Vznik zivota

Rostislav Brzobohaty



Zemé — unikatni planeta — jedina zatim znama planeta

s Zivotem
(v jejim geologickém zaznamu je zachovano svédectvi
o zZivoté a jeho proménlivosti béhem cca 4 miliard let)




Zivot jako problém

* - osobni (subjektivni)
« - védecky- filosoficky
- prirodovédny (jedna z nejobtiznéjSich
védeckych otazek), v nasledujicim je
podan pohled soucasn¢
geologie a biologie

Pozn.:
- Problém definice
- Znaky zivota - metabolismus, replikace (pamét'ovy systém), autoorganizace (zvySovani komplexity a integrity)



Nazory na vznik zZivota

- kreace: - jednorazova
- neukoncena
- inteligentni dyzajnér
- panspermie
- ablogeneze (z nezivého vznika ziveé evolucni
cestou):
- exogeneze (mimo Zemi)
- nas zivot ma puvod na Zemi



Soucasne¢ prirodovédné modely
vztahujici se ke vzniku zivota na
Zemi







Origin of Continental
Crust

e 391t04.2Ga
Acasta Gneiss

_ 3.96 Ga +/- 3 Ma
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FIGURE 6-18 Photomicrograph of one of the 3.96-

. billion-year-old zircon grains extracted from the Acasta
(ZrSlO4) (+ Hf) Gneiss, Slave province, Northwest Territories of Canada.
The grain is 0.5 mm long. Its polished surface has been
etched with acid to highlight crystal growth zones.
Numbers refer to points selected for analysis.  (Courtesy of
8. A. Bowring.) € Why are zircon crystals particularly valuable

4,404 Ga - Jack Hills (Austl'i'l]ie) - nejstar§i Zil'kony in determining isotopic ages?
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Acasta gneiss, northern Canada

» known as the Acasta gneiss complex
e dated at the Hadean Eon (4.0 billion years old)
e part of the Canadian Slave craton

48




Gneiss

The oldest KkKnown rock lies in Canada.
The Acasta gneiss, a metamorphic rock,

- - e




Metasedimentary rocks from Isua, West Greenland (over

3,700 million years old) contain 13C-depleted carbonaceous
compounds, with isotopic ratios that are compatible with a biogenic
origin1-3. Metamorphic garnet crystals in these rocks contain trails
of carbonaceous inclusions that are contiguous with carbon-rich
sedimentary beds in the host rock, where carbon is fully graphitized.
Previous studies4,5 have not been able to document other elements
of life (mainly hydrogen, oxygen, nitrogen and phosphorus)
structurally bound to this carbonaceous material. Here we study
carbonaceous inclusions armoured within garnet porphyroblasts,
by in situ infrared absorption on approximately 10—21 m3 domains
within these inclusions. We show that the absorption spectra are
consistent with carbon bonded to nitrogen and oxygen, and probably
also to phosphate. The levels of C—H or O—H bonds were found to

be low. These results are consistent with biogenic organic material
isolated for billions of years and thermally matured at temperatures
of around 500 °C. They therefore provide spatial characterization
for potentially the oldest biogenic carbon relics in Earth’s geological
record. The preservation of Eoarchean organic residues within
sedimentary material corroborates earlier claims2,6 for the biogenic
origins of carbon in Isua metasediments.

Nature, 03/08/2017



stromatolites

Legend
/ Ameralik dyke (metadolerite,
c. 3,510 Ma)
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chert (c. 3,695 Ma)
dolomitic calc-silicate
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some altered volcanic rocks
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3,7 Ga

Biological activity is a major factor in Earth’s chemical cycles, including facilitating CO2
sequestration and providing climate feedbacks. Thus a key question in Earth’s evolution is when
did life arise and impact hydrosphere-atmosphere-lithosphere chemical cycles? Until now,
evidence for the oldest life on Earth focused on debated stable isotopic signatures of 3,800-3,700
million year (Myr)-old metamorphosed sedimentary rocks and minerals , = from the Isua
supracrustal belt (ISB), southwest Greenland . Here we report evidence for ancient life from a
newly exposed outcrop of 3,700-Myr-old metacarbonate rocks in the ISB that contain 1-4-cm-
high stromatolites—macroscopically layered structures produced by microbial communities.
The ISB stromatolites grew in a shallow marine environment, as indicated by seawater-like
rare-earth element plus yttrium trace element signatures of the metacarbonates, and by
interlayered detrital sedimentary rocks with cross-lamination and storm-wave generated
breccias. The ISB stromatolites predate by 220 Myr the previous most convincing and generally
accepted multidisciplinary evidence for oldest life remains in the 3,480-Myr-old Dresser
Formation of the Pilbara Craton, Australia , . The presence of the ISB stromatolites
demonstrates the establishment of shallow marine carbonate production with biotic CO2
sequestration by 3,700 million years ago (Ma), near the start of Earth’s sedimentary record. A
sophistication of life by 3,700 Ma is in accord with genetic molecular clock studies placing life’s
origin in the Hadean eon (>4,000 Ma) .


http://www.nature.com/nature/journal/v537/n7621/full/nature19355.html#ref1
http://www.nature.com/nature/journal/v537/n7621/full/nature19355.html#ref2
http://www.nature.com/nature/journal/v537/n7621/full/nature19355.html#ref3
http://www.nature.com/nature/journal/v537/n7621/full/nature19355.html#ref4
http://www.nature.com/nature/journal/v537/n7621/full/nature19355.html#ref5
http://www.nature.com/nature/journal/v537/n7621/full/nature19355.html#ref6
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Mikrofosilie - bu nky s uzavieninami
S minerall vznikajicich pfi Zivotni €innosti
S baktérii (dtto rec.)

Maji uhlikaté stény, navic obohacené dusikem a zaroven je
doprovazeji mikrokrystaly pyritu, které by mohly byt odpadem jejich
metabolismu, pokud by byl zaloZeny na sife, jak se autofi domnivaji.
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Strelley Pool, Pilbara Fm. (Australie),
silicitv. 3.4 Ma

Lee Sweetlove (2011)



Stromatolity
petrlﬁkovana bakterialni bahna)




Vznik stromatolitu

Za dostatku svétla produkovaly cyanobakterie Kyslik (fotosyntéza), ten pouzivali
jini mikrobi k ziskavani energie (svétlejsi vrstva) - pokud kyslik chybél, prechazeli
k fermentaci, za absence kysliku prezivali jen fermentanti (tmavsi vrstva). Bahnité
sedimenty byly zpevnény uhli¢itanem vapenatym z vody a vytvarely pevné
paskované horniny.

Where light is plentiful,
oxygen-producing pho-— -
tosynthetic cyanobacte-
“ria coexist with oxygen-
- dependent microbes. . s :
‘ Rty ) A menagerie of
species makes up a
~stromatolite. One
square foot may
- contain half a billion -
individuals linked by
. symbiotic relation-
ships that hold the
. community together.
Microscopic views
(left) show organisms
.- under conditions at
- different levels.
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These microbes use i R T ST i

oxygen that seeps from ~Inthe absence of

the surface or, when it : oxygen, the only

is unavailable, switch to _microbes that survive

fermentation. : -~ are those powered by . ]
fermentation. ' = " _ART BY KEN EWARD







Stromatolity, 1,8 Ga, Great Slave Lake (Kanada)




Recentni stromatolity, Shark Bay, Australie vzicne se tvori

jeSté dnes v hypersalinnich podminkach, které zabranuji vstup pripadnym poZiraciim)

© 2005 Pearson Education, Inc., publishing as Addison Wesley

At right is a layered stromatolite, produced by the activity of ancient cyanobacteria. The layers were produced as
calcium carbonate precipitated over the growing mat of bacterial filaments; photosynthesis in the bacteria depleted
carbon dioxide in the surrounding water, initiating the precipitation. The minerals, along with grains of sediment
precipitating from the water, were then trapped within the sticky layer of mucilage that surrounds the bacterial colonies,
which then continued to grow upwards through the sediment to form a new layer. As this process occured over and over
again, the layers of sediment were created. This process still occurs today; in western Australia is well known
for the stromatolite "turfs" rising along its beaches.


http://www.ucmp.berkeley.edu/bacteria/stromats.jpg

Bunécny filament - 3465 Ma




Mikrofosilie (?) z ,,Apex Chert“ (Archaikum, 3465 Ma, Z. Australie)

D.,E- Archaeotrichion, F — Eoleptonema G,H - Primaevifilium




Cyanophyta ~ cca 3.4 Ga










Prvni stabilni ekosystém v archaiku (3, 6- 2, 3 Ga)
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fotosyntéza = organicka hmota = metanogeneze
(Sinice ) (Archaea) (podle Lovelock 1994)

V archaiku prevladala CO2 + metanova atmosféra (sopecna ¢innost + Zivotni ¢innost archaei —
metanogenti), prakticky chybél volny kyslik (pokud byl produkovan sinicemi, byl vazan na oxida¢ni
reakce Fe2 a tvorbu paskovanych Zeleznych rud). Teprve koncem archaika a za¢atkem proterozoika
se obsah volného kysliku vyrazné zvySuje a nastupuje ekosystém na bazi CO2 a O2.

hydrosfera
litosféra




Pohled na horniny lokality Gunflint




Microfosilie (Procaryota) z Gunflint
(Kanada, ~ 2.0 Ga) - rekonstrukce

* A= Eoastrion (Fe a S redukujici baktérie), B = Eosphaera (neznama pribuznost), C =

Animikiea (pravdépodobné rasa), D = Kakabekia (neznama pribuznost)
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Mictofossils of the F'ale:::prnterc:z::uln: (2, 100-million-year-old) Gunfllnt chert of

southern Canada. ﬂ"'ﬂh
EE . g
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=3

(4 and 8) Fosphaera,

in & shown in two views
of the sarme specimen.
[ and £ Foastrion
(E-3) Huroniospors,
LH-& Guntlinta,

(L and M) Animikiea

L Entosphaeroides,
(-8 Makabekiz,

schopf, 1. Wdlliam [(2000) Proc. Natl, 8cad. Sci. US097, 8947 -6353



Mikrofosilie (Procaryota) z Gunflint
(snimky el. mir_kp, detail )
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Dalsi ukazka paskovanych Fe rud




Gryphania, nejstarSi mnohobunécné fosilie
(rasy), Iron Mine (Michigan, USA, ~ 2.1 Ga)

Gryphania spiralis



EL ALBANI

Trojrozmérna stavba
+ nékteré struktury
=> mnohobunécnost

JV Gabon (Z. Afrika)
Francevillian Group
¢erné bridlice
moriska delta

2.1Ga

Gabonské fosilie
(,,Gaboniota*)

Bengtson:

,» prvni pokus multicelularity“

(?)

(Nature news, 2010)
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Gabonionta — jiny zpusob zachovani
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palénbiolodie

lya?2,1 miliards d'annees
SOus les mers

Lavie
foisonnait
F H % ' Decouverts par hasard dans une car-
e a ridre gabonaise, des fossiles inconnus
u sont en train de bouleverser I'histoire

duvivant : du haut de leurs 2,1 mil-
liards d'années et de leur incroyvable
diversité, ils sont leswégoins du pre-
.mier écosystéme ! Plongée dans un
monde disparu insoupgonné. ..
Eml-olh_uum:hn-r
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Gabonionta — mozna interpretace




Bangiomorpha pubescens, fosilni mnohobunéc¢na
¢ervena rasa— 1,2 Ga

2o jidIm




Ruzné typy fosilnich cyanobacterii,
perfektné zachované vzorky




(¢yanpbacterial

) ) . 7 Huronospora Pavlinella <p .
BunfPintia minvéa B. |microveticutata 3. Caaau05¢c+€P£-)

Acritarcha — cysty a jednobunécéné mikrofosilie
mnohdy nejistého systematického zarazeni
(vétSinou rasy) tvori prevladajici fosilie

v proterozoiku

Cyanobacfevia (cf. Nosfoc )




Shuyosphaeridium — Acritarcha

o Meghystrichospaeridium — Acritarcha, Doushantuc
(Doushantuo, Cina, neoprz.) =

Cina, neoprz.

Tianzhushania — AKritarcha-rezy
(Doushantuo, Cina, neoprz.




Fosilie z Ediacary (Australie, ~600 Ma,
mnohobunécna Vendobionta)

Dickinsonia Tribrachidium Mawsonites

N ")

At

e

@ Pamela Gore 1997

o
I

=] "E',am alaiGore L1997

Poznamka: Fossils found in rocks of the Ediacaran period in Australia have been previously characterized as
early marine organisms. But a report suggests that these rocks are fossilized soils. So did some of
these Ediacaran organisms in fact live on land, like lichens? A palaeontologist and a geologist
weigh up the evidence.



Predstava mozného pohledu na moiské dno v nejvysSim
proterozoiku (,,ediakarska fauna‘)
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Unikatni fotografie zachycujici jednotliva stadia

ryhovani vaji¢ek (embriony) mnohobunéénych organizmu
(raz ryhovani je blizky ryhovani nékterych ¢lenovci)

z loKkality Doushantuo (jizni Cina), 570 Ma (nejvys§i
proterozoikum).

FIGURE 8—Parapandorina raphospissa. 1-6. Eight-cell stage: 7-/2. later stages. /-3, Different views of the same specimen. a. B. v. 8. &. £ w.
0 identify the cight internal bodics. SRA-1. 410. 411, 412: 4, SRA-1, 258; 5. WIY-19E. 298: 6. SRA-1. 261: 7. SRA-1. 259: 8. K94-21, 262;
9. SRA-1. 82: 0. WIY-19E, 312: I/, WIY-19E. 322: /2, SRA-1. 294. The scale bar in | represents 110 pm for /7: 100 gm ali other picturcs.




Paratetraphycus — mnohobunécné rasy
(Doushantuo, Cina, neoprz.)

Diaoyapolite — fasa, 5 cm, Doushantuo, Cina, neoprz.




Cloudina - ~ 600 Ma

*Cloudina, Jedna z nejstarsSich fosilii s vniti'ni
kostrou — poharky z uhli¢itanu vapenatého
(podobné lackovciim), 3-4 cm velké — nastup
biomineralizace

interpretace

fosilie



Geologicky zaznam prekambria
ukazuje, ze

® - nas zivot je nejspise Cisté zemskeho puvodu

* - prvni znamky zZivota se objevuji od ~ 3.8 Ga

* - prvni mikrofosilie od 3.5 Ga

e - prvni horniny spojen¢ s Zivotni ¢innosti organizmu
od 3.5 Ga

» - eckosystém na bazi kysliku a eukaryota od ~ 2.3 Ga

e -r10zvo] mnohobunéénych s pevnou kostrou, ~ 600 Ma

« - Zemg¢ prodélavala siln¢ bioticke krize jiz v prekambriu
(vymizeni 70% akritarch ve sv. prekambriu) 1
nékolikrat béhem fanerozoika (6 velkych vymirani)






* Dvouslozkovy model (opustén)
* Mnohoslozkoveé modely

= jilovité mineraly, voda, atmosféra (Bernal 1967), nové spojovan
s priony, které jsou schopny vazby na jilové Castice

- ,Fe + S prostredi = povrchy FeS:, +voda+teplota+zaprasena
atmosféra, nebo prostredi kuraki (Wachterhauser 1988, 2000).

- koncentrovany metan, vysoké tlaky a teplota, organometalické
struktury (katalysatory, matrice etc.), velké hloubky zemské
kiiry (T. Gold 1997 — ,,The deep hot biosphere*)

- v prostredi morského ledu (mnozstvi drobnych kavern, rychlé
retézeni RNA v chladu, teprve pozdéji prechod do teplejSich
prostredi, H. Trinks).



Konkrétni mozne kroky

* Postup, ktery prezentuji dnes biochemici zahrnuje
(J. D. Bernal- ,,biopoesis):

- vznik jednoduchych organickych molekul

- fetézeni a vznik replikace

- tvorbu bunécnych membran a oddé€leni vnitiniho a
vné¢jSiho prostiedi

- nastup a stabilizace vymény latkove

- bunécny zivot

Pozn.: Joyce &Lincolnova (Science, 2008) - laboratorni syntéza RNA retézci
schopnych kopirovat jiné retézce. Vykonnéjsi retézce vytvareji vice kopii a

prevladaji (selekce). Craig Venter - syntéza genomu mycoplasmy a ,
implantace do téla mycoplasmy genomu zbavené, burika se sysntetickym A

genomem \




Vznik jednoduchych organickych molekul

Predstava utvareni jednoduchych organickych molekul (stavebnich Castic
vSech Zivych soustav, tzv. monomerii), které se musely ucastnit procesu
pri vzniku Zivota. Za zakladni anorganické latky, z nichz byl Zivot
formovan, jsou povazovany metan, ¢pavek, voda, sirovodik, oxid uhlicity
a fosfaty. Do dneSni doby nebyla laboratorné syntetizovana zadna ,,Ziva
hmota*“. V nebularnich oblacich vSak byla zjiSténa (2004) pritomnost
PAH (polycyklické aromatické uhlovodiky), které jsou biochemiky
povazovany za predchiidce RNA. Z jednoduchych retézcu vznikaji slozité
retézce — polymery.

a nucleotide,
composed of

carbon, hydrogen,
nitrogen, oxygen

and phosphorus atoms



Zakladni vlastnosti Zivych soustav je replikace ( vytvareni kopii). Je
klicovym krokem, teprve jejim objevenim miiZeme mluvit o Zivoté.
Tato vlastnost se nejprve vyvijela ziejmé jako schopnost RNA. Ta
vznika ze slozitych retézcii jako kyselina schopna vytvaret svoje
kopie. Vznikl ,,svét RNA“, velmi riznorody. Pozdéji se
stabilizovala replikace do rady DNA-RNA-bilkovina. Vznika
reprodukce (schopnost mit potomky). V téchto procesech hraje jiz
roli selekce (,,prezivani®, trvani, a produkovani mnozstvi
»potomku* témi, kteri zvladnou proces reprodukce lépe).

RMNA molecules form from chains of nucleotides

FEEE




Replikujici molekuly se uzaviraji do bunécénych

membran

Uzavreni replikujicich se molekul do obalii (membran) prineslo 2 vyhody:
informacni (geneticky) material mohl byt drZzen uzavieny, prostredi

uvniti membran mohlo byt odliSné od vnéjSiho. Bu

¢né membrany se

ukazaly tak vyhodné, Ze tyto oblanéné replikatory brzy prevladly nad
»nahymi“ (neoblanénymi). Tento prelom vedl jiz ziejmé k organizmum

podobnym soucasnym baktériim.




Mozny vznik bunéénych membran

* Lipidy (nerozpustné mastné latky ve vodé€) tvori michanim s vodou vinité
trubice. Napr. viny na pobrezi mohly michat vodu s lipidy a vytvaret
drobné ,,bublinky*, které maji dlouhou trvanlivost (viz dale)







Figure 3

B‘hﬂ Lerman’s Bubble Model
grapn!

Lerman proposed that gases formed simple organic molecules.




Uroveii nejjednodussich organizmi
(progenotu, predstava)

Protobionta Liposomy




Nastup moderniho metabolického procesu
(latkova preména, vyména hmoty a energie s
okolim)

N¢které bunky zacinaji vyuZzivat riznych typ molekul k riznym funkcim (DNA,
je stabilnéj$i neZ RNA, drzi geneticky material; RNA, je variabilnéjsi, slouzi
jako pienaSeC informaci; proteiny jako podporovatel chemickych reakci slouzi
k zakladnim metabolickym reakcim v bunce). Vznika fetézec DNA-RNA-
protein a prokaryontni typ zZivota. Geologické zaznamy rikaji, Ze jen v
této podobé existoval zivot od 3.5 do 2.5 Ma let.

.| DNA | contains 2. BRNA |transcribes 3. | Proteins | are made from
instructions. the instructions.




Vznik eukaryotickych bunék, teorie sériove
symbiozy
 Lynn Margulis (1970)

 Vedle konkurence
rovnéz spoluprace




* Princip teorie sériové symbiozy: Kyslikaté baktérie a cyanobaktérie
(sinice) pronikaly do jinych bunék a po mnoha generacich se béhem
evoluce staly jejich soucasti jako mitochondrie a chloroplasty (téliska dnes
zodpovédna v bunkach za energeticky rezim).

Ancestral host cell odern cell

ik —_—
f':"v')'? After many

generations
of evolution

Aerabic bacterium Cyanobacterium hitochondrion Chloroplazt
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Vyklad endosymbidzy



Studie DNA u baktérii ukazaly:

DNA mitochondrii je podobna DNA baktérii, které
zpusobuji tyfus. Mohou byt potomky jejich predchudcu
(viz dalsi obr.)

hMitochondria
=y L =5
Rt fin, 42 3
Typhus-causing
'hacteria entering
s hos=t cell

[
.....




Studie o pribuznosti baktérii podporuji
symbiotickou teorii vzniku eukaryot

Fylogeneticky graf ukazuje na velkou pribuznost mitochondrii a baktérii
tyfu a pribuznost chloroplastii a cyanobaktérii
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V cestiné vySlo v r. 2004:

MISTRI VEDY

ACADEMIA




Z.akladni 3 domény zivota

Zivé systémy, jejich velmi sloZit stavba a vztahy se dnes jiZ nezobrazuji
jako strom Zivota nebo postupné schéma, na jehoz vrcholu stoji Clovek, ale jako ket s
Sirokou zakladnou, jehoZ vétve nahodné piezivaji a diverguji, popf. jako prostoroveé
schéma tii zakladnich domén stojicich vedle sebe, které se riznosmérné vétvi (vlevo).
Bacteria a Archaea sdruzuji nesymbiotické bunky, Eukaryota pak bunky symbioticke.

chromists
plants

alveolates

nniﬁmh-é— thodophytes
fungi

cvanobacteria EUKARYOTA
120 CTERIA flagellates

~ basal protists
;"'ARCHAEA"‘; LUCA

halophiles thermophiles,

heterotrophic
bacteria

(LUCA = Last Universal Common Ancestor)



Domain Systems

(a) A five-kingdom system

Monera Protista Plantae Fungi Animalia

(b) An eight-kingdom system
©

Bacteria  Archaea Plantae Fungi Animalia

Archaezo
Protista
Chromista

(c) A three-domain system
Domain DomaiN Doumain EuKaARYA ([Eukaryotes)
BACTERIA ARCHAEA

Plantae Fungi Animalia

Stramenopila
Rhodophyta

Euglenozoa
Alveolata

Archaezoa

Copynight & Pearsen Education, Inc., publishing as Benjamin Cummings



Archaea — ukazka recentnich
ZéStup Cﬁ (pozn.: nebyl zjistén zadny patogen)
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Recentni metanogenni archaea

Pozn.: Methanosarcina acetivorans (anaerobni podminky, morské dno)
produkuje methan a vinny ocet prostiednictvim dvou starych enzymii (Pta-
fosfortransacetylaza, Ack-acetatkinaza) = jednoduchy metabolismus,
odpovidajici ziejmé nestarSimu zjiSténému typu metabolismu. Tyto dva
enzymy v predbunéénych strukturach v souvislosti s Fe + S prostiedim mohli
nastartovat prvotni jednoduchy biochemicky cyklus, pri némz se ziskana
energie uklada v molekulach ATP (adenosintrifosfatu => cesta k pouzitelné
energii pro stavbu Zivych soustav).



Temperature Limits of Life

crenarchaea
- -
methanogenic archaea

<— heterotrophicbacteria
<— Sulfolobus

<— photosyntheticbacteria

== fungi, ulque Pyrolobus fumarii
113°C
<«— vascularplants (Karl Stetter)

<+— mammals

<— psychrophilic crenarchaea



Prostredi zivota archaei

velmi slané (1), kufavky-velmi horkd (2), anaerobni-bahenni (3), zasifena 4), pod ledem (5)







Zemé nabizi celou radu moznych prostredi pro vznik Zivota,
vzajemné nékdy velmi vzdalenych jindy velmi blizkych:

- povrch planety (zemé, hydrosféra — jilové mineraly
Bernal 1967, atmosféra — povrchova chemie-mineraly,

Wichterhauser 1988)

- velké hloubky zemské kury (T. Gold 1997, ,,The
deep hot biosphere®, organometalokomplexy)

- prechodna prostredi (kuravky v oceanech,
Wichterhauser 2000)

- ledové prikrovy (H. Trinks)

- a/nebo kombinaci téchto mist (viz dale)
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Thomas Gold

The
Deep Hot
Biosphere

A renowned
sCientist’s
revolutionary theory
of a vast
subterranean habitat
and its significance
for life’s origins
on our planet and
the possibility of life
elsewhere
in the universe



The last universal common ancestor of all life — a microbe dubbed LUCA that existed
around 3.5 billion years ago — probably resided in a hydrothermal vent that had low
oxygen levels.

To find out how the organism lived, William Martin and his colleagues at Heinrich Heine
University Diisseldorf in Germany reconstructed the evolutionary trees of more than 6
million genes from bacteria and archaea. They identified 355 protein families that were
probably in LUCA's genome — these are involved in anaerobic metabolism and fixing
carbon dioxide and nitrogen. This suggests that LUCA lived in an environment that was
rich in hydrogen, CO2 and iron, such as a hydrothermal vent.

LUCA may have depended heavily on the geochemistry of the vent to survive.
Nature Microbiol. (2016)


http://doi.org/bm2s

Formaldehyde

1,000 feet of ice

Ice caps the ocean
and shields it from
UV light. At the
base of the ice,
pockets of water
bring organic
compounds
together for pos-
sible reaction.

Deep-sea
vent §



| Glaciers, volca-
noes, geysers,
and interplanetary
debris supply
compounds to
water that collects

in ponds and
shallow basins.




W Hot spring

At volcanic sites
Pyrite such as hydro- e
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Kui"avky — vystup hydrotermalnich prameni, dna oceant, blizkost
stfedooceanskych hibeti (staly prisun stavebnich casti a energie;
mikrokaverny-sklatba molekul; prudky teplotni gradient: horka

voda=sklatba monomert, chladna (popfr. i v ledovych prostiedich)=retézeni,
vznik RNA; syntéza lipidiu a stavba membran mohla probéhnout i mimo toto
prostiredi). OpusSténim prostiredi mikrokavern zacina ,,LUCA* svuj vlastni

nezavisly zivot.




Kolonie Cervu v blizkosti kuraku
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Lost City, Zilné pole objeveno v roce 2000, 800m hloubka,
v gejsirech voda 40-90 st. C,

pH9-11 (alkalické cca shoda s oceanskou vodou),

CaCO3 stavby - bilé,

uhlovodiky zde vznikaji pisobenim moiské morské vody a
horninového okoli kuiaku (z nebiologickych zdrojii)

Geologicky:

? chybi kus kiry ?

,,okno do zem. nitra

—=vysoka poloha
plasteé

Depth
(meters)
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Situace kolem Lost City (1. 5 Ma)
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Mew Gowbh scale x 100

Lost City, cca 30. 000 let, studium komint a jejich archaei ukézalo, ze dnes vzacné DNA sekvence jsou Castéjsi
ve starych kominech = evoluce
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Znamé ,,hot spots“ a jejich pozice na planeté



Zivot na Zemi z geologického
pohledu:

* Vznikl nejspiSe na Zemi abiogenezi, pred ~3,8-
3,5 Ga, v blizkosti hydrotermalniho i
vulkanického prostredi v mozné kombinaci s
prostiredim chladnym nebo ve velkych
hloubkach zemské kiiry (Zemé = matka, Gaia)

* Je kontinualni, prochazel vSak velkymi krizemi
* Lze ho rozdélit systematicky do tri domeén:

Archaea Bacteria Eucaryota
(nesymbiogenetické bunky, Procaryota) (symbiogenetické bunky)
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Zivot jako tviiréi geologicky faktor

Ziva a neZiva sloZka planety vyvareji spoleny
dynamicky systém (termodynamika)

Zivot (biosféra, noosféra ) se podili na vlastnostech a
charakteru atmosféry (napr. volny kyslik), hydrosféry
(kyslik, kolobéh CQ) i litosféry (tvorba hornin, lozisek)
i geologickych procesech (transport latek a materialu,
organizmy s fotosyntézou se dnes podileji na geochem.
energ. cyklu 3x vice nez Cisté geologicka aktivita Zemé )

Vysledkem této dynamiky je v kazdém Case novy a
odchylny obraz celé planety a vSech jejich slozek

Tato dynamika kolisa v mezich, které nikdy
neprekrocily podminky pro zachovani zivota

Odraz v oblasti lidské etiky



Jak problém Zivota uchopit ?

- jako kazdou otazku naSeho poznani

- poznani je individualni, volna volba forem
poznani a vnimani svéta,

- védecké poznani je neukoncené a
otevrené, jeho soucasti je omyl, testovani,
oprava a doplnovani (neni ,,vlastnikem*
pravdy)

- koexistence mySleni, nazoru, ruznych forem
poznavani, tedy i poznavani zivota



Pouzité prameny:
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Internet — riizné databaze (predevSim obrazova dokumentace)






Volvox aureus — kolonialni bi¢ikovec






Precambrian

Early Oceans from 4 bya

*Much water vapor from volcanic degassing.
Salt in oceans is derived from weathering and
carried to the oceans by rivers.

Part of the earth’s water probably came from comets.

—Comets are literally large dirty snowballs.
—Provide fresh water.




Oldest Rock on Earth

Zircon from an Australian
sedimentary rock indicates
an age of 4.4 Gyr years
old. Quartz from the same
rock reveals that water
existed on Earth at this
time.




Oldest Rock on Earth

F: a L ' r[ght:GN HM

Ruly Acasta (Gronsko)



The Acasta gneiss in Canada’s NWT was formed 4.0

Byr ago. Along with similar metamorphic rocks in

southern Greenland, these are the most ancient pieces of
crust remaining on Earth.



Origin of Continental
Crust

« 39t04.2 Bya

 Acasta Gneiss
— 3.96 Ga +/- 3 Ma

[Pe€ln]ow]o[=[=]FIS[-[=]-]2]

FIGURE 6-18 Photomicrograph of one of the 3.96-
billion-year-old zircon grains extracted from the Acasta
Gneiss, Slave province, Northwest Territories of Canada.
The grain is 0.5 mm long. Its polished surface has been
etched with acid to highlight crystal growth zones.

- Numbers refer to points selected for analysis. (Courtesy of
8. A. Bowring.) @9 Why are zircon crystals particularly valuable
in determining isotopic ages?
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Pacific Atlantic
Ocean Ocean

— 9,000 m —»

Sheeted
Lava dikes
Mautle Gabbro

HYDROTHERMAL VENT

The Earth’s crustal plates pull apart
along the mid-ocean ridges, and
lava surges up between them,
cracking as it cools into new crust.
Seawater penetrates fissures that
can be miles deep; then, heated as
it nears the magma layer, the water
expands and rises rapidly. Heavy
with minerals leached from sur-
rounding rocks, it gushes from the
bottom in fuming geysers or in
lower temperature springs with a
gentler flow.

“much of thié seafloor -urmundlni
the volcanp;ilike frozen lcing
on.a warm cako. ot

Volcanic
basement

ART BY NATIONAL GEOGRAPHIC ARTIST CHRISTOPHER A KLEIN;
CONSULTANTS, ATLANTIC VENT: PETER VOGT, NAVAL RESEARCH LABORATORY;
KATHLEEN CRANE, HUNTER COLLEGE, CITY UNIVERSITY OF NEW YORK



SOUHRN:

EEl_rly EVGIUtiﬂ'n of Eﬂl’th Huronian Supergroup
atmosphere of /time Jpan
*C02, cha, Hs, 2 ¢ =
ri.i},, .37 ) ) (5.7 ———) 5 (007 e—] ] Ejng?u*
] ;
origin first
of Eﬂrth well-preserved
; microfossils:
% | earth’'s surface .
- cireRalkecleris

| terperature too
| hot for Tiquid water

{Life Degins!!}

Eubactena

Archaebacteria

% heavy
| metearite
| bombardment

first sedimentary
tocks recognized

muodern
sedimentary
DrOCESSES :
recognized 2.8 B3Ya
abundant
stromatolites

liguid water
and surface

temperature E.;.@F'I] o8 E'J:.E?n

close to modern Onzet of

significant free 0o




Barberton (J. Afrika, ~ 3.5 Ga), jedna z

nejstarSich mikrofosilii (?)
s O R . ML -
e 1;':,.-!




Graficke rekonstrukce nékterych forem
ediakarskvch vendobiont

5 Die ersten Krisen 41

LEBENSFORMTYPEN DER VENDOBIONTEN

W)

PN B A s A AN

m -
5 I
: i
o W72
& Y/
L " —— S
'8 ]
——

< (—2=— 3
10 ——— R e !

= —_—— g
3 ///;;\\ = e ;
0 2 =S R B

, ; Glaessneria

Charniodiscus 4
Charnia

3
st
)
N
Q
Q
b
%]
°
3
Q
Q
3
o

—"Pteridinium  Dickinsonia

fraktale Unterteilung

im Sediment steckend -e—— teppichartig festgeklebt ——# schwoiend J aufrecht

Abb. 11. Charakteristische Formen der Ediacara-Fauna. Nach SeiacHer (2003).



Sukcese velkych etap zivota z hlediska dominance skupin
(jak je chapat)

Eon Era Period Epoch zivocichove
Recent, or Holocene
Quaternary 10,000
Pif}ljstocene 16—
ocene
Cenozoic Neogene e 22 : Age of Mammals
Tertiary Oligocene 38
Paleogene Eocene 58
Paleocene 66
Phanerozoic Cretaceous 140
(Phaneros = “evident”; Jurassic Age of Reptiles
zoic = “life”) Teiaeeic 205 —
. 248
Permian
Pennsylvanian R s of Amphibi
Carboniferous — y : 320 — geo phibians
Mississippian 360
Paleozoic D i
S,:’V‘?man 408 — Age of Fishes
ilurian
Age of Marine Invertebrates
Cambrie
_ 544
Proterozoic (“Early Life”)
2500 —  Age of Unicellular Life
Archean (“Ancient”) Precambrian 3800

Hadean (“Beneath the Earth”)

~4600 —

rostliny

neofytikum

meso-
fytikum

paleofytikum
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High-powered laser in the Czech Republic has now provided provocative evidence that the hellish conditions

produced when an asteroid or comet slams into Earth could have created some key building blocks of life on

Earth. In a lab experiment intended to duplicate the high temperatures and pressures of such an impact, researchers
transformed a solution containing a simple pre cursor into adenine, guanine, cytosine, and uracil—the information-bearing
nucleobases in RNA, which many believe to have been the first genetic molecule to encode. “This is, I believe, the first
time that all four nucleobases have been made in one set of reaction conditions,” says Steven

Benner, an astrobiologist in Gainesville, Florida. Researchers havelong sought to identify ways that the nucleobases that
make up RNA or DNA could be created from simpler substances. That, could help scientists ascertain where and how life
might have originated, says Svatopluk Civi§, a physical chemist at the J. Heyrovsky Institute of Physical Chemistry in
Prague. In recent years, Civi§ adds, researchers proposed that a substance called formamide was a possible source of such
genetic building blocks. This minimalist chemical, which forms when hydrogen cyanide reacts with

water, would have been abundant on early Earth and has the major elements needed for prebiotic chemicals—namely,
hydrogen, nitrogen, carbon, and oxygen. Indeed, some teams have already produced individual nucleobases in lab
experiments that relied on catalysts to drive chemical reactions between formamide and other ingredients. Other teams
have made nucleobases from different grab bags of simple chemicals. In the new research, Civi§ and his colleagues

fired their institute’s 1-kilojoule laser into a formamide-bearing solution that also included clay. In that mixture, intended
to represent a chemical-rich pool on ancient Earth’s surface, the one-third-of-anano second-long pulses generated intense
pressure, temperature spikes exceeding 4200°C, and a cascade of radiation including ultraviolet and x-ray wavelengths—
just the sort of conditions expected when an object such as a comet or asteroid strikes the ground. These extreme
conditions sparked reactions that, besides producing substances such as hydrogen cyanide, carbon monoxide, ammonia,
and methanol, also created the four RNA nucleobases. Previous studies showed that some classes of meteorites already
contain nucleobases such as adenine and guanine. But the new results suggest that besides merely delivering nucleobases,
celestial bodies could have also created them when they struck the planet, says Raffaele Saladino, an organic chemist at
Tuscia University in Viterbo, Italy. He and his colleagues have studied formamide under more benign lab conditions, but
he says the Prague experiments “are the first time that formamide has been studied in the context of a meteorite impact.”
Such impacts were common in Earth’s early history. During a period aptly dubbed the Late Heavy Bombardment, which
began about 4 billion years ago and lasted some 150 million years, large objects pummeled our planet and moon as well as
Mercury, Venus, and Mars. Although many researchers have suggested that such impacts and their resulting effects on
climate would have effectively sterilized Earth’s surface, erasing any life that may have already started, the new study
hints that this period seeded our planet with the raw ingredients necessary for life to develop. “This paper nicely correlates
the Late Heavy Bombardment and the energy it delivered to Earth about 4 billion years ago with the formation of RNA
and DNA nucleobases from formamide,” Benner says. m



