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THE NUCLEOULUS SIZE

Shota Jinjolia
PHD, Associate Professor, Akaki Tsereteli State University, Kutaisi, Georgia

The American and Canadian biologists have tried to find out what affects the size of the nucleolus. As a
result of the experiments carried out on yeasts, there have been discovered 113 genes, whose mutation caused
phenotypic changes of the nucleolus. With regards to the case with drosophila, 757 genes were responsible for
resizing of the nucleolus. The increase in the size of the nucleolus was caused by a mutation in the genes, which
was responsible for the regulation of the cell cycle, processing of the ribosome and matrix RNA. As to loss of
function of proteins, which participate in the fundamental processes such as vesicular transport in a Golgi
complex from the endoplasmic reticulum, R-RNA synthesis, building of nucleosomes, histone transcription and
acetylation regulation, it led to the phenotypically decreased nucleolus.

The functioning of the components of living cells is regulated by the broad and complex
regulatory systems. The nucleolus is no exception as well, but the mechanisms allowing us for coming
to the changes in the sizes of the nucleolus — hypertrophy, receive little research coverage.

The nucleolus is a sub-component of cell. It carries out R-RNA transcription, processing and
ribosome construction. The nucleolus is located around the specific region of the chromosomes, whose
genes encode R-RNA synthesis (5,8s, 18s and 28s RNA) differing by the lengths and masses. These
regions are spatially associated with the nucleolus and are called the nucleolus organizers. Each
organizer represents the clusters of the tandem-recidivating R-RNA genes. These genes are
accumulated at a certain point of the nucleus. The intensity of their transcription determines
morphology characteristic of the nucleolus [1].

DNA, which encodes different versions of R-RNA is called R-DNA. Here, it should be noted
that 5,8s, 18s and 28s R-RNA are transcribed into the into their long single predecessors, which
subsequently undergo splitting into smaller functioning molecules, from which ribosomes are formed
later. These reactions are catalyzed by enzyme RNA polymerase I. 55 R-RNA is transcribed outside
the nucleolus. The reaction is catalyzed by enzyme RNA polymerase 111 [2].

The nucleolus is a ribonucleoprotein sub-compartment, put simply, it contains both RNA and
proteins. In the structure of the nucleolus, three basic components are marked out: granulated
component (these are the maturating 15-20 nm sub-units of ribosomes, which are mostly located on the
periphery of the nucleolus; fibrillar component (it represents the 3-5 nm fibrillas, in which the R-RNA
processing is initiating); and the high-density fibrillar component, in which the R-RNA transcription
occurs.

The fibrillar centers and granulated components have the capacity to create the thread-like
structure — nucleolonemas, the 100-200 nm threads of the nucleolus.

The nucleolus is touched or enveloped by chromatin and the 30-nm chromatin fibrillas, which
penetrate into lacunas in the nucleolonemic regions.

Variation in the size of the nucleolus has long been known. For example, it is rapidly growing in
the growing yeast cells. It is interesting to note that the nucleolus hypertrophy is observed in the
human’s cancerous cells that points to cell’s malignant [3].
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The size of the nucleolus directly depends on the synthesis of ribosomes and the pre-R-RNA
concentration, which in turn, is in correlation with the activity of RNA-polymerase. R-RNA synthesis
requires high energy inputs. When the cell suffers hunger, the transcription of R-DNA genes is
hampered and the size of the nucleolus decreases. And under favorable conditions, the cell starts the
active synthesis of protein and is getting ready for further separation. It needs a large number of
ribosomes, and continues R-RNA producing, and the size of the nucleolus increases [4].

The American and Canadian biologists have tried to find out what affects the size of the
nucleolus and controls the activity of RNA-polymerase I. They conducted a series of experiments on
the different organisms. To investigate each object, there was used an individual method for yeasts.
There was created the gene-engineering line, which differed from the wild type of yeast by many
genes. Genes, which were not essential to life, contained deletion, that is, they were in working
conditions, but genes essential to life consisted of the temperature-sensitive alleles, and with
temperature, the functioning of their protein products was violated. For drosophilas, there was used the
another methodology. Here, genes were suppressed by RNA interference [5-6]. In both cases,
variation of the nucleolus size was registered by the same methods. Fluoroscent protein was
introduced into both organisms (by means of reporter genes), which are coloring cytoplasm, nucleus
and nucleolus in a certain different color. The obtained results have been processed by using a confocal
microscope [4].

As a result of the experiments carried out on yeasts, there have been discovered 113 genes,
whose mutation caused phenotypic changes of the nucleolus. Among them, 78 genes proved essential
to life that points to the fact that a particular regulation of the activity of RNA-polymerase 1 is
essentially required for the activity of cell. With regards to the case with drosophila, 757 genes were
responsible for resizing of the nucleolus. By their functional value, proteins encoded by these genes
proved similar to both subjects of research. The increase in the size of the nucleolus was caused by a
mutation in the genes, which was responsible for the regulation of the cell cycle, processing of the
ribosome and matrix RNA. As to loss of function of proteins, which participate in the fundamental
processes such as vesicular transport in a Golgi complex from the endoplasmic reticulum, R-RNA
synthesis, building of nucleosomes, histone transcription and acetylation regulation, it led to the
phenotypically decreased nucleolus. Based on this, there has been concluded that regulation of the
activity of RNA-polymerase | is a highly conserved process, which is regulated by functionally
identical proteins in the evolutionary parted organisms.

Researchers did not stop with the obtained result, and decided to ascertain the existence of the
size regulators of the specific nucleolus for a particular type of the organism. They have taken the
multifunctional protein complex HIR (HIR complex), which participates in a series of processes, such
as:building of nucleosomes, transcription regulation, elongation, and even in ageing process. However,
the participation of this protein in R-DNA transcription was not justified. Scientists just assumed that
HIR has this function in yeasts. Researchers have managed to justify their opinion that the mutations in
the genes, which encode the sub-units of the complex led to the increase in a pre-RNA concentration
and resizing of the nucleolus. The same experiment was performed on drosophila as well, in which the
HIRA-HIR analog has become a reference one. However, in this case, no impact on the size of the
nucleolus was observed [4]. Despite high conservation of the activity mechanisms of RNA-polymerase
I, the protein complexes, whose function’s part may be specific for a particular type, can be responsible
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for this process.

Along with studies of the activity of RNA-polymerase |, researchers have tried to explain its
intracellular localization. As it turns out, most of them are localized in the nucleus, nucleolus,
endoplasmic reticulum, and Golgi apparatus. That is, their activity is associated with the corrective
activity of RNA-polymerase |.

As is known, the hypertrophic nucleolus is typical of the rapidly growing and separable cells.
Researchers have attempted to explain whether the cell growth rate and cell separation until the
anomalous values always reflect the increase in the nucleolus size.

As result of the experiments performed on yeasts, researchers have concluded that the increased
nucleolus and the grown activity of RNA-polymerase | do not represent factor sufficient for developing
into cancer.
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