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Like the teeth of a zipper, the charged amino acids (red, blue) form connections 

between protein segments. In this way, they can form pores in the cell membrane. 

(Figure: KIT) 

 

Membrane proteins are the “molecular machines” in biological 

cell envelopes. They control diverse processes, such as the 

transport of molecules across the lipid membrane, signal 

transduction, and photosynthesis. Their shape, i.e. folding of 

the molecules, plays a decisive role in the formation of, e.g., 

pores in the cell membrane. In the Cell magazine, researchers 

of Karlsruhe Institute of Technology and the University of Ca-

gliari are now reporting a novel charge zipper principle used by 

proteins to form functional units (DOI: 

10.1016/j.cell.2012.12.017). 

 

“It is fascinating to see the elegant basic principles that are used by 

nature to construct molecular assemblies,” explains Anne Ulrich, 

Director of the KIT Institute for Biological Interfaces. “A charge zip-

per between the charged side chains is an entirely unexpected 

mechanism used by membrane proteins to neutralize their charges 

such that they can be immersed into hydrophobic cell membranes.” 

 

In the study published now, Ulrich and her team investigate the so-

called Twin-arginine translocase (Tat) that is used in the cell mem-

brane of bacteria as an export machinery for folded proteins. Sever-

al TatA subunits assemble as a pore that can adapt its diameter to 
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the size of the cargo to be transported. “But how can such a pore be 

built up from TatA proteins? How can they reversibly form a huge 

hole in the membrane for a variety of molecules to pass through, but 

without causing leakage of the cell?”, Ulrich formulates the ques-

tions studied.  

 

To answer these questions, the researchers studied the molecular 

structure of TatA protein from the bacterium B. subtilis, which con-

sists of a chain of 70 amino acids. The analysis showed that it folds 

into a rather rigid, rod-shaped helix that is followed by a flexible, 

extended stretch. Many amino acids in the helix and the adjacent 

stretch carry positive or negative charges. Surprisingly, the se-

quence of charges on the helix is complementary to those in the 

adjacent stretch of the protein. When the protein is folded up at the 

connection point like a pocket knife, positive and negative charges 

will always meet and attract each other. Hence, the protein links up 

both of its segments, similar to the interlocking teeth of a zipper. 

 

“The clou is that this binding principle also works with the neighbor-

ing proteins,” Ulrich says. Instead of folding up alone, every TatA 

protein also forms charge zippers with both of its neighbors. Com-

puter simulations showed that this leads to stable and, at the same 

time, flexible connections between the adjacent molecules. In this 

way, any number of proteins can be linked together to form an un-

charged ring, which thus lines the TatA pore in the hydrophobic 

membrane. This novel charge zipper principle does not only seem to 

play a role in protein transport, but also in the attack of certain anti-

microbial peptides on bacteria, or in their formation of biofilms as a 

response to stress. 

 

More information on the working group: 

http://www.ibg.kit.edu/nmr/  

 

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. KIT focus-

es on a knowledge triangle that links the tasks of research, 

teaching, and innovation.  

 

This press release is available on the internet at www.kit.edu. 
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The photo of printing quality may be downloaded under www.kit.edu 

or requested by mail to presse@kit.edu or phone +49 721 608-4 

7414. The photo may be used in the context given above exclusively. 
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