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Abstract

Accurate chromosome segregation depends on the spatiotemporal orchestration of centromere

assembly, spindle and astral microtubule plasticity. The spindle plasticity control and regulation have been exciting

subjects for intensive cross-disciplinary research over the last three decades. Biochemical characterization has iden-

tified a diversified spectrum of post-translational modifications while structure studies have determined the atomic

determinants functional activity. However, it has remained elusive as to the relationship between dynamics of bio-

molecular conformation and functional activity in space and time. In addition, it is poorly illustrated as whether

regulatory mechanisms underlying two dimensional control of mitotic spindle plasticity can be translated into the

molecular delineation of cell cycle regulation in three dimensional cultures such as organoids. This article summa-

rizes the progresses and perspectives of spindle plasticity and molecular dynamics.
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The mitotic spindle is composed of spindle microtubules, astral microtubules, chromosomes and centromere. In human cells, each centromere contains
30-50 spindle microtubules and dynamic interaction between centromere and spindle microtubule determines the chromosome plasticity and cell fate!'?.
Although model systems such as yeasts provide powerful model for genetic dissection of spindle and centromere assembly, it has remained unknown as
to the relationship between dynamics of biomolecular conformation and functional activity in space and time. Interestingly, research over the last decade

points to notion that metazoan has evolved an elaborated biochemical pathways which contains ZW10, BubR1, CENP-E, SKAP, TIP150, to guard the

chromosome stability in mitosis!"”'*.
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Fig.1 Schematic drawing of spindle assembly
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Fig.2 Characterization of photoactivatable complementary green fluorescent proteins (modified from reference [77])
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Phenotype-based screen for
context-oriented cell biology
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Cartoon presentation of generation of patient-derived gastric organoids. The research system based on 3D organoids provides an excellent context-
dependent model system for the systematic study of spindle plasticity and regulation. The 3D organoids can be derived from the normal and diseased
tissue of the patient, or from tissue of genetically edited mouse. The organoid model provides a unique platform to delineate cellular dynamics during
cell division in native tissue and constitutes synthetic lethal strategy to design individualized regimen for individualized precision treatment.
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Fig.3 Modeling mitosis using organoids and chemical probes (modified from unpublished observation and references [83])
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