
MACROMOLECULAR INTERACTIONS

“ALTHOUGH DNA CONTAINS THE BUILDING PLAN FOR BIO-        

MOLECULES, THESE ARE NOT REQUIRED TO DO WHAT THE DNA 

DICTATES. THEY CAN REACT SPONTANEOUSLY AND – THUS FAR – 

UNPREDICTABLY, AND THEN THEY CAN ALSO MAKE US ILL.“

Dr. Christiane Ritter, head of the junior research group ‘Macromolecular Interactions’

Biological anarchy reigns in the laboratory of Christiane Ritter. She works with structures that can arise when biomol-

ecules withdraw from the generally acknowledged rules of life as dictated by our genetic building plan. These structures 

are known as amyloids. They can also arise from completely normal proteins, spontaneously and without reference to the 

genetic blueprint.

AMYLOIDS – THE ANARCHISTS OF THE PROTEIN WORLD  

k  Amyloids

Structurally altered 

proteins outside 

the cell. They form 

insoluble deposits in 

the form of beta fibrils.

k  Protein complex

Cluster of different 

proteins. This cluste-

ring forms the basis for 

biological function.
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When, how and where they form has remained 

a secret until now. One could simply say that 

breaches of the rules are the norm and accept 

the existence of the amyloids – however, 

some of these peculiar protein structures 

trigger severe illnesses such as Alzheimer‘s, 

BSE and Creutzfeldt-Jakob. Christiane Ritter does 

not look for new therapies to counter these 

diseases; she begins at the beginning and 

aims to find out how amyloids interact with 

the familiar protein forms at all. How are they 

created? How do they enter the body? And why 

do some of them make us ill and not others?

“Amyloids are fibre-like, highly ordered protein 

complexes. They can occur when natural 

protein structures that our genes encode are 

altered,“ explains Christiane Ritter. The genes 

encode the sequence of the individual protein 

components and helper molecules fold, twist 

and bend the long chains that arise into the final 

proteins. The key for its function lies in the three di-

mensional form that the protein has after being folded. 

With its pockets and niches, it is able to latch on to 

other molecules and unravel its biological effect.

However, sometimes things turn out differently. 

Then the cell components responsible fail to 

fold and twist themselves as they usually do, with the 

proteins forming a flat fibre instead, an amyloid, in 

a process that thus far remains a mys-

tery. Occasionally, the body has even 

planned that these long-fibred protein 

structures occur. “Amyloids play an 

important, useful role in the formation 

of the skin pigment melanin,“ says 

the biochemist. ”They protect the cells 

that form melanin.“ Fungi and bacteria 

coat themselves in these complex pro-

tein formations, protecting themselves 

against dryness or adhering to various 

surfaces. Or Salmonella enter the host via a 

spongy amyloid casing, which scientists call 

“curli“.

Christiane Ritter aims to find out exactly 

how curli bind to specific proteins of 

the human body and whether other 

amyloids are able to do this also. 

“Then we would have a completely 

new approach for developing agents 

to combat specific bacterial infec-

tions.“ The microbial amyloids are also 

in focus for another reason: amyloids 

have a function in fungi and bacteria that 

Christiane Ritter is able to see, measure 

and alter. This makes these organisms 

ideal models for investigating the 

fundamental characteristics of amyloids. And because 

bacteria and fungi multiply so rapidly, she can quickly 
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CHRISTIANE RITTER

Christiane Ritter studied Biochemistry at the University of Hanover (1992-1997). Since her diploma 

thesis at the University of Zurich she has been interested in the molecular interactions that play a 

role in the folding and misfolding of proteins. During her Ph.D. thesis at the Swiss Federal Institute 

of Technology in Zurich (1997-2002) she investigated how cellular folding sensors can recognise 

structural defects in glycoproteins. She then moved to the Salk Institute for Biological Studies in 

La Jolla, USA, where she was involved in the development of a new procedure that enabled her to 

discover a high resolution structural model of the infectious form of a prion that occurs in filamen-

tous fungi. Since March 2007 she has been head of the Helmholtz-University Young Investigators‘ 

group ‘Macromolecular Interactions‘. In addition to nuclear magnetic resonance, her group also 

employs other biophysical methods. In August 2009 she was appointed Professor at the Technical 

University of Braunschweig. Christiane Ritter is a mother of two children and is involved in a number 

of interdisciplinary academies and foundations.

and efficiently investigate what occurs when she alters 

the bacteria or fungi – does the structure and function 

of the amyloids change?

METHODICAL SEARCHING, LIKE WITH A PUZZLE

In the human body amyloids usually tend to cause 

more difficulties than benefits. The fibrous structures 

form deposits that disrupt the processes in the cells, 

drawing increasing numbers of proteins going about 

their biological tasks into their ribbon-like structures: 

like an avalanche that begins with a seemingly harm-

less snowball. If scientists wish to understand how 

this chain reaction occurs, what happens in it, why 

bacteria are capable of utilising amyloids so accu-

k Melanin

Reddish, brown or 

black pigments caused 

by enzymatic oxida-

tion of tyrosine. Colour 

skin, hair and eyes. 

Found in vertebrates, 

insects, microorgan-

isms, plants and the 

ink of squid. Ver-

tebrates form it in 

melanocytes on the 

skin and retina.

rately, why they disrupt the activity of our brain, 

whether they can be used beneficially or at least how 

they can be influenced; then they need to investigate 

their structure. However, this is not easy. Although 

researchers can deploy dozens of procedures in 

order to determine which atoms tiny molecules are 

composed of and what the spatial structure of highly-

complex proteins looks like – these have all been 

developed for conventional molecules and fail when 

applied to the clump-forming amyloid fibres. Structural 

biologists are therefore gradually piecing together the 

structure of this whim of nature. “Like with a puzzle, 

we apply many different biophysical methods,“ says 

Christiane Ritter. “Although these do not enable us 

to make the structure of the amyloids directly visible, 

each new piece of information helps us to understand 

their molecular anatomy a little better.“ And when the 

researchers have decoded the amyloid phenomenon, 

when they know how these structures form, i.e. the 

biological laws behind them, this will be the first step 

towards being able to manipulate them. And this 

will represent a solid foundation for research into 

diseases caused by amyloid structures. The treatment 

or prevention of Creutzfeldt-Jakob or Alzheimer‘s will 

have taken a step closer to being realized – even 

though this will no longer be Christiane Ritter‘s area of 

research.
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