
CHEMICAL MICROBIOLOGY

“THE INGENUITY OF BACTERIA FASCINATES ME. THEY ARE NOT          

ACTUALLY INTELLIGENT, BUT THEY MAKE UP FOR IT WITH               

COMMUNITY SPIRIT.“                                                  

         Dr. Wolf-Rainer Abraham, research group leader Chemical Microbiology

Bacteria have a keen sense of community spirit. They form communities wherever they appear – which is almost everywhere. Even 
in places where they are expressly not supposed to be, such as on implants or catheters. “On the one hand we are analysing such 
microbial communities, on the other hand we are looking at how we can influence them,“ explains Wolf-Rainer Abraham, head of the 
Chemical Microbiology research group.

BIOFILMS – OMNIPRESENT BACTERIAL COMMUNITIES  

k  Pseudomonads

A genus of Gram-

negative, rod-shaped 

and polar-flagella 

bacteria. Live aerobi-

cally and can move 

actively.

k  Biofilm

Coating of microorgan-

isms embedded in 

a slime matrix. This 

protects the organisms 

from environmental 

influences. Most 

microorganisms live in 

biofilms.

PACEMAKER AS EXAMPLE:  Cardiac pacemakers need 

to be replaced in patients after approximately ten years. 

The batteries are then weak and the device is outdated. 

Wolf-Rainer Abraham examines such used pacemak-

ers, which have kept patients’ hearts in rhythm over the 

years: “So far the number stands at 150 pacemakers 

and we have found biofilms on around one third of the 

devices.“ However, the patients were not ill and had no 

inflammation – the pacemakers were removed as a rou-

tine procedure. What is astonishing is that biofilms live 

on the pacemaker without harming the body. Even more 

astonishing, however, are the bacteria themselves. “We 

find environmental germs in particular,“ says the 

scientist. “We have even found Rhizo-

bium on some surfaces. These are 

bacteria that normally sit on plant 

roots and bind nitrogen.“ 

However, Wolf-Rainer 

Abraham finds genuine 

“bad guys” on pacemak-

ers that have to be removed 

due to tissue inflammation: 

omnipresent pseudomonads and 

staphylococcae, germs that typically nest in 

infected wounds. The pacemakers found in inflamed 

tissues then carry completely different communities 

compared to the innocuous pacemakers. 

IDENTIFYING BACTERIA – WITH THE GENETIC 

FINGERPRINT

But how does Wolf-Rainer Abraham find out which 

bacteria are living on the pacemaker? Under the micro-

scope it is only possible to see that bacteria are on the 

surface. And only a few types of bacteria can be bred 

in the Petri dish. Until recently, this was a condition 

required in order to conclusively identify a bacteria 

strain. Wolf-Rainer Abraham therefore employs com-

pletely new procedures: “We analyse the genes of the 

bacterial community,“ explains the expert for microbial 

communities. “Each bacterium 

has highly characteristic at-

tributes in its genes – a 

genetic fingerprint, 

if you will.“ The 

researcher 

identifies 

these finger-

prints from 

the bacterial 

community. 

He compares 

the structure of in-

dividual genes with databases in which 

these fingerprints are catalogued, analysing 

the entire community with this approach. In principle 

then, it is much like the fingerprints at a crime scene in 
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WOLF-RAINER ABRAHAM

Wolf-Rainer Abraham studied Chemistry at the TU Berlin. His interest in natural products was 

already present during his studies, with the consequence that he completed his thesis with Prof. 

Bohlmann at the TU Berlin on the chemotaxonomy of plants. In 1980 he transferred to the former 

GBF and became involved with the structural investigation of products from biotransformation. In 

1988 a period spent at the Fermentation Research Institute in Tsukuba, Japan, led him to investi-

gate the microbiological side of the subject, resulting in a move, in 1992, to the Microbial Ecology 

research group of Prof. Timmis at the GBF. Here he established the analysis of stable isotopes in 

biomolecules, combining them with the analysis methods for the identification of bacteria. This 

enabled him to determine the metabolic collaboration of bacterial communities via the addition 

of marked substrates. Today, his work is concentrated on the study of biofilm communities, with 

a focus on clinical biofilms. He is project leader in numerous national projects and involved in 

the biomedicine technology research field, based at the Hannover Medical School. He has been 

leader of the Chemical Microbiology research group at the HZI since 1997 and is chairman of the 

HZI Scientists’ Assembly.

SSCP pacemakers:
diversity of bacteria on infected pacemakers removed from patients 
at the Hannover Medical School. Each lane is from the pacemaker of 
one patient.

a detective novel. This enables Wolf-Rainer Abraham 

to determine exactly which germs are contained in a 

biofilm – but not how many of each type. 

He and his team use the same method to investigate 

biofilms on other surfaces – this time, however, in order 

to work with their inhabitants. “For instance, we inves-

tigate implant surfaces for their susceptibility to biofilm 

growth.“ They have developed special test biofilms for 

this purpose, the behaviour of which they are very 

familiar with and have studied intensively. These are 

then cultivated on titanium plates, coated with a syn-

thetic material that could be employed for implants. The 

question behind this: are there surfaces that can pre-

vent the formation of biofilms? Wolf-Rainer Abraham‘s 

response is a clear no: “Regardless of the properties of 

the surface – bacteria always settle on it. However, we 

have observed that the surfaces have an effect on the 

composition of the community. We are therefore looking 

for such structures on which benign bacteria can settle, 

but not pathogens.“ A cardiac pacemaker made from 

such a material would in all likelihood prevent inflamma-

tion being caused due to a biofilm.

 

k Staphylococcae

Rounded, immobile, 

Gram-positive bacteria 

of the group cocco-

bacilli.


