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welcome

In 2021, CeNS went hybrid.
With the arrival of covid
vaccination during the first
half of the year, corona
protection measures evolved
into a cluttered body of
legislation. CeNS activities,

which had been restricted to Zoom sessions for
more than a year, gradually moved back to in-
person meetings with others joining virtually.
Thanks to the CeNS management team and the
support of Christian Hundschell, hybrid
meetings became the new normal. It is great to
see that the CeNS community can get through
difficult times without losing its optimism,
passion for science and cooperative spirit.

The Scientific Advisory Board was reelected
and three new Board Members, Atac
Imamoglu, Tanja Weil and Naomi Halas agreed
to support us. We would like to express our
gratitude to the departing member, Klaus
Müllen, who served as a member of the
advisory board for more than 20 years. We are
also happy to welcome our new CeNS members
Dana Medina, Knut Müller-Caspary, Evelyn
Plötz, Benedikt Sabass, and Sabine Schneider.
There has also been some change in the CeNS
office: Claudia Leonhardt left the team after
almost 10 years. We are grateful to her for her
dedicated work, always with a smile on her
face, and wish her all the best for her new
endeavours at MCQST.

Two of our CeNS spin-offs, attocube systems
and ibidi GmbH, celebrated their 20th
anniversary in 2021. We send them our best
wishes for the next 20 years and our gratitude
for their continued support of the Nano
Innovation Award.

To foster early independence and academic
careers, CeNS launched the Young Investigator
Funds last year. Five postdoctoral researchers
received EUR 5,000-10,000 of funding. We
hope that these funds will help our early career
researchers to build successful careers as
future leaders in nanoscience.

Despite the difficult circumstances, CeNS
organized a variety of events, many of them
virtual, including the kick-off event for the
initiative Engineering Life at LMU, “CeNS
meets Industry”, the workshop “NanoScience
for Future” and the PhD event “Responsible
Research”, to mention just a few. In addition,
members of CeNS and MCQST gathered for a
joint poster session in September 2021 as one
of the first larger live events since the start of
the pandemic.

Last but not least, on the initiative of the CeNS
student representatives and the CeNS board, a
PhD survey on supervision and leadership was
carried out in coopration with the
GraduateCenter-LMU. The survey provided us
with honest and valuable feedback about
students’ expectations of PhD project
management, supervision and communication.
In the course of further discussions at the
CeNS Annual Assembly, the idea of a PhD
Ombudsperson at CeNS was brought up, and
we are extremely grateful that Hermann Gaub
volunteered to establish this role.

We hope that the reader finds interest in this
annual report with remarkable scientific
contributions and refreshing ideas. We would
like to thank all who contributed and helped us
to enjoy the science of nanoscience.

Prof. Joachim Rädler
Board Member of CeNS
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Dr. Evelyn Plötz
LMU Munich

Evelyn Plötz studied
physics at LMU Munich
and the Université Paris
XI - Sud, Orsay. She re-
ceived her PhD degree
from LMU Munich for her
thesis on “Spectral modu-
lations in Femtosecond
Stimulated Raman Mi-
croscopy (FSRM)” at the

Chair for BioMolecular Optics (Wolfgang Zinth / Pe-
ter Gilch). In 2011, she joined the lab of Thorben
Cordes as a postdoctoral fellow at the RU Groningen
before she returned to LMU Munich as a postdoc-
toral fellow in the lab of Don Lamb at the chemistry
department in December 2015.
Since 2017, Evelyn has been a junior group leader
for chemically sensitive (single-molecule) imaging.
Her research focuses on developing correlative
imaging and spectroscopy methods for advanced
material characterisation. Currently, she combines
various label-free, optical methodologies with high
spatiotemporal resolution, including coherent Ra-
man, multi-photon and nonlinear processes, to fol-
low the uptake and interaction with porous materi-
als at the molecular and particle level.

Dr. Dana Medina
LMU Munich

Dana Medina-Tautz ob-
tained her Ph.D. in Chem-
istry in 2010 from Bar-
Ilan University (Israel). In
2011, Dana moved to the
Ludwig-Maximilians-Uni-
versität München (LMU,
chair Prof. Thomas Bein)
as a Minerva fellow to
conduct postdoctoral re-
search, where she is cur-

rently leading a young research group and working
towards her habilitation. The research pursued by
Dana’s group focuses on the design and synthesis of
functional porous crystalline frameworks, particu-
larly 2D layered structures. A large part of the re-
search is dedicated to the development of novel on-
surface deposition techniques with the goal of
bringing periodic porous materials towards thin film
applications in electronics, sensing and sieving.

Prof. Knut Müller-Caspary
LMU Munich

Since 2021, Knut Müller-
Caspary has been a W2
Professor for Transmis-
sion Electron Microscopy
of Nanostructures, at
LMU's Faculty of Chem-
istry and Pharmacy. After
his Ph.D. on "Transmis-
sion electron microscopy
of semiconductor nanos-
tructures using ab-initio

structure factors for strain-relaxed supercells" and a
subsequent postdoctoral period at Bremen Univer-
sity, he moved to the Institute for Electron Mi-
croscopy in Materials Science (EMAT) at the Uni-
versiteit Antwerpen in Belgium in 2016. In 2018, he
became group leader of the moreSTEM group
within the framework of a Helmholtz Young Investi-
gator Group fellowship at Forschungszentrum
Jülich, dedicated to multidimensional ultrafast TEM,
and joined the RWTH Aachen Physics Faculty as a
(junior) professor in 2019. Müller-Caspary's TEM
experience covers the fields of quantitative aberra-
tion-corrected TEM and STEM, electron diffraction
and spectroscopy as well as simulation and method-
ological developments. His recent research interests
focus on the development and application of multi-
dimensional (S)TEM for electrical characterisation
of functional nanostructures at subatomic scales, in-
situ heating and biasing experiments at atomic res-
olution, high-contrast imaging of soft and biological

new
members



7news & events

matter at low-doses, and phase retrieval by electron
ptychography and artificial intelligence.

Dr. David Konrad
LMU Munich

David Konrad studied
chemistry and biochem-
istry at the Ludwig Maxi-
milian University (LMU)
Munich and received his
M.Sc. in 2013. During his
master's studies, he
worked as a visiting re-
searcher in the group of
Dean Toste at the Univer-
sity of California, Berke-

ley and the group of Benjamin List at the Max
Planck Institute for Coal Research in Mülheim a. d.
Ruhr. In 2014, David joined the group of Dirk
Trauner for his graduate studies to work towards an
asymmetric synthesis of tetrodotoxin and methods
to red-shift photopharmaceuticals. After graduating
in 2018, David moved to the Scripps Research Insti-
tute in La Jolla as a postdoctoral fellow under the
guidance of Benjamin Cravatt. As part of the return
phase of his fellowship, David joined the group of
Ivan Huc at the Department of Pharmacy of LMU
Munich, where he became a group leader funded by
a Liebig fellowship in 2021. His research interests
include: redshifted photoswitchable nanoagents,
synthetic methodologies, drug development, chemi-
cal proteomics, and non-small cell lung cancer.

Prof. Benedikt Sabass
LMU Munich

Benedikt Sabass has been
a W2 Professor for Cell
Biophysics and Statistical
Physics at LMU’s Faculty
of Veterinary Medicine
and Faculty of Physics
since 2020.
After a Diploma in
Physics from Heidelberg
University and a PhD in

Theoretical Physics at Stuttgart University (in the

group of Udo Seifert), Prof. Sabass worked in indus-
trial R&D on the project "intelligent Zero Emission
Urban System" for PORSCHE AG for one year. After
deciding to return to academia, he spent a brief pe-
riod of time at Heidelberg University in the Group of
Ulrich Schwarz before moving to Princeton Univer-
sity, where he worked as a postdoctoral researcher
with Howard A. Stone. From 2016 to 2020, he was a
group leader at Forschungszentrum Jülich at the In-
stitute of Biological Information Processing. A theo-
retical physicist by training, he is inspired by the
beauty and effectiveness of biological mechanisms.
His work revolves around topics from cell biology
and fundamental questions in theoretical bio-
physics, combining theory and experimental work
in the laboratory.

Dr. Sabine Schneider
LMU Munich

Sabine Schneider studied
Biology at LMU Munich,
with a diploma thesis in
the group of Michael
Stürzl, GSF Research
Centre for Environment
and Health, Neuherberg.
From 2004 to 2007, she
worked on her PhD in the
group of Max Paoli, Uni-
versity of Nottingham

and Griffith University Brisbane, Australia. After her
PhD, she returned to Germany as a postdoctoral fel-
low in the group of Thomas Carell. From 2010 to
2019, Dr. Schneider was a group leader at the De-
partment of Chemistry, TU Munich. Since 2019, she
has been a Heisenberg fellow and research group
leader at LMU’s Department of Chemistry. Her re-
search focuses on structure-function relationship of
nucleic acids, how they interact and modulate pro-
tein function and recognize small molecules, using
molecular biology, biochemistry and X-ray crystal-
lography.
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CENS ADVISORY BOARD

Prof. Naomi Halas,
Rice University, USA, became
a new member of the CeNS
Advisory Board.

Prof. Atac Imamoglu,
ETH Zürich, Switzerland,
became a new member of the
CeNS Advisory Board.

Prof. Tanja Weil,
MPI for Polymer Research
Mainz, became a new
member of the CeNS Advisory
Board.

CALLS & APPOINTMENTS

PD Dr. Tayebeh Ameri (LMU)
became Senior Lecturer
(Associate Professor) in the
Institute for Materials and
Processes, Chemical
Engineering discipline at the
University of Edinburgh.

PD Dr. Ulrich Lächelt (LMU)
was appointed associate
professor at the Division of
Pharmaceutical Technology
and Biopharmaceutics at the
University of Vienna.

Prof. Jan Lipfert (LMU) was
appointed as Full Professor in
Experimental Biophysics &
Bio-Inspired Materials at the
University of Utrecht (The
Netherlands).

Dr. Jacek Stolarczyk (LMU)
was appointed as a professor
at the Jagiellonian University
in Krakow (Poland).

members’
news
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AWARDS & GRANTS

Prof. Emiliano Cortés
was featured as a "2021
Emerging Investigator" by J.
Mat. Chem. A.

Prof. Wolfgang M. Heckl
(TUM & Deutsches Museum)
received the Arthur
Burkhardt-Preis from the
Arthur-Burkhardt Foundation.

Prof. Hermann Gaub (LMU)
was honoured as a member
of the 2021 Class of Fellows
of the Biophysical Society.

Prof. Jan Lipfert (LMU)
received the teaching prize of
the Faculty of Biology ("Bio-
Plus") and the eaching prize
of the Faculty of Chemistry
and Pharmacy ("Preis für
gute Lehre").

Prof. Olivia Merkel (LMU)
was awarded an ERC Proof of
Concept Grant 2021 for her
project “Novel Asthma Ther-
apy“.

Dr. Andreas Tittl (LMU)
received the STEMM Global
Award Prize at the Confer-
ence on Smart NanoMateri-
als, Paris, France.

Prof. Ernst Wagner (LMU)
received an Honorary Profes-
sorship from Jinan University,
China.
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From Capturing Viruses to
Bioprinting - Nano Innovation
Award 2021

Three doctoral re-
searchers from Mu-
nich were awarded the
2021 Nano Innovation
Award by the Center
for NanoScience. The
prize for innovative
research in applica-

tion-oriented nanosciences is worth €9,000.
An expert jury from industry and academia se-
lected the winners from applicants from
throughout Bavaria

While most science prizes honour excellent re-
sults in basic research, the Nano Innovation
Award focuses on high innovation and applica-
tion potential. The companies attocube systems,
ibidi, Nanion Technologies and NanoTemper
Technologies, together with CeNS, award the
prize to talented and creative young scientists
whose results are not only of interest for basic
research but also promise future technological
applications.

The first prize went to Christian Sigl from TU
Munich, who developed the molecular basis for
an unconventional antiviral concept. His work is
based on the idea of enclosing whole viruses in
macromolecular shells that block the molecular
interactions between virus and host cell. The
DNA origami platform he developed for this
purpose offers a promising approach for com-
bating different viruses using the same concept.
The shells developed by Christian provide the
technical basis for the interdisciplinary EU con-
sortium VIROFIGHT, which will further test and
develop the new therapeutic concept.

The jury awarded second place to Jan Felber
from LMU Munich. In his work, he succeeded
for the first time in creating cell-selective redox
sensors for disease-relevant reductases (a spe-
cific group of enzymes). His work opens up a
broad spectrum of possible applications in bio-
medicine, from basic research and use in drug
development to clinical diagnostics and thera-
peutics. Jan Felber has already launched several
transfer projects, e.g. a start-up for the develop-
ment of therapeutics and a collaboration with
Tubulis GmbH for a novel and powerful linker
for antibody-drug conjugates.

Jun Zhang from Munich University of Applied
Sciences secured the third place with a novel
bioprinting technology that can transfer cells
from a reservoir to a target substrate with very
high precision using ultra-short laser pulses. By
integrating the setup into an inverted optical
microscope, it becomes possible to preselect in-
dividual cells from complex cell mixtures. The
potential applications are manifold - from fun-
damental questions in cell biology, to single-cell

From left to right: Jun Zhang, Christian Sigl, and Jan Fel-
ber.

awards
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analysis methods, to the production of organs-
on-a-chip and tissue engineering. A BMBF-
funded project is now developing a user-
friendly, fully automated system based on Jun
Zhang's findings.

Four former CeNS spin-offs, attocube systems,
ibidi, Nanion Technologies and NanoTemper
Technologies, have been supporting the award
since 2015. "For ibidi, CeNS is a constant
source of inspiration through technological
and personal exchange and an important link
to the scientific community. This year, the
work submitted for the Nano Innovation Award
once again was characterized by exceptionally
high creativity and quality. Congratulations to
the winners and all participants!", said Roman
Zantl, co-founder and managing director of
ibidi and a member of the jury this year.

www.cens.de/research/nano-innovation-award

CeNS Young Investigator Fund

To promote the scientific independence of
postdoctoral researchers, CeNS has launched
the CeNS Young Investigator Fund. The
CeNS Young Investigator Fund comes with
up to €10,000 to support the postdocs’ own
research projects. From all nominations, the
CeNS board selected five recipients based on
the innovative and creative nature and the
interdisciplinary character of their work, as
well as the potential shown by the candidate
as a future leader in nanoscience.

Dr. Viktorija Glembockyte has been a postdoc
in the group of Prof. Tinnefeld for 3 years and
she is transitioning to establish her own junior
research group. Her research focuses on the
development of fluorescence-based diagnostic
assays based on plasmonic DNA origami
nanoantennas, succeeding in detecting single
DNA molecules that can indicate antibiotic re-
sistance on a battery-powered smartphone mi-
croscope.

Dr. Martin Reynders is a postdoctoral re-
searcher in chemical biology and biophysics in
the group of Dr. Oliver Thorn-Seshold. Despite
his early career stage, he has acquired years of
practical experience from project design to syn-
thetic chemistry, cell biology, biochemistry, and
even optics/electronics. This experience now
puts him in an ideal position to build interdisci-
plinary projects, with the broader vision to di-
rect the generation of new tools and therapeu-
tics based on smart molecules that mimic and
surpass the abilities of enzymes.

Dr. Jenny Schneider has been working in the
group of Prof. Thomas Bein since 2020. Her re-
search is focused on understanding the mecha-
nistic steps involved in green fuel generation
via solar-to-chemical energy conversion. For
example, Dr. Schneider has developed a smart
design of the electrode/molecule interface that
allows the identification of the parameters af-
fecting light-induced interfacial electron trans-
fer kinetics and (photo)catalysis.

Dr. Ana Sousa Castillo gained international ex-
perience and visibility, working in many differ-
ent groups and countries around the world, be-
fore joining the group of Prof. Emiliano Cortés
at LMU. She is currently developing and tuning
hybrid nanomaterials to enhance the efficiency
with which sunlight can be converted into
chemical energy and fuels.

Dr. Juan Wang joined the group of Dr. Andreas
Tittl in 2020. Since then, she has developed a
new research direction within the group to
overcome the application limits of current
nanophotonic biosensors. Specifically, she is
working to combine a unique nanophotonic ap-
proach (top-down all-dielectric metasurfaces
united with bottom-up metallic nanoparticles)
with microfluidic technology, enabling an en-
tirely new class of on-chip sensor devices with
strong diagnostics and clinical applications.
www.cens.de/research/cens-young-investiga-
tor-fund/



12 ANNUAL REPORT 2021

Responsible Research

What is responsible research? How can I
present data accurately and reproducibly? What
about preprint publishing and how does this
change the conventional publication routines?
What do I need to know about open science?
What is the link between mental health, well-be-
ing and responsible research? What is an om-
budsperson and why should we discuss respon-
sible conduct of research in the global context?
– These and more questions were covered at the
“Responsible Research” online event in March
2021. To raise awareness of this important topic,
CeNS teamed up with graduate programs in the
greater Munich area and the GraduateCen-
terLMU to organize a campus-wide educational
event.
More than 300 participants had access to an in-
teractive online platform for keynote lectures
with Professor Ernst Winnacker, Professor Ul-
rich Dirnagl and others, breakout sessions and
meet-the-speaker forums, active breaks and in-
teractive participation such as polls, feedback
rounds and more. The feedback from the partic-
ipants showed that the topic and format were

well received:
“Great and in-
spiring talks
and stimulat-
ing discus-
sions. Excel-
lent meeting
format in
Corona
times.”

www.responsibleresearch.graduatecenter.uni-
muenchen.de/event2021

Engineering Life Initiative –
Kick-off and new seminar series

On April 8, the
Engineering Life
Initiative (eLi) at
LMU Munich
started with an
official Kick-off
event. Scientists
from CeNS, the
LMU Gene Cen-
ter and the LMU
Arnold Sommer-
feld Center for
T h e o r e t i c a l

Physics have joined forces to combine novel
physics-centered experimental methods, sys-
tem-level computational approaches, and con-
ceptual bottom-up theory to decipher the physi-
cal laws governing the dynamic organization of
life from molecules to cells. The aim is to ad-
vance the understanding of the physics of living
systems across scales and to re-engineer life-
like processes and systems by employing state-
of-the-art technologies and by developing novel
life-inspired approaches. At the virtual Kick-off
event, renowned speakers Cees Dekker, Tanja
Kortemme, Barbara Treutlein and Michael
Elowitz discussed questions such as “What is
life – The bottom-up route?” and “Multicellular
circuit design” and adressed fundamental ques-
tions of the research field in the subsequent
panel discussion.
After this truly inspiring start, eLi has now es-
tablished a regular biweekly seminar series with
external speakers on Thursdays at 5.00 pm.
www.engineering-life.de

events &
activi-
ties

Date  March 25–26, 2021    Time  9:00 to 14:00

Responsible
research

Virtual event for next generation researchers

Organizers: GraduateCenterLMU · Graduate School of Systemic Neurosciences GSN  Graduate School Life Science Munich LSM  Center for NanoScience CeNS  Chromatin Dynamics IRTG-CRC 1064  Integrated Analysis of 
Macromolecular Complexes and Hybrid Methods in Genome Biology DFG-RTG 1721  Cell-Fate Decisions in Immune Systems IRTG-CRC 1054  Leukocyte Trafficking IRTG-CRC 914  Munich Cluster for Systems Neurology  EXC 2145  

Medical Research in Epidemiology & Public Health IBE  IMPRS for Molecular Life Sciences IMPRS-LS  Cancer Evolution IRTG-CRC 1243  Munich School for Data Science MUDS  Molecular Principles of Synthetic Biology  DFG-RTG 2062  

Perception in Context and its Neural Basis DFG-RTG 2175  Life Science Graduate Network · Nanoagents for the Spatiotemporal Control of Molecular and Cellular Reactions IRTG-CRC 1032  Munich Medical Research School MMRS  

Munich Center for Machine Learning MCML  Targets in Toxicology DFG-RTG 2338  Emergence of Life  IRTG-CRC 235  Promotionsprogramm Klinische Pharmazie · Human Biology - Principles of Health and Disease  Elite Master Program

Break Out Sessions

Biostatistics  

Conflict of Interest  

DFG Code of Conduct  

Mental Health  

Open Science  

Preprint Publishing

Meet-the-Speaker Sessions 

Keynote Lectures

Professor Dr. Ulrich Dirnagl,  

Charité Berlin

Professor Dr. Indira Nath,  

AIIMS New Delhi

Professor Dr. Carsten Reinemann,  

Ludwig-Maximilians-Universität München

Professor Dr. Renate Scheibe,  

German Research Ombudsman and  

Osnabrück University

For program details and registration see www.lifescience-munich.de
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Girl’s Day 2021

In April 2021, CeNS welcomed 15 girls for a vir-
tual “One day as a nanoscientist”. In several
short sessions, the girls learned about
nanoscience in general and saw demonstrations
of current research within CeNS, such as fluo-
rescence detection with a smartphone, DNA
origami, and Atomic Force Microscopy. They
also took part in virtual lab tours and inspiring
discussions with role models - female students
and scientists at different career stages, from
master studies to independent group leader.
The program was rounded off by several inter-
active quiz sessions. The online setting enabled
girls from more distant places in Bavaria to join
the program – a real opportunity to spread pro-
mote interest in science and nanoscience in par-
ticular outside Munich.
www.girls-day.de

CeNS meets Industry

At this online event, CeNS fostered the ex-
change between academic and industrial re-
search. Invited speakers from companies such
as Wacker AG, Bruker Scientific, ibidi GmbH,
and IQM Quantum Computers presented their
work, their company and their professional ca-
reer. Afterwards, the speakers and other com-
pany representatives were available at virtual
company booths to answer individual questions.
In pandemic times, the format proved to be very
valuable and attractive, especially for PhD stu-
dents planning their next career step.
www.cens.de/calendar/workshops-events/cens-
meets-industry-2021/

Nano meets Quantum

In September 2021, it was finally possible to
hold in-person events again. Researchers from
CeNS and the Munich Center for Quantum
Technologies met for a poster session at LMU to
exchange research ideas and present their re-
sults. The large number of attendants and
posters showed the importance of and desire for
in-person meetings and live discussions.

Science in a Nutshell

Organized by the CeNS Student Representatives
2021, Pauline Kolbeck, Michael Scheckenbach,
and Simone Ezendam, the annual event “Sci-
ence in a Nutshell” featured three exciting talks
on different research areas of CeNS. Annalena
Salditt (AG Braun) spoke on “Origin of life in a
rockshell? - How physics can help prebiotic
chemistry”. Sina Stocker (AG Reuter) came all
the way from Berlin to present “Machine learn-
ing and its applications to materials science”.
Last but not least, Prof. Christian Planck’s talk
(ethris GmbH) on “Development of mRNA ther-
apeutics for lung disease” showcased a very
current topic.
“Science in a Nutshell” is also the official annual
welcome event for all new CeNS junior mem-
bers. More than 50 graduate students and post-
docs used the opportunity to join a live event
again and meet their peers from CeNS.
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NanoScience for Future

The current climate crisis requires the identifi-
cation of new directions of research and politi-
cal actions. Not only is a closed carbon cycle
necessary, but also means to reduce CO2 di-
rectly. Together with the Center for Advanced
Studies (CAS) at LMU, CeNS initiated an online
event “Scientific Background on Emissions and
Carbon Dioxide Removal” where nanoscientists
explored carbon dioxide removal options to-
gether with geoscientists and a stakeholder
from Siemens Energy. After an introduction to
the carbon budget and the need for CO2 removal
by Prof. Julia Pongratz (LMU Geosciences),
Prof. Andreas Oschlies (GEOMAR Kiel) dis-
cussed marine and technological CO2 removal
options. Dr. Volkmar Pflug from Siemens En-
ergy complemented the academic perspective
with industrial examples of direct air capture to
produce climate-neutral fuels. The event the-
matically supplemented the “Energy of the Fu-
ture” event series organized by the Cluster of
Excellence e-conversion together with the CAS
in 2021, focusing on sustainable energy use and
production.

Frontiers in Physics of Life

In November, the Physics of Life community
within CeNS held an online symposium on
“Frontiers in Physics of Life”. The eight speak-
ers covered a wide range of biophysical topics,
including DNA-based super-resolution mi-
croscopy (Ralf Jungmann), engineering of cell-
free genetic systems (Hannes Mutschler), phys-
ical mechanisms of chromatin condensation
(Jan Brugues), chromosomes as memory ma-
chines (Leonid Myrni), mechanisms of epithelial
tissue morphodynamics (Margaret Gardel), and
different topics of mechanobiology such as
mechanobiology of intestinal organoids (X(avier
Trepat), mechanical control of cell plasticity and
error correction in the early embryo (Verena
Ruprecht), and dissecting the link between sig-
nalling and mechanics (Guillaume Charras).

Transferable Skills Workshops

CeNS continued to offer a variety of transferable
skills workshops to its graduate students and
postdocs, especially during times where access
to the labs was still restricted. Topics included
Job Applications, Scientific Writing and Publish-
ing, Python, 3D Graphical Design, Research
Data Training, and Project Management for Sci-
entists.

events &
activi-
ties
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attocube systems

20 years ago, at-
tocube was
founded as a
spin-off from
CeNS. The com-
pany develops,
produces and
distributes com-
ponents and sys-

tems for nanoscale applications such as preci-
sion motion, cryogenic microscopy, and
nanoscale analytics. All products are manufac-
tured in the NanoFactory, the company’s head-
quarters in Haar, close to Munich. Today, at-
tocube is a leading pioneer for nanotechnology
solutions in industry and research. An interna-
tional team of 150 physicists, engineers, soft-
ware developers, and product designers work in
close collaboration from conception through to
delivery.

Attocube, together with their technology part-
ner WITec, won a 2021 Innovation Award from
The Analytical Scientist for their cryoRaman.
The cryoRaman - jointly developed by attocube
and WITec - integrates attocube’s leading-edge
cryostat and nanopositioner technology with the
much-vaunted sensitivity and modularity of
WITec’s correlative microscope series. For
the first time, Raman imaging at the lowest
temperatures in high magnetic fields is easily
accessible with unmatched spatial, spectral
and depth resolution.

Source: www.attocube.com

ethris

Ethris’ lead COVID-19 therapeutic candidate,
ETH47, has been awarded "The Most Innovative
Product Top 3" in the category of Leap
Innovations at the Pharma Trend Image &

Innovation Awards 2021. Ethris was eligible to
apply for the prize after having received a
research grant from the State of Bavaria in
Germany for the development of its COVID-19
therapy. ETH47 is a therapeutic candidate that
harbours the mRNA blueprint for type III
interferon. It is designed to be administered
directly to the respiratory tract to treat early
infection caused by SARS-CoV-2 and its variants
by activating the innate immune system, and
therefore stopping infection before the onset of
severe symptoms.

Source: www.ethris.com

ibidi

In 2021, ibidi cele-
brated its 20th anniver-
sary. Within two
decades, ibidi has suc-
ceeded in becoming
the world's leading
provider of products
for cell-based mi-
croscopy assays. To-

day, ibidi is a medium-sized company with
headquarters in Munich (Germany) and Madi-
son, Wisconsin (USA), a strong network of

spin-off
news

ibidi founders: Joachim Rädler, Roman Zantl, Valentin

Kahl, and Ulf Rädler (left to right)
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global distribution partners, over 500 products,
and more than 40,000 customers worldwide.

For its excellent crisis strategy during the pan-
demic, ibidi GmbH has been awarded the Ex-
port Award Bavaria 2021: Special Edition 2021,
in the category "Successful Order Processing in
Corona Times". The award, which has been pre-
sented since 2007 to small- and medium-sized
companies that work with foreign markets, this
time recognizes the unique travel and supply
chains challenges caused by the Corona virus in
2020.

Source: www.ibidi.com

NanoTemper Technologies

NanoTemper has been given 2021’s TOP 100
seal, an award that honours innovative German
small and medium-sized companies. The TOP
100 innovation competition is organized by
compamedia, and judging is led by innovation
researcher Prof. Dr. Nikolaus Franke and his
team. They assess companies using around 120
test criteria from five categories: innovation-
friendly senior management, innovation cli-
mate, innovative processes and organization,
outward looking innovation, and successful in-
novations. The panel also looked to see that in-
novation is the result of a planned approach
(i.e., repeatable innovative performance) and
that solutions succeed on the market. Due to the
current global pandemic, this round also exam-
ined the entrepreneurial response to the COVID-
19 crisis.

Source: https://nanotempertech.com
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bifunctional passivation of mapbi3 perovskite solar cells

Achim Hartschuh, Peter Müller-Buschbaum, Thomas Bein, and Tayebeh Ameri

■ https://physchem.cup.uni-muenchen.de/hartschuh/
■ https://www.groups.ph.tum.de/en/functmat/about-us/
■ https://bein.cup.uni-muenchen.de/
■ https://www.eng.ed.ac.uk/about/people/dr-tayebeh-ameri

Defects created at the surface and grain boundaries
of polycrystalline hybrid-halide perovskite thin films
significantly deteriorate the photovoltaic perfor-
mance and stability of corresponding devices. Passi-
vation of these defects with appropriate ligands
appears to be one of the most promising concepts to
address this issue. We implemented 1,10-phenan-
throline, known as a bidentate chelating ligand,
between the MAPbI3 film and the hole-transport
layer for both passivating lead-based surface defects
and converting the excess/unreacted lead iodide
(PbI2) buried at interfaces, into “neutralized” and
beneficial species. We verified the defect healing
ability of 1,10-phenanthroline in a collaborative effort
using a broad set of complementary spectroscopic
techniques. In addition, we analysed the structure
and chemical composition at the perovskite surface
after treatment at nanoscale spatial resolution by
high-angle annular dark-field scanning transmission
electron microscopy and nano-Fourier transform
infrared (nano-FTIR) spectroscopy (figure 1b). On

the basis of our experimental results, we conclude
that 1,10-phenanthroline treatment induces the for-
mation of different morphologies with distinct chem-
ical compositions on the surface of the perovskite
film such that surface defects are effectively passi-
vated, and excess/unreacted PbI2 is converted into
beneficial complex species at the modified interface
(figure 1a). As a result, an improved power conver-
sion efficiency (20.16%) and significantly more
stable unencapsulated perovskite solar cells are
obtained with the 1,10-phenanthroline treatment
compared to the MAPbI3 reference device (18.03%).

■ A. Buyruk, D. Blätte, M. Günther, M. A. Scheel,
N. F. Hartmann, M. Döblinger, A. Weis, A.
Hartschuh, P. Müller-Buschbaum, T. Bein, and T.
Ameri: 1,10-Phenanthroline as an Efficient Bifunc-
tional Passivating Agent for MAPbI3 Perovskite
Solar Cells; ACS Appl. Mater. Interfaces, DOI:
10.1021/acsami.1c05055 (2021).

Figure 1. (a) Schematic illustration of the bifunctional surface passivation of MAPbI3 by 1,10-phenanthroline. (b) Nano-
FTIR spectra of untreated MAPbI3 (reference) and 1,10-phen-treated films for two different sample positions (A, B)
marked in the topography scan (inset). The peaks at 1515 and 1493 cm-1 are identified as the vibrational IR-active modes
of PbI2 (1,10-phen)x (x = 1, 2) with different relative contributions.
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mesoporous silica nanoparticles as ph-responsive carrier for
the immune-activating drug resiquimod enhance the local
immune response in mice
Julia Wagner, Dorothée Gößl, Natasha Ustyanovsk, Mengyao Xiong, Daniel Hauser, Olga Zhuzhgova,
Sandra Hocevar, Betül Taskoparan, Laura Poller, Stefan Datz, Hanna Engelke, Youssef Daali, Thomas
Bein, and Carole Bourquin

■ https://pharmazie.uni-graz.at/de/forschen/pharmazeutische-chemie/molekulare-pharmazie/phar-
mazeutische-zellbiologie/
■ https://bein.cup.uni-muenchen.de
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In this collaborative study, the group synthesized
mesoporous silica nanoparticles (MSNs) equipped
with a pH-responsive capping system as a carrier for
the immunostimulatory drug R848. After careful
characterization of their stability and activation
properties in cell culture, they assessed their
potential for enhancing local immune responses in
mice.

The main findings are:
� The pH-responsive avidin cap tightly closes the
MSN pores at physiological pH and efficiently opens
at low pH to release its cargo.
� MSNs are taken up into the acidic lysosomes of
dendritic cells, where they cause strong immune
activation.
� In mice, MSNs accumulate in migratory dendritic
cells in the draining lymph nodes, where they
potently enhance immune activation.
� MSNs significantly improve the pharmacokinetic
profile of R848 in mice.

Small molecule drugs such as R848 tend to be
rapidly eliminated from the body. This research
shows that MSNs drastically prolong the half-life of
their cargo while systemic exposure to R848 is kept
low. Current literature rarely provides such an in-
depth pharmacokinetic profile of a nanoparticle-
delivered drug. Furthermore, efficient loading of the
hydrophobic drug R848 into nanoparticles and the
control of R848 release from the particles has until
now represented a challenge. Thanks to the stimuli-
responsive cap on the multifunctional MSN system,
the group was able to potently activate immune cells

and at the same time to circumvent a burst release.
Overall, they present here a highly versatile
nanoparticle platform with a comprehensive
characterization of the pharmacokinetics of its cargo.

■ J. Wagner, D. Gossl, N. Ustyanovska, M. Y.
Xiong, D. Hauser, O. Zhuzhgova, S. Hocevar, B.
Taskoparan, L. Poller, S. Datz, H. Engelke, Y.
Daali, T. Bein, C. Bourquin: Mesoporous Silica
Nanoparticles as pH-Responsive Carrier for the
Immune-Activating Drug Resiquimod Enhance the
Local Immune Response in Mice; ACS Nano 15,
4450. 10.1021/acsnano.0c08384 (2021).

Figure 1. Schematic depiction of the activation of
immune cells by means of MSNs serving as stimuli-
responsive carriers for the immunostimulant R848.
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ultra-thin protective coatings for sustained
photoelectrochemical water oxidation with mo:bivo4
Michael Beetz, Sebastian Häringer, Patrick Elsässer, Jonathan Kampmann, Lena Sauerland, Florian Wolf,
Marcella Günther, Anna Fischer, and Thomas Bein

■ https://bein.cup.uni-muenchen.de
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The ever-increasing demand for sustainable forms of
energy poses unresolved challenges regarding
energy storage and energy conversion. One possible
solution is photoelectrochemical water splitting into
hydrogen and oxygen with the help of sunlight.
Currently, semiconductor materials for water
splitting applications require conditions that are still
not conducive for large-scale implementation, such
as strongly acidic or basic electrolyte media, the use
of rare and precious metal catalysts or the need for
sacrificial agents to achieve adequate energy
conversion rates. In addition, the stability of the
photoabsorbers/catalysts remains a challenge. Most
of the highly active photocatalysts are subject to
severe corrosion after being used for seconds or a
few minutes, while longer-term stable materials only
provide low photocurrents.
Here, the group presents a successful and scalable
protection strategy for the promising photoanode
Mo:BiVO4 that enables record high photocurrents.
They examine the impact of ultra-thin conformal and
amorphous protective layers such as niobium-doped
titania (NTO), tin oxide or aluminum oxide on
photocorrosion and dissolution of the photoanode
during operating conditions. They demonstrate that

a 2.5 nm thin amorphous NTO layer, applied by
atomic layer deposition (ALD), provides an effective
way to protect Mo:BiVO4 photoelectrodes from V5+

dissolution and corrosion, while preserving the
exceptionally high photocurrents of Mo:BiVO4.
Moreover, the group shows that nanoscale Fe:NiOx

employed as co-catalyst enables unprecedented
photocurrents of 5.6 mA cm-2 under environmentally
favorable conditions (pH = 7 in NaOH/H3PO4 buffer
solution without the need for sacrificial agents) at
simulated solar AM 1.5G illumination.
This strategy provides a general blueprint for the
protection of other water oxidation electrode
materials that are prone to corrosion and suffer from
dissolution processes. As a result, the independent
tunability of the key photoanode components, i.e.,
photoabsorber, ultrathin protection layer and
nanoscale co-catalyst offers a vast parameter space
for the design of additional promising photoanodes
for the sustainable generation of solar hydrogen.

■ M. Beetz, S. Haringer, P. Elsasser, J.
Kampmann, L. Sauerland, F. Wolf, M. Gunther, A.
Fischer, T. Bein: Ultra-Thin Protective Coatings for

Sustained Photoelectrochemical
Water Oxidation with Mo:BiVO4;
Advanced Functional Materials 31,
2011210. 10.1002/
adfm.202011210 (2021.)

Figure 1. Schemes of Mo:BiVO4-based photoanodes under operating conditions showing the protection strategy for
enhanced durability and performance. (a) Pure Mo:BiVO4 suffers from corrosion during oxygen evolution by leaching
vanadium(V) ions into the electrolyte. (b) A thin protective coating prevents the dissolution of vanadium(V) ions in the
electrolyte at reduced photoelectrochemical activity. (c) An additional OER catalyst on-top of the protection layer
enables effective water oxidation at reduced corrosion.
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Covalent organic frameworks (COFs) are an
emerging class of highly tunable crystalline, porous
organic semiconductors. Their molecular-length-
scale porosity offers a unique possibility for
interactions between the pores and the
semiconducting backbone and to introduce stimuli-
responsive behavior such as electrochromism.
Classical electrochromic coatings such as WO3 suffer
from low coloration efficiency and slow switching
speed. The group has developed highly efficient and
fast-switching electrochromic coatings based on
fully organic, porous covalent organic frameworks
(COFs). The COFs combine a central thienoisoindigo
moiety with more electron-rich units while fully
retaining their favorable stacking interactions. This
donor-acceptor-donor electronic setup promotes
intramolecular charge transfer, leading to strong
light absorption across the visible and near IR
regions and an increased sensitivity of the
absorption spectra towards electrochemical
oxidation. The Vis-NIR absorption bands present in
the neutral state shift significantly upon
electrochemical oxidation. Fully reversible
absorption changes by close to 3 optical densities
(OD) can be triggered at low operating voltages and
low charge per unit area. The champion material
reaches an electrochromic coloration efficiency of
858 cm2 C-1 at 880 nm and retains >95% of its
electrochromic response over 100 oxidation/
reduction cycles. Furthermore, the electrochromic
switching is extremely fast with response times
below 0.4 s for the oxidation and around 0.2 s for the
reduction, outperforming previous COFs by at least
an order of magnitude and rendering these materials
some of the fastest-switching frameworks to date.
This combination of high coloration efficiency and
very fast switching reveals intriguing opportunities

for applications of porous organic electrochromic
materials.

■ D. Bessinger, K. Muggli, M. Beetz, F. Auras, T.
Bein: Fast-Switching Vis-IR Electrochromic
Covalent Organic Frameworks; Journal of the
American Chemical Society 143, 7351.
10.1021/jacs.0c12392 (2021).

fast-switching vis-ir electrochromic covalent organic
frameworks
Derya Bessinger, Katharina Muggli, Michael Beetz, Florian Auras, and Thomas Bein

■ https://bein.cup.uni-muenchen.de
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Figure 1. Fragment of the thienoisoindigo-based two-
dimensional COF that rapidly changes color upon
electrochemical oxidation (photographs shown as insets).
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The structure of life emerged from randomness. This
is attributed to selection by molecular Darwinian
evolution. This study found that random templated
ligation led to the simultaneous elongation and se-
quence selection of oligomers. Product strands
showed highly structured sequence motifs which in-
hibited self-folding and built self-templating reaction
networks. By the reduction of the sequence space,
the kinetics of duplex formation increased and led to
a faster replication through the ligation process.

The Eigen theory of replication states, for sequences
that are copied one base at a time, that the replica-
tion fidelity has to surpass an error threshold to avoid
that replicated specific sequences become random
because of the incorporated replication errors [M.
Eigen, Naturwissenschaften 58 (10), 465–523
(1971)]. Here, we showed that linking short
oligomers from a random sequence pool in a tem-
plated ligation reaction reduced the sequence space
of product strands. We started from 12-mer oligonu-
cleotides with two bases in all possible combinations
and triggered enzymatic ligation under temperature
cycles. Surprisingly, we found the robust creation of
long, highly structured sequences with low entropy.
At the ligation site, complementary and alternating
sequence patterns developed. However, between the
ligation sites, we found either an A-rich or a T-rich
sequence within a single oligonucleotide. Our mod-
eling suggests that avoidance of hairpins was the
likely cause for these two complementary sequence
pools.

What emerged was a network of complementary se-
quences that acted both as templates and substrates
of the reaction. This self-selecting ligation reaction
could be restarted by only a few majority sequences.
The findings showed that replication by random tem-

plated ligation from a random sequence input will
lead to a highly structured, long, and nonrandom se-
quence pool. These findings imply that elementary
binding properties of nucleotides can lead to an early
selection of sequences even before the onset of Dar-
winian evolution. This suggests that such a simplifi-
cation of sequence space could result in faster down-
stream selection for sequence-based function for the
origin of life.

■ P. Kudella, A. Tkachenko, A. Salditt, S. Maslov
and D. Braun: Structured sequences emerge from
random pool when replicated by templated ligation;
PNAS doi:10.1073/pnas.2018830118 (2021).

Figure 1. Templature ligation under the non-equilibrium
condition of a thermal cycling was found to create struc-
tured sequences from randomness. It created networks of
complementary strands that increased their replication in
a highly cooperative manner, creating by replication sig-
nificantly decreased sequence structures.

structured sequences emerge from random pool when replicated
by templated ligation

Patrick Kudella, Alexei V. Tkachenko, Annalena Salditt, Sergei Maslov, and Dieter Braun

■ https://www.biosystems.physik.uni-muenchen.de



The use of plasmonics and photonics to control light
and heat close to the thermodynamic limit enables
exciting opportunities for nanoscale energy conver-
sion. The efficient harvesting and conversion of pho-
tons into photons of a different energy, phonons or
energetic charge carriers open up a myriad of oppor-
tunities for converting, for example sunlight, into
fuels, heat and light. By employing artificially struc-
tured materials (metamaterials), hybrid plasmonic
colloids, dielectric nanoresonators or engineered
metal nanoantennas, my group has shown different
approaches for converting energy by controlling,
tuning and enhancing light-matter interactions.
One remarkable example is the GaP metasurface
photoelectrode for H2 evolution reaction developed
by L. Hüttenhofer, et al. In here, we exploit the light
confinement abilities of the dielectric nanores-
onators and combine that with the large scale pat-
terning ability of nanoimprint. As such, we create a
millimeter-patterned photoelectrode, which
enhances the production of H2 by 6 times compared
to a planar GaP film. Furthermore, we measured a 10
times enhancement of the internal quantum effi-
ciency (IQE) of the metasurface compared to a flat
film. We attribute the significant IQE enhancement to
the near-surface absorption hot spots in the nanores-
onators created by the engineered photonic states.
These hot spots facilitate highly efficient and near-
surface generation of electron–hole pairs, thereby
reducing their recombination probability during
migration on the—now shorter—path to the solid/
liquid interface compared with the continuous film
counterpart.

■ L. Hüttenhofer, M. Golibrzuch, O. Bienek, F. J.
Wendisch, R. Lin, M. Becherer, I. D. Sharp, S. A.
Maier, E. Cortés: Metasurface Photoelectrodes for

Enhanced Solar Fuel Generation; Advanced Energy
Materials 46 (11), 2102877 (2021).

D. Glass, R. Quesada-Cabrera, S. Bardey, P.
Promdet, R. Sapienza, V. Keller, S. A. Maier, V.
Caps, I. P. Parkin, E. Cortés: Probing the Role of
Atomic Defects in Photocatalytic Systems through
Photoinduced Enhanced Raman Scattering; ACS
Energy Letters 6 (12), 4273-4281 (2021).

P. H.C. Camargo and E. Cortés: Plasmonic Catalysis:
From Fundamentals to Applications; (Editors), 352
pages, ISBN 3527826963, John Wiley & Sons (2021).
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engineering plasmonic and photonic modes for producing solar
fuels

Ludwig Hüttenhofer, Matthias Golibrzuch, Oliver Bienek, Fedja J. Wendisch, Rui Lin, Markus Becherer,
Ian D. Sharp, Stefan A. Maier, and Emiliano Cortés

■ https://www.hybridplasmonics.org

Figure 1. Cover image in Adv. Energy Mat. for GaP
metasurface photoelectrodes for H2 generation.
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plasmonic catalysis, from fundamentals to applications

Pedro H. C. Camargo and Emiliano Cortes (editors)

■ https://www.hybridplasmonics.org

This book delivers a thorough treatment of plas-
monic catalysis, from its theoretical foundations to
myriad applications in industry and academia. It con-
stitutes the first book in the field and has contribu-
tions from worldwide leaders, including Naomi
Halas, Peter Nordlander, Pedro Camargo, Emiliano
Cortés, Sasha Govorov, Jennifer Dionne, Sebastian
Schlücker, Audrey Moores, Prashant Jain, Hiroaki
Misawa, Jie Liu, Henry O. Everitt, Hiromi Yamashita,
Dong Ha Kim, Wei David Wei and Suljo Linic, among
many others.

The book characterizes plasmonic catalytic systems
and describes their properties, tackling the integra-
tion of conventional and new methods able to
unravel the optical, electronic, and chemical proper-
ties of these systems. It also describes the fundamen-
tals of controlled synthesis of metal nanoparticles
relevant to plasmonic catalysis, as well as practical
examples thereof. Readers will also benefit from the
inclusion of:
• A thorough introduction to plasmonic catalysis, a
theory of plasmons for catalysis and mechanisms, as
well as optical properties of plasmonic-catalytic
nanostructures;
• An exploration of the synthesis of plasmonic
nanoparticles for photo and electro catalysis;
• Plasmonic catalysis towards oxidation reactions
and hydrogenation reactions;
• Discussions of plasmonic catalysis for multi-elec-
tron processes, artificial photosynthesis and N2 fixa-
tion.
• Mechanistic studies and interfaces of plasmonic
structures with semiconductors, metals and mole-
cules.

■ Pedro H.C. Camargo and Emiliano Cortés (Edi-
tors): Plasmonic Catalysis: From Fundamentals to
Applications; 352 pages, ISBN 3527826963, John
Wiley & Sons (2021).

Figure 1. Cover image of the first book on Plasmonic
Catalysis, edited by Prof. Camargo (Helsinki University)
and Prof. Cortes (LMU).
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multipoint correlation functions: spectral representation and
numerical evaluation / computing local multipoint correlators
using the numerical renormalization group

Fabian B. Kugler, Seung-Sup B. Lee, and Jan von Delft

■ https://www.theorie.physik.uni-muenchen.de/17ls_th_solidstate_en
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The duo of papers won a CeNS Publication Award
2021 as they provide a breakthrough in quantum
many-body physics. Many observables in the experi-
ments of condensed matter and ultracold atoms,
such as the conductivity and inelastic scattering
spectra, are theoretically described as multipoint
correlation functions. However, the analytic struc-
ture of multipoint functions has been elusive and
their non-perturbative, accurate computations have
been intractable. The duo provides answers to these
problems. Even before the final publication in Physi-
cal Review X (PRX), our work has attracted many ex-
perts in the field; currently four international collab-
orations based on our achievement are ongoing. To
our best knowledge, the duo is the first back-to-back
publication in PRX by the same team of the authors.

■ F. B. Kugler, S.-S. B. Lee, and J. von Delft: Mul-
tipoint Correlation Functions: Spectral Representa-
tion and Numerical Evaluation, Phys. Rev. X 11,
041006 (2021).

S.-S. B. Lee, F. B. Kugler, and J. von Delft: Com-
puting Local Multipoint Correlators Using the Nu-
merical Renormalization Group, Phys. Rev. X 11,
041007 (2021).
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overcoming the challenges of freestanding tin oxide-based com-
posite anodes to achieve high capacity and increased cycling sta-
bility

Florian Zoller, Sebastian Häringer, Daniel Böhm, Hannah Illner, Markus Döblinger, Zdenek Sofer, Martin
Finsterbusch, Thomas Bein, and Dina Fattakhova-Rohlfing

■ https://bein.cup.uni-muenchen.de/
■ https://www.fz-juelich.de/SharedDocs/Personen/IEK/IEK-1/EN/Fattakhova_Dina.html

Batteries, and lithium-ion batteries in particular,
have became an indispensable part of everyday life.
The rapid development of new portable electronic
devices, electromobility and large-scale energy stor-
age requires batteries with maximum capacity,
advanced rate capability and durable cycling perfor-
mance. Increasing the overall energy density and
rate performance of the batteries can be achieved by
using materials with an advanced charge storage
chemistry and higher theoretical capacities, but also
by optimizing the overall electrode architecture and
reducing the amount of electrochemically inactive
material. In a joint research project between
Forschungszentrum Jülich (D. Fattakhova-Rohlfing)
and LMU (T. Bein), we have developed a strategy to
obtain novel, freestanding antimony-doped tin oxide
electrodes with energy density, rate, and cycling per-
formance several times higher than conventional
electrodes. Tin oxide is an intensively explored alter-
native to the currently used graphite active material,
as it offers up to 5 times the storage capacity. How-
ever, the practically achieved values are much lower
due to its poor conductivity and electrochemical

degradation caused by large volume changes. An
approach developed by our groups mitigates these
drawbacks via nanoscaling to shorten the diffusion
paths, doping to increase the electrical conductivity,
hybridizing with a conducting carbon matrix to
improve electrode conductivity and minimize
stresses caused by volume expansion, and finally
fabricating freestanding electrodes to further
increase energy density on the cell level. With
insights into structural optimization, composition
and applicable synthesis techniques, our work con-
tributes to the development of future high-perfor-
mance battery active materials sought by industry
and required for a successful transition of the mobil-
ity and energy sector towards their electrification.

■ F. Zoller, S. Häringer, D. Böhm, H. Illner, M.
Döblinger, Z. Sofer, M. Finsterbusch, T. Bein, D.
Fattakhova-Rohlfing: Overcoming the Challenges
of Freestanding Tin Oxide-Based Composite Anodes
to Achieve High Capacity and Increased Cycling
Stability; Adv. Funct. Mater., doi.org/10.1002/
adfm.202106373 (2021).

Figure 1. Free-
standing antimony-
doped tin oxide
(ATO) electrodes at
different length
scales: photo of the
whole electrode
(left), SEM image
of the porous
graphene back-

bone decorated with ATO nanoparticles (middle) and TEM image of the ATO nanoparticles attached to graphene (right)
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nanoscale fasl organization on dna origami to decipher apoptosis
signal activation in cells

Ricarda M. L. Berger, Johann M. Weck, Simon M. Kempe, Oliver Hill, Tim Liedl, Joachim O. Rädler,
Cornelia Monzel, and Amelie Heuer-Jungemann

■ https://www.softmatter.physik.uni-muenchen.de/index.html
■ https://www.biochem.mpg.de/heuer-jungemann

Cell signalling is initiated by characteristic protein
patterns in the plasma membrane, but tools to deci-
pher their molecular organization and activation are
lacking. Tools enabling acute control of such com-
plex formation or its inhibition with effects on the
signalling pathway are of primary interest in funda-
mental cell biology or nanomedicine. Among the sig-
nalling complexes which present themselves as
supramolecular assemblies, members of the tumor
necrosis factor (TNF) super family are extensively
studied and models of their multimerization and
cluster formation have been proposed. Within this
family, trimeric Fas ligand (FasL) plays a pivotal role
in cell decision making towards proliferation or
apoptosis. FasL is mainly expressed by cytotoxic T
cells and eliminates cancer cells by FasL-mediated

apoptosis. Present models of Fas signal initiation
suggest that Fas receptors (FasR) may pre-arrange in
trimers assembling into hexameric patterns on the
membrane. Upon binding of trimeric FasL, they may
further arrange in hexameric supramolecular struc-
tures with ~ 10 nm intermolecular spacing in order
to induce signal initiation. In a very fruitful collabo-
ration between the CeNS groups of A. Heuer-Junge-
mann, T. Liedl and J. Rädler together with C. Monzel
from the HHU Düsseldorf, we probed this architec-
ture by arranging FasL in hexameric geometries on
DNA origami platforms. These nanoagents act as sig-
nalling platforms inducing fastest time-to-death
kinetics for hexagonal FasL arrangements with 10
nm inter-molecular spacing. Compared to naturally
occurring soluble FasL, this trigger is faster and

Figure 1. (a) Schematic illustration of a cell seeded on DNA origami grafted to a supported lipid membrane. The magni-
fications show the Streptavidin-Biotin mediated linkage of trimeric Fas ligand to DNA origami. Top view illustrates the
hexagonal arrangement indicated by white dashed lines. (b) Percentage of apoptotic cells in population for different
FasL-FasL distances arranged on DNA origami platforms and (c) Histogram of time-to-death data, normalized to 200
cells per histogram. FasL induced apoptosis is most efficient for the nanoagent with 10 nm inter-ligand distance (red)
compared to 30 (yellow) or 5 nm (light green) inter-ligand distances. FasL-functionalized lipid membranes (lilac) are
more efficient at inducing apoptosis than FasL in solution (dark green). Bare DNA origami show no significant apoptosis
induction (grey).
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open-cavity in closed-cycle cryostat as a quantum optics
platform

Samarth Vadia, Johannes Scherzer, Holger Thierschmann, Clemens Schäfermeier, Claudio Dal Savio,
Takashi Taniguchi, Kenji Watanabe, David Hunger, Khaled Karrai, and Alexander Högele

■ www.nano.physik.uni-muenchen.de/nanophotonics

The work demonstrates the operation of an open-
cavity in a closed-cycle cryostat as a cryogenic plat-
form for cavity quantum optics with solid-sate. The
open cavity system consists of a planar mirror sup-
porting solid-state emitters, and a concavely shaped
tip of an optical fiber. The fiber micro-mirror and the
macroscopic mirror can be moved with respect to
each other, thus providing large spatial and spectral
tunability. The mitigation of vibrations in the harsh
environment of a closed-cycle cryostat is the key
result of the collaborative work. With a combination
of passive and active vibration reduction techniques,
the root mean square cavity length fluctuations were
reduced down to less than 100 pm, representing an
improvement by more than five orders of magnitude
compared to the typical mechanical vibrations
induced by a closed-cycle cryo-cooler. The stability
achieved enables experiments with cavity quality
factors of up to 1 million, providing sufficient light-
matter coupling for the strong coupling regime as
demonstrated by the formation of exciton polaritons
in semiconducting monolayer of WSe2.

■ S. Vadia, J. Scherzer, H. Thierschmann, C.
Schäfermeier, C. Dal Savio, T. Taniguchi, K.
Watanabe, D. Hunger, K. Karrai, and A. Högele;
Open-Cavity in Closed-Cycle Cryostat as a Quantum
Optics Platform; PRX Quantum 2, 040318 (2021).

Figure 1. Open cavity formed by a microscopic fiber-mirror
and a macroscopic planar mirror with a monolayer semicon-
ductor WSe2 composed of W and Se atoms (indicated by
blue and orange spheres). Using passive damping techno-
logy, strong light-matter coupling between the cavity
photons and semiconductor excitons was achieved in the
harsh vibrational environment of a closed-cycle cryostat.

100× more efficient. Nanoagents with different spac-
ing, lower FasL number or higher coupling flexibility
impeded signalling. Our results confirm the current
theoretical models of FasR oligomerization and con-
stitute a valuable result for future nanomedical
approaches especially with a view towards cancer
therapy and the development of agents for the treat-
ment of auto-immune diseases. We showed that
DNA origami is an excellent tool to define molecular
benchmarks in apoptosis signal initiation and

presents a new strategy to drive particular cell
responses.

■ R. M. L. Berger, J. M. Weck, S. M. Kempe, O.
Hill, T. Liedl, J. O. Rädler, C. Monzel* and A.
Heuer-Jungemann*: Nanoscale FasL Organization
on DNA Origami to Decipher Apoptosis Signal
Activation in Cells; Small, doi:10.1002/
smll.202101678 (2021).
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superresolution infrared near-field microscopy of living cells

Korbinian Kaltenecker, Thorsten Gölz, Enrico Bau, and Fritz Keilmann

■ https://www.softmatter.physik.lmu.de/personen/former_members/fritz-keilmann1/nanoscopy_lab

Near-field microscopy (s-SNOM) is applied to char-
acterize living cells, at long wavelengths from 5 to 10
µm. This is for the first time that infrared nano-imag-
ing and "fingerprint" nano-spectroscopy on cells are
realized in the presence of water. Key to this achieve-
ment is the physical separation between sample and
observation spaces by a nano-membrane.
The s-SNOM (from CeNS spin-off neaspec, now
attocube) uses backscattering from a metal AFM tip
which scans the ultrathin (10 nm), flat SiN mem-
brane from above (Fig. 1a), while water-dispersed
nano-objects adhere on the membrane's downside.
The tip-confined near-field (white patch) penetrates
the membrane without loss and maps a living cell's
local infrared image (Fig. 1b), at <150 nm resolution.
When operated with broad-band infrared illumina-
tion the recorded (nano-FTIR) spectrum exhibits
characteristic molecular vibration bands which
enable mapping the chemical composition, i.e.,

quantifying the cell's local abundances of protein,
lipid, DNA and water. Applications in biology and
medicine could be in areas such as cell migration
and cell differentiation, or for researching protein
aggregation in neurodegenerative diseases.
Surprisingly, the s-SNOM further reveals a highly
structured mechanical AFM image (Fig. 1c) that
partly correlates with the infrared image. Obviously
the cell deforms the membrane locally. While the
mechanism underlying this attraction is to be inves-
tigated, the practical significance for cell characteri-
zation is that it provides a map of local adhesion
forces, apart from holding cells in place for pro-
longed observation.
The liquid cell construction is leak-tight and enables
continuously following a living cell's morphological
and chemical development. The robust setup should
enable the nano-chemical analysis of any liquid-
based, dynamic process.
Besides, we show in theory and experiment that the
infrared near field penetrates about 100 nm deep
below the SiN membrane which thus determines the
depth range that the s-SNOM probes into cellular
organisms.

■ K. J. Kaltenecker, T. Gölz, E. Bau, F. Keilmann:
Infrared-spectroscopic, dynamic near-field
microscopy of living cells and nanoparticles in
water. Scientific Reports 11, 21860 doi.org/10.1038/
s41598-021-01425-w (2021).

Figure 1. Sketch (a) and results (b,c) of in-vivo imaging a lung cancer cell of type A549, prepared by simply drop-casting
a liquid culture onto the 10-nm thin SiN membrane where cells adhere. The infrared backscattering image (b) maps the
cell's morphology in <150-nm detail, whereas the simultaneous AFM probing (c) clearly exhibits a correlated mechani-
cal phase contrast image, interpreted as the cell's adhesion footprint.
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on-surface photopolymerization of two-dimensional polymers
ordered on the mesoscale

Markus Lackinger and Wolfgang Heckl

■ https://www.edu.sot.tum.de/en/wisskom

2D polymers are a novel class of low dimensional
organic materials with projected applications in sep-
aration, sensorics, catalysis and molecular electron-
ics. Current challenges concern the rational bottom
up synthesis as well as molecularly resolved struc-
tural characterization. Here, we employ solid sur-
faces to template the targeted 2D topology. The
synthetic route comprises the topochemical pho-
topolymerization of fluorinated anthracene-trip-
tycene (fantrip) monomers. The underlying protocol
is two-staged: (1) Self-assembly of the monomers
into a photopolymerizable monolayer structure,
where the photoactive anthracene moieties are face-
to-face stacked; (2) cross-linking of the self-assem-
bled monolayer into a covalent 2D polymer by [4+4]
photocycloadditions between the aligned anthracene
blades. This approach crucially depends on achiev-
ing the reactive packing, whereby the underlying
surface plays a decisive role for self-assembly. We
used graphite, but additional passivation with an
alkane monolayer was necessary to weaken mole-
cule-surface interactions. As a result, the desired
monolayer with enhanced molecule-molecule inter-
actions became thermodynamically preferred. Scan-

ning Tunneling Microscopy (STM) has proven to be
the ideal analytical tool for monitoring the progres-
sion of the polymerization with the ultimate single-
linkage resolution. The [4+4] cycloadditions induce a
sizable increase of the HOMO-LUMO gap, which
translates into an unambiguous change of STM con-
trast. Successful photopolymerization could be cor-
roborated by complementary local IR spectroscopy
and mass spectrometry. The possibility to identify
individual covalent linkages by STM facilitated stud-
ies of the polymerization progression and allowed to
assess the temperature dependence of polymeriza-
tion rates, where an increase with temperature indi-
cated a small energy barrier in the photoexcited
state. Future research is directed towards the synthe-
sis of 2D polymers with macroscopic extensions.

■ L. Grossmann, B.T. King, S. Reichlmaier, N.
Hartmann, J. Rosen, W.M. Heckl, J. Björk, M.
Lackinger: On-surface photopolymerization of two-
dimensional polymers ordered on the mesoscale;
Nature Chemistry, 10.1038/s41557-021-00709-y
(2021).

M. Lackinger and A.D. Schlüter: The Current
Understanding of how 2D Polymers Grow Photo-
chemically; European Journal of Organic Chemistry,
10.1002/ejoc.202101006 (2021).

Figure 1. 2D polymer synthesis by photopolymerization.
(a) fantrip monomer; (b) reaction scheme; (c) model (top
view) and (d) STM image as well as corresponding simula-
tion (right hand side) of the initial supramolecular structure;
(e) model and (f), (g) STM images of the resulting 2D poly-
mer; (g) shows the structure of a typical defect that is iso-
structural to the well-known Stone-Wales defect in
graphene.



33selected research projects

14

comparative analysis of the coordinated motion of Hsp70s from
different organelles observed by single-molecule three-color
fret

Lena Voith von Voithenberg, Andes Barth, Vanessa Trauschke, Benjamin Demarco, Swati Tyagi, Christine
Koehler, Edward A. Lemke, and Don C. Lamb

■ https://www.cup.uni-muenchen.de/pc/lamb

Over the last few years, my group has been working
on ways to quantitatively analyze three-color Förster
Resonance Energy Transfer experiments. The ability
to measure three-colors and hence three-distances
simultaneously on the same molecule opens up new
possibilities for biomolecular studies. The new
dimensions added with the third color makes the
analysis more sensitive to the conformation of the
protein and allows the detection of subspecies that
would be overlooked in a one-dimensional FRET
analysis. It also makes it possible to investigate coor-
dinated conformational changes within a single mol-
ecule, allowing unprecedented studies of allosteric
effects in biomolecules. Based on our three-color
photon-distribution-analysis (3cPDA) published in
2019, we present in this publication the first applica-
tion of 3cPDA, which we used to investigate the func-
tion of heat shock proteins 70s (Hsp70s). From this
well-conserved family of important molecular chap-
erones, we compared three Hsp70s from three differ-
ent organelles. DnaK (from the cytosol of E. coli),
Ssc1 (from the mitochondria of yeast) and BiP (from
the endoplasmic reticulum from mouse cells). In this
paper, the key findings are:
1) Discovery of new intermediate conformations
indicating the conformational flexibility of the Hsp70
conformational landscape
2) That BiP demonstrates a high correlation between
conformations of its two domains where as DnaK and
Ssc1 showed uncoupled behavior. This illustrates of
the evolutionary diversity of the Hsp70s where vari-
ous cellular compartments adopt the functionality of
the Hsp70s for performing different tasks.
3) The various Hsp70s have different sensitivities to
different nucleotide analogs, suggesting variability
in the recognition mechanism of the nucleotide-
binding domain.

4) A first demonstration of the power and applicabil-
ity of 3cPDA for investigating coordinated motions
within a single biomolecule.

■ L. Voith von Voithenberg, A. Barth, V.
Trauschke, B. Demarco, S. Tyagi, C. Koehler, E. A.
Lemke, and D. C. Lamb: Comparative analysis of
the coordinated motion of Hsp70s from different
organelles observed by single-molecule three-color
FRET; PNAS 118 (2021).
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double-to single-strand transition induces forces and motion in
dna origami nanostructures

Fatih N. Gür, Susanne Kempter, Florian Schueder, Christoph Sikeler, Maximilian J. Urban, Ralf
Jungmann, Philipp C. Nickels, and Tim Liedl

■ https://www.softmatter.physik.uni-muenchen.de/liedl_group
■ https://www.biochem.mpg.de/jungmann

DNA nanotechnology has transformed our under-
standing of self-assembly processes and DNA
origami in particular has opened up new routes for
building complex materials and devices. Arguably
one of the most intricate fields of applications is the
design and implementation of self-assembled
nanoscales machines and motors. Here we introduce
the concept of a defined pulling mechanism making
use of the entropic spring behaviour of single-
stranded DNA. We show controlled and reversible
motion of two 40 nm long arms that are pulled
together by a stretch of single-stranded DNA, resem-
bling the arms of a jumping jack. The opening and
closing of the arms is monitored with a variety of
techniques including super-resolution microscopy
and plasmon resonance spectroscopy. For the latter

we attached 50 nm “large” gold nanoparticles as a
cargo, demonstrating the robustness of our
approach.
In summary, the pre-designed stress inside DNA
objects can be employed to provoke large controlled
conformational changes. This could be further devel-
oped to control mechanical signal transduction over
long distances in response to trigger events such as
mRNA detection or enzymatic activity.

■ F. N. Gür, S. Kempter, F. Schueder, C. Sikeler,
M. J. Urban, R. Jungmann, T. Liedl: Double-to
Single-Strand Transition Induces Forces and Motion
in DNA Origami Nanostructures ; Advanced Materi-
als 33 (37), 2101986 (2021).
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viscoelastic behavior of chemically fueled supramolecular
hydrogels under load and influence of reaction side products

Martin Kretschmer, Benjamin Winkeljann, Brigitte A.K. Kriebisch, Job Boekhoven, and Oliver Lieleg

■ https://www.mae.ed.tum.de/en/bme

About ten years ago, chemically fueled systems have
emerged as a new class of synthetic materials with
tunable properties. Yet, applications of these materi-
als are still scarce. In part, this is due to an incom-
plete characterization of the viscoelastic properties
of those materials, which has – so far – mostly been
limited to assessing their linear response under
shear load. Here, we fill some of these gaps by com-
paring the viscoelastic behavior of two different, car-
bodiimide fueled Fmoc-peptide systems. We find
that both, the linear and non-linear response of the
hydrogels formed by those Fmoc-peptides depends
on the amount of fuel driving the self-assembly
process – but hardly on the direction of force appli-
cation. In addition, we identify the concentration of
accumulated waste products as a novel, so far

neglected parameter that crucially affects the behav-
ior of such chemically fueled hydrogels. With the
mechanistic insights gained here, it should be possi-
ble to engineer a new generation of dynamic hydro-
gels with finely tunable material properties that can
be tailored precisely for such applications, where
they are challenged by mechanical forces.

■ M. Kretschmer, B. Winkeljann, B.A.K.
Kriebisch, J. Boekhoven, and O. Lieleg:
Viscoelastic behavior of chemically fueled
supramolecular hydrogels under load and influence
of reaction side products; Communications
Materials, 2, 97 doi.org/10.1038/
s43246-021-00202-6 (2021).

Figure 1. Transient hydrogels are assembled from Fmoc-peptide conjugates which – driven by a chemical reaction (a) are
converted from a precursor state into a self-assembling state. The chemical structures of the two peptide variants studied
here, Fmoc-AVD and Fmoc-AAD, are depicted in (b). By tuning the fuel concentration driving the chemical background
reaction, the life-time of the self-assembled hydrogels can be tuned (c, d). In addition, for one of the peptide variants (Fmoc-
AAD, f), controlled disassembly of the hydrogel is possible by adding a molecule (MPD) that mimics the waste product of
the chemical reaction cycle (EDU). In contrast, Fmoc-AVD hydrogels are more resistant and withstand this molecular inter-
ference step.
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high-throughout afm imaging and analysis reveals the conforma-
tional landscape of nucleosomes

Sebastian F. Konrad, Willem Vanderlinden, and Jan Lipfert

■ https://www.molecularbiophysics.physik.lmu.de

In each of our cells, the 2 m-long DNA genome needs
to be packed into a ~10 µm-sized nucleus, yet remain
accessible for read out and replication. This feat is
achieved through hierarchical interactions with pro-
tein and organization into chromatin. Nucleosomes,
which consist of ~150 base pairs of DNA wrapped
around a core of histone proteins, are the fundamen-
tal units of chromatin. We have developed a high-
throughput pipeline to image nucleosomes using
atomic force microscope imaging to reveal the con-
formational ensemble of nucleosome structures and
investigates how they are altered by epigenetic mod-
ifications, i.e. by chemical marks or “annotations” on
the histone proteins that are known to play a major
role in regulating the read out of our genome. Using
a state-of-the-art AFM and optimized sample prepa-
ration and imaging protocols, we obtain > 1000 indi-
vidual nucleosome images in a single field of view.
Analyzing such enormous data sets by hand would
be tedious and prone to user bias. We have, there-
fore, created an analysis pipeline using tools from
machine learning and image processing to assign
and analyse the molecular structures in a fully auto-
mated fashion. Our results reveal how nucleosomes
can “breathe”, i.e. how the DNA can dynamically
fluctuate and unwrap from the histone core. We find
that unwrapping occurs in steps of 5 base pairs and
can indeed be strongly affected by epigenetic marks.

■ S. F. Konrad, W. Vanderlinden, W. Frederickx
W, T. Brouns, B. H. Menze, S. De Feyter, J. Lipfert:
High-throughput AFM analysis reveals unwrapping
pathways of H3 and CENP-A nucleosomes;
Nanoscale 13(10):5435-5447, doi: 10.1039/d0n-
r08564b (2021).

S. F. Konrad, W. Vanderlinden, J. Lipfert: A High-
throughput Pipeline to Determine DNA and Nucleo-
some Conformations by AFM Imaging. Bio Protoc
11(19):e4180, doi: 10.21769/BioProtoc.4180.
(2021).

Figure 1. 3D rendering of an AFM height image of nucle-
osomes co-deposited with bare DNA.
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an electrically conducting three-dimensional iron–catecholate
porous framework

Andre Mähringer, Markus Döblinger, Matthias Hennemann, Christoph Gruber, Dominik Fehn, Patricia I.
Scheurle, Pouya Hosseini, Irina Santourian, Alfred Schirmacher, Julian M. Rotter, Gunther Wittstock,
Karsten Meyer, Timothy Clark, Thomas Bein, and Dana D. Medina

■ https://bein.cup.uni-muenchen.de

Here, we report the synthesis of a unique cubic
metal-organic framework (MOF), the Fe-HHTP-MOF,
comprising hexahydroxytriphenylene (HHTP)
supertetrahedral units and Fe(III) ions, arranged in a
diamond topology. The MOF is synthesized under
solvothermal conditions, yielding a highly crys-
talline, deep black powder, with crystallites of
300-500 nm size and tetrahedral morphology. Nitro-
gen sorption analysis indicates a highly porous mate-
rial with a surface area exceeding 1400 m2 g−1.
Furthermore, Fe-HHTP-MOF shows broadband opti-
cal absorption from 475 nm up to 1900 nm with
excellent absorption capability of 98.5% of the
incoming light over the visible spectral region. Elec-
trical conductivity measurements of pressed pellets
reveal a high intrinsic electrical conductivity of up to
10−3 S cm−1. Quantum mechanical calculations pre-
dict Fe-HHTP-MOF to be an efficient electron con-
ductor, exhibiting continuous charge-carrier
pathways throughout the structure. This report
expands the paradigm of intrinsically electroactive
MOFs, serving as a solid basis for the development
of highly porous, ordered frameworks with enhanced
electrical conductivity.

■ P. I. Scheurle, A. Mähringer, A. Biewald, A.
Hartschuh, T. Bein, D. D. Medina*: MOF-74(M)
films obtained through vapor-assisted conversion –
impact on crystal orientation and optical properties;
Chem. Mater., 10.1021/acs.chemmater.1c00743
(2021).

L. Frey, J. J. Jarju, L. M. Salonen and D. D.
Medina: Boronic-acid-derived covalent organic
frameworks: from synthesis to applications; New J.
Chem., 10.1039/D1NJ01269J (2021).

A. Mähringer, M. Döblinger, M. Hennemann, C.
Gruber, D. Fehn, P. I. Scheurle, P. Hosseini,
I.Santourian, A. Schirmacher, J. M. Rotter, G.
Wittstock, K. Meyer, T. Clark, T. Bein, and D. D.
Medina: An electrically conducting three-
dimensional iron-catecholate porous
framework; Angew. Chem. Int. Ed, 10.1002/
ange.202102670 (2021).

Figure 1. A novel electrically conducting iron HTTP metal organic frameworks
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energy efficient ultrahigh-flux separation of oily pollutants
from water with superhydrophilic nanoscale metal-organic
framework architectures

Andre Mähringer, Matthias Hennemann, Timothy Clark, Thomas Bein, and Dana D. Medina

■ https://bein.cup.uni-muenchen.de

The rising demand for clean water for a growing and
increasingly urban global population is one of the
most urgent issues of our time. Particularly, the
increasing generation of wastewater by cities and
industrial sources requires the development of novel
platforms for separating contaminants such as oils.
Here, we introduce the synthesis of a unique
nanoscale architecture of pillar-like Co-CAT-1 metal-
organic framework (MOF) crystallites on gold-coated
woven stainless steel meshes with large, 50 µm aper-
tures. These nanostructured mesh surfaces feature
superhydrophilic and underwater superoleophobic
wetting properties, allowing for gravity-driven,
highly efficient oil-water separation featuring water
fluxes of up to nearly one million L m-2 h-1. Water
physisorption experiments reveal the hydrophilic
nature of Co-CAT-1 with a total water vapor uptake at
room temperature of 470 cm3 g-1. Furthermore,
semiempirical molecular orbital calculations shed
light on water affinity of the inner and outer pore sur-
faces. The MOF-based membranes enable high sep-
aration efficiencies for a number of liquids tested,

including the notorious water pollutant, crude oil,
affording chemical oxygen demand (COD) concen-
trations below 25 mg L-1 of the effluent. Our results
demonstrate the great impact of suitable nanoscale
surface architectures as a means of encoding on-sur-
face extreme wetting properties, yielding energy-ef-
ficient water-selective large-aperture membranes.
The extremely low resistance to flow and the result-
ing enormous flux capabilities hold great promise for
water cleanup on a massive scale and for the design
of practical, low-cost water purification devices that
can be operated without external power source and
without moving parts.

■ A. Mähringer, M. Hennemann, T. Clark, T. Bein,
D. D. Medina: Energy efficient ultrahigh-flux sepa-
ration of oily pollutants from water with superhy-
drophilic nanoscale metal-organic framework
architectures; Angew. Chem. Int. Ed., 10.1002/
anie.202012428 (2021).

Figure 1. A Schematic illustration of the oil-water separation by the Co-CAT-1@Au@SSM membrane blocking oil flux
and allowing only water to pass through the apertures. Cross-sectional visualization of a fabricated Co-CAT-1@Au@SSM
string. The Co-Cat-1 crystals are comprised of metal-ions in-plane coordinated by 2,3,6,7,10,11-hexahydroxytripheny-
lene units forming hexagonally structured 2D layers. Finally, the MOF forms needle-like crystallites on the gold patterns
encoding superhydrophilic properties on the mesh.
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ultrahigh spatial resolution temperature sensing with single
nanoparticles

Leonardo de Souza Menezes

■ https://www.hybridplasmonics.org

Many years ago, it was shown that an Er3+ doped spe-
cial glass could be used as an optical temperature
sensor. By exciting Er3+ ions in a bulk sample with a
CW laser emitting at 1.48 µm one can detect fluores-
cence in the visible (process called frequency upcon-
version-UC). Particularly, two emissions in the green
centered at 525 nm and 550 nm are originated in
thermally coupled energy levels, that is, their relative
occupation follows Boltzmann‘s population distribu-
tion. Thus, by measuring the relative intensities of
these two emissions in the green, one determines the
sample’s temperature if one knows the energy differ-
ence between the energy levels involved in the UC
process (easily obtained in linear absorption experi-
ments).
Improvements have been done when one started to
investigate these effects in ensembles of nanoparti-
cles (NPs) in conditions of biological interest, like
when the NPs are imbedded in certain liquids, as
water and glycerol. In a step further there are reports
in the direction of understanding the role played by
the fact that one uses nanostrucutured materials. For
example, monodisperse (but wide distributed in size)
ensembles with average particle sizes of 26 and 58
nm have been investigated and clearly showed dif-
ferent thermometer behaviors.
Whenever one deals with ensembles of NPs one
measures the average behavior of their components.
When working with single NPs, one really sees the
behavior of a NP and the role played by NPs with dif-
ferent sizes can be unambiguously understood. Such
size effects were already demonstrated and dis-
cussed in the literature, but no temperature effects
had been investigated.
Using our expertise in the field and the infrastructure
developed in our lab., we aim at exploiting tempera-
ture effects in UC processes in single rare-earth
doped NPs, like Y2O3, NaYF4 and Gd2O2S doped with
Er3+, Yb3+ and Nd3+ due to their potential applications

in real life. The first steps towards this goal have
been recently demonstrated by us.

■ J. A. O. Galindo, A. R. Pessoa, A. M. Amaral, L.
F. dos Santos, R. R. Gonçalves, and L. de S.
Menezes: Influence of the surrounding medium on
the luminescence-based thermometric properties of
single Yb3+/Er3+ codoped yttria nanocrystals;
Nanoscale Advances, doi 10.1039/D1NA00466B
(2021).

I. M. Gonçalves, A. R. Pessoa, C. Hazra, Y. S.
Correales, S. J. L. Ribeiro, and L. de S. Menezes:
Phonon-assisted NIR-to-visible upvonvsersion in
single NaYF4 microcrystals cdoped with Er3+ and
Yb3+ for microthermometry applications: experiment
and theory; Journal of Luminescence, doi 10.1016/
j.jlumin.2020.117801 (2021).

R. Galvão, L. F. dos Santos, K. de O. Lima, R. R.
Gonçalves, and L. de S. Menezes: Single Er3+/Yb3+

codoped yttria nanocrystals for temperature
sensing: experimental characterization and
theoretical modelling; The Journal of Physical
Chemistry C, doi 10.1021/acs.jpcc.1c03058 (2021).

R. Galvão, L. F. Santos, R. R. Gonçalves, and LS
Menezes: Fluorescence Intensity Ratio-based
temperature sensor with single Nd3+ :Y2O3

nanoparticles: Experiment and theoretical
modeling; Nano Select, doi 10.1002/
nano.202000148 (2021).

K. de O. Lima, L. F. dos Santos, R. Galvão, A. C.
Tedesco, L. de S. Menezes, and R. R. Gonçalves:
Single Er3+, Yb3+: KGd3F10 Nanoparticles for
Nanothermometry; Frontiers in Chemistry, doi
10.3389/fchem.2021.712659 (2021).
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highly efficient methods for the formation of the kohn-sham
matrix within hybrid density functional theory

Henryk Laqua, Jörg Kussmann, and Christian Ochsenfeld

■ https://www.cup.lmu.de/pc/ochsenfeld

The efficient quantum-chemical calculation of static
and dynamic properties of molecular systems is
essential for gaining deeper insights into chemical
processes at the ab-initio level. Here, the rate deter-
mining step is typically the evaluation of the Kohn-
Sham Matrix in each iteration of the self-consistent
field (SCF) procedure within hybrid density func-
tional theory (DFT) calculations. In order to over-
come this computational bottleneck, we developed
highly efficient methods in our group.
In particular, the evaluation of the Coulomb [1], the
exact-exchange [2], and the semilocal exchange-cor-
relation (sl-XC) matrix [1] are usually the computa-
tional bottlenecks. By employing the resolution-of-
the-identity Coulomb (RI-J) approximation and
seminumerical integration and exploiting the supe-
rior compute performance of graphics processing
units (GPUs), we were able to accelerate hybrid-DFT
calculations by over two orders of magnitude.
In this way, in silico studies on much larger molecu-
lar systems can be conducted at much higher accu-
racy (larger basis sets, better density functional
approximations, thorough sampling of the configura-
tional space) with much lower computational cost
than before. This allows for much more detailed
studies of complex and dynamic molecular environ-
ments by e.g., ab-initio molecular dynamics (AIMD)
simulations or nonadiabatic molecular dynamics
(NAMD) simulations.
The highly efficient methods developed in our group
thus enable the exploration of previously - due to
their size and complexity - inaccessible systems with
a plethora of possible applications, e.g., explicit sol-
vent effects, protein catalysis, photocatalysis, DNA
interactions, supramolecular host-guest complexes,
and many more.

■ [1] J. Kussmann, H. Laqua, C. Ochsenfeld: Highly
Efficient Resolution-of-Identity Density Functional
Theory Calculations on Central and Graphics Pro-
cessing Units; J. Chem. Theory Comput., 10.1021/ac-
s.jctc.0c01252 (2021).

[2] H. Laqua, J. Kussmann, C. Ochsenfeld: Acceler-
ating seminumerical Fock-exchange calculations
using mixed single- and double-precision arithmetic.
J. Chem. Phys., 10.1063/5.0045084 (2021).

Figure 1. Time for one Kohn-Sham build (B97M-V/def2-
TZVPPD) for the active center of Sirtuin-5 (149 QM atoms;
see picture) using the old conventional methods (old) and
our newly developed methods (new) employing CPUs and
GPUs, respectively.
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correlative, multimodal material characterization for probing
intrinsic and extrinsic properties in metal-organic framework
systems

Adrian Fuchs, Petra Mannhardt, Patrick Hirschle, Haoze Wang, Irina Zaytseva, Zhe Ji, Omar Yaghi,
Stefan Wuttke, and Evelyn Ploetz

■ https://wuttkescience.com
■ https://www.cup.uni-muenchen.de/pc/lamb/people/ploetz.html

Reticular materials, especially metal-organic frame-
works (MOFs), are employed for a wide range of
applications such as energy conversion, carbon and
gas storage, sieving, and water harvesting. Due to
their high flexibility in synthetic design, the physical
and chemical properties of MOFs can easily be
tuned, but they also vary considerably with the mor-
phology of individual crystals as well as local struc-
tures. It is often unclear how these compositional
and structural heterogeneities mutually relate to
macroscopic material properties.
Variations occur at different length scales starting
from the molecular composition of the MOF in the
nanometre regime over long-range ordered crys-
talline areas on the sub-micrometre scale up to
micro- and millimetre-sized MOF particles. To probe
their interdependence and access this spatial
regime, we developed an in-situ methodology that
allows for quantifying crystal heterogeneity and its
influence beyond the bulk level. We exploit the non-

invasive nature of optical microscopy and spec-
troscopy for correlative material characterization.
The microscope combines space-resolved UV/Vis,
fluorescence and Raman spectroscopy with (nonlin-
ear) optical microscopy in a single, confocal system.
This correlative approach provides high spatial and
spectral resolution for probing the material’s
response in space and time, which we refer to as
multimodal optical spectroscopy and in-situ imaging
correlation (MOSAIC) analysis.
MOSAIC could highlight for different MOF systems
how heterogeneity affects material properties. We
could show that the shape has a tremendous influ-
ence on the absorption of light by MOF microcrys-
tals, whereas the size did not. This shape-sensitive
light absorption could be used for sorting heteroge-
neous microcrystal compositions. Furthermore,
MOSAIC revealed why MOF-801, one of the most
promising materials for harvesting water from humid
air, does not absorb water evenly – hampering fast
cycling of water uptake and release. By correlating
the spectral response of four modalities locally, we
could identify missing cluster defects as the predom-
inant source for local water clusters.

■ A. Fuchs, P. Mannhardt, P. Hirschle, H. Wang, I.
Zaytseva, Z. Ji, O.M. Yaghi, S. Wuttke, E. Ploetz:
Single crystals heterogeneity impacts the intrinsic
and extrinsic properties of metal-organic
frameworks; Advanced Materials. https://doi.org/
10.1002/adma.202104530 (2021).

Figure 1. MOSAIC analysis of UiO-67 crystals by spectrally complementary imaging. Unlabeled crystals were studied
by brightfield and nonlinear microscopy, based on Second-Harmonic and Sum-Frequency Generation (SHG; SFG), Four-
Wave Mixing (FWM) and polarization-sensitive Coherent Anti-Stokes Raman Scattering (pCARS) for probing the surface
and inner structure of particles. Confocal fluorescence microscopy was carried out for one- and two-photon excitation
(1PE; 2PE) on RBITC-labeled UiO-67 crystals. Scale bars: 10 µm.
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transcription coordinates histone amounts and genome content

Kora-Lee Claude, Daniela Bureik, Dimitra Chatzitheodoridou, Petia Adarska, Abhyudai Sing, and Kurt M.
Schmoller

■ https://www.helmholtz-munich.de/ife/research/kurt-schmoller-cell-and-organelle-size-control

Chemical reactions – and as a consequence all bio-
logical processes – are governed by the concentra-
tions of the molecules involved. To achieve robust
biological outcomes, it is therefore one of the cell’s
most fundamental tasks to precisely control the
amount of its RNA and protein molecules. This is
particularly relevant in situations where environmen-
tal conditions or cellular programs result in drastic
changes of cell morphology and growth rate. Glob-
ally, this intricate link between cell size and protein
synthesis is thought to be achieved through regula-
tion of the limiting transcriptional and translational
machinery. Since larger cells contain a larger
amount of limiting machinery, total transcriptional
and translational output increases with cell size.
Such a simple ‘limiting machinery’-mechanism can
ensure parallel regulation of a large fraction of pro-
teins while maintaining protein stoichiometry. How-
ever, it poses a conundrum for DNA-associated
proteins such as histones, whose amount is not pro-
portional to cell size, but instead needs to be coupled
to DNA content.
Recently, we showed that even though total protein
production increases with cell size, for many DNA-
associated proteins amounts are coupled to DNA
content and are independent of cell size (Swaffer,
Mol. Cell, 2021). Using histones as a model, we
found that this coupling of proteins to DNA is
achieved at the transcript level, and promoters can
be sufficient for this regulation. Using genetic
manipulations to test predictions we obtained from a
mathematical model, we identified a mechanism that
allows cells to adjust the proteome as a function of
cell size to maintain the stoichiometry of DNA con-
tent and histones: while for most genes, transcrip-
tion is limited by the transcriptional machinery,
histone transcription is instead limited by the tem-
plate, i.e. the gene itself (Claude, Nat. Comm., 2021).

■ K.-L. Claude, D. Bureik, D. Chatzitheodoridou,
P. Adarska, A. Singh, and K. M. Schmoller: Tran-
scription coordinates histone amounts and genome
content; Nature Communications, 12, 1-17 (2021).

M. P. Swaffer, J. Kim, D. Chandler-Brown, M.
Langhinrichs, G.K. Marinov, W. J. Greenleaf, A.
Kundaje, K. M. Schmoller, and J. M. Skotheim:
Size-independent mRNA synthesis and chromatin-
based partitioning mechanisms generate and main-
tain constant amounts of protein per cell, Molecular
Cell, 81 (23), 4861-4875 (2021).
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mass-sensitive particle tracking to elucidate the membrane-asso-
ciated minde reaction cycle

Tamara Heermann, Frederik Steiert, Nikolas Hundt, and Petra Schwille

■ https://www.biochem.mpg.de/schwille

In spite of their great importance in biology, methods
providing access to spontaneous molecular interac-
tions with and on biological membranes have been
sparse. The recent advent of mass photometry to
quantify mass distributions of unlabeled
biomolecules landing on surfaces raised hopes that
this approach could be transferred to membranes.
Here, by introducing a new interferometric scatter-
ing (iSCAT) image processing and analysis strategy
adapted to diffusing particles, we enable mass-sensi-
tive particle tracking (MSPT) of single unlabeled
biomolecules on a supported lipid bilayer. We
applied this approach to the highly nonlinear reac-
tion cycles underlying MinDE protein self-organiza-

tion. MSPT allowed us to determine the stoichiome-
try and turnover of individual membrane-bound
MinD/MinDE protein complexes and to quantify their
size-dependent diffusion. This study demonstrates
the potential of MSPT to enhance our quantitative
understanding of membrane-associated biological
systems.

■ T. Heermann*, F. Steiert*, B. Ramm, N. Hundt,
N., and P. Schwille (* contributed equally): Mass-
sensitive particle tracking to elucidate the mem-
brane-associated MinDE reaction cycle; Nat. Meth-
ods 18(10):1239-1246. doi: 10.1038/
s41592-021-01260-x (2021).

Figure 1. Principle of MSPT. (a) Schematic displaying the iSCAT-based measurement principle of MSPT. Exemplary
structures of three aldolase oligomer states are shown in the top panel, and their respective iSCAT images at the bottom.
Scale bar, 1 µm. (b) Probability density distributions of standard proteins determined using the conventional mass pho-
tometry landing assay (left) or using MSPT (right). All data represent pooled distributions of three independent experi-
ments per condition: alcohol dehydrogenase (ADH) (particle number n = 9,828), BSA (n = 11,408), TEV protease (TEV)
(n = 1,705), -amylase (bAm) (n = 10,043), protein A (prA) (n = 12,720); divalent streptavidin (Strep) (n = 16,699 trajecto-
ries), divalent streptavidin with biotinylated aldolase (Strep-ALD) (n = 16,727 trajectories), divalent streptavidin with
biotinylated BSA (Strep-BSA) (n = 8,842 trajectories), and divalent streptavidin with biotinylated protein A (Strep-prA)
(n = 22,424 trajectories). Dashed lines mark peaks not considered for mass calibration (left). Continuous lines represent
oligomer states included in the mass calibration. (c) Comparison of the contrast-to-mass calibration for mass photome-
try and MSPT, derived from peak contrasts in (b) and their assigned sequence masses. Error bars represent the standard
error of the peak locations estimated by bootstrapping. (d) Two-dimensional KDE of 1.25 nM tetravalent streptavidin
bound to biotinylated lipids on a SLB (n = 73,901 trajectories of three independent replicates; particle density: 0.2 µm−2).
Marginal probability distributions of the molecular mass (top) and the diffusion coefficient (right) are presented.
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retina organoids: window into the biophysics of neuronal
systems

Katja A. Salbaum, Elijah R. Shelton, and Friedhelm Serwane

■ https://www.serwanelab.org/

With a kind of magnetism, the human retina draws
the eye of neuroscientist and physicist alike. It is
attractive as a self-organizing system, which forms
as a part of the central nervous system via biochemi-
cal and mechanical cues. The retina is also intriguing
as an electro-optical device, converting photons into
voltages to perform on-the-fly filtering before the
signals are sent to our brain. Here, we consider how
the advent of stem cell derived in vitro analogs of the
retina, termed retina organoids, opens up an explo-
ration of the interplay between optics, electrics, and
mechanics in a complex neuronal network, all in a
Petri dish. This review presents state-of-the-art
retina organoid protocols by emphasizing links to the
biochemical and mechanical signals of in vivo retino-
genesis. Electrophysiological recording of active
signal processing becomes possible as retina
organoids generate light sensitive and synaptically
connected photoreceptors. Experimental biophysical

tools provide data to steer the development of math-
ematical models operating at different levels of
coarse-graining. In concert, they provide a means to
study how mechanical factors guide retina self-
assembly. In turn, this understanding informs the
engineering of mechanical signals required to tailor
the growth of neuronal network morphology. Tack-
ling the complex developmental and computational
processes in the retina requires an interdisciplinary
endeavor combining experiment and theory, physics,
and biology. The reward is enticing: in the next few
years, retina organoids could offer a glimpse inside
the machinery of simultaneous cellular self-assembly
and signal processing, all in an in vitro setting.).

■ K . Salbaum, E. Shelton, F. Serwane: Retina
organoids: Window into the biophysics of neuronal
systems; Biophysics Rev. 3, 011302; https://doi.org/
10.1063/5.0077014 (2022).



45selected research projects

26

a multi-layer device for light-triggered hydrogen production
from alkaline methanol

Yiou Wang, En-Ping Yao, Linzhong Wu, Jochen Feldmann, and Jacek Stolarczyk

■ https://www.phog.physik.uni-muenchen.de/

Hydrogen is a clean and sustainable fuel, but its
transport and storage, usually in tanks, remain chal-
lenging. In contrast, in situ production of the
required hydrogen from low-cost liquid alcohols
ensures the safe storage and transportation of hydro-
gen before use in, for example, fuel cells. However,
a common method involving thermocatalytic alcohol
reforming to hydrogen usually requires high-temper-
ature and high-pressure conditions and leads to CO2

emission (CH3OH + H2O → CO2↑ + 3H2↑, ∆G = +9 kJ/
mol). Nature not only fixes CO2 into hydrocarbons via
photosynthesis, but also captures it in the form of
dissolved CO3

2- ions under moderate conditions,
which can be used by shellfish to build up their shel-
ter and finally end up in rocks around the globe.
Inspired by nature, we have developed a thermody-
namically favorable reaction (CH3OH + 2NaOH →
Na2CO3↓ + 3H2↑, ∆G = -123 kJ/mol). Under light irra-
diation and moderate conditions, clean hydrogen is
produced from alkaline methanol on in-situ loaded
Pt/carbon nitride or TiO2 nanoparticle photocata-
lysts, releasing neither CO2 nor CO and capturing
carbon in the form of carbonate. We also introduced

a novel multi-layer device to make maximum use of
the incident light and the catalyst nanoparticles as
active sites. The proposed layered system shows
superior performance compared to the commonly-
used slurry systems without the need for agitation,
reaching state-of-the-art hydrogen evolution activi-
ties (maximum rate at ca. 1 µmol/s, turnover fre-
quency (TOF) up to 1 800 000 H2/Pt·h, total turnover
number (TTN) of 470 000 over 38 hours), even better
than the benchmark systems driven by heat. Such a
carbon-neutral and light-triggered process produces
hydrogen safely and efficiently, which could enable
scalable fabrication and hold promise for broad and
practical applications. Moreover, this study offers a
pathway to transform a carbon-containing fuel into a
carbon-free fuel without releasing CO2 but capturing
carbon as carbonate.

■ Yiou Wang*, En-Ping Yao, Linzhong Wu, Jochen
Feldmann*, and Jacek Stolarczyk*: A Multi-layer
Device for Light-triggered Hydrogen Production
from Alkaline Methanol; Angewandte Chemie Inter-
national Edition 60, 26694, https://doi.org/10.1002/
anie.202109979 (2021).

Figure 1. A Pt/CN nanoparticle photocatalyst reforms
alkaline methanol to clean hydrogen without COx emis-
sion.
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following the fate of excited state processes in
multichromophoric systems

Tim Schröder, Gordon J. Hedley, Florian Steiner, Sebastian Bange, Theresa Eder, Felix Hofmann, Jakob
Schedlbauer, Dirk Laux, Sigurd Höger, John M. Lupton, Philip Tinnefeld, and Jan Vogelsang

■ http://www.physik.uni-regensburg.de/forschung/lupton
■ https://tinnefeld.cup.uni-muenchen.de

The number of emitting units (chromophores) as well
as their interactions through exciton diffusion and
annihilation processes are key parameters to
describe the photophysical characteristics of multi-
chromophoric systems. Similarly, brightness and
exciton harvesting efficiency are also important for
the performance of materials in optoelectronic

devices. As the chromophores cannot be resolved in
space one turns to measure the photon statistics of
such materials. A chromophore can emit at maxi-
mum one single photon per excitation cycle. The
resulting degree of photon antibunching (pAB) is a
metric to count the chromophores but exciton-exci-
ton annihilation processes increase the apparent
degree of pAB. On short timescales, the singlet-sin-
glet annihilation (SSA) reduces the degree of pAB.
On long timescales, collective blinking, due to sin-
glet-triplet annihilation (STA), results in photon
bunching but the effect on the degree of pAB was not
discussed in literature so far. Here, we tackled both
problems in cooperation with the group of John
Lupton and Jan Vogelsang from Regensburg Univer-
sity.
We first developed picosecond time resolved anti-
bunching (psTRAB) which utilizes the time depen-
dency of SSA.1 By grouping the photons with respect
to their arrival time after pulsed laser excitation, we
were able to determine the time dependent probabil-
ity of consecutive emission of two photons. This
allowed extracting both the exact number of chro-
mophores and the time evolution of exciton diffusion
and annihilation. We demonstrated psTRAB on well-
defined DNA origami structures and applied it to
mesoscopic H- and J-type conjugated-polymer
aggregates.
Further, we demonstrated how pAB is affected by
independent and collective chromophore blinking,
which enables us to formulate universal guidelines
for pAB interpretation.2 We demonstrated our find-
ings on well-defined DNA origami structures and
provided two approaches to experimentally distin-
guish the two blinking mechanisms.

Figure 1. (a) Time evolution of the number of independent
emitters as function of the time after pulsed laser excita-
tion on a DNA origami model structure with five organic
dyes. psTRAB provides the number of emitters as well as
the average SSA kinetics. (b) Simulation of a blinking mul-
tichromophoric system. g(2)(0) suggests a five-chro-
mophore system, whereas the normalization to the
bunching amplitude suggests a two chromophore system.
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■ [1] G. J. Hedley*, T. Schröder*, F. Steiner, T. Eder,
F. J. Hofmann, S. Bange, D. Laux, S. Höger, P. Tin-
nefeld, J. M. Lupton, J. Vogelsang: Picosecond
Time-Resolved Photon Antibunching Measures
Nanoscale Exciton Motion and the True Number of
Chromophores; Nat. Commun. 12, 1327, doi.org/
10.1038/s41467-021-21474-z (2021).

[2] T. Schröder, S. Bange, J. Schedlbauer, F.
Steiner, J. M. Lupton, P. Tinnefeld, J. Vogelsang:
How Blinking Affects Photon Correlations in Multi-
chromophoric Nanoparticles; ACS Nano 15,
18037–18047, doi.org/10.1021/acsnano.1c06649
(2021).
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a simple and general approach to generate photoactivatable dna
processing enzymes

Merve-Zeynep Kesici, Philip Tinnefeld, and Andrés M. Vera

■ https://tinnefeld.cup.uni-muenchen.de

DNA processing enzymes, such as DNA polymerases
and endonucleases, have found many applications in
biotechnology, molecular diagnostics, and synthetic
biology, among others. The development of enzymes
with controllable activity, such as hot-start or light-
activatable versions, has boosted their applications
and improved the sensitivity and specificity of the
existing ones. Most common hot-start strategies
employ specific aptamers or antibodies to selectively
block the DNA polymerases. The development of
such aptamers and antibodies require time-consum-
ing screening of libraries and laborious optimization
steps and, after all, they are specific for a certain
polymerase. Besides, the unavoidable heating step
makes this type of strategy non-viable for mesophilic
DNA polymerases. The production of photoactivat-
able enzymes is commonly based on the incorpora-
tion of photosensitive unnatural amino acids and
requires detailed structural and mechanistic infor-
mation of the enzyme. A meticulous study of the case
is necessary to place the photosensitive residue in a
position that blocks the activity in the off state and
releases it only after photoactivation. The latter
requires robust knowledge of the enzyme and devis-
ing a suitable strategy can be very challenging. Over-
all, these problems call for strategies of broader
application and easier implementation to control the
enzymatic activity of DNA processing enzymes. In
this project, we devised a simple and general method

to design light-start DNA processing enzymes based
on the unspecific competition between an oligonu-
cleotide covalently attached to the enzymes and their
substrate (Figure 1). In order to prove its versatility,
we applied our method to three DNA polymerases
commonly used in biotechnology, including the
Phi29 (mesophilic), Taq, and Pfu polymerases, and
one restriction enzyme. Light-start enzymes showed
suppressed polymerase, exonuclease, and endonu-
clease activity until they were re-activated by an UV
pulse. Furthermore, we applied our enzymes to
common molecular biology assays, including a light-
started PCR assay, and showed comparable perfor-
mance to commercial hot-start enzymes.

Fig. 1: Schematics of light-start DNA processing
enzymes. The attachment of the ssDNA to the enzyme
hampers the accessibility of the substrate to the active
site leading to enzymatic blockage. Only after
photocleavage of the bound DNA the activity is restored.
The asterisk (*) denotes a photocleavable linker.
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graphene energy transfer (get) for single-molecule studies

Izabela Kaminska, Johann Bohlen, Renukka Yaadav, Karolina Zielonka, Patrick Schüler, Mario Raab, Tim
Schröder, Jonas Zähringer, Florian Selbach, Florian Steiner, Evelyn Ploetz, Stefan Krause, and Philip
Tinnefeld

■ https://www.cup.uni-muenchen.de/pc/lamb/people/ploetz.html
■ https://tinnefeld.cup.uni-muenchen.de

Graphene, a 2D hexagonal carbon lattice, is known

for its superior mechanical and optoelectronic prop-

erties. As a result of its zero energy band gap, and

frequency independent absorption across the visible

spectral range, graphene behaves as a broadband,

unbleachable and label-free acceptor. It has been

demonstrated, theoretically and experimentally, that

the excitation energy is non-radiatively transferred

to graphene with a d−4 scaling law. Therefore, the

measured fluorescence lifetime and intensity of

single emitters may be directly translated into the

distance from graphene. Combining these character-

istics of graphene with the modularity of self-assem-

bled DNA origami nanopositioners resulted in

developing a new type of nanoruler operating at dis-

tances up to 40 nm.

Measurements performed with a precision at the

single-molecule level required high-quality graphene

substrates. We examined 10 methods for graphene

transfer and cleaning, while the quality of the sam-

Figure 1. DNA origami structures for GET applications. (a) Multiple possible binding geometries of the L-shaped DNA
origami structure to graphene due to additional stacking of the helices. (b) Dynamic investigations and a bioassay were
realized by adding a tether to the L-shaped DNA origami structure. (c) As a biosensing assay a dye is more quenched
by graphene and after binding of the target strand a higher binding site is accessible (right part of (c)). (d) For FRET
measurements, a dynamic DNA origami structure which can transiently bind to two binding sites at different heights.
(e) The cubic DNA origami structure contains different binding sites only 2.7 nm apart for super-resolution imaging of
the z-distance with DNA-PAINT. (f) Tracking of a dye was realized by equipping the L-shaped DNA origami structure
with three different binding sites.

■ Kesici, M.-Z., P. Tinnefeld and A. M. Vera: A
simple and general approach to generate photoacti-
vatable DNA processing enzymes; Nucleic Acids

Research, 50 (6), e31-e31. DOI: 10.1093/nar/
gkab1212 (2021).
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ples was validated by atomic force microscopy, fluo-
rescence lifetime imaging, and Raman spectroscopy.
As a result, we established a protocol for the transfer
of graphene on glass coverslips with a pristine qual-
ity.1

Further, we equipped graphene-DNA origami
hybrids with a whole series of self-designed static
and dynamic structures.2 In various assays, we deter-
mined the orientation of DNA origami structures
(Fig. 1a), we sensed target molecules such as strep-
tavidin and DNA (b,c), visualized dynamics of a DNA
pointer by combined FRET and graphene energy
transfer and achieved superresolution DNA paint
with isotropic resolution better than 6 nm (e,f). The
range of examples shows the potential of graphene-
on-glass coverslips as a versatile platform for single-

molecule biophysics, biosensing, and super-resolu-
tion microscopy.

■ [1] S. Krause, E. Plötz, J. Bohlen, P. Schüler, R.
Yaadav, F. Selbach, F. Steiner, I. Kaminska, P. Tin-
nefeld: Graphene-on-Glass Preparation and Clean-
ing Methods Characterized by Single-Molecule DNA
Origami Fluorescent Probes and Raman Spec-
troscopy, ASC NANO, doi.org/10.1021/ac-
snano.0c08383 (2021).

[2] I. Kaminska, J. Bohlen, R. Yaadav, P. Schüler,
M. Raab, T. Schröder, J. Zähringer, K. Zielonka, S.
Krause, P. Tinnefeld: Graphene Energy Transfer for
Single-Molecule Biophysics, Biosensing & Superres-
olution Microscopy; Advanced Materials, doi.org/
10.1002/adma.202101099 (2021).
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single-molecule diagnostics with dna origami nanoantennas

Viktorija Glembockyte, Kateryna Trofymchuk, Lennart Grabenhorst, Martina Pfeiffer, Cindy Close, Florian
Steiner, Renukka Yaadav, Carolin Vietz, Lars Richter, Max L. Schütte, Florian Selbach, Jonas Zähringer,
Qingshan Wei, Aydogan Ozcan, Birka Lalkens, Guillermo P. Acuna, Simona Ranallo, Francesco Ricci,
Fiona Cole, and Philip Tinnefeld

■ https://tinnefeld.cup.uni-muenchen.de

The possibility to increase fluorescence signals by
plasmonic effects opens appealing prospects in the
field of single-molecule diagnostics. The last few
decades have witnessed a tremendous progress in
detecting single molecules, however, to this date,
this process requires costly and advanced optical
set-ups. To tackle this problem, we utilized the
unique advantages of DNA nanotechnology and
developed addressable NanoAntennas with Cleared
HOtSpots (NACHOS) – DNA origami nanoantennas
capable of enhancing the fluorescence signals of
single emitters up to few hundred fold.1,2 Using
NACHOS we could demonstrate detection of single
fluorescent molecules with a customary smartphone
camera.1 More importantly, the cleared plasmonic
hotspot of NACHOS could be specifically tailored for
the incorporation of bioassays. We carried out a
single-molecule detection assay for DNA specific to

antibiotic resistant Klebsiella pneumonia directly on
the portable and battery-powered smartphone
microscope illustrating the potential of NACHOS for
many exciting applications in point-of-care diagnos-
tic settings. Further work in our group has been also
aimed at expanding the scope of NACHOS to diag-
nostic targets that extend beyond the nucleic acid
realm. In collaboration with the group of Francesco
Ricci at the University of Rome, we also combined
NACHOS with label-free antibody detection by incor-
porating a nanoswitch in the plasmonic hotspot of
the nanoantenna.3 The nanoswitch contains two anti-
gens that are displaced by antibody binding, thereby
eliciting a fluorescent signal. The integration of an
anti-digoxygenin antibody nanoswitch in the hotspot
of the DNA nanoantennas results in further amplifi-
cation of fluorescence signal enabling detection of
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single antibodies on the portable smartphone micro-
scope.
■ [1] K. Trofymchuk, V. Glembockyte, L. Graben-
horst, F. Steiner, C. Vietz, C. Close, M. Pfeiffer, L.
Richter, M. L. Schütte, F. Selbach, R. Yaadav, J.
Zähringer, Q. Wei, A. Ozcan, B. Lalkens, G. P.
Acuna, P. Tinnefeld: Addressable nanoantennas
with cleared hotspots for single-molecule detection
on a portable smartphone microscope; Nature Com-
munications, doi10.1038/s41467-021-21238-9
(2021).

[2] V. Glembockyte, L. Grabenhorst, K. Trofym-
chuk, P. Tinnefeld: DNA Origami Nanoantennas for
Fluorescence Enhancement; Accounts of Chemical
Research, doi10.1021/acs.accounts.1c00307 (2021).

[3] M. Pfeiffer, K. Trofymchuk, S. Ranallo, F. Ricci,
F. Steiner, F. Cole, V. Glembockyte, P. Tinnefeld:
Single antibody detection in a DNA origami nanoan-
tenna; iScience, doi10.1016/j.isci.2021.103072
(2021).

Figure 1. (a) DNA origami structure used to scaffold addressable NanoAntennas with Cleared HOtSpots (NACHOS); (b)
Structure of a full DNA origami nanoantenna containing two 60-nm gold nanoparticles; (c) Fluorescence enhancement
values obtained for NACHOS containing two 100-nm silver nanoparticles; (d) Sketch of the portable smartphone-based
microscope used to detect single fluorescent molecules with the help of NACHOS; (e) Picture of the portable microscope
(left) and images as well as single-molecule trajectories acquired on the smartphone camera (right); (f) Label-free assay
to detect single-antibodies with DNA nanoantennas by incorporation of the nanoswitch in the plasmonic hotspot.
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membrane potential sensors with single-molecule sensitivity
enabled by dna nanotechnology

Sarah E. Ochmann, Himanshu Joshi, Ece Büber, Henri G. Franquelim, Tim Schröder, Clara M. Schulz,
Pierre Stegemann, Barbara Saccà, Ulrich F. Keyser, Aleksei Aksimentiev, and Philip Tinnefeld

■ https://tinnefeld.cup.uni-muenchen.de

As the barrier between the interior and exterior envi-
ronments of a cell, the cell membrane is involved in
various biological processes and measuring electri-
cal membrane potentials is a key feature of neuronal
research. Still, improved optical membrane potential
sensors that are not genetically encoded are highly
desired.
We used the DNA origami technique to modularly
overcome different challenges of voltage sensors
such as membrane targeting and placing a sensory
element, and established a new family of FRET (fluo-
rescence resonance energy transfer) based non-
genetically encoded voltage-sensing strategies that
allows sensing on the single-molecule level. The

FRET sensor element employs a new principle using
a hydrophobic ATTO647N dye that anchors the
sensor unit in the membrane (see Figure 1a). A
donor dye is placed on negatively charged DNA link-
ers that are attached to the DNA origami. Depending
on the potential, the flexible element with the donor
changes its position relative to the FRET acceptor in
the membrane yielding a FRET change that is read
out on single FRET pairs with a change of ∼5% for
ΔΨ = 100 mV. Besides transmembrane potentials,1 a
similar principle was also employed to study surface
potentials induced by the composition of lipids with
different charges in large unilamellar vesicles
(Figure 1b).2

Here, we achieved a change in energy transfer of
∼10% points between uncharged and highly
charged membranes and demonstrated a quantita-
tive relation between the surface charge and the
energy transfer. We hope to apply these sensors in
biological systems in the future.

■ [1] S. E. Ochmann, H. Joshi, E. Büber, H. G.
Franquelim, P. Stegemann, B. Saccà, U. F. Keyser ,
A. Aksimentiev, P. Tinnefeld: DNA Origami Voltage
Sensors for Transmembrane Potentials with Single-
Molecule Sensitivity; Nano Lett. 21(20):8634-8641.
doi: 10.1021/acs.nanolett.1c02584 (2021).

[2] S. E. Ochmann, T. Schröder, C. M. Schulz, P.
Tinnefeld: Quantitative Single-Molecule Measure-
ments of Membrane Charges with DNA Origami
Sensors; Analytical Chemistry, doi10.1021/ac-
s.analchem.1c05092 (2021).

Figure 1. (a) Sketch of DNA origami sensor for transmem-
brane potentials. Depending on the potential the nega-
tively charged sensor above the membrane changes its
position which is read out by FRET. (b) Sketch of a similar
DNA origami sensor for sensing membrane charges.
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tip-coupling and array effects of gold nanoantennas in near-
field microscopy

Rebecca Büchner, Thomas Weber, Lucca Kühner, Stefan A. Maier, and Andreas Tittl

■ https://www.hybridplasmonics.org

Scattering-type scanning near-field optical
microscopy (s-SNOM) is one of the predominant
techniques for nanoscale characterization of optical
properties. The optical response of nanoantennas in
s-SNOM is highly sensitive to their environment,
including influences of the probing tip or neighbor-
ing resonators. To minimize tip-related perturba-
tions, dielectric tips are commonly employed,
although they provide a comparatively weak scatter-
ing signal.
In this research, we show that when using metallic
tips, it is possible to select between distinct weak
and strong tip-antenna coupling regimes by careful
tailoring of the illumination condition and resonator
orientation. This enables the use of highly scattering
metallic instead of dielectric tips for mapping plas-
monic modes with commensurate much higher
signal strengths. This is a particular advantage for
the retrieval of near-field spectra, which simultane-
ously require high near-field signals and unper-
turbed field patterns. We leverage our approach to
analyze collective effects of nanoantenna arrays,
phenomena that are well understood in the optical
far field, but have not been studied extensively in the
near field. Probing the dependence of the optical
response on array field size, we identify three
regimes: single rod regime, intermediate regime,
and array-like regime. We show that these array
effects give rise to characteristic spectral features
that arise from a complex interplay of radiative cou-
pling and plasmon hybridization.
These results provide evidence that long-range inter-
actions of antennas also influence the local optical
response that is probed in s-SNOM and demonstrate
how collective resonances emerge from single build-
ing blocks, providing guidelines for optimized array
designs for near- and far-field applications. In addi-

tion, this paper has appeared on the Front Cover of
ACS Photonics, bringing the work to the attention of
a wider audience.

■ R. Büchner, T. Weber, L. Kühner, S. A. Maier,
and A. Tittl: Tip Coupling and Array Effects of Gold
Nanoantennas in Near-Field Microscopy; ACS Pho-
tonics 8, 3486–3494 (2021).

Figure 1. In the near-field microscopy of resonant nanoan-
tenna systems, distinct weak and strong tip-antenna cou-
pling regimes can be obtained by careful tailoring of the
illumination condition and resonator orientation. This
approach enables greater flexibility in the choice of tip
material as well as improved signal-to-noise ratios for
investigations of nanophotonic systems.
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dark and bright excitons in halide perovskite nanoplatelets

Moritz Gramlich, Michael W. Swift, Carola Lampe, John L. Lyons, Markus Döblinger, Alexander L. Efros,
Peter C. Sercel, and Alexander S. Urban

■ https://www.nanospec.physik.uni-muenchen.de

Semiconductor nanoplatelets (NPLs), with their
large exciton binding energy, narrow photolumines-
cence (PL), and absence of dielectric screening for
photons emitted normal to the NPL surface, could be
expected to become the fastest luminophores
amongst all colloidal nanostructures. However,
super-fast emission is suppressed by a dark (opti-
cally passive) exciton ground state, substantially
split from a higher-lying bright (optically active)
state. Here, the exciton fine structure in 2–8 mono-
layer (ML) thick Csn−1PbnBr3n+1 NPLs is revealed by
merging temperature-resolved PL spectra and time-
resolved PL decay with an effective mass model
taking quantum confinement and dielectric confine-
ment anisotropy into account. This approach
exposes a thickness-dependent bright–dark exciton
splitting reaching 32.3 meV for the 2 ML NPLs. The
model also reveals a 5–16 meV splitting of the bright
exciton states with transition dipoles polarized paral-
lel and perpendicular to the NPL surfaces, the order
of which is reversed for the thinnest NPLs, as con-
firmed by TR-PL measurements. Accordingly, the
individual bright states must be taken into account,
while the dark exciton state strongly affects the opti-
cal properties of the thinnest NPLs even at room
temperature. Significantly, the derived model can be
generalized for any isotropically or anisotropically
confined nanostructure.

■ M. Gramlich, M. W. Swift, C. Lampe, J. L.
Lyons, M. Döblinger, A. L. Efros, P. C. Sercel, A. S.
Urban: Dark and Bright Excitons in Halide Per-
ovskite Nanoplatelets; Advanced Science, https://
doi.org/10.1002/advs.202103013 (2021).

Figure 1. 2D semiconductor nanoplatelets can enable
faster and more efficient light-emitting devices. For this,
a detailed understanding of their energetic structure is
paramount. Here, the thickness-dependent exciton fine
structure of nanoplatelets is deduced by merging temper-
ature and time-resolved photoluminescence spectroscopy
with a novel effective mass model, considering aniso-
tropic quantum and dielectric confinement. Relevantly,
the model can be generalized for any nanostructure.
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the activity of the intrinsically water-soluble enzyme adamts13
correlates with the membrane state when bound to a phospho-
lipid bilayer

Andrej Kamenac, Tobias Obser, Achim Wixforth,Matthias F. Schneider, and Christoph Westerhausen

■ https://www.uni-augsburg.de/de/fakultaet/mntf/physik/groups/exp1/team/dr-christoph-westerhausen/

• The temperature dependence of the activ-
ity of ADAMTS13 when bound to a lipid
bilayer shows a distinct maximum close to
the main phase transition temperature Tm of
the membrane.
• Changing the carbon chain length of the
used lipid, and thus Tm, shifts the activity
maximum to the new Tm.
• Comparing the activity at a constant tem-
perature for three different membranes in
the gel phase, the fluid phase and at the
transition underline the role of the mem-
brane state for the enzyme activity.
• These results are perfectly in line with the
concept that increased fluctuations close to
a phase transition are crucial for catalysis.

■ A. Kamenac, T. Obser, A. Wixforth, M.
F. Schneider, and C. Westerhausen: The
activity of the intrinsically water-soluble
enzyme ADAMTS13 correlates with the
membrane state when bound to a phos-
pholipid bilayer; Scientific Reports 11,
24476, https://doi.org/10.1038/
s41598-021-04083-0
(2021).

Matthias F. Schnei-
der: Living systems
approached from
physical principles;
Progress in Bio-
physics and Molecular
Biology 162: 2-25.
https://doi.org/
10.1016/j.pbiomol-
bio.2020.10.001

Figure 1. Activity of the water soluble enzyme ADAMTS13 bound to lipid membranes
(orange) and freely dissolved (blue) for PC liposomes of different chain length. A) 15:0
PC and B) 14:0 PC. C) Illustration of the experimental design. One well (left, orange frame)
contains the substrate, enzyme, and vesicles, whereas in the other (right, blue frame), the
vesicles are substituted by buffer. The assay is based on fluorescence-resonance-energy-
transfer (FRET). Embedded ALEXA fluorochromes in the A2 domain of VWF (Von-Wille-
brand-Factor) are decoupled after cleaving of the substrate, this leads to an increase of the
green fluorescence. D) ADAMTS13 (purple circle segment) was attached to three different
liposomes: 13:0 PC (left), 15:0 PC (right), and 14:0 PC (middle), FRET-substrate was added
(black with colored dots). At 24 °C, the phase states of the liposomes are Lα, Lβ’, and in
coexistence, respectively, as illustrated by their acyl-chain shape and color. E) Excess heat
capacity of liposomes of three phosphocholines with different acyl-chain lengths.
At 24 °C all three membranes are in a different phase state: 13:0 PC is Lα , 15:0 PC is Lβ’ ,
and 14:0 PC is in the coexistence regime. F) ADAMTS13 activity determined from experi-
ments as illustrated in D) at 24°C.
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In a long standing collaboration with the group of
Stefan Wuttke, we investigated the process of linker
exchange in Metal-Organic-Frameworks (MOFs).
MOFs are a relatively new class of highly porous
material that can be easily manipulated for designing
a number of functionalities. It was recently noticed
that the linkers used to form MOFs can also be
exchanged after synthesis, enabling new functionali-
ties that were not previously possible. In this tour-de-
force investigation over several years, we discovered
that it was possible to exchange linkers that are
larger than the pore size of the MOFs via a new
mechanism. The key findings of our work are:
1) Post synthetic exchange of linkers larger than the
windows in the MOFs is possible via a new mecha-
nism termed "Through Backbone Diffusion" where
the new linkers diffuse through the MOFs framework
by replacing adjacent linkers.
2) Through Backbone Diffusion proceeds from the
outside of the crystal towards the center and leads to
an accumulation of defects in the MOFs in the wake
of this diffusion.
3) We demonstrate that it is possible to incorporate
large, sophisticated guest molecules such as cata-
lysts or biomolecules within a formed MOF frame-
work, opening the possibility for manufacturing
MOFs with new functionalities.

■ N. Al Danaf, W. Schrimpf, P. Hirschle, D. C.
Lamb, Z. Ji, and S. Wuttke: Linker Exchange via
Migration along the Backbone in Metal-Organic
Frameworks; J Am Chem Soc 143, 10541 (2021).

linker exchange via migration along the backbone in
metal-organic frameworks

Nader Al Danaf, Waldemar Schrimpf, Patrick Hirschle, Don C. Lamb, Zhe Ji, and Stefan Wuttke

■ https://www.cup.uni-muenchen.de/pc/lamb
■ https://wuttkescience.com/
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