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Bacterial communication and synthesis of antibiotics 

Communication is an essential feature for all living organisms. Bacteria in 

particular, communicate with small chemical compounds. As unicellular 

organisms, survival of bacteria as single individuals is challenging and they 

need to “team up” with other members in a population to synchronise their 

behaviour and thus improve their chances for survival in the environment. For 

this purpose, bacteria communicate with each other using small signalling 

molecules that they release into the environment for others to perceive “the 

message”.  

During their life cycle bacteria employ two different metabolic processes: 

primary and secondary metabolism. In their primary metabolism bacteria 

synthesise chemical compounds that are essential for the life of the bacteria, 

to grow and multiply. Primary metabolism takes place in a phase of growth 

when there are sufficient nutrients in the medium and bacteria are able to 

grow and multiply exponentially, producing increasing numbers of cells. This 

phase of growth is called exponential phase. Secondary metabolism takes 

place in the stationary growth phase. In this phase the nutrients are scarce, 

and therefore bacteria cannot grow or multiply exponentially and their growth 

curve reaches a plateau phase. Secondary metabolism is characterised by the 

synthesis of compounds that are not essential for growth, but that provide 

bacteria with a special advantage against other organisms around them, such 

as special enzymes to degrade toxic compounds or antibiotics to eliminate 

competitors.  

Streptomyces are soil bacteria that produce many different antibiotics to 

efficiently compete against other microorganisms as a mechanism of survival 

in their environment. This feature is in fact what makes these bacteria of great 

biotechnological interest. With increasing numbers of antibiotic resistant 

pathogenic bacteria emerging, the need to find new antibiotics with new 

structures is becoming urgent. Most of the natural antibiotics that are 

currently in use in medicine are produced by Streptomyces species and these 

bacteria are predicted to be able to produce many more novel bioactive 

compounds. This makes Streptomyces a very interesting focus of research.  

Streptomyces bacteria communicate with each other in order to produce 

antibiotics at the stationary phase of growth. Antibiotic production becomes 

more efficient when a group of bacteria synchronise and coordinate their 
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synthesis. They communicate by synthesising and releasing signalling 

molecules called γ-butyrolactones that carry the message and can diffuse out 

of the “sender” cells and into the “receiver” cells. The bigger the cell 

population grows, the higher the concentration and the stronger the effects of 

these signalling molecules. Back inside the cell, these signalling molecules are 

sensed by specific receptor proteins. These proteins bind to the signalling 

molecules and transmit the message to other proteins that will activate the 

production of antibiotics. These diffusible signalling molecules perform their 

action in very small amounts (in the nano-molar range of concentration) and 

therefore are also referred to as bacterial hormones. Current knowledge about 

the roles of these signalling molecules in antibiotic synthesis in Streptomyces is 

reviewed in chapter 1. 

The SCB signalling system controls the synthesis of antibiotics 

Streptomyces coelicolor is the most studied Streptomyces species. It produces 

the pigmented antibiotics actinorhodin (Act; blue pigmented) and 

undecylprodigiosin (Red; red pigmented), as well as the antibiotic coelimycin. 

In addition, its genome carries many more cryptic (non-expressed) gene 

clusters for secondary metabolites. The γ-butyrolactones in this species are 

called SCBs (Streptomyces coelicolor Butyrolactone). They directly control the 

synthesis of the antibiotic coelimycin, and are also involved indirectly in the 

control of Act and Red synthesis. The timing of antibiotic production is tightly 

controlled and involves several levels of regulation including the effect of the 

SCB system. The regulatory mechanism of this communication system in S. 

coelicolor is not fully understood. Detailed understanding of the functioning of 

the SCB system will allow us to develop new strategies to manipulate or 

engineer pathways for the synthesis of antibiotics, as well as for finding new 

antimicrobial compounds in Streptomyces by awakening cryptic gene clusters 

for secondary metabolites.  

In all living cells genetic information is encoded in the DNA in the form of 

genes (specific DNA fragments). To be functional (expressed) the information 

that these genes carry needs to be transcribed and translated to synthesise 

proteins. For the information encoded in a gene to be translated to proteins, a 

copy of that gene has to be made in the form of another macromolecule, the 

RNA. This RNA version of the gene is then called a transcript or messenger RNA 

(mRNA). This process is called transcription (synthesis of transcripts, or mRNA 
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copies of the genes) and starts at specific points in the DNA called transcription 

start sites located near the start of the genes. These mRNA transcripts are 

translated into proteins by ribosomes that synthesise linear chains of amino 

acids according to what they “read” in the mRNA transcript. Proteins consist of 

chains of amino acids that are responsible for carrying out the functions 

encoded by the genes. Some proteins act as regulators while others act as 

catalysts of chemical reactions. The latter are called enzymes and work by 

transforming one given chemical compound (substrate) in a new modified 

version of that compound (product).  

In the particular case of S. coelicolor and the SCB system, the genetic 

information is encoded in the genes scbA and scbR that are translated into the 

proteins ScbA and ScbR. ScbA and ScbR are the main proteins involved in the 

SCB communication system in Streptomyces coelicolor. The signalling 

molecules SCBs are synthesised by the enzyme ScbA, the sender, in the 

transition phase of growth (Figure 1). This phase of growth constitutes a 

transition between primary and secondary metabolism in which the cells are 

preparing to produce antibiotics. ScbR is the protein that receives the 

message, the SCB receptor protein (Figure 1). It is a repressor protein: by 

binding to the DNA at a site adjacent to the transcription start of specific 

genes, it inhibits the expression of these genes and thus the synthesis of 

proteins is prevented. ScbR specifically targets genes that encode proteins that 

are involved in the synthesis of antibiotics. It is also an autoregulatory protein 

that inhibits its own gene expression thus preventing its own protein synthesis. 

SCBs can bind to ScbR and when this happens ScbR is unable to bind to the 

DNA. SCB binding therefore prevents the repression exerted by ScbR, thus 

allowing expression of its target genes, and the synthesis of antibiotics 

(response, Figure 1). ScbR inhibits the expression of the gene cpkO encoding a 

protein that activates the expression of other enzymes involved in the 

production of the antibiotic coelimycin.  

ScbR also binds to the DNA near the scbA gene, and thus it was hypothesised 

that it was controlling its expression as well. In chapter 2, we report that ScbR 

is indeed regulating the expression of scbA by repressing it in the early stages 

of the bacterial growth. Our results also show that ScbR is involved in inducing 

the expression of scbA in transition phase of growth probably together with 

other proteins involved. The mutual regulation between ScbR and ScbA (ScbR 
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controls the timing of expression of scbA and induces its transcription while 

SCBs, synthesised by ScbA, activate the expression of scbR) provides a proper 

balance in the amounts of ScbR and SCBs that are necessary to ensure the tight 

regulation that this system requires for the correct timing of production of 

antibiotics.  

 

 

Figure 1. Schematic representation of the SCB signalling system. As a communication 
mechanism, the SCB system consists of a sender of the message, ScbA (that 
synthesises SCBs), the SCBs themselves, responsible for carrying the message, and a 
receiver, ScbR, (SCBs receptor protein). ScbR bound to the SCBs provokes a response, 
the production of the antibiotic coelimycin. 

ScbA is the main enzyme involved in the synthesis of SCBs and is thought to 

catalyse the first step in their biosynthetic pathway. Several amino acids in 

specific locations within ScbA were previously reported to be essential for the 

correct functioning of the enzyme. In our work (chapter 4) we have identified 

additional amino acids that are also essential for the activity of ScbA enzyme. 
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One is located in an important part of the protein, the active site, that is 

supposed to carry out the catalytic reaction, the transformation of the 

substrate into the product. The other is located in a putative loop. Loops are 

flexible structures and are generally not involved in catalysis, but they may be 

important to maintain the structural integrity of the protein or to make the 

substrates more or less accessible to the active site. This amino acid in the 

putative loop was also identified as essential for protein functionality which 

shows the importance of such irregular motifs in protein activity.   

In addition to ScbA, several other enzymes participate in the SCB biosynthetic 

pathway. We have identified and characterised two of these proteins that are 

involved in SCB synthesis, ScbB and ScbC. We have proven that ScbB and ScbC 

are essential for the synthesis of SCBs because S. coelicolor was not able to 

produce the signalling molecules when the genes for these proteins were 

deleted from the chromosome (chapter 3). We further showed that ScbB 

catalyses the last chemical reaction in the synthesis of SCBs in vitro (in the 

laboratory) which suggests that this is its real role in vivo (inside the cell). ScbC 

was predicted to participate in an earlier step in the pathway. When a gene 

encoding an enzyme is deleted from the chromosome and thus the 

corresponding enzyme is not synthesised anymore, accumulation of the 

substrate of that enzyme, intermediate in the biosynthetic pathway, may 

occur. However, the scbC deletion mutant did not accumulate the predicted 

substrate. In fact, none of the expected intermediate compounds of the 

pathway accumulated which may suggest that these compounds have an 

inhibitory effect on the enzymes of the pathway. Such inhibition would 

prevent the accumulation of the intermediates, including the substrate for 

ScbC. It is also possible that other intermediates are being produced instead 

(chapter 3). In this chapter we also report that scbA and scbC are co-expressed 

which suggests that both proteins are needed in equal amounts for the 

biosynthesis of the SCBs.  

The SCB system is regulated by complex and interconnected mechanisms. 

Several levels of regulation exist controlling the expression of the genes and 

proteins of this system. Besides the regulatory roles exerted by ScbA and ScbR, 

other factors are also regulating the correct functioning and timing of the 

system. In chapter 5 we report the finding of an additional regulatory factor in 

the S. coelicolor SCB system that further emphasises the complexity of such a 
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signalling system. We have identified a second transcription start site for the 

scbR gene and we have proven that transcripts are being synthesised from this 

site as well (chapter 5). Thus, two different mRNA transcripts for scbR are 

being synthesised, one from this newly found second start site, and another 

one from the first start site that was previously found. The transcript 

synthesised from the second start site is longer than the one synthesised from 

the first one. The genes scbA and scbR are located adjacently in the 

chromosome of S. coelicolor. The mRNA transcripts that are produced for 

these genes are partly overlapping in a small region, and thus, it is possible 

that they bind and that this creates an obstacle for the production of protein 

from these transcripts. These overlapping transcripts may constitute an 

additional regulatory factor for the SCB system. Since the second scbR 

transcript produced from the additional transcriptional start site identified in 

our work, is longer than the first transcript, the overlapping region between 

scbA and scbR transcripts is also longer and presumably has a bigger effect in 

controlling the expression of these genes (chapter 5).  

We also compared the antibiotic production phenotype of two parental or wild 

type strains (original strains of this species as found in nature) of S. coelicolor, 

called M145 and M600. Strain M600 is delayed in antibiotic production 

compared to M145. Interestingly, strain M600 only produces small amounts of 

transcripts of scbR from both the first and the second start site. The presence 

of lower amounts of transcript means that less protein will be produced. Since 

ScbR is known to be involved in the regulation of antibiotics, this small amount 

of transcripts is possibly responsible for the different phenotype of strain 

M600 (chapter 5).  

In this PhD thesis the roles of the proteins of the SCB signalling system in its 

regulation, and in the synthesis of the signalling molecules, has been 

extensively studied. The information presented here contributes to a better 

understanding of such a complex regulatory mechanism and of the regulation 

of antibiotic production in these bacteria. Detailed knowledge of such 

signalling systems will be of great relevance for the design of new strategies to 

manipulate antibiotic biosynthetic pathways and provides important tools for 

the discovery of new natural compounds with antimicrobial activities.  
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