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The world faces an increasing need for sustainable production of fuels and chemicals. Recently, 
acetogens have gained significance as cell factories for converting inexpensive and abundant waste 
feedstocks (e.g. syngas [CO, H2, CO2], industrial waste gases) into high-value products using gas 
fermentation. Furthermore, acetogens are ancient microorganisms as they arguably use the first 
carbon fixation pathway on Earth to fix CO2. Although biochemistry of the Wood-Ljungdahl pathway is 
well understood, better understanding of the regulatory features of acetogen metabolism is needed for 
their rational metabolic engineering. 

Here, we developed a systems biology platform and coupled multi-omics analyses with molecular 
biology methods to unravel fundamental regulatory features in acetogen metabolism. We used 
steady-state autotrophic chemostat cultivation coupled to quantitative gas, transcriptomics, proteomics, 
metabolomics analyses to propose a novel regulatory mechanism for carbon distribution, discover the 
prevalence of post-translational regulation of metabolic fluxes, and suggest relevant in vivo activities in 
the model-acetogen Clostridium autoethanogenum. We further used differential RNA-sequencing to 
decipher transcriptional architecture and to identify a key promoter motif associated with essential 
genes for autotrophic growth. Next, integration of proteomics with molecular biology methods revealed 
that a TetR-family transcriptional regulator protein directly binds to both the promoter and the RNA 
polymerase. Moreover, in vivo experiments showed it activates GFP expression from the novel 
promoter, suggesting it might be the key transcriptional regulator in acetogens. 

Our work both serves as a reference dataset and advances fundamental understanding of the 
regulatory features in the ancient metabolism of acetogens. It also suggests strategies for improving 
the performance of gas-fermenting acetogens through rational metabolic engineering. 



 

 

Bio: 
 
Dr Esteban Marcellin 
Group Leader 
Marcellin Group 
+61 7 33463158 
e.marcellin@uq.edu.au 

 
 
Dr Esteban Marcellin graduated in Chemical Engineering from The Universidad Iberoamericana in 
2005. He obtained a PhD in Bioengineering in 2010 from the University of Queensland. He is now the 
director of The Queensland Node of Metabolomics and Proteomics Australia at The University of 
Queensland and a group Leader at the Australian Institute for Bioengineering and Nanotechnology. He 
is also a chief Investigator at the ARC Centre of Excellence in Synthetic Biology. Dr Esteban Marcellin's 
research is focussed on Advance Biomanufacturing and Systems and Synthetic Biology. Systems 
biology is a powerful tool to guide the improvement of fermentation processes. It is an important tool 
used to identify targets for metabolic engineering and to develop new microbial and mammalian 
production strains. Our projects aim at producing efficient cell lines to increase yields and productivities 
of mammalian cells lines for biologics production as well as microbial cell factories. In collaboration with 
leaders in the industry, such as Lanzatech, Amyris, Zoetis, Dow, CSL and Patheon Thermo Fisher we 
are applying systems metabolic engineering to enhance yields and to increase the production scope of 
the advanced biomanufacturing sector. His research has been published in multiple journals including 
PNAS, Nature Communication, Cell systems and Metabolic Engineering.  
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