into materials suitable for optoelectronics
(optoelectronic-grade materials) by modifying
the electronic band structure of silicon in dif-
ferent ways. Fadaly et al. make use of astrategy
known as zone folding, which was originally
outlined* in the 1970s. The idea is that the
presence of a periodic electric potential in an
indirect-bandgap semiconductor could trans-
formitinto adirect-bandgap semiconductor.

Until now, the best example of thisapproach
wasthe productionofapseudodirect-bandgap
semiconductor (whichabsorbs and emits light
more efficiently than do indirect-bandgap
semiconductors, but less efficiently than do
direct-bandgap ones), in a special type of
silicon-germanium alloy known as a super-
lattice, reported®in1992. This was achieved
by alternating atomic layers that have differ-
ent compositions of atoms, but the resulting
material still couldn’t absorb or emit light
efficiently enough for potential applications.

Nearly three decades later, Fadaly and
colleagues have taken a different approach.
Instead of modifying the atomic potential by
alternating layers of different composition,
they alternate two types of atomic stackingin
germaniumand insilicon-germaniumalloys.
This changes the symmetry of the materials’
crystal lattices from a cubic form to a hexag-
onal one (Fig.1).

The unit cell (the smallest repeating unit) of
the hexagonal lattice contains twice as many
atoms as the unit cell of the cubic form. This
halves the size of the Brillouin zone — a unit
cell of the abstract ‘momentum space’ that is
used to describe the properties of electronsin
semiconductors. This size reduction, in turn,
results in the folding of the materials’ elec-
tronicbandsinmomentum space, moving the
position at which the energy value of the con-
ductionbandisataminimumto the centre of
the Brillouinzone, and thus generating adirect
bandgap. Fadaly et al. use quantum-mechan-
ical calculations to determine the exact band
structure of germanium and silicon-germa-
niumalloysinthe hexagonal crystal structure,
thereby confirming that these materials have
adirect bandgap.

Most importantly, the authors demon-
strate that hexagonal germanium behaves
as an optoelectronic-grade direct-bandgap
semiconductor. Moreover, by alloying hex-
agonal germanium with different amounts
of silicon, they find that they can tune the
energy of photons emitted from the resulting
materials from 0.3to 0.67 electronvolts. These
emission energies are extremely relevant for
chemical sensing and optical-communication
technologies®.

All of this work was made possible by
producing the materials in the form of nano-
wires, filamentary crystals that have atailored
diameter of between afew and afew hundred
nanometres. In simple terms, the high
surface-to-volumeratio of nanowires enables

the formation of metastable crystalline phases
such as hexagonal silicon or germanium”?,
Fadaly et al. are the first to report that
defect-free hexagonal germaniumandsilicon-
germanium alloys can be made in a scalable
manner using this approach.

The nanowire structure also offers another
advantage: it causes light to interact with
the nanowire material in a way that is ideal
for photonic applications®'. For example,
nanowire shape can be engineered to ensure
efficient light absorption and to prevent light
from being trapped in the nanostructure by
internal reflection. Nanowires could poten-
tially also be used in light detectors for the
ultra-rapid collection of the charge carriers
produced from incoming photons, an effect
that might be extremely useful for high-speed
telecommunications.

Fadaly and colleagues’ findings could
potentially lead to the development of the
first silicon-based laser, or be used to make
mid-infrared light detectors, both of which
would be compatible with the complemen-
tary metal-oxide semiconductor (CMOS) sil-
icon technology that underpins much of the
circuitryin computers. Such mid-IR detectors
could be usedinascalable and economiclidar
platform —alaser-based surveying technology
that could be used by self-driving vehicles to
detect objects. Mid-IR light does not damage

Neuroscience

the human eye, which means that mid-IR
lasers could be used at high power in lidar
systems; this enables object detectionat long
distances, thus allowing self-driving vehicles
to travel safely at high speeds". More broadly,
the development of silicon-based alloys that
have optoelectronic functionality could spark
asecondrevolutioninsilicontechnology, this
time insilicon photonics.
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A heatedresponse

todanger

DayulLin

Psychological stress can trigger physiological responses,
including anincrease in body temperature. A neural circuit
that underlies this stress-induced heat response has been

identified.

You are about to take the stage to speak in
front of a large audience. As you wait, your
heart starts to pound, your breathing quick-
ens, your blood pressure rises and your
palms sweat. These physiological responses
are evolutionarily conserved mechanisms to
prepare your body to fight against imminent
dangers, or to run away quickly. Another key
response is anincrease in body temperature.
Emotional stress can cause this psychogenic
fever in many mammalian species, from
rodents to humans"% What is the neural
mechanism that underlies this phenomenon?
Writing in Science, Kataoka et al.*> describe a
key neural circuit in psychologically induced
hyperthermia.

© 2020 Springer Nature Limited. All rights reserved.

The current work builds onalonglegacy of
research by the same group, who began their
quest foraneuronal circuit that triggers heat
productionin2004, using brown fat tissue as
anentry point*. Brown fatis atype of ‘good’ fat
that cangenerate heat when needed. Blocking
theactivity of B;-adrenergic receptor proteins,
which are abundant in brown fat and enable
the tissue torespond to signals fromneurons,
attenuates stress-induced hyperthermia®.

Inthe 2004 study, the researchersinjected
viral ‘retrograde tracers’intobrownfatinrats;
the tracers move through connected neurons,
allowing the authors toidentify brainregions
from which neurons project to the fat*. This
revealed that neurons in a brainstem area
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Figure 1|Stressful connections. Kataoka et al.’ report that, in rats, abrain region called the dorsal
peduncular cortex and dorsal taenia tecta (DP/DTT) is involved in psychogenic fever — an increase in body
temperature in response to social stress. Stress-related information reaches the DP/DTT from two other
brain regions: the paraventricular (PVT) and mediodorsal (MD) thalamic nuclei. Neurons from the DP/DTT
then project to and excite neurons in the brain’s dorsomedial hypothalamus (DMH), which in turn sends
neuronal projections to the rostral medullary raphe (rMR). Finally, neurons from this region connect

indirectly to brown fat tissue, which generates heat.

called therostral medullary raphe (rMR) con-
nect to brown fat. Later on, the same group
identified? the dorsomedial hypothalamus
(DMH) as a key brain region upstream of the
rMR. When the authors artificially activated
the DMH-to-rMR pathway, they found an
increasein neuronal activity and heat produc-
tionin brown fat. Unexpectedly, activating this
pathway also increased heart rate and blood
pressure, suggesting that DMH-rMR could
coordinate various physiological responses
during stress.

In humans, psychological stress often
involves an understanding of complicated
situations, and thus probably requiresinstruc-
tions fromregions of the brain’s cortex, which
isinvolved in cognition. In the current study,
Kataoka et al. set out to identify the cortical
regions that could send these instructions to
the DMH. Asin their previous work, the authors
used retrograde tracers — this time, injected
into the DMH — to look for neurons that link
into their heat-generating circuit. They found
that only one, little-studied, region of the
cortex was strongly labelled by the tracer.
Thisregion, called the dorsal peduncular cor-
tex and dorsal taenia tecta (DP/DTT), is also
highly activeinratsinthe wake of social defeat
(ahostile interaction in which the animal has
lost a fight with another, dominant rat).

To examine the role of this region in stress
responses, the authors impaired its connec-
tion to the DMH in three ways. They blocked
activity throughout the DP/DTT using achem-
ical inhibitor; they used a virus to kill cells
projecting from the DP/DTT to the DMH; and
they used a sophisticated genetic approach
to inhibit activity specifically in the projec-
tions that DP/DTT neurons send to the DMH.
In each case, their intervention reduced
stress-induced hyperthermia.

By contrast, artificial activation of the
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neuronal projections between the two regions
elicited a battery of responses, including
increases in heart rate, blood pressure, and
heat productionin brown fat. The group pro-
vided evidence that the DP/DTT neurons send
excitatory signals to the DMH, and demon-
strated that the projections from the DP/DTT
terminate close tothe DMH cells that, in turn,
project to the rMR. Taken together, Kataoka
and colleagues’ experiments supporttheidea
of aDP/DTT-DMH-rMR-brown fat circuit for
heat production in response to stress (Fig. 1).

How does the stress-related information
reachthe DP/DTT? Further retrograde tracing
experiments revealed that the strongest

“Suppressing physiological
responses to stress could be
an effective way to alleviate
stressful feelings.”

inputs to the DP/DTT are from the brain’s
midline thalamicregions, including the para-
ventricular (PVT) and mediodorsal (MD)
thalamic nuclei. The PVT is highly sensitive to
various physical and psychological stressors,
such as predator cues and pain®. By contrast,
the MD interacts with the prefrontal cortex to
mediate complex cognitive functions, such as
rule learning, abstraction, evaluation and (in
humans) imagination’. Thus, every possible
stressor, from physical pain to anticipated
legal trouble, can find their way to the DP/DTT.
It remains unclear, however, how different
stressorsare encoded inthe DP/DTT, whether
the responses of the DP/DTT to stressors are
influenced by experience, and whether defi-
citsin DP/DTT cells could be responsible for
abnormal physiological responses to stress.
Future studies using electrophysiological or
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opticalrecordings of the DP/DTT cells will help
to address these questions.

The philosopher and psychologist William
James suggested that fearisaninterpretation
of physiological responses to threat, instead of
the other way around?®. In other words, rather
than running from a bear because we are
afraid, we are afraid because we are running
fromabear. IfJames is right, rats should stop
beingafraidif their physiological responsesto
athreat are blocked. Kataoka et al. therefore
asked whether inhibiting the DP/DTT-DMH
pathway cansuppress the fear that arat shows
when presented with an aggressive, dominant
counterpart that has recently defeated itin a
stressful social interaction.

Under normal conditions, adefeated animal
will try to stay away from the aggressor to
avoid incurring further damage. By contrast,
naive animals that have not previously gone
through a social defeat show no signs of fear,
and investigate the dominant rat with great
interest. Remarkably, when the authors
blocked the DP/DTT-DMH pathway in rats
that had been defeated, the animals behaved
like naive rats.

Thus, the behavioural manifestation of fear,
and perhaps the perception of fear (which
canonlybeinferred frombehavioursinrats),
depends onbodily responses to threat. These
data provide anindication of why taking a deep
breath before that big public speech might
help to calm us down. The data also suggest
that suppressing physiological responses to
stress could be an effective way to alleviate
stressful feelings. Of importance in this con-
text, non-stress-related thermoregulation —
changes in internal temperature caused by
infections or external temperature change,
forinstance —is mediated, not by the DP/DTT,
but by another region upstream of the DMH,
the preoptic area®. Blocking the DP/DTT-
DMH pathway would therefore be expected
toleave day-to-day regulation of temperature
unchanged. It is early days, but manipulation
of the DP/DTT could potentially be away to
curb chronic psychological stress.
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