mother centriole in interphase cells. On one side, the toroid is slightly opened (gap) in the
area where the daughter centriole is positioned [6], this higher order structural feature of centrosome may help
the mother and daughter centriole to form an orthogonal configuration. In most of cases, each centriole is com-
posed with 9 MT triplets and is ~0.5 pm in length and 0.2 pm in diameter [7] [8].

Recent studies in the field of quantum biology point to the possibility that electric magnetic interactions may
involve in many fundamental cellular processes [9] [10]. In particular, the electromagnetic property of microtu-
bule has been reported with both computation modelling and experimental evidences, Cifra ef al. used computa-
tion model to simulate the electric pulse moving along microtubules, Bandyopadhyay et al. reported that nano
sized electric pump was required for the self-assembly of microtubules in live cell simulator[11]-[13]. Medical
treatment of cancer with cancer cell specific interfering EMF has been developed to disrupt the mitotic spindle
microtubules of cancer cells [14]. Centriole produces an electromagnetic field apparently due to the longitudinal
oscillation of its microtubules (MTs). Centrosome clustering is a hallmark of cancer cells. A cluster of centrioles
is therefore presumed to produce an enhanced electromagnetic field. It is possible to target cancer cells using
nano particles based on the enhanced electromagnetic property of cancer cells [15]. However, some important
questions remain unanswered, what is the energy source of the intracellular electric field and what is the mole-
cular mechanism that leads to the excitation of intracellular electric field? ATP is the most common cellular
energy source. To transform the chemical energy in ATP into electric magnetic field within the living cell, cell
needs to have a molecular dynamo to transform the mechanistic movement of protein complexes to directional
movements of intracellular electrons, leading to the electric excitation of the spindle body microtubules as well
as the M phase chromosomes, which is essential for mitosis [9].

2. Hypothesis

Here I present a novel hypothesis that centrosome functions as a molecular dynamo in the living cell to generate
electric current from the cytosol electrolyte to the spindle body and M phase chromosome, leads to the electric
excitation of the spindle body and chromosome during mitosis. Based upon the structure of the centrosome,
there is one microtubule in the center, and 9 microtubule triplicate outside, connected by motor proteins such as
dynein and kinesin [3] (https://vimeo.com/58347006). The mechanistic movement of these motor proteins will
trigger the rotation of the microtubules triplets forming the barrel structure of the centriole to rotate around the
center microtubule. The rotation and electric oscillation of each centriole will generate a dynamic electromag-
netic field that mimic the physical structure of the centriole, and the orthogonal arrangement of centrioles of
each centrosome will result in the microtubules of the barrel structure of each centriole to cut the electromag-
netic field generated by the other centriole when rotating (Figure 1). Such a natural design makes centrosome to
function as a molecular dynamo, generating directional electron flow through the dipolar structure of each indi-
vidual microtubule in the centrosome, transforming the energy from ATP to electric current. During mitosis,
centrosome is known to locate at the microtubule organizing center (MTOC), and only the mother centriole
contains the sub-distal appendages that connect with spindle body microtubules, which allow the electrons to
move from centrosome to the spindle body microtubules.

During mitosis chromosomes are connected with spindle body microtubules with K-fibres, which are micro-
tubule bundles that join kinetochores to the spindle poles. Pericentriolar material (PCM) is composed primarily
of hyaluronic acid (HA) and has a similar negative charge density as DNA [16]. The electrons flow over the
spindle body leads to the electric excitation of the spindle body and chromosome, generating an enhanced intra-
cellular electromagnetic field during mitosis, which is consistent with the observation of yeast cell at M phase
[17] [18]. Bandyopadhyay et al. reported nano-sized electromagnetic pumping is required for microtubule
self-assembly [13], the electric excitation of spindle body microtubules is required for the self-assembly and
growth of the spindle body microtubules during M phase. The basal body of cilium is a centrosome like cellular
organelle [19], similar molecular mechanism is applied for the basal body centriole to generate electric flow
over the cilium microtubules, forming the nano electromagnetic field that is required for the self-assembly of ci-
lium microtubule. Collectively, my hypothesis proposes centrosome is at the center of the electric network that
continuously drawn the cellular chemical energy from ATP to feed the intracellular electromagnetic field.
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Figure 1. Cartoon illustration of how centrosome functions as a molecular dynamo within the living cell.

3. Testing of the Hypothesis

I am currently searching collaborators to do some experiment with the super resolution microscopy live cell im-
aging technique, hopefully to observe the rotation of barrel structure of the centrosome during mitosis in the liv-
ing cell. Despite of current technical limitations, we still need to develop new methods for both direct measure-
ments or experimental simulations of the intracellular electric field with advanced photonic and nano technolo-
gies.

This hypothesis is at the intersection of structural biology and quantum biology, which highlights a new ave-
nue for basic biology researches. The hypothesis is supported by multiple lines of evidences and clearly eluci-
dates the function-structure relationship of centrosome during mitosis for the first time, not only advance our
knowledge to the function of centrosome but also have great implications for mitosis, one of the fundamental
cellular events in biology.
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