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Swelling and breaking up
A Christmas tree ball? A new planet? Both is wrong. The photograph taken by a light microscope shows  

beech wood that has been broken up by an ionic liquid. Such salts, which liquefy below 100 degrees Celsius,  
make wood swell and break it down gently. This makes it easier to extract valuable components such as cellulose  
and lignin from the wood. These could replace fossil raw materials as the starting material for various products.  

Researchers from Jülich and Aachen are helping to optimise processes involving such liquids so that  
these processes can be used in industry.

This video shows the effect of the liquid: fzj.de/ionische-fluide

http://fzj.de/ionische-fluide
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Little animals –  
big benefits

You can access effzett on all  
devices – from smart phones to PCs. 
Simply access it online:
effzett.fz-juelich.de/en

Read the
online magazine

now

There’s
even more!

Antoni van Leeuwenhoek was one of the first people to see them: tiny crea-

tures romping about in ponds, puddles and human saliva. He christened 

the small, multiform creatures, which he discovered around 1675 with the 

help of his unique homemade microscope, “dierken” (Dutch for “little an-

imals”). In English, they became “animalcula”. The hobby researcher sent 

his observations to the renowned Royal Society in London. They reacted 

sceptically at first. However, his discovery was reviewed and confirmed. 

Today, the animalcula are called microorganisms. Researchers have long 

since begun to observe not only the outer shell, but also the inner life and 

metabolism of the tiny organisms, such as bacteria. Their ability to grow 

under the most adverse conditions, digest toxic substances and produce 

materials with low energy input makes them highly interesting – also for 

industry. Our cover story shows how Jülich biotechnologists use them in 

their endeavour to establish a biobased recycling management – in which 

bacteria use plastic and plant waste as nutrients and thereby produce new 

raw materials. 

You can also read what shock-frozen molecules can reveal about Alzheim-

er’s and diabetes, how artificial intelligence helps to map the brain, and 

what the latest upgrade of the Jülich supercomputer promises.

We hope you enjoy this issue.

Your effzett editorial team
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Every year, 273 billion litres of tea are consumed  
across the globe, and the trend keeps growing. A German- 

Chinese team with Jülich participation analysed the genetic 
material of more than 200 types of tea. In the process, the team 

discovered which gene variants are responsible for the production 
of those ingredients that are considered to be advancing health. 

The team carried out comparative research both on old and  
wild as well as on cultivated tea plants from 16 provinces  

in China. The new knowledge will make it possible to  
breed particularly healthy varieties in the future.

– I N S T I T U T E O F B I O - A N D G E O S C I E N C E S –

L I F E  S C I E N C E S

A cup of health

Platinum is considered a very good catalyst for the  
reduction of oxygen to water at the cathode of fuel cells.  

However, the platinum particles dissolve over time.  
An international team with Jülich participation discovered  

how atoms move, arrange or even detach from the platinum  
surface during this undesirable process. This knowledge can  
help to increase the stability of the catalyst and thus improve  

the hydrogen propulsion of vehicles, for example by using  
special additives that suppress atomic movement. 

– I N S T I T U T E O F B I O - A N D G E O S C I E N C E S –

M AT E R I A L S R E S E A R C H

How platinum dissolves
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Commercially available lithium-ion batteries, for example in smartphones and  
electric cars, have an anode made of graphite. Theoretically, batteries with silicon anodes 

should be able to store many times more energy, but in practice, they wear out after a short 
time. Researchers at Jülich have now discovered a cause for this: the two layers that form on  
the silicon anode are not uniform, causing cracks and defects in the anode during charging. 

According to the researchers, these layers are a promising starting point for  
counteracting rapid battery ageing. 

– I N S T I T U T E O F E N E R GY A N D C L I M AT E R E S E A R C H –

Tracking defects

Magnetic nanoparticles are interesting for data storage,  
batteries and medical applications. However, they behave  

differently than previously assumed: under the influence of a  
magnetic field, the core of a particle – in which the magnetic  

moments are ordered – grows. The surface area, on the other hand, 
where magnetic moments are disordered, becomes thinner.  

These findings are important for the targeted use of nanoparticles. 
An international team including Jülich researchers carried out  
special experiments with neutron scattering for this purpose. 

– J Ü L I C H C E N T R E F O R N E U T R O N S C I E N C E –

M AT E R I A L S R E S E A R C H

Unexpected reaction  
of nanoparticles

The skeleton of cells is constantly in motion:  
elements of the cell skeleton are constantly being decomposed,  

built up or reorganised. Jülich researchers have developed models 
and techniques to simulate these dynamic processes on the computer. 

In this way, they want to better understand what is going on in the 
cell. The findings are supposed to help develop so-called active  

materials. These are materials that adapt their properties  
independently to changing environmental conditions. 

Watch the video in the online magazine: effzett.fz-juelich.de/en

– I N S T I T U T E O F B I O L O G I C A L I N F O R M AT I O N P R O C E S S I N G / 
I N S T I T U T E F O R A D VA N C E D S I M U L AT I O N –

B I O P H Y S I C S

Always on  
the move

http://effzett.fz-juelich.de/en
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The North American herbaceous plant Sida 
hermaphrodita has great potential as a supplier of  

biomass: it grows even on poor soils and develops up  
to a third more biomass than maize. For using it as  
a heating material, Jülich researchers have found  
that pellets would be ecologically most sensible.  

They also found that growing two plants per square  
metre would be most economical. The pilot project  
BioökonomieREVIER involves plans to cultivate the  

plant on a trial basis and find out whether the biomass 
can also, for example, be used for insulation material  

or as a raw material supplier for basic chemicals. 

– I N S T I T U T E O F B I O - A N D G E O S C I E N C E S –

B I O EC O N O M Y

Alternative 
heating fuel

150
million euros

is provided by the European  
Commission for the final phase of the  

Human Brain Project (HBP). In the HBP,  
researchers from 131 European institutions  
explore the functioning of the human brain.  

The findings are increasingly being incorporated 
into medicine, technologies and computing.  

The expansion of the digital research  
platform EBRAINS is intended to contribute  
to this. It will continue to provide resources,  

such as current data, analyses and brain  
simulations, after the end of the  

project (see also page 18).

– I N S T I T U T E O F N E U R O S C I E N C E A N D M E D I C I N E –

Prof. Dieter Willbold and his Jülich and Düsseldorf  
teams have been awarded one of the three “Innovation  

Prizes of the BioRegions in Germany” 2020 for the development  
of an Alzheimer’s drug candidate. The patented drug candidate  

RD2 takes a new, so-called anti-prionic approach: it breaks down  
the amyloid beta oligomers, which play a crucial role in the  

disease process, and prevents them from forming again.  
RD2 has meanwhile completed the first of three phases  

of clinical trials required for drug approval. 

– I N S T I T U T E O F B I O L O G I C A L I N F O R M AT I O N P R O C E S S I N G –

M E D I C I N E

Excellent
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With microorganisms 
and enzymes against 
the plastic flood: Nick 
Wierckx and his team 
want to use bacteria 
to decompose plastic 
waste. New raw  
materials are to be 
generated in the 
process.
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Appetite 
for trash

Plastic litters our earth up to every nook and cranny.  
Tiny creatures could eliminate this problem: bacteria. In the  

future, they are not only to break down this waste, but also to extract 
valuable components for environmentally friendly products.  

They could also use plant waste to produce useful raw materials. 
Jülich biotechnologists want to establish a biobased recycling  

economy in this way.

359 million tonnes of petroleum-based plastics 
are currently produced worldwide each year, 
and counting. Around 80 percent of these are 
nondurable products such as bags, bottles, films 
or packaging. “Only 14 per cent of this waste, in 
turn, is collected worldwide and only 12 per cent 
of this small proportion is recycled at all, which 
is only 5 million tonnes,” explains Prof. Nick 
Wierckx from the Jülich Institute of Biotechno-
logy (IBG-1). Germany, for example, had a recy-
cling rate of only 15.6 per cent according to the 
Plastic Atlas 2019. “The rest usually ends up in 
waste-to-energy incineration plants, while in other 
regions of the world, it often ends up in badly 
managed landfills or, in the worst case, simply in 
wild dumps in nature,” says the biotechnologist. 

Even though drinking straws and other dispo-
sable plastic tableware will be banned in the 
EU from mid-2021, the plastic waste of the past 
decades has long since accumulated everywhere: 
not only in the form of clearly visible rubbish 

W hen Japanese researchers dis-
covered bacteria that nibble 
at plastic bottles in 2016, even 
the experts were astonished. 
After all, the smooth artificial 

surfaces had been considered indigestible until 
then. For the time being, however, the microor-
ganisms from Japan will not solve the worldwide 
plastic waste apocalypse, from the Great Pacific 
Garbage Patch to the omnipresent microplastics. 
They simply work too slowly. Jülich biotech-
nologists are now approaching the topic from 
two sides. For one thing, they cultivate bacteria 
that decompose plastic waste more quickly and 
produce residual materials from which bioplas-
tics can be made. For another thing, they train 
microorganisms to produce building blocks for 
recyclable bioplastics and other products from 
plant waste. The goal of Jülich biotechnology:  
a biobased recycling economy that produces va-
l uable raw materials from supposedly worthless 
residual materials. 
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Japanese scientists discovered four years ago. 
Ideonella sakaiensis was found on half-rotten PET 
bottles not far from a recycling plant. The bacteri-
um first attaches itself to the plastic and secretes 
enzymes. These enzymes separate the long chain 
molecules of PET into their individual links. The 
bacterium then continues to metabolise these 
fragments until only water and carbon are left.

FASTER AND MORE EFFECTIVE
“Unfortunately, these bacteria found in Japan 
work extremely slowly. A thin strip of plastic only 
a few centimetres in size took the bacteria over 
60 days to decompose,” says Nick Wierckx. Their 
performance fluctuates in the process: sometimes 
the bacteria are very busy, sometimes they are 
not. Moreover, Ideonella reproduces very slowly. 
Wierckx and his team are therefore focusing on 
the bacterium Pseudomonas putida. Using opti-
mised enzymes, the plastic is first decomposed 
within a few days at high temperatures. The bac-
teria then continue to convert the plastic broth. 

“Pseudomonas putida is very robust and an old 
acquaintance when it comes to cleaning contami-
nated soil. It even survives in an environment 
with high levels of pollutants and toxins,” ex-
plains the expert. It is precisely this property that 
is important, as the researchers have developed 
a decomposition method that makes things un-
comfortable for microorganisms: the researchers 
do not apply the bacterium to individual plastic 
bottles, but let it work in a broth of different 
plastics. 

in ditches and on the beach or in huge plastic 
patches in the oceans, but also in the form of 
fibres and microparticles invisible to the naked 
eye. These stem from the abrasion of clothing and 
car tyres, disintegrated packaging or cosmetic 
products. Some of them are so tiny that they are 
blown away by wind and washed down from the 
sky by rain. 

Researchers find the finely ground plastics in 
snow from the Alps to the Arctic, in rivers and 
lakes just the same, even in the spray of seawater, 
in groundwater and tap water, as well as in the 
topsoil of arable land. They even found it in Ger-
man beer. It therefore comes as no surprise that 
the plastic residues also reach the air we breathe 
and the food chain. They are associated with 
cancer, inflammatory processes and hormonal 
disorders. 

Prof. Wierckx and his colleagues have two plans: 
first of all, they want to tackle the mountain 
of plastic waste with the help of enzymes and 
bacteria and break it down in an eco-friendly 
way. They then want to produce new, biobased 
plastics from the individual components that are 
created during decomposition. They were in-
spired, among other things, by the bacterium that 

Biotechnology  
unites
 
Jülich researchers are looking deep into the cells: they want to understand 
how they work, where their particular strengths, and weaknesses, lie. To do so, 
they are deciphering the chemical, biological and genetic make-up of microor-
ganisms and exploring their metabolism in order to realign it for various ap-
plications. “Thanks to such optimised microorganisms, superior products can 
be produced from plant and industrial residues and raw materials. This makes 
it clear: biotechnology is a crucial element in establishing a true recycling 
economy in the sense of a sustainable bioeconomy,” explains Prof. Wolfgang 
Wiechert, Director of Jülich’s Biotechnology institute (IBG-1). To this end, the 
researchers have been working closely with scientists from a wide range of 
disciplines for over ten years, both internationally and within the Bioeconomy 
Science Center, a network of RWTH Aachen University, Forschungszentrum 
Jülich and the universities of Düsseldorf and Bonn. They are also involved in 
the structural change of the model region BioökonomieREVIER Rheinland. “We 
are researching questions here for which there are no standard solutions yet,” 
emphasises Wiechert.

8.3
billion  
tonnes

of plastic have been  
produced worldwide over  

the past 70 years. 

The forces of nature grind plastic waste into ever 
smaller fragments until they are no longer visible  
to the naked eye.



“In this plastic broth, special enzymes have 
predigested the various plastics, which makes our 
bacteria’s work easier. We developed the process 
together with colleagues from RWTH Aachen 
University and Leipzig University,” explains Nick 
Wierckx. The advantage of the mixture of differ-
ent plastics: the plastic waste does not have to be 
presorted. “In the broth, the bacteria decompose 
exactly those plastics for which their new enzyme 
equipment is suitable – in our specific case, the 
plastic type PET, but also biodegradable plastic 
such as PLA. What remains will be chemically 
processed,” says the biotechnologist. In this way, 
the Jülich laboratory bacteria decompose plastic 
fragments in four days that, in nature, would still 
not have finished decomposing after 400 years. 

The researchers’ aim is to get their bacteria to di-
gest as many different types of plastic as possible 
so that the recycling process will be as efficient as 
possible. In addition, the Jülich researchers are 
also getting Pseudomonas to synthesize valuable 
chemicals such as aromatic compounds from the 
colourful plastic broth. These aromatics can then 
be used to produce new, more environmentally 
compatible plastics. The circle is thus complete: 
from plastic waste to new, environmentally 
friendly materials.

FINDING NEW WAYS
Together with research groups from Heinrich 
Heine University Düsseldorf, the Jülich bio-
technologists are pursuing a number of paths to 
achieve this. One path leads through point muta-
tions – tiny, targeted changes in genetic informa-
tion that cause the bacteria to also produce other, 
more helpful enzymes. Another path is to repli-
cate already known enzymes on the computer 
in order to understand their interaction with the 
plastic molecules in detail. Computer simulations 
are then used to find a better – that is, more effec-
tive – variant that, for example, degrades plastics 
even faster. The third path is to find previously 
unknown enzymes in bacteria that, for example, 

Multi-talented  
microorganism
 
Brewing beer, baking bread, making cheese, yoghurt or kimchi, delivering 
medicines and pesticides, boosting digestion – microorganisms are ubiqui-
tous helpers in and around us. Yes, some make us ill, but others help us to 
stay healthy or get healthy again. Bacteria, microalgae and yeasts also play a 
central role when it comes to healing our earth: leaving fossil raids and brutal 
exploitation of nature behind, towards a biobased recycling economy. In order 
to exploit the full potential of nature without bleeding it, there is no getting 
around these tiny jack-of-all-trades. After all, their ability to decompose even 
the most persistent materials – from massive logs to plastic bottles or oil 
residues – and convert them into energy or recyclable raw materials is the 
linchpin of an environmentally friendly economy. 

“In our broth,  
the bacteria decompose  

plastics like PET, but also  
biodegradable plastic  

such as PLA.”
P R O F.  N I C K W I E R C K X ,  

I N S T I T U T E O F B I O - A N D G E O S C I E N C E S ( I B G -1 )

ARTISTIC WASTE RECYCLING
Czech artist Veronika Richterova, too, uses 
plastic waste as a raw material: she has 
been creating lamps, sculptures, animals 
and plants out of PET bottles, including the 
flowers on our cover, since 2004. By now, the 
artist has turned thousands of bottles into 
objets d’art. More of her work can be seen at:
www.veronikarichterova.com/en

1 1

http://www.veronikarichterova.com/en
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ADDED VALUE WITH BACTERIA 
“The potential use of such microorganisms is 
of particular importance in sewage treatment 
plants,” says Wierckx, “because up until now, 
the filters in the plants have not been sufficient 
enough to completely remove the artificial 
substances, fibres and microparticles from the 
wastewater.” It would be even better if the textile 
fibres were directly biologically produced and 
biodegradable. 

This is the aim of a new project in which Jülich 
researchers are involved. In the Glaukos project, 
named after a Greek sea god, they aim to develop 
biobased and biorecycled textile fibres suitable 
for both fishing nets and clothing: it is not only 
the abrasion of functional clothing that ends up 
in the water and finally in the sea, but also fishing 
nets made of synthetic fibres. After all, such 
fibres and nets account for 27 per cent of plastic 
waste in European waters. 

The novel nets and textiles are environmentally  
friendly in two ways: they do not consume 
fossil resources, and they rot naturally without 
releasing microplastics. “This project is a prime 
example for completely new types of value chains 
that are only possible with the help of microbiol-
ogy and one which we are working on at Jülich,” 
summarises institute director Prof. Michael Bott. 

work at lower temperatures so that they could 
also be used in sewage treatment plants. “In 
collaboration with our partners in the PlastiSea 
project, we want to find such candidates, such 
as in the Atlantic garbage patch,” says doctoral 
researcher Rebecka Molitor from the Düsseldorf 
Institute for Molecular Enzyme Technology. “We 
have already discovered that marine bacteria of 
the species Pseudomonas aestusnigiri also process 
plastics,” she adds. 

Such brine bacteria are difficult to keep in the 
laboratory because their requirements in terms of 
temperature and environment are too complex – 
but the researchers at Jülich and Düsseldorf are 
nevertheless examining their enzymes closely. 
For example, they have transferred the genetic 
information of the enzymes into comparatively 
undemanding bacteria. In the laboratory, the 
modified bacteria can be used to break down 
poly ester from textile coatings or PET compo-
nents. Such plastics wrap synthetic fibres of 
waterproof or windproof clothing, for example. 
After each wash, residues are found in the waste 
water and finally in the environment. 

Little  
architects
 
Enzymes are complex proteins. They build up, break down or convert mole-
cules such as nutrients or pollutants in living organisms without themselves 
being consumed or changed. Generally, a multi-layered cascade of enzyme 
reactions allows for a successful metabolic process sequence. This is why, for 
complicated processes such as the degradation and conversion of plastics, 
biotechnology uses bacteria that have the desired enzyme cascades, either 
naturally or through gene transfer. The process then usually takes place within 
the bacteria. Individual, isolated enzymes are sometimes sufficient in simple 
processes, for example in washing laundry. The enzymes are contained in the 
detergent and help to remove stains even at low temperatures.

450
years 

is how long it takes  
for a package, bottle, curd  

cheese cup or plastic  
bag to decompose  

in nature. 

“The project is  
a prime example  
for completely  
new types of  

value chains that  
we are working  
on at Jülich.”

P R O F.  M I C H A E L B O T T,  
H E A D O F “ S Y S T E M I C  

M I C R O B I O L O GY ” AT I B G -1
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Jülich researchers do not only have an eye on 
plastic waste as a source of raw materials. An-
o ther huge mass of unused resources is plant 
waste, which accounts for around 50 per cent 
of the world’s harvests. Microbiologist Prof. Jan 
Marienhagen and bioprocess engineer Dr.-Ing. 
Stephan Noack have joined forces for this pur-
pose. Their aim is to obtain valuable biocompo-
nents from plant waste, which is usually shredded 
and ploughed under or burned. 

They both want to understand the metabolism of 
bacteria in every detail and optimise it. On this 
basis, they then develop industrially relevant 
production processes. Ideally, this means putting 
the shaggy remains of pressed sugar cane, the 
bagasse, in as the input and getting valuable basic 
components for bioplastics, medicines, food or 
cement additives as the output. “Bagasse, straw 
or wood waste have the advantage that they are 
natu rally degradable and do not require extra 

plants to be grown. So no additional cultivable 
land is swallowed up, and thus there is no com-
petition with food production,” says Jan Marien-
hagen. “However, fungi and bacteria that meta-
bolise the sugar components of these plant wastes 
and convert them into higher-quality products 
are often unsuitable for use in the laboratory 
because their nutritional and environmental 
requirements are usually very specific,” he adds. 

VALUABLES FROM SUGAR
The bacterium Caulobacter crescentus is one of 
these special fellows, which can, for example, 
utilise the sugar xylose. Xylose is an essential 
component of plant cell walls and accounts for 
up to 20 per cent of plants’ biomass, including 
sugar cane. The bacterial decomposition of xylose 
generates intermediates that are of great interest 
to industry: D-xylonate could be used in the 
production of cement and food dyes in the future; 
succinate is already being used in the production 

Spinning straw into gold

For biotechnologists, 
straw, wood waste or 
bagasse from sugar  
cane production are a 
source of raw materials: 
valuable substances can 
be extracted from them 
with the help of bacteria.

Continued on page 16
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Working in the bioreactor
Bioreactors are like small factories. However, it is not workers who are toiling away at  

heavy machines inside them, but tiny bacteria that metabolise and produce an amazing  
variety of substances. In order to achieve maximum performance, the tiny creatures  

have to be particularly comfortable. They need special living conditions for this.

Nutrients
Many bacteria like sugar;  

all of them need trace elements  
and vitamins. The nutrients  
must be supplied regularly.

Foaming
Foam is created by stirring, for example. 

It can clog the exhaust air filters and 
therefore needs to be destroyed either 

chemically or mechanically.
Temperature

Every bacterium has its own  
comfort temperature. If it is too warm, 

this damages the bacteria; if it is too 
cold, the metabolism and thus  

productivity drops. 

Mixing
To ensure that bacteria everywhere in 

the reactor receive sufficient nutrients 
and oxygen, the liquid is constantly 

being mixed – mostly by stirring,  
sometimes by blowing in gas. 

37ºCReactor sizes
In litres

1–10
In the laboratory

10–300
Test plant for the industry

< 20,000,000
Waste water bioreactor

500–1,500,000
Industrial production

≈ 2,500,000
Olympic swimming pool

For comparison:
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Harvesting
In order to obtain the desired substances, 
liquid is tapped via a valve, from which the 
substances are filtered.

Oxygen
Many bacteria need oxygen to breathe. 
The oxygen content is regulated via a  
fresh air supply.

Reactor material
This is mostly glass or steel – the material must be  
stable and easy to clean. Between productions, the  
reactor is sterilised so that only the desired bacteria 
will grow there.

pH value
Bacteria also need an individual  
feel-good pH value. For this, the pH 
value is constantly being measured 
and, if necessary, readjusted.

Colourful 
workforce

Corynebacterium glutamicum 
is an important workhorse of 
research and the biotechnology 
industry. With its help, several 
million tonnes of amino acids 
areproduced every year for infu-
sion solutions and feed additives. 
The bacterium likes glucose and 
temperatures around 30 degrees 
Celsius as well as a neutral pH 
value of 7. What’s more: it can 
withstand several minutes without 
oxygen without its performance 
diminis hing. Researchers at Jülich 
use it to produce xylonate, a raw 
material of interest to industry, 
from plant waste. For this purpose, 
they have given it the special 
ability of another bacterium: of 
Caulobacter crescentus (see p. 13, 
Spinning straw into gold).

In bioreactors, research and 
industry breed different bacteria 
for different purposes. Jülich 
researchers are relying on these 
workers, among other things.

Pseudomonas putida
This is a soil bacterium that can 
even live on caffeine. Its ability to 
crack petroleum-based molecules, 
and thus bacterially recycle even 
difficult substances such as poly-
urethane, are in great demand by 
biotechnologists. Cold foam mat-
tresses or sports shoes are made 
from this material, among other 
things. At Jülich, the bacterium is 
supposed to help break down PET, 
for example.

Escherichia coli
In humans, for example, this intes-
tinal bacterium is responsible for 
the production of vitamin K. Bio-
technologists use the organism to 
produce fine chemicals, enzymes 
or drugs, such as insulin. Jülich 
researchers use it to produce 
enzymes that can, for example, be 
used as biocatalysts in the produc-
tion of active substances.
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Surprisingly, Corynebacterium glutamicum 
already has three of these five steps by nature, 
as the research group around Jan Marienhagen 
found. In addition, the bacterium, which is actu-
ally very well researched, surprised the scientists 
with a bonus: a previously unknown enzyme that 
accelerates the fifth and final step in this process. 
“The required modifications of the natural me-
tabolism to transfer the abilities of Caulobacter 
to Corynebacterium for xylose utilization could 
therefore be reduced,” says Marienhagen in 
describing the procedure. “The fewer interven-
tions, the less stress for the cells. Ultimately, they 
need to feel comfortable in the bioreactor. This is 
the only way to achieve good yields of the desired 
substances later,” adds Stephan Noack. 

The team is currently testing whether the pro-
ductivity of Corynebacterium glutamicum can be 
further increased in the laboratory. To achieve 
this, the researchers do not rely on further gene 
transfers, but on specific changes in laboratory 
conditions. For example, they examine whether 
their workhorse adapts when the nutrient supply 
varies. “The current yield of the sought-after 
substances from the new strains bred in this way 
is already very promising on a laboratory scale,” 
says a delighted Stephan Noack. The industry is 
also interested and has requested initial samples 
of the bacterially produced D-xylonate to test its 
suitability for cement production.

Sugar as a raw material could also come from 
another source, namely the regional food indus-
try: using bacteria, the UpRePP project of the 
BioökonomieREVIER Rheinland aims to convert 
sugar-containing waste into polymer compo-
nents, for example to produce bioplastics. Jan 
Marienhagen, Stephan Noack and Nick Wierckx 
are collaborating with RWTH Aachen University 
in the project. First results are expected in 2021. 

T E X T S :  B R I G I T T E S TA H L- B U S S E

of plastics and solvents; and α-ketoglutarate is a 
sought-after raw material for food supplements 
and medicines. The abilities of Caulobacter 
crescentus are therefore in demand. However, 
the bacterium has the property of attaching itself 
almost inseparably to surfaces in humid environ-
ments. “As a result, this bacterium is a nightmare 
for process development”, says Stephan Noack. 
“It would simply colonise and clog all the walls, 
pipes and the sensor technology of our laboratory 
facilities.” 

The robust and undemanding soil bacterium 
Corynebacterium glutamicum, in contrast, is 
a good-natured laboratory workhorse. It has 
enjoyed great popularity in research and industry 
for more than 60 years. With its help, biotech-
nology companies manufacture products worth 
several billion euros per year, such as vital amino 
acids for infusion solutions or as additives for 
animal feed. 

SURPRISES INCLUDED
Gene transfer between the two types of bacteria 
could thus be the solution. For this purpose, the 
researchers first looked closely at how Caulobac-
ter crescentus manages to crack the hard-to-digest 
sugar xylose. They studied both the enzymes 
involved and the associated genes that encode 
them, as well as the sequence of the five reaction 
steps in the conversion of xylose into energy and 
other metabolic products. 

Microbiologist Jan  
Marienhagen and  
engineer Stephan  
Noack work closely 
together when it  
comes to making  
bacteria fit for  
industrial use.

50
per cent 

of world  
harvests become  

plant waste.

 Read more about biotechnology  
 and the bioeconomy at Jülich in  
 the blog (in German):  
 blogs.fz-juelich.de/biooekonomie

http://blogs.fz-juelich.de/biooekonomie
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Artificial intelligence can not only control cars or analyse large amounts of data.  
As of late, it can also deliberately grab individual molecules like Lego bricks  

and combine them. This opens up new possibilities for nanotechnology.

AI plays with Lego

A tiny metal needle glides over the surface, snags a 
molecule and deposits it elsewhere. Then the proce-
dure starts all over again. “We work with molecules 
as if they were Lego bricks. This way, we can compar-
atively quickly and cheaply build complex structures 
on the nanoscale,” says Stefan Tautz, Director of the 
Peter Grünberg Institute (PGI-3), in describing what is 
possible with the new development by the Jülich and 
Berlin experts. The scientists use a so-called scanning 
tunnelling microscope, which is actually used to im-
age atomic details of surfaces. To do this, the extreme-
ly fine metal tip measures tiny electrical currents 
that flow between itself and the surface. The forces 
that occur in this process can also be used to detach 
individual molecules from the surface and place them 
elsewhere.

But: “Until now, a person controlled the tip by hand,” 
says Tautz. “The process is rather intuitive.” However, 
since different laws apply in the microcosm than in 
our everyday environment – gravity plays no role, 
for example – humans easily make mistakes. This is 
why scientists are relying on artificial intelligence 
(AI). AI is not influenced by previous knowledge and 
stoically learns about the forces that act between the 
molecule and the metal tip and how molecules can 
best be moved. “Actions by our AI that are effective are 
rewarded by the system,” explains Christian Wagner, 
head of the ERC research group Manipulation of Mole-
cules at Forschungszentrum Jülich. In this way, the AI 
becomes better and better. “Even so, it needs a great 
many repetitions under the same constant conditions,” 
says Wagner. On the nanoscale, however, this is hardly 
possible because conditions are constantly changing. 
As soon as the atoms and molecules change their ar-
rangement, other forces take effect. “In a way, it’s as if 
gravity is constantly fluctuating while you’re building 
with Legos,” Wagner compares. For this reason, the 
researchers had their AI also learn something about 
the environment in which a molecule is being moved. 
With this knowledge, AI was able to train in the virtual 
world, which accelerated the learning process enor-
mously.

The researchers see the possibility to apply their in-
vention in the production of prototypes, as it is known 
from 3D printing – only with many more possibili-
ties: “Molecules come in an almost endless variety,” 
says Tautz enthusiastically. “It is not yet possible to 
imagine what can be constructed at the nano level 
with the new method.” Quantum components or 
innovative materials, for example, are conceivable 
possibilities.

J A N O S C H D E E G

Reward

Neural
network

Molecules

Action

Artificial intelligence 
controls the movements 
of a scanning tunnelling 
microscope: it is cur-
rently training to grab a 
molecule with the tip of 
the microscope and lift 
it off – later, it will also 
be able to specifically 
place it elsewhere. The 
movements are ran-
dom at first. After each 
run, AI learns from the 
experience gained, thus 
working increasingly as 
planned.

AI practices how to  
move a single molecule 

from a layer of  
molecules (animation): 

fzj.de/nano-lego

https://fzj.de/nano-lego
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When, in 2003, together with her Canadian col-
league Prof. Alan Evans, the Jülich neuroscientist 
Prof. Katrin Amunts decided to make thousands 
of histological sections of a human brain, to stain 
and digitise them, it was completely unclear 
whether it would ever be possible to reconstruct 
this brain on the computer. At that time, there 
were no technical possibilities to cope with the 
huge amount of data. 

The researchers did not get discouraged, how-
ever, and tackled it – successfully: BigBrain 
was published in 2013. Today, scientists use the 
20-micrometre model as a reference brain. It 
offers unique neuroanatomical insights and the 
opportunity to test hypotheses. The research 
collaboration HIBALL, Helmholtz International 
BigBrain Analytics & Learning Laboratory, goes 
one step further: it aims to develop a brain model 
with an accuracy of one micrometre, that is, one 
thousandth of a millimetre. This is one of several 
projects being jointly tackled in HIBALL.

In the collaboration, more than 40 scientists are 
working on a brain atlas at the level of cellular 
resolution. They combine artificial intelligence, 
supercomputing and neuroscience. The results 
from HIBALL will be incorporated into the Hu-
man Brain Project (HBP), the European research 
flagship on the human brain; Katrin Amunts has 
been Scientific Director of the HBP since 2016. 

Prof. Amunts, during your studies, would you 
have thought that one day you would be able 
to “zoom in” on the world of the brain? 

In fact, there has been an incredibly radical 
change since I did my studies. Even then, I was 
interested in image analysis to better understand 
the architecture of nerve tissue and its functions. 
We had an image analysis system from Leitz at 
the institute at that time with which the architec-
ture of nerve cells could be quantified and statis-
tically described. Back then, this seemed to me 
to be the right way to understand the organising 
principles of the brain. This research shaped my 
further path. 

... and gave rise to BigBrain ...

Yes. When we started making histological 
sections for BigBrain in 2003, we didn’t have a 
detailed plan as to how exactly we could digitise 
the 7,404 images and reconstruct them in three 
dimensions. There was an infinite number of in-
dividual problems. So we simply trusted that we 
would be able to create the technical conditions 
one day. And that was right! The cooperation 
with our partners in Montreal, with Alan Evans 
and his team, has led to a breakthrough. Now, 
with an eye on the one-micrometre resolution,  
we are in a similar situation: we approach the 
refined brain model step by step.

They are called BigBrain, Julich-Brain or EBRAINS – laypeople may quickly lose track.  
All these projects, however, link together for one common goal: decoding the brain.  

HIBALL, a German-Canadian research collaboration, now adds another  
piece to the puzzle.

Exploring  
the brain

The expert on the atlas 
of the brain is Katrin 
Amunts. In HIBALL, the 
Jülich neuroscientist and 
Scientific Research Di-
rector of the Human Brain 
Project wants to bring 
together neuroinspired AI 
and brain research. 
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At HIBALL, you want to create a brain model 
with an accuracy of one thousandth of a milli-
metre. Why? 

At 20 micrometres, you might see most of the 
cells in BigBrain. However, there are also cells 
that are only ten micrometres in size, and these 
have previously remained blurred. Therefore, 
within each tissue section, we want to go to the 
level of one micrometre. The goal will be a spatial 
resolution of 1 x 1 x 1 micrometre. Only then can 

You have been working successfully with Ev-
ans since the 1990s. What makes the Interna-
tional Lab HIBALL so special for you? 

The research cooperation takes collaboration to 
a new level. We now also have partners from AI 
and supercomputing on board to further develop 
the BigBrain brain model, and we are expanding 
the BigBrain community with new partners who 
enhance the project with their own research 
ideas.

The Human Brain Project (HBP) is one of 
the EU’s research flagships. In the project, 
researchers from 131 institutions in Europe 
are working to understand the structure 
and function of the brain. To this end, they 
combine expertise from neuroscience with 
digital techniques, develop new methods and 
set up a freely available digital infrastructure 
(EBRAINS). The HBP also incorporates data 
from the Julich-Brain brain atlas and the 
BigBrain reference brain. 

Julich-Brain is the name of the first 3D atlas 
of the human brain that maps the variability 
of brain structure with microscopic resolution. 
Researchers digitised over 24,000 brain slices, 
assembled them in 3D and mapped them. As 
part of the EBRAINS infrastructure, the atlas 
serves to link data on function with the struc-
ture of the brain. 

BigBrain is a 3D reconstruction of a single 
human brain from over 7,404 individual tissue 
slices with a resolution of 20 micrometres. 
With the model, it is possible to see and under-
stand the complicated structure of the brain 
on the microscopic level in all three planes of 
space. BigBrain can also be used via EBRAINS.

The HBP infrastructure EBRAINS provides re-
searchers from all over the world with access 
to data and tools for analysing and simulating 
the brain. For example, they can use the maps 
of the Julich-Brain atlas or employ AI-based 
methods to better understand the division of 
responsibilities between brain areas. EBRAINS 
will also be available after the end of the ten-
year term of the HBP.

In the HIBALL research project, experts from  
Germany and Canada want to develop a three- 
dimensional brain atlas with an accuracy of one 
micrometre. 40 scientists dovetail artificial  
intelligence, supercomputing and neuroscience.  
HIBALL links the European Human Brain Project 
with the Canadian “Healthy Brains for Healthy 
Lives” initiative. 

Another piece ...

... in the big puzzle
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you see the cells with their different shapes and 
processes in more detail. This is important to 
better understand the function of the cells, and 
links can be made to brain function and cognitive 
performance. Eventually, an improved reference 
brain is to be created which will form the basis for 
many questions – for example, in medicine. 

This extremely high resolution goes hand in 
hand with gigantic amounts of data. How do 
you intend to cope with these masses? 

This is a huge challenge that we would not be able 
to meet without our Jülich Supercomputing Cen-
tre colleagues led by Thomas Lippert and Morris 
Riedel. With a spatial resolution of one micro-
metre, we are talking about several petabytes per 
brain. This amount of data can only be handled 
by using completely new analytical methods  – 
for example, those that work with deep neural 
networks or machine learning – modern memory 
and communication technologies, and powerful 
computers. On top of that, we want to analyse 
networks of nerve cells in the human brain and 
develop new network models. It should then be 
possible to deduce from this how the function of 
artificial neural networks can be improved. 

So it’s a win-win situation for neuroscientists 
and AI experts? 

Yes. On the one hand, AI and computing 
researchers benefit from high-resolution brain 
scans as well as the related knowledge and mod-
els of neural networks. On the other hand, we 
neuroscientists benefit from AI and computing. 
It is also clear that we can no longer calculate 
and analyse the huge amount of data without the 
modern methods. 

Is AI the key to understanding the brain one 
day?

At HIBALL, we use machine and deep learning 
methods, which both belong to AI. Without them, 
the project would not work, as they complement 
the classical image analysis methods in many 
areas. For example, artificial neural networks are 
extremely helpful in recognising certain patterns 
or calculating three-dimensional brain models. 
In this respect, AI is very important, but it is not 
enough on its own to understand the brain – this 
also requires the know-how of neuroscientists. 

What role does the supercomputing expertise 
from Jülich play? 

The combination of supercomputing and the  
deep learning methods in both Jülich and 
Montreal is particularly promising. Also, with 
the volume of our brain data, we are quickly 
reaching capacity limits, so supercomputers, a lot 
of storage space and experts on site are needed. 
This is what Jülich offers. In the collaboration 
with our Canadian colleagues, our researchers 
are creating a platform that links the world: in 
the future, scientists from all countries are to use 
the HIBALL platform to calculate and research on 
the same data together, to exchange, download 
or upload it. 

I N T E R V I E W B Y K ATJ A L Ü E R S

The BigBrain model pro-
vides three-dimensional 
maps of the brain with a 
resolution of 20 micro-
metres. HIBALL aims to 
use AI and artificial neural 
networks to create an 
even more detailed model 
of the brain and its func-
tions.

You can find the full  
interview here:  

fzj.de/bigbrainlab

https://fzj.de/bigbrainlab
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“I am working to understand and control how qubits must be interconnected in a  
quantum computer. The qubits store the information, but they are still susceptible to errors,  

as they can sometimes spontaneously change their state or even get lost completely.  
Together with colleagues, I have developed a correction procedure that detects faulty  

qubits and saves the information stored in them. A protective function of this kind  
is essential for large, robust quantum computers of the future.”

Prof. Markus Müller, Peter Grünberg Institute, PGI-2/IAS-3: Theoretical Nanoelectronics  
and RWTH Aachen University, Institute for Quantum Information

What are you researching right now, Mr Müller?
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3 questions for ...
 
... Dr. Dorian Krause, Head of the High-Performance Computing  
Systems division at the Jülich Supercomputing Centre (JSC).

Dr. Krause, how does science benefit from the new booster of 
the Jülich Wizard for European Leadership Science, or JUWELS 
for short?

The enormous power of the booster makes it possible to solve even 
significantly larger problems than before, that is, to carry out more 
demanding simulations. Simulations are a cornerstone of research, 
whether it be climate, energy, life sciences, environment, materials 
or technology. They are becoming increasingly complex and, with 
increasing frequency, large amounts of data are being incorporated 
or are arising. In addition, artificial intelligence methods are becom-
ing ever more important. The JUWELS system is very well suited 
to all these diverse tasks thanks to its cluster-booster architecture, 
which emerged from Jülich research work.

JUWELS is considered a model for the European exascale super-
computer, which is scheduled to go into operation in 2023 with 
at least twelve times the computing power of JUWELS. Why? 

JUWELS is designed in the same way as we expect from the exa-
scale computer: its modular architecture, the design of its comput-
ing nodes, the network, the infrastructure and the cooling can be 
transferred to an exascale computer while keeping costs and energy 
consumption reasonable. 

In view of quantum computers or computers that work in a way 
modelled on the human brain, aren’t digital supercomputers an 
outdated model?

No, not at all. Quantum computers and neuromorphic computers are 
the object of research and will increasingly become research tools 
of their own. The modular JUWELS system is prepared to integrate 
quantum computers to facilitate hybrid computing.

73
quadrillions of  

computing operations  
per second (73 petaflop/s) 
can be performed by the 
JUWELS booster, which  
is roughly equivalent to  

the performance of over 
300,000 modern PCs.  

The 12 petaflop/s  
computing power of  

the cluster are added  
to that. 

Computer power for  
cutting-edge research

The Jülich supercomputer JUWELS has shifted up several  
gears at once. By putting the booster module into operation,  

it is now Europe’s fastest computer. This enables  
more complex simulations.
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Unlike ParFlow, the atmosphere model used 
in TSMP is not parallelised for the booster’s 
GPU-based architecture, which would require 
time-consuming coupling of a different version of 
the atmospheric model to the TSMP. Therefore, 
the current version of the model will continue 
to be computed on the JUWELS cluster with its 
conventional processors, making best use of the 
heterogeneous architecture of JUWELS: “For 
different requirements in particular, as with the 
different component models of the TSMP, the 
JUWELS system with its modular cluster booster 
architecture offers perfect conditions,” says 
Kollet.

Clusters and boosters together can also be used 
in other scientific fields – to varying degrees, 
depending on the requirements. “The modular-
ity of the JUWELS system is our answer to the 
increasingly complex and diverse requirements of 
application codes on supercomputers. It fits per-
fectly with our mission to provide cutting-edge 
European computing resources for a wide range 
of applications and research areas,” says the Head 
of the JSC, Prof. Thomas Lippert. 

F R A N K F R I C K

In Germany, 2018 went down in history as a 
drought year. The impact was felt in many areas: 
crop failures, tree death, restrictions in the drink-
ing water supply, and low water levels of rivers 
which limited the transport of diesel and other 
raw materials. Using a unique computer model 
called the Terrestrial System Modelling Platform 
(TSMP), researchers can predict, among other 
things, over which time periods water resources 
may recover from such droughts under uncertain 
precipitation coditions.

“Our simulations with the TSMP require very 
large computing power, especially when it comes 
to high resolution: for example, it has not yet 
been possible to generate such invaluable water 
resource forecasts – including an estimate of how 
uncertain the respective forecast is – individually 
for each agricultural plot across Germany. With 
the new computing power of the JUWELS system, 
this is about to change,” explains Jülich agro - 
s phere researcher Prof. Stefan Kollet.

Strictly speaking, the TSMP is a set of intercon-
nected computer models that together simulate 
the entire water cycle in and over land masses, 
from groundwater to the upper layer of the atmos - 
  phere. One of these models, ParFlow, benefits 
particularly from the new JUWELS booster. 
ParFlow can simulate surface and ground water 
flows, while also taking into account the human 
influences such as groundwater pumping and 
irrigation. “With the booster module, we will for 
the first time be able to perform ParFlow simula-
tions for Germany and Europe with the required 
fine resolution of, for example, individual hill 
slopes or river corridors,” says Kollet. ParFlow 
is designed to run on graphics processing units 
(GPUs). This means that the software includes 
many computationally intensive tasks that can be 
well subdivided into computing steps and then 
processed in parallel on the GPUs. 

This is precisely the strength of the new booster 
module: thanks to the more than 3,700 GPUs 
in its 936 cleverly linked computing nodes, it 
can deliver its massive computing power in an 
energy-efficient manner.

The water of the earth in the computer

Expert on  
supercomputers:  
Dorian Krause

By using JUWELS, Stefan Kollet wants to 
make more accurate forecasts of the water 
resources of forests and other landscapes. 

More about the JUWELS supercomputer  
(in German): fzj.de/juwels

http://fzj.de/juwels
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Corona is not over. The virus will  
continue to impinge on our lives  
until there is a vaccine available in 
sufficient quantity. In the meantime, 
Jülich scientists are researching  
how the restrictions of everyday life 
affect the environment, and they  
are improving predictions on the 
spread of the virus.

Estimating data,  
measuring impact

HIGH SEASON FOR CLIMATE RESEARCH
Jülich climate researchers seized the opportunity: they 
launched extensive measurement campaigns to doc-
ument the change in air quality during the lockdown 
in spring and also in the period afterwards. Equipped 
with Jülich instruments, two weather balloons rose to 
heights of up to 29 kilometres. A Zeppelin NT equipped 
with high-tech Jülich gear was used for the ground-level 
measurements between 200 and 1,000 metres above sea 
level, while the Jülich MobiLab measurement vehicle 
collected comparison samples on the ground. The cam-
paigns recorded values for a large number of trace gases 
as well as carbon monoxide, nitrogen oxides, CO2, CFCs, 
methane, water vapour, ozone and the particulate matter 
content of the different air layers. 

Initial results show that the lockdown had no major 
impact on CO2 levels in the upper troposphere and 
stratosphere at an altitude of around 15 kilometres. 
“We’ve been pumping billions of tons of carbon dioxide 
into the air for over 200 years – one cannot expect it to 
be significantly less or even gone in a few weeks,” says 
Dr. Johannes Laube from the Institute of Energy and 
Climate Research plainly. Further measurements and the 
evaluation of all data are currently underway. The results 
are incorporated into several climate models to close 
knowledge gaps and to predict, for example, the effects 
of a radical change in transport on air quality in different 
regions.
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8.3
per cent

more electricity: In March 2020,  
at the beginning of the corona crisis,  

photovoltaic systems in Delhi, India, achieved  
significantly higher yields than is usually the case 

at this time of year. Scientists from the Jülich 
branch of the Helmholtz Institute Erlangen- 

Nürnberg, together with partners from the Mas-
sachusetts Institute of Technology and the solar 

company Cleantech Solar, found that the decrease 
in man-made air pollution resulting from the 

corona lockdown allowed more sunlight to pierce 
through to the photovoltaic systems.  

The researchers had expected this, but were  
surprised at how considerable the  

effect was. 

3 questions for …
... Laura Helleckes and Michael Osthege,  

doctoral researchers at the Institute of Bio-  
and Geosciences (IBG-1). The biotechnologists  
help to provide estimates of the daily R value  

for Germany and the USA. This value  
indicates how many people an infected  

person infects with the novel coronavirus  
on average in a certain timeframe.

How is it that biotechnologists are concerned  
with the R value?

Laura Helleckes: In our research,  
hundreds of automatically running experiments  
on the growth of bacteria have to be evaluated  

promptly and translated into models. We develop the  
necessary software tools for automating statistical  

evaluations. For this, we use an open source module  
called PyMC3. This is the same library that the creators of 

the website https://rt.live use for their R value  
estimates in the USA.

And you then came into contact with them?

Michael Osthege: Exactly. rt.live had technical  
difficulties and Instagram founder Kevin Systrom, one of the 

brains behind rt.live, approached the PyMC3 development 
team. We became aware of the project this way and  

began to contribute our expertise.

Aren’t growth experiments and the R value  
two different things?

Michael Osthege: Mathematically, there isn’t much  
difference in the evaluation of such data. Our experience in 

automating this type of analysis could therefore easily  
be transferred. It even turned out that we could learn  
a few things from the Rtlive model for the evaluation  

of our own experiments. 

Laura Helleckes: We then applied the knowledge to  
German data and additionally developed the website  

https://rtlive.de with daily forecasts of the R  
value for German federal states.

T E X T S :  B R I G I T T E S TA H L- B U S S E

 You can find the complete interview here:  
 fzj.de/r-value-corona

 More about Jülich’s corona research at:  
 t1p.de/yte2

Corona predictions  
updated daily 

How are the infection figures developing in  
my region or at the planned domestic destination?  

Answers to this question are provided by the results  
of a model made available by neuroinformatics scientists 

from Osnabrück University and data specialists from 
Forschungszentrum Jülich. Based on data from the  

Robert Koch Institute, the model calculates a five-day 
forecast for each district in Germany. The results can be 

viewed interactively on the Internet. The model also  
includes infection events from neighbouring regions in 

order to better assess the dynamics of the spread. 

Access to the district-based corona forecast (in German): 
covid19-bayesian.fz-juelich.de

https://rt.live
https://rtlive.de
https://fzj.de/r-value-corona
http://t1p.de/yte2
http://covid19-bayesian.fz-juelich.de


R E S E A R C H26

Nothing works in the human body without proteins. However,  
the molecular machines can also get out of control and cause damage – in  
Alzheimer’s or diabetes, for example. Using a special electron microscope,  

researchers are on the trail of the causes.

Folded or  
misfolded? 

Protein molecules fold 
into characteristic 
three-dimensional  
structures. Only the  
spatial form gives a 
protein its function.



“Proteins are the molecular machines of all living 
things,” enthuses Prof. Gunnar Schröder. “In 
every cell, a whole machine park does its work.” 
At the Jülich Institute of Biological Informa-
tion Processing (IBI-7) and at Heinrich Heine 
University Düsseldorf, the biophysicist is tracking 
the three-dimensional blueprints of protein 
compounds. He reveals the filigree formations 
component by component, because the structure 
of a protein is the key to how it functions in the 
body.

FUNCTION FOLLOWS FORM
The construction principle is actually sim-
ple: each protein consists of a long chain. The 
biochemical components, the amino acids, are 
strung together like individual pearls. The se-
quence of amino acids is decisive: “This deter-
mines the characteristic structure into which the 
protein folds, that is, how this string of pearls 
is arranged into a three-dimensional structure. 
Only this spatial form gives the molecule its func-
tion,” explains Gunnar Schröder. 

Since proteins perform a wealth of tasks in our 
bodies, there is an enormous variety of forms. 
One form transports oxygen in the blood; another 
tenses muscle fibres; and a third helps transmit 
nerve stimuli. In the form of receptors, proteins 
recognise signalling substances; as enzymes, they 
control biochemical reactions; and as antibodies, 
they fight invaders such as viruses and bacteria.

However, proteins are Janus-faced molecules: 
apart from their natural shape, they can also take 
on a misfolded structure. “We are particularly in-
terested in this structure because it is associ ated 
with certain diseases,” says Gunnar Schröder. 
“Such misfolded proteins occur in almost every 
neurodegenerative condition: in Parkinson’s, 
Alzheimer’s and other forms of dementia.” His 
colleague junior professor Wolfgang Hoyer, also 
from IBI-7 and from Heinrich Heine University 
Düsseldorf, adds: “The more precisely we know 
the structure of these defective molecular ma-
chines, the better we can develop drugs against 
the diseases.”

However, the misfolded proteins pose an experi-
mental challenge for the Jülich experts: by means 
of the X-ray crystallography method, the struc-
ture of proteins is usually studied atom by atom. 
For this, a protein must be available as a crystal, 
that is, in a regular structure. The pathologically 
altered protein molecules, however, cannot be 
crystallised. Instead, they are stored together in 
long fibres. These fibres, also called fibrils, clump 
together to form so-called amyloid deposits. An-
other method of protein structure determination, 
NMR spectroscopy, is mainly suitable for single 
molecules, but only to a limited extent for large 
protein deposits.

“Misfolded  
proteins occur  
in almost every 

neurodegenerative 
condition: Parkin-
son’s, Alzheimer’s 

and other forms  
of dementia.”

G U N N A R S C H R Ö D E R ,  
I N S T I T U T E F O R B I O L O G I C A L  
I N F O R M AT I O N P R O C E S S E S

Misfolding can also develop 
in proteins. Misfolded pro-
teins occur, for example, in 
Alzheimer’s disease (yellow) 
and diabetes (blue). What 
is amazing: both structures 
form an s-shape.

Biophysicist Gunnar 
Schröder studies the  
blueprints of proteins.

2 7
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date of fine fibrils of various misfolded proteins. 
They found a surprising number of similarities 
between two proteins that are associated with 
Alzheimer’s disease and type 2 diabetes. In both 
cases, the proteins bend in an s-shaped fold-
ing – almost congruent with each other. These 
protein molecules pile up layer upon layer in the 
fibres.

“In fact, we have known for some time that 
there is a link between the two diseases: they 
encourage each other. Alzheimer’s patients are 
more likely to develop ‘old-age diabetes’ and vice 
versa,” explains Wolfgang Hoyer. In Alzheimer’s 
disease, the body’s own protein compound am-
yloid-beta clumps together and forms insoluble 
deposits in the brain, the plaques, while the 
biomolecule IAPP (islet amyloid polypeptide) 
might be involved in the development of type 2 
diabetes. In its defective form, it forms small clots 
in the pancreas. “This suggests that the misfolded 
proteins are involved in causing the disease – by 
destroying the insulin-producing cells,” says 
Wolfgang Hoyer.

“Thanks to our images, we can now understand 
exactly how fibrils grow from misfolded proteins – 

Instead, the Jülich researchers relied on a rela-
tively young but extremely successful technique: 
cryoelectron microscopy, or cryo-EM for short. 
For this method, the proteins to be examined 
are literally shock-frozen in a wafer-thin layer of 
water and then examined using the electron mi-
croscope (see next page). Gunnar Schröder states: 
“Cryo-EM has given structural biology a huge 
push forward, because it provides high-resolution 
images of complex biomolecules.”

The Jülich researchers have used this to pro-
duce the sharpest, most detailed 3D images to 

Model of an Alzheimer’s fibril 
from an amyloid-beta peptide. 
Fibrils are long fibres made of 
proteins.

Model of an IAPP fibril, as typical 
for diabetes, in a comparable 
resolution.
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and how amyloid-beta and IAPP resemble each 
other,” says Gunnar Schröder. “The similarity of 
the structures suggests a mechanism by which 
the two proteins interact with each other,” 
explains Wolfgang Hoyer. For instance, it is 
conceivable that misfolded IAPP literally infects 
the amyloid-beta and simply folds over its usual 
molecular shape.

The high-resolution images also reveal which 
individual components are crucial in order for 
the misfolded proteins to stick together. That 

could help develop medicines for both conditions. 
Many pharmacists and bioscientists are looking 
for substances that either inhibit the clumping of 
proteins or break down fibrils that have already 
formed. “With our high-resolution 3D structure, 
you can now see, for example, how the end of the 
fibril is chemically constituted, and then design 
agents that can bind to the surface and interrupt 
the agglutination process that results in plaque.” 
These molecules would fit like a lid on the end of 
the fibril, sealing it off.

In 1906, the neurologist Alois Alzheimer first 
discovered the defective plaques in the brain of a 
deceased patient. Now, a good 115 years later, the 
highly accurate images from the cryo-EM could 
help to permanently defeat this form of dementia.

Ice-cold view  
of the cell’s machinery

Looking for similarities 
between Alzheimer’s and 
diabetes: biochemist Wolf-
gang Hoyer

Biochemist Carsten Sachse 
is an expert in cryoelectron 
microscopy.

tural Biology division at the Ernst Ruska-Centre 
for Microscopy and Spectroscopy with Electrons 
(ER-C-3) at Jülich, where there are high-reso-
lution electron microscopes – metal columns 
three to four metres high. Hidden inside them 
are mainly electromagnetic lenses that focus the 
electron beam. With the devices, the researcher 
tracks the mysteries of autophagy: “This is the 
cell’s waste removal system. A process that, for 
instance, removes misfolded proteins from the 
cell and recycles them.”

SHOCK FREEZING
The biomolecules involved are extremely fragile. 
An electron beam could easily destroy them, 
so they are embedded in a solid, deep-frozen 
layer of water – at a temperature of minus 180 
degrees Celsius. “There, they are protected and 
can be studied in their natural medium, so to 
speak,” explains the researcher. The samples are 
prepared directly in water. The solution is applied 
to a 3-mm metal grid and then shot into ice-cold 
liquid ethane. The water solidifies instantly into 
a glass-like structure without crystallising. “This 

In 2008, Carsten Sachse was working as a 
postdoctoral researcher at the renowned MRC 
Laboratory of Molecular Biology in Cambridge, 
England. A challenging time, as the biochemist 
recalls: “Our research group leader proposed 
only fantastic projects that seemed impossible 
for us to realise at the time. He wanted to make 
ever smaller structures of biomolecules visible, 
to recognise ever finer details.” At the heart of 
the projects was a new method: cryoelectron 
microscopy, or cryo-EM for short. The research 
group leader obviously had the right instinct. 
The technique developed step by step – success-
fully: “Within a few years, cryo-EM experienced 
a tremendous boom. Nowadays, the suppos-
edly audacious ideas of that time are part of 
our routine work. Since 2014, we have seen an 
exponential increase in the number of molecules 
whose structure has been solved using cryo-EM. 
This continues yet. We have 10,000 structures by 
now,” says Sachse.

Meanwhile, as professor and expert on cryo-EM, 
Carsten Sachse has become head of the Struc-
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of Carsten Sachse’s research group leader back at 
Cambridge. 

By the way, this was none other than Richard 
Henderson, who, together with Jacques Dubochet 
and Joachim Frank, received the Nobel Prize 
in Chemistry in 2017 – for the development of 
cryoelectron microscopy.

A R N D T R E U N I N G

keeps the water layer transparent for the electron 
beam. Crystals would scatter the electrons, mak-
ing it impossible to analyse the image.”

Thousands of copies of the molecule to be inves-
tigated are randomly distributed in the sample. 
They expose different sides to the electron beam. 
As a result, the microscope produces a series of 
snapshots of the tiny object from many differ-
ent angles – like little silhouettes. A powerful 
computer then assembles these to form a detailed 
three-dimensional image of the molecule.

“At the moment, we isolate the molecules that we 
are studying from the cell. Our goal, however, 
is to also be able to deliver images directly from 
the cell – with a sharpness comparable to that of 
the solution,” says Carsten Sachse. “One of the 
challenges in this is finding the target protein in a 
broth of hundreds of other proteins and metabo-
lites floating around in the cell.”

Research work like this will be conducted at 
the Ernst Ruska-Centre 2.0, an infrastructure 
project in which Forschungszentrum Jülich has 
joined forces with other partners. In the national 
competence centre for high-resolution electron 
microscopy, research projects are to be tackled 
that seem as visionary as the “impossible ideas” 

Cryoelectron  
microscope at the 
Ernst Ruska-Centre: 
it allows biological 
molecules to be 
studied at tempera-
tures of minus 180 
degrees Celsius.

Cryoelectron  
microscopy also  
reveals what 
correctly folded 
proteins look like: 
the spiral-shaped 
protein coil plays 
an important role 
in cellular waste 
removal.



Data can be transmitted much faster with light than with elec-
tronic methods, and optical transmission requires less energy. For 
distances of more than one metre, optical lines such as fibre optic 
cables are already standard. The situation is different for very 
short distances, such as from microchip to microchip in a com-
puter. One problem is the minute light source that has to be placed 
on the chips. Researchers have been looking for solutions to this 
for a long time. One approach is to insert a laser directly into the 
chips that are made of the standard material silicon. A semicon-
ductor laser made of a germanium-tin compound is promising for 
this purpose. Since germanium and silicon have similar proper-
ties, the two can be combined well – unlike silicon and conven-
tional semiconductor lasers such as gallium arsenide lasers.

Already in 2015, an international team led by Dr. Dan Buca from 
the Peter Grünberg Institute (PGI-9) demonstrated that a laser 
can be made from germanium and tin and integrated directly into 
silicon chips during production. The Jülich scientists have now 
further optimised the laser with French partners from the Centre 
de Nanosciences et de Nanotechnologies, the STMicroelectronics 
company and the CEA-Leti Institute.

Previously, the problem has been that a laser source with germa-
nium only works with a high dose of tin. At the same time, 

however, this reduces efficiency. “We were now able to reduce the 
tin concentration by additionally bracing the material. This makes 
our laser around 100 times more efficient than other lasers made 
from this combination of materials. The efficiency values are 
even comparable to those of gallium arsenide lasers,” reports Dan 
Buca. What is more, the new laser can also produce a continuous 
beam of light, not just short pulses – and it is cost-effective. “With 
the improvements to the laser, potential applications are one step 
closer,” explains the division’s Director Prof. Detlev Grützmacher. 
One example is artificial intelligence (AI) in autonomous driving: 
here, sensors provide large amounts of data with which AI is 
trained within a very short time. The laser technology, which is 
already patented, could also be used in infrared and night vision 
systems or in gas sensors for monitoring environmental and res-
piratory gases.

At present, however, the new laser is still limited to low tempera-
tures in the range of minus 200 to minus 170 degrees Celsius. In 
addition, it is currently stimulated with light. Excitation by electri-
cal signals would be ideal – which is another major challenge for 
transmitting data with light in computers. 

C H R I S T I A N H O H L F E L D

For tomorrow’s technology, large amounts of data must be transmitted extremely 
quickly in the smallest of spaces. Electrical transmission reaches its limits here. 

Light is seen as the solution of the future. Prospectively, light could be generated by 
a new laser that can be integrated directly into silicon chips.

High-efficiency laser 
for silicon chips

This is how fast data is transferred
(gigabit/second)

31

WLAN

9.7
Internal computer 

interface

63
Fibre optic cable

200,000
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When Nicolas Brüggemann looks out over the 
northern Eifel from the forest in Kleinhau, he is 
worried: “In the past, we couldn’t see as far as 100 
metres because of all the trees, but now, when 
the view is clear, I can see the Siebengebirge – 
and that’s 60 kilometres as the crow flies.” For 
the head of the Jülich research unit, Plant-Soil- 
Atmosphere Exchange Processes, and Professor 
of Terrestrial Biogeochemistry at the University 
of Bonn, it is beyond all question: the forest in 
the northern Eifel is thinning. “This is primarily 
due to combined damaging factors as have never 
before been seen: they range from drought and 
heat, forest fires and storms to pest infestation.” 
The result: trees die, many have to be cut down.

Spruce trees are the worst affected. Drought and 
the bark beetle cause this flat-rooted plant great 
trouble, particularly as the bark beetle, due to the 
milder winters, gradually reaches the higher ele-
vations in the central uplands. In Kleinhau, which 
is situated at an altitude of about 400 metres – the 
Helmholtz initiative MOSES studied the effects of 
the drought on the forest and soil there from May 
to October 2020 – the forest owner had almost 
the entire stock of spruce felled; the bark beetle 
had infested these conifers too much. On the 
 other hand, at Wüstebach in the Eifel National 
Park, at an altitude of around 600 metres and 
where Jülich researchers operate a permanent 
measuring station, the damage caused by the 
beetle is still manageable. 

It has been too dry and warm in Germany for  
the third year in a row. Many trees are suffering,  

especially spruce. One of the consequences:  
they are more susceptible to pests. Jülich researchers  

are observing the development in the Eifel  
and measuring the effects, for example on the  

atmosphere’s CO2 content.

Concern for 
the forest

Looking out at the tree 
death with concern: 
Nicolas Brüggemann
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hectares of spruce trees by autumn 2013. The 
idea was to accelerate the transformation of the 
spruce monoculture into a near-natural decidu-
ous forest. “The cutting down has had a massive 
impact on soil, water quality, exchange processes 
and the composition of flora and fauna. This 
gives us an insight into the regeneration of the 
existing forest,” explains Dr. Alexander Graf from 
the Institute of Bio- and Geosciences (IBG-3). 
For the carbon dioxide balance of the area, for 
example, removing the spruce trees was a bitter 
blow at first. 

DROUGHT INHIBITS REGENERATION
Normally, forests take up CO2 from the atmo-
sphere. Without the forest, however, the former 
carbon sink area has become a carbon source, 
because the soil continues to process humus from 
dead animals and plant parts, thereby releas-
ing CO2. It will be several years before the area 
becomes a carbon sink again. Even so, the Jülich 
experts were amazed at how quickly the area 
was recovering in the first few years – until the 
drought periods hit. “At present, the plants are 
stagnating in growth and are absorbing less CO2 
than in previous years,” says Alexander Graf.

Even so, compared to other ecosystems, the forest 
was still the best at resisting the drought: on 
average, CO2 take-up by terrestrial ecosystems 
decreased by 18 per cent in 2018. In the case of 
arable land, grasslands and moors, the decline 
was much greater, at up to 40 per cent, whereas 
in the case of forests it was only 8 per cent. Graf 
sums up: “For various reasons, this should not be 
overestimated, but having a lot of forest is good 
when it comes to taking up a lot of CO2.” 

K ATJ A L Ü E R S / C H R I S T I A N H O H L F E L D

However, not only spruce trees have considerable 
problems. “In August 2020, in terms of colour, the 
beech trees in the national park already looked as 
they would usually look in autumn. The oaks are 
suffering as well – either from insects or fungi,” 
says Brüggemann. He nevertheless finds it mis-
leading to speak of a forest dieback: “It is not the 
forest as an ecosystem that is dying, but certain 
tree species will disappear.” 

Affected areas are to be reforested, however, in 
order to preserve their function for the climate 
and environment. But many foresters are unsure 
which native tree species they should continue 
to plant. Foreign tree species are an alternative. 
Burkhard Priese, forest manager of the Kleinhau 
forest, is now relying primarily on the indigenous 
sweet chestnut and North American red oak, 
as these are less susceptible to pests, heat and 
drought. “Forests such as the one in Kleinhau, 
which are used economically, must be reforested 
immediately. We cannot wait and see if and what 
might grow back naturally,” he explains. 

Kleinhau offered the Jülich researchers the oppor-
tunity to observe the effects of drought and spruce 
removal live, so to speak. During the MOSES 
measurement campaign, together with col-
leagues from four other Helmholtz Centres, they 
recorded, for example, soil moisture in the entire 
area, determined the exchange of CO2 and water 
vapour between the soil and the atmosphere, and 
created thermal images from the air. The data 
provide a decent addition to the extensive meas-
urements at Wüstebach, where Jülich researchers 
have been collecting data since 2009. The site is 
part of the Germany-wide observation network 
TERENO, which is another Helmholtz initiative 
for studying the earth and the environment. 

At Wüstebach, the national park administration 
had already cleared an area of around eleven 

Alexander Graf  
measured how the CO2 
exchange between 
the soil and the atmo-
sphere developed 
after the spruce had 
been removed in 
Kleinhau.

18
per cent

is how much the CO2  
removal was decreased  

by terrestrial  
ecosystems in 2018.

The picture gallery can  
be seen in the web magazine: 

effzett.fz-juelich.de/en

http://effzett.fz-juelich.de/en
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THUMBS UP

O N L I N E S C I E N C E M AG A Z I N E

Can biotech  
save the world?

How can we feed the growing world  
population while at the same time reducing the  

burden on the environment? One possibility is to make 
use of biotechnology. For this purpose, inspired by the 

design arts of nature, new fabrics and materials are 
produced in laboratories. Supported by experts from 

science, the Berlin House of Futures, “Futurium”,  
looks at possible scenarios of what a future with biotech 

could look like. In episode two of the YouTube format, 
Jülich plant researcher Ulrich Schurr, among others, 

presents his ideas for a sustainable future. 

– F U T U R I U M . D E / D E / B L O G / W I S S E N S M A G A Z I N –

C I T I Z E N S C I E N C E P L AT FO R M

Counting  
common hamsters

On the “Bürger schaffen Wissen”  
(citizens create knowledge) platform,  

projects with real research questions call for 
participation, whether it is to uncover a castle 

under the turf, to find the last common hamster 
or to photograph traffic lights in order to advance 

an app for visually impaired people.  
As “citizen scientists”, scientific laypeople  

collect insects, document plants or measure  
air quality – and contribute to the  

success of science. 

– W W W. B U E R G E R S C H A F F E N W I S S E N . D E / 
I N D E X . P H P/ E N –

YO U T U B E V I D EO

The history  
of the universe
How can 13 billion years of the universe be  

captured in one snapshot? Astronomers only need to look at 
the starry sky, because it is also always a glimpse into the past: 

the further away a heavenly body is from Earth,  
the longer it takes its light to reach us. The light may 

already have been travelling to us for months, decades or 
millions of years. Science publisher “Nature” explains in this 

YouTube video how astronomers use this knowledge to  
reconstruct the development of the universe.

– W W W.Y O U T U B E . C O M –

K E Y W O R D S :  
T H E H I S T O R Y O F T H E U N I V E R S E  

I N  T H E B L I N K O F A N E Y E

https://futurium.de/de/blog/wissensmagazin
https://www.buergerschaffenwissen.de/index.php/en
https://www.buergerschaffenwissen.de/index.php/en
http://www.youtube.com/


   
RESEARCH  
IN A TWEET

This is what we know!
The Helmholtz Climate Initiative and five other organisations 
summarised the most important facts about climate change: 
from the rise in global temperatures and the increase in extreme 
weather to the decline in sea ice. The 24-page paper (in German) 
explains concisely and comprehensibly what research has found 
out about the causes and effects of climate change.  
 fzj.de/klimafakten

Five facts about #climatechange:  
it is real, we are the cause, it is  
dangerous, experts agree, we can 
still do something.

http://fzj.de/klimafakten
https://twitter.com/hashtag/Klimawandel?src=hashtag_click

