
 
 

Report of Dr Philippe MAZODIER 

on the thesis manuscript presented by Ms. Šárka NEZBEDOVÁ  
 

Subject of the thesis: 

Secondary metabolism and its regulation in Streptomyces ambofaciens  
and Streptomyces lividans: new biosynthetic pathways  

. 
The thesis of Ms. Šárka Nezbedová was prepared under the joint supervision of Dr. 

Jean-Luc Pernodet (University Paris-Sud 11, Orsay, France) and of Dr. Jaroslav Weiser 

(Czech Academy of sciences, Prague, Czech Republic) 
This work focuses on the expression of biosynthetic pathways of secondary 

metabolites in Streptomyces. 
 

 Streptomyces spp. are Gram-positive, filamentous, soil bacteria. Streptomyces 
are remarkable in terms of the morphological and metabolic differentiation 
phenomena that they present. During the later stages of their development (aerial 
mycelium formation, sporulation), Streptomyces spp. generally synthesise a large 
number of very diverse secondary metabolites, the best known being antibiotics. 
Streptomyces and closely related genera produce more than 50% of the 200 
commercially available antibiotics and of the 10,000 known antibiotics. Secondary 
metabolism also produces bioactive compounds that are used as antifungal, anti-
parasitic, antiviral, anti-tumoural, or immunosuppressant agents or as insecticides or 
herbicides.  

Increase in the frequency of pathogenic bacteria multi-resistant to antibiotics is 
prompting the pharmaceutical industry to screen for new antibiotics. 

 However, it seems that the niches, which should be first screened for bacteria 
producing new antibiotics, are not new exotic places but rather the established 
Streptomyces collections of the industry. Indeed, one of the surprises brought by the 
genome sequencing of Streptomyces was the fact that the best-studied species contain 
a number of cryptic genes clusters involved in secondary metabolism.  

Model organism S. coelicolor was extensively studied for 40 years and was known 
to possess four antibiotic pathways before its genome was sequenced.  Sequencing 
revealed that it contains more than 20 clusters coding for the biosynthesis of 
secondary metabolites. In S. avermitilis, 30  secondary metabolite gene clusters were 



found, different from those found in S. coelicolor.  As unknown genes are present at 
such extend in the best-studied strains, this urge us to reassess the Streptomyces 
collections made during these last 50 years as they should contain an important 
unexplored reservoir of genetic and metabolic diversity that it would be very 
valuable to express. 

That is precisely the aim of the works of the thesis of Ms. Nezbedová. 
 
The thesis is written in English, as required by the joint supervision. It is a nice 

piece of work with an abundant iconography of good quality. A detailed plan allows 
easy reading of the manuscript. 

The thesis begins with a well-documented introduction. Sometimes thesis’ 
introductions are more on the achievements of the laboratory that on the topic of the 
thesis itself. This is not the case here. This introduction has coherence and relevance; 
it clearly demonstrates the ability of the candidate to make synthesis. In order are 
discussed: the genus Streptomyces, secondary metabolism and its regulation, then 
strategies to find new metabolites. Finally, the bacterial species S. lividans and S. 
ambofaciens, which are studied in laboratories Orsay and Prague are described and 
the aims of her thesis clearly explained. This introduction is interesting; Ms. 
Nezbedová has indeed managed to make the right choice in bibliographies. 

The experimental results are presented in three chapters: 
The first chapter presents experiments, that try to overexpress cryptic pathway in S. 
ambofaciens by changing the growth conditions. Alteration of cultivation conditions, 
such as media composition, pH or temperature, can increase the number of 
metabolites produced by one single organism. This alternative approach to the 
screening methods is called OSMAC (One Strain - Many Compounds) approach.  
Ms. Nezbedová used a mutant with deletions in the pathways of the three 
metabolites (spiramycin, congocidine, alpomycin) that S. ambofaciens was known to 
produce when she started her work.  
In an extensive study, Ms. Nezbedová found the right conditions to obtain 
production of different new metabolites as evidenced by these S. ambofaciens 
products blocking the growth of different panels of indicative bacteria.  
Initially by growing S. ambofaciens on a modified HT medium she obtained an active 
compound with antibacterial and anti-proliferative activities, which she started to 
characterize. However simultaneously her colleagues from Nancy, which used a 
different experimental approach, have also obtained the same antibiotic; they 



activated the pathway by over-expressing a putative transcriptional activator.  
Subsequently they continued the analysis of that molecule that they named 
stambomycin. 
Ms. Nezbedová pursued the characterization of the other metabolite(s) (other than 
stambomycin) that she detected. She has done an exhaustive study in silico of the 
putative pathways, which might be responsible for their synthesis. Then she 
constructed a series of mutants, each with a mutation in a different pathway. 
She has not yet characterized the molecule, which is difficult to obtain in quantity in 
liquid. But she has shown that the molecule is not a CDA antibiotic. CDA: Calcium 
dependent antibiotics are a family of compounds often present in Streptomyces. This 
points that Ms. Nezbedová has a more original and therefore more interesting 
molecule. This lead to a new molecule justifies and rewards a considerable body of 
work, most of it I have not described here. 

 
The second chapter presents another approach of the expression of cryptic 

pathway via tinkering with the pleiotropic regulators. 
Ms. Nezbedová has chosen to use the global regulators DasR and Rep. DasR is 
known to be involved in the regulatory cascade linking the N Acetyl glucosamine 
concentration in the environment and the production of secondary metabolites. The 
Rep protein (SCO6008 in S. coelicolor) is a putative repressor belonging to the ROK 
family of transcriptional regulators, which also acts on antibiotic production. 
Ms. Nezbedová has shown that Rep is connected to the production by S. ambofaciens, 
of at least one antibiotic spiramycin, since rep deletion abolished spiramycin 
production in some medium. However she has shown that this effect was highly 
dependent on cultivation media.  
Despite different approaches, Ms. Nezbedová could not obtain the S. ambofaciens dasR 
deletion mutant and thus her work with this regulator was mainly in silico analysis. 
Obviously times prevented the construction and analysis of a strain overexpressing 
dasR.  

 
The third chapter presents a study of ppk in S. lividans. 
In my opinion, it would have been more coherent for this thesis to study ppk in 

S. ambofaciens, however availability of mutant and tools and the tight schedule may 
explain that this study was done in S. lividans. This work is a continuation of the 



observation done in Dr Virolle laboratory at Orsay that inactivation of the ppk gene in 
S. lividans resulted in increased production of antibiotics. 
The ppk gene encodes the enzyme polyphosphate kinase that catalyzes the 

conversion of terminal (γ) phosphate of ATP to polyphosphates (polyP) when the 
ATP/ADP ratio in the cell is high, and the regeneration of ATP from polyphosphates 
when this ratio is low (Chouayekh & Virolle, 2002). Due to its connection with ATP 
turn-over, it influences the energetic state of the cell, and, as a consequence, the 
biosynthesis of secondary metabolites. In S. lividans, the inactivation of the ppk gene 
resulted in increased production of antibiotics, especially of the antibiotic 
actinorhodin.  
 The thesis provides an interesting 2D gel analysis of the ppk mutant. The 
observed modification of the proteome underline the deregulation of many functions 
involved in nitrogen metabolism (glutamine synthetase), carbon metabolism 
(glyceraldehyde-3-phosphate dehydrogenase), phosphate transport (PstS) or in 
translation (EF-Tu and RRF). These changes could lead to the overproduction of 
molecules that might serve as precursors for secondary metabolite biosynthesis.   
Additionally a remarkable method of cultivation of Streptomyces on glass beads was 
used during these studies, which allowed high quality electron microscopy pictures 
of the developing cells. 

 
A section "Discussion" summarizes the work. For expression of cryptic 

biosynthetic pathways in Streptomyces there is no unique recipe, but this can be 
achieved either serendipitously or alternatively with a lot of work as shown by Ms. 
Nezbedová. 

An extensive bibliography ends the thesis. 
During her thesis, Ms. Nezbedová acquired numerous and various techniques: 

Informatics, Analytical Chemistry, Biochemistry and Molecular Genetics. She was 
able to deal efficiently with S. ambofaciens although this bacterium is more recalcitrant 
to genetic analysis than academic Streptomyces such as S. coelicolor or S. lividans . 

Her work should enable the writing of several articles on the effect of a Rep 
and DasR regulators, on the analysis of S. ambofaciens biosynthetic pathways and on 
the effect of PPK. 

She is co-author of an article on congocidine production: “An iterative 
assembled pyrrole-amide congocidine antibiotic in Streptomyces ambofaciens.” An 
article on PPK was written and is submitted for publication. Ms. Nezbedová has also 



co-authored a chapter: “Genome-guided exploration of Streptomyces ambofaciens 
Secondary Metabolism” in the book “Streptomyces: Molecular Biology and 
Biotechnology”. 

 
After reading her manuscript, it is clear that Ms. Nezbedová had a very 

favourable scientific environment, as the Orsay and Prague laboratories have already 
extensive experience in the field of Streptomyces and antibiotics production. However, 
this finding does not diminish the merit of the candidate who flourished and was 
creative and effective in these two Universities. In addition to the Introduction, 
which I had already highlighted the qualities, the thesis contains several new and 
important information. 

 
In conclusion, this thesis is of high quality. The work is important. Therefore, I 

recommend the University to allow Ms. Nezbedová to defend her work before the 
Review Board. 

 
 Paris, le 28 Novembre 2010 
 Philippe Mazodier 


