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In Short

• We implement state-of-the-art methods to model
and understand biological processes on a molecu-
lar level.

• Close collaboration with experimental groups
helps us to refine our models and in return we
try to elucidate mechanisms not visible by experi-
ment.

• Transformations of membrane topology are com-
plex and often hard to grasp. Combining a variety
of techniques we can tackle calculations of physi-
cal observables of large systems.

Research questions – Membrane remodeling (in-
cluding membrane fusion, fission, etc.) plays a fun-
damental role in biological cells, involved in intracel-
lular trafficking, viral infection, and biogenesis [1–4].
These cooperative processes are essential for the
biological functions of membranes and are highly
regulated by a complex protein machinery. Pro-
teins can sense regions of action in the membranes
through curvature, membrane tension, or changes of
lipid composition and are thus attracted or expelled.
Seemingly small changes at the molecular level can
have a large impact on functionality of a whole mech-
anism. Changes in the protein sequence, for exam-
ple, can lead to complete inactivation or enhance-
ment of its function by changing their interaction
with other molecules. Often there are pathological
conditions linked to malfunctions or exploitation, for
example by viruses, of membrane related biological
mechanisms.

In our research we try to understand how interac-
tions with biological inclusions such as proteins, pep-
tides and viral RNA strains (re)model the shape and
topology of lipid membranes using particle based
simulations models. Computer simulations allow us
to explore details on a length and time scale – mi-
crometers and microseconds – that is difficult if not
beyond the capabilities of experimental procedures.
The model systems we use, though not capturing
all details of a natural system, mimic the features
thought to be of relevance to the mechanism under
investigation. This omission of attributes is not a
flaw in the method but rather helps to break down

Figure 1: Snapshot of a IFITM3 protein attracted to the virus-
induced hemifusion diaphragm. Will changes to viral fusion pep-
tides abolish the inhibitory effect of IFITM3?

the mind-blowing complexity of nature in digestible
pieces.

Models and methods – In our group, use models
for lipid membranes and proteins with varying de-
grees of coarse-graining, which is a technique where
we reduce the details in which the molecules are rep-
resented, e.g., by bundling several atoms into one
particle [5]. This allows us to simulate larger systems
because of a lesser computational demand. We
have developed and/or used models, ranging from a
systematically coarse-grained model like the MAR-
TINI force field to a highly coarse-grained, solvent-
free model, as well as near-continuum models (ultra
coarse-graining) such as elastic Helfrich-like mod-
els. We also use and develop advanced methods to
calculate relative free energy differences between
the start and the end state of a transformation [6,7].
Free energy stands for the overall energy that is set
free by bringing a system into a energetically more
favorable state or the energy that need to be put into
a system to drive a transformation even if the end
state is less stable. Knowledge about the energetics
of transformations in conjunction with hypotheses
about the role of proteins in mediating the process,
e.g., by stabilizing or destabilizing morphologies, is
our key to mechanistic understanding.

To explore interactions of proteins beyond known
sequences we combine our calculations with evo-
lutionary algorithms, which are part of the Artificial
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Figure 2: Coarse-grained Lipid Droplet (LD) model, showing a
neutral lipid lens budded from a membrane bilayer. Does seipin
help to drive this process and stabilize the structure?

Intelligence class, to search for global solutions, i.e.
the most active form, in the chemical space of pro-
tein motifs.

By working on several distinct systems, each hav-
ing its own peculiarities and challenges, we learn
from difficulties in one system and benefit form the
experience in another and thus are able to make our
methods as generally applicable as possible. Specif-
ically, we chose four also medically relevant sys-
tems:(i) mitochondrial oil bodies (lipid droplets) and
their interaction with the seipin protein complex (ii)
viral fusion pores and how RNA release influences
them , (iii) the IFITM protein family and how they
inhibit membrane remodeling, (iv) proteins that are
able to sense local membrane features such as dif-
ferences in membrane curvature, tension, and com-
position (e.g., the membranes of cancerous cells).

Subproject (i), (iii) and (iv) will use MD simulations
of the MARTINI coarse-grained model. These
simulations are set up to model processes actually
taking place in real organisms. Lipid droplets, for
example, serve as fat storage in cells in form of
neutral lipids. If there are malfunctions of related
proteins, such as seipin, the storage mechanism
is disturbed and can lead to severe diseases. The
molecular structure of seipin has only recently been
elucidated by cryo-EM imaging. Through modelling
we will now test our hypothesis on its function on a
biophysical level.

Studying fusion inhibitors (task iv) on a molecular
level will help us and the experimentalists to under-
stand what factors determine a successful or failed
viral infection. Ultimately, this knowledge may help to
design highly effective drugs to prevent or cure viral
infections.Finally, by using evolutionary algorithms

to tune protein motifs to display an increased affinity
for cancerous cell membranes we hope to elucidate
ways to improve the detection of tumors and help
design new selective drugs within the medical fields.
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http://www.theorie.physik.uni-
goettingen.de/forschung/mm/
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