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Goal

Our aim is to extend our understanding of
molecular mechanisms underlying ribosome
biogenesis and its regulation in response to
environmental stresses and during senes-
cence. We focus on the roles of RNA modi-
fications and functions of specialized ribo-

somes.

Background

Ribosome biogenesis is a major energy
consuming process in all organisms that is
tightly regulated with cell growth. This highly
conserved process begins with transcription of
a large ribosomal RNA (rRNA) precursor that is
subsequently covalently modified and processed
into mature 18S, 5.8S and 25S rRNAs. The
process of ribosome maturation is very complex
and highly dynamic. At least 180 non-ribosomal
proteins and 70 small nucleolar RNAs (snoRNAs)
have been implicated in ribosome biogenesis in
yeast. A dysregulation of ribosome biogenesis is
observed in cancer and multiple human diseases.
Recently, existence of differently modified
so called specialized ribosomes within cells
was revealed, however, their function remains

unknown.
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Role of rRNA modifications

In addition to the complex structure, rRNAs are
also extensively modified by methylation and
pseudouridylation at approximately 100 sites. The
role of these modifications in either biogenesis
or function of mature ribosomes remains largely
unclear. We analyzed the role of a cluster of
rRNA methylations located near the inter-subunit
bridge B3 in 25S rRNA. We identified Rcm1 as an
enzyme required for highly conserved cytosine-5
methylation of C2278 in the 25S rRNA (Gigova
et al. 2014). We showed that methylation at two
sites, C2278 and G2288 is required for stability
of the mature 60S ribosomal subunit. Ribosomes
lacking these two methylations exhibited changes
in the structure of 25S rRNA and the loss of

several ribosomal proteins (Figure 1.)

Oligomerization of TGS1 is required for an effi-
cient trimethylation of sSnRNAs and snoRNAs

Trimethylguanosine Synthase catalyses the
transfer of two methyl groups to the m7G cap of
snRNAs, snoRNAs and telomerase RNA TLC1
to form a 2,2,7-trimethylguanosine cap. While
in vitro studies indicate that Tgs1 functions as a
monomer and the dimethylation of m7G caps is
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Fig. 1.Figure 1. Proteins affected in ribosomes lacking methylations of nucleotides C2278 and G2288.

Left: crystal structure of the 60S ribosomal subunit. Proteins that are lost from ribosomes lacking rRNA methylation are highlighted
in orange. Right: Detailed view of the domain IV of 25S rRNA. The methylated nucleotides are in red, the helix H71, which
participates in the intersubunit bridge B3, is highlighted in yellow. From Gigova et al. 2014.

not a processive reaction, partially methylated
sn(0)RNAs are typically not detected in living
cells. We found that both yeast and human Tgs1p
possess a conserved self-association domain
located at the **N-terminus. A disruption of Tgs1
self-association led to a strong reduction of
sn(0)RNA trimethylation (Boon et al., 2015). We
speculate, that TGS1 forms dimers in vivo that
are capable to efficiently dimethylate the caps of
the targeted RNAs without the need to dissociate

from the substrate.

Regulation of alternative rRNA processing path-
ways by TORC1 in stress response

We observed that the processing of pre-rRNA
abruptly changes when yeast cells are exposed
to an environmental stress or upon depletion of
nutrients (Kos | et al., submitted). We found that
this switch in pre-rRNA processing is regulated
by the Tor complex 1 (TORC1) and the casein
kinase 2 (CK2). Importantly, Sch9 (the yeast
homologue of S6 kinase), considered to be the
major downstream effector of TORC1 regulating
ribosome biogenesis, is dispensable indicating
that an unidentified branch of TORC1 signalling
controls ribosome biogenesis at the post-

transcriptional level.
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