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CYANOBACTERIAL CELL FACTORIES

Synechocystis sp. PCC 6803 as heterologous expression host
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STARTING POINTS & QUESTIONS:
The biosafety question of GM cyanobacteria is practically unexplored.

What could happen in the case GM cyanobacteria are released from a contained system?

TRANSLATION BIOSYNTHESIS
Rhamnose to the rescue [4+2] cyclases under scrutiny

Can GM cyanobacteria recombine their genetic material with wild-type relatives?

Cyanobacterial role model

Can we identify wild-type relatives in the environment?
How can controlled cell death be triggered specifically for GM cyanobacteria?

What is the natural mechanism of cell death in a cyanobacterial cell?
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Bacterial caspaselike enzymes

Bacteria possess enzymatically active caspase
homologues that we named Orthocaspases.

TA-modules In cyanobacteria

There is a great variability of toxin-antitoxin
modules in cyanobacteria. What is the link to
(programmed) cell death?

Improved biosafety of cyanobacteria

Cells can be triggered to start an introduced
suicide programme. Synthetic biology.
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Synthetic biology toolbox for cyanobacteria, DNA
barcoding of cyanobacteria, Cyanobacterial
biofilms, Environmental growth triggers, ...



Bacterial genomes are rich In paired toxin -antitoxin genes
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Hong -Geller & Micheva -Viteva: Targeting bacterial persistence to develop therapeutics against infectious disease In: Drug Discovery and Development - From Molecules to Medicine (Vallisuta & Olimat , eds.),InTech 2015



Toxins, antitoxins and TA pairs In selected (cyano)bacteria

Species/ strain Putative nr.of T and A |Putative nr.of TA pairs Proteins

Prochlorococcumarinus AS9601

Synechococcisp. CC9311

TrichodesmiumerythraeumiMS101

Synechococcus elongalRiSC 7942

Synechococcisp. PCC 7002

Synechocystisp. PCC 6803

Nostocsp. PCC 7120
Cyanotheceap. ATCC 51142

MicrocystisaeruginosaNIES -843

Makarova , Wolf & Koonin , Comprehensive comparative -genomic analysis of Type 2 toxin -antitoxin systems and related mobile stress responsesystemsin prokaryotes.
Biology Direct 4:19 (2009) - excerpt from Additional File 10




There are at least 6 types of TA pairs by

mode of action

Lee & Lee: Structure, biology, and therapeutic application of toxin €éantitoxin systemsin pathogenic bacteria.

Toxins 8, 305, Oct. 2016
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The putative biological roles of TA pairsar e G

- Post-segregational killing of cells that lost a plasmid (a.k.a. plasmid addiction )
- Stressresponsein form of growth arrest A dormant persister cells

- Substantial reduction In population density A altruistic cell death

- Triggering biofilm formation

- Bacterial Immune response

- Multidrug tolerance (due to quasi-dormant state)



We are slowly starting to understand the biochemistry of TA pairs

Lee & Lee: Structure, biology, and therapeutic application of toxin €antitoxin systems in pathogenic bacteria. Toxins 8, 305, Oct. 2016



