
STRUCTURAL BIOLOGY

“THE GOAL OF MY RESEARCH IS TO INVESTIGATE CELLULAR PRO-

CESSES DOWN TO THEIR TINIEST ATOMIC DETAILS. AN UNDERSTAN-

DING OF BIOLOGY AT THE ATOMIC LEVEL IS A KEY REQUIREMENT 

FOR THE DEVELOPMENT OF NEW THERAPEUTIC AGENTS.“

           Prof. Dr. Dirk Heinz, head of Structural Biology

Like most researchers at the Helmholtz Centre for 

Infection Research, Dirk Heinz looks for the links behind 

infectious diseases. How do bacteria manage to enter 

our bodies? How do they make us ill? And how does our 

immune system defend itself? In order to 

find the answers, his investigations target 

the level of individual molecules or 

even atoms, the interaction of 

which makes us ill. He blurs 

the border between biology 

and chemistry and looks 

to the point where biology 

is nothing more than the 

reaction of atoms with one 

another: just as iron, water and 

oxygen combine to form a rusty 

car, we become ill when specific 

proteins of a pathogen react with 

molecules from our cells.

“If the principles of molecular interaction 

are understood properly, then the next 

stage can be a targeted intervention in this 

specific mechanism,“ he explains, “because if 

we know the structures at which a pathogen attacks, 

then we have a means of possibly preventing infec-

tion.“ And these points of attack are mostly proteins, 

because proteins play a leading role in almost all bio-

logical processes. They are behind the genetic code – if 

a gene is activated in a cell, then the cell will produce the 

protein that corresponds to this genetic information. This 

may be an enzyme, for example, that accelerates chemi-

cal processes in the cell. It may act as a hormone that 

controls the metabolism. It may be a transporter that 

ensures that a substance is moved from A to B. Or it is a 

so-called receptor, which acts as a docking 

point on the surface of the cell. 

It is precisely here, at the dock-

ing points, that proteins are of 

particular interest for infections, 

because pathogens use these 

natural receptors cleverly to 

infiltrate the cells of the hosts   

and us. “Then a cascade of 

biochemical processes is 

triggered in the target cell, 

resulting in two possible 

reactions: the microbe 

clings firmly onto a recep-

tor, acquiring a base from 

which it can interfere 

in the host cell proc-

esses. Or it ‘persuades’ 

the host cell to take it up,“ 

says Dirk Heinz. The latter strategy 

is particularly effective if the bacterium 

aims to house itself in turbulent environ-

ments such as the bowel.

If we view the world through the eyes of a structural biologist, a case of flu with high temperature, coughing and aching 

joints is typically the result of the specific interaction of the hemagglutinin spikes of the influenza virus with the neu-

raminic acid residue of the host cell membrane. Understood? No? No matter! What sounds so complicated here is just as 

complicated in actual fact!

INFECTIONS ARE MERELY A QUESTION OF STRUCTURE  

k  Atom

Smallest chemical 

component of matter 

that cannot be easily 

divided.

k Molecule

Particle comprising two 

or more atoms kept se-

curely fastened to one 

another via covalent 

bonds.
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BETWEEN BIOLOGY, CHEMISTRY AND PHYSICS

Take the example of listeria monocytogenes. Listeria 

are ingested with spoiled foodstuffs, in the bowel they 

can then trigger severe diarrhoea, which may even be life 

threatening to people with a weakened immune system. 

The structural biologists use the model of this infection 

to study what occurs between pathogen and host at the 

atomic level. The contact point formed by just a few at-

oms is what they investigate. Because if they are familiar 

with this, then they can develop agents that block this 

contact   and where possible, this contact exclusively.

DIRK HEINZ

Dirk Heinz studied Chemistry and Biochemistry in Freiburg before becoming acquainted with 

structural biology in the scope of his thesis at the University of Basel, remaining true to it ever 

since. Following a postdoc period in the US, he returned to Freiburg as scientific assistant. In 1998 

he became a junior research group leader at the then GBF (now HZI) in Braunschweig, where he has 

been head of Structural Biology since 2003. He is Honorary Professor at the TU Braunschweig and 

has promoted further support for structural biology for many years as a member of national and 

international committees.

The long road until the researchers recognise the precise 

point of contact between the atoms on the surface of Lis-

teria and the molecule on the surface of our bowel cells 

is further indication that the structural biologists tread a 

line somewhere between biology, chemistry and physics. 

They begin by using cell cultures to produce the surface 

proteins of the pathogens and hosts on a large scale. 

Then they treat these proteins like chemical compounds, 

using standard physical methods to clarify their spatial 

structure. The result appears on the computer monitor of 

Dirk Heinz. With much calculation and a fine feel for how 

atoms interact with one another, a three dimensional 

illustration of the protein is formed from the figures and 

curves. And then the structural biologists are able to see 

directly how the particles fit together – and how they can 

prevent them from interacting. This ensures that Listeria 

are unable to hijack any more human cells.

k Listeria 

monocytogenes

Rod shaped, Gram-pos-

itive, mobile bacterium. 

Usually pathogenic, 

causes various infec-

tions.

k Proteins

Organic chemical 

compounds caused by 

the joining together 

of amino acid compo-

nents. The amino acids 

are bound together 

in a defined order 

via amide bonding to 

macromolecules. Basic 

component of all cells 

with various biological 

functions.

Structure of the InlB/Met complex


