
Just the thought of wearing a woollen sweater 
next to your skin can bring itchy sensations to 
mind. But how does a mechanical stimulus, 
such as the touch of wool fibre, cause itch? On 
page 104 Hill et al.1 provide an exciting step 
forward in our understanding of the sensation 
of itch evoked by touch, known as mechani-
cal itch. PIEZO1 and PIEZO2 are ion-channel 
proteins that open in response to mechanical 
stimuli. PIEZO2 has well-characterized roles in 
mechano sensation, mechanical pain and sens-
ing of movement in both mice and humans2. 
The authors now show in mice that Piezo1 is 
indispensable for mechanical itch and some 
forms of itch sensitization.

In the past decade, substantial progress has 

been made in elucidating the mechanisms by 
which sensory neurons mediate chemical 
and mechanical itch. For instance, it has been 
shown in animal studies that chemical itch is 
mediated by a subset of sensory neurons that 
express membrane receptors for itch-evoking 
chemicals. One such receptor protein, Mrgprd, 
is activated by the itch-evoking food supple-
ment β-alanine3, and another, Mrgpra3, is acti-
vated by the anti malarial drug chloroquine4. 
A third set of sensory neurons co-express the 
neuropeptide molecules natriuretic peptide B 
(Nppb) and somatostatin (Sst). These neurons 
are partly responsible for the itch evoked by 
histamine, a chemical produced by the body 
during allergic reactions5 (although it is not 

differ. Specifically, they have a different 
‘winding number’. This is a topological meas-
ure characterizing trajectories through 
two-dimensional parameter space — in this 
case, describing the possible orientations of 
each chain of manganese ions. The two-state 
switch has a winding number of 0, whereas the 
winding number of the four-state switch is 1. 
In this system, the non-zero winding number 
means that as long as the high- and low-angle 
cases exist, there will always be a range of 
angles between them in which it is possible 
for the system to move between the various 
two-state scenarios, thus creating a four-state 
switch.

The physics of crankshaft switching will 
no doubt inspire further research, and with a 
deeper understanding of the intrinsic mech-
anism behind Ponet and colleagues’ results, 
it might even be possible to realize practical 
devices on this basis. Single-crystal samples 
of higher quality than those reported here 
might be achievable using a technique known 
as the optical floating zone7. And related mate-
rials within and outside the RMn2O5 family8,9 
could be explored for their propensity to show 
strong magneto electric coupling — perhaps 
even at room temperature. 
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Scratching the surface 
of touch-evoked itch
Taylor Follansbee & Xinzhong Dong

The sensation of touch-evoked itch is common in people who 
have chronic itch conditions. Evidence in mice now suggests 
that the mechanoreceptor protein Piezo1 underlies this 
sensation. See p.104 
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Figure 1 | Neuronal populations that regulate itch. Several types of itch are mediated by sensory neurons. 
These include: chemical itch, triggered by chemicals; mechanical itch, triggered by touch; and alloknesis, 
triggered by touch only after skin has become sensitized. a, In some neurons, the receptor protein Mrgpra3 
mediates chemical itch triggered by the antimalarial drug chloroquine. b, Neurons called low-threshold 
mechanoreceptors (LTMRs) mediate some forms of mechanical itch and alloknesis. c, Neurons that express 
the genes Nppb and Sst are partly responsible for the chemical itch triggered by histamine (produced by the 
body during immune responses). Hill et al.1 report that this population also expresses the mechanoreceptor 
protein Piezo1, which is activated by light touch to trigger mechanical itch and alloknesis.
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known whether Nppb and Sst are themselves 
involved in this process).

Mechanical itch is mediated by a different set 
of sensory neurons, called low-threshold mech-
anoreceptors (LTMRs)6. These neurons are also 
involved in a form of pathological itch known 
as alloknesis7,8, which arises in response to light 
mechanical stimuli in skin that has become sen-
sitized — for instance, in skin disorders such as 
atopic dermatitis or by a chemical itch triggered 
by histamine. 

Hill and colleagues have now uncovered 
an LTMR-independent mechanism that also 
mediates mechanical itch. They set out to 
examine the possible role of Piezo1 in itch, 
because this protein is known to be expressed 
in sensory neurons9, but its role in these cells 
was unknown. The authors analysed expres-
sion of the Piezo1 gene in mouse sensory neu-
rons, and found that its expression was high 
in Mrgprd-expressing neurons and in neurons 
expressing the Nppb and Sst genes. Both popu-
lations have roles in mediating chemical itch3,5. 
Corroborating these findings, the researchers 
demonstrated in vitro that sensory neurons 
that are excited by a Piezo1-activating drug, 
Yoda1, are typically also excited by β-alanine 
or histamine (Fig. 1).

Next, Hill and colleagues examined itch 
responses in mice genetically engineered so 
that Piezo1 was deleted in Sst-expressing cells. 
The authors tested mechanical itch in these 
mice by measuring scratching elicited by a light 
touch with a nylon filament. They observed a 
dramatic decrease in mechanical itch in mice 
lacking Piezo1 compared with mice in which 
Piezo1 was expressed as normal. 

The group then investigated mice in which 
Piezo1 was mutated to show increased activ-
ity. These animals not only exhibited greater 
mechanical itch than controls, but also showed 
increased alloknesis and histamine-evoked 
scratching. Injection of Yoda1 in the mice 
produced scratching behaviours but not 
inflammation or pain sensitization, support-
ing the researchers’ hypothesis that Yoda1 
directly activates Piezo1 in sensory neurons 
to produce itch.

To further investigate the role of Piezo1 in 
chronic itch conditions, Hill and colleagues  
turned to a mouse model of atopic dermatitis. 
In this model, topical treatment with a 
vitamin D analogue induces chronic itch, result-
ing in increased scratching, alloknesis and skin 
inflammation. Deletion of the Piezo1 gene in 
these mice significantly reduced alloknesis and 
resulted in less time spent scratching. 

In addition, the authors demonstrated that 
treatment of sensory neurons with histamine 
in vitro did not alter the expression of Piezo1 ion 
channels, but instead made them more sensi-
tive to mechanical stimulation, suggesting that 
histamine induces alloknesis in part by modi-
fying the Piezo1 channel. It is likely that other 
pathways, such as those involving LTMRs, also 

contribute to histamine-induced alloknesis.
These data provide strong evidence not only 

that Piezo1 drives mechanical itch, but also that 
it has a role in the development of alloknesis. 
When Hill and colleagues applied a Piezo1 
inhibitor to the mice with induced atopic der-
matitis, they observed a significant decrease in 
alloknesis, highlighting the therapeutic poten-
tial of targeting Piezo1 to treat some forms of 
itch sensitization.

Taken together, Hill and colleagues’ 
work clearly demonstrates that Piezo1 in 
Nppb-expressig neurons is involved in medi-
ating mechanical itch. Future research should 
investigate how the newly discovered Piezo1 
pathway can be integrated into previous mod-
els of mechanical itch and alloknesis, such as 
those mediated by LTMRs. The study also pro-
vides the first evidence, to our knowledge, that 
the neurons that contribute to chemical itch 
can also initiate mechanical itch, suggesting 
that the same sensory neuron can produce 
both the sensitization underlying alloknesis 
and the sensation of alloknesis itself.

Looking at the results from a therapeutic 
perspective, the mechanisms that regulate 
mechanical itch and alloknesis in the authors’ 
mouse models might differ from those that 

underlie human alloknesis. Mutations in the 
human PIEZO1 gene have been reported that 
facilitate the channel’s function10 — it will be 
interesting to see whether people carrying 
these mutations experience heightened 
mechanical itch. Finally, the demonstra-
tion that Piezo1 has a role in mediating itch 
provides a potential therapeutic target for 
the treatment of alloknesis. 
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Nitrogen is crucial for all known life, but it is 
predominantly found in its most unreactive 
form, gaseous dinitrogen (N2). The challeng-
ing process of nitrogen fixation, in which 
dinitrogen is chemically reduced to make 
bioavailable forms of nitrogen, is achieved 
in nature only by lightning, and by a group of  
bacteria and archaea called diazotrophs1. 
These micro organisms use clusters consisting 
of two fused cube-shaped molecules contain-
ing iron atoms to enable fixation, but the exact 
mode of binding and reduction of dinitrogen is 
still unclear. Ohki et al.2 report on page 86 that 
iron atoms located at the corner of a synthetic 
cube-shaped molecule can bind and reduce 
dinitrogen, providing a fresh clue about the 
molecular machinery that nature uses for 
nitrogen fixation.

It is well established that diazotrophs 

use enzymes called nitrogenases to reduce 
di  nitrogen into ammonia (NH3), the key build-
ing block for the biosynthesis of molecules 
that make up proteins, DNA and many vita-
mins. Like several other enzymes found in 
nature, nitrogenases contain cube-shaped 
molecules, known as clusters, made from iron 
and sulfur atoms. Such iron–sulfur clusters 
are generally used to transport and store 
electrons in enzymes. However, unlike other 
enzymes, nitrogenases also contain a cluster 
that looks as if two iron–sulfur cubes have 
been fused together around a single carbon 
atom (Fig. 1a). The difficult tasks of binding 
dinitrogen and reducing it to ammonia take 
place at this cluster.

Decades of biochemical analysis — mainly 
on fixation by the most active variant of the 
cluster, which contains a molybdenum atom 

Inorganic chemistry

Iron in a molecular cube 
reduces nitrogen
Daniël L. J. Broere

Enzymes use molecular clusters containing iron and sulfur 
atoms to bind and ‘fix’ nitrogen gas into a bioavailable form. 
A synthetic cluster that binds and reduces nitrogen molecules 
casts light on the mechanism of fixation. See p.86
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