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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.

Michael Uckelmann and Chen Davidovich
are in the Department of Biochemistry and
Molecular Biology, Biomedicine Discovery
Institute, Faculty of Medicine, Nursing and
Health Sciences, Monash University, Clayton,
Victoria 3800, Australia. C.D. is also at
EMBL-Australia, Clayton, Victoria.

e-mails: michael.uckelmann@monash.edu;
chen.davidovich@monash.edu

42 | Nature | Vol 604 | 7 April 2022

1. Zhou, H. et al. Nature 604, 167-174 (2022).

2. Jenuwein, T. &Allis, C. D. Science 293, 1074-1080 (2001).

3. Blackledge, N. P. & Klose, R. J. Nature Rev. Mol. Cell Biol.
22, 815-833 (2021).

4. Creamer, K. M., Kolpa, H. J. & Lawrence, J. B. Mol. Cell 81,
3509-3525.€5 (2021).

5. Quinodoz, S. A. et al. Cell 184, 5775-5790.e30 (2021).

6. Wickramasinghe, V. O. & Venkitaraman, A. R. Mol. Cell 61,
496-505 (2016).

7. Li, X. & Fu, X.-D. Nature Rev. Genet. 20, 503-519 (2019).

8. Fromm, L. et al. Nature Commun. 8, 1787 (2017).

Nuclear physics

9. Shipkovenska, G., Durango, A., Kalocsay, M., Gygi, S. P. &
Moazed, D. eLife 9, €54341(2020).

10. Davidovich, C., Zheng, L., Goodrich, K. J. & Cech, T. R.
Nature Struct. Mol. Biol. 20, 1250-1257 (2013).

1. Almeida, M., Bowness, J. S. & Brockdorff, N. Curr. Opin.
Genet. Dev. 61, 53-61(2020).

The authors declare no competing interests.
This article was published online on 30 March 2022.

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
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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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double-f decay. On page 53, the CUORE Col-
laboration' reports the most sensitive search
yetfor thistype of decay usingisotopes of tel-
lurium. The decay was not observed, but the
engineering feat was remarkable — requiring
the stable operation of more than a tonne of
experimental apparatus, atcryogenictempera-
tures close to10 millikelvin, over several years.

In neutrinoless double-f decay, an atomic
nucleus spontaneously transforms into the
lighter of its second neighbours in the peri-
odic table of the elements?® The process is
hypothesized to create two new electrons —
and only two electrons — without creating any
antimatter. Although similar decays occur in
the natural world, in every case witnessed so
far, the creation of the two electrons has always
been accompanied by the generation of two
antineutrinos.

But theories that try to explain the cosmic
matterimbalance predict thatthe neutrinoand
the antineutrino are actually the same thing
—they simply behave like a particle or an anti-
particle depending on the direction in which
theyspin.Such particlesareknownasMajorana
particles, and they have the ability to self-anni-
hilate. Neutrinoless double-[3 decay could thus
beinterpreted as the simultaneous emission
oftwo electrons, along with two particles that
have the properties of antineutrinos, and that
annihilate each other before they can escape
thevicinity of the nucleus. So attheend of the
decay, there are two new electrons and no new
antimatter particles, meaning that the condi-
tions for alittle bang are met.

The idea that the neutrino could be a
Majorana particle was considered mostly
irrelevant for decades, because this property
requires the neutrino, long thought to be
massless, to have a non-zero mass. However,
at the turn of the millennium, different types
of neutrino were found to oscillate — that s,
totransforminto one another —and this phe-
nomenon requires that neutrinos have mass
(see go.nature.com/3dhkéhu). This led to
renewed interest in the idea that neutrinos
could be Majorana particles, and set offaflurry
of experimental effortsto search for neutrino-
less double-f decay.

The CUORE collaboration searched for this
decay using an array of 988 large crystals of
tellurium oxide (Fig. 1). Tellurium contains
isotopes that could, in principle, undergo the
hypothesized decay. The electrons that are
generated when tellurium decays are highly
energetic, but they come to a stop quickly in
acrystal. Theauthors detected their presence
by measuring a slight change in temperature
caused by their absorptionin the crystal.

Measuring such a subtle temperature
change requires that the crystals be cooled
to cryogenic temperatures near 10 mK, just
ten-thousandths of a degree above absolute
zero. Toachieve this, the collaboration housed
the entire array inside a single, giant dilution
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Figure 2| The CUORE experiment involves a cubic-metre array of tellurium oxide crystals.

refrigerator, a cryogenic device in which the
dilution of heliumactsasacoolingmechanism.
Dilution refrigerators are used widely at small
scalesinlow-temperatureresearch. The CUORE
incarnationisthelargest dilution refrigerator
ever made, andis unofficially referred to asthe
coldest cubic metre in the known Universe®
(Fig.2).

Thesensitivity of such experiments rests pri-
marily on two key aspects. One concerns the
existence of other physical processes that can
change the crystal temperatures by exactly the
amount predicted for neutrinoless double-3
decay. Therate at which such processes occur
isknownas background, and alow background
isrequired to minimize the chance of mistak-
ing these mundane known processes for alittle
bang.Thesecondkeyaspectistheexperiment’s
exposure, whichisthe total detector mass mul-
tiplied by the duration of its operation. Expo-
sure quantifies how the chance of detecting
adecay increases with the number of nuclei
present and the length of time they are given
to decay: the higher the exposure, the more
likely the decay.

The CUORE experiment’s reported exposure
wasmore thanonetonne-year, whichtriplesthe
collaboration’s previous achievement*. This is
no small engineering feat. CUORE is the larg-
est, most complex experiment undertaken in
adilution refrigerator so far. Achieving such
high exposure required the cooling to 10 mK
ofaround1.5tonnes of crystals, along withthe
lead radiation shielding and supportinginfra-
structure, and maintaining that temperature
over several years. All the while, the authors
alsoachieved stable operation of the detectors,
whichremained running for animpressive 90%
oftheexperiment’stotal time.Andall of thiswas
done 1.4 km underground, beneath the Gran
Sasso mountainin central Italy.

The team’s achievement lights the path for
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othersfacingsimilar engineering challenges.
One notable application of dilution refriger-
ation is in quantum computing, in which low
temperatures could mitigate errorsthat arise
from quantum bits (qubits) interacting with
their warm surroundings. The quest to build
devices with high computational power is nat-
urally driving the industry towards very large
arrays containing many qubits. These efforts
could benefitdirectly from the technological
solutions developed by the CUORE Collabo-
ration.

Anupgrade of the experimentis under way’,
involving crystals that are able toidentify and
eliminate the dominant background observed
in the present study. The upgrade has been
dubbed CUPID, and it is expected to vastly
improve the sensitivity of the experiment,
resulting in a strong probability of observing
neutrinoless double-f3 decay, according to a
wide class of theoretical model®. CUPID will
reuse the CUORE collaboration’s giant dilution
refrigerator and shielding, building directly
off the team’s technical success. The coldest
cubicmetrein the known Universe could thus
very well be the pristine environmentinwhich
humans first observe alittle bang.
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