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General introduction

The nucleolus is the most active and dynamic nuclear sub-domain that forms at the end of mitosis around the tandemly
repeated clusters of ribosomal DNA (rDNA) gene. The nucleolus is a subnuclear compartment that locally concentrates the
transcription and processing machineries that are responsible for generating ribosome subunits. Nucleolus plays a prominent role
in the organization of various components of the nucleus. The primary function of the nucleolus is as the site of ribosome
biogenesis in eukaryotic cells. The nucleolus organizes the various components of nucleus and considered as plurifunctional. All
the functions of nucleolus are achieved by nucleolar proteins. Fibrillarin (FBL) and nucleophosmin (NPM, also known as B23)
are abundant nucleolar proteins, which have roles in ribosomal biogenesis. FBL has also role in pre-rRNA processing and
embryonic development. NPM is involved in numerous cellular processes including protein chaperoning and centrosome
duplication, mouse embryonic development. Thus, although both FBL and NPM are known as multifunctional nucleolar proteins,
their roles in the cell-cycle are still unknown.

Functional analysis of a nucleolar protein, FBL in HeLa Cells

Immunostaining shows that the localization of FBL during the cell-cycle of HeLa cells is dynamic. FBL is localized at the
chromosome periphery during mitosis. Functional studies by using a combination of immunofluorescence microscopy and RNAi
(RNA interference) technique show that depletion of FBL has no effect on the nucleolar structure. However, FBL-depleted cells
show abnormal nuclear morphology. Moreover, depletion of FBL results in the reduction of the cellular growth and modest
accumulation of cells with 4 DNA content and delays mitotic progression. These data suggest that FBL would play a critical
role for the maintenance of nuclear shape and cellular growth.

Functional analysis of a nucleolar protein, NPM on mitotic chromosomes in HeLa Cells
To analyze the function on mitotic chromosomes, NPM is depleted by RNAI. Depletion of NPM leads to defects in cell
division followed by an arrest of DNA synthesis due to activation of p53-dependent checkpoint response in HeLa cells.

Depletion of NPM causes mitotic arrest due to spindle-checkpoint activation. The mitotic cells accumulated by NPM depletion

have aberrant chromosomes (misaligned and non-aligned). The chromosome abnormalities occur due to defects in chromosome
congression, proper mitotic spindle and centrosome formation, as well as defects in kinetochore-microtubule attachments. Loss
of NPM thus causes severe mitotic defects and delayed mitotic progression. These findings indicate that NPM is essential for
mitotic progression and cell proliferation.

Functional analysis of a nucleolar protein, NPM in the for:nation of nucleolar and nuclear structures in HeLa
cells

Immunostaing shows that NPM is dynamically localized throughout the cell-cycle of HeLa cells. Localization of NPM at the
chromosome periphery during mitosis is confirmed by using a combination of RNAi and 3-D microscopy. Depletion of NPM
causes distortion of nucleolar structure as expected and leads to unexpected dramatic changes in nuclear morphology with
multiple micronuclei formation. The defect in nuclear shape of NPM depleted cells, which is clearly observed by live-cell
imaging, is due to the distortion of cytoskeletal (a-tubulin and B-actin) structure resulting from the defects in centrosomal
microtubule nucleation. In addition, the nuclear defects are due to mitotic defects. These results indicate that NPM is an essential
protein not only for the formation of normal nucleolar structure, but also for the maintenance of regular nuclear shape in HeLa
cells.

General conclusion

The results currently obtained in this study suggest that FBL is a dynamic nucleolar protein and localized at the chromosome
periphery during mitosis. FBL, which has no role in the structural integrity of nucleolus, has important roles in the maintenance
of normal nuclear morphology and for the cellular growth. NPM is also dynamic nucleolar protein and localized at the
chromosome periphery. NPM may interact with FBL and nucleolin during cell-cycle. NPM is required for chromosome
congression, proper mitotic spindle and spindle pole formation, and kinetochore-microtubule attachment. Thus NPM has
important role in mitotic progression and cell proliferation. Moreover, NPM is required for the structural integrity of nucleolus.
NPM also regulate the normal nuclear structure by maintaining the cytoskeletal structure. As both FBL and NPM have roles in
cell proliferation, they might be candidates as targets in development of future cancer therapy.
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