
Water is made of oxygen and 
hydrogen, and splitting water 

molecules to produce hydrogen for 
fuel is a promising path for alterna-
tive energy. One of the main obsta-
cles to making hydrogen production 
a reality is that current methods of 
water splitting result in hydrogen per-
oxide also being formed: This affects 
both the efficiency of the reaction 
and the stability of the production 
process. Israeli and Dutch research-
ers from the Weizmann Institute of 
Science and Eindhoven University 
of Technology have succeeded in al-
most fully suppressing the production 
of hydrogen peroxide by controlling 
the spin of electrons in the reaction. 
The group published these find-
ings this week in the Journal of the 
American Chemical Society (JACS). 
The efficient production of hydrogen 
paves the way toward the use of solar 
energy to split water. 

The goal is to produce hydrogen 
with photoelectrochemical (solar) 
cells, using light to split water. 
Unfortunately, the breaking apart of 
water molecules has been, up to now, 
relatively inefficient, and the hydro-
gen peroxide formed as a by-product 
corrodes some of the electrodes, thus 
further reducing the efficiency of the 
process.

Electron spin
The researchers, led by profes-

sors Ron Naaman of the Weizmann 
Institute of Science and Bert Meijer 
of Eindhoven University of Technol-
ogy, are the first to have specifically 
investigated the role of the spin – 
the internal magnetic moment – of 
electrons involved in these basic, 
oxygen-based chemical reactions. 
They hypothesized that if both spins 

could be aligned, the formation of 
hydrogen peroxide would not occur, 
because the ground state of hydrogen 
peroxide needs two electrons with 
opposite spins. Oxygen, in contrast, 
is produced when the electrons have 
parallel spins. 

Expectations exceeded
The secret to success was paint: 

The researchers covered one of the 
photoelectrochemical cell electrodes 
– the titanium-oxide anode – with 
organic paint containing chiral 
(molecules that are mirror images of 
each other), supramolecular struc-
tures of organic paint. These unique 
structures enabled the scientists to 
inject only electrons with their spins 
aligned in a certain direction into the 
chemical reaction. This work was 
based on previous findings from  

Naaman’s lab group, demonstrating 
that the transmission of electrons 
through chiral molecules is selective, 
depending on the electrons’ spins. 
“The effect on water splitting exceed-
ed our expectations,” says Naaman. 
“The formation of hydrogen perox-
ide was almost entirely suppressed. 
We also saw a significant increase 
in the cell’s current. And because 
chiral molecules are very common in 
nature, we expect this finding may 
have significance in many areas of 
research.” 

The researchers are not yet able to 
say exactly how well this finding can 
improve the efficiency of hydrogen 
production. “Our goal was to be able 
to control the reaction and to under-
stand what exactly was going on,” 
explains Meijer. “In some ways, this 
was a stroke of luck because the su-
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Controlling Electron Spin for Efficient Water Splitting 

Supramolecular structures select spins only if they are chiral 

The method could lead to solar-based production of hydrogen for fuel 



In addition to the classic stress 
response in our bodies – an acute 

reaction that gradually abates when 
the threat passes – our bodies appear 
to have a separate mechanism that 
deals only with chronic stress. These 
Weizmann Institute of Science find-
ings, which recently appeared in  
Nature Neuroscience, may lead to 
better diagnosis of and treatment for 
anxiety and depression. 

Dr. Assaf Ramot, a postdoctoral 
fellow in Prof. Alon Chen’s group in 
the Weizmann Institute’s Neurobiol-
ogy Department, led the research pin-
pointing a small, previously unknown 
group of nerve cells in the paraven-
tricular nucleus, or PVN, within the 
hypothalamus – a part of the brain 
involved in regulating many of the 
body’s reactions. These cells’ position 
in the PVN led the researchers to sup-
pose that the nerve cells play a role in 
the stress response.

Chen explains that in the well-
known stress response, the neuro-
transmitter CRF is released from the 
PVN and goes to the pituitary. The 
pituitary releases hormones that then 
cause the adrenal gland to flood the 
bloodstream with the “stress hor-
mone” cortisol. Cortisol, along with 
the regular stress response, lowers 
the production of CRF, thus causing a 
negative feedback loop in which the 
mechanism slows down and stops.

The newly-discovered nerve cells 
express a receptor, CRFR1, on their 
outer walls, which enables them 
to take in the message of the CRF 
neurotransmitter. The experiments 
showed that in mice the cortisol actu-
ally increases the number of CRFR1 
receptors on these nerve cells, sug-
gesting a positive feedback loop that 
could be self-renewing, rather than 
abating. 

Working with Prof. Nicholas 
Justice’s group at the University of 
Texas, Houston, Chen, Ramot and 
their group first characterized this 
special population of nerve cells, la-
beling them with fluorescent proteins 

in the brains of genetically engineered 
mice. When they removed the adrenal 
glands of these mice, and thus pre-
vented the production of cortisol, the 
receptors did not appear on the PVN 
nerve cell walls, while injecting syn-
thetic stress hormones caused them to 
appear and restart the chain reaction.

Next, the researchers asked when 
and how the CRFR1 cycle is initi-
ated. They compared mice genetically 
engineered to lack the receptor with 
a control group and exposed them to 
different kinds of stress, testing the 
hormones in their blood afterward. 
When the mice experienced acute 
stress, both groups reacted in a similar 
manner, and their hormone levels 
were also similar. But chronic stress-
ors told a different story: The geneti-
cally engineered mice stayed calmer 
and had lower levels of the cortisol-
like hormone. 

“In other words,” says Ramot, “the 
CRFR1 system is a separate one that 
evolved to deal with chronic stress.” 
Chen adds: “Some studies have shown 

that patients suffering from depression 
have more of this receptor than aver-
age, and this suggests further avenues 
of research and even ways to treat, in 
the future, disorders that arise from 
chronic stress.”       ❙

  
Prof. Alon Chen’s research is  
supported by the Carl and Micaela 
Einhorn-Dominic Center for Brain 
Research, which he heads; the Nella 
and Leon Benoziyo Center for Neuro-
sciences, which he heads; the Norman 
and Helen Asher Center for Brain 
Imaging, which he heads; the Henry 
Chanoch Krenter Institute for Bio-
medical Imaging and Genomics; the 
Perlman Family Foundation, Founded 
by Louis L. and Anita M. Perlman; the 
Irving Bieber, M.D. and Toby Bieber, 
M.D. Memorial Research Fund; the 
Adelis Foundation; the Appleton  
Family Trust; Mr. and Mrs. Bruno 
Licht, Brazi; and the Ruhman Family 
Laboratory for Research in the  
Neurobiology of Stress.  
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Keeping Up the Pressure

Brain tissue from genetically engineered mice. Neurons that express CRFR1 appear 
in green and those that release the neurotransmitter CRF are in red. The image was 
obtained with fluorescence microscopy  

http://pubs.acs.org/doi/pdfplus/10.1021/jacs.6b12971

http://www.nature.com/neuro/journal/vaop/ncurrent/full/nn.4491.html

pramolecular structures had not origi-
nally been intended for this purpose. It 
goes to show how important supramo-
lecular chemistry is as a fundamental 
field of research, and we’re very busy 
optimizing the process.”   ❙  

Prof. Ron Naaman’s research is sup-
ported by the Benoziyo Endowment 
Fund for the Advancement of Sci-
ence; the Nancy and Stephen Grand 
Research Center for Sensors and 
Security; the Rothschild Caesarea 

Foundation; the Weston Nano- 
physics Challenge Fund; and the 
Estate of Olga Klein Astrachan. Prof. 
Naaman is the incumbent of the Aryeh 
and Mintzi Katzman Professorial 
Chair. 

A new mechanism is found to regulate the chronic stress response 
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If you get up in the morning feel-
ing energetic and clearheaded, you 

can thank your liver for manufactur-
ing glucose before breakfast time. 
Among a host of other vital func-
tions, it clears our body of toxins 
and produces most of the carrier 
proteins in our blood. In a study 
reported recently in Nature, Weiz-
mann Institute of Science research-
ers showed that the liver’s amazing 
multitasking capacity is due at least 
in part to a clever division of labor 
among its cells.

Each of the liver’s microscopic, 
hexagonal lobules consists of onion-
like concentric layers. By mapping 
gene activity in all the cells of a 
liver lobule, Dr. Shalev Itzkovitz of 
Weizmann’s Molecular Cell Biology 
Department and his research team 
have revealed that these layers each 
perform different functions. Itzko-
vitz says: “We’ve found that liver 
cells can be divided into at least nine 
different types, each specializing in 
its own tasks.”

The scientists found, for instance, 
that the synthesis of glucose, blood-
clotting factors and various other 
materials takes place in the outer 
layers of the liver lobule. “These 
layers are rich in the oxygen needed 
to fuel these costly synthesis pro-
cesses,” explains Itzkovitz.

The inner layers of the liver 
lobules revealed themselves to be 
the sites where toxins and other 

substances are broken down. The 
middle layers also proved to have 
their own functions, rather than 
serving as mere transition zones: 
The researchers found, for example, 
that cells in these layers manufac-
ture the hormone hepcidin, which 
regulates iron levels in the blood.

The scientists also discovered 
that certain processes, such as the 
manufacture of bile, proceed across 
several different layers, in some-
thing like a production line.

These discoveries emerged when 
the researchers created a spatial atlas 
of gene expression for all liver cells, 
the first of its kind for this organ. In 
collaboration with Prof. Ido Amit of 
Weizmann’s Immunology Depart-
ment, they analyzed the genomes of 
1,500 individual liver cells, estab-
lishing patterns of expression for 
about 20,000 genes in each cell. In 
parallel they visualized intact liver 
tissue, locating individual messenger 
RNA molecules under a fluores-
cence microscope, using a method 
developed by Itzkovitz and his 
colleagues. Special algorithms then 
enabled the researchers to establish 
both the gene expression in each cell 
and the location of these cells in the 
liver lobule. They found that more 
than half of the 7,000 genes ex-
pressed in the liver vary in activity 
from one layer to another, a number 
that is about ten times greater than 
previous estimates.

Such in-depth analysis of gene 
expression may help clarify the 
course and origin of common liver 
disorders, including liver cancer and 
non-alcoholic fatty liver disease, 
which affects about a fifth of the 
population in developed countries. 
In addition the approach devel-
oped in the new study may now 
be applied to map gene expression 
elsewhere in the body.

The research team included post-
doctoral fellows Drs. Keren Bahar 
Halpern, Beata Toth, Doron Lemze 
and Andreas E. Moor and graduate 
students Rom Shenhav, Matan Golan, 
Efi Massasa, Shaked Baydatch, 
Shanie Landen and Avigail Stokar-
Avihail of the Molecular Cell Biology 
Department, as well as graduate 
students Orit Matcovitch-Natan, 
Amir Giladi and Eyal David from 
Prof. Amit’s lab in the Immunology 
Department and staff scientist Dr. 
Alexander Brandis of Weizmann’s 
Life Sciences Core Facilities.    ❙ 

 
Dr. Shalev Itzkovitz’s research is 
supported by the Henry Chanoch 
Krenter Institute for Biomedical 
Imaging and Genomics; the Rothschild 
Caesarea Foundation; the Cymerman 
- Jakubskind Prize; and the European 
Research Council. Dr. Itzkovitz is the 
incumbent of the Philip Harris and 
Gerald Ronson Career Development 
Chair. 
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Gene Analysis Adds Layers to Understanding  
How Our Livers Function

A cross section of a mouse liver lobule under a fluorescence microscope. The middle layer reveals an abundance of messenger 
RNA molecules (white dots) for the gene encoding hepcidin, the iron-regulating hormone

Tracking gene expression patterns for 20,000 gene in 1,500 cells revealed a mosaic of activities 

http://www.nature.com/nature/journal/vaop/ncurrent/full/nature21065.html

