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Almost 4300 new exoplanets
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Credits: NASA/ESA



Rocky exoplanets orbiting M-dwarfs
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Rocky terrestrial exoplanets in the 
Habitable Zones of M-dwarf stars



M-dwarfs
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10 times less luminous 
than the Sun

Different light spectrum (very poor light 
in the visible)

Live long enough to 
sustain life evolution

Most common stars in the Milky Way 
(76% of total stars)

Visible light FR IR

Sun
M-dwarf

Host numerous rocky terrestrial 
exoplanets in their HZ



Oxygenic Photosynthetic Organisms
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All have chl a



Oxygenic Photosynthetic Organisms
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Oxygenic Photosynthesis uses only the 
Photosynthetically Active Radiation (PAR)
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Sun
M-dwarf

Visible light FR IR

IR reflected

PAR = 400 – 700 nm



Oxygenic Photosynthesis uses only the 
Photosynthetically Active Radiation (PAR)
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Sun
M-dwarf

Visible light FR IR

PAR = 400 – 700 nm

Kiang et al, 2007
Gale and Wandel, 2017

Ritchie, Larkum and Ribas, 2017
Takizawa et al, 2017

Wandel, 2018
Wandel and Gale, 2020



O2 and chl a are
observable by remote sensing
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Atmospheric biosignaturesSurface biosignatures

Red
edge

O2
chl a



Objectives of the Research
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8

Simulate M-dwarfs light spectra and exoplanetary 
atmospheric compositions

Test Oxygenic Photosynthetic Organisms survival and 
photosynthetic activity

Evaluate impact on primeval atmospheres and red edge features



Target Organisms: cyanobacteria
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Simplest and most adaptable
Oxygenic Photosynthetic

Organisms



Cyanobacteria evolved the Oxygenic photosynthesis 
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Cyanobacteria
Responsible for the 
Great Oxygenation
Event ~ 2,2 billion

years ago



Cyanobacteria colonize extreme environments
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Ices

Stromatolites

…and Space!

Thermal Springs

Hot and Cold DesertsCaves
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Far-Red Light Photoacclimation (FaRLiP)
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Photoacclimation to 720 nm FR light

Visible light FR

Cyanobacteria grow under FR lights… …and under M-dwarf lights?

17 genes

PSI PSII Antenna FR photoreceptor

FaRLiP

- Synthesis of Chl d and f
- Reorganization of the photosynthetic apparatus
- Photosynthesize (O2 evolution) in FR

(Gan and Bryant., 2015; Gan et al., 2014)

14/38



Far-red
edge
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Spectral features of exotic oxygenic photosynthesis
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O2
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Results - 1

Gears and their improvement

16/38



Experimental Setup
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Spectrometers

SLS

RDS

ASC

O2 Sensing
CO2 Sensing
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Battistuzzi et al, 2020



Star Light Simulator (SLS)
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• 25 channels, 365-940 nm range
• Radiation of F/G/K/M stars

(Erculiani et al., 2016; Trivellin et al., 2016; Salasnich et al., 2018)
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Atmosphere Simulator Chamber (ASCv1)

Mariano Battistuzzi Studies on photosynthetic organisms as a tool for improving the success of future space missions

• 0,5 L sealed stainless steel growth chamber
• Glass window
• Temperature, Pressure and Atmospheric Composition tunable
• O2 and CO2 Sensors

Microorganisms
(Cyanobacteria)CO2 DetectionO2 Detection
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Reflectivity Detection System (RDS)
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Red edge
Battistuzzi et al, 2020
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Validation of the Setup
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O2 production

Evaluate impact on 
atmospheric compositions

Evaluate growth from 
remote

CO2 consumption O2 production rateCO2 consumption rate

Battistuzzi et al, 2020
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Validation of the Setup
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Reflectivity Detection
to measure NDVI

Calibration of NDVI 
with growth index
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Battistuzzi et al, 2020
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Setup improvement
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SLS

ASCv2

+ Improved sample volume
+ Better light intensity control
+ Better temperature control
+ Improved CO2/O2 sensors

ASCv1
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ASC improvement
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x 3 FR (Far Red simulator)

M7 = M-dwarf (SLS)

SOL (Solar simulator)
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Results - 2

Astrobiological experiments
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M-dwarf in terrestrial atmosphere
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3 Light conditions

M7

FR

SL

2 cyanobacterial species

20 µm 20 µm

Light Intensity = 30 
µmol photons m-2s-1 

(380 – 780 nm)

Synechocystis sp. PCC 6803Chlorogloeopsis fritschii PCC 6912

FaRLiP userFaRLiP user Non-FaRLiP userNon-FaRLiP user

T = 30 °C

P = 1 Atm (Terrestrial atmospheric composition)
P,T constant
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M-dwarf in terrestrial atmosphere
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Growth on solid media

Claudi et al, submitted

FaRLiP userFaRLiP user

Non-FaRLiP userNon-FaRLiP user

Cyanobacteria grow in simulated SL and M7 conditions similarly
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M-dwarf in exotic atmospheres
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2 atmospheric conditions

Terrestrial-like atmosphere enriched in CO2

75 % N2, 20 % O2, 5 % CO2

Primeval atmosphere

95 % N2, 5 % CO2
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M-dwarf in exotic atmospheres
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Physiological measurements

All tested conditions of atmosphere and light (except FR) 
favored cyanobacterial growth
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- Optical density (cell concentration measurement)
- Photosynthetic pigment content (Chl a concentration)
- Biomass
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M-dwarf in exotic atmospheres
…and at a molecular level?

RNA extractions

PSI PSII Antenna FR photoreceptor

Sample recovery

qRealTime PCR
Data analysis

Molecular analysis
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Conclusions and take home messages
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Survival and Growth of Oxygenic Photosynthetic Organisms is possible under M7 light conditions and
primeval atmospheres, with or without specific far-red adaptations
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Future Work
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- Complete molecular biology analysis

32/38

- Test a wider amount of atmospheres

- Collect the results in a database to be shared with the astro-community
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