
 

 

 

 

 

 

 

Monika Landgraf 

Chief Press Officer  

 

Kaiserstraße 12 

76131 Karlsruhe, Germany 

Phone: +49 721 608-47414 

Fax: +49 721 608-43658 

E-mail: presse@kit.edu 

KIT – University of the State of Baden-Wuerttemberg and 
National Research Center of the Helmholtz Association www.kit.edu 

Page 1 / 3 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

By means of lipid dip-pen nanolithography (L-DPN), lipid membranes are written 

directly onto the two-dimensional carbon graphene. (Graphics: Hirtz/Nature Commu-

nications) 

Researchers around Dr. Michael Hirtz from Karlsruhe Institute 

of Technology and Dr. Aravind Vijayaraghavan from the Uni-

versity of Manchester have developed a new method to pro-

duce artificial membranes: Using a nanoscaled tip, they write 

tailored patches of phospholipid membrane onto a graphene 

substrate. The resulting biomimetic membranes, i.e. mem-

branes simulating biological structures, allow for the specific 

investigation of functions of cell membranes and the develop-

ment of novel applications in medicine and biotechnology, 

such as biosensors. The method is now presented online in 

“Nature Communications”.  

Lipids (from Greek lipos, “fat”) are central structural elements of cell 

membranes. The human body contains about 100 trillion cells, each 

of which is enveloped in a cell membrane which essentially is a 

double layer of partly hydrophilic, partly hydrophobic phosphorus-

containing lipids. These cell membranes contain numerous proteins, 

ion channels, and other biomolecules, each performing vital func-

tions. It is therefore important to study cell membranes for many 
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areas of medicine and biotechnology. Better understanding of their 

functions will open up novel applications, such as sensors with bio-

logical components, use of enzymes as catalysts, or specific intro-

duction of medical substances. However, it is very difficult to study 

the membranes directly in live cells inside the human body.  

Consequently, researchers frequently use model membranes that 

are applied to special surfaces. These biomimetic systems, i.e. sys-

tems simulating biological structures, are more convenient and can 

be controlled much better. An international group of researchers 

around Dr. Michael Hirtz, head of the project in the research unit of 

Professor Harald Fuchs at the KIT Institute of Nanotechnology (INT), 

and Dr. Aravind Vijayaraghavan from the University of Manchester, 

Great Britain, now presents a new method to produce biomimetic 

membranes: They write tailored patches of phospholipid membrane 

onto a graphene substrate by means of lipid dip-pen nanolithogra-

phy (L-DPN), a method developed at KIT. 

“The L-DPN technique uses a very sharp tip to write lipid mem-

branes onto surfaces in a way similar to what a quill pen does with 

ink on paper,” explains Dr. Michael Hirtz from the INT. This tip has 

an apex in the range of a few nanometers only and is controlled with 

a high precision by a machine. In this way, minute structures can be 

produced, smaller than cells and even down to the nanoscale (1 

nanometer corresponds to 10
-9

 meters). By employing parallel ar-

rays of these tips, different mixtures of lipids can be written in paral-

lel, allowing for patterns of variable chemical composition with a size 

smaller than that of an individual cell. 

The graphene that is used as a substrate is a semi-metal with 

unique electronic properties. According to Dr. Aravin Vijayaraghavan 

from the University of Manchester, the lipids applied onto graphene 

spread uniformly, thus forming high-quality membranes. Other ad-

vantages of graphene are its tunable conductivity and its property to 

quench fluorescence of labeled phospholipids. When the lipids con-

tain the corresponding binding sites, such as biotin, the membranes 

actively bind streptavidin, a protein produced by certain bacteria and 

used in various biotechnological methods. When the lipids are 

charged, charge is transferred from the lipids into graphene. This 

changes the conductivity of graphene, which may be used as a de-

tection signal in biosensors. 

The researchers around Hirtz will use their biomimetic membranes 

in the future to construct novel biosensors based on graphene and 

lipids. It is planned to design sensors that react to the binding of 

proteins by a change of conductivity as well as sensors detecting the 
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function of ion channels in membranes. Ion channels are pore-

forming proteins via which electrically charged particles can cross 

the membrane. “Protein sensors might be applied in medical diag-

nostics. Controlling the function of ion channels is important in drug 

research,” the KIT scientist says. 

M. Hirtz, A. Oikonomou, T. Georgiou, H. Fuchs, & A. 

Vijayaraghavan: Multiplexed biomimetic lipid membranes on 

graphene by dip-pen nanolithography. Nature Communications,  

10 Oct 2013 | DOI: 10.1038/ncomms3591.  

 

Karlsruhe Institute of Technology (KIT) is a public corporation 

according to the legislation of the state of Baden-Württemberg. 

It fulfills the mission of a university and the mission of a na-

tional research center of the Helmholtz Association. Research 

activities focus on energy, the natural and built environment as 

well as on society and technology and cover the whole range 

extending from fundamental aspects to application. With about 

9000 employees, including nearly 6000 staff members in the 

science and education sector, and 24000 students, KIT is one 

of the biggest research and education institutions in Europe. 

Work of KIT is based on the knowledge triangle of research, 

teaching, and innovation. 

This press release is available on the internet at www.kit.edu. 
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