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Abstract

Specific organization of metaphase chromosomes is due to complex molecular system of mitotic spindle.
Chromosomes oscillate to align precisely during metaphase [1]. Positioning of centrosome, an organizer of
microtubules in mitotic spindle, influence a directionality of cell division [2]. There are some opinions that
functional genomic architecture is not only present in interphase but also in metaphase stage of cell division cycle
[3]. The aim of this work was to study how different oscillatory behavior of centrosomes affects the energy of pairs
of homologue chromosomes in the system of mitotic spindle. The analyses were done through mechanical
oscillatory model of mitotic spindle [4]. In this model, mitotic spindle is presented as a system of coupled
oscillators where one oscillatory pair consists of a centrosome, a microtubule and a related chromosome and these
are interconnected with their homologous pairs. Centrosomes are presented as mass particles that represent two
rheonomic centres of oscillations. Each element in the model has its mechanical counterpart: microtubules are
standard light visco-elastic elements, homologue chromosomes are mass particles that are interconnected with
standard light massless elastic spring.

Analytical expressions for potential and kinetic energy as well as for total mechanical energy of oscillating pair of
homologues chromosomes are given. Numerical analysis with some approximation for human cell that caries X
chromosome is done. Influence of centrosomes’ frequency on oscillatory energy of mitotic spindle is discussed.
Total mechanical energy of oscillating pair of homologue chromosomes has oscillatory character. If rheonomic
centres oscillate with different frequencies, energy of parts of mitotic spindle that belongs to two sister cells would
differ. We suppose that this difference could be additional level of coding information that is transferred into the
next cell generation and could be of interests in the process of cell differentiation.
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