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Background

®» Bachelor’s degree in Physics — Barcelona (Spain)

®» Master’s degree in Physics, Biophysics - Copenhagen (Denmark)

... just diving into astrobiology
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Where are we (Biocomplexity)

O Microbiology

® Biocomplexity

@ Chemistry

@ Astrophysics and
Planetary Science




“PhD 4” - “Micro-biological influence on
atmospheric dynamics”




Some ideas - Roles of Biological Aerosols

Alters atmospheric chemistry

Degradation rates
depend on factors as

S - Degradation (Breakdown pHand T h hei "
Ex: Pseudomonas : Microbiological Activity / /— Changes their IN or CNN ability
Syringae -20C ‘ —{ Can be actve IN near 0°C | w of macromolecules)

Potential Role of Biologi- ; ,
cal Aerosols f Photochemistry }——-( Cyanobacteria 0

( Cloud Condensation Nuclei (CCN) ) Ex: For bacteria, resi-
dence times are from

/ Collisions with other organic compounds }— days to weeks thus they

might interact.

Cloud droplet density: 2x108 /ml

Cell Lysis
¢ .
\_ Desorption

Chemical composition

Could modify their:
Size

Bacteria: 103 — 10* cells/m3

Every branch yields different cloud
formation scenarios / potentially
influences cloud dynamics.



® Dead, dormant or actively reproducing

® Model atmosphere as playground

® [deally 2 Narrow down phenomenology and translate it into biosignatures

Ex: Gaseous Surface Temporal
Ex: Oxygenic Photosynthesis % e.g., “Keeling curve”
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Some ideas - Flux Balance Analysis - Metabolic network reconstruction

A<> B+C Reaction 1

®» Simulate Microorganism Metabolism a  Genome-scale B+2C—>D Reaction2
metabolic reconstruction
{ g . Reacti
® [mplementin a dynamical model = See what comes out in cactonn
simple scenarios | .
Reaclions oéb\s&‘? &k‘
i 2 n °¢" g%
b Mathematically represent é 1
metabolic reactions § C : :;
: 3 *
and constraints 8D 1
2 . E1
-1
m
Stoichiometric matrix, S Fluxes, v
—V + w.=0
C  Mass balance defines a V- Vo+..=0
system of linear equations V, =2V, +..=0
V,+..=0
etc.
d Define objective function To predict growth, Z = Viiomass
(Z=c'vy+c' v, ...)
Vs z
Could use it to predict the growth < = o
e Calculate fluxes

rate as a function of some boundary
conditions.

that maximize Z Solution space
defined by

constraints




However ... bacteria are unlikely to encounter “good” growth conditions outside batch cultures
found in laboratories. This becomes evident by noticing that a single E.coli cell, if growing in the
exponential phase, would grow to a population equivalent to the mass of the Earth within 2 days, a
statement that obviously disagrees with both common sense, and the estimated (4-6)x10/30

prokaryotes on Earth.

® On Earth:

* Viral abundance correlates with microbial presence - 5-10 VLPS per bacteria.

* Estimated to kill 4-50% of the bacteria produced every day.

Does it make sense to
study bacteria alone?



Some ideas - Significance of peaks - Simulate Experimental Noise

® Simulate James Webb Telescope experimental noise

® Establish some lower limit for the significance of peaks
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d*Erf((x-b)/a)+c

[ Histogram
[_1 Histogram

800
$  Uncertainty

w pin | |l|__ .JLI !l
. " nonEng i

70

g Zw J'
400 &
» LI I g t
‘ f [ Iled [T L[4
|| 1] N_dof 46
chi2 52.22
il Prob(Chi2) 0.25
200 ¥ i, a 2.93 +/- 1.49
ol b 387.58 +/- 0.80
w, c 40.23 +/- 0.96
ﬁ/ M d 13.19 +/- 0.97
]:\V 4, Chi2/Ndof 1.14
0
o 200 400 600
E (keV) 350 360 370 Eihannel numherﬁQﬂ 400 410




Thanks!




