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Diversidade da Vida — Apresentacao

- Apresentacao da(o)s docentes:

- Por que sete docentes para uma mesma disciplina?

- Apresentacao da(o)s discentes:

- Apresentacao da disciplina — propositos e estrutura geral da disciplina:
- Tépicos estruturantes nao ortodoxos da biologia.

- Provocacodes: ruptura do saber dogmatico — o conhecimento esta vivo!

- Exercicio da argumentacao cientifica (debates).

- Aluna(o)s como protagonistas e nao como agentes passivos de
absorcéo de conhecimento!

- Necessidade continuada de pesquisa prévia para alimentar
discussoes.
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- Todo material estara disponivel no Portal: https://edisciplinas.usp.br/
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Diversidade da Vida — Definicao e origem de vidil_

O que é 2 Vida???7?7??




Diversidade da Vida - Definicao e origem de vida

Caracteristicas da vida, segundo Ensino Médio brasileiro (Laurence,
2009; Lopes & Rosso, 2009; Amabis & Martho, 2009):

- Ciclo vital,

- Organizacao celular;

- Crescimento;

- Metabolismo;

- Movimento;

- Reproducéo;

- Hereditariedade — DNA e RNA;

- Evolucao;

- Respondem a estimulos do meio;

- Composi¢ao quimica com predominancia de hidrogénio,
oXxigénio, carbono e nitrogénio — proteinas e acidos nucleicos.
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Hipotese dos Replicadores: O Mundo do RNA
- Abiogénese: nao vivo => vivo
- Walter Gilbert (Nature, 1986) - Ambiente primitivo seria composto
somente por moléculas de acido ribonucleico (RNA) => precursor do
mundo atual (composto por DNA, RNA e proteinas)

- Fundamentacéo: propriedades do RNA - armazena informacéo e
catalisa reacOes quimicas (metabolismo primitivo); mais tarde, o
armazenamento da informacao ficaria ao encargo do DNA e o papel
enzimatico, as proteinas
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Hipotese dos Replicadores: O Mundo do RNA

O que sustenta esta hipotese?

- Primeiros replicadores — acidos nucléicos pré-RNA ja foram sintetizados

=> polimeros artificiais mais simples com estas caracteristicas — PNA
(Peptide Nucleic Acid) e TNA (Threose Nucleic Acid)

- Descoberta das ribozimas (1981, “habitam” o protozoario Tetrahymena e a
bactéeria Escherichia): encontradas hoje em virus, procariontes e eucariontes
— moléculas de RNA que podem catalisar (acelerar) sua propria replicacao

Yo i o el [
oy o R
W -;;_' R
T e,
o ==
i ~
= ~
-, A
L gmm——
L ey
. .,



Diversidade da Vida — Definicao e origem de vida
Hipotese dos Replicadores: O Mundo do RNA

O que sustenta esta hipotese?

- Descoberta dos virdides (Diener, 1971) e virusdides — RNA de fita
simples, com apenas 246-401 nucleotideos, no caso dos viroides; nao
possuem capa proteica; patogenos de plantas

- Experimentos, em meio aquoso, com bases nitrogenadas e ribose
produzem nucleosideos em grandes quantidades (Chen et al., 2013).
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Hipotese dos Replicadores: O Mundo do RNA

Quais sao os contra-argumentos para esta hipotese?

- Instabilidade do RNA, especialmente na agua,

- RNA ja € uma molécula muito complexa,;

Purine nucleotides
NH,
Phoephata

=— Nitrogen base : ! ~+— Guaning (G}
{adening, A} o =

HJ{!" =— Deoxyribose sugar

7| [
QH  H

Deoxyadenosine 5'-phesphate (dAMP) Decxyguanosine 5-phosphale (dGMP)
Pyrimidine nucleotides
NH, o
| CH; Il H
TN
, ~— Cytosine (C) b, s <—Thymine(n
Nucleotideos o ¥ o
k. F 1 )

CH; O

.-'H }:"-._
H H
OH H
Deoxycytidine 5-phosphate (dCMP) Decxythymidine 5'-phosphate (dTMP)

- A incapacidade de nucleosideos [base nitrogenada + acucar (pentose —
ribose)] de selecionar mutuamente os seus parceiros de emparelhamento
em uma mistura complexa de outras moléculas antes da polimerizacéao.
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Hipotese do Metabolismo Primeiro: o Mundo das Proteinas
O gue sustenta esta hipotese?

- Proteinas antecedem RNA e DNA,
funcionando inicialmente como enzimas

- Enzimas séo essenciais para vida

- Aminoacidos sdo formados por
componentes mais simples do que o
RNA (experimento de Miller-Urey, 1953) -
sintese de compostos organicos em
condicdes “primitivas” (Oparin, Haldane) G

(Lightning)
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Hipotese do Metabolismo Primeiro: o Mundo das Proteinas

O que sustenta esta hipotese?

- Glnter Wachtershauser (Hipotese do Mundo Ferro-Enxofre) —
enzimas nao sao necessarias para o metabolismo; origem da vida em
fontes hidrotermais marinhas, com altas temperaturas;

- Possibilidade de recriar em laboratorio o Ciclo de Krebs (ou Ciclo do
Acido Citrico — metabolismo intracelular) sem enzimas e em condicdes

de alta temperatura e pressao, tal como nas fendas vulcanicas
marinhas;

- Keller et al. (2014): metabolismo antecede o
mundo pre-biodtico — glicolise ndo enzimatica; e
reacOes via pentose e fosfato — precursores de
acidos nucleicos, aminoacidos e lipidios; reacdes
possiveis no Oceano Arqueano (composicao dos
primeiros sedimentos)

Fonte hidrotermal na Dorsal Mesoatlantica - Y
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Hipotese do Metabolismo Primeiro: o Mundo das Proteinas
O que sustenta esta hipotese?

nature ARTICLES
chemistr Yy https://doi.org/10.1038/541557-020-00560-7

W) Check for updates

A plausible metal-free ancestral analogue of the
Krebs cycle composed entirely of a-ketoacids

R. Trent Stubbs ©'2, Mahipal Yadav©23, Ramanarayanan Krishnamurthy ©%3* and
Greg Springsteen ®'25

Efforts to decipher the prebiotic roots of metabolic pathways have focused on recapitulating modern biological transforma-
tions, with metals typically serving in place of cofactors and enzymes. Here we show that the reaction of glyoxylate with pyru-
vate under mild aqueous conditions produces a series of xx-ketoacid analogues of the reductive citric acid cycle without the
need for metals or enzyme catalysts. The transformations proceed in the same sequence as the reverse Krebs cycle, resembling
a protometabolic pathway, with glyoxylate acting as both the carbon source and reducing agent. Furthermore, the a-ketoacid
analogues provide a natural route for the synthesis of amino acids by transamination with glycine, paralleling the extant meta-
bolic mechanisms and obviating the need for metal-catalysed abiotic reductive aminations. This emerging sequence of prebi-
otic reactions could have set the stage for the advent of increasingly sophisticated pathways operating under catalytic control.

- Rejeita metais como cofatores ou enzimas primitivas; glioxilato atuando como fonte de
carbono e agente redutor; os analogos de a-cetoacidos fornecem uma rota natural para a
sintese de aminoacidos por transaminac¢ao com glicina.



Hipotese do Metabolismo Primeiro: o Mundo das Proteinas

Contra-argumento para esta hipotese:

- Nao explica a formacao de moléculas replicadoras!
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A vida tem uma origem unica? Onde a vida se originou?

Hipotese da panspermia: vida existe pelo universo (meteoros,
asteroides e outros objetos celestes pequenos) e foi “semeada”’ na
Terra.

Fundamentacéao:

- Existéncia de organismos “extremofilos”;

- Processos quimicos fundamentais ocorrem fora da Terra;

- Fungos crescendo em radiacao ionizante de Chenobyl — Wember & Zhdanova
(2001);

- Murad & Barber (2009): 6xido nitrico (NO) — uma das primeiras moléculas para
sinalizacao intra- e extracelular na evolucao da vida (altamente permeavel pelas
membranas lipidicas e celulares, importante para controle da pressao
sanguinea, neurotransmissao, funcao imunologica), esta em amostras
extraterrenas;

- indicios de vida em Marte (rover espacial Curiosity, 2014) — moléculas
organicas (C, H) e gas metano (CH,);

- 2013: 40 bilhdes de planetas do tamanho da Terra orbitando zonas “habitaveis”
de estrelas similares ao Sol (anas amarelas) ou anas vermelhas (3/4 do total) na
Via Lactea; 11 bilhdes de estrelas similares ao Sol; 5.000 exoplanetas
confirmados.

- 2013: Projeto Alma: moléculas pré-bidticas (precursoras de aminoacidos e
DNA; molécula que produz adenina) em particulas congeladas em nuvens de

gas no espaco interestelar.
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Article Nature | Vol 615 | 9 Man

Deuterium-enriched water ties planet-
forming disks to comets and protostars

https://doi.org/101038/541586-022-05676-z  John J. Tobin'”, Merel L. R. van ‘t Hoff*, Margot Leemker’, Ewine F. van Dishoeck®,
Teresa Paneque-Carrefio™, Kenji Furuya®, Daniel Harsono®, Magnus V. Persson’,

Recsived: 2 Juns 2022 L. lisedore Cleeves®, Patrick D. Sheehan® & Lucas Cieza""

Accepted: 21 December 2022
Published online: 8 March 2023

Astronomos usando o Atacama Large
Millimeter/submillimeter Array (ALMA) detectaram agua
gasosa no disco de formacgao do planeta em torno de V883
Orionis, uma protoestrela localizada a 1.305 anos-luz de
distancia na constelacdo de Orion. Essa agua carrega uma
assinatura quimica que explica a jornada da agua das
nuvens de gas formadoras de estrelas para os planetas e
apoia a ideia de que a agua na Terra € ainda mais velha que
0 NOSso Sol.

Article

Fig. 1/ Mustrations comparing a typical proto-planetal
surrounding the outbursting protostar VSS3 Ori,a, At
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ACCESS Freely available online

How Many Species Are There on Earth and in the Ocean?

 Camilo Mora'?*, Derek P. Tittensor’>%, Sina Adl', Alastair G. B. Simpson’, Boris Worm'

1 Department of B|ology Dalhousie University, Halifax, Nova Scotia, Canada, 2 Department of Geography, University of Hawaii, Honolulu, Hawaii, United States of America,

2| Leitod Rlatinee Wlneld o oration Manitorina Conten Coamabeides | laitad Finodoes H b Capebeiclen Llnitad Wieesclons

No mundo: —8,7 milhoes (= 1,3) de ESPECIES de ?:
‘eucariotos viventes (Mora et al:, 2011)

QU JELaUST UL C3UH AL 1Ty Ul @3sUiipuoits tias 1ave prover Higiity Conuuversian 111 we SHuve tia aic rigiics
taxonomic classification of species (i.e., the assignment of species to phylum, class, order, family, and genus) follows a
consistent and predictable pattern from which the total number of species in a taxonomic group can be estimated. This
approach was validated against well-known taxa, and when applied to all domains of life, it predicts ~8.7 million (+1.3
million SE) eukaryotic species globally, of which ~2.2 million (*=0.18 million SE) are marine. In spite of 250 years of
taxonomic classification and over 1.2 million species already catalogued in a central database, our results suggest that some
86% of existing species on Earth and 91% of species in the ocean still await description. Renewed interest in further

Academic Editor: Georgina M. Mace, Imperial College London, United Kingdom

Received November 12, 2010; Accepted July 13, 2011; Published August 23, 2011

Copyright: © 2011 Mora et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: Funding was provided by the Sloan Foundation through the Census of Marine Life Program, Future of Marine Animal Populations project. The funders
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No mundo ~8f7 mllhoes (+1 3) de espe(:les de
eucarlotos V|ventes (I\/Iora et al., 2011_)
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http://www.youtube.com/watch?v=L8qwRCs_7x0&feature=related

Diversidade da Vida — Diversidade Biologica

Arvore filogenética da vida

Bacteria Archaea Eukaria

Bactérias
Verde

Spirochetes Filamentosas Entamoebidea

Mycetozoa,; Animais
Gram Methanosarcina Fungos

. positivas Methano bacterium Halophiles
Froteohacteria Plantas
Methanococcus

Cyanobacteria Ciliados
T. celer,

Planctomyces Thermoproteus Flagelados
Pyrodicticum

Bacteroides Trichomonadida
cytophaga
N Microsporidia
Thermotoga .
Diplomonadida Carl Richard Woese
(1928-2012)

Aquifex

Woese, Carl R.; George E. Fox. 1977. Phylogenetic structure of the prokaryotic domain: the
primary kingdoms. Proceedings of the National Academy of Sciences of the United States of
America 74 (11): 5088-5090.
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|
nature LETT ——
mleOblO]Ogy PUBLISHED: T1 APRIL 2016 | ARTICLE NUMBER: 16048 | DOI: 10.1038/NMICROBIOL.2016.48 e ——
- —
A new view of the tree of life ==
I
Laura A. Hug", Brett J. Baker?, Karthik Anantharaman’, Christopher T. Brown?, Alexander J. Probst’, . L1 s 4 ——
Cindy J. Castelle, Cristina N. Butterfield', Alex W. Hernsdorf?, Yuki Amano?, Kotaro Ise?, = =
Yohey Suzuki®, Natasha Dudek®, David A. Relman’®, Kari M. Finstad®, Ronald Amundson®, ||s——

Brian C. Thomas' and lJillian F. Banfield'**
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Bacteria

, Candidate
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Microgenomates

Major lineages with isclated representative: italics
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Candidate Phyla Radiation

Archaea

Archagoglobi

Hug, L.A. et al. 2016. A new view of the
tree of life. Nature Microbiology, 1: 1-6.
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A phylogenomic data-driven exploration of viral
origins and evolution
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Mimiviridae (virus gigantes - girus) — infectam eucariotas unicelulares (principalmente
amebas) — estratégias de reproducéo e morfologia tipicas de virus, mas sao maiores do
gue muitas bactérias e tem > complexidade genémica;

- Sao parasitados por outros virus (e.g., viréfagos Sputnik, Mavirus e OLV - Organic Lake
Virophage) e possuem mobilomas (comunidades de elementos genéticos moveis);

Virus gigante Sa
Rio Negro

Virofago Lago Organic
(OLV)

Virus gigante CroV com
seu viréfago Mavirus

" \irus gigante Acanthamoeba
polyphaga mimivirus (APMV)
com virofago Sputnik

virofago Sputnik
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inkroiEn

. Mavirus
Sputnik

=@ %
* entry by clathrin-mediated
endocytosis

Gagnl i % y \
virus 1 N ! 4 co-entry by
! : phagocytosis 1 genome ;
integration ._ ;

GV core

0 "6 i =

reactivation

morphogenesis
of virophage ) virophage

virion release by cell lysis
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Virofagos e elementos genéticos (polintons e transpovirons)

Virofagos — icosaédricos; 20-25 quilobases que codificam 21-26
proteinas cada; poucos genes do genoma sdo homologos entre eles
(origem quimeérica);

Polintons (transposons) - 5 genes homologos com elementos
transponiveis grandes, auto-replicantes de Eukariota (classe
Maverick/Polinton); sdo abundantes em genomas de alguns protistas,
como Trichomonas vaginalis;

Mavirus — evoluiram da recombinacado entre polintons e um virus
desconhecido;

Varidnaviria - viréfagos, polintons, um distinto elemento transponivel
Tetrahymena (TIrl), transpovirons, adenovirus e alguns bacteridfagos
podem formar um grupo monofilético
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Polinton 1 EI -—- Amoeba, unicellular
Polinton 1 TV -- Protozoan, unicellular

-- Sea squirt, Chordata, tunicate

Polinton 1 CB . Nematoda, Ecdysoa
Polinton 2 CB
Polinton 1 NV
Polinton 4 NV
Polinton 1 HM -- Hydra, Cnidaria
Sea anemone,

T Polinton 3 NV
06991 0.79 Polinton 1 GI -- Fungi Cnidaria (NV)
' x [ Polinton N1B NV

6 0.1{ Polinton N1 NV
98 Polinton N1A NV

Polinton 1 CI
Polinton 2 CI

Polinton 2 TC __ Beetle
Polinton 3 TC
Polinton 3 NVi
Polinton 4 NVi
Polinton 7 NVi
Polinton 9 NVi
Polinton 1 NVi
Polinton 6 NVi
Polinton 1 DGr
Polinton 2 DBp Arthropoda, Malecular Phylogenetics and Evohatian xxx [2014) xex-xxx
Polinton 1 DEu
Polinton 1 DK Ipsecta
Polinton 2 DK
Polinton 1 DAn
Polinton 1 DBp
Polinton 1 DPe
Polinton 2 DEu
Polinton 1 DBi
Polinton 1 DY Short Communication
Polinton 1 DEI

Contents lists available at ScienceDirect

Molecular Phylogenetics and Evolution

Drosophila

journal homepage: www.elsevier.com/locate/ympev

« [ Polintont SM Phylogenetic analysis of Maverick/Polinton giant transposons across

Polinton2 SM i organis ms
ol 2 SM Flretslgwlat?rtﬁlanarlan, _ .
Polinton 1 sm| P'atyheimin Saija Haapa-Paananen ™, Niklas Wahlberg, Harri Savilahti
Polinton3 SM " Diviston of Genetics and Physiology, Department of Biology, University of Turkuw, Finland
Polinton 1 PI -- Oomycete, Fungi

—*: Polinton 1 DR _. Figh
Polinton 2 DR
* Polinton 1 XT __ Fro
Polinton 2 XT
Polinton 1 SPU - Lizard NERERESS
Polinton 2 CPB  __ Turtle
Palinton 1 CPB Aquatic

Polinton 1 AMi __ Grocodile animals
Polinton 2 AMi
Polinton 5 NV S
ea Anemone
Polinton 2 NV " ’
Polinton 2A NV
Polinton 4 SP

Polinton 3 SP .
Polinton 5 sp| S€@ Urchin,

Polinton 1 SP Echinodermata
Polinton 2 SP
Polinton 1 ¢Gi -- Oyster, Mollusca
Polinton 1 TC -- Beetle

| A :
* Polinton 8 NVi
I—‘m:Polinton 2 NVi | Wasp
81 Polinton 5 NVi
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Animals

Plants




You are here

%,
5,

A
R
AR

L/



Diversidade da Vida — Diversidade Biologica

NN




Hopcroft/UAF/CoML/NOAA

o !
‘zubios

Chaetognatha (Sagitta maxima) Ectoprocta (Bryozoa)

Deuteromycota (Aspergillus)
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Euryarchaeota (Halobacterium sp.) Nanoarchaeota

Crenarchaeota (Sulfolobus infectado
com virus RT8-4)



Virus - Bacteriophagus

Micrognathozoa

Kinorhyncha
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Abundancia de elementos quimicos do corpo humano

Human Body Ingredients

The four ingredients below

are essential parts of the body's
protein, carbohydrate a-n:I fat |
architecture. © % R !

Other Key

“The cosmos is also within us. We're made of
S star-stuff. We're a way for the universe to known

Lends rigidity and . "
strength to bones and t If C | S 1934 1996
teeth; also important I Se . a,r ag a,n y =

for the functioning

of nerves and muscles,
and for blood clotting.

Phosphorus 1.0%
Needed for bullding

and maintaining bones 1 i '
by Lt Element Proportion (by mass)
in the molecule ATP
(adenosine triphosphate),
which provides [ O S 0
energy that drives Ox y ben 6 N A)
chemical reactions in cells,
' 0,
Important for electrical CﬁrbOll 1 8 A)
sigmaling in nerves and
maintaining the balance " -
. of water in the body. H}"dl Ogen 1 0%
* Sulfur 0.3%
Found in cartilage,
& insulin {the hormone
» + " that enables the body to
““ruse sugar), breast milk,
#: 5 proteins that play a role ~1 0,
v #in the immune system, Ca]LIUI‘n 1 -5 /O
and keratin, a substance
}In skin, hair and nails.

" Chlorine 0.2%
.“Needed by nerves
“to function properly;
* also helps produce
Gastric julces.
;. hodium 0.2%
+ Mays a critical role
*: in nerves’ electrical
< “signaling: also helps
regulate the amount

of water in the body. Chlorine 0.2%

Magnesium 0.1%

Plays an important role .

in the structure of the Sod 1um 0 ] %
skeleton and muscles; T
also found in molecules

65.0%

Critical to the conversion
of food into energy.

Potassium 0.4%

Nitrogen 3%

18.5% .
The so-called backbone

of the building blocks of the

body and a key part of other H
important compounds, such as i

testosterone and estrogen, « o %

Phosphorus  1.2%
Potassium  0.2%
Sulfur 0.2%

HYDROGEN

9.5%

Helps transport nutrients,

remove wastes and regulate that help enzymes use - 0
body temperature. Also plays ATP to supply energy for Magnes um 0 . 05 ;/0
an important role in energy chemical reactions in cells.
production. lodine (trace amount)
e = Part of an essential Il‘OIl < O . 05 %
H== =" hormone produced
| i by the thyroid glmjd: 0
[l I__ regulates metabolism. Cobalt < 0 . 05 A)
]| Iron (trace amount)
i I Part of hemoglobin,
1 which carries oxygen - 0
I R aniesony Copper <0.05%

NITROGEN Zine (trace :lllount}

NITROGEN z i . o

3.39% enzymes invoed Zinc <0.05%
» 0 in digestion,

Found in amine acids, the
building blocks of proteins;

an essential part of the nudeic
acids that constitute DNA.

lodine <0.05%

Selenium <0.01%

{Percentage of body welght. Source: Biolog)
Campbell and Reece, eighth edition.)
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Composigéo do Universo

Atoms
4.6%

COMPOSITION OF THE COSMOS Dark

Matter
23%

Neutrinos:

Neutrinos Dark
10% Matter

63%

Photons
15 %

Atoms

12%
13.7 BILLION YEARS AGO

(Universe 380,000 years old)
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Origem do Universo - Universo Atomico

- Origem unica (13,8 b.a.) - Big Bang - universo sendo criado a partir da
“singularidade” (n&o ha tempo, nem espaco, nem matéria); universo em
expansao acelerada (evidenciada pela radiacdo cosmica de fundo);

- Bariogénese — formacao de nucleons (protons e néutrons livres e estaveis -
barions) a partir do plasma de quark-glton;

- Formacao de elementos atbmicos estaveis - Nucleossintese do Big Bang
ou Nucleossintese Primordial;

- 3-17 minutos da origem do Universo: producao de elementos fundamentais
leves e “estaveis” - nucleos mais pesados que o H-1 — deutério (H-2),
IsOtopos mais pesados do hélio (He-3 e He-4), litio (Li-6 e Li-7) e berilio (Be)
(até massa 7); alguns nucleos instaveis que decaem ou fundem rapidamente;

-ApoOs isso a temperatura e densidade do Universo diminuem, com expansao
do universo;

- Apos 20 minutos, com esfriamento do Universo, outros elementos mais
pesados se formam nos nucleos estelares - Nucleossintese Estelar -
progressivo aumento de complexidade.
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- Formacéao de Nucleos Atbmicos - dois processos fundamentais de geracao
de diversidade da matéria no Universo => fusao e fissao

nuclear fission nuclear fusion

B —— —— .
P L Ay«
neutron p

deutenum tritium

Ty

j}

"k P neutron HE“'-E_'T"
Q T ’ )’/

F
i

neutrons
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Fusao Nuclear - aumento da diversidade da matéria

o
P

Deuterium

+ photon

v _ n
+
2 2.8
Dauterium Dauterium Helmm-3

¢ . ©

N
st o 00 ' 9@

Deuterium Deuterium Tritium

- Geralmente ocorre com 2

. + W -
elementos mais leves 2 Q9 —— y;g + @

- Fusao de 2 nicleos CC_)m massa Deuterium  Helium-3 Helium-4
menor do que a do Fe libera P

energia. 2 + Ei‘yﬂ SRS y‘ij, )

Deuterium Tritium Helium-4
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Fiss@o Nuclear - liberac&o energética (reatores nucleares)

15t Generation . ‘II g
e

J

L-""-l '1.1 - J
2nd Generation
e "

3rd Generation

Uranium-235 atom ¢, neutron
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Fiss@o Nuclear - liberac&o energeética

3rd Generation

i incldent neutron +

fissionable nucleus

A nucleus splitting
fission products (radioactive nuclei}
fissionable nucleus

-

o
+ incident neutron Q
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-Fissao geralmente € binaria!

-Geralmente ocorre com
elementos mais pesados
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Composicao do Sistema Solar

Abundance of Si
is normalized to 10"

0
=
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=
=
=
L
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=
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Z, Atomic number
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- Atomos s&o homologos?

CLASSIFICACAO PERIODICA DOS ELEMENTOS.

Com massas atdmicas referidas ao isdtopo 12 do Carbono

TABELA PERIODICA DOS ELEMENTOS

ATENGAO:

I A — O carbono 12 serve como referéncia as massas atdmicas.
Os elementos artificiais siio apresentados em cor verde,
4 91’;2 SSo chamados: — representativos ou ndo de transigdo os elementos dos grupos — A (todos)

7 \Blisnmemela e 28)
% Be
.88

oy

o transicdo simples: 3B até BB
Perflio — transiclo interna: Terras- Haras<l'a“3"'°'°‘ (57a71)
12 zu12 Actinidios (89 a 103)

M g E .c 2 & e3P 2p7 2 .[]np.’:n'
Magneslu _M_ VB V“B_ _MluB_ i Siticio Argbnia
22 4m 24 L [26 ss81[27 — 29 : } 74822

23

= K j‘;’Ca =Sc [=Tj |= V |=Cr | =NnlZFe |2Co

6 S 7.86 A
[Ac)as’ [Arjas 3 [Arjaa®as? ? [Arjag® 4’ ' [Arj3e®a® [Ar]aa” ae?
Potassio Célcio a Titdnio Vanadio Cromo 3 é Ferro Cobalto

37 ®4|38 e =40 sz (4 @W 44 0w |45 102806

1 65432 7 23458 234

688 300 5560 % 4500
=Rb|¥S =7r [=Nb [=Mo “Ru
A 2 A e ' 102 T 122 2 ng 1 8 7, 1.2
[Kelos® Kt s [xrjoc*se s Jad” s r 'm [Kr o %s?5p7
L Estroncio Zirchnio Nidbic Moiibdénio| i utemo g ndio Estanho
e e———————— et} SRS
17848 1!)“ 18385 1862 1902
3 72 4 73 7 65432 7S 42, 76 23458,
5400 500 5a00 5500 Sam
% | 222 f 3410 Re 3000 Os
3 193 200 26 2
[ [N-[ﬂl sa’ss’ | [Xejarso'ss? | [xelarMsase’ | [xejes*sates’ I"P'”Sd 6 1,‘.}.."5455,
& Hélnio Tantalo ngsténio Rénio Jsmio Iridio Platina

105 106 107

2]
;Ep!'. ot R: Ac |.!p(.!;.l= I!:!t‘au’ D

" e : & [Rnjoay? [Rajea® 75!
Frincio Kurchatdvio Hahnio LEGENDA : 3 i Gases ¢ Nio-Metais

NUMERO A TOMICO

42461 n;ni D, 65 7 728 71 T

i
r [2Nd [~Pm(z ZEu ®Gd |*Th|* Dy|*Ho = Er "”Tm*'Y I.u

8 854
hu)m %! | [Xejarsa%ss 7 ﬁow '’ 8s? - [nyu"sdnsa‘ [l-]al"w"‘l. [x.)«],sn &’
Neodimio Promécio urépiu Gadolinio Térbio i imi Erh Talio rb bcio

Sl el el o : : w02 =103 @

ESTRUTURA 8 1 ! - 4
ELETRONICA 3= e ’ Pu - S F

‘?ﬁsr’u‘n' e s’ n? | [Rosrta® ¢ [ ! [ner'tad®25? | (majsipan? | [Anlsraatne? | T 2 | Tnnjer*satn?
Urénio tnio mericio Cari | Einsténio Férmio | Mendeléviol obél Lawréncio

PONTO DE




eUeSr6r4e:6n o o]
~ = = fom | © = O O

w < DN o f s O

2 @

~ Z 19 a

uy

o
|mm= @
mED
JEEE NE
S
17

Ww M

O M

[/ 1] o T o - w M@

=
ke
wn
wn
J=
>
g
S
e
e
wn
O
L)

Pm

exploding massive stars
exploding white dwarfs

merging neutron stars
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FIRST CosmiCc EVENT OBSERVED

IN GRAVITATIONAL WAVES AND LIGHT
Colliding Neutron Stars Mark New Beginning of Discoveries

Collision creates light across the

entire electromagnetic spectrum.

Joint observations independently confirm
Einstein's General Theory of Relativity,
help measure the age of the Universe,
and provide clues to the origins of

' Nweavy elements like gold and platinum

On August 17,2017, 12:41 UTC, Within two seconds, NASA's

LIGO (US) and Virgo (Europe) detect Fermi Gamma-ray Space Telescope
gravitational waves from the merger detects a short gamma-ray burst from a

of two neutron stars, each around region-of the sky overlapping the LIGO/Virgo
1.5 times the mass of our Sun. This is position. Optical telescope observations

the first detection of spacetime ripples pinpoint the origin of this signal to NGC 4993,
from neutron stars. a galaxy located 130 million light years distant.

ELIGO Sewh|fsesustc |

Callege of Sciences.



Afterglow Light
Pattern
375,000 yrs.

Fluctu

Dark Energy
Accelerated Expansion

Dark Ages Development of
Galaxies, Planets, etc.
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Big Bang Expansion |

13.77 billion years
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NASA/WMAP Science Team



Cosmic ErocHs Calay A1BT L

after the Big Bang

- ~300,000
“DancAges

; ~400 million years: Stars
and nascent galaxies form

P L, " ~1billion years: Dark ages end

~4.5 billion years: Sun, Earth, and solar system have formed

+ 13.7 billion years: Present
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Dark age

13.7 billion years
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Sistema Solar — origem monofilética

- 4,6 bilhdes de anos;

- Colapso gravitacional de nuvem molecular interestelar — Nebula Solar
*| (>H, He, elementos mais pesados) — centro (quente) formado por matéria
‘| capturada— proto-estrela - e periferia pelo disco protoplanetario

. | - planetas — formacdo por acrecdo de gases e poeira do disco —>
-+ | planetesimais (10 km didametro)

5
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- Planetas Teluricos (Mercurio, Vénus, Terra e Marte) — origem comum,;
proximos ao Sol -> formados por componentes com alto ponto de fusao (Fe,
Ni, Aluminio, Silicio);

- Alta densidade; crosta e manto formados por minérios refratarios, como
silicatos;

- Vénus, Terra e Marte tém atmosfera e estacoes;

- Atividades tectonicas;
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Origem da Terra — mesma nuvem de matéria que formou o Sol; os planetas
foram adquirindo composicoes diferentes ao longo da evolucao do
Universo.

outros; 1,2%
aluminio; 1,4%

célcio; 1,5%7 \

\
niquel; 1,8% \‘ \

enxofre; 2,9%— |

magnésio; 13,9%— ferro; 32,1%

silicio; 15,1%

oxigénio; 30,1%
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Origem do Sistema Solar e da Terra

- Origem do Sistema solar — 4,66 bilh6es de anos

- Origem da Terra - 4,56 bilndes de anos

- Formacéo da Lua (colisao do planeta Theia com a Terra) - 4,5 bilhdes de anos
- Carbono biogénico — 4,1 bilhdes de anos (Bell et al., 2015)

- Formacéao da atmosfera (esfriamento da Terra) — 4,0 bilhGes de anos

- Mais antigo registro fossil (quimiofdssil) — 3,8 bilhdes de anos

- Mais antigo registro de vida: microfésseis — 3,5 bilhdes de anos

Colisao de Theia com a Terra, arrancando
um pedaco da Terra que formou a Lua
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ARTICL

doi:10.1038/nature21377

Evidence for early life in Earth’s oldest
hydrothermal vent precipitates

Matthew S. Dodd"?2, Dominic Papineau®?, Tor Grenne?, John F. Slack*, Martin Rittner?, Franco Pirajno®,

Jonathan O’Neil® & CrispinT. S. Little’

—

e e

Figure 1 | Transmitted light images of haematite filaments from

the NSB and Lokken jaspers. a, Filaments from the NSB attached to a
terminal knob (arrow) coated with nanoscopic haematite. b, Filaments
from the Lokken jaspers coated with nanoscopic haematite and attached
to terminal knobs (red arrows) and branching (orange arrows). Inset,
multiple filaments attached to a terminal knob. ¢, Filaments from the NSB
in quartz band with haematite rosettes (green arrow). Inset, branching
filament (orange arrow). Green box defines d. d, Filament from the NSB
enveloped in haematite (inset, same image in cross polars).

Figure 2 | Transmitted light images of haematite
tubes in the NSB and Lokken jaspers. a—f, Tubes
from the NSB. a, Tubes associated with iron oxide
band. b, Depth reconstruction of tubes with
haematite filament (arrow). Inset, image of tubes
at the surface. ¢, Tube showing a twisted filament
(red arrow) and walls (black arrow). d, Strongly
deformed tubes. e, Depth reconstruction of tubes.
f, Two tubes attached to terminal knob (arrows);
lower image taken in false colour. g, h, Tubes from
the Lokken jaspers. g, Tube showing filament

(red arrow) and walls (black arrow). h, Aligned
tubes (green arrows).

- 3,770 b.a. (talvez
4,28 b.a.)! —rochas
ferruginosas
sedimentares -
Canada




Existe vida extraterrestre?

- SpTiehome Wulti—Beam

Frank Drake (1930- ), astronomo estadunidense
SETI - Search for Extraterrestrial Intelligence

SETI INSTITUTE ' Jyesz dn heze

DREAKE ERUATION , RECENT
1941 ESTIMATES EETIMATES
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1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Numero de descobertas de planetas extrassolares (exoplanetas) por ano.
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Potential Habitable Exoplanets

(4 confirmed and 27 unconfirmed NASA Kepler Candidates)

Confirmed Exoplanets Solar System Terrestrial Planets
(for comparison)
. l ercury Venus Earth Mars
Gliese 667C ¢

M
Kepler-22 b HD 85512 b Gliese 581 d

NASA Kepler Candidates

268.01 438.02 463.01 701.03 812.03 854.01 947.01 1361.01 1422.02

1430.03 1686.01 1739.01 1871.01 1876.01 1938.01 2020.01 2124.01 2290.01

2311.01 2410.01 2418.01 2469.01 2474.01 2553.01 2626.01 2650.01 2770.01

Credit: Planetary Habitability Laboratory, UPR Arecibo (phl.upr.edu) April 2012




Kepler-22b

Kepler-69c¢ Kepler-452b

Kepler-62f

Kepler-186f

Earth




TRAPPIST-1 System

[llustration

Trappist-1 system (2017): estrela ana vermelha fria (estrela ana superfria), localizada a
39 anos-luz do Sol, na constelacdo de Aquario.



Diversidade da Vida - Evolucao pre-bioldgica

Satelites de gelo e agua

Encélado (Saturno)

Ganimedes (Jupiter) Calisto (Jupiter)



Diversidade da Vida — Diversidade Biologica

Animals

Plants
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Solar System
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Solar Interstellar Neighborhood
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Milky Way Galaxy
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Local Galactic Group
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Virgo Supercluster
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Superaglomerado de Laniakea (2014) (100 mil galaxias, 520 milhdes
anos luz de diametro)
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SGY (kms™)

_
R
L

doi:10.1038/naturel3674

The Laniakea supercluster of galaxies

R. Brent Tully', Héléne Courtois?, Yehuda Hoffman® & Daniel Pomarede®

Herculas

Persaus—Pisces

77 AZBTO : : & & & T
@ N -

SaEK (km s} ® \"\\& q’@ &
=] W

SGX (km 57

Figure 1 | Two views of the
Laniakea supercluster. The outer
surface (blue) demarcates the limits
of local velocity flows. The plot is in
supergalactic coordinates with axes
SGX and SGY shown in the plane at
SGZ = 0. Our Milky Way galaxy is at
the origin. Units of 1,000 kms " in
velocity correspond to roughly

13.3 Mpc. Velocity streamlines are
shown in black and terminate in the
vicinity of the Norma cluster,
Individual galaxies from a redshift
catalogue are given colours to
distinguish major components
within the Laniakea supercluster: the
histerical Local supercluster in green,
the Great Attractor region in orange,
the Pavo-Indus filament in purple,
and structures including the Antlia
wall and Fornax-Eridanus cloud in
magenta. Several major entities are
named. Norma, Hydra, Centaurus,
Virgo, Ophiuchus, A2870, A3581
and A3656 are individual clusters of
galaxies embedded within the
Laniakea supercluster. Shapley,
Hercules, Coma and Perseus-Pisces
are complexes of galaxies outside
Laniakea. The outer black circle
defines the domain used to separate
between local and tidal flows. The
panels provide two perspectives of
the same scene,

https://www.youtube.com/
watch?v=rENyyRwxpHo
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Local Superclusters
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Telescopio Hubble (1990-)

Hubble spectroscopically confirms farthest galaxy to date

Previous Farthest galaxy
record holder Hubble has seen

547 km acima da superficie da
Terra, 15 Orbitas por dia

First stars?

] 13.0 134 135
Bilions of years ago
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Imagem topografica de Nirgal Vallis. ESA/DLR/FU
Berlim, CC BY-SA 3.0 IGO

Rover ou astromovel
“Curiosity” (2011-) - Marte

Seixos em Marte moldados por antigos rios com
muitos km de extensao




Rover ou astromovel

“Perseverance” (2021-)




. .« . Estrela 2MASS J17554042+6551277 da Via
Lactea, ca. 2.000 anos-luz de distancia

NASA (dez, 2021-) (Z%rizrg)eira imagem em foco; 16 de marco de

Telescopio Espacial James Webb —

Hubble ¥ |
v & Moon :

_— \384,400 km . Webb

1.5 million km L2




E

Os Pilares da Criacao de
Webb (Imagem NIRCam)

A estrela brilhante no centro de NGC 3132, Southern Nebula
Ring, embora proeminente quando vista pelo Telescopio Webb
da NASA em luz infravermelha proxima, desempenha um papel
de apoio na escultura da nebulosa circundante. Uma segunda
estrela, pouco visivel no canto inferior esquerdo ao longo de um
dos picos de difracédo da estrela brilhante, é a fonte da nebulosa.
Ele ejetou pelo menos oito camadas de gas e poeira ao longo de
milhares de anos.



Hubble Ultra Deep Field
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