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Resistance against antibiotics are leading to increasing problems in healthcare systems 
all over the world. A new group of enzymes referred to as extended-spectrum β-lactamases 
(ESBLs), is responsible for resistance against most β-lactam antibiotics apart from 
carbapenems. All β-lactams share the β-lactam ring (figure 1A) as common structure and 
penicillins and cephalosporins are the most popular examples of this group. ESBLs in contrast 
are enzymes able to efficiently break down all β-lactams, with the exception of carbapenems 
(figure 1B). The worldwide spread of ESBLs leads to an increased use of carbapenems to 
treat serious bacterial infections in wounds and the 
urinary tract. This increased use will lead to the 
development of resistances also against carbapenems 
in the future.That is why it is so important to study 
how bacteria can become resistant against these 
antibiotics, how fast this development can take place, 
how high the resistances can be and if and how the 
development of resistance can be prevented. 

I used the antibiotic called meropenem, which is a member of the carbapenems to 
select for bacteria that already have acquired some mechanisms to be able to grow at higher 
concentrations than non-selected bacteria. I tested if the ESBLs that the isolated bacteria 
possess were the reasons why these isolates were so resistant. Usually the changes that 
bacteria need to make in their metabolism or other essential processes to become resistant 
come along with a cost. Resistant bacteria often grow more slowly or are less virulent in mice. 
Due to these costs it is thought that if the antibiotic pressure would be low enough for a 
certain period of time that resistant strains would become susceptible again. That is why I 
determined the fitness costs involved in resistance to carbapenems in terms of growth rates. I 
also looked for changes in the DNA sequence of genes that are usually important for 
carbapenem resistance.  

With my work I could show that resistant strains developed very fast and that ESBLs 
do not have a major influence on this resistance. My results from the DNA sequencing are in 
correlation with other studies, saying that changed regulation of proteins involved in the 
passive uptake of molecules from the surroundings of the cell have a strong influence on the 
resistance. Structural changes or the loss of these proteins leads to dramatic decrease of 
antibiotic levels in the bacterial cell. This means that the concentration might not be high 
enough to kill the bacteria. I could also see that resistant bacteria grew 5-45% more slowly 
than their non-resistant parental strains and that the impact on growth rates correlated with the 
level of resistance. This means that the more resistant the bacteria are, the more slowly they 
grow.  

Further work needs to be done to study the resistance mechanisms in more detail. It is 
also important to know if these high fitness costs can help to slow down the development of 
resistance patients. There are other carbapenems used apart from meropenem. That is why this 
work needs to be repeated with other carbapenems, such as ertapenem. 
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