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Anadded layer

of generepression

Michael Uckelmann & Chen Davidovich

A protein complex called the rixosome helps to degrade
RNA transcripts that linger after gene expression ceases.
This discovery points to distinct roles for the rixosome in
regulating chromatin in different species. See p.167

After gene expression ends, components
of the gene-transcription machinery can
remain in the vicinity of DNA, along with
RNA transcripts. There are known pathways
for transcript degradation and for gene
repression in human cells — but, so far, these
pathways have not been directly linked.
On page 167, Zhou et al.! describe a pathway
for the removal of RNA from inactive human
genes that is triggered by key players of the
gene-repression machinery.

The DNA of multicellular organismsis packed
intoastructure called chromatin, whichis com-
posed of DNA and histone proteins. Whereas
DNA holds genetic information, histone
proteins carry another type of information,
the histone code? — various chemical modi-
fications that convey cell-type-specific infor-
mation about which genes should be active
and which ones repressed. When genes are
repressed ina given cell type, they are packed
into a compact chromatin structure called
facultative heterochromatin. A subset of
repressive histone modifications is abundant
in—and considered a hallmark of — facultative
heterochromatin.

Among the enzymes that add these
repressive modifications are two polycomb
repressive complexes, PRC1and PRC2. PRCs
repress RNA synthesis at facultative hetero-
chromatin through several mechanisms: they
mark genes for repression; trigger compaction
of chromatin; prevent gene-activation factors
frombinding to chromatin; and possibly also
prevent the addition of some active histone
marks?® (Fig. 1a).

But how RNA that has already been
synthesized is cleared away from facultative
heterochromatin has been unclear. Thisis a
fundamental question, because chromatin-
associated RNA is linked to chromatin

structure*?, genome stability® and genome
function’.

Zhou et al. set out to investigate a possible
role for a protein complex called the
rixosome in gene-repression pathways in
human cells. The authors investigated two
enzymatic functions of the rixosome: first,
as an endonuclease that cleaves RNA; and,
second, as akinase that attaches phosphate
groupsto the cleaved molecule, flagging it for
degradation®. These activities of the rixosome
were previously shown’ to have arolein laying
down repressive histone marks in yeast cells.

The authors showed that the rixosome
co-localizes with PRCs at facultative hetero-
chromatin in human cells, and directly
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interacts with PRC1. The researchers there-
fore generated a mutant form of PRC1 that
cannot bind to the rixosome. PRC-mediated
histone modification occurred as normal in
cells carrying the mutant protein, but the
rixosome could not localize to facultative
heterochromatin.

Zhou and colleagues next analysed cells in
which the rixosome was mutated to prevent
either its endonuclease or its kinase activity.
In each case, a subset of genes normally
repressed in facultative heterochromatin
were expressed.

Together, the authors’ data support
the following model. First, PRC1 recruits the
rixosome to facultative heterochromatin.
Next, the rixosome usesits endonuclease and
kinase activities to cut RNA and prepare it for
degradation. Finally, another enzyme — the
exoribonuclease XRN2 — finishes the job by
degrading the phosphorylated RNA. Thus,
PRCs trigger a cascade of molecular events
that eventually wipe out RNA selectively
at facultative heterochromatin in human
cells (Fig.1b).

In yeast, the enzymatic activities of the
rixosome are required for correct histone
modification in heterochromatin®. But
these are different from the histone mod-
ifications deposited by PRCs — and yeast
heterochromatinis very different from human
facultative heterochromatin, because the
latter evolved to support diverse transcrip-
tion programs in various cell types. In fact,
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Figure 1| Complex regulation of gene repression. a, In regions of the genome where gene expression is
highly repressed, DNA and histone proteins are tightly packaged together in a structure called facultative
heterochromatin. Repression of gene expression in this region involves protein complexes called polycomb
repressive complexes (PRCs), which are regulated through intricate feedback loops. For instance, PRCs

add repressive chemical modifications to histones to maintain gene repression, and these marks promote
the activity of PRCs. PRCs also inhibit transcription of DNA into RNA by the enzyme RNA polymerase Il
(Poll) — RNA transcripts left on heterochromatin after gene expression ceases might in turn regulate PRCs.
b, Zhou et al.! show that PRCs also trigger the recruitment of an enzymatic complex called the rixosome to
facultative heterochromatin. The rixosome cleaves RNA that has been produced by Pol Il and preparesit for

degradation by another enzyme, XRN2.
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commonly studied yeast strains have lost PRCs
through evolution®. Hence, yeast and human
rixosomes have become integrated into two
different chromatin-regulating pathways.

Therixosomealsohasaroleingeneration of
theribosome — the protein-synthesis machine
of the cell®. However, Zhou et al. demonstrated
that the pathway they discovered is inde-
pendent of ribosome biogenesis. Thus, the
rixosome has been repeatedly repurposed
through evolution to fill gaps in different
pathways across the nucleus. It is tempting
tospeculate that the rixosome could also par-
ticipatein other chromatin-related pathways.

Many PRCs interact with thousands of
transcripts’®, and the bound RNA seems to
regulate the activity of PRCs. Various models
have been proposed to explain how this
regulation might occur — but the precise
molecular mechanisms involved are still a
subject of study™. Zhou and colleagues’ work
impliesthat RNA-mediated regulation of PRCs
is atwo-way street.

PRCs regulate each other through
convoluted feedforward loops that involve
their repressive histone marks. This makes it
challengingto distinguish between direct and
indirect effects when studying the regulation
of gene repression by PRCs. Experiments by
Zhou et al. pinpointed a subunit of PRC1 as
akey determinant of the recruitment of the
rixosometo facultative heterochromatin. Less
was done to investigate how PRC2 regulates
the rixosome, although the authors did
identify physical interactions between the
complexes. There are at least six subtypes of
PRC1complex and two subtypes of PRC2, each
of which has different subunit compositions
and functions®. More work will be needed to
identify the subtypes of PRC1 (and perhaps
PRC2) that recruit the rixosome to chromatin.
Structural studies could reveal how PRCs and
the rixosome interact in a way that allows
these massive complexes to carry outall their
molecular tasks in the context of chromatin.

Mounting evidence points to RNA as a
central scaffold that moulds chromatin
structure® and compartmentalization®. The
new-found knowledge of the ability of PRCs
to trigger RNA degradation, together with
their known roles in histone modification
and chromatin compaction, cements these
complexes as key drivers for shaping the
3D structure and function of facultative
heterochromatin.
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Cryogenic mastery aids
bid to spot matter creation

Jason Detwiler

A cubic metre of tellurium held at cryogenic temperatures
over many years has enabled a search for matter createdina
rare nuclear process. The feat bodes well for stabilizing other
complex systems at low temperatures. See p.53

Astrophysical observations reveal that the
Universe is made almost entirely of matter,
with nearly no antimatter in sight. However,
laboratory and particle-collider experiments
have sofar observed the creation of matterand

antimatter in equal parts. Big Bang theories
that aim to explain the cosmic matter imbal-
ance predict that matter could be generated
without antimatterina‘little bang’, during an
ultra-rare nuclear process called neutrinoless

Dilution unit

Modern lead

Tellerium
oxide array

Roman lead

Figure 1| The coldest cubic metre in the known Universe. The CUORE collaboration' searched for an ultra-
rare type of nuclear decay using an array of 988 crystals of tellurium oxide, shown here in this simplified
schematic. The array is housed inside the world’s largest dilution refrigerator, which is a cryogenic device
that uses the dilution of helium as a cooling mechanism; a multistage cooling process allowed the team to
achieve temperatures of 10 millikelvin in the innermost chamber. Lead shielding was used to block external
radiation that could mimic the signature of the decay. As well as modern lead, the team used lead salvaged
from aRoman shipwreck in the Sardinian sea, which has lower levels of natural radioactivity. The apparatus
islocated 1.4 km underground, beneath the Gran Sasso mountain in Italy. (Adapted from Fig. 1 of ref. 1.)
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