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Abstract 

The groups of Axel Brakhage and Christian Hertweck have discovered in the last years several 
natural products that shape microbial interactions. For azalomycin F, they could demonstrate that 
this and other marginolactones are key promoters of the interaction of between the bacterium 
Streptomyces rapamycinicus / S. iranesis, the fungus Aspergillus nidulans and the green algae 
Chlamydomonas reinhardtii. By an unknown mechanism, azalomycin F triggers the activation of the 
silent orsellinic acid gene cluster. This leads to the production of orsellinic acid and derivatives 
thereof, like lecanoric acid and the F compounds; F-9775A and F-9775B, whose ecological function 
remains obscure [1-3]. Furthermore, azalomycin F is algicidal and triggers the production of novel 
structures by C. reinhardtii that were named gloeocapsoids, and that helps the cells survive. 
Moreover, the algae swims into the mycelium of A. nidulans and is thereby also protected from 
azalomycin F [4]. Another discovered compound triggered by azalomycin F in Aspergillus fumigatus 
was called fumigermin. In a negative feedback loop, fumigermin inhibits the germination of the 
producing Streptomycete S. rapamycinicus [5]. The most important questions regarding all these 
compounds are how they are released and transported through the environment, and how they 
trigger responses in the receiving microorganisms. The release of azalomycin F was observed to be 
induced only when S. rapamycinicus is in contact with C. reinhardtii or A. nidulans [4]. 

Characterization and detection of the aforementioned natural products orsellinic acid, lecanoric 
acid, fumigermin, azalomycin F, F-9775A and F-9775B by sophisticated physical methods combining 
electrochemistry and surface-enhanced linear and nonlinear Raman spectroscopy to ultimately 
enhance their molecular specific fingerprint information and link it to their electrochemical state. 
This new approach is expected to shed light on the balance of microbial consortia and their 
communication in their interactive network. 

We will provide Raman-based optical detection schemes researched in the group of Jürgen Popp. 
Raman spectroscopy provides molecular fingerprint information; however, its signal is inherently 
weak. The Raman signal is enhanced by utilizing plasmonic nanomaterials, i.e. surface-enhanced 
Raman spectroscopy (SERS) [6-8] or nonlinear processes, i.e. coherent anti-Stokes Raman 
spectroscopy (CARS) [9]. The combination of both enhancement mechanisms is realized as surface-
enhanced coherent anti-Stokes Raman spectroscopy (SE-CARS), which allows an ultrasensitive 
detection of target analytes. The groups of Jürgen Popp and Jer-Shing Huang designed SE-CARS 
plasmonic substrates and highlighted their enhancement mechanism [10]. As a consequence, SE-
CARS has got the potential for single-molecule sensitivity. In order to allow the differentiation of 
structurally similar metabolites like orsellinic acid and lecanoric acid as well as F-9775A and F-9775B, 
electrochemical approaches will be combined with the optical detection scheme for a potential-
dependent investigation. This will help us to understand how these compounds are released and 



 

which microorganisms respond to them and in which manner. The same will be studies with 
azalomycin F. We will cultivate target microorganisms on plasmon-active surfaces to visualize the 
excretion of those natural products or even other signaling molecules that are released as a 
response. 
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