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stranded
’\‘ “ RNA

o EVOLUTION STARTS A
The first protocell is just a
sac of water and RNA and

requires an external

(such as cycles of heat and

cold) to reproduce.

will soon acquire new traits.

© PROTEINS APPEAR A
Complex systems of RNA
catalysts begin to translate
strings of RNA letters
(genes) into chains of amino
acids (proteins). Proteins
later prove to be more
efficient catalysts and able

to carry out a variety of tasks.

membrane

¢/

© RNA CATALYSTS ¥ °

Ribozymes—folded RNA mole-
cules analogous to protein-based
enzymes—arise and take on such
jobs as speeding up reproduction
and strengthening the protocell’s
membrane. Consequently,
protocells begin to reproduce
on their own.

Lipid—

NI °
“CE RNA s \
duplicated
New \
strand
g © METABOLISM BEGINS A
Ribozyme ()(hcr nbnz\mes catalyze
stimulus of
reactions that enable protocells
But it to tap into nutrients from the [ ]
environment.
e PROTEINS TAKE OVER ¥ °
Proteins take on a wide range of
tasks within the cell. Protein- iy
based catalysts, or enzymes, f g
gradually replace most D —
ribozymes. B
3 [
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5(4\ , 2
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Q THE BIRTH OF DNA A o
N

o BACTERIAL WORLD A

Organisms resembling modern

bacteria adapt to living virtually

everywhere on earth and rule

unopposed for billions of years,

until some of them begin to evolve [
into more complex organisms.

Other enzymes begin to make
DNA. Thanks to its superior
stability, DNA takes on the role
of primary genetic molecule.
RNA’s main role is now to act
as a bridge between DNA and
proteins.
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* Gut physiology
* Brain function and behavior
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P %:—(gu’r-brc:in axis)

Gut-brain axis pathways Microbiota/probiotic targets

*  Neural *  [mmune system

ENS, ONS through *  Epithelial function

vagus and/or and bamier

spinal affcrents *  Neurotrmnsmission
Gut-brain *  Muscle function

*  Humoral :

Cytokincs axis

hormones.

neuropeptides,

Microbial bio-
active substances

Micrébota/
Probiotics
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Interkingdom Supraorganism

Colonization and stress tolerance Dynamics of mobility, growth, and merging
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energy input

autotrop_hic NN £ A X E X assimilation,
s photosynthesis

atmosphere

consumers (animals)
decomposition,
leaching, respiration

weathering

erosion

sedimentary rock formation P sediments
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Pioneers of Gaia: Lovelock & Margulis




Gaial|

GAIA:
PERSISTER AND
INTERACTOR

MULTISPECIES COMMUNITIES,
SYMBIOSES AND ECOSYSTEMS:
PERSISTERS AND
INTERACTORS

SPECIES:
REPRODUCERS (SPECIATORS) AND
INTERACTORS

ORGANISMS:
REPRODUCERS AND
INTERACTORS

CELLS:
REPLICATORS AND
INTERACTORS

GENES:
REPLICATORS (AND
INTERACTORS)
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