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First step:  
- M starlight simulator 
and Incubator build-up 
- Choice of organisms 

Second step:  
- Irradiation of selected organisms with 

terrestrial conditions,  
- Optimization of physiological analyses 

for the selected orgnisms 

Third step:  
- Irradiation of the samples with M star 

radiation, 
- Analysis of photosynthetic 

performances. 

Fourth step:  
- Irradiation of organisms with  

M star radiation at terrestrial 
temperature and extrasolar planet  

gaseous mixture.  
- Analysis of photosynthetic 

performances. 

Timeline of experiments  

      AIMS Study the metabolism, vitality and gaseous production of 
photosynthetic organisms when forced to live in a different environment, 
miming an earth-like planet orbiting around the HZ of an M type star.  



SUN 

M5V 



Resistent to harsh environemnts 

Sensitive to the FR and NIR  
radiation 

Photosynthetically active 
in low light conditions 

No day-night cycle: continuous  
irradiation 

The choice of organisms 

Able to live in modified atmosphere 



The high plasticity of cyanobacteria 

https://upload.wikimedia.org/wikipedia/commons/7/7f/Cyanobacterial-algal_mat.jpg


Acaryochloris marina 

Larkum research group, Nature 2005 



Gan et al., 2014 SCIENCE (September) 
Extensive remodeling of a cyanobacterial photosynthetic 
apparatus in far-red light  
 

Gan et al., 2015 LIFE 
Occurrence of Far-Red Light Photoacclimation (FaRLiP) in 
diverse cyanobacteria  
 
Gan e Bryant., 2015 Environmental  Microbiology 
Olsen et al., 2015 Frontiers in Microbiology 
Adaptive and acclimative responses of cyanobacteria to 
far-red light (FaRLiP) and low light (LoLiP) 

Recent findings 



http://www.nhm.ac.uk/ 

Which kind of environments? 

Gan and Bryant., 2015 



FaRLiP cyanobacteria 

After only 24h of FarRed light  
(720nm, 15 µmol photons m-2 s-1)  
 
reorganize the photosynthetic apparatus 
  
reaching a photosynthetic activity up to 
40% faster then in Red light  

Gan and Bryant., 2015 

They have a special cluster of 21 genes: coding for a FR light photoreceptor  
and protein and pigment 
components of the major three 
complexes of the photosynthetic 
apparatus: 
 PSI, PSII and phycobilisomes 



Gan and Bryant., 2015 



First described for shaded Synechococcus sp. ecotypes of 
Thermal Spring,Yellowstone National Park 
 
Are characterized by peculiar genes coding for light harvesting 
complexes coponents of the photosynthetic apparatus absorbing 
FR light: photosystemIICP43protein homolog isiX/ Allophycocyanin 
subunit apcB3/ Allophycocyanin subunit apcD4/Hypothetical protein 
(putative low light photoreceptor)  
 
Synechococcus sp., Chlorogloeopsis spp.PCC6912andPCC9212, 
Fischerella sp. PCC9605, Chroococcidiopsis thermalis PCC7203, 
Gloeocapsa sp. PCC7428, Xenococcus sp.PCC7305,and 
Leptolyngbya sp.PCC 6406. 

LoLiP cyanobacteria 



Chl a+b 

In vivo absorption spectra of photosynthetic organisms containing 
different chlorophylls and the quantum yield of photosynthesis using 
only chlorophylls a and b (grey line).  

http://plantsinaction.science.uq.edu.au/book 

This discovery lead to enlarge the PAR radiation range 



Gan and Bryant., 2015 



Chlorogloeopsis frischii PCC 6912 

Chroococcidiopsis thermalis PCC7203 

The selected organisms 

20 µm 

20 µm 

20 µm 

Acaryochloris marina 



Cyanobacteria from thermal springs 



Cyanobacteria from caves 



Growth analyses (OD, biomass, Fo) 
Light and fluorescence microscopy 
 
Pigment composition of extracts (spectophotometer and HPLC) 
In vivo absorbance, trasmittance and reflectance spectra 
 
77K fluorescence spectra 
FluorCam and dualPAM fluorescence analyses 
Tunable Diode Laser Absorption Spectroscopy 
 

Physiological analyses 



Light and fluorescence microscopy 

Chlorogloeopsis frischii PCC 6912 



 In vivo spectra by Cary 5000  
(collaboration with Prof. Pellizzo) 



Mesuring Chls levels and photosynthetic efficiency by Fluor Cam 



The organisms in the MINI LISA incubator 



FluorCam output 



gas 

Masuring CO2 by Tunable Diode Laser Absorption 
Spectroscopy setup (TDLAS) 

Accuracy: O2 <1% ; CO2 , CH4= 0.1%   
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