
BIOSENSOR IMAGING

Ultra-sensitive 
xenon NMR applications

PROJECTS FOR PHD STUDENTS AND 
POSTDOCS AVAILABLE
PhD and postdoctoral candidates who 
are interested in interdisciplinary pro- 
jects are welcome to contact the group 
for discussing options to join our team.

Our work is well supported by 
long-term (inter-)national external 
funding and provides the oppor-
tunity to learn state of the art 
techniques that are only available 
in a few labs world wide. We are a 
dynamic, interdisciplinary team 
that strives for making significant 
advances at the interface between 
physics, chemistry and the life scien-
ces. The Berlin-based lab is embedded 
into one of the nation’s most active life 
sciences hubs. 

Various aspects such as generation and handling of 
hyperpolarized xenon, NMR and MRI pulse sequence 
development, investigations of nanocarriers and 
model membranes, as well as studies with an NMR 
live cell bioreactor are part of our work.

MRI experiments are prformed on a 400 MHz 
widebore NMR spectrometer with MRI capabili-
ties, including live animal imaging for small 
rodents. The group also has access to 
dedicated small animal MRI scanner on 
campus and elsewhere in Berlin.

RESEARCH FOCUS AT FMP

The Leibniz-Institut für Moleku-
lare Pharmakologie (FMP) is 
located on the Campus 
Berlin-Buch and maintains 
close relationship with the 
universities of Germany‘s 
capital. 
FMP research focuses on the 
structures, functions and interac-
tions of proteins and on the development 
of new concepts for interfering pharmacologically with their 
functions.

An interdisciplinary approach is essential for our projects, and 
a particular strength of the FMP is the close interaction in the 
fields of physics, chemistry, and biology. The unique combinati-
on of technology platforms at the FMP, including a state-of-art 

NMR facility, an open screening unit 
and a mass spectrometry lab, 

provides an ideal environment 
for research projects that 
strive to discover new biolo- 
gically active substances.

L E I B N I Z - I N S T I T U T
F Ü R  M O L E K U L A R E
P H A R M A K O L O G I E
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MAGNETIC RESONANCE IN
DIAGNOSTIC IMAGING

The focus of pharmacoligical 
research, i.e., the understanding of 
drug action, would benefit substanti-

ally from imaging modalities that 
directly visualize interactions that occur 

between a living organism and chemical 
compounds. Conventional diagnostic imaging reveals changes 
in morphology or organ function that occur much later than 
impacts on the molecular level. The emerging field of molecular 
imaging aims to focus on such early responses where the 
biochemical pathways are well known. 

Nuclear Magnetic Resonance Imaging (MRI) is one of the most 
powerful modalities in biomedical imaging with several advanta-
ges over other methods such as fluorescence microscopy or 
radioactive approaches like PET and SPECT. MRI can contain 
biochemical information that unambiguously identifies the mole-
cular origin of the signal.  However, conventional MRI suffers 
from intrinsic low sensitivity – an aspect that is usually accoun-
ted for by detecting the water proton signal in biological 
samples. Overcoming these limitations can make MRI an 
important tool to visualize prosesses investigated in phamacolo-
gical and biomedical studies.  

The Molecular Imaging Group aims to establish a novel appro-
ach of molecular MRI detection for improving drug development 
and therapy monitoring. The combination of conventional proton 

MRI with its superior soft-tissue 
contrast for morphological 

information and the devel- 
opment of targeted 

contrast agents that 
reveal the presence of 
biochemical markers 
at high sensitivity will 
allow better under-
standing of biomedi-
cal processes in 

living organisms. 

PRODUCTION OF
HYPERPOLARIZED XENON

XENON BIOSENSORS

NMR signals of the noble gas 
xenon are extremely sensitive 
to their molecular environ-
ment. In order to make this 
sensing ability available for 
NMR contrast agents, xenon 
can be trapped in functionalized 
molecular cages that specifically 
bind to a certain analyte. This 
combines the high sensitivity from 
hyperpolarized nuclei with the excellent biochemical specificity 
of the targeting moiety.

We functionalyze cryptophan cages to enable binding events 
of these xenon hosts to targets of biochemical relevance such 
as cell surface receptors. Since xenon is not bound covalently 
to the cage, the sensor can be delivered in advance, indepen-
dent of the hyperpolarization lifetime.

A novel detection method called Hyper-CEST (chemical 
exchange staruation transfer with hyperpolarized nuclei) yields 
a huge sensitivity enhancement and allows to detect target 

concentrations < 1 pM. 
Hyper-CEST exploits the 

fact that xenon is only 
bound temporarily to 

the cage, thus allow-
ing to transfer cage- 
related information 
onto thousands of 
nuclei. 

For the flexible 
production of hyper-
polarized xenon we 
developped a new 
design for a mobile 
setup that can be 
used at different 
NMR scanners. 

Spin exchange 
optical pumping 
(SEOP) is per- 
formed with  line- 
narrowed laser 
diodes emitting at 
high power levels 
(>150 W) in cw mode. 
The polarization optics 
works with a compact beam 
line, achieving very efficient 
optical pumping of rubidium vapor. 

The relative compact design of the LEIPNIX setup (Laser 
Enabled Increase of Polarization for Nuclei of Imprisoned Xenon) 
is optimized for continuous flow applications that allow for perma-
nent production of solutions saturated with hyperpolarized xenon 
for encapsulation in molecular cages. A 129Xe spin polarization of 
ca. 25% is delivered in samples with at very high signal stability. 
Our lab also performs studies on various host molecules from 
multiple chemistry labs around the lab.
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