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Good morning everyone, i’m Mariano Battistuzzi and today i’m going to present you some updates on my PhD project. -5s-



Many of  them in the Habitable
Zone (HZ) of  M-Type Stars

Visible light FR IR

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

Live long enough to sustain life 
evolution

Gale and Wandel, 2017
Ritchie, Larkum and Ribas, 2017

Takizawa et al, 2017
Wandel, 2018
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As you may know, many rocky exoplanets have been found orbiting the HZ of M-type stars.These stars are interesting because they are the most common in our galaxy and live long enough to sustain life evolution.However they have a spectra deeply different from that of the sun and a fainter light, which don’t seem suitable for oxygenic photosynthesis, that works in the visible light.Many papers discussed theoretically the possibility of oxygenic photosynthesis in these worlds but so far no one has been actually testing organisms under those spectra



Biological Questions:

1

2

3

Could Oxygenic photosynthesis be performed and which
impact would it have on a primeval atmosphere?

Atmospheric biosignatures could be generated by the activity
of  these organisms?

Could Oxygenic Photosynthetic organisms survive/grow
under M-type star light spectra?

Aim of  the Project
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So, within our project we asked 3 biological questions:123-25s-



Star Light Simulator (SLS)

• 25 channels, 365-940 nm
• 273 air cooled diodes
• custom-made software
• Emission spectra of F/G/K/M - type stars

(Salasnich et al, 2018; DOI: 10.1117/12.2311436)
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To answer those questions, INAF and IFN built up the Start Light Simulator, that can simulate the emission spectra from 365 nm to 940 nm of different kinds of stars,



• 0,5 L sealed stainless steel growth chamber
• Borofloat window (SLS approved!)
• Temperature, Pressure and Atmospheric Composition tunable
• Equipped to measure O2 and CO2 Concentration

(Erculiani et al, 2016; Memorie della Società Astronomica Italiana 87;112)

Atmosphere Simulator Chamber (ASC)

Microorganisms
(Cyanobacteria)CO2 DetectionO2 Detection
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And the Atmosphere Simulator Chamber, in which we can grow the microorganisms under different pressures, temperatures, atmospheric compositions, while measuring co2 and o2 concentrationINDICARE MICROORGANISMI



Validation Experiments
with Photosynthetic Microorganisms
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To test this setup i made a series of experiments with a model photosynthetic organism
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Validation Experiments
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The experiments demonstrated we can follow the growth of microorganisms by remote sensing. I’m just showing you now an example of these experiments.i took the reflection spectra at different time points during the experiments, then i calculated their NDVI valuesAs you can see in this graph we can correlate the growth in NDVI over time with the growth in Optical Density, taken at the beginning and at the end of the experiments, the only moment in which the chamber was open.Microorganisms growth was also confirmed by their photosynthetic pigment content, that grew accordingly to the Optical density over timeAnd by the the carbon dioxide consumption and oxygen evolutionWith the validated setup we..



Short-Term Experiments
2 Target cyanobacteria species:

20 µm

20 µm

• Chlorogloeopsis fritschii sp. PCC 6912
Able to grow under far-red light (720 nm) 
Gan and Bryant, 2015

• Synechocystis sp. PCC 6803
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we started our short-term experiments on our target species, The model organism synechocystis (sp. PCC 6803)And (Chlorogloeopsis) fritschii (sp PCC 6912) that is able to grow under far-red light, a light abundant under M-type spectra.-35s-



Environmental Conditions

G2: Simulated Solar light 
M7: Simulated Red Dwarf light
Atm Ter: Simulated terrestrial-like atmospheric composition enriched in CO2 (20% O2, 75% CO2, 5% CO2)
Atm Mod: Modified atmospheric composition depleted in O2 (95% N2, 5% CO2)

T = 30°C

P = 1 Atm

Light Intensity
= 30 µmol m-2s-1 (VIS)

Short-Term Experiments

G2 M7 Atm Ter Atm Mod
1 X X
2 X X
3 X X
4 X X

Light Atmosphere Composition
Exp n°
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Maintaing pressure, temperature and light intensity constant, we performed several experiments combining different light spectra and atmosphere compositionsThe light spectra chosen were a simulated Solar light as a control and the simulated red dwarf lightAtmospheric compositions were a terrestrial like one enriched in co2 as a control and a modified atmosphere depleted in O2, such as the atmosphere of a primeval Earth.



Biological Questions:

1

2

3

Could Oxygenic photosynthesis be performed and which
impact would it have on primeval atmospheres?

Atmospheric biosignature could be generated by the activity
of  these organisms?

Could Oxygenic Photosynthetic organisms survive/grow
under M-type star light spectra?

Aim of  the Project

WIP

TO BE 
DONE
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So considering our biological questions, we demonstrated that Oxygenic Photosynthetic organisms could survive and grow under an m-type light spectra.For the other 2 questions, we’ll have to perform more experiments.I am now working to have reliable data about the impact of oxygenic photosynthesis on primeval atmospheres, instead work as still to be done regarding the last point.-25s-



Future Plans

• Short-Term experiments with different atmospheric pressures
• Long -Term experiments with increasing CO2 concentrations (10 up to 

100%)
• Molecular analyses on cyanobacteria grown under Short-Term experiments

environmental conditions
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As future plans, i will performShort-Term experiments with different atmospheric pressuresLong -Term experiments with increasing CO2 concentrations (10 up to 100%)And Molecular analyses on cyanobacteria grown under Short-Term experiments environmental conditions
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Thanks for the attention
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