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Deterioração dos alimentos
Crescimento de microrganismos 

utilizando os nutrientes dos alimentos

Microrganismos e seu relacionamento com o homem

Produção de novos alimentos
O processo fermentativo altera as 

características iniciais dos alimentos

(desde o mundo do invisível)

Microbiome
Sistema imune, disbiose e 

doenças
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Porcentagem genética compartilhada
entre diferentes espécies
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Up to 30% of difference 
between the same specie 
at genome level
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Shared genetic percentage



Single mutations can 
produce phenotypic 

variations

Carotenoid pigments of 
phototrophic purple bacteria 

(Rhodospirillum rubrum)



Diversity of microbial metabolism

high performance conditions

Industrial Microbiology & Bioeconomy
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Until the year 2000, all the microorganisms that 
were studied needed to be cultivated first...



Total vs. cultivatable microbial diversity

viable cell counts after 
cultivation

soil

cultivation based methods find less than 3% of 
the bacterial and archaeal species in a sample

9



Craig Venter

Metagenomics allows to sequence new organisms 
that can not be cultivated in the lab 

Global 
Ocean 
Sampling 
Expedition
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Venter et. al., 2004. Science

– 1.2 milhões de genes previamente desconhecidos
– 148 linhagens bacterianas inéditas



Metagenomic is analogous to genomic

But the genome is not from a single microbe, but from an entire community

Metagenomics

Genomics



Microbial abundance
– 106 microbial species (OTUs*) estimated worldwide
– ~10.000 microbial species documented

Microbial total numbers
– 6x107 – 4.8x109 cells per ml or gram
– 6x1030 prokaryotes are estimated worldwide
– ~150.000 documented microorganisms 

At present we do not know the extension of the functional diversity that microbes have

1022 – 1024 stars in the Universe

*operational taxonomic units (OTUs, 16S-V4 gene clusters at 97% similarity) Louca et. al., 2019. Plos Biology



…Como se estuda a diversidade dos 
microrganismos?
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Phylogeny in bacteria

ü Evolution ➤ mutations (morphometrics) 
➤ AGE (fossil record)

ü Phylogeny in PROKARYOTES ➤ we 
know only the tips of the tree, nothing is said 
about putative ancestors

ü PROKARYOTES ➤ no fossil record ➤
molecular clocks

Molecular clocks 
(housekeeping genes):

16S rRNA, 23S rRNA, 
ATPases, TU-elongation 
factor, gyrases
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Molecular clocks

The 16S rRNA gene:

ü Universally represented
ü Conserved
ü No protein coding
ü Base pairing (helix)
ü Proper size

Carl Woese (1977) 



Phylogeny based in rRNA gene: the three domains of the life



Phylogeny based in 16S rRNA gene



Como se faz filogenia molecular?
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20CD Genomics, USA. 2021

Microbial diversity analyses
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https://www.youtube.com/watch?v=qzusVw4Dp8w

https://www.youtube.com/watch?v=qzusVw4Dp8w


22Ribeiro et al., 2019; De Siqueira et al., 2021



23De Siqueira et al., 2021



A megadiversidade escondida

v Microbial Dark Matter
v O microbioma humano
v O viroma da Terra
v Astrobiologia
v Creating artificial life
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“Microbial Dark Matter”
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v Microbes are the most abundant and diverse cellular life forms on Earth and colonize a wide range of 
environmental niches. 

v However, more than 99% of bacterial and archaeal species have not been obtained in pure culture and we have 
only glimpsed the surface of this mysterious microbial world. 

v This is so-called Microbial Dark Matter (MDM): the enormous diversity of yet-uncultivated microbes that 
microbiologists can only study by using cultivation-independent techniques.



Rinke, et al. 2013
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Single-cell genomics to target and sequence 
201 uncultivated archaeal and bacterial cells 
from nine diverse habitats
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O microbioma humano
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Cho e Baser 2012 29



Cho e Baser 2012 30
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Microbial associations with emotion, cognition, and social behavior



Rendimento escolar

Preferencias
culinarias

Humor 

Curar doenças
cerebrais e 

psicológicas
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Estágios de 
desenvolvimento 



O viroma da Terra

33
Paez Espino et al 2016



Paez Espino et al 2016 34
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Ancentral virus sinapsis
Você tem um vírus antigo no seu cérebro. Na verdade, você tem um vírus antigo na
própria raiz de seu pensamento consciente.

Ashley, J. , et al  2018



Astrobiologia
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Astronomia
Astrofísica

Microbiologia

Química

Geologia

Ciências da 
computação

Filosofia

Antropologia

A Astrobiologia é, desde a sua origem, transdisciplinar
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A Astrobiologia é uma nova ciência que surge da 
necessidade de investigar a origem, presença e influência da 
vida no Universo. 

International Partners

Associate Partners

Affiliate Partners

Centro de Astrobiologia, 
Spain

Australian Centre for 
Astrobiology

University of São Paulo 
Research Unit in Astrobiology
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O que é a vida? Como surgiu a vida na Terra? Como evolui e se desenvolve?

Existe vida em outro lugar no Universo?

Qual é o futuro da vida na Terra e em outros lugares?

A vida em ambientes extremos - é assim que a 
vida começou na Terra - e é isso que podemos

esperar encontrar em outros mundos?
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Diversos trabalhos de metagenômica
buscam explicar adaptações moleculares

de microrganismos extremófilos
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Primeira célula con 
cromosomo sintético

Mycoplasma 
laboratorium

Glass et al 2008; Gibson et al 2008; Hutchison et al., 2016

Genomic DNA donor 
(synthetic) 

Recipient cell

Creating artificial life 

Genoma
mínimo
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THE FIRST SYNTHETIC LIVING CREATURE

“...enquadrado na tradição da novela gótica, o 
texto fala sobre temas como moralidade 
científica, criação e destruição de vida e ousadia 
da humanidade em sua relação com Deus...”

It’s alive!!!

Dr. Frankenstein, 1818
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