Palaeonteleogy.

lLecture 5
The origin of life



What IsHIie?

“a self-sustained chemical system capable
of undergoing Darwinian evolution”

(this might be valid only for life on earth)



ESSentials o liie?

Organic molecules for bielogical structures
dndl ProCESSES

A source off usable energy. (e.g. sun or
earth’'s heat)

Liguid water asienergy: and information
transporting meditm



EaCtonsS that makerEarthrstitanie
fo)r |ife

ihe distance from the sun provides temperatures in the
range Where the'water remains iniliguid form.

Iihe temperature Is constant for billion' o years.

Rotation allews all'sides ofi the earthi tohave light and
neat.

Ihe atmosphere absorbs and keeps: the heat firom the sun
WhIle It reflects part off the dangerous; radiation: In Space.

Ihe magnetic field protects lifie firom dangerous nign
energy. particles and solarwind radiation:



Basic strlictUre oilifie on earth

AllHlite forms onl eartnl are; Pased on the same set
off molecular Units and chemical reactions

Allrearthilife isi carbon: based
Except carboni H, ©, Nand Pralse important

FOUK typEs of molecules dre essentiall for
pielegical processes and! structUres

Proteins
AUCIEIC acids
carbohydrates
lipids



[NiEerreguiresrtheoliowing
chemicallelEmERtS

Carbon
Hydregen
OXxygen
NItreogen
POsphorous
Sulfur

All'of them exist in the solar system



lIRENOURFESSENtRINCOMPORERLS
o)f |[Ife

Proteins - Amino acid chains. Proteins are the building
blocks of the organisms, and the catalysts of chemical
reactions.

Nucleic Acids — The elements that transfer information
and create "copies”.

DNA

RNA

Organic phosphorus compounds - Used to convert light
or chemical fuel into energy needed for cell activities.

Cell membranes to enclose all these elements within a
cell and isolate them from the outside environment,
creating a controlled semipermeable system.



PrOLEINS

The primary. strtctural materiall ol cells
and thus of lie

llong chainsi (polymers) o aminoe acids

Only: 20ramines acids participate in the
puilding of the major proteins of life



Njelgle zlelels

(deoxyribonucleic acid)
(ribonucleic acid)

The information-carrying and replicating
components of lifie



PN A

'ong, double;, helical chains

Each side raill consists off alternating sugar, phesphate
molecules and four different types of bases

Adenine
Thymine
GUanine
Cytoesine
A nucleotide = base + sugar + phosphate
Unigue pairing off the nucleotide bases
Adenine - fnymine
Guanine - Cytesine




Thymine @ Phosphate
@ Guanine Adenine @ Sugar




Adenine A Thymine T
Cytosine C




DNA

molecule unraveling

Sugar
Phosphate
Adenine
Thymine
Guanine
Cytosine

\'




RINA

A single, longl chain' structure

Each RINA chaln consists off alternating sugar,
hesphate moelecules and four different types of
dSES

AdEnine
Uracil

GUanine
Cytesine

A seguence of: three of these bases makes a
. e.d. Guanine-Uracil-Adenine

fihe total number off codons Is 64



DIErences hEWEERFRINASaRENBDINA

a. Ihe base Uracil' is present instead off
TRymine

b. The sugar is of a different form ([D-ribose
instead off 2-deoexy-D-ribose)

C. Single than double chain




b. DNA
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Figure 13.4. (a) Primary structure of the RNA molecule. Nucleotides are labeled within
circles by the first letter of their name (for example, G for guanine). Other letters are
elements (O for oxygen, P for phosphorus, etc.). Carbon atoms occupy the unlabeled
vertices, in accordance with common chemical convention. The straight lines show single
and double bonds, which reflect the number of electrons shared. (b) Structure of a DNA
molecule. The differences between RNA and DNA are highlighted on the two structures.




EORMEtIONOIFPIOLEINS

Protein synthesis' is governed by DNA; through
the intermediation off RNA, when DNA'instead of
replicating| tor form new: DNA; transcribes RINA.

EEACh codon! COAES for a SPECITIC amine acid, and
thUS a SEqUENCE Off COAENSI SPECIIES al SEqUENCE
Off aMING’ ACIAS

RIS amine acid'seguence: constitutes the
synthesized protein



rOfflziElon of eifotelns (cone)

DNA

— ribosomal RNA

M Protein

e
Amino acids /




rOfflziElon of sifotelns (cont)

Tihe multi-role off RNA"molecules indicate that
RINA'Was centrall ter the genesis of: lifie

DNAVery specializeéd’as al record ofi the genetic
INformation of the individualierganism and: of;
certain structures in the cell

DNA'IS a subsequent derived molecule

= a length’ off DNA'With genetic
INformation, ExXpressed’ as a single protein

= the complete nucleotide
Seguence whichrdetermines the form and
FUNCLIoN! Of the erganism' s proteins

AllNliving erganisms on earth use DNA and RINA



e cell

The basic unit of living organisms

All"earthlife s erganised into cells (except
VirUses and VIrons)

The cell structire provides a boundary.
(membrane) tor separate the externall from
the internall environment Where

pbiochemical reactions occlr and heuse
DNAand RNA



ReWwimateraistoiliie

Early earth was fich in the building blecks
ofi life; (@mino: acids)

Liguid water n stable oceans

Atmesphere CH,, NH5, €05, €O, N, moere
complex molecules

Source off amino: acids terrestrial or
externall (extra terrestrial)



e first organisms developed: in'an atmosphere

WIth a minimum! or No; firee oxyden. (Orerin,
1924)

Iiherelore, the first organisms should have been
dNaEeronic.

Organic molecules could net be builtinterlarger
structures in a well-oxygenated environment.
Oxygen weuld decompose: (6rganic) the erdanic
molecules.

Due to lack of oxygen In the atmosphere, there
Was alse norozene (0zone layer) to pretect the
surface; off the earth firom’ dangerous and
narmiul ultravielet radiation.



Tarragcrlzl) orlefln

The atmoesphEeric “soup” Was exposed to
Ultravielet light
Electricall discharges off lightning bolts
V/olcanic activity

TIhis could provide the synthesis off more
complex erganic greups



MilleEUreya{i9Ss)

Atmesphere rich in NH5, CHL, little: €05
Water:
Spark discharges (lightning)

l

Amino acids









[HOWEVeEr preblems arese

Models and geochemical data suggest
that CO2 the dominant gas'in early:
atmesphere

Methane and ammonia Iess infearly.
atmoesphere, thus H less

Gas mixture in experiment quite different
rom early: atmoesphere



EXUatErestial eRdIn

Comets, meteorites; interstellarrdust have
Organic molecules and amine acids

e.d. Murchison meteorite. Felllin 1965 ever
Murchison, Australia. Classified as a
carbonaceous chondrite (€ 0.5-5%), \Water
12%0). OF cometary. origin. liodate, more than 52
different aminoe acids identified, of: which only: 19
are found onlearth.

Analysis ofi comet Hyatuke has shewn al Very
similar chemical' makeup

Origin off comets: the Oort cloud






ChIRlIY-aRNCECRESS

AMmING acids and
OLhErR Brdanic
molecules, show: two
different versions
(enantiomers), lefit-
and right-handed

Jandedness of
piclogical molecules
playsia role inrthelr
functionality

Levorotatory Dextrorotatory
LEGEND

*
‘ Nitrogen Hydrogen

Figure 13.1. Left- and right-handed enantiomers of the amino
acid alanine. The left-handed type is referred to as levorotary or
L-alanine; the right-handed is dextrorotary, or p-alanine.



Collrzllie'nelnlelepiass (et

Proteins constructed from left-handed aminoe acids
RINA-DNA utilize only right-handed sudgars

Organisms cannoet utilize right-handed aminoe acidsiand
left-handed sugars

Nonbioelogicallamine acids (meteorites, Miller-Urey,
EXPErIMENtS) roughly ani equali mixture off left-"and right
Nanded moelecules

Polymers suchi as proteins dornot prefer particular
Nandedness

SO, how! could arparticular handedness can be selected
DY prebiological chemistry?



Either firom terrestriall or extraterrestrial
OrIgin organic moelecules; present in early:

earth

I life started on earth, 6ceans are the
most likely: place

Origin of life
\/esicle model
RNA world



\/esiclermoadel

Catalysis

Bielegicall catalysts=enzymes
Autecatalysis

Continuous supply: off reactants
SOUFCE Of eEnergy.



VEs|ClIeNnedeINGConRE)

Autecatalysis brought increased complexity: to
?rganic? molecules; proeteins and other structures
OFMme

Iselated system, allowing though energy:and
ieactants to) be pumped in' andrproducts to be
removed

IR agueous meditim, certain simple molecules
form bilayer membranes; e.d. lipids WhRIch can
pe produced abiologically:

Thus vesicles (miCrospheres or Coacervates)
could be formea



IHot water solutions off vesicles will cool to
FOrm MICrOSPNErES, MICFOSCOPIC SPRErES
(bubbles) that have many: CharaCteriStics of
iving| cells:

External wall as “film™ (lipid)

Capable of osmotic reduction and enlargement
Separation into two daughter microspheres
Concentrate in lines to form laminae like some
bacteria

Movement of internal parts like living cells



ANOTHER KIND OF MICROSPHEROIDAL AGGREGATE, studied by Sidney W. Fox
of the University of Miami, forms from “thermal proteinoid,” a polymer produced by heating
dry mixtures of amino acids to moderate temperatures. Under suitable conditions thermal pro-
teinoid will form microspheres several micrometers in diameter, which grow slowly and eventu-
ally bud. The microspheres seem to have a two-layer membrane suggestive of that in bacteria.




COACERVATES, polymer-rich colloidal droplets, have been studied in the Moscow labora-
tory of A. L. Oparin because of their conjectural resemblance to prebiological entities. These
coacervates are droplets formed in an aqueous solution of protamine and polyadenylic acid.
Oparin has found that droplets survive longer if they can carry out polymerization reactions.







e RNA Werle

RINA came before DNA
RINATGan act asi catalyst

At the very: early: stages of lifie on earth,
RINA the reproductive as well as the
catalytic molecule



HOWRRINASCOUI G NaVENIEER
SVRtHESIZEW?

Tihe nucleic acid bases) can be produced by
NORDIGIogICal MEans

Altheugh not clear, the random: attaCAment of
the phosphate tera ribese sudal pessible

Iihe problem Is the synthesis of the ribose with
the right chirality, Where an enzyme (and thus
protein) is needed

BUt enzymes cannot be made without RINA



HOWRRINASCOUI G NaVENIEER
SVRtHESIZEW?

PessIDlY: clay: mineralsiconcentrated rbese

Organic moelecules attached oni clay minerals
formi erganised structures

Clay: IS helpiulin' pelymerizing) proteins and
RUCIEIC acids

Oceans, hence clays
Ribese cani be fermed
Still* problem with chirality:
Precursor molecule
Selection of ar particular chirality;



IHOWEVEF

Efforts te synthesize nucleotides have
PDEEN unsuccesskul

Aminos acids (and thus proteins) are easy.
to synthesize

Nucleotides without a double helix are
extremely: unstable



ProtelnsHhirst

Proteins easy. ter built (@minoeracids)
Proteins stored genetic infiermation

Short polypeptides; (Ieng chain amine: acids) in
experiments have catalysed! the fiormation of

their own copy,
RINA'came later asial by product of: metabolism

Tihus proto-life was probably: built off proteins not
nUCleIc acids



The fiormation of autocatalytic vesicles

Production of polymers off a dominantly.
single chirality: (Ssugars, aminoe acids)

IR this system, preduction off RNA, DINA
Was possible (or ether nucleic acid)

NUcleic acids in vesicles, became coupled
O reproduce
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VWherenWastthesirsStHliie iormed?

Tihe first life aveided ultraviolet radiation
iVing| either:

Deep under the water

Below: the suriace off the rocks

Lbife most likely: begani at sea, perhapsiin
dreas Where It Was related tor underwater
hydrothermal vents and “smokers:.
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=Vlelanles of diezitinle) Jife et S
[RNAVEHELERTIEINVERLS

lhe sea contains salts needed for health
and development.

Water Is the worldisi selvent, capable of
diSseIVING Ordanic compounds, creating a
FICh “Broth™ or primordiall “seup:.

lhe ocean currents mix these compounds,
making pessible the collisions between
molecules, and combining them' into: larger
Ordanic molecules.



=Vlelanles of diezitinle) Jife et S
[RNAVEHELERTIEINVERLS

Micrebes in hydrethermal vents are
RYyPErthermophilic and grow: N Sea Water
at temperatures’ above boiling (100 = €).

These microbes get energy. fiom
chemosynthesis, without light, instead! of

photesynthesIs.

Hypertnermoepnils arer Arciiaeobacteria,
with diffierent DNAfirom! bacteria.
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Crabs and polycnaete worms



Drganismsiiving around
JEnNTSsS

PolyChaete Worms.



=velltitlen) of flrse life

Tihe first cells had to be created and fiermed Under
ANOXIC conditions; (1IN the abSENCE Of fFee OXYJEN); they.
WEre propably, anaerobic bacteria or archaeobacteria.

Some of the first erganisms Became pnotosynthetic,
probably due te a lack off raw: materals o Energy. So,
USing the energy: of the sun, they: made their own raw.
materials for energy. (Autotrophs). Photosynthesis was
an advantade givenr by thisiadaptation.







SSICdEEfeciSeirtheacclmulation
PIROXVEERNRFNERRtIMOSPHERE

©zone layer formation’ that abserps harmiiul
titravielet radiation), and pretects the prmitive
and firagile ferms of: life.

Iihe formation: off Iron! |ayers; stops.

Oxidation of Iron and: formation off the first red
|ay/Ers.

Development off aerobic metabolism. It uses
oxyden to turn the feod Into energy.

Development of eukaryotic cells that could
withstand exyden in the atmosphere.



O)lclar slenls of ife

They appear ini sedimentary: Frocks' of the
ArChaIC era.

MICLESCOPIC MICFOSCOPIC Prokaryotic
OKdanisms.

Chemical fossils

Stromatolites

laminae with algae

Molecular fossils



EaHIestimIGCHoIeSSIIS

Until twe: years ado
35500 my.
W. Australia
Cyanobacteria, surprisingly: advanced

Photosynthesis had already started






@ldest mIctoiossls
3700 myrs

Isual supracrustal belt, Greenland, in

metacarbonates

Tihey: contain’ 1-4-cm thick layers, laminar

Structures firom: micrebial OrganisSms
(Cyanebacteria).

Tihey had developed in shiallow: marine
ENVIFONMENLtS, as Shown by rare earths and' Cross-

IS Off Intense

OVEr layers and clastic breccia proauce
WaVES
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@ldESt MICLEIESSIIS

At least 3770 myrs (maybe up: te 42801111
Nuvvuagittug belt, Quebec Canada, Ferrous
sedimentary recks

iube and laminate structures of several
mICrometers made off hematite.

Morphoelegies and minerallconcentrations similar
Lo lamellar micreerganismsiivVing: in: Modern
VEents and similar tor microfiossiis from younger
rocks. Tihey Were Interpreted as deposits formed
On bottoms around smokers. Oxidized erganism
femains



Dodd et al. 2017

Extended Data Figure 7 | Transmitted light and reflected light images of hacmatite roscttes. a-d, From NSB; ¢, from Lokken jaspers. a, Large
(60 jym) haematite roscttes (arrows) with cores. b, Haematite roscttes in dense haematite. ¢, Deformed, thicker-walled (25 jym) haematite rosettes
(arrows). d, Concentric hacmatite rosctte. ¢, Hacmatite rosettes from Lokken jaspers, same scale bar for all.




OICESHISOLOPEIEVICENGE

5860 millionryears (tntil last year)
Isua supracrustal belt, Greenland,
earthguake rock

WO isetepes of carbon 2C and =€
L2C relatively richer than °C in these rocks

RIS enrichment IS observed during
photesynthesis



O)CESHISOLEPEIEVICERGCE

5950 millien years
Uivak Gneiss in Saglek Block, B:. Labrador
Canada, metasedimentary Foeks

L2C relatively richer than *3C in these
ocks, comparable to vallues in younger
layers. [DIScovery: of authigenic bIogenic
dgraphite

With the new: evidence the first life on
earth with' certainty, appeared before 4
pillion; years



Tashiro et al., 28/9/20:




StHOMatelItES

Stromatolites are found! in every: continent

They are the most recognisable evidence
off widespread lifie in the Precambrian

TThey have produced thick, extensive
deposits. Semetimes over 1000m thick

Buillt mainly: between 2 billion years and
the beginning off Cambrian

Extensive stromatolites alsormean
extensive photosynthesis



Stromatoelites were formed! by, bacterial communities
dominated by pAotosyntnesing cyanebacteria

ihey fiorm micrebiallmats Covering the surfiace of
shallew: water sediments

MicCrobes secrete gel tor protect them from: ultraviolet
radiation’ and environmental’ contaminants

Gel causes sediment to stick on microbes. When: thick
enoeugh terblockisunlight community, MOVES SURWards
and the new microbialimat starts tor be: bullt

[ihus stromatolites are basically: trace fossils



AR Organo-sedimentary construction®
made; firom’ pRetosynthetic cyanobacteria
O Cyanoebacteria

llayers are fermed due te cyanobacterial
Activity In the tidall zone. Sticky laminae of
cyanobacteria trap calcareous sediments
during high tide.



FOSSIL STROMATOLITES typically exhibit the appearance of
mounds or pillars made up of many thin layers piled one on top of
another. The stromatolites were formed by communities of cyano-
bacteria and other prokaryotes (cells without a nucleus) in shallow
water; each layer represents a stage in the growth of the community.
Stromatolites formed throughout much of the Precambrian era. They
are an important source of Precambrian fossils. These specimens are
in limestone about 1,300 million years old in Glacier National Park.

LIVING STROMATOLITES were photographed at Shark Bay in
Australia. Elsewhere stromatolites are rare because of grazing by in-
vertebrates. Here the invertebrates are excluded because the water is
too salty for them; in the Precambrian era they had not yet evolved.
In size and form the modern stromatolites are much like the fossil
structures, and they are produced by the growth of cyanobacteria and
other prokaryotes in matlike communities. The discovery of such liv-
ing stromatolites has confirmed the biological origin of the fossil ones.




Shark Bay, Australia. Living stromatolites




More in Proterozoic than in' ArchaiC rocks.
[ihe older ones are 3.7 D.Yy. Old Isua
supracrustalibelt, Greenland
5.5 .Y, old, Warrawoeona Group;,
Australia
31 D.V. Pongoela Group; SeuthrAfirca
2.6/ bLy. Bulawayan Group, Australia






StHOMatelItES

Stromatolites are rare teday. DeEcause the
Organisms: that make them) are eaten; by,
Jastrepods Of Other Invertebrates.

Tihey only: survive in envirenments with great
salinity: Which are unsuitable fior moest
NErbiverous Invertebrates.

ihe reduction of Stromatoelites Is'associated with
the gradual emergence off new! Invertebrates in
the upper Proterozoic and Iower Paleozoic



In 1955 Stanley liyler in a 2 billion years
old reck unit, the Gunflint Chert In Canada
found chainlike andf spherical iorms, the
[ossIls of cyanobacteria and other
prokaryotes. This seminal Work
established the science of Precambrian
palacontoelogy.



Evidence for the extensive production) of;
OXYJEN comes from oxidized Iron depoesits

iRy erganisms; that exploited carbon
dioxide, water and sunlight transferm the
Earth forever

SOME off the anaerebic organisms Went
extinct but others adopted aerebIc
metaboelism and'led to the creation off the
eukaryotic cell



OhEREVIGENGE

llaminated algae - Prokaryotic 6rganisms
preserved in stromatolites In
North Pole, Western Australia - 3.4-3.5 billion
VEars.

Spheroeidal bacterial structures In
South African recks (pyrite;, shales; Ssandstenes)
Prokaryotic cells with' pessible cellidivision - 3.0 -
3.1 billionryears.

Molecular Fossils - Preserved ordanic molecules
that only’ eukaryotic cells produce. Indirect
INAICatioNs i eUKaryotic Grganisms.



EaVAEURSROLES

EUKaryotic organisms spread at about the
same time that the iron'layers disappeared
and the red layers appeared.

The origin of eucaryotic organisms about
2.7 billion years, Is based on moelecular
fossils. In Black Shales Seuthwestern

Australia.



EaVAEURSROLES

Some of the early’ Eukaryotic organisms
found In ProterozoiC rocks are unicellular
phytoplankten (acritarchs) and
MICroscopic red algae, complex: protists,
MEegascopic aldae; calcareous algae

Tihe fiessil record! strongly: suggests that a
photesynthetic lineage formed: the
proterozoic trunk off the Etkaryotic tree







Gyl

ihere isHlittle evidence for the early: multicellular
Organisms

PossIbly: the first multicellular fessili s, Gryparia Preserved
as ribbon-like carbonaceous compressions found in 2.1
pillion: year-6ld recks from Michigan

Similar specimens; firom; China, India, Canada

Ribbens of Grypania, 2 mmiwide, 5-15 cm long
preserved In leese coils 0,5- 2,5 cm across

No' cellular structures are preserved

DUe tolitsilarge size, shape, and preservation a
CarbenNaceoeus compressions most likely: a multicelltiar
eukaryotic alga
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EL ALBANI/MAZURIER



ERGEOSYMICSIS

Billion; ol Years ado, several prokaryotic cells
were fiound living tegether symbioetically within'a
cell Tor protection andl adaptation frem an
oxydenated envirenment.

ihese prokaryotic cellsibecame organelles:.
EVidence off this IS alse the ' fact that
mitochondria have their own: DNA.

ed. - a host cell(@naerobiC fermentation): +
deropic organelle (mitechondria) + plus
organelle like spirochaetis (arwhip: for
locomotion).




Endosymbiosis in algae

Cianobacteria

Algas rojas

Eucariota
ancestral 0 g

Algas verdes




EUKSVOLES

Their appearance led tera dramatic
INCrease n the rate off evoelution and was
tltimately: responsible fior the appearance
off complex multi-celltlar organisms.



EXUIRNCEHORS

Phvietic extinction or pseudo-extinction
One species; Is lost as it evelves into
anoether

Ultimate extinction
ihe total population off a SPECIES IS oSt
witheut a descendant

Massiextinction

|lazarus taxa: Organisms that seem to
diSappear for a long time from the fossil
iecord and appear again



VlasstextinCtions

Occur Worldwide
Both In the sea and on land

Involve a large number of diffierent
Ordanisms



VlasstextinCtions

. Ordovician
. Devonian

. Permian

. Triassic

. Cretaceous
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VWhat CallSEr EXtiNCLIONSY

Several hypotheses trying torexplain the
CaUse of these disappearances:

An externall or extra-terrestrial
catastrophic cause triggers the incident.

EVents occurring on the earth witheut
external influences.



exteraiNoRextiasterestnial
CalaSUOPRICICAUSE

Impact withrasteroids?

Impact withr Comet?

Cosmic radiation firomi a neighbering
SUPErnoeva?



EnCotErEestial iaCtors

\/olcanic eruptions emit Iarge amounts of ash
and gases Into the atmoesphere that lead tera
drep in temperatire. They emitlarge amounts
off sulfiur dioxide, Which becomes sulfric acid in
the atmoesphere and acid rain, resulting/in
altering the alkalinity in the oceans, putting
plankton (the foed chain base) intorlethal
pressure and Indirectly: affecting allerganisms
that depend on| this for fiood



EnCotErEestial iaCtors

Climate change related to the change of
land - sea distribution

Glaciers and the decline off continental
Seas wWith' the drep: ofi seal level

Methane emmision
Sickness? Viruses;
All this tegether !



