NMI NATURAL AND MEDICAL
SCIENCES INSTITUTE
AT THE UNIVERSITY OF TÜBINGEN

We achieve results >>

The NMI performs applied research at the interface
between life sciences and materials science for the
pharmaceutical, biotechnology and medical technology
industries. We develop future technologies for the
early detection of disease to enable more effective and
individualized treatments.
With our special expertise in materials science and
analytics, we are trendsetters of innovation in Germany’s
growth areas.

Dear clients, partners, supporters, and friends of the NMI,
The »NMI« brand stands for excellent research at the
interface of the life sciences and materials science. With
over 300 research projects annually, we are an important
driver and valued partner for the pharmaceutical, biotechnology and medical technology industries. Our core
commitment is to translate basic research findings into
applications.

We also provide an important stimulus with a lasting
effect for the region and the medical technology sector
through our entrepreneurial spirit. Over the past 20
years, 15 companies have been founded at the NMI or
with the help of the NMI. We intend to extend this successful track record and will continue to intensively promote and support research-based start-up projects.

Under my stewardship, the NMI continues its clear
emphasis on applied research and its focus on pioneering key technologies for the healthcare industry. Personalized medicine is an important research priority,
as exemplified by our projects focusing on tailor-made
prevention, diagnosis and therapy of oncological diseases. Other major subject areas include the biologization,
miniaturization and digitization of medicine (medical
technology). Current projects in these areas deal with
organ-on-a-chip technologies and innovative assay systems for drug development, bioprinting, tissue engineering or the construction of a material data room.

Since 2018, the highly regarded BioMedTech research
campus and the Center for Nanoanalytics — two RegioWIN
flagship projects — have complemented our research and
service portfolio. Within a very short time, they have
established themselves in the region, increased the innovative strength and competitiveness of local companies,
and thus contributed to successful regional development.
The combination of medical technology and biotechnology under one roof as well as the intensive dialogue
between different users from science and industry on
the research campus promote the development of the
Neckar-Alb region into a leading research location in biomedical technology.

An important success factor of our R&D work is the close
interaction and cooperation with scientific partners.
My professorship at the Medical Faculty at the Eberhard
Karls University of Tübingen offers excellent conditions
for dynamic innovation between basic research and
applied research involving the NMI, industry, the university and university clinics. The teams in Reutlingen and
Tübingen work closely together under my management.
In addition, three interdisciplinary professorships with
the University of Tübingen strengthen the productive
exchange of ideas.

In addition to our regional and national activities, we are
also operating on a high international level. Building on
our existing international research partnerships, we are
able to leverage well-established connections to the life
science communities in Ireland and the US — areas with
great potential for new networks in the future.
Sincerely
Prof. Dr. Katja Schenke-Layland
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>> Facts and figures

Stable revenues
Our total revenue in 2019 amounted to EUR 15.0 million, of which 6.2 million
stem from government funding agencies. Major projects involving international
partners also played an important role.
Our revenue from the industrial sector was EUR 3.8 million in 2019. Small and
medium-sized businesses in southern Germany are particularly important to us,
as evidenced by their approximate 50% share of our industrial sector revenues.
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On our website you can find:

Testing services
We offer a wide range of testing services in accredited and certified fields:
The NMI offers a variety of methods in accredited areas (DIN EN ISO /
IEC17025:2005) for the testing of materials and their surfaces.
Testing according to GMP guidelines:
NMI Technologietransfer GmbH offers our customers from the pharmaceutical
industry a wide range of services for internationally viable, approval-relevant
tests.
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Projects, publications,
information on workshops and
fairs as well as daily news:
www.nmi.de/en/
Patents
Read about our patents
(in German) here:
www.depatisnet.de

Total staff as of April 1 2020
194 Employees, including
107		 Scientific staff
24			 Visiting scientists
3			 Bridge professorships
17		Graduates
18		 Technical staff and laboratory assistants
22		 Administration and infrastructure
21		Trainees, including Bachelor and Master’s students,
interns and apprentices
9		 Temporary staff
50 % Women in science and technology
24 	Employees from 16 nations complement our
professional and cultural competencies

>> Organizational structure

NMI Natural and Medical Sciences Institute
at the University of Tübingen

NMI TT GmbH

Non-Profit Foundation
Chairman of the Board of Trustees: MDgt G. Leßnerkraus

Managing Directors:
Prof. Dr. K. Schenke-Layland, Dr. T. Joos,
Dr. S. Raible

President and Director: Prof. Dr. K. Schenke-Layland
Deputy Directors: Dr. T. Joos, Dr. S. Raible
Head of Administration: K. Rösslein, T. Schweikert

Authorized signatories:
K. Rösslein, T. Schweikert

Pharma and Biotech

Biomedicine and Materials Science

Material
Analysis and
Electron
Microscopy

PharmaServices

Testing
Services

Dr. N. Schneiderhan-Marra (Deputy)

Dr. H. Hartmann / Dr.-Ing. R. von Metzen

(act. Dr. S. Raible)

Dr. T. Joos

Prof. Dr.
K. Schenke-Layland

Assay Development

Molecular Biology and
Neurobiology

Biofunctionalized
Surfaces

Prof. Dr. H. Volkmer
Dr. F. Weise

Dr. X. Xiong

Neuro-Microphysiological Systems

Biomedical Micro and
Nano Engineering

Dr. P. Cesare

Dr. P. Jones
Dr.-Ing. R. von Metzen

Biological
Development Center

BioMEMS and Sensors

Prof. Dr. U. Rothbauer / Prof. Dr. H. Volkmer

Dr. M. Templin

Bioanalytics
Dr. A. Zeck

Biochemistry
Dr. N. S
 chneiderhanMarra
Dr. J. Göpfert

Prof. Dr. U. Rothbauer

Electrophysiology

Tumor Biology

Dr. U. Kraushaar

Dr. C. Schmees

Interface Immunology

Advanced Materials

Dr. C. Shipp

Prof. Dr. J. Meyer

Neurophysics

Nanoanalytics

Dr. G. Zeck

Dr. C.J. Burkhardt
Dr. T. Lutz

Microdevices

Dr. S. Raible

Regenerative
Biomaterials

Dr. M. Stelzle
Dr. H. Hartmann

Interface Characterization in the Production
Process
Dr. D. Martin
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>> NMI foundation and institute — supervisory authorities
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The NMI was established in 1985 as a non-profit foundation governed by public law. The foundation’s chairman is
the director of the institute. A board of trustees acts as
a supervisory body, whose high-profile members underline the importance of the NMI in politics, business and
research.

Foundation
President:
Prof. Dr. Katja Schenke-Layland, NMI, Reutlingen (10)
Vice-president:
Dr. Thomas Joos, NMI, Reutlingen (17)
Honorary vice-presidents:
	Prof. Dr. Matthias Schwab, Dr. Margarete Fischer-BoschInstitute for Clinical Pharmacology, Stuttgart (5)
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Board of Trustees

Dr. Adrian Carter, Boehringer Ingelheim Ltd., Ingelheim (9)

Chairman of the Board of Trustees:
	Ministerialdirigent (Undersecretary) Günther
Leßnerkraus, Baden-Württemberg Ministry of
Finance and Economics, Stuttgart (12)

Prof. Dr. Bernd Engler, President, University of Tübingen,
represented by Prof. Dr. Peter Grathwohl, Prorector

Vice-Chairmen of the Board of Trustees:
Prof. Dr. Eberhart Zrenner, University of Tübingen (16)
	Dr. Wolfgang Epp, Chamber of Commerce and Industry
Reutlingen (15)
Members of the Board of Trustees:
Prof. Dr. Michael Auer, Steinbeis Stiftung für
Wirtschaftsförderung, Stuttgart (11)
Dr. Georg Bischopink, Robert Bosch Ltd., Stuttgart (8)
Thomas Keck, Lord Mayor of the City of Reutlingen,
represented by Alexander Kreher, Financial Mayor
of the City of Reutlingen (14)
Prof. Dr. Petra Kluger, Reutlingen University (4)
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Dr. Ulrich Gottwald, Bayer Pharma AG, Berlin (18)
Prof. Dr. Peter Gumbsch, Fraunhofer Institute for
Mechanics of Materials (IWM), Freiburg
Dr. Caroline Liepert, Ministry of Science, Research and
the Fine Arts, Stuttgart (7)
Prof. Dr. Bernd Pichler, University of Tübingen (1)
Dr. Denis Reibel, Freudenberg New Technologies
SE & Co. KG, Weinheim (3)
Prof. Dr. Thilo Stehle, University of Tübingen (6)
Dr.-Ing. habil. Katrin Sternberg, Aesculap AG, Tuttlingen (13)
Dr. Michael Albiez, Carl Zeiss AG, Oberkochen

>> Success through Cooperation — Academic Partners

In order to accelerate the transfer of forward-looking
findings into practice, basic research and applied research
must be closely interconnected. The NMI therefore focuses
on the establishment of strategic partnerships, in particular with research institutions in the region, and specifically promotes projects at the interface between applied
research and basic research.
In order to find solutions and improve the transfer of
knowledge in both directions, the NMI cooperates closely
with scientists at the University and University Hospital
of Tübingen and the Universities of Applied Sciences of
Reutlingen, Albstadt-Sigmaringen and Furtwangen.

Cooperation with the University of Tübingen
The NMI is closely associated with the University of
Tübingen. The services offered by the NMI complement
those offered by the university and thus contribute to
expanding the service portfolio of university research.
Prof. Dr. Katja Schenke-Layland, Director of the NMI, holds
a professorship at the Medical Faculty at the University of
Tübingen and leads a research group in the Department
of Women’s Health at the Research Institute for Women’s
Health.
These close collaborations support joint research projects
and scientific events, the further education and training
for employees, as well as integrating employees of the NMI
into university teaching while providing the opportunity to
write academic theses at the NMI.

Targeted cooperation — bridge professorships

Tübingen Research Campus

Three interdisciplinary professorships are a visible sign
of the close cooperation with the University of Tübingen:

The NMI is cooperating partner in the Tübingen Research
Campus (TRC), which unites the expertise of the university
and non-university research institutions in the region.
The TRC partners cooperate in scientific projects, share
facilities, and train young scientists; thus helping to promote cutting-edge research in the region.

Prof. Dr. Ulrich Rothbauer, Professor of Pharmaceutical
Biotechnology at the University of Tübingen and Head
of the business area Pharma and Biotech at the NMI
Prof. Dr. Jannik C. Meyer, Professor for Advanced
Materials at the University of Tübingen and Head of
the group Advanced Materials at the NMI
Jun.-Prof. Dr. Martin Weiss, W1 Junior Professor of
Molecular Gynecology at the Department of Women’s
Health at the University of Tübingen

One of the TRC’s new initiatives is the Neuro Research
Campus, a communication platform that connects the
neuro-scientific research groups and institutions in
Tübingen. Here, too, the NMI is committed to promoting
scientific cooperation and jointly realizing new scientific
and technological developments.

A fourth bridge professorship is currently being established.
These bridge professorships combine world-class academic
research at the University of Tübingen with applied research
at the NMI. They strengthen cooperation at the interface
between the university and non-university research institutions and bridge the gap between institutions and disciplines. The research activities of the university working
groups take place at the NMI in close cooperation with
NMI scientists — a very successful model from which all
partners benefit equally.
NMI 2020
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>> NMI — an important player in the health location Baden-Württemberg

Baden-Württemberg is one of the top locations in the
global health industry. Committed and full of ideas, the
NMI is making its contribution to securing and further
expanding this top position. The major task is the transfer
of future-oriented research results into economic exploitation and application. Marketable products, technologies or
services are the result.

Forum Gesundheitsstandort

Targeted translation into the application

With the Forum Health Location Baden-Württemberg the
state government offers a format for cooperation of university, non-university and industrial partners in research
and innovation development and creates the framework
conditions for a close, strategically coordinated dialogue
between all relevant actors.

In the forum, the NMI works in close cooperation with
other players to develop solutions in order to raise
Baden-Württemberg to the highest possible level as a
health location. The focus is on the intensification and
acceleration of translation processes.

As an important partner for innovative know-how, the NMI
enables small and medium businesses by providing access
to search infrastructure that may not possess.

The NMI is actively involved in the activities of the forum.
Prof. Dr. Katja Schenke-Layland is, in her function as
Director of the NMI, topic spokesperson of the working
group “Business-oriented research and innovation” of the
Ministry of Economics.

Prof. Dr. Katja Schenke-Layland
on delegation visit under the
leadership of Prime Minister
Winfried Kretschmann
© Eric Berghen
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The NMI is involved in this process with four projects
in the first funding period. The projects funded by the
Ministry of Economic Affairs, Employment and Housing
address the topics of personalized medicine, digitization
and knowledge transfer.

With its range of research and services, the NMI
is an indispensable partner, especially for small
and medium-sized companies that are unable to
maintain their own research capacities due to the
high cost, but nevertheless have to constantly
meet new requirements.
Dr. Nicole Hoffmeister-Kraut, Minister of Economic Affairs,
Labor and Housing of the State of Baden-Württemberg

>> Research and technology transfer via spin-offs

The NMI considers spin-offs to be the ideal way to s ucceed
in transferring technology. The institute promotes research-
based start-up projects that involve complex development
work and high stakes.
The results of our start-up culture speak for themselves:
over the last 20 years, 15 spin-off companies were launched;
some of them right at the NMI, others with our assistance.
Each of them germinated directly from the NMI’s research
findings and scientific evolution.

1996

1998

2000

2001

The NMI parented TETEC: the institute is the home we grew up
in. We may have matured since – but we are very pleased to
remain close to the NMI and the support it provides. Without the
NMI it would not have been possible for TETEC to have taken
such strides!
Dr. Christoph Gaissmaier,
Executive Board, TETEC AG Reutlingen

2002

2003

2008

2009

2010

2016

2017

2019
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>> Nanoanalytics Center at the NMI

The Nanoanalytics Center at the NMI was established in
2018 as a selected flagship project of the RegioWIN competition — “Regional Competitiveness through Innovation
and Sustainability”. The research and service center for
high-resolution nanoanalytics provides highly specialized
analytical equipment for material, component, and product development.
It is a regional point of contact for innovative companies
in the material technology business and their product
ideas. They can use the center’s equipment for nanoanalytics and benefit from the NMI’s material science expertise, advice, and support. The center expressly provides
low-threshold access for industry practitioners. With this
holistic approach, the NMI aims to help regional companies achieve precise nanoanalytics and an international
competitive advantage. At the same time, the center also
attracts scientists from the region looking to carry out
both basic and applied research.

State-of-the-art facilities
The Nanoanalytics Center is equipped with two of the
world’s best electron microscopes. They have a resolution
of 0.1 nanometers, allowing atoms to be detected as individual dots. This enables users to perform precise material
analysis down to the atomic level. With this technology, the
region around Reutlingen is one of the leading locations
for nanoanalytics in Europe.
The center’s preparative equipment is also of the highest
standard, especially in order to effectively harness the
potential of high-resolution electron microscopes and
other nanoanalytical instruments. Ultra-thin material
samples can be prepared whose structure is completely
preserved without damaging them. The NMI also h
 andles
what is known as cryo-preparation, which only a few centers
have been able to offer to date.

Shaping the future — Research Campus
BioMedTech and Nanoanalytics Center

The Nanoanalytics Center’s services are particularly rele
vant to the fields of materials science, biomedicine, and
materials technology. Nanoanalytics are also needed in
the semiconductor industry, life science research and new
business fields such as electro-mobility or 3D printing.

The Nanoanalytics Center is now enabling
Baden-Württemberg to keep pace with global
competition in the field of nanoanalytics.
Dr. Stefan Raible, Deputy Director at the NMI
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www.rwb-efre.baden-wuerttemberg.de

>> NMI TT GmbH — Professional Services and Products

The NMI Technologietransfer GmbH (NMI TT GmbH) is a
subsidiary of the NMI and completes the value chain that
begins at the NMI with its industry-related services. Since
its foundation in 2002, the NMI TT’s three established
brands represent a broad service range:

NMI TT Pharmaservices —
our brand for contract research

NMI TT Testing Services —
our brand for pharmaceutical analyses

NMI TT Microdevices —
our brand for innovative products

As a Contract Research Organization (CRO), we provide
services for pharmaceutical compound development and
work for a broad customer base of German and international pharmaceutical and biotech companies. With excellent synergies complementing the scientific orientation of
the NMI, we offer services in the areas of protein profiling
(e.g. proprietary immunoassays for t ranslational medical
research), cell biology (e.g. testing of active substances in
patient-derived immuno-oncological cell systems) and electrophysiology (for toxicology and safety pharmacology).

With its pharmaceutical manufacturing license and GMP
certification, NMI TT Testing Services focuses on analytical
services for companies that have their drugs, advanced
therapy medicinal products, or medical products to be
tested. This involves, for example, the correct identity and
purity of active ingredients as well as the detection of any
impurities.

Life science devices are the focus of NMI TT M
 icrodevices.
Our product range includes various ultra-modern and
highly ultra-modern and highly complex microelectrode
arrays (MEAs) for electrophysiological research produced
by us in the ISO-certified clean room as well as chip-based
protein arrays for biomarker identification and development (ZeptoCHIPs).

Pharmaservices

Te s t i n g S e r v i c e s

M i c r o d e v i c e s
NMI 2020
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NMI expertise >>
Pharma and Biotechnology

Microtechnology

Nanotechnology

Biochemistry
Bioanalytics
Molecular Biology
Cell-based in vitro test systems
Electrophysiology

Microsystems technology
Microfluidics
Interconnects
Sensor technology

Nanomaterials
Nanopatterning
Nanoanalytics

Material engineering
Bonding technology
Surface and interface technology
Coating technology
Atomic and molecule spectroscopy
Biomedical technology
Biophysical chemistry
Regenerative biomaterials
Surface technologies
Coatings
Analytics
Interface immunology
Testing for approval procedures
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NMI Business Areas >>

Pharma and Biotech

Biomedicine and Materials Science

R&D projects and services for preclinical drug development as well as
preclinical and clinical research

Testing techniques and future technologies for medical devices and
for new diagnostic and therapeutic
approaches

Material Analysis and Electron
Microscopy
Micro, nano, und surface technologies
for the development, production, and
analysis of industrial goods

NMI 2020

11

>>	Pharma and Biotech
Improved diagnostics and therapy methods
The pharmaceutical industry is characterized by dynamic
developments and significant advances in biomedical research. While accelerated time to market is characteristic
of this branch, mounting competitive pressure prevails and
ever-stricter regulatory requirements are also expanding.
The most important issues are chronic and degenerative
illnesses, as well as the impact of life-style diseases and
type 2 diabetes. The number of people with mental illnesses
is also increasing.
New technologies, such as high throughput s equencing,
molecular genetics, biosensors, and high-resolution visualization techniques are enabling new therapeutic approaches, thus opening attractive areas for research and development. Individualized or personalized medicine, entailing
the designing of tailored drug therapies, will make more
effective treatment possible in the future, and, at the same
time, ensure the highest standards of patient safety.

Pharmaceutical companies are increasingly bundling their
resources and exploring outsourcing options to benefit
from the technological and scientific progress and efficiency of external partners who have specialized in biomedical science. This presents considerable opportunities
actively pursued by the NMI.
NMI: Innovative test systems and technologies
The NMI is a renowned partner of the pharmaceutical
industry and biotechnology companies for the conception
and implementation of R&D projects. Besides, the NMI
offers tailor-made services for preclinical drug development, diagnostics during studies, as well as preclinical and
clinical research.
Thanks to an extensive scientific network and first-class
technical equipment, the NMI is able to flexibly and competently transfer findings from basic research into industrial
and clinical applications.
The NMI supports preclinical and clinical drug development
with the following platform technologies:
 Biomarkers and multiplex immunoassays

NMI 2015 | JB2016 1.0

 Proteomics and bioanalytics

Earlier
disease detection,
more effective treatment,
individual therapy

12

NMI 2020

 Cellular assay and screening systems for:
– Tumor and immune-oncology
– Inflammations, immune reactions
– Central Nervous System (CNS)
– Determination of side effects on the heart

Biomarkers and multiplex immunoassays

Proteomics and bioanalytics

Cellular assay systems

Drug development, indicators for diagnosis and therapy

Highly-sensitive and selective detection methods

For effective drug research

The quantification of numerous biomarkers with equally
high sensitivity and specificity is a great challenge for personalized medicine. The NMI solves this problem based on
many years of expertise in the development and application of immuno-based detection methods.

The NMI uses highly sensitive and selective detection
methods to identify new biomarkers for the quality control
of therapeutic proteins and to develop customer-specific
assays. State-of-the-art mass spectrometers such as the
maXis II and the Q-Exactive Plus are available for this
purpose.

The focus of preclinical drug development is on the detection and functional characterization of cellular target
structures. The NMI develops innovative cellular testing
systems based on fundamental discoveries in cell biology
and neurobiology for more effective drug research.

More than 35 scientists, engineers and technicians at the
NMI are working on the development and validation of
immunoassays on state-of-the-art technological platforms:
Ultrasensitive SIMOA (Quanterix)
Quantitative determination of single target analytes in
extremely low concentrations using ultra-sensitive sandwich immunoassays.
Bead-based Luminex and DigiWest Technology
Quantitative assay of hundreds of target analytes from
very small sample quantities.
Reverse Phase Protein arrays
Quantification of individual target analytes of smallest
quantity in a large number of samples.
These technologies and procedures for drug testing and
development are applied, among other things, for the
determination of (side) effects or drug-induced organ
damage in several projects.

Quality control of innovative biotherapeutics
At the NMI, high-resolution mass spectrometry is used to
analyze therapeutic antibodies with regard to identity and
integrity, micro-heterogeneity, sequence variance, degradation products, and disulfide bridge formation. We have
gained distinctive expertise in the field of sequence variation and in the analysis of various production batches.

Thanks to its close cooperation with medical clinics, the
NMI has access to a large number of patient-derived systems (including pluripotent stem cells, micro tumors and
organoids). Alternatively, specific disease models can be
created using targeted gene editing (CRISPR/Cas9) and
RNA interference. These cellular models are functionally
analyzed with high content imaging and a variety of biochemical, molecular, optogenetic assays according to the
client’s specific needs.
The NMI continuously develops novel cellular biosensors
(chromobodies) for the time- and site-independent determination of drug effects and uses them in disease-relevant
cell models. These enable the optical monitoring and quantitative determination of cellular reactions after drug treatment in real time using high content imaging.
A particular strength of the NMI is its wide range of electro
physiological methods such as manual and automated
patch clamps (Roboocyte, Patchserver, QPatch) and microelectrode arrays. These devices enable the investigation of
the ion channel function and modulation regulating
nerves, heart, and muscle.

NMI 2020
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>>	Pharma and Biotech
Tumor and immuno-oncology

Models for CNS diseases

Personalized medicine and precision oncology

At the NMI, relevant disease models are generated from
patient-derived stem cells (e.g. induced-pluripotent stem
cells (iPSC)). In order to qualify our cell-based models,
comprehensive methods such as electrophysiology,
molecular biology, and high content imaging are applied.
This allows complex diseases such as autism and schizophrenia to be visualized in vitro.

In recent years, the NMI has established patient-derived
micro tumors from more than 10 different tumor entities
that are available for drug testing.
In order to enable a detailed analysis and evaluation of the
interaction between immune and cancer cells, these micro
tumors are co-cultured with autologous immune cells from
the same patients and used for drug testing.
This allows reproducible conclusions to be drawn quickly
about the efficiency of the latest approaches in cancer
immunotherapy.

Neurodegenerative diseases like age-related macular
degeneration are a significant challenge for an ageing
society. At the NMI, we investigate active substances in
organ-typical retinal cultures, which are combined with
electrophysiological measurements by microelectrode
arrays and linked to histological analyses and apoptosis
readings. Furthermore, a new model for the simulation of
age-dependent neurodegeneration due to genetic damage
of mitochondria is now available, which is used in combination with calcium imaging and electrophysiological
methods.
In addition, a miniaturized cell system was developed at
the NMI that enables electrophysiological measurements
of three-dimensionally cultured neurons. This highly innovative approach is used to research new drugs.
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>> SIGNATOPE —
Successful NMI Start-up wins
State Innovation Award
SIGNATOPE — one of the start-up companies successfully
spun off by the NMI — was awarded the Baden-Württemberg
Innovation Prize in 2019. The company offers new biomarker test methods for the early detection of side effects
during drug development. Side effects on kidneys and liver
can be tested at all stages of drug development with this
method — quickly, across type boundaries and even with
very small sample quantities. This simplifies and accelerates the tests considerably and ensures faster and more
reliable statements about the effects and side effects of
drugs. Patients directly benefit from greater drug safety.

>> NMI in action

>> Following the neuronal stream of communication
Neurodegenerative diseases are increasing dramatically in our ageing society. Meanwhile, researchers
have been largely dependent on 2D in vitro experiments and animal models to develop new therapies.
However, these approaches are insufficient in terms of representing the complexity of neurodegenerative processes in the human brain and have therefore shown a low predictive value in clinical
studies. This makes it difficult to forecast the actual effect.
To close this gap, the NMI has developed a revolutionary Brain-on-a-Chip (BoC) platform based on
the integration of micro production technologies, electrode arrays, and microfluidics to reconstruct,
detect, and display brain-relevant 3D circuits in a high-throughput format.
In combination with the use of induced pluripotent stem cells (iPSC), this approach will enable a novel
technology for the investigation of human neurodegenerative diseases and simultaneously evaluate
the efficacy and safety of newly developed substances.

>> Identifying cardiac risks posed
by medications
>> Comprehensive protein analysis
from smallest sample quantities
The comparison of proteins of healthy and diseased cells
provides insights into which proteins favor or inhibit the
development of diseases such as cancer. Thus, proteins
offer great possibilities for diagnostics.
At the NMI, we developed a DigiWest method for the
detection of protein qualities and modifications from
small samples. At the same time, DigiWest© increases the
sample throughput by offering parallel detection of up
to 250 different antigens in one and the same sample.
This saves laboratories a lot of time and effort. In combination with a reduction in the number of detection reagents, the expected cost savings could reach up to 95 %.

The NMI is a full member of the international non-profit
institution HESI, which focuses on scientific issues pertaining to health, toxicology, and risk assessment.
Within the framework of the CIPA (Comprehensive In Vitro
Proarrhythmia Assay) study, the NMI is working with an
international team of experts to establish a new strategy
to identify cardiac risks stemming from drugs. The group
hopes to develop an assay using stem cell-derived human
cardiomyocytes to accurately predict proarrhythmic effects
of drugs. The NMI is one of few testing laboratories worldwide that has been entrusted with the electrophysiological
testing in this project. The aim of the study is to update
the existing non-clinical guidelines so that new drugs can
be developed that are safer, cheaper, and also not based
on animal testing.

>> PRIMO — Personalized cancer
therapy
Individual therapies have the potential to significantly
improve the treatment of cancer. In order to make progress in this emerging field, the NMI is working t ogether
with two other institutes of the Innovationsallianz BadenWürttemberg on combining digitization technologies and
medical tests.
The PRIMO project pursues new approaches for improving digital infrastructure, software-based automation of
manual processes, machine learning algorithms, and big
data management in order to derive an integrative and
dynamic treatment concept. Precision oncology methods
are evaluated in close cooperation with the Center for Personalized Medicine (ZPM) Tübingen and the Department
of Women’s Health, including personalized drug tests with
patient-derived 3D micro tumors in co-culture with auto
logous immune cells. In addition, multimodal methods for
the simultaneous analysis of protein profiles and genetic
signatures will be further developed in a targeted manner,
and methods for therapy-accompanying monitoring of
minimal residual disease (MRD) will be more automated.

NMI 2020
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>>	Pharma and Biotech
>> Personalized diagnostics project strengthens health
location
Cooperation, not silo thinking, will strengthen healthcare in Baden-Württemberg. To facilitate this,
the state government of Baden-Württemberg initiated and leads the healthcare network “Forum
Gesundheitsstandort BW”, which is a network of research institutes, hospitals and companies tasked
to develop new approaches and measures that will drive Baden-Württemberg to the highest possible
level.
In the initial funding phase, the NMI is a lead partner of the project “predictive diagnostics of immuno-
associated diseases”. The goal is to investigate and establish personalized diagnostic approaches for
a wide range of diseases involving the immune system, with the intent of developing curative treatments as opposed to symptomatic treatment. United with our project partners, the NMI believes
that the most efficient and effective personalized therapies will require companion personalized
diagnostics. The NMI provides its expertise in the development of marker-free diagnostic methods,
highly sensitive protein analytics, biomarker determination and the production of patient-derived
cells and 3D culture models.

>> Clarifying antigen recognition with
mass spectrometry
What happens at the molecular level when an antibody recognizes the
matching region of an antigen? The answer provides the key to a deeper
understanding of how antibodies work. For their therapeutic application:
If recognition regions of antigens can be reliably mapped (epitope map
ping), this will facilitate the search for suitable candidates for therapeutic
antibodies. The NMI has developed a time- and material-saving epitope
mapping method using mass spectrometry. It is based on the detection
of the smallest differences in mass of protons in unbound or bound antibody-antigen complexes. The particular advantage of the NMI approach
is that the method, which is optimized for one antigen, can be used for
many different antibodies. The development of the technology was
funded by the Federal Ministry for Economic Affairs and Energy (BMWi)
as part of a ZIM project. (FKZ 16KN069421)
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Forum Health Location BW:
Prof. Dr. Ulrich Rothbauer,
Head of the Department Pharma
and Biotech, explains Minister
President Winfried Kretschmann
the NMI project “Predictive Diagnostics of Immunoassociated
diseases”.

>> NMI in action

>> Looking into cells with high resolution using nanobodies
Nanobodies are antibody fragments measuring only a few nanometers in size that recognize highly
specific small peptides. These peptides can be coupled to cellular structures. In cooperation with the
MPI for terrestrial Microbiology in Marburg, the NMI has developed a universal nanobody technology
with which cell structures can be analyzed using high-resolution microscopy.
The “BC2-NB” nanobody developed at the NMI can be color-coded and binds to a peptide that is only
12 amino acids short (BC2 tag). Its major advantage: coupling this peptide to cellular structures does
not affect their function. Therefore, even living cells can be examined using this nanobody technology.

>> Making key proteins of retinal
degeneration measurable
Diabetic macular edema and age-related macular degeneration
have the same cause: the pathological growth of blood vessels
in the area of the sharpest vision. One of the main actors in
this process is the growth factor VEGF-A (Vascular Endothelial
Growth Factor). Its effect can be inhibited by directly injecting
therapeutic antibodies into the eye. A new test method developed at the NMI makes it possible for the first time to precisely
examine the effect of the antibodies on their target protein.
The highly sensitive immunoassay was developed on the single
molecule array platform (Simoa) of Quanterix and is now also
available to support the development of new, improved drugs
against macular degeneration. The test is part of the NMI’s
series of highly sensitive detection systems for biomarkers
that enable the reliable measurement
of proteins down to the lowest
femtogram per milliliter range
and require only a few microliters of sample volume.

BC2-tag/BC2 nanobody system for labeling and visualizing cellular structures — shown here using the example of vimentin —
using dSTORM

>> Antibody tests — fast, flexible and accurate
With its long-standing expertise, the NMI develops tests for the detection of antibodies in blood
serum or plasma. A particular specialty of the institute are multiplex serological test procedures
with which several different antibodies can be detected simultaneously in a single approach. This
allows, for example, parallel testing for different pathogens such as hepatitis A, B, C and E.

Diabetic macular edema:
pathological growth of blood vessels
in the area of the sharpest vision

In spring 2020, the NMI succeeded in developing a highly accurate multiplex test for SARS-CoV-2
antibodies within a very short time. The test also detects antibodies against seasonal corona viruses,
thus enabling cross-reactions to be discovered. The test provides a suitable test procedure for testing persons who have already been tested positive (second-line test). The test is also suitable for
epidemiological analysis of the background immunity in the population.

NMI 2020
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>>	Biomedicine and Materials Science
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Biologization, miniaturization,
and individualization
The medical devices industry is a dynamic sector characterized by a high degree of innovation. New developments
in microelectronics, biomedical and sensor technology,
and materials science generate new possibilities for an increasing number of therapy procedures aiming to promote
healthy living and aging. The vigorous innovative power
embodied by Germany’s mostly medium-sized enterprises
in the medical technology branch is evidenced by above-
average spending on R&D.
Aging societies, heightened health consciousness, and new
diagnostic and treatment possibilities drive ever expanding medical technology market. However, this expansion is
complicated by stricter product regulation and increasing
research and development costs.
In this respect, we are increasingly positioning ourselves
as an important partner for the industry with relevant
expertise in the testing and approval of medical products.

Y

Developing new
medical products
— small, biological, intelligent
18
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The biologization, miniaturization, and individualization of
medical products are among the most important dimen
sions in medical technology. They complement each other
and hold the promise for a better, more effective, and
individualized treatment and diagnostics. The main technologies and applications involved are prosthetics and
implants, in vitro diagnostics, as well as surgical and interventional devices and systems.
NMI: application-oriented and interdisciplinary
Innovative medical technology is, to a great extent, the
outcome of interdisciplinary collaboration and knowledge
transfer between scientists, engineers, business enter
prises, and physicians. The NMI is shaping this development process in cooperation with renowned medical technology companies.
The NMI’s interdisciplinary approach delivers innovative
results in the following fields:
	
Materials and surfaces for regenerative medicine
	
Immunological reactions on the medically-treated
surface
	
Microsystems technology
	
Neurophysics and sensor technology
	
Coating technology
	
Bonding technology
	
Process and quality assurance

Materials and surfaces for regenerative
medicine

Immunological reactions on the medical
surface

Microsystems technology

Controlled effects

Predicting material incompatibility

Novel biomaterials and functional surfaces play a major
role in regenerative medicine. They can be used to guide
the interaction between tissue and implant in an intelligent manner. The body’s own regenerative and repairing
process can thus be stimulated and supported. Thanks
to customized features and functions, delivery systems
in cell therapy, as well as tissue engineering, implants or
drug delivery systems made of biomaterials are opening
up medical possibilities that were unheard of before. Functional coatings offer additional innovative potential, for
instance, when biologically-active molecules and enzymes
need to be immobilized.

Systems immunology describes a complete biological
immune reaction, such as an inflammation, rejection of
exogenous material, or even sensitization. The cascade
of cellular reactions is what the NMI is focusing on with
its current flagship project “Systems immunology at the
biological-technical interfaces”.

Microsystems technology and microelectronics enable
the integration of numerous intelligent functions in ever
smaller systems for ever more demanding applications in
production, energy, environmental, communication, and
safety technology as well as in health care. Smart system
integration benefits from new materials and manufacturing
processes as well as the possibilities offered by thin-film
technology for the production of lightweight and highly
flexible circuit carriers and biocompatible encapsulations.

Biomaterial development and bio-functionalization
Among other things, the NMI uses electro-spinning to
develop biomaterials. For example, synthetic polymers or
proteins and extracellular matrix components are used to
produce fibrous 3D carriers.
The NMI develops, manufactures, and tests novel biomaterials and customer-specific coatings for the targeted modification of existing materials and the bio-functionalization
of medical products. One current priority is the development of biomaterials in the form of interactive hydrogels
and foams.
Various physicochemical analyses enable the structural
analysis and surface characterization of newly developed
materials. Biological studies provide information on the
interaction of materials with biological systems. Further
studies on biocompatibility, cell adhesion, and antimicrobial
efficacy are carried out here.

Building up a materials collection
In this project, we aim to collect more than 200 biomaterials, such as plastics, metals, ceramics, and biopolymers.
These items will be chemically and physically characterized
and will form the basis of a collection of properly classified
materials.
Investigations into the immunological reactions profile at
the interfaces between materials will be preceded by the
development of an in vitro test. The results will be evaluated by taking a holistic, systems immunological approach
and stored in a data bank, which will serve as a source for
reliable predictions of material intolerance.

Ever smaller, ever smarter

Results along the value chain
The NMI develops, manufactures, and tests specific micro
systems for applications in life sciences and industrial
sensor technology. The entire value chain is covered, from
design and simulation to the standardized production
of small batches in modern clean rooms. The scientists
develop planar and 3D microelectrodes, chemosensors
and components for in vitro electrophysiology, intelligent
implants, and neuroprostheses.

The NMI is collaborating with three partners at the University of Tübingen, a working group at the University of
Applied Sciences in Reutlingen, and with three research
focused biotechnology companies on the research campus.
The research will be conducted “under one roof” at their
location.
Another 20 national and international affiliates from the
medical technology and biotechnology industry accompany the project and act as a steering committee to assist
this joint project with help and advice and by contributing
relevant materials.
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>>	Biomedicine and Materials Science
Neurophysics and sensor technology

Microelectrode arrays

Bioelectronic medicine

Microsystem and nanotechnology for life sciences

Electroactive interfaces between tissue and material

New therapies

The NMI deals with components and systems for the
manipulation and analysis of molecules, particles, cells,
and tissues.

Since the introduction of microelectrode arrays (MEAs),
biocompatible microsystems have been among the core
competencies of the NMI. They enable direct signal traffic
between electrically active cells, e.g. the brain or heart,
and electronic systems.

Flexible, biocompatible neurointerfaces can be implanted
to pick up specific bioelectrical signals inside the body
directly on the surface of organs. This enables a better
understanding and more thorough investigation of the
interaction between different organs. Additionally, electrical stimulation can influence physiological processes.
Apart from treating diseases such as epilepsy, Parkinson’s
or chronic pain, similar methods can also be used to influence the body’s own regulatory circuits. This bio-electronic
approach to medicine offers novel, systemic therapy options
that are currently being researched. They have the potential to handle diseases that are difficult to treat with drugs,
largely without side effects. Current projects at the NMI
focus on the treatment of diabetes and obesity. Many questions remain unresolved on the way to applicable methods,
which can only be answered by interdisciplinary cooperation between scientists, physicians, and engineers.

Further, the NMI uses its broad scientific expertise and
state-of-the-art equipment for the simulation, development, and small-scale production of biocompatible micro
sensor and microfluidic systems.
Detection and stimulation of neuronal activity
The NMI uses systems for research in the field of neurotechnology in which cultured and natural neuronal structures are applied directly to the surface of semiconductor
chips. This method allows the investigation of bioelectrical
processes of individual components of cells up to cell networks. This enables a deeper understanding of the function
of neuronal clusters.
Electrical and optogenetic stimulation of neuronal tissue is
also used for the development of novel neuroprostheses.
In combination with electrical stimulation, these methods
also serve to investigate the complex relationships in neuronal and other electrically active cell networks. The aim
of this work is to develop novel neuroprostheses and other
therapeutic and diagnostic procedures.
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MEAs for in vitro applications allow deep insights into
the functioning of individual cells, cell clusters, and more
complex systems. Cell-to-cell communication and signal
propagation within the tissue can also be addressed by
this technology. The properties and possible side effects
of drugs can thus be investigated quickly and with great
informative value.
Biological structures are placed, measured, and analyzed
directly on the surface of the MEAs. It is also possible to
cultivate cell clusters on MEAs over days and weeks and
thus carry out long-term studies on development processes
or chronic effects.

Process and quality assurance

Coating technology

Bonding technology

This is good certified safety

Thin films — huge effect

How bonding works

Med tech instrument and device manufactures are required
to demonstrate an increasing amount of product quality
assurance. A comprehensive process and quality assurance
system is therefore more important. An analysis of the
surface, in molecular dimensions, as well as careful testing
during assembly are crucially important in the evaluation
of product characteristics, such as a material’s susceptibility to corrosion after laser labeling, or its cleanness or
the reliability of bonding. Highly-sensitive methods are
required to determine elements and chemical bonds on
surface structures. They thereby contribute to the validation of processes.

Some components require special treatments and surfaces
to meet all operational requirements. This includes cleaning, activation, and coating, without any loss of volume
properties.

Bonding is the trend. Whereas a few years ago, in the in
dustrial sector, components were welded, screwed together
or riveted, today they are primarily bonded using joining
techniques that are gaining in popularity.

The task at hand involves individual adaptation of surfaces,
depending on the physical and chemical stresses and strains.
Thin film and plasma technologies enable customized surface modification and offer excellent new possibilities.

An efficient process is thus available, which can be used
in diverse construction projects. Adhesive bonding makes
new products possible and has great potential — above all,
when different materials need to be joined together without any changes affecting each part.

Quality certification for medical products
The NMI establishes and qualifies manufacturing and
cleaning processes and analyzes surfaces after processing, sterilization, and utilization. In addition, the NMI offers
support in the biological assessment of products. Our
clients from the medical technology field have complete
access to our expertise, ranging from biology to surface
and material technology. This enables them to obtain conclusive and reliable results and documentation for quality
assurance and regulatory approval of their products.

Layer works
The NMI develops bespoke coating solutions and functional
surfaces for industrial products and medical devices. The
properties of material surfaces are adapted to the respective application environment.
We have gained distinctive expertise in plasma technology
and surface modification, for instance, through optimizing
adhesive, friction, and wetting properties. This enhances
corrosion and wear resistance. Other examples include the
protection of biocompatibility of surface materials. In the
production of particularly thin sheets, methods including
PVD and CVD can be used.

Bonding expertise
The NMI supports clients from the automotive, m
 echanical
engineering, medical technology, electronics, precision
engineering, and construction industries in the systematic
selection, handling, testing, and evaluation of adhesives
and adhesive systems. This is based on many years of
experience in bonding and surface technology, application-
oriented strength and durability tests as well as professional evaluation of the test results. In addition to bonding
and testing for industrial and medical applications, the
range of services also includes consulting and training.
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21

>>	Biomedicine and Materials Science
>> Bioprinting — printed organs
The production of complex organs using a 3D printer is still a vision for the
future. But with the help of bioprinting it could become reality. Bioprinting, a
combination of digitalization and biotechnology, already enables the production of simple 3D structures of different cell-loaded materials with a composition similar to natural tissue. While a time frame of 5 to 10 years until clinical
use is considered possible for simple tissue such as cartilage, connective or
fatty tissue, fully functional artificially created tissue or the production of complete organs for transplantation are still a very long way off.
Within the SOP BioPrint project, robust and validated manufacturing, processing, and analytical methods are being established which, as best practices,
allow the reproduction of measurement results in the field of bioprinting independent of individuals and locations. For this purpose, industrially established
polymers and hydrogel systems with biologically active substances are established as bio ink formulations and tested for use with various cell biological
methods. At all levels of this process, the focus is on standardized characteri
zation and process establishment.

>> NMI’s Role as Partner in the
Biointelligence Competence Center
In cooperation with renowned research institutions in the
Stuttgart area, the NMI is involved in the Biointelligence
Competence Center, which focuses on the paradigm shift
of biological transformation. In addition to digitization,
biological transformation will be the key to sustainable
production and a corresponding lifestyle. The center’s
aim is the successful development of biointelligent value
creation in Germany with research into basic technologies
such as bioinformatics, systems biology, bioprinting or
additive production with biointelligent materials.

>> MaterialDigital —
Digital Transformation for Materials Engineering
The MaterialDigital project explores the potential that digital transformation offers for materials engineering and shows
solutions for how the generation, storage, and analysis of material information can be used for competitive advantages
in the course of digitalization. MaterialDigital investigates how digital representations, material data flows, and data
analysis tools have to be set up and linked in order to realize new and innovative opportunities for value creation in
the development, processing, and use of materials. MaterialDigital is working on the creation of a material data room
that will digitally manage all material-specific data, provide an automated query, and thus enable the reconstruction of
material properties and condition information. By means of a digital twin, development processes, production steps, and
component performance can be optimized. At the same time, the data provides the basis for material optimization with
regard to product functionality and properties (strength, service life, etc.).
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>> Increasing patient safety
To improve the traceability of tissue samples, sample containers are equipped with RFID technology during transport from the surgery to the pathology department. This
allows optimal tracking of the samples on their way to
the clinic, digitizing the process flows and optimizing the
interaction between surgeon and pathology. The project is
carried out jointly by the NMI, the University Women’s
Hospital Tübingen and the KARL STORZ SE & Co. KG within the framework of the Forum Health Location Baden-
Württemberg.

>> NMI in action
>> Research Campus BioMedTech

12th International MEA Meeting in Tübingen

On the BioMedTech research campus, the NMI connects regionally based
companies from the fields of medical technology and biotechnology with institutes involved in basic and applied research. By combining medical technology
and biotechnology under one roof and facilitating intensive communication
between different users from science and industry, the flagship project of the
RegioWIN competition, co-financed by the EU, promotes cutting-edge research
in the region. It promotes research projects for medical technology of the
future and their implementation in internationally marketable and competitive
products and processes.

The MEA meeting has firmly established itself in the industry and is popular
well beyond the region. The meeting is held every two years. In 2021, the
NMI invites experts — for the 12th time — to the expert dialogue on micro
electrode arrays (MEA) and reports on the latest trends and applications in
the research fields of physiology, biotechnology, and neurotechnology.

>> Neurochips — Insight into
living nerve cells

>> Project “ÖkoMoBiL” —
Ecological cleaning process

A measuring and stimulation system developed together
with the TU Berlin and the Multi Channel Systems MCS
GmbH records the communication of nerve cells in real
time and with unprecedented accuracy. This enables basic
neurophysiological research and neurotechnical studies.
At the heart of the new system is a high-performance
neurochip that provides high-resolution insight into living
nerve cells. The CMOS chip provides valuable analysis
data on the complex interconnections of the neuron jungle
in the human brain and can influence them in a targeted
manner. The system, which is already successful on the
market, opens up new avenues for numerous a
 pplications in
bioelectronic medicine, biotechnology, and brain research.

As part of the biohymed cooperation network, the NMI is working with Scheerer
Logistik GmbH & Co KG and Remsgold Chemie GmbH to develop an e
 cological
whey-based purification system. The goal of the ZIM (Federal Ministry of Economic Affairs and Energy innovation program for SMEs) supported project
“ÖkoMoBiL” (environmentally friendly mobility) is a completely new cleaning
process for industrial cleaning of reusable plastic containers used in logistics,
especially in medical technology. The project uses a new automated analysis
method to objectively evaluate the degree of contamination and thus the effectiveness of this cleaning method in a validated cleaning process.
As a hygiene specialist, Remsgold Chemie GmbH is in charge of developing the
recipe for the cleaning system. Scheerer Logistik GmbH & Co KG is responsible
for the application of the cleaning system in the automated washing systems
and the NMI checks and monitors the entire cleaning process from the outset
using an analytical process.
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>>	Material Analysis and Electron Microscopy
Key technology for future challenges
Whether an industrial component or a medical device such
as an implant: materials and their surface properties are
decisive factors that influence the application, suitability,
and quality of products. Materials research therefore contributes time and again by discovering new functions and
triggering leaps in performance. Surface and materials
technology remain influential drivers in almost every area
of human life and technology.
Material and surface structure selection is of the utmost
importance. Materials react to changing mechanical effects
and thermal stress, corrosive media, light, and other environmental influences in different ways. The way different
materials are bonding with each other under specific cir
cumstances greatly influences their use, functionality, and
applicability for products.

Micro, nano, and surface technologies often assume inconspicuous — and, for the user, imperceptible — key functions in the search for solutions to future challenges. They
trigger innovative impulses that initiate growth in several
areas of application — whether it be sustainable mobility
and energy, or for personalized medicine or the digital
economy. They are indispensable in solving technological,
environmental, and societal problems.

NMI: R&D partner and service provider
The NMI gets conclusive results by employing its interdisciplinary competency, scientific methods, and a broad
range of measuring and process equipment within the
framework of materials science as well as by serving clients.
The institute is a provider of services to clients in various
fields, such as biotechnology, medical technology, and in
the chemical, environmental, automotive, and machine
engineering industries.
Experts in surface and materials science technology provide the industrial sector with real-world solutions in the
following areas:

Analysis of materials
and surfaces down to
atomic structures
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 Materials and surface analytics
 Nanotechnology

Adhesion of fibroblasts on
planar substrate

3 µm

Materials and surface analyses

Nanoanalytics Center

Comprehension before optimization

Broad scope for the infinitesimal

In many cases, research and development activities entail
a careful analysis of materials and their surfaces. Adequate
understanding is needed of the processes involved on the
surface and at interfaces during the production, processing, or application of a product: this knowledge is the basis
for sustainable optimization of components in automotive
and mechanical engineering or even in medical technology.
A robust analysis is therefore the best groundwork for
continuous quality assurance and further development of
innovative products.

Innovative, nanotechnology-based products are playing
an increasingly important role in different areas of life and
in many applications, in particular in the fields of biotechnology and medical technology. Nanotechnological structures have opened a completely new range of properties
and functions. The focus of research and development is
now on nanomaterials, nano coatings, as well as analytical
methods for nanoscale structures and materials.

 Zeiss Crossbeam 550
	Equipped with Oxford X Max EDX Detector, Plasma
cleaner, Platinum and Carbon deposition, Kleindiek
micromanipulator MM3AE

Focusing on electron microscopy
Electron microscopy is one of the most effective m
 ethods
for researching nanostructures. It maps the surface or
interior of an object (after suitable preparation) using
electrons and is based on the interaction between charged
particles and the sample.

 Bruker Innova AFM

Analytics for research, development, and production
The NMI analyzes processes on surfaces and at interfaces,
as well as in micro and nano structures and down to a
 tomic
dimensions. In addition to providing analytical support to
research and development projects, the NMI offers a wide
spectrum of services to clients who are only interested in
contract analysis. The laboratories at the NMI are equipped
with diverse instruments as well as a broad spectrum of
preparative, imaging, and spectroscopic methods.

State-of-the-art equipment
Thanks to generous funding from the EU and the state of
Baden-Württemberg, the NMI is equipped with the state of
the art measuring and testing microscope modalities.

 Jeol ARM 200F High Resolution Transmission Electron
Microscope (TEM / STEM) with CEOS Cs corrector
 Zeiss Crossbeam 1540 with Kryo-Option
 Renishaw innVia
 Zeiss Axioimager Z2.M
 Zeiss SmartZoom
Combining the scanning electron microscope with a
focused ion beam (FIB), it is possible to produce ultra-thin
material samples without damaging them. This preparation completely preserves the structure of the samples.
After preparation, the sample can be imaged with nanometer resolution in the scanning electron microscope or
analyzed with atomic resolution in the scanning transmission electron microscope (STEM).

Inner ear hair cells recorded with
a helium ion microscope (HIM)

Neuron on glass substrate

5 µm
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>>	Material Analysis and Electron Microscopy
Electrochemical nanomaterials

Process development

Conductive nanostructures and nanocomposites

Sample preparation, microscopy, spectroscopy

Conductive nanostructures and nanocomposites have great
potential for product development in nanoelectronics,
sensor technology, energy, environmental, and chemical
engineering.

The NMI has a broad range of equipment and scientific
methods; however, it is sometimes necessary to develop
new or modify current methods to solve client-specific
problems.

Combination of conductive polymers and carbon
nanotubes
The NMI develops nanomaterials for electrochemical
applications and nanoanalytical methods for structure
and function elucidation. The scientists rely on the combination of conductive polymers and carbon nanotubes.
The NMI’s interdisciplinary approach and experience in
electrochemistry help in the development of sensors and
electrodes for energy conversion and control of enzymatic
reactions.

For example, Cryo FIB/SEM sample preparation — originally
developed for the preparation and analysis of biological
samples — was also further developed and used at the NMI
for material samples such as CIGS solar cells. This made
it possible to prepare samples without artifacts and thus
obtain reliable analyses.
With the analysis methods EDX and EELS integrated in
the Scanning Transmission Electron Microscope (STEM),
chemical analyses with a resolution down to the atomic
and molecular range are possible. Equipped with a corrector for the opening error, the STEM allows an atomic resolution of 0.8 Angstroms (80 picometers).
Using peak-amplified Raman spectroscopy coupled with
an AFM (Atomic Force Microscope), it is possible to detect
individual molecules on a surface. For instance, the NMI
applies this method to develop new probes and to detect
ultra-thin layers.

Atomically resolved image of a graphene
layer taken by aberration-corrected scanning
transmission electron microscopy. Single
carbon atoms are visible (six atoms are
marked with red dots as an example; there is
a hole in the structure at the bottom left).
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>> Solving material
questions
The Covid-19 pandemic placed an
extreme strain on the medical protec
tive mask supply line. By the use of
advanced electron microscopy, the
NMI discovered that the materials used to make disposable
medical protective masks do not significantly change after
multiple sterilization programs, potentially extending their
product lifetime and reducing the strain on the global supply line.

>> Low dimensional materials
The NMI researches 2D materials and other low-dimensional structures. In 2004, graphene was the first 2D
material to be isolated. At this point, a large number of
structures are known that can be produced as layers with
a thickness of one or a few atoms. Many of these materials
have special electronic, mechanical, or optical properties.
They can be combined in many ways by stacking them
together. The NMI is studying the structure and the relationships between structural changes and properties and
is developing new ways of specifically manipulating these
materials using atomically resolved electron microscopy.

>> NMI in action
>> Thin films — Protection against corrosion
NMI coatings offer protection, for instance for pumps and pipelines in brine
baths: Even though high chrome content (approx. 10 %) protects stainless
steel from corrosion, it does not suffice when highly aggressive media is
involved, i.e. in brine pools. Non-corrosive steel displays pitting corrosion
under these circumstances.
R&D work at the NMI developed a solution to this. Good protective effects
were achieved by means of plasma cleaning and by applying clear layers
of aluminum oxide or diamond-like carbon (DLC) combined with parylene C
on the surface layer.

>> Tribologie — wear and tear at atomic level
The NMI’s microstructure analysis brings it to light: Friction and wear are tribological
phenomena in which changes in the crystallographic structure of the materials play a
key role, for instance, on interfaces between cog wheels or shaft bearings.
Many SMEs are interested in practical solutions for tribological systems. The NMI has an
accredited laboratory for testing according to the DIN EN ISO/IEC 17025 standard. It uses
analytical methods for interfaces and microstructures to examine the consequences of
interactions between oil, additives, and material surfaces on driving elements and m
 achine
components. These findings help us to design the surfaces in such a way that the running
properties and service lives of machine components are optimized.

ZEISS Workshop
FIB-SEM for 3D-Analysis and sample preparation
ZEISS regularly offers workshops at the NMI on new
developments in FIB-SEM technology.
In addition to introductory lectures about the tech
nology, there are also practical demonstrations of
the ZEISS Crossbeam 550.
Electron microscopic photograph of a piezo actuator.
The actuator was developed for a novel, active middle-ear implant.

NET Symposium
Network Electron Microscopy Tübingen (NET)
The NMI is a member of the Network Electron Micro
scopy Tübingen (NET). NET is an association of more
than 15 working groups from various university and
research institutes in the Tübingen area with the aim
of promoting scientific and technical exchange in the
field of high-resolution and analytical electron micro
scopy.

Sample preparation on the nanometer scale
Before imaging under an electron microscope, the mate
rial sample must be prepared in such a way that the structure does not suffer any damage. This is now made possible by giving the ultra-thin sample (10 nm to 80 nm) a
final “polishing” with low-energy (< 1 keV) ion beams. The
so-called cryo-preparation is often used for biological
samples such as cells or tissue. This method allows samples to be frozen within a few milliseconds without the
formation of large-volume crystals. Crystal-free freezing
ensures that the original structural and chemical state of
the sample is completely maintained.
In addition to analytical equipment, companies can also
use the NMI as a point of contact for materials science
and nanotechnology expertise and advice. With its holistic approach, the NMI aims to help regional companies
achieve more precise nanoanalytics and an international
competitive edge.

NMI 2020

27

>> Strong partnerships

The NMI is a reliable partner in regional alliances, clusters, and
associations. It is affiliated with several scientific institutions.
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>> Testimonials

»Biopharmacy and medical
engineering are converging in
many ways. The NMI, with its
interdisciplinary technology
portfolio, is an important partner
when it comes to identifying overlapping innovative areas as well as
when solutions need to be developed with us.«
Prof. Dr. Uwe Bücheler,
Boehringer Ingelheim
Biopharmaceuticals GmbH,
Ingelheim

»As an NMI partner, we can rely
on the full extent of knowledge on
microelectrode arrays (MEA) that
the NMI has acquired over many
years. We use MEAs in our in vitro
and in vivo systems for the pharmaceutical and biotech industry.«
Karl-Heinz Boven,
Multi Channel Systems MCS GmbH,
Reutlingen

»The diversity of academic and
industrial research in the biomedical field, the synergies with
the biotechnology scene in Berlin-
Brandenburg, as well as the interaction between colleagues at the
Bayer CoLaborator in Berlin — all
this has quickly generated many
ideas for new business breakthroughs.«
Dr. Christoph Sachse,
NMI TT GmbH, Berlin

»The NMI is one of our very special
partners. Its research profile targets
the life sciences at the interface to
materials science. The institute is
a perfect fit for the university and
adds to our strengths. Our mutual
cooperation is of inestimable value:
our core competence in fundamen
tal research is complemented by
the NMI’s application-oriented
approach.«
Prof. Dr. Bernd Engler,
University of Tübingen, Tübingen

»In order to develop innovative
medical devices for groundbreaking treatments, it is necessary to
successfully translate scientific
principles into application development. The NMI is the perfect partner because it needs the dialogue
between research institutions and
application-oriented product development in order to achieve better
patient care.«
Prof. Hanns-Peter Knaebel,
Röchling SE & Co. KG, Mannheim
»Our partnership with the NMI
bears witness to the institute’s
expertise: the institute takes
an innovative approach to our
scientific collaboration and is
actively involved in shaping and
further developing our medical
technology cluster.«
Yvonne Gliencke,
MedicalMountains AG, Tuttlingen

»The NMI has supported us and our
spin-off idea right from the start
and accompanied us on the way to
a successful start-up.
The good infrastructure, the broad
scientific, and above all the business, orientation of the NMI have
contributed to the excellent start
of SIGNATOPE.«
Dr. Oliver Poetz,
Signatope GmbH, Reutlingen

»The application-oriented approach
taken by the NMI in the fields of
life sciences and materials science
is what makes the institute stand
out in a crowd. The staff’s expertise,
excellent analytics, and the institute’s exceptional customer-driven
stance guarantee their clients’
success.«
Dr. Georg Bischopink,
Robert Bosch GmbH, Stuttgart

»Having the NMI in our region is
like hitting the jackpot. The institute
conducts applied research that is
attuned to the needs of small and
medium-sized enterprises that
depend on innovation. Its focus on
biomedical and materials science
makes it highly compatible with the
main business and innovation activities in the Neckar-Alb region. We
truly appreciate this expertise.«
Christian O. Erbe, IHK, Reutlingen
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