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galaxies similar to JADES-GS-z7-01-QU go
through cycles of intense star formation
before quickly becoming quenched. During
this process, each successive burst is less
disruptive than the previous one, as these
galaxies grow their stellar mass and sustain
equilibriumbetween gravity and energetic gas
expulsion forlonger periods. This means that
low-mass galaxies such as JADES-GS-z7-01-QU
are quenched only temporarily: they are said
to be mini-quenched.

The detection of JADES-GS-z7-01-QU marks
the first time that a galaxy has been observed
in this mini-quenched phase at such early
epochs. Although the exact physical mecha-
nisms responsible for temporary quenching
are still unknown, Looser and colleagues’
spectral modelling offers some clues. The
inferred star-formation history suggests
that the event that quenched this galaxy was
abrupt. This, inturn, implies amechanismthat
ejected gas from the galaxy much faster than
it could be replenished.

Supernovae have been shown to do thisin
low-mass galaxies, but simulations™ suggest
thattheyare notenergeticenoughtoquencha
galaxy withJADES-GS-z7-01-QU'’s stellar mass.
More-powerful mechanisms, such as accret-
ing (growing) supermassive black holes, have
been observed in nearby low-mass galaxies',
but there are no signatures of such objects in
the galaxy’s spectrum. However, it could be
thattheradiationfromanaccreting black hole
isheavily obscured by dust, whichiscommon
in the earliest galaxies®.

Looser and colleagues’ discovery of
JADES-GS-z7-01-QU is undoubtedly exciting,
but it leaves us with more questions than
answers. Simulations predict that the first mini-
quenched galaxies were quenched as early
as 600 million years after the Big Bang!®"*,
which suggests that more will be found now
that JWST has given astronomers the techno-
logical capabilities to do so. Looser et al. have
paved the way for statistical studies of this
intriguing population. Indeed, since these
results were first made public, three more dis-
tant mini-quenched galaxies have been discov-
ered”, including two by members of the same
research group as Looser and co-authors'.

Looking ahead, dozens of candidate galaxies
await spectroscopic confirmation with JWST
(for example, those studied in refs 8,9, 16).
Growing the pool of mini-quenched samples
will be crucial for calibrating models that simu-
late how galaxiesbecome quenched. The hunt
for the earliest quenched galaxies is on.
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Early origin of vertebrate
sympathetic neurons

Uwe Ernsberger & Hermann Rohrer

The sympathetic nervous system, which enables the fight-
or-flight response, was thought to be present only in jawed
vertebrates. Analysis of a jawless vertebrate suggests that this
system might be a feature of all animals with a spine. See p.121

One of the key innovations that arose in
vertebrates wastheevolutionofabranch of the
nervous system called the sympathetic nerv-
ous system. This forms from cells produced by
stem cells that originate in a structure called
the neural crest. The sympathetic nervous
system is associated with the fight-or-flight
response and the neurotransmitter signalling
molecules adrenaline and noradrenaline. On
page121,Edensetal.' report that this system s
notfoundsolelyinjawed vertebrates, and that
the basic building blocks and developmental
regulators of a sympathetic nervous system

“The time course of
neuronal differentiation
insealampreysis
surprisingly slow.”

are also present in the jawless vertebrate fish
the sealamprey (Petromyzon marinus).

This discovery refines the understanding
of the nervous system and how it functions
inavertebrate closely related to the earliest
known vertebrates. This landmark study
uncovers a characteristic molecular and
developmental ‘fingerprint’ present in
noradrenaline-producing (noradrenergic)
sympathetic neurons in sea lampreys that
is found across many classes of vertebrates,
fromjawless fishes to mammals (Fig.1). Stud-
ies from the nineteenth and into the twenti-
eth century culminated in the shared opinion
that the jawless fishes are not equipped with
an‘organized’ sympathetic nervous system?

—represented by structural hallmarks such
as a chain of clustered neurons called sym-
pathetic ganglia.

However, the availability of methods
to explore gene expression has provided
data that revises the old view and estab-
lishes the sympathetic nervous system as a
pan-vertebrate feature. Edens and colleagues’
work completes the search for the evolution-
ary onset of the principal components of the
vertebrate autonomic nervous system — the
part of the nervous system (including the
sympathetic nervous system) that regulates
involuntary processes that are essential for
survival. This study marks a milestone in this
field of research, the implications of which
range from understanding the generation of
cellidentities across evolutionary time scales
tothe development of anticancer therapeutics
inaccessible model organisms.

Edensetal. presentadetailed picture of the
developmental expression of key transcription
factors and functional signature genes that
are characteristic of sympathetic neurons.
The method of in situ hybridization chain
reaction reveals that transcripts encoding
Ascll, Phox2 and Hand, related to three evo-
lutionarily conserved transcription factor
proteins, Ascll, Phox2b and Hand2 (which
are known to be important for sympathetic
neuron development in jawed vertebrates)
are co-expressed in the same cells in the sea
lamprey. These transcription factors were
also co-expressed with genes thatencode the
enzymes tyrosine hydroxylase and dopamine
B-hydroxylase, which are involved in the syn-
thesis of noradrenaline.
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Figure 1| Sympathetic neurons in different types of vertebrate. Edens et al.' report that these neurons
(associated with the fight-or-flight response) are not found solely in jawed vertebrates but are also found in
the jawless vertebrate sea lampreys (Petromyzon marinus). Red indicates the sites in the developing embryos
at which sympathetic neurons first differentiate. Genes encoding the transcription factor proteins Ascll,
Phox2 (Phox2b in jawed vertebrates) and Hand (Hand2 in jawed vertebrates) are needed for sympathetic
neurons to develop. When these neurons form, they express enzymes (such as tyrosine hydroxylase) that
produce the neurotransmitter molecule noradrenaline. These neurons also express components (such as
the protein synaptotagmin 1), which function in the neurotransmitter-containing vesicles. In sea lampreys,
the neuronal differentiation associated with the production of characteristic neuronal components such

as structures called neurofilaments occurs relatively late in development compared with the case of jawed
vertebrates, such as zebrafish (Danio rerio) or mice. Data fromrefs 1,4, 5, 7, 8 and 11. Sea lampreys hatch after
10-13 days of embryonic development and form larvae at 33—40 days. Zebrafish hatch after 48 hours and
become early larvae at 72 hours. They reach juvenile stages by 30—40 days and reach sexual maturity within
2.5months. Mice reach a mid-embryonic stage by 10 days, are born at 19 to 21 days and reach sexual maturity
by around 40 days. D, day of development; E, day of embryonic development; d.p.f., days post-fertilization;

m, months.

Cell tracing by dye labelling revealed that
the cells that express tyrosine hydroxylase are
derived from a migratory population of cells
thatareinitially located in the spinal cord and
that differentiate into a nerve cord between
the intestine and a structure called the noto-
chord. RNA sequencing of cells that express
tyrosine hydroxylasein the nerve cord demon-
strated a gene-expression pattern remarkably
similar to the pattern found in mouse sympa-
thetic neurons?. The genes encoding tyrosine
hydroxylase, dopamine 3-hydroxylase and the
enzyme DOPA decarboxylase (which is also
involved in the synthesis of noradrenaline)
were found to be highly expressed with sev-
eral genes encoding proteins that function
in vesicles that are associated with synapses
(connections between neurons). These vesic-
ular proteins include vesicular monoamine
transporter 2, which packages neurotransmit-
ter molecules into vesicles, and the proteins
synaptotagmin 1, SNAP-25 and syntaxin 12 —
essential for the fusion of vesicles with the cell
membrane thatenablestheregulatedrelease
of stored neurotransmitter. Components char-
acteristic of neurons, such as neurofilaments,
were detected in mature neurons.

The developmental transition that occurs
when neural-crest-derived progenitor cells
mature to differentiated neurons is still not
fully understood. In mice and birds, itisarapid
processinwhichtheinitial noradrenergicand
neuronal differentiation occur in parallel
within one day of embryonic development
(Fig.1). However, the time course of neuronal
differentiationin sealampreysis surprisingly
slow by comparison, and has similarities to
the delayed generation and asynchronous
differentiation of structural components of
the sympathetic nervous sysyem (trunk sym-
pathetic ganglia) in zebrafish (Danio rerio)*.
Phox2b has an essential rolein the differenti-
ation process of structures such as the trunk
sympathetic ganglia. This transcription factor
isakey regulator of autonomic neuron devel-
opment in mice, chick and zebrafish>7, and
it controls the expression of a range of neu-
rotransmitter-specific and general neuronal
characteristics. Hand2 selectively affects
noradrenergic differentiation in zebrafish®
and itis possible that Hand is implicated in
this functioninsealampreys. This evolution-
ary conservation of developmental processes
might offer a unique opportunity to study a

From the archive

William Bateson surveys the previous
century of biology, and an innovative
proposal to stop exam over-preparation.

100 years ago

An address on progress in biology during
the last hundred years has one element

of simplicity; since ... the whole subject
from its inception may be held included.
Though the materials studied by biologists
are those which have been the objects

of ... curiosity from the earliest times, yet
the biological way of looking at them was
new, and biology was a term deliberately
selected to proclaim the consciousness of a
new hope. Treviranus—Gottfried Reinhold,
1776-1837, of Bremen ... was the first to use
the word Biology (1802). He complained
that ... zoology and botany were lacking ...
in comprehensiveness ... [Clatalogues of
plants and animals ... are a beginning, not
anend ... If ... one objects that he is offering
old things in a new form ... he claims that to
see them in the new form is no trifling help
... The new word connoted a new thought.
From Nature 3 May 1924

150 years ago

[A]t the ceremony of capping the
Graduates in Arts of Edinburgh University,
Prof. Tait gave an address ... On the
subject of “Cram” he spoke as follows:

— “[E]xamination ... is ... about the most
imperfect of human institutions ... [I]n
too many cases it is not only misleading,
but directly destructive, especially when
proper precautions are not taken to
annihilate absolutely the chances of a
candidate who is merely crammed, not
in any sense educated ... There is ... so
far as | can see, only one, way of entirely
extirpating cram as a system ... Take

your candidates, when fully primed for
examination, and send them off to sea —
without books, without even pen and ink;
attend assiduously to their physical health,
but let their minds lie fallow. Continue
this treatment for a few months, and then
turn them suddenly into the Examination
Hall. Even six months would not be
wasted ... if it really enabled us to cure
the grand inherent defect of all modern
examinations.”

From Nature 30 April 1874
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type of tumour called aneuroblastoma using
the zebrafish as amodel organism?®.

Comparative analysis of sympathetic neu-
ron activity in response to different stim-
ulation settings has firmly established the
existence of sympathetic pathways that are
specific to different tissues in different organs
of the body and the differential control of
activity outflow to diverse targets'. Devel-
opmental studies and single-cell analyses of
geneexpressioninmice haveidentified arange
of sympathetic neuron populations that are
associated with distinct cardiovascular, ther-
moregulatory and maternal functions. These
have different gene-expression patterns and
distinct requirements for growth-factor pro-
teins during development?®.

Edens and colleagues’ observation of the
co-expression of the gene encoding tyrosine
hydroxylase and the gene encoding the neu-
ropeptide NPY in sea lamprey sympathetic
neurons provides evidence for the existence
of a neuron population that is comparable
with that of an abundant noradrenergic pop-
ulationinmice, called NA3. This populationis
characterized by NPY expression that is rep-
resentative of vasoconstrictor neurons that
regulate blood-vessel diameter and resistance.
The authors’ discoveries point to a remark-
able diversification of sympathetic neuron
populations among vertebrate classes and
species. The findings also prompt questions
about the selective pressures and genomic
mechanisms that underlie this evolutionary
outcome across the tree of life, such as those
thatlead tothe crucialinvolvement of the sym-
pathetic nervous systemin thermoregulation
inbirds and mammals.

One key unanswered question in the cur-
rent study is whether the neurons with key
noradrenergic sympathetic features are con-
nected to the central nervous system through
neurons known as preganglionic sympathetic
neurons, as is the case for jawed vertebrates.
The anatomical targets of the sympathetic
neuronsinsealampreys and their role during
thelife cycle of the fish also remain tobe deter-
mined. In the context of development, it will
beinteresting to establish how the late acqui-
sition of neuronal characteristics and prolifer-
ative activity in neural-crest-derived cells are
regulated. This study underscores questions
of how transcriptional circuits that are specific
toautonomic neuronsare established earlyin
vertebrate development, how sympathetic
circuitry became organized during vertebrate
evolution, and how this circuitry might adapt
tothe physiological, in particular thermoreg-
ulatory, challenges that animals will face as a
result of achanging climate in the future.
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Umbrella toxinsjointhe
bacterial arsenal

Sarah J. Coulthurst

Bacteria make protein toxins to compete with other bacteriain
microbial communities. A study of acommon soil bacterium
has revealed a previously unknown type of antibacterial toxin
that forms a striking umbrella-like structure. See p.165

Within mixed microbial communities, the
various bacterialmembers constantly interact
with each other, both cooperatively and com-
petitively. Aggressive competition between
bacteria can determine which species pros-
per ina community and is often mediated by
delivery of antibacterial protein toxins from
one bacterium to another’. On page 165,
Zhao et al.* describe a previously unknown
class of self-delivering antibacterial toxins
that form a distinctive umbrella-like structure
and that might be used by many bacteriain soil
and other ecosystems to block the growth of
their competitors. This discovery expands the
portfolio of mechanisms by which bacteria
kill or disable their rivals and offers exciting
potential for future exploitation.

Bacteria can use a variety of approaches to
harmtheir competitors. These include the pro-
duction of diffusible antibiotics and protein
toxins, and the direct injection of toxins into
neighbouring cells in a contact-dependent
manner’. Competition is intense in environ-
ments in which the microbial community is
dense and complex, suchas soil and the human
gut,andis often fiercest betweenrelated bac-
teria that have similar needs’.

Many protein toxins involved in
interbacterial competition are known as pol-
ymorphic toxins, to reflect the existence of
multiple versions of the same protein. Poly-
morphictoxinsarelarge modular proteins that
contain varied, exchangeable toxin domains
joined tocommon domains that are required
for delivery of the toxin domain from the pro-
ducer into the recipient ‘target’ bacterium®.

Interestingly, many of these toxin domains
are found in different polymorphic toxins with
unrelated delivery mechanisms. Building on

earlier work that used this observationto gen-
eratealarge dataset of predicted polymorphic
toxins®, Zhao and colleagues selected candi-
date toxins toinvestigate and chose examples
that are found in the ubiquitous soil bacteria
Streptomyces. These were of particular inter-
est because although Streptomyces existin a
competitive soil environment and produce
numerous small antimicrobial molecules®,
they had not been previously reported to use
polymorphic proteintoxins for interbacterial
competition.

The authors studied three of the candidate
toxins, UmbC1, UmbC2 and UmbC3, in the
modelbacteriumStreptomyces coelicolor.Each
UmbC protein hasapredicted toxin domain at
oneend and interacts with two other proteins
—aspecificUmbA and UmbB proteinencoded
in the same set of genes — to form a protein
complex. Three additional UmbA proteins can
associate with any of the UmbC-containing
assemblies. Structural analysis revealed that
Umb complexes form large particles (Fig. 1)
with an unusual umbrella-like shape that has
not been reported before — hence the name
umbrella toxins.

In each toxin-containing particle, UmbC
forms a lollipop shape, comprising a ring
joined to a long stalk with the toxin domain
at the end of the stalk away from the ring.
Five ‘spokes’ extend out from the ring, each
containing UmbB and then UmbA, although
it was not possible for the authors to deter-
mine which ofthe four possible UmbA proteins
was present in which spoke or spokes. Inter-
estingly, each UmbA protein contains a dif-
ferent predicted lectindomain thatformsthe
exposed tip of the spoke. Giventhat functional
lectindomains bind to specific carbohydrates,



