




2022
report



32

Promoting 
innovation in 
technology  
and the 
natural sciences

The Werner Siemens Foundation supports 

groundbreaking projects in the natural 

sciences and technology. The selected 

projects in research and education are  

generally conducted at universities and 

higher education institutions in Germany, 

Austria and Switzerland; key requirements 

include upholding the highest standards 

and contributing to solving major problems 

of our time. The Foundation provides  

generous seed funding to innovative  

projects with the goal that, after a few years,  

the projects can be run independently  

and the results find industrial application. 

The Werner Siemens Foundation also  

promotes education and training projects 

and fosters young talent, particularly in  

the fields of mathematics, informatics,  

natural sciences, technology, medicine  

and pharmaceutical science.



54

Siemens Foundation—and the trilogy 
is also a wonderful prelude to the 
Foundation’s centennial anniversary 
in 2023. 

Indeed, this coming May, we will be 
honouring the Foundation’s 100th 
year in a celebration with the  
descendants of Werner and Carl von 
Siemens. In connection with our 
centennial activities, the Werner 
Siemens Foundation also established 
the Ottara Foundation in December 
of 2021; more information will be 
forthcoming at the annual family 
assembly. 

To mark our anniversary, we are also 
setting an accent in the Foundation’s 
philanthropic mission: in the autumn 
of 2022, we launched an ideas  
competition for our “project of the 
century”. Researchers from  
Germany, Austria and Switzerland 

Since the start of our philanthropic 
activities, the Werner Siemens  
Foundation (WSS) has financed no 
less than twenty-five outstanding 
research projects in the natural 
sciences, life sciences and tech- 
nology. Every year, up to three  
innovative endeavours are selected, 
and this past year was no exception. 
Two new promising undertakings are 
now receiving WSS funding: in  
Potsdam near Berlin, researchers at 
FutureLab CERES are seeking to 
identify the political measures that 
are most effective in protecting our 
planet’s climate, biodiversity and 
soils (page 74); and in Aachen, the 
TriggerINK project team are working 
on a completely novel method for 
cartilage regeneration in damaged 
joints (page 54).

Readers will note that our 2022  
report has a new layout. The centre-

were invited to submit project pro- 
posals for a WSS Research  
Centre dedicated to developing 
technologies for the sustainable use 
of natural resources. The winning 
project, which will be selected  
by a jury, will receive total funding of 
one hundred million Swiss francs 
over a ten-year period.

I am curious to see the bold and 
creative ideas our unique project 
attracts. And I also very much look 
forward to all new proposals that  
are submitted during our centenary 
year.

And now nothing remains but to 
cordially invite you to explore our 
report.

Hubert Keiber,  
Chair of the Foundation Board of  
the Werner Siemens Foundation

Foreword

piece is the section on medical 
innovations, the theme of this year’s 
report (starting on page 22), where  
we not only present the details on all 
WSS-funded projects in the area  
of medicine and medical technology, 
but also place them in a broader 
context. For instance, Thomas  
Südhof, Nobel laureate in physiology 
and medicine, shares his opinions on 
what constitutes good research 
funding and discusses why translat-
ing findings from basic medical  
research into medical care faces so 
many serious obstacles (page 66).

Last year saw publication of the 
handsome volume Charlotte  

Siemens und Marie Siemens by  
historian Béatrice Busjan and  
archivist Yvonne Gross (page 100). 
The book completes the biographical 
series on all five women who  
established or endowed the Werner 
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In the TriggerINK project, microgels are created to help cartilage heal.



Researchers in the MIRACLE II project plan to use models and implants from the 3D printer to improve bone surgery.



The team from the Center for Artificial Muscles conducting an experiment on their aorta ring.



When constructing a single-atom switch, contamination of any kind must be avoided.



Highly focused students at the Swiss Study Foundation summer camp in southern Switzerland.



In the CarboQuant project, materials are measured in the scanning tunnelling microscope.



Researchers collect valuable climate data with the measurement instruments on board the Eugen Seibold.
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Health is our most valuable asset—and throughout 

history, humans have attempted to manage pain  

and cure disease. On the following forty-six pages, 

readers are introduced to the novel treatments 

being developed in projects financed by the  

Werner Siemens Foundation. In addition, a Nobel  

laureate explains why it’s so important that we also  

invest in basic research.

Medical 
 innovations
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If the salamander-like axolotl should lose a limb, it can 

just regrow it. Because we humans lack this rather  

convenient capability, doctors have been experimenting 

with prosthetics since the days of ancient Egypt.  

However, it’s only today that implants are becoming  

a major factor in medical care. Three innovative projects 

financed by the Werner Siemens Foundation illustrate 

the advances in this area.

Technology- 
enhanced 
 medical care 
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Combining microengineering and state-of-the-art medicine: Yves Perriard (centre) in discussion with his colleague  

Yoan Civet (left) and cardiac surgeon Paul Philipp Heinisch from the Deutsches Herzzentrum in Munich.

The researchers at the Center for Artificial Muscles are using a membrane made of a highly elastic material 

(black) to support the aorta’s functioning in patients with cardiac insufficiency. A protective cover of hard 

plastic prevents the membrane from coming into contact with other substances.
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Humans are—quite obviously—not axolotls. For one, 
we lack the salamander-like animal’s astonishing ability 
to regenerate body parts. While it’s true that the human 
body is constantly renewing cells and cellular com-
ponents, when we break a bone, lose a tooth or sever a  
finger in an accident, our bodies have no spare parts 
at the ready. By contrast, axolotls, which are native to  
Mexico, have a lifelong capacity to regrow almost every 
body part: legs, testicles, a severed spinal cord. It can 
even repair parts of its brain.

Perhaps these remarkable amphibians are what 
inspired healers in the ancient Maya civilisation—also 
in Central America—to implant artificial body parts 
into humans. Records show that, already in the seventh 
or eighth century of the Common Era, a Maya doctor 
implanted three prosthetic teeth made of polished conch 
shells in the mouth of a young patient. Yet the Maya  
weren’t the earliest civilisation known to use implants: 
in Egyptian tombs, archaeologists have found prosthetic 
devices such as a wooden toe and a dental bridge made of 
gold to support a broken molar.

Götz of the Iron Hand

Over time, prostheses became more sophisticated. A 
famous example is found in Götz von Berlichingen, the 
Franconian imperial knight who could grasp and hold 
objects with his iron hand—for the early 16th century, 

it was a remarkable technical feat indeed. For centuries, 
however, prosthetics were restricted to use on the body. 
Implanting them inside the body was deemed impossible, 
and related attempts inevitably led to haemorrhaging 
and infections. Advances weren’t made in this area until 
the 19th century when, for instance, Berlin surgeon 
Themistocles Gluck successfully implanted the first knee 
prostheses in 1890 by using cement to affix ivory replace-
ment parts to bones infected with tuberculosis.

During and after the First World War, the develop-
ment of—and, sadly, the need for—prosthetics made 
great advances due to the many war wounded. And the 
period following the Second World War saw a veritable 
surge in medical technology: metallic plates to stabilise 
hip fractures entered the market as did titanium hip 
and knee replacements as well as splints for backbones  
damaged by cancer. The first artificial cardiac pacemaker 
was implanted in a patient in Stockholm in 1958, and the 
first artificial heart valves were developed in the 1960s.

First artificial kidney—a washing machine drum

Since then, research into implants and prosthetics 
has progressed rapidly, and today scientists are experi-
menting on devices capable of carrying out actual body 
functions—a development that would astound earlier 
generations. One such project is underway at the Center 
for Artificial Muscles, located on the Neuchâtel campus 

of the École polytechnique fédérale de Lausanne (EPFL), 
where microengineer Yves Perriard and his team are  
creating an artificial muscle to help patients with cardiac 
insufficiency. The Werner Siemens Foundation has been 
financing the Center since 2018.

Something of a buff in the history of prosthetics, 
Perriard relates the story of Dutch doctor Willem 
Johan Kolff, who invented the artificial kidney. Kolff  
constructed his first model in the 1940s, a device 
that resembled the drum of a washing machine but 
was made of wood and wrapped in a membrane. The  
contraption was placed next to patients whose blood 
was transferred in tubes through the membrane. The 
drum’s rotations are what propelled the blood in the 
tubes through a cleansing solution—the principle 
behind modern-day dialysis. “Those were very different 
times in implant research,” Yves Perriard says. “Kolff 
was a medical doctor who developed these technical 
devices himself.”

In general, Kolff is considered a pioneer in the field 
of artificial organs: in addition to inventing the artificial 
kidney, he helped develop the Jarvik-7, the first artificial 
heart to be successfully implanted in a patient in 1982. 
“At the time, Kolff predicted we’d be able to replace all 
body organs with artificial organs in a few decades,”  
Perriard says. “But he didn’t quite account for how  
complex the human body is.”

The advent of novel materials

Still today, even seemingly trivial processes in the body 
pose nearly insurmountable challenges to researchers. 
A prime example is blood flow, Perriard explains. The 
extreme delicacy of blood cells makes the dynamics 
of blood flow highly complex in comparison to fluids 
like water. “Many blood cells are damaged when they 
come into contact with the hard materials of artificial 
devices—even in pumps like the Jarvik artificial hearts, 
which are really quite gentle.”

This line of thinking is what sparked the idea that 
would later give rise to the Center for Artificial Muscles. 
“I was saying we needed a system that works without  
copper or steel,” as Perriard explains. Although not 
entirely serious at the time, he came across the principle 
of dielectric elastomer actuators (DEA) in 2012. DEA 
are novel, highly elastic materials that convert electric 
energy into mechanical work on the basis of a simple 
functioning principle. “That’s when I began thinking 
we could use the principle for a novel kind of implant,”  
Perriard says.

At the Center for Artificial Muscles, the micro- 
engineers are now applying the principle to develop an 
elastic membrane that fits like a ring around the aorta. 
An electrical impulse causes the ring to dilate and  
contract, thus supporting the aorta’s functioning. In 
2021, the team, which includes doctors such as cardiac 
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Tests on animals: before clinical trials on humans can be conducted, the researchers  

at the Center for Artificial Muscles must first test the aorta ring on laboratory animals.
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surgeon Thierry Carrel, implanted the first-ever artificial 
muscle in a pig. “The concept worked,” Perriard says, 
“but the mechanical energy generated was too weak to 
support the heart.” To increase pumping capacity, the 
researchers decided to build a new implant capable of 
withstanding a higher voltage. New animal experiments 
are planned for the end of 2022.

Helping children with heart defects

This past year saw the team make two additional 
advances. First, they reduced the size of the power 
source: a wireless device that supplies electric energy 
to the artificial muscle and that patients are to wear on 
their belt. “Before, it was the size of a box, and now it’s 
ten by ten centimetres,” Perriard says.

The other major development is a new subproject 
in the group. As Perriard explains, “The cardiac cen-
tre in Munich approached us with the idea of using our  
technology to treat children with univentricular hearts.” 
Normally, bypass surgery is the solution in such cases, 
but there’s no pressure to support pumping in the 
bypass. “It’s possible that our system could deliver this 
pressure.” One problem, however, is that no laboratory 
animals have this heart abnormality: “It means we have 
to model our solution with extreme precision.”

Challenges like this are what Perriard finds most 
interesting in today’s implant research. “The entire 
field is seeing exciting developments right now,” he 
says. In addition to novel materials making entirely new 
approaches possible, the branch of implant research 
is now inherently interdisciplinary—unlike in Willem 
Johan Kolff’s day. In addition to the doctors in Perriard’s 
team, materials researchers as well as modellers and 
electrical engineers all play a vital role.

Implant to promote healing

Tim Pohlemann, director of the Department for Trauma, 
Hand and Reconstructive Surgery at the Saarland  
University Medical Center, agrees: “Looking beyond  
traditional disciplinary boundaries is incredibly  
important. Today, major advances in medicine are often 
driven by new technologies, not medical research.” He 
and his colleague Bergita Ganse lead the “smart implant”  
project, which has been financed by the Werner Siemens 
Foundation since 2019. 

It’s precisely with the help of novel technologies 
from materials science and engineering that the team 
in Saarland are designing their intelligent implants. 
Their devices are designed to promote healing in 
complex bone fractures by monitoring the healing 
process, detecting incorrect weight-bearing—and stim-
ulating the healing process through targeted, autono-
mous movements at the site of a break. Indeed, fractured 
bones knit faster when the break is stimulated through 
micromovements, as earlier studies have shown.

To trigger these micromovements, a smart implant 
must have the capacity to move or change its shape 
in response to an electric signal, and then return to its  

Artificial muscles
Cardiac insufficiency is a common disease, 
affecting one in every fifty adults. At the 
Center for Artificial Muscles, located on 
the Neuchâtel campus of the École poly-
technique fédérale de Lausanne (EPFL), 
researchers are working on a state-of-
the-art solution to help patients—they’re 
creating an artificial muscle that will give 
weak hearts a boost. Their idea is to place a 
ring-shaped electroactive polymer around 
a patient’s aorta. Powered by an external 
battery worn by the patient, the ring dilates 
to expand the artery in rhythmic intervals.

Funding from the Werner Siemens 
 Foundation 12 million Swiss francs
Project duration 2018 to 2029
Project leader
Prof. Dr Yves Perriard, director of the Center 
for Artificial Muscles and the Integrated 
Actuators Laboratory (LAI), EPFL



3130

Hitting the spot: correct placement of the smart implant  

in a shin bone is all-important.

The results of a gait analysis show the Saarland researchers  

how much weight a patient is placing on a broken leg.
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original shape. For their prototypes, the team are  
currently working primarily with superfine wires made of 
nickel-titanium alloy that are embedded in the implant. 
“But we need to keep our eyes open,” Pohlemann says. 
“There are hundreds of different materials—one of them 
might be a better fit for our project.”

Controlled movements permitted

When completed, the active implants would represent 
nothing short of a quantum leap in the history of treating 
broken bones. When the use of plates to set fractures was 
first introduced back in the 1960s, surgeons had a simple 
task, as Pohlemann explains: “Their goal was absolute  
stability. After an operation, the idea was to leave no gaps 
at the fracture site.” Later, “relative” stability was the aim, 
and a little bit of leeway was accepted after the role of 
motion in fostering healing became clear. “The objective 
today is controlled stability, meaning we allow only very 
specific movements,” says Pohlemann.

Although the path to market entry remains long, 
Pohlemann says the project is “skipping several gener- 
ations in implants”. In fact, the advances the team 
have made are impressive: for example, the researchers 
succeeded in building a so-called demonstrator—an 
implant made of metal and synthetic material that is 
small enough to fit into the shin bone. Depending on the 
electric signal sent, the implant expands or contracts.

When developing an active implant, the meticulous 
investigation of each and every technical aspect is 
essential. However, it’s equally critical to understand  
the medical processes involved in healing. “To this day, 
we don’t understand why every seventh lower-leg fracture 
fails to heal properly, even with an implant,” Pohlemann 
says. That’s why the completion of the gait analysis lab 
was one of the year’s highlights. Roughly twenty patients 
have already been equipped with sensors, and detailed 
measurements of real-world healing trajectories are 
being compiled in the lab, Pohlemann explains, adding, 
“We’re now building a data pool that will grow rapidly.”

3D printers by the score

Developing smart implants is also one of the goals  
pursued in the MIRACLE and follow-up MIRACLE II  
project at the University of Basel and the University 
Hospital Basel, which the Werner Siemens Foundation 
began financing in 2015. The researchers are construct-
ing a surgical robot that will one day be capable of using 
a laser to make minimally invasive incisions or drill holes 
in the diseased or fractured bones of cancer or accident 
patients (see page 44). Because the laser can cut differ-
ent shapes in the bones, the innovation opens the door 
for entirely new ways of using implants. For instance, 
bones and implants could be fitted together like puzzle 
pieces—and remain in place without screws or plates, as 
is currently the practice.

To manufacture the customised implants, Florian 
Thieringer, co-project leader of MIRACLE II, is working 
with 3D printing technology. 3D printing has been used 

Smart implants
In future, intelligent implants fitted in a bone 
will be able to directly monitor how well 
a lower-leg fracture is healing. A research 
team at Saarland University Medical 
Center are working on the innovative smart 
implants that, in addition to stabilising a 
broken bone, will provide information on 
how well the fracture is healing and detect 
incorrect weight-bearing. If a break isn’t 
healing well, the implant will react and, if 
necessary, trigger targeted movements to 
actively stimulate healing at the site of the 
fracture.

Funding from the Werner Siemens 
 Foundation 8 million euros 
Project duration 2019 to 2025
Project leaders
Prof. Dr Tim Pohlemann, Prof. Dr Bergita 
Ganse, PD Dr Marcel Orth, Prof. Dr Stefan 
Diebels, Prof. Dr Stefan Seelecke, Prof. Dr 
Phillipp Slusallek at the Department of 
Trauma, Hand and Reconstructive Surgery, 
Saarland University Medical Center
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In the 3D Print Lab at University Hospital Basel, doctors can order  

patient-specific models to help them plan an operation.

In addition to the 3D models, made-to-measure implants  

will be printed in the Basel lab in the near future.
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in medicine for over thirty years, says Thieringer, who 
was recently appointed professor at the University of 
Basel and named senior physician for oral and cranio- 
maxillofacial surgery at University Hospital Basel. For 
example, he says, in the 1980s, printed models of skulls 
were very useful in planning surgical interventions: “For 
the first time, doctors were able to hold the anatomy of a 
patient in their hands and, quite literally, grasp it.” Later, 
the technology advanced so far that perfect, made-to-
measure implants could be produced.

Folding implants

To begin, only expensive supercomputers had the capacity 
to print 3D objects, but today, commercial computers 
can also master the task. For several years, the University 
Hospital Basel has maintained its 3D printing lab, 
mainly to fabricate patient-specific models; now, the lab 
is being certified to produce patient-specific implants. 
Thieringer explains the benefits: “It shortens pathways 
and production times, it lowers costs—and we can offer 
our patients individualised medical care.”

To fit the made-to-measure implants into an operation 
site during minimally invasive interventions, Thieringer 
has opted to work with an origami-like technique. In 
future, he would like to create implants consisting of 
several small parts that are inserted one by one into the 
body and then assembled during the operation. “This is 
already ‘smart’,” Thieringer says. “But we also want to 
adapt the material to meet the precise needs of indivi- 
dual patients. And we want to equip the implants with 
sensors that deliver information about the state of an 
implant and how the body is reacting to it.”

In short, prosthetics and implants will soon be much 
more than rigid replacement parts in the body. Good 
prospects for patients indeed.

MIRACLE II
Gentle, minimally invasive, robot-guided and 
highly precise bone surgery—this is the aim 
of the MIRACLE II project at the University 
of Basel. Researchers in the project are  
constructing an endoscopic laser robot 
capable of making ultrafine incisions in 
bones, while miniature sensors and a 3D 
software program are designed to promote 
patient safety during surgery. In the hospital’s 
in-house 3D printing lab, made-to-measure 
implants will be fabricated to fit in the pre-cut 
bones. All these developments mean that 
bones can heal faster after an intervention.

Funding from the Werner Siemens 
 Foundation 12 million Swiss francs
Project duration 2022 to 2027
Project leaders
Prof. Dr Philippe Cattin, head of the  
Department of Biomedical Engineering 
(DBE) at the University of Basel
Prof. Dr mult. Florian M. Thieringer, senior 
physician for oral and cranio-maxillofacial 
surgery and head of the Swiss MAM research 
group at University Hospital Basel
Prof. Dr Georg Rauter, head of Bio-Inspired 
RObots for MEDicine Lab (BIROMED-Lab) 
at DBE at the University of Basel
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At the office or the beach, while taking a walk in the woods or when talking with other researchers: innovative thinkers like 

Francesco Stellacci, Christina Warinner and Pierre Stallforth (left to right) hit upon brilliant ideas just about anywhere. 

FOCUS INNOVATIVE MEDICINE | INTERVIEW

      “The most important  thing 
                                     is having  time and space”

In the 19th century when Werner  

Siemens discovered the dynamo  

principle and established the field  

of modern electrical engineering, 

inventions were often born of sudden 

inspiration: extraordinary individuals 

like the Siemens company founder 

had a brilliant idea and were able to 

quickly convert it into a workable 

product. And now? How is innovation 

born in the 21st century?

The Werner Siemens Foundation supports researchers 
who pursue innovative, often unusual approaches. 
Molecular archaeologist Christina Warinner and 
biotechnologist Pierre Stallforth are a prime example. 
In their project, the two scientists have joined forces  
to solve the growing problem of antibiotic resistance, 
and they’re looking in a place where no one has ever 
thought of finding antibiotic agents: in the mouths of 
prehistoric humans.

Francesco Stellacci, too, is pursuing an unconven-
tional strategy to combat viral diseases. The materials 
scientist at the École polytechnique fédérale de Lausanne 
(EPFL) is aiming to develop a broad-spectrum antiviral 
as well as specific medications to treat a wide range of 
infections caused by viruses. His innovative approach 
transfers findings from materials science to the field of 
medicine: he and his team have designed an artificial 
molecule that can “capture” viruses and “crush” them 
using hydrophobic pressure.

How do researchers come up with these kinds of 
innovative ideas? A conversation with three scientists 
and professors: Christina Warinner, Pierre Stallforth 
and Francesco Stellacci.
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Persistence pays off: Francesco Stellacci (left), Pierre Stallforth and  

Christina Warinner in conversation about inspiration and innovation.

FOCUS INNOVATIVE MEDICINE | INTERVIEW

Looking back, when were you most 

creative in your career?

Warinner: I had the most freedom 
when I was a student at the University 
of Kansas. I took every course that 
interested me: Middle Egyptian hiero- 
glyphs, physics, organic chemistry, 
microbiology, Celtic archaeology. 
Although I needed an extra year to 
finish my degree, after I earned my 
PhD in anthropological archaeology, 
this innate ability to pursue my own 
interests proved very useful. For 
example, I was a postdoc at the 
University of Zurich at a new institute 
where there was no supervisor in my 
research group for two years. So, it was 
up to me to develop ideas. I also had to 
knock on doors and ask other 
researchers for feedback on my work. 

At first, this freedom was a little 
frightening, but over time I realised it 
was a fantastic opportunity—and I 
found traces of DNA and protein 
where no one expected to find any-
thing at all: in the dental plaque of 
prehistoric humans.

Stellacci: The postdoc phase was a 
very creative and inspiring time for 
me, too. It’s also when I realised that a 
professorship would be interesting 
because it would allow me to devote 
my time entirely to research. However, 
a professorship also comes with 
numerous obligations—HR, project 
management, administration. Having 
all these duties is counterproductive, 
as conducting research is a creative 
process, similar to the work of an 
artist. In the music industry, no one 
expects musicians to be creative on 
command—it’s not a case of: release  
a fantastic new album every year! But 
we professors are indeed subject to 
this kind of regime—we’re obliged to 

regularly publish relevant research 
findings. 

Does that mean having a professorship 

doesn’t offer the best opportunities for 

conducting innovative research?

Stallforth: Not until you’ve become 
established in your field. Then you can 
step back from the pressure to publish 
as much and as often as possible.  
Also, with generous benefactors like 
the Werner Siemens Foundation, 
there’s less worry and less need to 
spend so much time searching for new 
financing. Long-term funding means 
we don’t have to prove every single day 
that we’re worth the money that’s 
been invested in us.

Are younger or older researchers more 

creative?

Stellacci: It’s proven that we have 
fewer ideas as we age—but we get 
better at seeing how things are 
connected. When we’re young, it’s the 
opposite: the ideas flow freely. That’s 
why we should involve junior 
researchers more closely in the 
activities of the established scientific 
community—through work with 
mentors, for example. It’s important 
to find ways to channel the creativity 
of young researchers.

Warinner: I agree. When I used a new 
measurement instrument as a 
postdoc and met with such incredible 
success, I was handed a list of bacterial 
species—and I had to google every 
single one of them. I suddenly had a 
huge amount of prehistoric DNA on 
my hands, but I didn’t know a thing 
about the oral microbiome. As a 
matter of fact, I didn’t even know the 
word.

Have you ever worried about hitting a 

dead end with your approach?

Stellacci: All researchers have their 
doubts—it’s normal. I began looking 
for antivirals in 2010, and I made good 
progress. I published articles, but 
always out of my own pocket. Five years 
later I was awarded a grant from the 
Swiss National Science Foundation, 
but after the funding ended, I thought 
I would have to give the project up. 
Then the coronavirus pandemic began 
in 2020, and WSS pledged their support.

Does secure financial footing promote 

innovation?

Stallforth: There’s an interesting 
observation from theoretical physics: 
in the 1950s, Russian physicists  
were extremely innovative and 
successful—and they worked with 
pencil and paper ...

Stellacci: ... Right, but they also 
supervised just one or two gifted 
students and taught a single course. 
The example is a good illustration of 
how the ability to innovate depends 
on having enough time.

Stallforth: True. And, of course, in  
a field like palaeobiotechnology it’s 
also indispensable to have good 
technical infrastructure. Without 
sequencing instruments, it would be 
impossible for us to make rapid 
progress—and today’s state-of-the-art 
technology is extremely expensive.

Stellacci: Indeed it is, and the 
Russian physicists from the 1950s 
ultimately failed because they didn’t 
have the financing to pursue their 
ideas. To be innovative, researchers 
need to work in a system that wants, 
needs and funds innovation.

Pierre Stallforth, was your idea a 

sudden inspiration, or did it evolve from 

years of work?

Stallforth: Today, anyone looking  
for new antibiotics is forced to be  
creative, as there’s a limited number 
of possible “sites”—we can look into 
exotic organisms or underexplored 
habitats. And although the past fifteen 
years have seen scientists finding new 
chemical compounds in bacteria that 
live in symbiosis with insects, for 
instance, we generally rediscover 
already-known substances. The  
field is literally crying out for new, 
innovative strategies.

In many ways, your approach is a result 

of systemic limitations—but how did 

you come up with the idea to look for 

antibiotic agents in early human 

history, of all places?

Stallforth: It was in 2018 at a cluster 
of excellence meeting in Jena, when  
I got to know Christina Warinner and 
her work. We started talking and 
quickly realised that combining our 
core areas of expertise—molecular 

archaeology and biotechnology—
would open up entirely new perspec-
tives in antibiotics research.

Warinner: Exactly, because it’s 
possible that there were chemical 
compounds in prehistoric times that 
no longer exist today—or that maybe 
do! That’s what we want to find  
out. It’s a wide-open field with many 
surprises in store.

What made you think that prehistoric 

agents could be “reanimated”? 

Warinner: When I was doing my 
postdoc at the University of Zurich, I 
read a publication maintaining that 
it’s impossible to find prehistoric 
DNA in dental plaque. I wasn’t so sure, 
so I tested it. My first experiments 
were negative, but then measure-
ments I made with more advanced lab 
equipment showed that my tests 
didn’t fail because there was no 
DNA—they failed because there was 
such a huge amount of preserved DNA 
fragments that it overloaded the old 
instruments. No one saw that coming.

So your persistence paid off.

Warinner: It did, and dental plaque 
has turned out to be a unique window 
on how humans lived tens of  
thousands of years ago.

Stallforth: In the oral microbiome of 
early humans, we’ve found genes that 
enable the production of potentially 
novel antibiotics as well as antimicrobial 
resistance genes. So we know we’re on 
the right track with our hypothesis.

What else do researchers need to get 

their ideas off to a good start? 

Warinner: We need a place for inter- 
disciplinary dialogue, collaboration, 
research, teaching, further education. 
The facilities at the department of 
palaeobiotechnology at the Leibniz 
Institute for Natural Product Research 
and Infection Biology in Jena offer this 
kind of amazing space.

But interdisciplinary research is also 

complex and time-intensive.

Stallforth: That’s true. It took us a 
good year before representatives from 

all the disciplines involved—anthro-
pology, archaeology and analytic 
chemistry—had presented their 
methods, ways of thinking and 
technologies, and for us to get to know 
and better understand each other. But 
it was definitely worthwhile.

Francesco Stellacci, what motivated you, 

a materials scientist, to focus on 

treatments for viral diseases?

Stellacci: At a certain point in my 
career I realised that science had 
achieved major milestones, but that 
we bury our heads in the sand when it 
comes to recurring problems like war, 
earthquakes, droughts or pandemics.

Why precisely antiviral drugs?

Stellacci: I attended a conference 
where a speaker reported that every 
day, worldwide, a thousand children 
die of diarrhoea, mostly as the side 
effect of a viral infection. In the 
meantime, the figures have dropped 
by half, but it’s still far too high and 
we’re not doing anything about it. 

“Talking to experts from other 

 disciplines opens my eyes  

to holes in my own logic.”

Christina Warinner
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That’s what first inspired me to work 
on viral diseases.

So it was a conscious departure from 

classical questions in materials science? 

Stellacci: That’s right. Viruses are 
really the most elegant and complex 
materials in nature—an assemblage 
of proteins, DNA and fatty acids. 
They’re not classed as living organ-
isms because they rely on a host to 
reproduce.

Were you always interested in virology?

Stellacci: Well, I have many interests, 
including physical virology. In this 
discipline, researchers examine how 
viruses can be broken down into their 
individual components in order to 
insert tiny particles in them when 
they’re putting them back together 
again. I figured that if it’s possible to 
reassemble viruses, it shouldn’t be 
too difficult to destroy them. After all, 
it’s always easier to destroy something 
than to build it.

When do you think about these kinds of 

things?

Stellacci: Usually when I’m alone, 
either at my office or at home. The 
idea to destroy viral material occurred 
to me during my summer holidays at 
the beach. I kept mulling over the 
possibilities and tried to imagine the 
various processes that viruses undergo 
when they replicate. At some point I 
came to the conclusion that it should 
be possible to deconstruct them. 
When I was back at work, I drew 
sketches of my idea and thought: now 

I need to find virology specialists who 
are willing to work with me, an 
“ignoramus”.

So some ideas are born of inspiration or 

a sudden revelation after all?

Warinner: There are definitely those 
wonderful and productive “eureka” 
moments, but with me, they generally 
happen after a discussion in the group. 
Everyone formulates their thoughts, 
the arguments fly back and forth, but 
without arriving at a solution. Then later, 
when I think about what we talked 
about, sometimes the scales fall from 
my eyes and I know what the answer is.

Researchers have to be able to deal with 

uncertainty—they can never be sure 

that an innovative idea will bear fruit.

Stallforth: I really enjoyed the un- 
certain phase when we were establish-
ing the palaeobiotechnology research 
unit. Probably because I’ve always 
worked between disciplines—chemis-
try, molecular biology, physics, 
mathematics, microbiology,  
genetics—and I’ve never claimed to  
be “the” expert in a particular field. 
Over time, though, I’ve come to 
appreciate this role, and I’ve learned 
to ask questions with no sense of false 
shame if something isn’t clear to me.

Stellacci: Researchers are like 
strikers in football matches. Some-
times they run around for 89 minutes 
with nothing to show for it. But if they 
score the decisive goal in the last 
minute, their job is well done. So the 
bottom line is: seize your opportunities 
and don’t be discouraged by setbacks.

To sum up, what do researchers need 

most to realise their innovative ideas?

Stellacci: Most innovations come 
about when we leave our comfort 
zone and dare to take a new 
approach—an approach that we 
pursue relentlessly, tweaking our idea 
until it works. Beat it and buff it, as  
it were.

Warinner: To be creative, the most 
important thing is having time and 
space to think, to experiment, to 
pursue an intriguing notion. Talking 
to experts from other disciplines is 
what gives me new ideas most often. 
These discussions force me to think 
about aspects that are entirely foreign 
to me, and I can more easily identify 
holes in my own logic. It’s both 
revealing and constructive. 

Stallforth: No single person will ever 
be able to solve today’s problems. 
Innovation happens through inter- 
action, interplay, human contact, 

through honest feedback and con-
structive criticism. And then it’s a 
question of testing feasibility—and 
deciding whether the massive  
amount of research required is really 
worthwhile. 

Update: antivirals

Vanquishing 

 viruses
Materials scientist Francesco  
Stellacci and his team have developed 
artificial molecules that, by means 
of hydrophobic pressure, destroy 
viruses before they can enter a 
human cell. In the first preclinical 
study, the innovative approach has 
proven to be highly effective against 
influenza viruses. What’s more, no 
side effects were observed. Now, the 
next step in the project is a long-term 
series of additional preclinical trials.

Francesco Stellacci is pursuing a 
two-pronged approach to combatting 
viral infections. On the one hand, he 
envisions a broad-spectrum 
antiviral drug that—much like pen-
icillin—can be used to treat a wide 
range of viruses. Then, in the event 
that this general drug is ineffec-
tive against a certain virus strain, 
he aims to develop a method for 
quickly designing a specific antiviral. 
Currently, Stellacci and his team at 
the École polytechnique fédérale de 
Lausanne (EPFL) are focusing on 
coronaviruses as well as the influ-
enza and dengue viruses—thanks to 
funding from the Werner Siemens 
Foundation.

Preclinical studies off to an ideal 
start
An independent lab in the US has 
already conducted toxicology  
experiments on mice to test the  
specific agent against influenza 
viruses. In this first preclinical  
study, no side effects were observed,

not even when high doses were 
administered over several days. In 
addition, the therapeutic window 
for the drug is six times longer than 
with Tamiflu, the drug that is cur-
rently most commonly prescribed. 
In short: the preclinical studies are 
off to a great start. In the coming 
years, however, Stellacci will have 
to dedicate much of his time to 
organising additional preclinical 
trials: when developing medications 
for humans, toxicology testing is a 
complex, demanding and long-term 
procedure.

Deadly viruses
Stellacci is particularly interested in 
finding a treatment for dengue fever.  
With this disease, the initial infection 
is generally not too dangerous, but a 
later infection is fatal in nearly half 
of all cases. An inexpensive antiviral 
medication would also be very useful 
to treat rota- and noroviruses, which 
cause diarrhoea and kill hundreds of 
children in poor countries every day. 

Because viruses are so dangerous, 
Stellacci is convinced that we need a 
centre for viral research dedicated to 
broad, interdisciplinary research on 
different virus types. Indeed, until an 
antiviral drug has been developed, 
there’s a danger that a future virus 
will wreak as much devastation on 
the human population as the plague 
bacteria in the 14th century—when 
antibiotics were as yet unknown.

Funding from the Werner Siemens 
Foundation
5 million Swiss francs (2020–2021: 
development of a broad-spectrum 
antiviral)
4.5 million Swiss francs (2021–2023: 
Werner Siemens Foundation Center 
for Antiviral Research (WSS-CARe)
Project leader 
Prof. Dr Francesco Stellacci,  
Supramolecular Nano-Materials 
and Interfaces Laboratory, Institute 
of Materials, École polytechnique 
fédérale de Lausanne (EPFL)

Update: palaeobiotechnology

Bioinformatic  

brilliance
2022 was a good year for the depart-
ment of palaeobiotechnology at 
Leibniz-HKI in Jena. Pierre Stallforth 
was appointed professor, and he and 
his colleague Christina Warinner 
moved with their teams into a state-
of-the-art lab at the new HKI Biotech 
Center. The bioinformatics tool they 
developed has also proven effective 
in the search for ancient DNA: the 
researchers have succeeded in 
reconstructing their first prehistoric 
natural product.

In 2020, the Werner Siemens  
Foundation began funding the 
promising new research discipline of 
palaeobiotechnology. This support 
has acted like a catalyst, triggering  
positive advances and, at the end 
of 2021, leading to biotechnologist 
Pierre Stallforth’s appointment 
as professor of bioorganic chem-
istry and palaeobiotechnology at 
Friedrich Schiller University Jena. 
Stallforth is also head of the depart-
ment of palaeobiotechnology at 
Leibniz-HKI, the Leibniz Institute 
for Natural Product Research and 
Infection Biology in Jena.
In April of 2022, the core palaeobio- 
technology team of around twelve 
researchers moved into the new HKI 
Biotech Center. “The research condi-
tions are perfect,” Stallforth says with 
evident satisfaction. 

Generating natural products from 
ancient DNA
For the past two years, Stallforth’s 
team has been working with the 
group led by molecular archaeologist 
and co-project leader Christina  

Warinner to develop bioinformatic 
tools capable of scanning vast 
amounts of data for prehistoric infor-
mation while also differentiating it 
from present-day genetic informa-
tion. If a DNA fragment is identified 
as prehistoric, other related DNA 
fragments must then be found, put 
together correctly to form a bacterial 
genome. “It’s a bioinformatic tour 
de force,” Stallforth says. The newly 
assembled genome is then tested 
for errors. If none is found, the two 
groups then work to determine 
the functions of the genes in the 
genome. For this, experts from the 
fields of archaeology, biotechnology, 
bioinformatics and organic chemistry 
contribute their knowledge. 
Research leader Pierre Stallforth 
says, “Our broad focus on the eco-
logical and archaeological context is 
highly innovative and new.”
The researchers have already recon-
structed bacterial genomes that 
existed between 16 000 and 100 000 
years ago; a publication on this 
development is forthcoming. “It’s 
fantastic that we can go back as far 

as 100 000 years. We now understand 
what kind of genomic information 
we need for our work and where the 
difficulties lie,” is how Stallforth 
sums it up.

Funding from the Werner Siemens 
Foundation 10 million euros
Project duration 2020 to 2029
Project leaders
Prof. Dr Pierre Stallforth, professor of 
bioorganic chemistry and palaeo- 
biotechnology at Friedrich Schiller 
University Jena and head of the 
department of palaeobiotechnology 
at the Leibniz Institute for Natural 
Product Research and Infection  
Biology (Leibniz-HKI) in Jena
Prof. Dr Christina Warinner,  
Max Planck Institute for Evolutionary 
Anthropology, Jena and Leipzig;  
head of the archeogenetics research 
unit at Leibniz-HKI in Jena; associate 
professor at Harvard University in 
Cambridge, Massachusetts

“No single person will ever be 

able to solve today’s problems.”

Pierre Stallforth 

“We can’t be creative on command.”
    Francesco Stellacci












































































