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Photosynthesis on Venus?

What are the photophysical constraints on Earth?

What is the photon flux within Venus’ clouds?

Which A are available for photosynthesis?

Could Earth life survive in this light?
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Photosynthesis on Earth

oxygenic photosynthesis anoxygenic photosynthesis

2H,O—>» 20, +4H*+4e 2H,S—» 2S +4H*+4e

* plants, cyanobacteria, moss, algae...  green sulfur bacteria, purple bacteria...
* pigments: chlorophyll, carotenoids, * pigments: bacteriochlorophyl,
phycocyanin, etc. carotenoids, etc.
I
chlorophyll a N7 bacteriochlorophyll a
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Photon Flux (m?s?1nm)

Absorption of Solar Radiation
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Photosynthetic Windows

Photosynthesis :
H,O
SRS (5 EET y Earth @Sealevel 1 ;4

atmospheric -—Chla —BChla... {1

absorption bands... . -— Chl b 1.4
. 2
Y 3E+18 + | 1,2
é I
X . 1
2 |
L oE+18 4 ; 0,8
c
o [
o I I 0,6
c | [
o | |
1E+18 + /\I / ; 0,4
[ [
: 0,2
\{, |
O M M M : M 2 : 2 : ny |\: 2 P : M M M } M M M : M M M : M 2 M i O
200 400 510]0) 800 1000 1 240]0) 1400 1600 1800 2000

- Stomp et al. IMSE J., 1, 271-282 (2007) Wavelength (nm) 6

Relative Absorbance



Minimum Determinants of Photosynthesis
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Photosynthesis on Venus?

What are the photophysical constraints on Earth?

What is the photon flux within Venus’ clouds?
Which A are available for photosynthesis?

Could Earth life survive in this light?
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Solar Irradiance in Venus’' Clouds

*Yeon Joo Lee
* Lee, et. Astronom. J. 158, 126 (2019)

* local noon time, 15° latitude

* CO,, H,0, N,, SO,, OCS, HCI,
CO, HF, and H,S

e Rayleigh scattering

e aerosols (modes 1, 2, 2/, 3)
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Photon Flux (m2 st nm-)

Photon Flux in the Lower Clouds
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Photon Flux (m2s*nm-)
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absorbance spectra;:

Earth Life in Venus' Light

2

intact cells...
cell extracts...

BChl + carotenoids...
protein complexes...
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Anoxygenic Phototrophs (BChl, etc.):

Chlorophyll a & b (control) -
Pelodictyon, intact cells
Chlorobium phaebacteroides MN1, intact cells
Ectothiorhodospira halophila BN 9910, extract
Roseospirillum parvum, intact cells

Ectothiorhodospira halochloris BN 1850, extract -
Blastochloris viridis, intact cells
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Venus' Lower Clouds vs. Earth’s Sea Level

7E+18 —— _ 2
Venus@49.5km Earth @S<zaLevel; "
6E+18 + . ’
~ - Photosynthetic s
= 1 _ -
Shai ven  Windows @ [** &
3 Eart F 12 =
! 4E+18 + =
15 Overlap s
X <
E 3E+18 + 0z .%
E 2E+18 - 0,6 %
b= T T
o L 0,4
1E+18 + .
0 - = — - - 0
200 800 1000 1200 00

Wavelength (nm) "



Photon Flux (m2s*1nm-)
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Windows for Venus Spectrometry

Venera 8-12 (UV spectrometer, <500 nm); VeGa 1 & 2 (ISAV, 394 nm)
aerosols . ' :
Pioneer Venus (particle size spectrometer, LCPS, 600 nm)
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Theortetical Biomass

spherical A. ferrooxidans

cnhorirnl
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Pioneer Venus: Size particle spectrometer (|.CPS)  [RrraarAle)
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lower cloud layer
mode 2’ ~1

mode 3 ~4
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middle cloud layer
mode 2 ~1.3
mode 3 ~3.5
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Life Detection & Habitability

Raman LIDAR Fluorescence LIDAR Life Detection Microscope

organic functional groups complex biochemicals/organics aerosol structure

Inorganic minerals bio/chemical activity/reactivity
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Possible Metabolic Cycles

v’ anoxygenic photosynthesis
v'"Raman & Fluorescence...

carbon meta bollsn‘ng o H,C,0, H.R,S, H,R,SO,

sulfur metabolism

H*, CO,

N7
H, metabolism
T Ho0, HY @H"CVOZ
T X) @ carbon & H,
| CO, :
metabolism

| Fe3*, Fe3* complexes| | Fe?*, Fe?* complexes|

iIron metabolism
0, l nitrate
w NO, (NO, N,) metabolism

H,C,
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Can Biomolecules Spectrally Contribute?

Albedo/Transmision: 300-500 nm  Biomolecule Absorbance: 200-300 nm Biomolecule Absorbance: 300-500 nm
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