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Preface 

This chapter contains a simplified summary of this thesis. It is geared towards 

interested non-scientists who have always wondered what we are actually doing 

here, and why. Therefore, this summary neither claims to be exhaustive nor 

discusses scientific details in depth. Rather, this summary presents an insight into 

scientific thinking and working, the results obtained during this thesis and their 

significance for the world outside the laboratory. 

New antibiotics to combat increasingly resistant pathogenic 

bacteria 

The search for new drugs against infectious diseases will probably never end. At 

best, we are always one step ahead in the race between resistant pathogens and 

novel antibiotics. And despite all alternative (medicinal) approaches and appropriate 

criticism about the (mis)use of antibiotics we can hardly escape this arms race. In 

recent years, reports of "superbugs", deadly germs against which no known drug is 

effective any longer, found their way into the mass media. For various reasons the 

number of genuinely new antibiotics on the market has been declining for decades 

(Fig. 1 in chapter 1) while development of resistance among the pathogens 

advances. Therefore, the search for pharmaceutically active natural products has 

moved back into the centre of scientific interest. 

More than three quarters of the clinically used antibiotics are natural products or 

slightly modified natural products. Usually, however, these are no longer obtained 

directly from their natural producers, but are produced biotechnologically or, less 

commonly, in purely chemical processes. Nonetheless, these drugs originally derive 

mostly from fungi and certain soil bacteria, the streptomycetes. From these, 

antibiotics are produced as so-called secondary metabolites. Metabolites are 

substances that are part of the biochemical processes taking place in any living 

organism. In contrast to primary metabolites, secondary metabolites are not part of 

vital processes in the bacterial cells, but, nevertheless, can be beneficial under 

certain circumstances. In the case of antibiotics, for example, one can easily imagine 

these as "chemical weapons" against competing microorganisms in the struggle for 
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nutrients. However, the production of secondary metabolites is complex and "costly" 

for the natural producers and therefore is strictly regulated. Detailed knowledge of 

these regulatory processes may allow construction of strains that have lost this strict 

control of antibiotic synthesis and thus produce increased amounts, possibly 

resulting in a biotechnological production process. 

A bacterial hormone system regulates antibiotic production in soil 

bacteria 

One of the regulatory systems of antibiotic production in Streptomyces is based on 

"bacterial hormones”. These signalling molecules are produced by the bacterium 

itself and spread among the billions of cells of a Streptomyces colony (Fig. 2). This 

ensures that all cells start to produce antibiotics simultaneously, thus increasing its 

efficiency. Furthermore, mechanisms of self-resistance are activated in all cells of 

the colony prior to the production of antibiotics, in order to prevent “suicide”, so to 

speak. 

In the model organism Streptomyces coelicolor this regulatory hormone system 

comprises three key players: first, a "sender", the ScbA protein, that is involved in 

the production of the signalling molecules; secondly, the hormones themselves 

(chemically these are -butyrolactones or butanolides); and, thirdly, a "receiver" or 

receptor protein, named ScbR, an abbreviation of Streptomyces coelicolor 

butanolide receptor. The hormone receptor ScbR normally prevents production of 

antibiotics in S. coelicolor. In the presence of the -butyrolactones, however, ScbR 

recognizes and binds the hormones. Thereby the shape of the ScbR protein 

changes and the receptor can no longer suppress the production of antibiotics: the 

bacterial hormones thus have induced antibiotic production. In addition, ScbR also 

regulates the production of the hormones themselves. 
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Figure 3 Mode of action of the hormone receptor ScbR in Streptomyces coelicolor 

(Explanation in the text) 

 

Figure 1 illustrates the mode of action of ScbR: To initially prevent the production of 

antibiotics, ScbR binds at specific sites to the bacterial DNA. When ScbR is bound, it 

represses genes, small portions of the DNA responsible for distinct functions of the 

cell. In our case, these genes cause the activation of antibiotic production, but not if 

they are blocked by the binding of ScbR. To be able to bind to the DNA, ScbR forms 

a particular structure, the so-called DNA binding domain. In addition, the receptor 

protein has a specially shaped "pocket" in which the -butyrolactone hormones fit 

(Fig. 6 in chapter 1). If a hormone molecule gets into the pocket, this changes the 

shape of the receptor, in particular the arrangement of the DNA binding domain. The 

domain is not functional anymore and ScbR can no longer bind to the DNA. Thus, 

the previously silenced genes are now active and the production of antibiotics 

begins. 
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ScbRM600 - Discovery and investigation of a variant of the bacterial 

hormone receptor ScbR 

For decades, the soil bacterium Streptomyces coelicolor has been studied in 

laboratories throughout the world. Therefore, a whole family tree of natural and 

genetically engineered strains of this species is available for research. The typical 

laboratory strain is S. coelicolor M145, but often S. coelicolor M600 is also used. 

We have discovered in M600, and only in M600, a variant of the hormone receptor 

ScbR (ScbRM600) that shows a small change (a mutation) in the vicinity of the -

butyrolactone binding pocket compared to ScbR from strain M145 (ScbRM145). Since 

antibiotic production in strain M600 differs from that in M145 and, as described 

above, ScbR plays a central role in its regulation, we examined the effects of the 

mutation in ScbRM600. To do so, we transferred the gene that codes for ScbR into 

another bacterium, Escherichia coli. E. coli is the “workhorse” in microbial genetics 

and in our case, it served as host for the production of comparably large amounts of 

both ScbR variants. Thus, the properties of both ScbR variants could be determined 

“in the test tube” (in vitro). Contrary to our expectations, the mutation reduced the 

stability and the DNA binding ability of ScbRM600. This is surprising since the 

mutation‟s location is near the hormone binding pocket, not in the vicinity of the DNA 

binding domain. Surprisingly, binding of the -butyrolactones was not affected in the 

ScbRM600 mutant protein (chapter 4). 

In the next step we wanted to investigate the effects of the mutation in ScbRM600 also 

in the living organism (in vivo). For this purpose, we constructed a S. coelicolor strain 

which is identical to strain M145, but carries the mutation in ScbR that we detected in 

ScbRM600. Any difference between the "parental" strain M145 and the new strain can 

therefore be attributed to the variant receptor protein. As described above, ScbR 

disables certain genes by binding to the DNA (Fig. 1), and it is this binding activity 

that differs in ScbRM600. Therefore, we studied the activity of some genes controlled 

by ScbR and, indeed, we determined a change in the gene activity. For example, the 

gene coding for the “sender” ScbA (involved in production of the bacterial hormones) 

was activated later or at a lower level. Consequently, we could also see a delay or 

decrease in -butyrolactone production. A significant influence of the mutation in 
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ScbRM600 on antibiotic production in S. coelicolor M145, however, was not evident 

(chapter 4). 

The cpk genes as the actual target of the bacterial hormone system 

Usually, the production of two coloured antibiotics, the red-pigmented prodigiosins, 

abbreviated as "Red", and the blue-coloured actinorhodin, "Act", is investigated in 

S. coelicolor. Fig. 2 in chapter 6.1 shows three colonies of the bacterium. The slight 

pigmentation of the left colony derives from the red-pigmented antibiotic Red that 

remains in the cells. The middle colony secretes the blue-coloured antibiotic Act as 

small droplets. Of course, the pigmentation of these substances makes their 

detection much easier, since no complex instruments are needed. There is only one 

additional antibiotic known in S. coelicolor M145, the colourless calcium-dependent 

antibiotic, CDA. Although Act and Red production is influenced by the bacterial 

hormone system, it is becoming clearer and clearer that none of these antibiotics is 

the actual target of the regulatory system. 

In recent years the entire genetic information stored in the genome of S. coelicolor 

has been decoded. In addition to the groups of genes (gene clusters) required for the 

production of Act, Red and CDA, further secondary metabolite gene clusters were 

identified. Most of them, however, are still “orphan”: only the existence of the gene 

cluster is known, but not what substances they produce in vivo. One of these orphan 

gene clusters is the cpk gene cluster. CPK denotes for coelicolor polyketide. 

Polyketides compose a group of chemical compounds to which numerous antibiotics 

are assigned. It appeared likely that also the cpk gene cluster encodes for a 

polyketide. However, no details about the chemical structure of the substance could 

be predicted, nor was it known when this secondary metabolite is produced by the 

bacterium and whether the natural compound shows antibiotic activity. 

There is evidence that the hormone system in S. coelicolor primarily provides 

regulation for the cpk cluster. The previously observed effects on the production of 

the antibiotics Act and Red seem to be downstream effects only. In addition to other 

evidence, this can be concluded from the finding that the -butyrolactone receptor 

ScbR binds in front of the cpkO gene (Fig. 1). CpkO is the activator of the entire cpk 

cluster. For Act and Red, on the other hand, such a direct effect could never be 
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shown. The cpk cluster became even more interesting when scbR2 was identified as 

part of this group of genes (Fig. 2 in chapter 1). As already indicated by its name, 

ScbR2 is very similar to the hormone receptor ScbR and one can also expect a 

regulatory role for ScbR2. 

yCPK - Triggering the production of a novel natural product 

Knowing of the importance of ScbR for antibiotic production in S. coelicolor we 

decided to investigate the role of ScbR2 in detail. Therefore, we removed (deleted) 

the scbR2 gene from S. coelicolor. This scbR2 deletion mutant showed a remarkable 

change: under certain conditions replacing the red (Red) and blue (Act) antibiotics it 

produces a yellow pigment that has never been observed in S. coelicolor before (Fig. 

4 in chapter 2). Is this pigment the unknown end product of the cpk cluster? And 

hence the actual target of the entire bacterial hormone system? In another mutant 

strain the gene clusters of all previously known S. coelicolor antibiotics (Act, Red and 

CDA) were removed; the yellow compound was still produced. If, however, genes of 

the cpk gene cluster were also deleted, the yellow colour disappeared as well. 

Production of the yellow substance, now called yCPK (yellow coelicolor polyketide), 

thus indeed depended solely on the cpk gene cluster. Nevertheless, the role of 

ScbR2 in yCPK production remained to be clarified. The time course of production 

and analysis of the activities of several genes related to the cpk gene cluster 

indicated that ScbR2 normally shuts down the production of yCPK. Together with the 

activator CpkO, ScbR2 constitutes “negative feedback regulation”: CpkO activates 

the cpk genes that will provide for the production of the yellow pigment. CpkO also 

activates scbR2, however, this happens slightly delayed. ScbR2 deactivates cpkO, 

and thus terminates the production of yCPK and - after the work has been done - 

also of itself. Since cpkO is regulated by the -butyrolactone receptor ScbR this 

control cycle is directly interlinked with the bacterial hormone system (Fig. 2 in 

chapter 5). 

These results are of particular importance because here for the first time in 

S. coelicolor all links of the chain between the bacterial hormones and the production 

of a natural compound (yCPK) are described. Furthermore, this study is the first 

successful example of the induced production of a hitherto unknown natural 

compound in a streptomycete by the manipulation of a regulator (ScbR2). This 
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concept could be applied not only to the cpk gene cluster, but to virtually all orphan 

gene clusters; and this not only in S. coelicolor but essentially in all streptomycetes. 

Hence, awakening these sleeping genes affords a promising chance for the 

discovery of hundreds of novel secondary metabolites and therewith potential new 

antibiotics (chapter 2). 

abCPK - A new antibiotic from Streptomyces coelicolor 

After the discovery of the previously unknown yellow substance (yCPK), growth 

conditions for the producing bacterial strain were systematically altered and 

optimized in terms of maximizing yCPK production. In particular, feeding of the 

amino acid glutamate increased yCPK production significantly. Only then we could 

show that S. coelicolor strains that produce the yellow pigment in high amounts also 

show antibacterial activity. On the other hand, mutants that do not produce yCPK 

any more are also no longer able to kill other bacteria. And just as the production of 

yCPK, the antibiotic activity requires a functional cpk gene cluster and is increased 

by the addition of glutamate (Fig. 7 in chapter 3). Thus, at first, it seemed that yCPK 

is not only a novel pigment (which is, as described above, already of importance for 

basic research), but actually a yet undiscovered antibiotic (potentially of 

pharmaceutical and commercial interest) in S. coelicolor. To further investigate its 

properties, the yellow substance was separated from the many other compounds 

produced by the bacterial cells in order to obtain yCPK in the purest possible form. It 

turned out that both the yellow pigment yCPK, as well as an antibacterial substance 

could be isolated, but these were not identical. The yellow yCPK showed no 

antibiotic activity. Thus, there must be another - colourless - substance instead that 

just as yCPK requires the cpk gene cluster for synthesis, and which is the actual 

antibiotic. Therefore, we call this substance abCPK (antibiotic coelicolor polyketide). 

Synthesis of the cpk cluster products is a stepwise process. At least two of the 

intermediate steps most probably take place outside the bacterial cells. When 

interrupting CPK production in one of these steps, both the yellow pigmentation 

(yCPK) and the antibiotic (abCPK) disappeared. When blocking the other step, no 

yCPK was formed any longer, whereas antibacterial activity could still be observed. 

All our observations could be explained by the following hypothesis: A precursor of 

the antibiotic is formed inside and transported out of the cell. There, the precursor is 
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converted into the active antibiotic, abCPK, and is effective against competing 

bacteria. The abCPK molecule is then further transformed into the yellow pigment 

yCPK (Fig. 2 in chapter 5). 

Based on this model, we are now trying to prevent production of the pigment aiming 

to simultaneously increase the production of the cpk antibiotic. Following extraction 

and purification of abCPK, the compound will be subjected to structural 

characterization. Of strong interest, also, the relevance and the potential of the novel 

antibiotic agent as a pharmaceutical product will be determined (chapter 3). 
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