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DESCRIPTION

As a result of more than a century of cytological investigations,

the nucleolus of higher eukaryotic cells has traditionally been thought to
consist of three sub compartments/phases that function sequentially
in the biogenesis of ribosomal subunits [1,2]. Our studies of the yeast,
S.cerevisiae, have led us to realize that the nucleolus in fact consists of a
“coaxial cable” in which the rDNA axis is surrounded by two layers (inner,
outer) of distinct composition [3]. These layers are composed of the ~ 200
Assembly Factors (AFs) that contribute to the biogenesis of either the Small
Subunit (SSU) or Large Subunit (LSU) and account for most of the mass of
the corresponding immature particles.

According to this model, when the cell is not producing ribosomal subunits,
AFs are in their latent states, and most of the factors are in the outer layer,
while a few - that appear to perform initiator functions - reside in the inner
layer. We think of the many factors in the outer layer as constituting a
shared “reservoir." Once rDNA transcription begins, we propose that the
AFs are recruited from the reservoir to the nascent rRNA which is initially
close to the axis itself. Due to the linear organization of rDNA, the 5' end of
the transcript begins with a spacer (5“ETS) that is followed by the sequences
of SSU rRNA and then LSU rRNAs. Following this order, initiator AFs
binds the 5-most sequences of nascent TRNA in the inner layer and
subsequently recruits additional SSU AFs from the reservoir. The result is
the production of oversized "knob-like" particles that enclose the maturing
subunit. Ribosomal proteins are added throughout this process. As
transcription continues, the immature SSU particle extends and actually
reaches into the outer layer, where it is released by nuclease cleavage. LSU
rRNA sequences then continue to extend, initiator LSU AFs are recruited
from the nearby reservoir, and further stages of assembly ensue, roughly as
for SSU. When the 3' end of the rRNA has been transcribed, the immature
LSU particle is severed and - like the SSU particles - undergoes further
surface remodeling as it enters the nucleoplasm. In the "return arm" of this
cycle, the released latent assembly factors relocalize to the inner or outer
layers, as appropriate (Figure 1).

Inner layer
X Outer layer
B

* Ssu

Figure 1) Initiator assembly (pale blue objects) factors reside either constitutively
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in the inner layer or are recruited from the outer layer reservoir.

In both cases they bind specific sites along nascent rRNA transcripts when
those emerge. Secondary assembly factors (small circles) are then recruited
from the reservoir in the outer layer to bind to these primary units. Their
subunit specificity is indicated by color (black for SSU, red for LSU). The

scissors indicate the sites of RNA cleavage.

With this model in mind, it is of interest to understand why latent forms of
different AFs localize to different layers and especially why and how the SSU
assembly intermediates are transferred from the inner to the outer layer
where the rRNA is cleaved and subunit precursors are released. We
hypothesized that transfer is driven by potential energy relations [3-11]. The
basic idea is that the latent SSU AFs found in the outer layer are most stable
in that layer and that their association with nascent rRNA recruits them
into the environment that prevails in the inner layer, where they are less
stable. There therefore is a progressive tendency for them (and the rRNPs in
which they reside) to relocate to the outer layer.

But is it reasonable to postulate the existence of a non-subunitspecific
shared reservoir? Alternatively, there might be intrinsic differences between
the latent forms of the proteins of the two layers. Perhaps latent AFs that
contribute to each subunit have some distinct characteristic. For example,
differences in charge, 2°/3° structure, relative disorder, or solubility might
contribute. Any identification of generic differences might ultimately help
rationalize the existence of the two layers and reveal the biochemical basis
for their separation.

CONCLUSION

Earlier studies have shown that the large majority of the AFs in S. cerevisiae
can be traced back to the last common ancestor of eukaryotes and that their
homologs are also found in higher eukaryotes. We therefore expect that the
coaxial model will prove to be universal. Its detection has relied on methods
that make it possible to unravel the otherwise overcrowded internal
environment of the nucleolus. We anticipate that insight into the functional
organization of the nucleolar "ribosome factory" will help elucidate these
specific events and also the packaging and processing of other RNAs, both
in health and in disease.

It has long been evident that the appearance of the nucleolus is sensitive to
many forms of stress, viral infection and malignancy. There may also be a
link to age judging from studies of progeria. Moreover, features of
ribosomopathies may reflect malfunction of the nucleolus. An in-depth
understanding of any of these perturbations will require understanding of
normal function.
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