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Microrganismos e seu relacionamento com o homem
(desde o mundo do invisivel)

Deterioracao dos alimentos Producao de novos alimentos Microbiome
Crescimento de microrganismos O processo fermentativo altera as Sistema imune, disbiose e
utilizando os nutrientes dos alimentos caracteristicas iniciais dos alimentos doencas



Porcentagem genética compartilhada
entre diferentes espécies



Shared genetic percentage between different species
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Shared genetic percentage

Up to 30% of difference
between the same specie
at genome level
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Carotenoid pigments of
phototrophic purple bacteria
(Rhodospirillum rubrum)

Norbert Pfennig



Diversity of microbial metabolism
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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

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




Global |
Ocean 5
Sampling

4
Expeditio "

Craig Venter

Metagenomics allows to sequence new organisms

that can not be cultivated in the lab

— 1.2 milhdes de genes previamente desconhecidos
— 148 linhagens bacterianas inéditas

Venter et. al., 2004. Science o



Metagenomic is analogous to genomic

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

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

Microbial abundance Microbial total numbers
— 10° microbial species (OTUs*) estimated worldwide —  6x107 - 4.8x10° cells per ml or gram
—  ~10.000 microbial species documented —  6x1039 prokaryotes are estimated worldwide

— ~150.000 documented microorganisms

*operational taxonomic units (OTUs, 165-V4 gene clusters at 97% similarity) Louca et. al., 2019. Plos Biology



...Como se estuda a diversidade dos

microrganismos?
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v' Evolution » mutations (morphometrics)
» AGE (fossil record)

v Phylogeny in PROKARYOTES » we
know only the tips of the tree, nothing is said

about putative ancestors
v" PROKARYOTES » no fossil record »

molecular clocks

Evolution # phylogeny

Molecular clocks
(housekeeping genes):

16S rRNA, 23S rRNA,
ATPases, TU-elongation
2 e e e e factor, gyrases

/\(-;- Ludwig and Schieifer, 1994 FEMS Rev 15:155-173
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(sequence). The molecule is composed of conserved and varnable regions. The

in secondary structure (folding) but has numerous differences in primary structure
positions of the variable regions are indicated in color.

Figure 12.12 Ribosomal RNA (rRNA). Primary and secondary structure
of 165 rRNA from Escherichia coli (Bacteria). The 16S rRNA from Archaea is similar
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Molecular clocks

The 16S rRNA gene

v' Universally represented
v' Conserved

v" No protein coding

v' Base pairing

v' Proper size

Carl Woese (1977)



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

PROCARIOTOS EUCARIOTOS
| ] | |
Bacteria Archaea Eukarya
Animais
nao sulfurosas Euryarchaeota Fungos
Mitocdndria Methanosarcina

2 Methano- Haldfilos Plantas
Bactérias/| Crenarchaeota Bortartin o i

Proteobacteria | Gram- Thermoproteus \
positivas Methano-
Cloroplasto Pymdicﬂu\m \ coccus Thermoplasma
Cianobactérias Thermococcus
Flavobactérias : \ Flagelados

Tricomonadas

Thermotoga

Thermodesulfobacterium Microsporideos

Aquifex

Diplomonadas
" Ancestral (Giardia)

universal

Figura 14.16 Arvore filogenética universal, determinada pela anélise comparativa de sequéncias do gene de rRNA. Sio apresen-
tados apenas alguns dos principais organismos ou linhagens de cada dominio. Dos trés dominios, dois (Bacteria e Archaea) contém apenas
organismos desprovidos de nicleo envolto por membrana (células procaridticas, @ Segdo 2.5).



Phylogeny based in 16S rRNA gene

Flavobactérias

Bactérias verdes
nao sulfurosas

Figura 15.1 Principais linhagens (filos) de Bacteria, com base nas comparacdes das sequéncias do gene de RNA ribossomal 16S.
Atualmente sdo conhecidos mais de 80 filos de Bacteria, incluindo muitos filos conhecidos somente a partir de sequéncias ambientais obti-
das em amostragens de comunidades.



Como se faz filogenia molecular?

3. Run on agarose gel;
check for correct size.

bases 9 2 3 4 5

Norbert Pfennig
N
o
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1.0—
0.75—

16S
‘ [4. Sequence. gene

16S gene

‘ [2. Amplify 16S gene by PCR.]

\//

A C G G

Jennifer Ast and Paul Dunlap
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5. Align sequences;
generate tree.

\,

I@
Distinct
Ancestral Q species

“ silva‘k

high quality ribosomal RNA databases
f Distinct
2 Specles
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Microbial diversity analyses |

Sample Barcode Primer Sequence

ConstantRegion

Sty SN

. [ S N E -
Vi V2 lV3 V4' V5 V6 V7 V8 V9
Y
Targeted Region

16S rRNA Gene

Variable Regions

CATACAGAGATGCAT Community composition: Which organisms are present?

OTU1 GATACAGCTCATGCAT

Variant sequences and

L I GATACAGTAGATGCAT - ﬁ
o CGATACAGTAGATGCAT _) I SNPS

| — OTU2 ﬁgi@gﬁﬁﬁﬁﬁ? - NCBI

= == - CAGGTAGGATAATA ‘ GreenGenes - 3 GATTACA

E— CAGGTAGGATAATA c GATTACA
OTU3 Geemeanun myRDP g

I S— CAGGTAGGAAATA y £ GATTTCA

[ oTU4 GATTACAGATTACA = =

m— S b g GATTTCA

OoTuU GATTTCA

PCR amplication

CD Genomics, USA. 2021

Group similar
sequences into OTUs

Use database to
identify OTUs

Relative abundance OTU phylogeny
of OTUs in
community
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Oxford

NANOPORE

Technologies

https://www.youtube.com/watch?v=qzusVwa4Dp8w

4
|

\ DNA double helix
) C— DNA base )
CI Ammeter K f ; ;. '

== —— Voltage source
=

Unwinding enzyme

Current

Nanopore —= “

.
—
>

= ' MinlON MKI: portable, real time biological analyses
Rl -~ eI

MinION

-
° -
.

Al Membrane
lonic current

T

21


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

Voot bi R i Nanopore sequencing provides rapid and reliable insight into microbial
Lobors o X V profiles of Intensive Care Units

THE PREPRINT SERVER FOR BIOLOGY
Guilherme Marcelino Viana de Siqueira, Felipe Marcelo Pereira-dos-Santos, Rafael Silva-Rocha,

2 Maria-Eugenia Guazzaroni
doi: https://doi.org/10.1101/2021.05.14.444165

ICU / NICU Sampling

O 16S V4 amplification

11111

0 lllumina sequencing
o} (MiSeq)

Full-length 16S amplification

' ]
O O O O ‘*\\\A es0iisccsss
o8 O """" ~  Nanopore sequencing

(MinlON)

Metagenomic DNA Extraction

Ribeiro et al., 2019; De Siqueira et al., 2021
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lllumina Nanopore
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De Siqueira et al., 2021

# Before Cleaning # After Cleaning
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A megadiversidade escondida

%» Microbial Dark Matter
¢ O microbioma humano
¢ O viroma da Terra

s Astrobiologia |
 Creating artificial life



“Microbial Dark Matter”

% Microbes are the most abundant and diverse cellular life forms on Earth and colonize a wide range of
environmental niches.

% 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.

% 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.

25



Seawater

Isolation of single
cells (n = 9,600)

Brackish/freshwater

Hydrothermal

Single-cell genomics to target and sequence

Sediment

Bioreactor

201 uncultivated archaeal and bacterial cells
from nine diverse habitats

Environmental
samples (n = 9)

Whole genome

amplification (n = 3,300)
A

Genome sequencing,

7\

assembly and QC (n = 201)

Rinke, et al. 2013
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We're hiring

MammothBiosciences COVID-19 Diagnostics GenomeEditing ProteinDiscovery Partner Resources v Company Vv

Reading and writing

the code of life.

At Mammoth, we discover novel
CRISPR systems that enable new
possibilities for expanding biology.

7
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Cho e Baser 2012

Hair

Nostril

Skin

Vagina

Actinobacteria
Firmicutes
Protecobacteria
Bacteroidetes
Cyanobacteria
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Oral cavity

Oesophagus

stomach

stomach

Colon

H. pylori (—

H. pylori (+)

\
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Cho e Baser 2012

Effect of
maternal
exposures

Environment
® Antisepsis
* Antibiotics
e Diet
Other hosts
Epigenetics

Dental
amalgam

Bottle feeding

Early/

extensive
bathing

Early-life
antibiotics

Caesarean section
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Microbial associations with emotion, cognition, and social behavior
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Curar doencas |
cerebraise |
psicolégicas |
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O viroma da Terra

doi:10.1038/nature19094

ARTICLE

Uncovering Earth’s virome

David Paez-Espino!, Emiley A. Eloe-Fadrosh!, Georgios A. Pavlopoulos!, Alex D. Thomas!, Marcel Huntemann!,
Natalia Mikhailova!, Edward Rubin"%3, Natalia N. Ivanova! & Nikos C. Kyrpides!

Viruses are the most abundant biological entities on Earth, but challenges in detecting, isolating, and classﬁymg unknown
viruses have prevented exhaustive surveys of the global virome. Here we analysed over 5 Tb of metage omic sequence data
from 3 042geographlcallyd1versesampl&stoass&$theglobal-_uuon,p vlog nd host specifi
viruses. We discovered over 125,000 partial DNA viral genomes, including the largest phage yet 1dent1fied and increased
the number of known viral genes by 16-fold. Half of the predicted partial viral genomes were clustered into genetically
distinct groups, most of which included genes unrelated to those in known viruses. Using CRISPR spacers and transfer
RNA matches to link viral groups to microbial host(s), we doubled the number of microbial phyla known to be infected
by viruses, and identified viruses that can infect organisms from different phyla. Analysis of viral distribution across
diverse ecosystems revealed strong habitat-type specificity for the vast majority of viruses, but also identified some
cosmopolitan groups. Our results highlight an extensive global viral diversity and provide detailed insight into viral
habitat distribution and host-virus interactions.

33
Paez Espino et al 2016



Paez Espino et al 2016
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Ancentral virus sinapsis

Vocé tem um virus antigo no seu cérebro. Na verdade, vocé tem um virus antigo na
propria raiz de seu pensamento consciente.

e 3
ll/””’” Chris Manfre §

Ashley, J. , et al 2018 35
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A Astrobiologia é uma nova ciéncia que surge da

necessidade de investigar a origem, presenca e influéncia da
vida no Universo.
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Diversos trabalhos de metagenomica
buscam explicar adaptacoes moleculares
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EXPLORAGAO ESPACIAL DE MARTE >

Diana Trujillo, diretora de voo do ‘Perseverance’: “Algo
de vida tem que haver em Marte”

Engenheira aeroespacial colombiana, encarregada de narrar a aterrissagem da nave da NASA, diz que o
objetivo da missao € encontrar rastros de atividade microbiana de bilhoes de anos atras

o
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Creating artificial life

Genome Transplantation in Bacteria:
Changing One Species to Another

Carole Lartigue, John I. Glass,* Nina Alperovich, Rembert Pieper, Prashanth P. Parmar,
Clyde A. Hutchison I, Hamilton O. Smith, ). Craig Venter

Mycoplasma mycoides

Genomic DNA donor
(synthetic)

—

Genoma
minimo

Mycoplasma capricolum

Recipient cell

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

J. Craig Venter™ | oS

P ST T U TE

/ Mycoplasma \
laboratorium

—
e

|

Primeira célula con

qomosomo sintéticoj
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THE FIRNT SYNTHETIC LIVING CREATURE

It’s alive!!!

Dr. Frankenstein, 1818

“...enquadrado na tradicao da novela gética, o
texto fala sobre temas como moralidade
cientifica, criacao e destruicao de vida e ousadia
da humanidade em sua relacao com Deus...”

43



China-US scientists grow first human-monkey embryo, but is

it ethical?

* It's not in bad taste, says Chinese researcher after injecting human stem cells into macague embryos to
explore possibility of growing organs for transplants

+ Most of the embryos died and others grew only low levels of human cells, but the progress achieved
leads some to raise fears over where the experiments may lead

g Stephen Chen in Beijing
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