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A vida na Terra: quimica prebiotica,

origem e evolugdo da vida
Leitura:

Caps. 5 e 6 do livro "Astrobiologia: uma ciéncia

n
emergente

Cap. 9 do livro "Astrobiology: a multidisciplinary

approach”.
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A evolugao molecular da vida

A Terra possui, desde sua condensacdo e momentos iniciais, a quimica
necessaria para a formagdo de compostos organicos mais complexos (4 ou

mais moléculas contendo pelo menos um atomo de C)

A Terra ofereceu, nas primeiras centenas de milhoes de anos, as condigcoes
energeticas, a interface sélido-liquido e o reservatorio quimico necessarios

para que reagoes quimicas com baixos canais de reagao ocorressem

As condicoes astrofisicas e cosmologicas sugerem que a bioquimica
necessaria para o aparecimento de sistemas vivos esta disponivel (embora
com pouca abundancia, comparada com os dias de hoje) desde cerca de

150 x 10¢ anos apos o Big Bang (aulas 2 e 3)

Carlos Alexandre Wuensche (2019)



J Historico
Investigacoes sobre a origem da vida remontam a:
Francesco Redi (sec. XVII)
John Needham (sec. XVIII)
Louis Pasteur, John Tyndall e Charles Darwin (séc. XIX)

Alexander Oparin, John Haldane, Harold Urey e Stanley Miller
(sec. XX)

Carlos Alexandre Wuensche (2019)



Surgimento do planeta Terra (amInoacldos, actcares, lipideos
4,5 bllhoes de anos atras etc.) a partir de moléculas
simples (CH,, CO, CO,, H,, H,S,
HCN, NH_, H,O etc.

[ Sintese de blomoléculas

. ™
Sintese de estruturas v
cacervadas “células” (podem
ser constituidas de lIpideos,
peptideos, proteinas etc.) a partir
de blopolimeros (aminoacidos,
acucares, lipideos etc.)

Sintese de blopolimeros a partir
de blomoléculas (aminoacidos,
acucares, lipideos etc.)

Evolucao das reacoes quimlicas
dentro das estruturas
coacervadas

Surgimento do primelro ser vivo
no planeta Terra—3,5 a 3,8
bilhoes de anos atras

Iniclo da evolucao dos seres
vivos como proposto por Darwin

Experimento de Urey e Miller

Esquema de Oparin-Haldane

Fonte: Galante et al. (2016)

Eletrodos

[ f —

Condenszador

Carlos Alexandre Wuensche (2019)
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Sistemas quimicos complexos

A nocdo de que as leis da natureza continham, em sua essencia, a
capacidade de gerar ndao somente regularidade e estrutura, mas também um
comportamento intrincado e imprevisivel evolui pelos séculos seguintes a
Kepler e Newton quantificarem a atividade um Universo que funcionava

semelhante a um relogio

Equacgoes nao lineares dissipativas que descrevem a dinamica de sistemas
complexos podem produzir um comportamento complicado dependendo dos

parametros escolhidos para descrever o sistema

Sistemas complexos fisicos podem exibir uma propriedade de auto-

ograniza¢do que pode parecer (mas ndo &) uma violagdo a 2a. Lei da

Termodinamica

Carlos Alexandre Wuensche (2019)
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Algumas questoes ligadas a
origem molecular da vida

Fontes de energia

Compartimentalizagao

Armazenamento e reproducgao de informacao
Quiralidade

Surgimento e evolu¢ao dos primeiros sistemas

VIVOS

Carlos Alexandre Wuensche (2019)



</ Fonte de energia molecular

R-C=0 R-C=0
OH | . 5
. . 7 :()H ; :?E[:Z:Oj R—-—C=0
Como processar a energia disponivel? | PR
R=€ =0
Acido

Qual a natureza quimica dos compostos “ricos em energia” disponiveis para

mobilizar processos relevantes? C”)
o , . R10-P~OR3
v Disponibilidade de esteres de fosfato (e anidridos) %20'
v Disponibilidade de ATP P_O-P
HoN

v Possibilidade de uso de pirofosfato inorganico (PPI), ger

sais, e esteres do acido pirofosforico.

e
- Aparentemente o P esta presente em todos os compostos CHOH
disponiveis para produgdo de energia na Terra jovem.
- Moléculas fosforiladas talvez sejam os compostos responsaveis P,0O_ 4

pelos processos de transdugdo e conservagdo de energia nas
etapas prebioticas e incorporadas por enzimas posteriormente

Carlos Alexandre Wuensche (2019)
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Compartimentalizagao

Membranas sdo essenciais para a organizagao autopoietica = confinamento
de processos quimicos relevantes numa estrutura encapsulada e com

isolamento adequado

Trocas por difusao e osmose!!!!
v Solugoes de aminoacidos dessecado
v Micelas reversas

v Mineirais como fontes de bolhas

Esséencia: manter a autonomia e organizagdo internas, as custas de aumento
de entropia externo - SISTEMA EM ESTADO PERMANENTE DE NAO-
EQUILIBRIO!N!

Carlos Alexandre Wuensche (2019)



Armazenamento e reproduc¢ado de informagao

DNA | Nucleotideo: aglcar (C;) + grupo
- .. |
. . & 'mnsgicao | fosfato + base nitrogenada

Transcrito primario 3"~ |
‘Pmessame“td Analogia:

RNAm funcional -~
v Bases: alfabeto (C, T, G, A, U)
_ | /RNAm
Ribossomo v Tripletos de bases: palavras (CUU,

Cadeia proteica ==p’

Traducéo/ UGU, UAU...)

Essencia: codificacdo e fluxo entre sistemas

DNA e RNA empregam essencialmente o mesmo codigo, que
especifica a sequencia de aminoacidos de cada proteina, com
instrucoes contidas em nucleotideos, que compoem os acidos
nucleicos (DNA e RNA)

Carlos Alexandre Wuensche (2019) 10
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Estrutura bioquimica

DNA ) Software
RNA ﬁ) Software OU hardware
OU ambos

Proteina -

- Hardware

Ribossoma = . ¥ Fabrica de proteinas

Mitocondria >/ Gerador de energia

Carlos Alexandre Wuensche (2019)
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As 5 bases nitrogenadas (nucleobases)

Fonte: Pinterest

Pyrimidines H N/ H Pyrimidines H e 1 H
Uracil O T Thymine ﬁ |
H C H H Cytosine H,C H Cytosine
/ C / C
\Clil/ \T Nern R ”/ \?‘1 SeriSin
c c él cl; c. .C (I;l (I;
- - Ve - NS N .
H H H H
Nitrogenous Bases of RNA Nitrogenous Bases of DNA
H H H H
B / N~
o N

Adenine Guanine Adenine |

“ .‘

Purines H

Purines

Moleculas precursoras detectadas ouri
t , urina

Cianeto de ,
Hidrogenio Piridina

Acetileno

Pirimidina

Carlos Alexandre Wuensche (2019)
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Mas o problema permanece...

Que reacoes quimicas originaram o aparecimento do
sistema interdependente de acidos nucleicos e

proteinas ?

Possibilidade: um mundo de RNA (ribozimas sao boa

evidencia disso), anterior ao de DNA

RNA message Ribozyme-mediated cut Cut (cleaved) RNA messages
introduced into RNA message

Carlos Alexandre Wuensche (2019)
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Outra possibilidade “pre-RNA’ (entre diversas existentes na

Mas o problema permanece...

literatura): coevolugcdo de peptideos e ribonucleotideos e a
criacao de uma rede de comunica¢ao entre ambos, formando

um sistema misto de armazenamento de informacoes

A escolha de um sistema em favor de outros deve-se,
provavelmente, a vantagens seletivas oferecidas pelo
aperfeicoamento da capacidade de armazenamento de

infArmarAan ANl nimoento de pr‘opr‘iedades Call'alﬂ'icas NH2

(I? BASE (NfN
HO—P—0 HO. O N~ P

_ 0 P
O HO YO ioj

OHOH OH OH

Carlos Alexandre Wuensche (2019)
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Quiralidade

Propriedade optica de alterar a reflexao da luz polarizada ainda
e um misterio
Baixa probabilidade de ocorrer ao acaso (2-N), em que N é o

namero de monomeros da cadeia

Estereoseletividade & a propriedade de sele¢cao de moleculas que

formam uma cadeia

Um polimero homoquiral requer um meio homoquiral
essencialmente puro (e qualquer estereoseletividade) ou uma

estereoseletividade alta num meio de qualquer polarizagao quiral

Carlos Alexandre Wuensche (2019)
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Y Quiralidade

Aminoacidos homoquirais sdo mais resistentes a hidrolise CHIRALITY

An object that cannot be superimposed

on its mirror image is called chiral
v Terrestre: ndo ha evidencias da evolucdo de quiralidade a partir

de uma mistura racémica na historia geobiologica da Terra ? \
v ,

Chiral objects Nonchiral objects
Nonsuperimposable Superimposable

e evoluindo para o equilibrio também carecem de evidéncias. nirorimages e Sl B

Mirror Mirro

Origem ferrestre ou extraterrestre? ":

v Mecanismos abioticos terrestres, surgidos de condi¢oes aleatorias

v Campos magneticos terrestres eram fracos para induzir

quiralidade na Terra jovem

Extraterrestre: origem na polariza¢do da radiagao sincrotron
galactica, produzindo fotolise seletiva na superficie de graos.

Tambem carece de evidencias...

Carlos Alexandre Wuensche (2019) 16
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Os primeiros sistemas vivos

A evolugdo dos primeiros sistemas vivos pode ter ocorrido em 2

conjuntos de cenarios:

Terrestre:

Interface aquosa (mares, lagunas) e atmosfera primitiva terrestre
Interface aquosa e superficie de minerais

Chamines hidrotermais (quimicamente muito favoravel ao aparecimento de

biomoléculas, se comparada com 1)
Extraterrestre: banco de moléculas precursoras

Requer a compatibilidade entre condi¢coes terrestre e extraterrestre para

surgimento de uma quimica mais elaborada

Carlos Alexandre Wuensche (2019)
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Adaptada de F. Souza-Barros, 2006

Interface Meteoritos organicos

Transporte de massa
g agos vulcanicos
Mecanismos €
ExcursOes de « El. orgénicos terrestres
AT Excursoes de
ré-biodticos :
P densidade de carga
(pH) /

Carlos Alexandre Wuensche (2019)
18



Adaptada de F. Souza-Barros, 2006

Interface Meteoritos organicos

Transporte de massa
g agos vulcanicos

Mecanismos €

Excursoes de « El. orgénicos terrestres

temperatura substrato

- qEe ExcursOes de
S BIgEDs densidade de carga
(pH) /

Casca mineral

Carlos Alexandre Wuensche (2019)
18



Mecanismos

pré-bidticos

Transporte de massa

Excursoes de
temperatura

Excursoes de

densidade de carga
(pH) /

Interface

de

substrato

<

S

Adaptada de F. Souza-Barros, 2006

Meteoritos organicos

agos vulcanicos

El. organicos terrestres

Casca mineral

= S

Aumento de complexidade

Carlos Alexandre Wuensche (2019)
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Adaptada de F. Souza-Barros, 2006

Interface Meteoritos organicos

Transporte de massa

agos vulcanicos

de

Mecanismos

Excursoes de « El. orgénicos terrestres

Excursoes de
densidade de carga
(pH) /

Casca mineral

= S

Aumento de complexidade

- =

Auto-montagem molecular

Carlos Alexandre Wuensche (2019)

pré-bidticos

S
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Adaptada de F. Souza-Barros, 2006

Interface Meteoritos organicos

Transporte de massa

agos vulcanicos

de

Mecanismos

Excursoes de « El. orgénicos terrestres

Excursoes de

densidade de carga
(pH) /

pré-bidticos

S

Casca mineral

T A chave do

Aumento de complexidade mistério

=

Auto-montagem molecular

Carlos Alexandre Wuensche (2019)
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Adaptada de F. Souza-Barros, 2006

Interface Meteoritos organicos

Transporte de massa

agos vulcanicos

de

Mecanismos

Excursoes de « El. orgénicos terrestres

Excursoes de

pre-bioicos densidade de carga
(pH) /
.7+ | Casca mineral
Aumento de s 7 T
organizacao, / R _ A chave do
decréscimo de / Aumento de complexidade mistério

entropla :-:

/ Auto-montagem molecular
Carlos Alexandre Wuensche (2019)
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Antes da “transicao”

Modelo de Dyson: evolugdo de sistema quimicos

complexos

Descri¢ao heuristica das propriedades de auto-

organizacao e comportamento.

Suposi¢oes para passar de um sistema nao-vivo

para um sistema vivo

Carlos Alexandre Wuensche (2019)
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Pontos do modelo de Dyson

Sistemas quimicos suficientemente complexos podem

sofrer transicoes para estados mais ordenados

Suposicoes: catalisadores eficientes (construidos a partir de uma

classe de monomeros menores, namero suficiente de monomenros

e sitios de adsorcao)

Probabilidade de construir sistemas que diminuem sua entropia é

de 1010, para obter taxas de transigcao interessantes

Graus de liberdade sdo definidos pela abundancia de monomeros

Carlos Alexandre Wuensche (2019) 20
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Pontos do modelo de Dyson

A propriedade de catalise e o nimero de “tijolos”
fundamentais exigido para um comportamento de auto-

organizacado e razoavel

Sdo necessarios 10 monomenos-chave para o inicio do
processo de auto-organizagao (pouco menos do que e usado

hoje)

Se sistemas auto-organizados sao os precursores da vida
baseada em "templates”, surge uma explicacdo natural,
baseada somente no comportamento geral de sistemas
dinamicos, do porque a vida utiliza somente uma pequena

fracdo dos aminoacidos produzidos na natureza

Carlos Alexandre Wuensche (2019)
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Pontos do modelo de Dyson

Existe um corte natural no tamanho e complexidade dos sistemas, alem
do qual a auto-organizagao que ndo é baseada em modelos é

intferrompida

As estruturas das celulas mais simples requer, para sua formagado, replicacao
e subsistencia, um vasto nimero de compostos que - embora infinitamente
menores do que esta disponivel naturalmente - sdo muito numerosos para
surgirem através de auto-organizacdo a partir de sistemas menos

sofisticados

POREM, o grau de complexidade abaixo do qual essa evolugdo “sem
modelo” poderia ocorrer & so 1 - 2 ordens de grandeza inferior ao da

celula mais simples

Carlos Alexandre Wuensche (2019) 22



Apos a “transi¢cao”

Porque 3 dominios, e ndo 2 ou 57?

Construida com base na analise de sequencias do RNA ribossomico.

Phylogenetic Tree of Life

Bacteria Archaea Eucarya
Green
Filamentous Slime
Spiroghetes bac[teria Entamoapae MQlds Apimals
G Methanosargina Fungi
; cl)’aslTive' Methanobacterjurh Halgphiles P
. : Pro.teobac ria P 1 -,
yanobacter = ek ———
Planctomyce Thermoprotgus
Pyrodicticmg Flagellates
e Trichomonads
Cytophaga
Thermotoga Microsporidia
Aquifex?' Diplomonads

Carlos Alexandre Wuensche (2019) 23



BACTERIA

EUKARYA

[lFungi;J | Animals |

Gram-negative

{ Extreme
bacteria

- halophiles
Methanogens | ————

' Chloroplast | |

Gram-positive ! HyperthermophilesJ
bacteria | \ ; \

Mitochondrion \
Cellular
t slime molds
i — : ' Plants
Cyanobacteria | ARCHAEA Amoeba |
' Ciliates |

Euglenozoa

4 B
Plasmodial
slime mold

J

' Microsporidia

g
| Archaezoa ’

HYPERTHERMOPHILES

Bacteria and Archaea are Chuer et
. N ancestor
both single-celled life

LAl IS mleAdIiul e vvuelidlne \culz)
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BACTERIA

Mitochondrion

ARCHAEA
Gram-negativer Nigslgedt }Extremg 2
bacteria hloroplast1| ‘ Methanogens —_
Gram-positive I er TSJ
bacteria ? b "
A LR
HYPERTHERMOPHILES
Bacteria and Archaea are Universal
ancestor

both single-celled life

LAl IS mleAdIiul e vvuelidlne \culz)

EUKARYA

—

Fungi ‘ A_’im_ali

Cellular
slime molds

— - Plants

' Amoeba | —
Ciliates
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[ z 21
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Microsporidia \
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Dhatsating « extntt

Birds

Al vaivy

mMonOemes

Multituberculates - extinct

marsupials Mammals
elephants, aardvarks

sioths, anteaters, armaditios

bats, shrews

4) *’é’ horses, camels, sheep
?[} ?,} dogs, cats, seals
)
‘;A (.3‘ rodems, rabbits
- -

tree shrows
lemurs
— {ATSICTS
e oW workd monkeys
old world monkeys

gibbons
Oranguians

poritlas
chimpanzees

hamans
i Neanderthals - extinct

3000 2000 1000 700 542 440 370

»se that have gone extinct are shown. Example: Dinosaurs - extinct* © 2008 Leonard Eisenberg. All rights reserved.
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Carlos Alexandre Wuensche (2019)
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Organizando a “transicao”

Carlos Alexandre Wuensche (2019)
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Formacao do Sistema Solar (revisando a aula
anterior...)

estado inicial: formagdo dos planetas

nuvem de gas e poeira em formagdo de anéis

equilibrio hidrostatico ~ L
formagao de planetesimais por

composi¢ao: basicamente colisdo

hidrogenio . o
colisao dos planetesimais -

estopim da contragao liberagao de calor

explosdo de supernova ~
P P estruturacao: temperatura de

outro tipo de perturbagao condensagado

nuvem vira massa central + disco Idade do Sistema Solar: 5 bilhoes
massa central sera o Sol de anos!

disco dara origem aos planetas Album de familia

Carlos Alexandre Wuensche (2019)



A EVOLUCAO DA TERRA E SUA
RELACAO COM A EVOLUCAO DA VIDA

Carlos Alexandre Wuensche (2019)
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A Terra e “rara”?

CoKu Tau1

S00 AU

IRAS 0401642610 IRAS 04248+2612 IRAS 0430242247

Carlos Alexandre Wuensche (2019)



Cometas e asterodides

(killerasteroids.org)

433 Eros-33 x 13 km
NEAR, 2000

> B

5535 Annefrank 2867 Steins
6.6 X5.0x3.4km 5.9x4.0km
Stardust, 2002 Rosetta, 2008
951 Gaspra

18.2%x10.5x 8.9 km Jon
Galileo, 1991
25143 Itokawa 9969 Braille
0.5x0.3x0.2km 2.1%x1x%x1km
Hayabusa, 2005 Deep Space 1,1999

P

253 Mathilde - 66 x 48 x 44 km

NEAR, 1997 Dactyl

[(243)Idal]

1.6 X 1.2 km m

Galileo, 1993 ' Gon VO
9P/Tempel 1

1P/Halley - 16 x 8 x 8 km 7.6 X 4.9 km
Vega 2,1986 Deep Impact, 2005

19P/Borrelly 81P/Wild 2

8 x4 km 5.5%x4.0x%x3.3km
243 1da-58.8 X 25.4 x 18.6 km Deep Space 1,2001 Stardust, 2004
Galileo, 1993

Carlos Alexandre Wuensche (2019)

e aniquilagao
(extingdo em
massa)

da vida na Terra
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Meteoros, ...itos e ...oides

Meteorobide

corpo solido que entra na atmosfera

fragmentos de cometas ou asterodides
Meteoro
fenomeno: quando um meteoroide entra na atmosfera terrestre

Meteorito

meteorodide que atinge a superficie da Terra

Em geral, fragmentos rochosos de asteroides

Chuva de meteoros

Ocorre quando a Terra atravessa os rastros de um cometa

Ocorre em determinadas epocas do ano

Carlos Alexandre Wuensche (2019)
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Escala de Torino EFEITOS

Global
mp
=
©
2 Regionals
L
@
£
o
(o]
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=
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w consequénclas

1 i 1 1 1 1 1 2 1

108 108 104 102 >0.99
Probabilidade de colisao
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Torino impact hazard scale

Eventos sem maior
importancia

Evento merece
monitoramento

Evento exige
monitoramento
cuidadoso

Eventos
ameacadores

A colisdo é certa

Sem chances de colisdao. Também se aplica a
qualquer pequeno corpo que, numa eventual
colisao, dificilmente atravessaria toda a
atmosfera e colidivia com o solo.

Passagem bem proxima, mas a colisao é
improvavel. Nao & muito raro de acontecer.

Passagem proxima com chance de 19 ou
maior de uma colisdo capaz de causar
destruicao local.

Passagem proxima com chance de 19 ou
maior de uma colisdo capaz de causar uma
devastacio regional.

Passagem proxima com ameaca de colisdo
capaz de causar destruicio regional.

Passagem proxima com ameaca de colisao
capaz de provocar destruicdo global.

Passagem proxima com grande possibilidade
de um impacto de proporcoes catastroficas.

Carlos Alexandre Wuensche (2019)
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Manicouaga

Carlos Alexandre Wuensche (2019)
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meteomm e 10km
HEXR N
crater‘a formadq,tér‘la
. I
ex'rmgao dos dinossauros?

arlos Alexandre Wuensche
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Cometas

Essenciais para o
entendimento da nuvem que
deu origem ao Sistema Solar
e sua evolucao

Sondas para estudar os
Processos quimicos que
ocorrem no interior (plano)
dos discos astronémicos

Possiveis “fornecedores” do material organico necessario
para disparar o processo da formacao da vida na Terra

Reservatorio de material interestelar virgem?

Carlos Alexandre Wuensche (2019)

39



i VI’( . ’

Asteroides

Principal fonte de meteoritos

Maior interesse na classe dos
condritos: silicatos, silicatos
com C, silicatos com H,O

Provavel principal fonte de

H,0 na Terra

asteroides
Vermelhos: asteroides a < 1,3 U.A.

Azuis: Cometas
Linhas: orbitas de Jupiter a Mercurio

v Rico em material organico (% C > 0,03)

v Unico material extraterrestre passivel de ser estudado da Terra
v Condritos carbonados = fonte de aminoacidos

http:/phys.org/news/2015-05-fresh-evidence-earth-asteroid-debris.htm

Carlos Alexandre Wuensche (2019) 40
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Contelido de carbono: > 3% (por peso); fracdo solivel < 30% do total de carbono

Material organico encontrado em meteoritos

COMPONENTES
ACidOS \

Aminodcidos

Outros

N-Heterociclicos

Amidas
Acidos carboxilicos Aminas
Acidos hidrocarboxilicos Alcoois

Acidos dicarboxilicos Compostos carbonilicos

Acidos hidroxidicarboxilicos

Acidos sulfonicos H-carbonetos ndo voldteis:

Acidos fosfonicos

) Alifdticos
Fulerenos aromdticos (PAH)
Ceo. C70. He em Cyy polares
Fulerenos mais complexos H-carbonetos volateis
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Chemical Composition of Comets

(The grey bar indicates the range measured to date)
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Alguns asteroides

ALH84001 (Antartica): presenga de um tipo de
magnetita que somente é criado na presenca de
bacterias - ndo foi possivel reproduzir o
resultado no laboratorio

Murchison (Australia): forte presenca de
estruturas bioquimicas, incluindo diversos
aminoacidos conhecidos - propor¢do racemica
igual descarta origem de vida extraterrestre

Yamato 000593 (Antartica): estudo em
andamento sobre a possivel origem marciana das
estruturas presentes, baseadas em carbono
(White et al., Astrobiology, 14, 2, pp. 170 - 181
(2014)

Carlos Alexandre Wuensche (2019)
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Images of microorganisms on Earth (top, thick
rods about 3 micrometers long) and of possible
Jossils of microorganisms found within a rock

[rom Mars (bottom, rods about 0.1 micrometers
long) hint that life might be found beyond Earth.

A meteorite called ALHS4001 (left) found on the Antarctic ice-fields proved to be
an ancient Martian rock. Slices of the rock (right) contain organic material and,
maore controversially, evidence for fossilized microbes.

Carlos Alexandre Wuensche (2019)




A meteorite called ALHS4001 (left) found on the Antarctic ice-fields proved to be
an ancient Martian rock. Slices of the rock (right) contain organic material and,
maore controversially, evidence for fossilized microbes.

Images of microorganisms on Earth (top. thick
rods about 3 micrometers long) and of possible
Jossils of microorganisms found within a rock
[from Mars (bottom, rods about 0.1 micrometers
long) hint that life might be found beyond Earth.

2. Pouco provavel (% aminoacidos ~ algumas ppb)
3. Analise mais cuidadosa =Aminoacidos de origem terrrestre

4. Possivel fracdo “marciana” < 1 ppb (Bada et al. 1998)

Carlos Alexandre Wuensche (2019)
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FIG. 4. (A) SEM view of spheroidal
features embedded in a layer of iddingsite.
Locations of EDS spectra of the spherules
and background are given by the red and
blue circles, respectively. (B) EDS spectra
of spherules (red) and background (blue).
The spherules are enriched ~2 fold in
carbon compared to the background. (C)
SEM view of spherulitic features encased
in both an upper (false-colored orange)
and lower layer of iddingsite.
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Terra "Bola de Neve”

2,4-2,2 bilhoes de anos

conseqiiencia: células eucaridticas

0,73-0,6 bilhoes de anos

conseqiiencia: explosdo do Cambriano
Cruciais para a evolugdo ou fator de aceleragado ?

Por que apds a explosdo do Cambriano ndo ocorreram
inovagoes evolutivas da mesma magnitude?

Restrigoes ecoldgicas

Restrigdes gendmicas

Corlos Alexandre Waensche (2019
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As 5 grandes extincoes em massa

Estimated

Epoch

Proposed causes

Estimated devastation

Ordovician ended ~ 443 Myr ago; Onset of alternating glacial and 57% of genera, 86%
within 3.3 to 1.9 Myr interglacial episodes. Sequestration |of species.
of CO2.
Devonian ended ~359 Myr ago; Global cooling/warming, drawdown |35% of genera, 75% of
within 29 to 2 Myr of global CO2. Evidence for species
widespread deep-water. Impact???
Permian ended ~251 Myr ago; Siberian volcanism. Global warming. |56% of genera, 96% of
within 2.8 Myr to 160 Kyr |Spread of deep marine anoxic waters. |species
Impact???
Triassic ended ~200 Myr ago; elevated atmospheric CO2 levels, 47% of genera, 80% of
within 8.3 Myr to 600 Kyr |increasing global temperatures, species
calcification crisis in the world ocean
Cretaceous ended ~65 Myr ago; within [impact in the Yucatan led to a global [40% of genera, 76% of
2.5 Myr to less than a year |cataclysm and caused rapid cooling. |species
CO2 spike just before extinction, drop
during extinction

Carlos Alexandre Wuensche (2019)
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As 5 grandes extincoes em massa

Estimated

Proposed causes

Estimated devastation

Epoch

wiithin 2 O NMur +A 12N WUhair

Has the Earth’s sixth mass extinction already arrived?

Ordovician ended ~ 443 Myr ago; Onset of alternating glacial and 57% of genera, 86%
within 3.3 to 1.9 Myr interglacial episodes. Sequestration |of species.
of CO2.
Devonian ended ~359 Myr ago; Global cooling/warming, drawdown |35% of genera, 75% of
within 29 to 2 Myr of global CO2. Evidence for species
widespread deep-water. Impact???
Permian ended ~251 Myr ago;

Siberian volcanism. Global warming.
Crhraad Af AArn mMAar inA "nAv PR Y Vi) +Ave

56% of genera, 96% of

[l o VaVollaY ol

within 8.3 Myr to 600 Kyr

T Anthony D. Barnosky et al. Nature 471, 51-57 (03 March 2011) .2 go% of

increasing global temperatures,
calcification crisis in the world ocean

species

Cretaceous

ended ~65 Myr ago; within
2.5 Myr to less than a year

impact in the Yucatan led to a global
cataclysm and caused rapid cooling.
CO2 spike just before extinction, drop
during extinction

40% of genera, 76% of
species
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Variaveis de Milankovitch

Modelo de

Excentricidade

previsao

Obliquidade Precessao

climatica

baseado em trés

Gravidade externa

variaveis de
carater
astronomico

Fonte: Adaptada de
Suguio & Suzuki (2015)
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Os Dois Grandes Atores: I- Cianobactérias
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Os Dois Granc
Atores

II- Homo Sapi
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Geology of mankind

Paul J. Crutzen
For the past three centuries, the effects

of humans on the global environment

have escalated. Because of these anthro-
pogenic emissions of carbon dioxide, global
climate may depart significantly from
natural behaviour for many millennia to
come. It seems appropriate to assign the
term ‘Anthropocene’ to the present, in many
ways human-dominated, geological epoch,
supplementing the Holocene — the warm
period of the past 10-12 millennia. The
Anthropocene could be said to have started
in the latter part of the eighteenth century,
when analyses of air trapped in polar ice
showed the beginning of growing global
concentrations of carbon dioxide and
methane. This date also happens to coincide
with James Watt's design of the steam engine
in 1784.

referring to the “anthropozoic era”. And
in 1926, V. I. Vernadsky acknowledged
the increasing impact of mankind: “The
direction in which the processes of evolution
must proceed, namely towards increasing
consciousness and thought, and forms
having greater and greater influence on their
surroundings.” Teilhard de Chardin and
Vernadsky used the term ‘no6sphere’ — the
‘world of thought’ — to mark the growing
role of human brain-power in shaping its
own future and environment.

The rapid expansion of mankind in
numbers and per capita exploitation of
Earth’s resources has continued apace.
During the past three centuries, the human
population has increased tenfold to more
than 6 billion and is expected to reach 10 bil-
lion in this century. The methane-produc-
ing cattle population has risen to 1.4 billion.
About 30-50% of the planet’s land surface

NATURE|VOL 415|3JANUARY 2002 | www.nature.com

Carlos Alexandre Wuensche (2019)
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concepts

The Anthropocene

The Anthropocene could be said to
have started in the late eighteenth
century, when analyses of air trapped
in polar ice showed the beginning of
growing global concentrations of
carbon dioxide and methane.

ozone-destroying properties of the halo-
gens have been studied since the mid-1970s.
If it had turned out that chlorine behaved
chemically like bromine, the ozone hole
would by then have been a global, year-
round phenomenon, not just an event
of the Antarctic spring. More by luck than
by wisdom, this catastrophic situation did
not develop.

Unless there is a global catastrophe — a
meteorite impact, a world war or a pan-
demic — mankind will remain a major
environmental force for many millennia. A
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A safe operating space for humanity

Identifying and quantifying planetary boundaries that must not be transgressed could help prevent human
activities from causing unacceptable environmental change, argue Johan Rockstrdm and colleagues.

lthough Earth has undergone many

periods of significant environmen-

tal change, the planet’s environment
has been unusually stable for the past 10,000
years' ., This period of stability — known to
geologists as the Holocene — has seen human
civilizations arise, develop and thrive. Such
stability may now be under threat. Since the
Industrial Revolution, a new era has arisen,
the Anthropocene!, in which human actions

SUMMARY

e Newapproach proposed for defining preconditions for human

development
e Crossing certain biophysical thresholds could have disastrous

consequences for humanity
e Three of nine interlinked planetary boundaries have already been

overstepped

Carlos Alexandre Wuensche (2019)
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Figure 1| Beyond the boundary. The inner green shading represents the proposed safe operating
space for nine planetary systems. The red wedges represent an estimate of the current position for
each variable. The boundaries in three systems (rate of biodiversity loss, dimate change and human

interference with the nitrogen cycle), have already been exceeded.
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PLANETARY BOUNDARIES

Earth-system process Parameters Proposed Current Pre-industrial

Phosphoruscycle (part ~ Quantity of P flowing into the 1 85-95 -1
of aboundary with the oceans (millions of tonnes per year)
nitrogen cycle)
Stratospheric ozone Concentration of ozone (Dobson 276 283 290
depletion unit)
Ocean acidification Global mean saturation state of 275 290 344
aragonite in surface sea water
Global freshwater use Consumption of freshwater 4,000 2,600 415
by humans (km’ per year)
Change inland use Percentage of global land cover 15 n7z Low
converted to cropland
Atmospheric aerosol Overall particulate concentrationin Tobe determined
loading the atmosphere, on a regional basis
Chemical pollution For example, amount emitted to, To be determined
or concentration of persistant
organic pollutants, plastics,
endocrine disrupters, heavy metals
and nuclear waste in, the global
environment, or the effects on
ecosystem and functioning of Earth
system thereof

Boundaries for processes Inred have been crossed. Data sources: ref. 10 and supplementary Information

Carlos Alexandre Wuensche (2019)
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An Exceptionally Long
Interglacial Ahead?

A.Berger and M. F. Loutre

en paleoclimatologists gath-

ered in 1972 to discuss how and

when the present warm period

would end (7), a shide into the next
lacial seemed imminent. But more re-

cent studies point toward a different fu-
ture: a long interglacial that may last an-
other 50,000 years.

An interglacial is an uninterrupted
warm interval during which global climate
reaches at least the preindustrial level of
warmth. Based on geological records avail-

able m 1972, the last two mterglacials (in-
cluding the Eemian, ~125,000 years ago)
were believed to have lasted about 10,000
years. This is about the length of the cur-
rent warm interval—the Holocene—to
date. Assuming a similar duration for all
interglacials, the scientists concluded that
“it 1s likely that the present-day warm
epoch will terminate relatively soon if man
does not intervene” (1, p. 267).

Some assumptions made 30 years ago
have since been questioned. Past inter-
glacials may have been longer than ongi-
nally assumed (2). Some, including marine
isotope stage 11 (MIS-11, 400,000 years
ago), may have been warmer than at pre-
sent (3). We are also increasingly aware of
the intensification of the greenhouse effect
by human activitics (4). But even without
human perturbation, future climate may
not develop as in past mterglacials (5) be-
cause the forcings and mechanisms that
produced these carlier warm periods may
have been quite different from today's.

Most carly attempts to predict future ch-
mate at the geological time scale (6, 7) pro-
longed the cooling that started at the peak
of the Holocene some 6000 years ago, pre-
dictingaooldimcrvalhlabout"SOOOyems
and a glacnmon in about 55,000 years.
These projections were based on statistical

Thew&mannﬂ!eUnwerméa&\daqudeLotr
vain, Institut d"A ie et de Géophysique G.

lunim.ZChemndu Cydotron, B-1348 Louvain-
la-Neuve, Belgium. E-mail: berger@astrauclacbe

rules or ssimple models that did not include
any CO, forcing. They thus implicitly as-
sumed a value equal to the average of the
last glacial-interglacial cycles [-225 parts
per million by volume (ppmv) (8)].

But some studies disagreed with
projections. With a simple ice-sheet mod-
¢l, Ocrlemans and Van der Veen (9) pre-
dicted a long interglacial lasting another
50,000 years, followed by a first glacial
maximum in about 65,000 years. Ledley
also stated that an ice age is unlikely to
begin in the next 70,000 years (10), based
on the relation between the observed rate
of change of ice volume and the summer
solstice radiation.

namics of the ice-age cycles. For example,
according to Saltzman ef al. (/1) an in-
crease in atmosphenc CO,, if maintained
over a long period of time, could tngger the
climatic system into a stable regime with
small ice sheets, if any, in the Northern
Hemisphere. Loutre (12) also showed that a
€O, concentration of 710 ppmy, retuming
to a present-day value within 5000 years,
could lead to a collapse of the Greenland
Ice Sheet in a few thousand years.

On a geological time scale, climate cy-
cles are believed to be dnven by changes in
insolation (solar radiation received at the top
of the atmosphere) as a result of vanations
in Earth’s orbit around the Sun. Over the
next 100,000 years, the amplitude of nsola-
tion variations will be small (see the figure),
much smaller than dunng the Eemian. For
example, at 65°N in June, msolation will
vary by less than 25 Wm-? over the next
25,000 years, compared with 110 Wm be-
tween 125,000 and 115,000 years ago. From

Other studies were more oriented toward  the standpoint of insolation, the Eemian can

modeling, including the possible effects of  hardly be taken as an analog for the next
millennia, as is often assumed.

005 The small amplitude of future

005 Eccentioty insolation variations is excep-

0.02

0.01
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tional. One of the few past
analogs (/3) occurred at about
400,000 years before the pre-
sent, overlapping part of MIS-

Al

11. Then and now, very low ec-
centricity values coincided
with the minima of the
400,000-year eccentricity cy-
cle. Eccentricity will reach al-
most zero within the next

r
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25,000 years, damping the
vanations of precession con-
siderably.

Simulations with a two-di-
mensional climate model (14),

I
)|

) 0 -100 -150 -200

Time (10“) years)
Orbiting the Sun. Long-term variations of

(top), June insolation at 65°N (middle), and simulated
Northern Hemisphere ice volume (increasing downward)

forced with insolation and CO,
variations over the next
100,000 years, provide an in-
sight into the possible conse-
quences of this rare phe-

eccentricity

(bottom) for 200,000 years before the present to 130,000 nemenon. Most CO; scenarnios
from now. Time is negative in the past and positive in the fu- (/5) led to an exceptionally
ture. For the future, three CO; scenarios were used: last long interglacial from 5000
glacial-interglacial values (olid line), a human-induced con-  Years before the present to
centration of 750 ppmv (dashed line), and a constant 50,000 years from now (see the
concentration of 210 ppmv (dotted line). Simulation results  bottom panel of the figure),

from (13,15); eccentricity and insolation from (19).

with the next glacial maximum
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Thermodynamics and the recognition of alien biospheres

By J. E. Lovenock, F.R.S.

Department of Applied Physical Sciences, University of Reading,
Reading, RG1 2AL

The presence of a mature biosphere is likely to change surface and
atmospheric composition and the energy balance of a planet away from
that of the abiotic state. Is it possible that such a change might be
detected from afar by astronomical techniques and so form the basis of a
test for the presence of a planetary biosphere? A distant view of the
Farth in this context shows that certain of its thermodynamic properties
are recognizably different from those of the other terrestrial planets, which
presumably are lifeless. The general application of this test for the
remote detection of other biospheres will be discussed, as will some
implications of this way of viewing biospheres on the nature and organiza-
tions of life on Earth,

INTRODUCTION

It is a cliché of science fiction for the captain of a space craft when approaching
a new planetary system to call his exobiological officer and ask ‘do any of those
planets bear life?’, The operation by this officer of a remote sensing device soon
provides a confident answer, yes or no. One purpose of this paper is to consider
the possible basis of such a device.

To operate at planetary orbital distances the device would need to observe
and to measure physical rather than biological properties. Guidance for the
choice of the specific properties to measure comes from a consideration of the
process of life and the act of recognition within a context which includes also
instrument design, A branch of science large enough to encompass these three
different subjeets is thermodynamics, From the early technology of the steam
engine to the intricacies of the present technosphere, engineers have used thermo-
dynamics as a source of inspiration and of recipes; so it may be for instruments
and procedures for the detection of life,

There are several reasons for choosing to seek a biosphere rather than any of
its component parts; with a telescope it is easier to see an elephant than a virus
and where a planetary system is viewed from afar it seems prudent to go for the
largest unit of all, namely, the biogphere itself. A physieal, in contrast to a bio-
logical, approach to planetary life detection was suggested (Lovelock 1g65)
and later Hitcheock & Lovelock (1967) proposed that the knowledge of the
chemical composition of a planetary atmosphere itself constituted a life detection
experiment. It was further suggested that sufficient information for these purposes
might be gathered by astronomical measurements in the infrared,

At that time it was generally believed that the abundance of the atmospheric
[ 167 )

(2019)
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greenhouse
gases

Composition of the Atmosphere

Air is composed of a mixture of gases:

Gas concentration (%)

N, 78

O, 21

Ar 0.9

H,O variable

CoO, 0.037 370 ppm
CH, 1.7
N,O 0.3

O, 1.0 to 0.01

(stratosphere-surface)

Carlos Alexandre Wuensche (2019)
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The living Earth

James Lovelock

distant in the Galaxy that had built an
interferometer of such resolving power
that it could analyse the chemical composi-
tion of our atmosphere. Simply from this
analysis, they could confidently conclude
that Earth, alone among the planets of the
Solar System, had a carbon-based life and
an industrial civilization. They would have
seen methane and oxygen coexisting in the
upper atmosphere, and their chemists
would have known that these gases are
continually consumed and replaced. The
odds of this happening by chance inorganic
chemistry are very long indeed. Such pers-
istent deep atmospheric disequilibrium
reveals the low entropy characteristic of life.
They would conclude that ours was a live
planet — and the presence of CFCs in the
atmosphere would suggest an industry
unwise enough to have allowed their escape.
As part of NASA’s planetary exploration
team in 1965, thoughts such as these led me
to propose atmospheric analysis for detect-
inglife on Mars. I also wondered whatcould be
keeping Earth’s chemically unstable atmos-
phere constant and so appropriate for life,and
what kept the climate tolerable despite a 30%
increase in solar luminosity since the Earth
formed. Together, these thoughts led me to
the hypothesis that living organisms regulate
the atmosphere in their own interest, and the
novelist William Golding suggested Gaia as
its name. Although the concept of a live Earth
is ancient, Newton was the first scientist to
compare the Earth to an animal or a vegetable.
Hutton, Huxley and Vernadsky expressed
similar views but, lacking quantitative

Imagine a science-based civilization far

evidence, these earlier ideas remained anec-
dotal. In 1925 Alfred Lotka conjectured that
it would be easier to model the evolution of
organisms and their material environment
coupled as a single entity than either of them
separately. Gaia had its origins in these earlier
thoughts, from the evidence gathered by the
biogeochemists Alfred Redfield and Evelyn
Hutchinson and from the mind-wrenching
top-down view provided by NASA.

Although welcomed by atmospheric
scientists, Earth scientists were cautious.
Biologists, especially Ford Doolittle and
Richard Dawkins, argued strongly that global
self-regulation could never have evolved, as
the organism was the unit of selection, not the
biosphere. In time [ realized that they were
right — but still I thought, something keeps
the Earth habitable. In 1981 I composed a
model of dark- and light-coloured plants
that competed for growth on a planet in
progressively increasing sunlight. My inten-
tion was not to make a blueprint for the
Earth, but a model to show that Gaia is
consistent with natural selection. This
‘Daisyworld’ regulated its temperature close
to that fittest for plant growth and — unusu-
ally for an evolutionary model made from
coupled differential equations — it was
stable, insensitive to initial conditions and
resistant to perturbation. Daisyworld is
darwinian, but the evolution of the organisms
and the evolution of temperature proceed as
a single, coupled process. The model was
much criticized, but so far has resisted falsifi-
cation. It was easy to show that Daisyworld
tolerates ‘cheats’ — daisies that grow but
offer nothing towards self-regulation. Other
critics claimed that daisies would adapt to
changing temperature and therefore simply

Carlo

track temperature change, not regulate it.
But the restraining function connecting
growth with temperature is not negotiable;
chemistry, not biology, sets its constants.

At this stage, the Gaia theory was missing
plausible control mechanisms. The first dis-
covered was a biological process that redressed
the imbalance of the nutritious elements
sulphur and iodine — these are abundant in
the oceans, but deficient on the land surface.
It was widely assumed that hydrogen sulphide
and sea salt aerosol drifted from the ocean to
the land. In 1971 1 discovered that methyl
iodide and dimethyl sulphide were ubiquitous
in the Atlantic surface waters, and from my
measurements Peter Liss calculated their
fluxes in 1974. He argued that these biogenic
gases were the main carriers of the natural
elemental cycles of sulphurand iodine.

Then in 1982, the geochemists James
Walker, P. B. Hayes and Jim Kasting suggested
that the weathering of calcium silicate rock
could regulate carbon dioxide and climate.
Greater warmth leads to more rainfall and
a faster removal of carbon dioxide from
the atmosphere by rock weathering, which
provides a negative feedback on tempera-
ture. This plausible mechanism is by itself too
small to account for the observed rate of
weathering. Organisms on the rocksand in the
soil bring it to life as a Gaian mechanism; their
growth varies with temperature and their
presence amplifies the rate of weathering.

In 1986, there was the awesome discovery
by Robert Charlson, James Lovelock, Meinrat
Andreae and Steven Warren of a connection
between biogenic dimethyl sulphide gas —
the product of ocean algae — its oxidation in
the atmosphere to form cloud condensation
nuclei, and the subsequent effect of the
clouds formed on climate. We wondered
whether this could be a Gaian regulatory
mechanism through the feedback between
climate change and algal growth.

By the end of the 1980s there was suffi-
cient evidence, models and mechanisms, to
justify a provisional Gaia theory. Briefly, it
statesthat organisms and their material envi-
ronment evolve as a single coupled system,
from which emerges the sustained self-regu-
lation of climate and chemistry at a habitable
state for whatever is the current biota.

Like life, Gaia is an emergent phenomenon,
comprehensible intuitively, but difficult or
impossible to analyse by reduction — not
surprisingly it is often misunderstood.
A simple automatic mechanism, like a

769

Gaia
Organisms and their

environment evolve as a single,
self-regulating system

J. Lovelock. Nature, 426, 770-771 (2003)
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Our planet in perspective: Gaia theory explains the constanq: of our unstable atmosphere.
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THE GOLDILOCKS PROBLEM:

Climatic Evolution and Long-Term
Habitability of Terrestrial Planets

Michael R. Rampino

Department of Earth System Science, New York University, New York, New
York 10003

Ken Caldeira

Global Climate Research Division, Lawrence Livermore National Laboratory,
Livermore. California 94551

KEY WORDS: atmospheric evolution, greenhouse effect, Mars, Venus

INTRODUCTION

Why is Venus too hot, Mars too cold, and Earth “just right” for life? (The
allusion to the fairy tale involves the three bowls of porridge belonging to Papa
Bear, Mama Bear, and Baby Bear—one too hot, one too cold, and one just
right—tested by a hungry Goldilocks.) A simplistic answer might be that a
planet’s surface temperature is to a large extent a function of its distance from
the Sun, and Earth just happens to be at the “right” distance for comfortable
temperatures and liquid water. However, this is far from the whole story.

The Goldilocks Problem involves the early history of the planets and the
evolution of their atmospheres. Its solution must also take into consideration
the long-term evolution of the Sun, and hence the so-called faint young Sun
problem, that is, the fact that the early Earth was apparently warm enough for
liquid water despite the 25-30% lower luminosity of the early Sun (Newman
& Rood 1977; Gough 1981). Had Earth been too cold initially for liquid water
to exist on its surface, the resulting icy planet would have had a high albedo or
reflectivity, lowering temperatures further, and might have become irreversibly
ice-covered—the “white Earth catastrophe™ (Caldeira & Kasting 1992a). Yet

Carlos Alexandre Wuensche (2019)
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evidence exists that liquid water has been abundant on Earth for at least the last
3.8 billion years.

The white Earth catastrophe might be averted through geologic activity that
provides continued outgassing of CO,, thereby warming the planet, and even-
tually melting the ice. But could too much CO, produce surface conditions too
hot for liquid water, arresting the rock weathering reactions that act to remove
CO; from the atmosphere, and creating a dense, hot CO,-rich atmosphere, such
as present on Venus today?

Many scientists have stressed the importance of the origin and evolution of
life on Earth in biogeochemical cycling of carbon and in causing important
changes in atmospheric composition over the last 4 billion years. Proponents
of the Gaia hypothesis (Lovelock & Margulis 1974; Lovelock 1979, 1989) go
further in claiming that life itself has managed to maintain surface conditions
on Earth within a fairly narrow window through a series of negative feedbacks
involving greenhouse gases, cloud albedo, and other factors.

Carlos Alexandre Wuensche (2019)
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Origem da multicelularidade

Data de aparecimento estimada: 800 - 600

milhoes de anos

Tendencia a agregacao de varias celulas,

formando colonias (diferenciacao)

Crescimento de celu

permitindo individua
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as com divisao nuclear,

izagao a posteriori
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Procariotas (procariontes)
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Procariotas (procariontes)

Semelhante ao "LUCA’
Dimensoes ~ 0,1 — 10 microns
Baixa variabilidade metabolica
Ausencia de organelas

Uma Gnica molecula de DNA
Ausencia de citoesqueleto

Divisao simples

Carlos Alexandr2 ‘Muensche (2019)
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Eucariotas (eucariontes)

Ribossomos
Golgi

Lisossomos

Cloroplastos

Vacuolos Mitocondria

Nucleo

Reticulo endoplasmatico
rugoso

Flagelo

Lisossomos Centriolos
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celular flbras do liso
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Eucariotas (eucariontes)

Surgimento provavelmente posterior as procariotas (talvez ~

2,5 bilhoes de anos)

Dimensoes ~ 10 - 100 microns
Genoma com DNA e proteinas
Presenca de citoesqueleto e organelas
Divisdo por mitose e meiose

Metabolismo oxidativo

Carlos Alexandr2 ‘Wuensche (2019)

69



Complexidade biologica

Fibers of h EXTRACELLULAR
extracellular Caronyste FLUID
matrix (ECM) o

Glycoprotein

Filaments of Cholesterol
cytoskeleton

Peripheral Integral
protein protein CYTOPLASM

Fonte: Addison Wesley Longman, Inc. (1999)
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A diversidade biologica

543 530 7520
bme (millions of years ago)
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Causas ambientais

Explosao Cambriana

Limiar critico de crescimento definido pela abundancia de
oxigenio
Grande disponibilidade de nutrientes

Temperaturas moderadas apos a Terra “Bola de Neve”
Causas biologicas

Advento de exoesqueletos
Hipotese da “"acdo predatoria”

Transposi¢do de limiares evolutivos

Carlos Alexandre Wuensche (2019)
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OCEAN
PANTALAS

Fonte: National Geographic

Curiosidade - PANGEA
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Earth's Plates
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Curiosidade - PANGEA
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As diversas faunas antes/apos a explosdo Cambriana

Burgess Shale (505 milhoes de anos)
Chengjiang (520 milhoes de anos)

Small Shellies (Manykaian Stage) (544-530

milhoes de anos)
Ediacara (575-545 milhoes de anos)

Doushantuo (580-570 milhoes de anos)

Carlos Alexandre ‘Wuensche (2019)
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Evidencias de um mecanismo evolutivo

Biogeografia

Registros fosseis

Classificagao

Anatomia comparativa

Mudancgas observadas em pequena escala

Genetica
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Biogeografia como evidencia evolutiva

Espeécies sao distribuidas em padroes que contam sua
historia
Espécies sdo diferentes em ambientes semelhantes,

mas bastante separados

Espécies estdo ausentes de ambientes potencialmente
habitaveis por elas

Espécies similares (muito relacionadas) sao

frequentemente encontradas proximas umas as outras

Carlos Alexandre Wuensche (2019) 77
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Os limites de pH

aronobacreri]

Protists

Exemplos de limites de pH conhecidos para a vida sdo mostrados. Archaea estdo em
vermelho, bactérias em azul, algas em verde claro, protistas variados em amarelo,
fungos em marrom, plantas em verde escuro e animais em roxo.

Carlos Alexandre Wuensche (2019)
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Anatomia comparativa como evidencia evolutiva

Caracteristicas de organismos que
nao parecem refletir suas
fungoes atuais (“imperfeicoes”):

homologias

embriologia

orgaos vestigiais

Carlos Alexandr = \Wuensche (2019)
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CHICK
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Classificacao

Cachorro, coiote, lobo, gato

Cachorro, coiote, lobo, gato, leopardo, leao

Cachorro, coiote, lobo, gato, leopardo, ledo, antilope, bifalo

Cachorro, coiote, lobo, gato, leopardo, ledo, antilope, blfalo, lhama, camelo
Cachorro, coiote, lobo, gato, leopardo, ledo, antilope, blfalo, lhama, camelo, foca, ledo

marinho, lobo do mar

Carlos Alexandr = Wuensche (2019) 83



Mudancas observadas em pequena escala como
evidencia evolutiva

Em organismos domesticados
No laboratorio

Na natureza

Corbis.com

Carlos Alexandr = V/uensche (2019)
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Adenine

Thymine

Guaning ——;
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Atiividade biologica - pre-Cambriano

(> 600 milhdes de anos)

Cianobacterias

Algas verdes

Carlos Alexandre ‘Wuensche (2019) 86



Oceanic phytoplankton, atmospheric sulphur, cloud (Fixec 240

albedo and climate /‘f‘\
Cloud nucleation
Robert J. Charlson’, James E. Lovelock', Meinrat O. Andreae' & Stephen G. Warren' \-;—_/
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Microorganismos extremofilos
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Microorganismos extremofilos

¥ Temos mais células de microbios (cerca de 1 trilhdo na pele,

e ) do que

celulas humanas (10 trilhoes) no nosso proprio corpo!!!

¥ A primeira forma de vida na Terra foi um microbio, e foi a Gnica

existente durante os 3 primeiros bilhoes de anos

¥ Ha mais vida "dentro do solo” do que na superficie da Terra

¥ Microbios podem viver em condi¢oes REALMENTE extremas.

¥ Candidatos a E.T!!

Carlos Alexandre Wuensche (2019)
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Mas nao serao os ETs dos
filmes e sim extremofilos!!!

Extremofilos sdo microorganismos que vivem em

locais e condi¢oes extremos na Terra.

v Temperaturas extremas
v Ferventes ou congelantes, 100°C to -10C (212F to 30F)

Meios quimicos extremos
v vinagre ou amonia (<5 pH or >9 pH)
v Salobros (mais que 10 vezes a salinidade do mar)

v Candidato ideal para a vida fora da Terra

Carlos Alexandre Wuensche (2019) 99



Extremofilos

Carlos Alexandre Wuensche (2019)

Extreme living

Researchers found life in
freshwater ice believed to have
migrated upward from Lake Vostok.

Glacial ice




B e Vale seco na Antartica
Fontes quentes
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Suprimento energetico

Como esses seres viviam?
v Fotoautotrofia (fotossintese)
6 CO, + 6 H,O = CH,0, + 60,
v Quimioautotrofia (metanogenese)

CO,+4H,=CH, + 2H0

Carlos Alexandre Wuensche (2019)
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Guia de sobrevivencia dos extremofilos

Temperatura: -15° C < T < 230° C

0.06 < pH < 12.8

0 < Pressao < 1200 atm

Metabolismo ndo necessariamente baseado em Oxigenio
20-40 milhoes de anos de dormencia

2 % anos no espago, a -250 C, sem nutrientes, agua e expostos a

radiagdo (Strep. Mitis) - RESULTADOS CONTROVERSOS DO
PROGRAMA APOLO

Capaz de sobreviver a radiacdo de milhares de Grays

Carlos Alexandre Wuensche (2019)
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Limites da vida conhecida na Terra

Factor
High temperature

Low temperature

Alkalinesystems

Acidic systems

lonizing radiation

UV radiation
High pressure
Salinity
Desiccation

Deep crust

Environment / source Limits
Submarine hydrothermal vents 110°Cto 121 °C
Ice -17°Cto-20°C
Soda lakes pH>11

Volcanic springs, acid mine

drainage pH-0.06to 1.0

Cosmic rays, X-rays, radioactive 1,500 to 6,000 Gy

decay

Sunlight 5,000 J/m?2
Mariana Trench 1,100 bar
High salt concentration aw ~ 0.6

Atacama Desert (Chile), McMurdo

P . -
Dry Valleys(Antarctica) 60% relative humidity

accessed at some gold mines

Carlos Alexandre Wuensche (2019)

Examples
Pyrolobus fumarii, Pyrococcus furiosus

Synechococcus lividus

Psychrobacter, Vibrio, Arthrobacter, Natronob

acterium

Bacillus, Clostridium paradoxum

Deinococcus
radiodurans, Rubrobacter, Thermococcus
gammatolerans

Deinococcus
radiodurans, Rubrobacter, Thermococcus
gammatolerans

Pyrococcus sp.

Halobacteriaceae, Dunaliella salina

Chroococcidiopsis

Halicephalobus mephisto, Mylonchulus
brachyurus, unidentified arthropods
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Os limites de temperatura
ulphur-dependent archaea i

Protozoa

A temperatura mais alta e mais baixa para cada grande taxon é dada.
Archaea estdo em vermelho, bactérias em azul, algas em verde claro,
fungos em marrom, protozoadrios em amarelo, plantas em verde escuro e
animais em roxo.

Life in extreme environments, LJ Rothschild & RL Mancinelli, Nature 409, 1092-1101 (22 February
2001) Carlos Alexandre ‘Vuensche (2019) 96



Deinococcus Radiodurans: a superbacteria!

Fase estacionaria: celula com 4 copias do genoma; em multiplicacao rapida,

8-10 copias do genoma.

Varias bactérias de radioresisténcias comparaveis sao agora conhecidas

Capacidade Gnica de reparar o DNA danificado, isolando segmentos

danificados em uma area controlada e os reparando

Capaz de reparar pequenos fragmentos de um cromossomo inteiro

Comparativos: Comparativos:
v Radiografia de térax: ~ 1 mGy v Morte tardigrado: > 4000 Gy
v Missdo da Apollo: ~ 1 mGy, v D. radiodurans: suporta dose instantanea de

até 5.000 Gy sem perda de viabilidade,
v Morte humana: > 5 Gy
v Suporta dose instantanea de até 15.000 Gy
v Morte E. Coli: > 200-800 Gy com 37% de viabilidade.

Carlos Alexandre Wuensche (2019)

97



-l 'S

Carlos Alexandre Wuensche (2019)




nature Vol 454128 August 2008|doi:10.1038/nature07268

ARTICLES

Major viral impact on the functioning of
benthic deep-sea ecosystems

Roberto Danovaro', Antonio Dell’Anno’, Cinzia Corinaldesi’, Mirko Magagnini', Rachel Noble’,
Christian Tamburini® & Markus Weinbauer*

Viruses are the most abundant biological organisms of the world's oceans. Viral infections are a substantial source of
mortality in a range of organisms—including autotrophic and heterotrophic plankton—but their impact on the deep ocean
and benthic biosphere is completely unknown. Here we report that viral production in deep-sea benthic ecosystems
worldwide is extremely high, and that viral infections are responsible for the abatement of 80% of prokaryotic heterotrophic
production. Virus-induced prokaryotic mortality increases with increasing water depth, and beneath a depth of 1,000 m
nearly all of the prokaryotic heterotrophic production is transformed into organic detritus. The viral shunt, releasing on a
global scale ~0.37-0.63 gigatonnes of carbon per year, is an essential source of labile organic detritus in the deep-sea
ecosystems. This process sustains a high prokaryotic biomass and provides an important contribution to prokaryotic
metabolism, allowing the system to cope with the severe organic resource limitation of deep-sea ecosystems. Our results
indicate that viruses have an important role in global biogeochemical cycles, in deep-sea metabolism and the overall
functioning of the largest ecosystem of our biosphere.
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Vida em sistemas
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