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Making patterns robust 

Vital processes such as cell division must be stable under various conditions. The correct  
distribution of proteins in the cell is crucial here. In cooperation with colleagues from the Ludwig 
Maximilian University (LMU) in Munich, researchers from the Max Planck Institute (MPI) of 
Biochemistry in Martinsried, have now investigated which mechanisms are responsible for the 
pattern formation to become robust against variations in protein concentration. To do this, 
scientists used a combination of mathematical modeling and an experimental, minimal approach 
in the lab to understand the basic principles. The results were published in the journal PNAS. 
 
Many of the fundamental processes observed in cells depend on proper localization of proteins. For 
example, the division plane at which cell division takes place is marked by correct patterning of 
specific proteins, and should be robust against alterations in the relative concentrations of the 
proteins involved. Researchers around Petra Schwille, head of the department “Cellular and 
Molecular Biophysics” at the MPI of Biochemistry and Erwin Frey, head of the chair “Statistical and 
Biological Physics” at the LMU, have now explored how this kind of stability is achieved. 
 
One of the most popular model systems for the study of biological pattern formation is the Min 
system, which restricts the plane of cell division (defined by a ring of the protein FtsZ) to mid-cell in 
in the rod-shaped bacterium Escherichia coli. The system comprises a small set of Min proteins 
whose distributions dynamically oscillate between the poles of the cell. Their net effect is to prevent 
assembly of the division ring on the membrane near the poles, thus confining FtsZ to the middle of 
the cell. The Min oscillations are set up by a complex interplay between the ATPase enzyme MinD 
and its activator MinE. MinE activates the enzymatic activity of membrane-bound MinD, thus 
triggering the conversion of its bound nucleotide adenosine triphosphate (ATP) to adenosine 
diphosphate (ADP), which causes the release of MinD-ADP into the cell cytoplasm. MinD then 
diffuses in the cytoplasm until ADP is replaced by ATP, which allows it to bind to the cell membrane 
once again. “For conventional mathematical models of this process pattern formation of MinE and 
MinD on the membrane can only work if the concentration of MinE is less than that of MinD,” says 
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Jonas Denk, a PhD student in Frey’s team. However, E. coli cells normally contain approximately 
equal levels of MinE and MinD, and in vitro experiments have shown that patterns can emerge even 
when the concentration of MinE is significantly increased. 
 
Denk and his coauthors have resolved this conflict between theory and experiment by incorporating 
into their model the effects of a conformational change in MinE, which occurs when the activator 
binds to the membrane. It has recently been shown that MinE occurs in two different structural 
forms, an open (‘reactive’) and a closed (‘latent’) conformation. The closed form has a low affinity 
for MinD, i.e. the probability that it binds to MinD is quite small. However, when it does bind, MinE 
is rapidly converted into the open form, which has a high affinity for MinD-ATP. Once in this state, 
MinE activates MinD’s ATPase function, and both MinE and MinD-ADP are released from the 
membrane. The researchers suggest that the active form of MinE briefly remains in the open 
conformation and can therefore “jump on” the nearest membrane-bound MinD. If it cannot find 
one fast enough, it reverts to the closed low-affinity conformation. “This ability to switch between 
the two conformations is essential for the robustness of pattern formation, and allows pattern 
formation even for strongly enhanced MinE concentrations, as our simulations have shown,” says 
Frey. Indeed, in vitro experiments carried out by Simon Kretschmer, a member of the Schwille group, 
confirmed the results of these simulations. 
 
This modified model yields new insights into the mechanisms that regulate biological pattern 
formation, which have implications for other pattern-forming systems. Frey and colleagues argue 
that robustness in the face of changes in the concentrations of components could provide an 
evolutionary advantage, insofar as it endows cells with a higher degree of flexibility.  Extending the 
tolerable margin compatible with pattern formation of error ensures that patterns can still be 
formed when relative protein levels are altered. [göd] 
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Caption: Experimentally observed protein pattern 
Picture: Simon Kretschmer © MPI of Biochemistry 
 
Original publication:   
J.Denk*, S. Kretschmer*, J. Halatek*, C. Hartl, P. Schwille and E. Frey: MinE conformational 
switching confers robustness on self-organized Min protein patterns, PNAS April 2018 (joint first 
authors) 
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--- 
About the Max Planck Institute of Biochemistry 
The Max Planck Institute of Biochemistry (MPIB) belongs to the Max Planck Society, an independent, 
non-profit research organization dedicated to top level basic research. As one of the largest 
Institutes of the Max Planck Society, 850 employees from 45 nations work here in the field of life 
sciences. In currently eight departments and about 25 research groups, the scientists contribute to 
the newest findings in the areas of biochemistry, cell biology, structural biology, biophysics and 
molecular science. The MPIB in Munich-Martinsried is part of the local life-science-campus where 
two Max Planck Institutes, a Helmholtz Center, the Gene-Center, several bio-medical faculties of 
two Munich universities and several biotech-companies are located in close proximity.  
 
About LMU Munich  
As one of Europe's leading research universities, LMU Munich is committed to the highest 
international standards of excellence in research and teaching. Building on its 500-year-tradition 
of scholarship, LMU covers a broad spectrum of disciplines, ranging from the humanities and 
cultural studies through law, economics and social studies to medicine and the sciences. 16 
percent of LMU‘s 50,000 students come from abroad, originating from 130 countries worldwide. 
The know-how and creativity of LMU's academics form the foundation of the University's 
outstanding research record. This is also reflected in LMU‘s designation of as a "university of 
excellence" in the context of the Excellence Initiative, a nationwide competition to promote top-
level university research. www.en.lmu.de  
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Lehrstuhl für Theoretische Physik  
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Statistical and Biological Physics 
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