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Abstract

Recently, several Earth-like exoplanets were found orbiting the Habitable Zone of their host stars. Many of these planets orbit around M-dwarf stars, the most abundant and long-lived stars known in the Milky Way, making them ideal
to potentially harbor life [1]. However, such stars have different spectral characteristics respect to stars like our Sun: they are less luminous, and their spectrum is shifted towards longer wavelengths, with major components being far-
red and infrared lights, while very little is emitted in the visible part of the spectrum. These characteristics don’t seem suitable for oxygenic photosynthetic organisms we know from Earth, that evolved to absorb only VIS light. Many
researchers discussed the possibility of oxygenic photosynthesis in these worlds so far [2,3,4,5], but no experimental research as been done testing organisms under simulated M-dwarf spectra. A collaboration between the
Department of Biology, the Astronomical Observatory (INAF) and the Institute of Photonics and Nanotechnology (IFN-CNR) led to the construction and development of a Star Light Simulator, an instrument able to simulate the
emission spectra of different kinds of stars (Sun and M-dwarfs included) [6,7,8]. With this innovative instrument, we were able to perform growth and photosynthetic analyses on a few species of cyanobacteria irradiated with solar
and M-dwarf simulated lights.

We have chosen cyanobacteria as our target microorganisms, as they possess extraordinary capacities of adaptation and demonstrated to be able to withstand every kind of environment on the Earth and beyond [9]. Moreover, they
were the organisms that evolved the oxygenic photosynthesis in a primordial Earth that was much more inhospitable than it is now. Finally, few years ago, they were found a handful species able to perform the so called Far-Red Light
Photoacclimation (FaRLiP), that allows them to survive and evolve oxygen in environments rich in far-red light, thanks to the production of special chlorophylls (chl d and f) and far-red absorbing forms of phycobiliproteins [10], that
absorb light above 700 nm. This is extremely interesting in the contest of astrobiology, as they are the perfect candidates to test the possibility of oxygenic photosynthesis in exoplanets irradiated by M-dwarf spectra.

= Selected light spectra Selected cyanobacteria

== V[-dwarf star

M-Dwarf light (M7L) Solar light (SL) 730 nm light (FRL) Chlorogloeopsis fritschii PCC6912
N , , Able to perform FaRLiP

; o, T |
% 7L X Dl a8 ¢

Normalized Flux

Synechocystis sp. PCC6803
Unable to perform FaRLiP

nm

A~
-y

Visible light FR IR

Comparison of the emission spectrum of an M-dwarf 53 30 B 380 430 480 530 580 630 630 730 750 W 380 430 480 530 580 B30 B8O 730 780
star and of the Sun.

Results

Growth Curves In vivo absorption spectra O, Production HPLC Analyses and 77 K fluorescence
L - B spectroscopy on C. fritschii cells
0,95 . .. 2,0 - ] . .. FRL
o C. fritschii } C. fritschii :.\SALn 3007 C. fritschir - ° 7>50nm |- / Gt
o } ~— FRL i - 1 14 2
0,85 3 7 o
E § 2 0. z" Chid
3 0o i I 5 2005 < i SL
O o751 ' a E 150-
@) J l < ~N 1
0,70 - 9 100 -
@) ]
e A g— >
o0 0 24 ;18 72 07 =2
h h ~h h o | | | | | | | _ ] <éi M7L
400 500 600 700 -50
Wavelenght ' ' ' ' '
avelenght (nm) Dark FRL WL
72h In C. fritschii no FaRLiP activation (shoulder above 700 nm) J Only FRL-adapted C. fritschii cells are able to evolve
can be seen under SL and M7L spectra. FaRLiP is activated in | significant amounts of O, if irradiated with a far red light 5
FRL as expected. source (FRL). Cells adapted to every spectra are able to <EE FRL
evolve O, if irradiated with a white light source (WL), but
— less O, is evolved by FRL-adapted cells.
1,6 - e M7L
Synechocystis 6803 : s o = |\S/|L7|_ Retention time (min)
1,4 2,5 —SL 1 .
; Synechocystis 6803 o 300 - Synechocystis 6803 B R Chl d is detected through HPLC in all conditions. Chl f is
£ . T 0] detected only in FRL-adapted cells.
8'\ 107 ] % 200-: ]
0.8+ e é %: 150__ 0,8
0,6 * A A . O 100- § —0h
' * ——— %_ 50- § v —SL
. . —M7L
- S
TR wm | w  me . T, —FRL
Wavelenght (nm) - - - - -
Da rk F R L W L ’ 660 680 700 720 740 760 780 800
- V7L eRL Pigment composition of Synechocystis sp. doesn’t change in | Synechocystis sp. cells are not able to evolve O, if irradiated Wavelenght (nm)
_ _ | the three light conditions tested. with a FRL source, however they are able to do it if ] FRL-adapted cells present a peak of fluorescence emission
Both strains grow under M7L spectrum. C. fritschii irradiated with a WL source. O, evolved is higher for M7L- | shifted up to 740 nm due to the synthesis of Chl f; M7L and

ceII's grow (slowly) under FRL thanks to FaRLiP adapted cells than for SL-adapted ones; lesser O, is evolved | SL-adapted cells don’t show this shift.
activation. No growth «can be seen for by FRL-adapted cells.

Synechocystis sp. cells in FRL as expected.

CO“C'USion References:

[1] N.Y.Kiang, A. Segura, G. Tinetti, Govindjee, R.E. Blankenship, M. Cohen, J. Siefert, D. Crisp and V.S. Meadows, Astrobiology, 7, 1 (2007)
Growth curves and O, evolution data confirm that both strains are able to grow and photosynthesize when irradiated [2] ). Gale and A. Wandel, International Journal of Astrobiology, 16 (1), 1-9 (2017)

with an M-dwarf simulated light (M7L) spectrum; surprisingly, Synechocystis sp. cells grow at a higher rate under an M- [3] R.J.Ritchie, AW.D. Larkum and I. Ribas, International Journal of Astrobiology, 17, 147-176 (2018)

. . . . .. . . . . [4] K. Takizawa, J. Minagawa, M. Tamura, N. Kusakabe And N. Narita, Scientific Reports, 7, (2017)
dwarf simulated light spectrum than under a Solar light simulated one, the reason of this is still under investigation. As 5] A.Wandel, The Astrophysical Journal, 856, (2018)

pigment analyses confirmed, FaRLiP response never triggered in M-dwarf-adapted cells of C. fritschii, but do triggered in [6] M.S. Erculiani, R. Claudi, L. Cocola, E. Giro, N. La Rocca, T. Morosinotto, L. Poletto, D. Barbisan, D. Billi, M. Bonato, M. D’Alessandro, G.
FRL-adapted cells. We hyphotesize that the visible portion of the M-dwarf spectrum is more than sufficient to allow the Galletta, M. Meneghini, N. Trivellin, M. Cestelli Guidi, E. Pace, D. Schierano, and G. Micela, Mem. della Soc. Astron. Ital. - J. Ital. Astron.
growth and photosynthetic activity of the cyanobacteria. In particular, C. fritschii cells don’t activate the FaRLiP Soc, 87, 112-120 (2016)

. . . . [7] N. Trivellin, D. Barbisan, M. Ferretti, M.S. Erculiani, R. Claudi, E. Giro, M. Bonato, L. Cocola, L. Poletto, B. Salasnich, M. Meneghini, G.
response to exploit the additional light above 700 nm that a M-dwarf spectrum provides. Meneghesso, E. Zanoni, Proc, of SPIE, 9768, 976815 (2016)

[8] B. Salasnich, R. Claudi, E. Alei, D. Barbisan, A. Baruffolo, L. Cocola, M.S. Erculiani, N. La Rocca, E. Pace, L. Poletto, N. Trivellin, Proc. of SPIE,
To confirm this assumption, 72 h growth experiments on C. fritschii irradiated with an M-dwarf simulated spectra 10707, 1070711 (2018)

depleted in the visible portion of the |ight (300_700 nm) are on-going to check wheter or not the FaRLiP response is [9] H. Cottin, J.M. Kotler, D. Billi, C. Cockell, R. Demets, P. Ehrenfreund, A. Elsaesser, L. d’Hendecourt, J.J.JW.A. van Loon, Z. Martins, S. Onofri,
activated under this spectrum ’ R. Quinn, E. Rabbow, P. Rettberg, A.J. Ricco, K. Slenzka, R. de |la Torre, J.P. de Vera, F. Westall, N. Carrasco, A. Fresneau, Y. Kawaguchi, Y.

Kebukawa, D. Nguyen, O. Poch, K. Saiagh, F. Stalport, A. Yamagishi, H. Yano, B.A. Klamm, Space Sci Rev, 209, 83—-181 (2017)
[10] F. Gan, S. Zhang, N.C. Rockwell, S.S. Martin, J.C. Lagarias, D.A. Bryant, Science, 345(6202), 1312-7 (2014)

UNIVERSITA
DEGLI STUDI
DI PADOVA




